
From: Hoc, PMT12

Sent: Wednesday, March 23, 2011 5:34 PM
To: PMT03 Hoc
Subject: FW: Hi-

From: Milligan, Patricia
Sent: Wednesday, March 23, 2011 5:32 PM
To: Hoc, PMT12
Subject: FW: Hi-

From: Gorman, Susan (CDC/OPHPR/DSNS) [mailto:spg4@cdc.gov]
Sent: Tuesday, February 01, 2011 5:38 PM
To: Milligan, Patricia; Manning, Ronald (HHS/ASPR/BARDA)
Cc: Young, Wayne (HHS/ASPR/BARDA)
Subject: RE: Hi-

Trish, I double checked, and all of our liquid KI expires by May 2012. After that, we will not carry liquid KI any
longer. I will ask our leadership if they would approve a shipment to them, although it won't buy them much time as far as
dating.. .once I get the answer to that, we can find out if they are still interested.

Sue

Susan E. Gorman, Phar'm.D., M.S., DABAT, FAACT
Associate Director for Science
Division of Strategic National Stockpile
Centers for Disease Control and Prevention

From: Milligan, Patricia [mailto: Patricia.Milligan@nrc.gov]
Sent: Tuesday, February 01, 2011 3:33 PM
To: Gorman, Susan (CDC/OPHPR/DSNS); Manning, Ronald (HHS/ASPR/BARDA)
Cc: Young, Wayne (HHS/ASPR/BARDA)
Subject: RE: Hi-

Hi Sue
They need 200 bottles and their supply expires in 2011. I am not so sure they'd be happy with a short
extension. See her attached email. Give me a call if you want to talk about this..

Trish

From: Gorman, Susan (CDC/OPHPR/DSNS) [mailto:spg4@cdc.gov]
Sent: Tuesday, February 01, 2011 3:16 PM
To: Manning, Ronald (HHS/ASPR/BARDA); Milligan, Patricia
Cc: Young, Wayne (HHS/ASPR/BARDA)
Subject: RE: Hi-



We still have some of the liquid KI and may be able to process a request for it however it does not have long dating on it -
do you have any details - i.e. how many bottles/where etc? I can find out if leadership is willing to make a shipment
before you let the requestor know. Also, as you know, once the product in SNS expires, it will not be replaced.

Sue

Susan E. Gorman, Pharm.D., M.S., DABAT, FAACT
Associate Director for Science
Division of Strategic National Stockpile
Centers for Disease Control and Prevention

From: Manning, Ronald (HHS/ASPR/BARDA)
Sent: Tuesday, February 01, 2011 3:10 PM
To: Milligan, Patricia
Cc: Gorman, Susan (CDC/OPHPR/DSNS); Young, Wayne (HHS/ASPR/BARDA); Manning, Ronald (HHS/ASPR/BARDA)
Subject: RE: Hi-

Hi Trish -

I am copying Sue Gorman at CDC/SNS on this email. Sue can give you the most accurate answer. I am also
copying Wayne Young, who is the BARDA project officer on this contract.

Regards,
Ron

From: Milligan, Patricia [mailto:Patricia.Milligan@nrc.gov]
Sent: Tuesday, February 01, 2011 12:44 PM
To: Manning, Ronald (HHS/ASPR/BARDA)
Subject: Hi-

Hi Ron
Happy new year!!! I hope all is well with you and that you are enjoying this lovely DC weather! I had a
question regarding liquid KI replenishment from a community that rec'd liquid KI when it was offered by HHS.
Will HHS be resupplying the liquid KI to the communities or was it a one time distribution? Can I have her
contact you for information? NRC is only distributing tablets and not liquid.

Thanks

Trish

Patricia A. Milligan, CHP, RPh

Sr. Technical Advisor - Preparedness & Response

Office of Nuclear Security and Incident Response

U.S. Nuclear Regulatory Commission

MS T3 B46M

Washington DC 20555

301-415-2223

patricia.milliqan@nrc.Qov
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From: Haren. Elizabeth
To: Burnell. Scott
Subject: RE: new hires
Date: Wednesday, March 23, 2011 9:13:00 AM

Oh brother. Are you pursuing this answer?

Beth Hayden
Senior Advisor
Office of Public Affairs
U.S. Nuclear Regulatory Commission

--- Protecting People and the Environment
301-415-8202
elizabeth.hayden@nrc.gov

----- Original Message -----
From: Burnell, Scott
Sent: Wednesday, March 23, 2011 9:10 AM
To: JIM EFSTATHIOU JR., BLOOMBERG/ NEWSROOM:
Cc: Hayden, Elizabeth
Subject: RE: new hires

Hello Jim;

I don't believe we slice our HR data that thinly in terms of "where are they from/where did they go,"
but I'll see what sorts of statistics we can provide. What's your deadline? Thanks.

Scott Burnell
Public Affairs Officer
Nuclear Regulatory Commission

----- Original Message __---

From: JIM EFSTATHIOU JR., BLOOMBERG/ NEWSROOM: [maiIto:jefstathiou bloomberg net]
Sent: Wednesday, March 23, 2011 8:58 AM
To: Burnell, Scott
Subject: new hires

Scott,
I'm trying to get some information on the background of employees at the NRC. Can you tell me how
many came from industry, academia or elsewhere? Also, can you tell me how many people the agency
has hired in the past few years to process new license applications, and their backgrounds? And finally,
is there any way to say how many former NRC employees moved to industry jobs?

Thanks in advance for your help.

Jim

Jim Efstathiou Jr.
Bloomberg News
731 Lexington Ave.
New York, N.Y. 10022

Tel: 212 617 1647
Cell: 202 413 8189
E-mail: jefstathiou@bloomberg.net



From:
Subject:
Date:
Attachments:

LIA07 Hoc
1800 EDT (March 23, 2011) USNRC Earthquake/Tsunami Status Update
Wednesday, March 23, 2011 6:01:56 PM
USNRC Earthauake-Tsunami Uodate.032311.1800EDT.pdf

Attached, please find an 1800 EDT (March 23, 2011) status update from the US Nuclear Regulatory
C• - Commission's Emergency Operations Center regarding the impacts of the earthquake/tsunami.

Please note that this information is "Official Use Only" and is only being shared within

the federal family.

Please call the Headquarters Operations Officer at 301-816-5100 with questions.

-Sara

Sara K. Mroz

Communications and Outreach

Office of Nuclear Security and Incident Response

US Nuclear Regulatory Commission

Sara. Mroz@nrc.gov

LIA07.HOC(nrc.gov (Operations Center)

66,0,1



From:
Subject:
Date:
Attachments:

LIA07 Hoc
0700 EDT (March 23, 2011) USNRC Earthquake/Tsunami Status Update Corrected Document
Wednesday, March 23, 2011 7:02:17 AM
NRC Status Update 3.23.11--0700 EDT.pdf

Ix

Please find attached a 0700 EDT (March 23, 2011) status update from the US Nuclear Regulatory

Commission's Emergency Operations Center regarding the impacts of the earthquake/tsunami.

This update corrects some information sources, the PMT update, and the

International Response

Please note that this information is "Official Use Only" and is only being shared within

the federal family.

Please call the Headquarters Operations Officer at 301-816-5100 with questions.

-Jim

Jim Anderson

Office of Nuclear Security and Incident Response
US Nuclear Regulatory Commission

James.anderson~nrc.gov

LIA07.HOC(@nrc.gov (Operations Center)

.4313,6L1 Xz-ý



From: Hoc, PMT12
Sent: Thursday, March 24, 2011 6:50 PM
To: ET07 Hoc
Subject: RE: FYI - Customs and Border Patrol protocols for screening people coming from Japan

Is this for information or is this to supplement the review we are doing for the White House to supplement CBP
protocol?

From: ET07 Hoc
Sent: Thursday, March 24, 2011 6:42 PM
To: Hoc, PMT12
Subject: FW: FYI - Customs and Border Patrol protocols for screening people coming from Japan

From: LIA06 Hoc
Sent: Thursday, March 24, 2011 6:15 PM
To: ET01 Hoc; ET05 Hoc; ET07 Hoc; ET02 Hoc; ET06 Hoc
Subject: FW: FYI - Customs and Border Patrol protocols for screening people coming from Japan

FYI

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

From: Virgilio, Rosetta
Sent: Thursday, March 24, 2011 6:13 PM
To: LIA04 Hoc; OST05 Hoc; LIA06 Hoc; LIA08 Hoc; Barker, Allan; Maier, Bill; Tifft, Doug; Woodruff, Gena; Logaras,
Harral; McNamara, Nancy; Trojanowski, Robert; /o=USNRC/ou =First Administrative Group/cn=Recipients/cn=6bd3eb76-
62865841-d1d223b9-1e5f5439; Browder, Rachel; Erickson, Randy; Janda, Donna; Lynch, James; Orendi, Monica
Cc: Turtil, Richard; Piccone, Josephine; Jackson, Deborah
Subject: FW: FYI - Customs and Border Patrol protocols for screening people coming from Japan

THE INFO BELOW AND ATTACHED ARE FYI ONLY - NOT FOR DISSEMINATION, PER CRCPD

Note the documents were transmitted to State health officials, public health preparedness directors, and
environmental health directors to verify contact info. A CRCPD working group is also working on associated
talking points.

From: Cuadrado, Leira
Sent: Thursday, March 24, 2011 4:33 PM
To: Virgilio, Rosetta
Subject: FW: FYI - Customs and Border Patrol protocols for screening people coming from Japan

From: Ruth McBurney [mailto:rmcburney@crcpd.org]
Sent: Thursday, March 24, 2011 4:08 PM
To: Cuadrado, Leira; Lewis, Robert
Subject: FW: FYI - Customs and Border Patrol protocols for screening people coming from Japan
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Here is the information that went out earlier today to the radiation control programs. We have a work group working
on follow-up talking points on how contaminated persons, clothing and luggage are to be handled by radiation control
programs.

We will also copy you with these when they are developed.

Ruth

From: Ruth McBurney
Sent: Thursday, March 24, 2011 12:33 PM
Cc: 'Adela Salame-Alfie'
Subject: FYI - Customs and Border Patrol protocols for screening people coming from Japan

Dear Director and Associate Members,

Attached you will find the suite of documents that make up the Traveler Plan Protocol and Procedures for screening
travelers leaving Japan for possible radioactive contamination. These documents were prepared by an interagency
workgroup to make sure it was appropriate and addresses many concerns.

We realize that some of you may need additional guidance on how to handle people arriving with contamination greater
than 20 x background. At the same time, we are aware that each state may handle things differently. Please reach out
to Adela or me if you need further assistance.

Please verify the contact information for your state and notify CRCPD as soon as possible of any changes. These
documents will be made available on the secure side of the website for Director and Associate Members.

Included with this email is a document that lists the airports receiving direct flights from Japan. While every jurisdiction
should be prepared to manage these cases, clearly the 14 states/territories that receive direct flights from Japan would
be more directly impacted.

Please be aware that these documents have been transmitted to state health officials, public health preparedness
directors, and environmental health directors.

Please share with those within your agency/public health system who have a need to know but, for now, this
probably should not be widely or publicly distributed/posted.

R•thvE. M0cB rney
Executive Director
CRCPD
502-227-4543, ext. 0
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From:
To:

Subject:
Date:
Attachments:

LIA07 Hoc
Borchardt. Bill; Bradford. Anna; Cohen, Shari; CooPer. LaTova; Dyer. )im; Flory. Shirley; Gibbs. Catina; Haney.
Catherine; Hudson. Sharon; Jaczko. Gregory; Johnson, Michael Leeds Eric; Loyd Susn; Pace, Patti; Schwarz.
Sherry; Sheron, Brian; Speiser, Herald; Sprogeris. Patricia Taylor. Renee; Virgilio, Martin; Walls. Lorena;
Weber. Michael
Update for Go Books - 1800 EDT, March 24, 2011
Thursday, March 24, 2011 6:21:25 PM
Talking Points 13.pdf
OA Price-Anderson Act 3-24-2011.odf
TEPCO Press Release 145.odf
TEPCO Press Release 133.odf
TEPCO Press Release 1.34.df
TEPCO Press Release 1.35.,df
TEPCO Press Release 136.odf
TEPCO Press Release 137,•df
TEPCO Press Release 138,pdf
TEPCO Press Release 139.Pdf
TEPCO Press Release 140.,df
TEPCO Press Release 141.,df
TEPCO Press Release 142.odf
TEPCO Press Release 143.Ddf
TEPCO Press Release 144.odf
ET Chronologv 3-24-11 J.800.odf
USNRC Earthquake-Tsunami Uodate.03241 1.100EDTodf
March 24 1515EDT one oaner (3).docx

I7t0

Please find attached updated information for the "Go Books".

The updates include:
- The 1800 EDT, 03/24/11 Status Update
- The latest ET Chronology
- The latest TEPCO Press Releases (Numbers 133-145)
- NRC Talking Points (Talking Points 13 and Q&A Price-Anderson Act)
- "One Pager" (1515 EDT, 03/24/11)

Please let me know if you have any questions or concerns.

-Sara

Sara Mroz

Communications and Outreach
Office of Nuclear Security and Incident Response

US Nuclear Regulatory Commission

Sara. M roz(@ nrc. gov
LIA07.HOCC~nrc.gov (Operations Center)

From: OST04 Hoc
Sent: Thursday, March 24, 2011 6:1i PM
To: LIA07 Hoc
Subject: Status Update Attachments 18:00 EDT 3-23-2011

Information for the following Tabs

Talking Points (Talking points 13 & O.A Price-Anderson Act)

'eý /ýý



ET Chronology

NRC Press Release - No new Updates (Last update 3/23)
TEPCO Press Release (Numbers 133-145)



QuakeTP_3_24.docx

OPA

TALKING POINTS

JAPAN NUCLEAR SITUATION

As of 3/24/2011 3:30 PM

Updates in Red
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1. The Safety of U.S. Nuclear Power Plants

2. Monitoring Radiation in the United States

3. The Situation in Japan
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PART 1: THE SAFETY OF U.S. NUCLEAR POWER PLANTS

* The NRC is always looking to learn information that can be applied to U.S. reactors

and we will analyze the information that comes from this incident. President Obama

has asked the agency to conduct a comprehensive review of the safety of U.S. nuclear

plants; the agency will do so.

* The NRC issued an Information Notice on March 18 to all of its operating nuclear

power plants describing the effects of the March 11 earthquake and tsunami on

Japanese nuclear power plants. The purpose of the Information Notice is to inform

the plants of the most recent information available to the NRC. The NRC expects

U.S. nuclear power plants will review the entire notice to determine how it applies to

their facilities and consider actions, as appropriate.

* U.S. nuclear power plants are built to withstand environmental hazards, including

earthquakes. Even those plants that are located outside of areas with extensive

seismic activity are designed for safety in the event of such a natural disaster.

" The NRC requires that safety-significant structures, systems, and components be

designed to take into account the most severe natural phenomena historically reported

for the site and surrounding area. The NRC then adds a margin for error to account

for the limitations on historical data. In other words, U.S. nuclear power plants are

designed to be safe based on historical data to predict the area's maximum credible

earthquake.

" In response to MSNBC.com report ranking US NPPs according to vulnerability to

earthquakes: The NRC does not rank nuclear power plants according to their

vulnerability to earthquakes. This "ranking" was developed by an MSNBC reporter

using partial information and an even more partial understanding of how we evaluate

plants for seismic risk. Each plant is evaluated individually according to the geology
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of its site, not by a "one-size-fits-all" model - therefore such rankings or comparisons

are highly misleading.

In the 1980s and 1990s, the NRC required several changes to the BWR Mark I

containments at U.S. plants to ensure they could continue to deal with severe events.

The first issue involved the design's large circular tube, or "torus," which holds

enough water to safely condense the large volumes of steam that could be released

during a severe event. The NRC became aware in the mid-late 1970s that designers

might have underestimated the forces the torus would have to withstand during an

event. The NRC laid out an appropriate generic approach to resolving the issue in

August 1982, and individual reactors carried out their plant-specific torus

reinforcement efforts.

The second issue involved the potential for containment failure following an extended

loss of decay heat removal capability. Under the Mark I Containment Performance

Improvement program that ran from the late 1980s into the early 1990s, all Mark I BWRs

operating at that time installed hardened vent systems to provide an additional decay heat

removal capability to protect against containment overpressure failure. The containment

vent system could also be used to control hydrogen concentrations in containment. Two

units, Browns Ferry 1 and 3, were in extended shutdown at that time, and hardened vents

were installed before those reactors restarted. In addition most plants provided an

alternate water injection capability that is independent of normal and emergency power

supplies and enhanced the reliability of the automatic depressurization system to reduce

the likelihood of a challenge to containment. Furthermore, in 2003, the Commission

issued the "Hydrogen Rule" (lOCFR50.44) that required all BWR Mark I plants to

operate in an inert atmosphere to preclude the possibility of a hydrogen explosions in

containment.

* The NRC recommendation related to a 50-mile evacuation zone for Americans near the

affected nuclear power plants in Japan is consistent with the same kind of approach that
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would be used in the United States should a comparable, although extremely unlikely,

event take place here.

In November 1976, a federal task force was formed to look at salient emergency planning

issues for U.S. nuclear power plants. Out of that comprehensive evaluation came a

recommendation that a 10-mile-radius EPZ would assure that "prompt and effective

actions can be taken to protect the public in the event of an accident" at a plant. This was

based on research showing the most significant impacts of an accident would be expected

in the immediate vicinity of a plant and therefore any initial protective actions, such as

evacuations or sheltering in place, should be focused there. That does not mean the

protective actions could not expand beyond the 10-mile radius. Rather, emergency

planners have always known such actions could be necessary if the situation warranted it.

(See NUREG 0654/FEMA-REP-1.)

Following the events of Sept. 11, 2001, NRC required all nuclear plant licensees to take

additional steps to protect public health and safety in the event of a large fire or

explosion. In accordance with NRC regulations, all nuclear power plants are required to

maintain or restore cooling for the reactor core, containment building, and spent fuel pool

under the circumstances associated with a large fire or explosion. These requirements

include using existing or readily available equipment and personnel, having strategies for

firefighting, operations to minimize fuel damage, and actions to minimize radiological

release to the environment. In general, mitigative strategies are plans, procedures, and

pre-staged equipment whose intent is to minimize the effects of adverse events. If

needed, these mitigative strategies could also be used during natural phenomena such as

earthquakes, tornadoes, floods, and tsunami.
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PART 2: MONITORING RADIATION IN THE UNITED STATES

* The NRC is working closely with our federal partners to monitor radiation releases

from the Japanese nuclear power plants. Given the results of the monitoring and

distance between Japan and Hawaii, Alaska, U.S. Pacific Territories and the U.S.

West Coast, the NRC expects the U.S. to avoid any harmful levels of radioactivity.

Reports of radiation being detected in the United States are all far below levels that

would present a health risk. Additional questions regarding monitoring of the

radioactive release should be referred to DOE at 202 586 4940.

* We are aware that minute amounts of radioactive elements have been detected at the

very sensitive monitoring equipment at a number of privately owned nuclear plants.

The US Government is looking at the best vehicle for reporting to the public this and

any other data gathered by government. Nothing detected so far comes anywhere near

a level that might concern us. We remain convinced there will be no health impact on

the United States.

" The Department of Energy has been designated the le'ad agency for communicating

information to the states regarding monitoring of radiation heading toward or over the

United States. The DOE's Lawrence Livermore National Laboratory (National

Atmospheric Release Assessment Center) is monitoring weather patterns over the

Pacific Ocean. The Environmental Protection Agency maintains air monitoring

stations throughout the country and has reinforced its monitoring effort. DOE will

provide aerial monitoring. Questions about this effort should be directed to DOE at

202 586 4940.

" The Environmental Protection Agency has increased its radiation monitoring in the

western U.S. Data from the EPA's RadNet is available on the EPA's website.
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[Only if specifically asked] The NRC is aware that Diablo Canyon nuclear power

plant in California, among others, have detected a very low level of radiation. The

site believes that the source of the radiation is likely the Fukushimi Daiichi nuclear

power plant in Japan. The amounts detected are barely detectable on the instruments

and pose no danger to public health and safety. The NRC continues to believe, based

on all available information, that no harmful levels of radiation will reach U.S.

territory. This information has been shared with the U.S. Department of Energy and

the U.S. Environmental Protection Agency. Additional questions regarding

monitoring of the radioactive release should be referred to DOE at 202 586 4940.

* In accordance with established protocols, U.S. Customs and Border Protection (CBP)

employs several types of radiation detection equipment in its operations at both air

and sea ports, and uses this equipment, along with specific operational protocols, to

resolve any security or safety risks that are identified with inbound travelers and

cargo. Out of an abundance of caution, CBP has issued field guidance reiterating its

operational protocols and directing field personnel to specifically monitor maritime

and air traffic from Japan. CBP will continue to evaluate the potential risks posed by

radiation contamination on inbound travelers and cargo and will adjust its detection

and response protocols, in coordination with its interagency partners, as developments

warrant.
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PART 3: THE SITUATION IN JAPAN

" As of Sunday, March 20, 2011, the NRC continues to monitor the nuclear crisis in

Japan stemming from the March 11 earthquake and tsunami. NRC's top priorities are

the continued assessment of radiological conditions, dose predictions, and protective

action recommendations. This effort focuses primarily on conditions in Japan around

the vicinity of the Fukushima Daiichi nuclear power plant. The NRC is also working

with DOE to model the flow of radiation across the Pacific Ocean toward the United

States.

* A team of --0 NRC experts continues to assist Japanese efforts in Tokyo as part of a

USAID-sponsored assistance effort. [If asked: One team member fell ill and returned

to the US. Numbers in the team and names change; please check if asked.]

" The Commission was briefed by the NRC staff on the situation in Japan at a public

meeting on Monday, March 21, 2011. A transcript for the public commission meeting

held yesterday has been posted. The meeting included an overview of NRC actions

related to the Japanese emergency and the possible short- and long-term activities for

the NRC. The transcript can be found here: http://www.nrc.gov/reading-rm/doc-

collections/commission/recent/201 1/. And the slides from the meeting are located at:

http://www.nrc.gov/reading-rm/doc-

collections/commission/slides/2011/2011032 1/staff-slides-03212011-meeting-

revl .pdf.

" Chairman Jaczko gave opening remarks at the meeting. He said, in part, "We have a

responsibility to the American people to undertake a systematic and methodical

review of the safety of our own domestic nuclear facilities, in light of the natural

disaster and the resulting nuclear emergency in Japan. Beginning to examine all

available information is an essential part of our effort to analyze the event and

understand its impact on Japan and implications for the United States. Our focus is

always on keeping plants and radioactive materials in this country safe and secure."
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A copy of his full opening remarks can be found here: http://www.nrc.gov/reading-

rn/doc-collections/news/2011/ 11-054.pdf

Based on calculations performed by NRC experts, we continue to believe that it is

appropriate for U.S. residents within 50 miles of the Fukushima reactors to evacuate.

Our recommendation is based on NRC guidelines for public safety that would be used

in the United States under similar circumstances.

The 10-mile EPZ reflects the area where projected doses from design basis accidents at

nuclear power plants would not exceed the EPA's protective action guidelines, and we

are confident that it would be adequate even for severe accidents. However, the 10-mile

zone was always considered a base for emergency response that could be expanded if the

situation warranted. The situation in Japan, with four reactors experiencing exceptional

difficulties simultaneously, creates the need to expand the EPZ beyond the normal 10-

mile radius, based on our limited data and conservative assumptions.

* The NRC is closely monitoring information about the spent fuel pools as well as

radiation levels at the Japanese nuclear power plants. Given the totality of the

situation, the NRC's recommendation for U.S. residents within 50 miles of the

Fukushima reactors to evacuate remains unchanged. That recommendation was

based on actual radiation levels in the nuclear complex.

* The Japanese government has formally asked for U.S. assistance in responding to

nuclear power plant cooling issues triggered by an earthquake and tsunami on March

11.

* The NRC is coordinating its actions with other federal agencies as part of the U.S.

government response. The NRC's headquarters Operations Center was activated at

the beginning of the event and has been monitoring the situation on a 24-hour basis

ever since.

8



Frequently Asked Questions

1. What is the Price-Anderson Act?

In 1957, a federal law called the Price-Anderson Act was established to ensure that adequate
money would be available to pay insurance claims following an accident at a commercial nuclear
power plant. That law is still in place to protect those that live around nuclear power plants.

2. My insurance agent said that my homeowner's insurance does not cover nuclear
accidents. Does Price-Anderson protect me?

Your homeowner's insurance policy does not cover nuclear accidents because Price-Anderson
covers claims related to nuclear accidents. By law, owners of nuclear power plants are required
to purchase $375 million of offsite liability insurance for each reactor at the plant. If a nuclear
accident causes damages of more than $375 million, the insurance is supplemented by
additional coverage that is shared by every nuclear power plant in the country. There are
currently 104 reactors licensed to operate in the United States, so this secondary pool of money
contains about $12.6 billion. If all of this secondary money is used, Congress would determine
whether to provide additional disaster relief.

3. The Price-Anderson Act is a federal law? Why does the government spend my tax
dollars on providing nuclear insurance to big energy companies?

The Price-Anderson Act is a federal law, but your tax dollars do not pay for the insurance it
requires owners of nuclear power plants to purchase. The extra insurance protection required
for large commercial nuclear power companies is purchased at no cost to the public or the
federal government.

4. My insurance company is a nationally known, reputable business that I trust. What
insurance company does the nuclear plant use - a good one or the cheapest one they can
find?

All U.S. nuclear power plant owners purchase their Price-Anderson insurance from American
Nuclear Insurers (ANI), which is made of several large and reputable insurance companies.
About half of the ANI companies are foreign insurance businesses. On average, a nuclear
power plant owner pays about $400,000 per year for Price-Anderson insurance at a single-unit
reactor site. For power plants with more than one reactor, the total annual insurance cost is
typically discounted, similar to automobile insurance for households with more than one car.

5. More than a million people live within 50 miles of Plant X. How is a $375 million
insurance policy supposed to cover all of us?

The Price-Anderson Act is a federal law that requires owners of nuclear power plants to
purchase $375 million of offsite liability insurance for each reactor at the plant. If a nuclear
accident causes damages of more than $375 million, the insurance is supplemented by
additional coverage that is shared by every nuclear power plant in the country. There are
currently 104 reactors licensed to operate in the United States, so this secondary pool of money



contains about $12.6 billion. If all of this secondary money is used, Congress would determine
whether to provide additional disaster relief.

6. Why does the NRC let a private insurance company determine the amount of insurance
coverage? Why does this private company control public protection?

The intent of the Price-Anderson Act was to allow the government to regulate the safety of
nuclear power while allowing the private insurance industry to provide financial protection. The
NRC is the government agency that is responsible for ensuring that nuclear power plants are
designed and operated in a way that protects public health and safety. The NRC is confident
that the amount of insurance coverage determined by the private insurance company is
adequate to provide financial compensation in the event of a nuclear accident.

7. The accidents in Japan affected the reactors and the spent fuel pools. Does the Price-
Anderson Act cover all nuclear plant accidents or just some of them?

The Price-Anderson Act covers all property and liability claims resulting from nuclear accidents
at commercial nuclear power plants. This includes any incident related to the reactor or the
spent fuel pool, Price-Andersen also covers claims related to transporting nuclear fuel and
nuclear waste in and out of the plant.

8. I'll have to find another place to stay if I have to evacuate my home during a nuclear
accident. I can't afford to pay for a hotel or apartment for several months while the
government tries to clean things up. How am I supposed to pay for that?

Insurance under the Price-Anderson Act covers bodily injury, sickness, disease or resulting
death, property damage and loss, and reasonable living expenses for people who are
evacuated from a nuclear accident. The Stafford Act is another federal law that provides
disaster relief to state and local governments. If a nuclear accident is declared an emergency or
major disaster by the President, the Stafford Act will also be available to provide assistance to
accident victims. The Stafford Act allows the federal and state governments to share costs of
temporary housing for up to 18 months. It also provides additional money for home repair and
temporary mortgage or rental payments. Distribution of Stafford Act funding is done through the
Federal Emergency Management Agency. Together, the Price-Anderson and Stafford Acts
provide money for a variety of expenses following a nuclear accident.

9. Has Price-Anderson ever been used?

Only once. During the 1979 accident at the Three Mile Island Nuclear Power Plant, the Price-
Anderson Act provided liability insurance to the public. The day after the accident, insurance
company representatives established a local claims office in Pennsylvania. Advertisements
were placed in local newspapers to inform residents of claims procedures. The insurance paid
for the living expenses of families who decided to evacuate, although evacuation was not
immediately ordered. When Pennsylvania's governor recommended the evacuation of pregnant
women and families with young children who lived near the plant, the insurance paid for those
evacuation expenses, too. In 1979, more than 3000 people received nearly $1.2 million in
evacuation claims. More than 600 people were also reimbursed for lost wages as a result of the
accident. In the months after the accident, numerous lawsuits were filed alleging various



injuries and property damages. To date, the Price-Anderson insurance has paid about $71
million in claims and litigation costs associated with the Three Mile Island accident. All
payments were made from the primary insurance coverage. Money from the secondary layer of
insurance was not needed.

10. When does the Price-Anderson Act expire?

In 2005, the Price-Anderson Act was extended through December 31, 2025.
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Press Release (Mar 24,2011)
Detection of trace amounts of radioactive iodine around an exhaust stack and others of Kashtwazaki-Karlwa Nuclear Power Station

TEPCO has measured exhaust air from an exhaust stack and vent of each
building of Kashiwazaki-Kariwa nuclear power station with a filter for
a weok; und d1terted iodine 131 up to 2.4 X i0- (becquerel/c3 at
the arhaust stanks of 1il huildings, the exhaust vents of senrire
buildings and auxiliary buildings (Arahama-side) of Unit 3, 5 and 6.

It slightly exceeded the upper limit (>: .-- 4: rr .: the ::aahnlf

Thereforn, TUPCO checked operation conditions and works of all units,
rnndin gof high sensitivity off gas monitor", a periodical analysis
result of iodine 131 contnined in reactor wartr of Unit 1, 5, 6 and 7
in operation. However, any abnormality was detected.

It is presumed that iodine 131 released into the atmosphere from
Fukushima Daiichi Nuclnar Power Station was collected and detected
in Kahiaaaki-Kariwa Nuclear Power Station, since iodine 131 was detected
in radioactivity measurement of the exhaust air of some units and no
abnormality of iodine 131 in nuclear water was detected.

Readings of monitoring posts and dust radiation monitors are within
the normal range and have little environmental impact.The monitoring
posts are oated at boundary of the station and measure an ambient
dose rate. The dust radiation monitors" are located beside
the monitoring posts.

Attachment: : n *,3iv.e 1.. .

F<a:lh:ý wa,,: --KE• -,a lWiý ]e= P: ,w W, S•al.; .n

H: High sensitivity off gas monitor
Measurement equipment installed in an off-gas treatment system to
detent nomal leakage of radioacimve materials from fuel rods to
the nuclear water early

2: eust radiation monitor
Measurement aquipnent to monitor radioactivity contained in dust
which ie ollerted around boundary of the nuclear power station.
Three dust radiation monitors are installed beside
the monitoring posts.

attarhmentl : e if n

attachment2:aet.o tme oux~t 4.. r iatie e orn:d an
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Press Release (Mar 24,2011)
Plant Status of Fukushima Daini Nuclear Power Station (as of 9:00 am March 24th)

INo update from the last release issued at 9:00 pm, March 23rd]

Unit Status
1 Reactor cold shutdown, stable water level, offsite power is

available.
Ns .osling water is leaked to the reactor onteinment vessel.
Maintain average water temperature at 100C in the pressure
restreint.

2 Reactor cold shutdown, stable water level, offsite power is
available.
NO cooling water is leaked to the reactor containment vessel.
Maintain average water temperature at 100°C in the pressure
restraint.

3 Reactor cold shutdown, stable water level, offsite power is
available.
No cooling water is leaked to the reactor containment vessel.
Maintain average water temperature at 100*C in the pressure
restraint.

4 Reactor cold shutdown, stable water level, offsite power is
available.
SNo cooling eater is leaked to the reactor containment vessel.
Maintain average wrter temperature at 100°C in the pressure
restraint.

Other N.A

P M ýPa o
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Press Release (Mar 24,2011)
Status of TEPCO's Facilities and its services after Tohoku-Taiheiyou-Oki Earthquake (as of 9:00AM)

Due to the Tohoku-Taiheiyou-Oki Earthquake which occurred on March llth
2011, TEPCO's facilities including our nuclear power stations have been
severely damaged. We deeply apologize for the anxiety and inconvenience
caused.

Below in the statues of TEPCO's major facilities.
new items are underlined

tNuwlear Power Statiosj
Fskeashira flahichi Nuelear Poers Staties:

Units 1 to 3: shutdows due to earthquake
(Units 4 to 6: outage due to regular inspection)

The national government has instructed to evacuate for those local
residente within 20km radius of the site periphery and to remain indoors
for tho.e local residents between 21km and 3Okm radius of the site
periphery.

Off-site power was connected to Unit 1 to 6.

Unit 1
The explosive sound and white snoke was confirmed near Unit 1 when the big
goahe occurred at 3:36pm, March 12th.
We have started injection of sea water at 8:20 pm, March 12th, and then
boric acid which absorbs neutron into the reactor afterwards.

At approaimately 2:31 em, March 23rd, we have started the injection of sea
water i too the reoctor from feed water system.

Unit 2
At 1:25 pm, March 14th, since the Reactor Core Isolation Cooling System has
failed, it was determined that a specific incident stipulated in Clause 1,
Article 15 of Act on Special Measures Concerning Nuclear Emergency
Preparedness occurred (failure of reactor cooling function).
At 5:17 pm, March 14th, while the water level in the reactor reached the
top of the fuel rod, we have restarted the water injection with the valve
operation.

At approximately 6:14 am, March 15th, the abnormal sound was confirmed
near the suppression chamber and the pressure inside the chamber decreased
afterwards. It was determined that there is a possibility that something
happened in the suppression chamber. While sew water injection to the
reactor continued, TEPUO employses and workers fror ather companies not in
charge of injection work started tentative evacuation to a safe location.
Sea water injection to the reactor continued.

On March 10th, pnwesr was delivered up to substation for backup power
through offsits trewansision lice. We completed laying cable further to
unit receiving facility in the building, and at 3:46 pm, March 2Dth the
load-side power panel of the receiving facility started to be energized.

From 3: f5 pm to 5: 20 pm on March 20th, 40 tons of seawater was injected
into Unit 2 by TEPCO employeos.

At 6:21 on March 21st, white smnke as confirmed arising fro. the top of
the reactor building. As of 7:11 em on March 22nd, smoke decreased to the
level where we can hardly confirm.

From around 4 pm to 5 pm on March 22nd, approximately 18 tons of sea water
was injected into the spent fuel pool by TEPCO employees.

*Unit 3
At 6:51 am, March 14th, while water injection to the reactor was under
operation, the pressure in the reactor containment vessel increased to 530
kPa. As a result, at 7:44 am, it weo determined that a spenifiC inoident
ntipulated in article 11, clause 1 oocurred (abnormal increase of the
pressure of reactor containment vessel). Afterwards, the pressure has
gradually decreased (wa of 9:05 am, 49 kPa).
Arapprotimarely I1:01 am, March 14th, an explosion followed by white smoke
occurred near Unit 3. 4 TEPCO employees and I workers free ether rompanien
(all sf them are conscious) have sustained injuries and they were already
taken to the hoepital by ambulances.
As the temperature of water in the npent fuel pool rose, spraying water
by helicoptere with the support of the Self Defenne yore was w onsidered,
however the operation on March 16th was cancelled.

At 6:15 am, March 17th, the pressure of the Suppression Chamber temporarily
increaoed, obut rurrently it Is stable in a certain range. On M hroh 20th, we
were preparing to implement a measurement to reduce the pressure of the
reactor containment vessel (partial discharge of air containing radioactive
material to outside) in order to fully secure safety. However, at present,
it is not a sirnation to take a measure immediately to discharge air
.cntaining radioactive material to outside. We will continue to monitor the

status of the pressure of the reactor containment vessel. Monitoring will
be continued.
In order to "ool spent fuel pool, water wao sprayed by helicopters on March
l7th oath the cooperation of Self-Defense Forces.

http://www.tepco.co.jp/en/press/corp-com/release/1 1032403-e.html 3/24/2011
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At approximately past 7:00 pm, March 17th, Self-Defense Forces and the
police had started spraying water by water cannon trucks upon our request
for the cooperation. At 8:09 pm, March 17th, they had finished the
operation.

At 2:00 pm, March 18th, spraying water by fire engines was started with the
cooperation of Self-Defosse Forces and the United States Armed Forces. At
2:45 pm, March 18th, they had finished the operation.

At approximately 0:30 am, March 19th, spraying oater was atarted aith the
cooperation of Fire Rescue Task Forces of Tokyo Firs Departesnt started
spraying water. At approximately 1:10 am, March 19th, they finished the
operation. They resumed spraying water at 2:10 pm. At approximately 3:40
am, March 20th, they finished the operation.

At approximately 9:30 pm, March 20th, spraying water was started with the
cooperation of Fire Rescue Task Forces of Tokyo Fire Department. At
approximately 3:58 am, March 21th, they finished the operation.

At approximately 3:55 pm, March 21st, light gray smoke was confirmed
arising fr.m the southeast side of the 5th floor roof of the Unit 3
building, and the situation was reported to the fire department at
approximately 4:21 pm. The parameters of reactor pressure vessel, reactor
conta inment vessel, and monitored environmental data remained at the same
level. However, employees working around Unit 3 evacuated to a safe
location. Dt is .bserved the smoke has been decreasing. On March 22sd, the
color of smoke changed to somewhat white and it is slowly dissipating.

At approximately 3:10 pe os March 22nd, water discharge into Unit 3 by
Tokyo Fire Departments hyper eecue sod Osaka City Fire Separtment was
condocted and completed at approximately 4:00 PM on the same day.
At approximately 10:45 pm on March 22nd, lights in the main operation room
oars restored.

At 11:00 am on March 23rd, the injection of sea water to spent fuel pool
was conducted, and finished approximately at 1:20 pm on the same day.

At 4:20 pm on March 23rd, light gray smoke ax obseed helohing from Unit
3 building. The situatio was reported to the fire department at 4:25 pm
on March 23rd.
The parameters of the reactar, the reactor containment vessel of Unit 3,
and monitored figares around the sites immediate surroundings remained
stablh without signi ficant change. To be safe, workrer In the main control
roar of Unit 3 and arcoud Unit 3 evacuated to a safe location.
At approximatele 11:30 pm on March 23rd and 4:50 am on March 24th, TEPCO
employees cnfirmed the smoke has disappeared. Accordosglc, workers
sevauation as lifted.

Ar apprxoimately 5:35 am on March 24th, sea 2ater injection through Fuel
Pool foaling sod Filtering System was initiated.

- Unit 4
At approximately 6:00 am, March 15th, an explosive sound was heard and the
damage in the 5th floor roof of Unit 4 reactor building was confirmed. At
9:38 am, the fire sear the north-weat pant cf 4th floor of Unit 4 reactor
building as confirmed. At approximately 11:00 am, TfPCO employees
confirmed that the.fire was off.

At approximately 5:45 am on March 18th, a TEPCO employee discocered a fire
at the north eat corner of the Nuclear .eacror Boilding. T0PCO irrediately
reported this iboldent to the fire department and the local government end
proceeded with the extinction of fire.
At approximately 6:15 am, TEPCO staff confirmed at the site that there are
no signs of fire.

At approximately 8:21 am on March 20th, spraying wstar by fire engines ,ax
started with the cooperation of Self-Defence Forces and they finished the
operation at approximately 9:40 am. At approximately 6:45 pm spraying sater
wax started by Self-DOfenses' water cannon trucks and finished at
approximately 7:45 pm.

At approximately 8:30 am, March 21st, sprayong water by fire engines was
started with the cooperation of Self-Defense Forces and the United States
Armed Forces. At approximately 8:40 am, March 21, they had fioished the
operation.
On March 21st, cabling has been completed from temporary substation to the
main power center.

From approximately 5:20 pm on March 22nd, satar discharge from the concrete
pumping vehicle was conducted and ended at approximately 8:30 pm on the
same day.

From approximately 10:00 am on March 23rd, water discharge from the concrete
pumping vehicle was conducted and ended at approximately 1:00 pm on the same
day.

S Unit S and 6
At 5 am on March 19th, an started the Residual Heat Removal System Pump (C)
of Unit 5 in order to cool the spent fuel pool. At 10:14 pm, we started the
Residual Heat Removal System Pump (B) of Unit 6 is order to cool the spent
fuel pool.

Unit S has been in reactor cold shutdown since 2:30 pm on March 20th. Unit
8 has bees is reactor cold shutdown since 7:27 pm on March 20th.

At Units 5 and 6, in order to prevent hydrogen gas from accumulating within
the buildings, we have made three holes on the roof of the reactor building
for each noit

At arproximately 5:24 ye on March 23rd, the teporoaro Residual Seat Removal
Scstem Seawater Poor automatically stopped when its power source was
switched. as sloe to reair the soap shale maintaining the appropriate the
sorer lanai sod the temperatare in the reactor.

On March 18th, regarding the spent fuel in the common spent fuel pool, we
have confirmed that the water level of the pooi is sensred. A detailed
inspection is under preparation.

common spent fool pool: a spent fuel pool for common ,se set in a
separate _oilding in a plant site in order to preserve spent fuel
which are transferred from the spent fuel pool is each Unit building.

On March 17th, we patrolled buildings for dry casks and found no signs
of abnormal sia.tion for the casks by visual observation. A detailed
inspection is under preparation.

dry cask: a mesuore to store spent fuel in a dry storage casks in
storages. Fukbshima Daiichi Nuclear Power Station started to utilize
the measure from August 1995.
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In total 12 fire engines are lent for spraying water to the spent fuel
poois and water injeotion to the nulear reactors by various regional fire
departments- as well as Tokyo Fire Department.

- On March 21st and 23rd, we detected cobalt, iodine and cesium from the
seawater around discharge canal of Unit 1, 2, 3 and 4.

On March 20th and 22nd, we detected iodine, cesium and tellurium in the
air collected at the site of Fukushima Daiichi Nuclear Power Station.

- We will continuously endeavor to securing safety, and monitoring of the
surrounding environment.

Fukushiaa Daini Nuclear Power Station:
Units 1 to 4: shutdown day to earthquake
The national government hae instructed evacuation for those local

residents within 10km radius of the periphery.

- In order to achive cold shutdoon, reactor cooling fun.tion was restored
and cooling of reactors ws . onducted. As a result, all reactors auhieved
rold shutdown: Unit 1 at 5:01 pm, March 14th, Unit 2 at 6:00 pm, March 14th,
Unit 3 at 0:15 pn, March 12th, Unit 4 at 7:15 am, Marah 16th.

* Since Marah 12th, we had been preparing neasures for redncing the pressure
of reactor onttainment vessels (partial dischsrge nf air containing
radioactive materials to outside), but on March 17th, we released such
preparation in all Units.

*(Unit i)

As it is confirmed that the temperature of the Emergency Equipment Cooling
water system -i has increased, at 2:22 pn, March 15th, ae stopped the
Residual Het Removal Systen (5) for the inspention. Suhbseqgetly, failure
was detected in the power supply facility assoniated aith the pumps of the
tnergency Eguipeent Cooling Water System. At 4:25 pm, March 15th, after
repinoing the poser fanility, the pumps and the Residual Heat Removal
Syster (B) have been reactivated.

*(Unit 4)
As it is confirmed that the pressure at the outlet of the pumps of the
Emergency Equipment Cooling Water System-1 has been decreased, at 8:05 pm,
March 15th, we stopped the Residual Heat Removal System (B) for the
inspeation. subsequently, failure was detected in the power supply
facility associated with the pumps of the Emergency Equipment Cooling
Water System. At 9:25 pm, March 15th, after replacing the relevant
facility, the pumps and the Residual Heat Removal System (B) have been
reactivated.

-l:emergency water system in which cooling water (pure water) circulates
which exchanged the heat with sea water in order to cool down bearing pumps
and/or heat eachangers etc.

Kashiwasaki Kariwa Nuclear Power Station:
Units 1, 5, 6, 7: normal operation
(Units 2 to 4: outage due to regular inspection)

[Thral Power Station]
Hirono Thermal Power Station Units 2 and 4: shutdown due to eorthquake
Hitachinaka Thermal Power Station Unit 1: shutdown due to aarthquake
Kashina Thermal Power Station Units 2, 3, 5, 6: shutdown due to earthquake
Oigashi-Ohoiohima Thermal .oaer Station Unit 1: currently beino restarted

[Hydra Power Station]
All the stations have been restored.

(Facilities damaged by the earthquake are now properly under consideration)

[Transmission System, etc.]
All substation failed due to the earthquake have been restored.

[Blaekeut in TEPCO' Service Ara["
All the blackouts are renovaed.

[Supply and Demand Status within TEPCO's Service Area to Secure Stable Power
Supply]
Backup supply from Uhinshinano fonversion Station: 6OUMW
ackup supply fron Sakuna fonversion Station: 30OMW
Backup supply from Higashi Shimizu fonverion Station: 100MW
Backup supply from Hokkaido-Honshu Interconnection Facilities: 602MW

Considering the critical balance of our power supply capacity and expected
power demand forward, in order to avoid unexpected bluakout, TEPCO has been
implementing rolling blackout (planned blackout alternates from one area to
another, since Mar 14th. We will make our utmost to secure the stable power
supply as early as possible.
For cust omers who will be subjent to rolling blackout, please be prepared
for the announced blackout periods. also for customers who are not subjert
to blackoots, TEPIC appreciates your rontinuous -ooperation in reducing
electrici ty usage by avoiding using unnecessary lighting and eleotrical
equipment.

[Others]

Please do NOT touch cut-off electric wires.
In order to prevent fire, please make sure to switch off the electric
applianmes such as hair drier and to shot down the breaker of distribution
board when you leave your house.
For the customer who has in-house power generation, please secure fuel for
generator.
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Press Release (Mar 24,2011)
Plant Status of Fukushima Dalichi Nuclear Power Station (as of 11:30 AM Mar 24th)

*new items are underlined

All 6 units of Fukushima Daiichi Nuclear Power Station have been shut down.

Unit l(Shut down)
-Reactor has been shut down. However, the explosive sound and white smoke
were confirmed after the big quake occurred at 3:36 pm Mar 12th. It was
assumed to be hydrogen explosion.

-At approximately 2:30 am on March 23rd, seawater was started to be
injected to the nuclear reactor through the feed water system.

-At approximately 10:50 am on March 24th, white fog-like steam arising
from the roof part of the reactor building was observed.

-At approximately 11:30 am on March 24th, lights in the main control room
was restored.

-We have been injecting sea water into the reactor pressure vessel.

Unit 2(Shut down)
-Reactor has been shut down and the level of reactor coolant had dropped

and the reactor pressure had increased because the Reactor Core Isolation
Cooling System stopped. Measures were taken to lower the pressure within
the Reactor Containment Vessel and to inject sea water into the Reactor
while carefully confirming safety. The level of reactor coolant and the
pressure of the Reactor resumed.

-At approximately 6:00 am on March 15th, an abnormal noise began emanating
from nearby Pressure Suppression Chamber and the pressure within this
chamber decreased.

-At 6:20 pm on March 21st, white smoke was confirmed arising from the top
of the reactor building. As of 7:11 am on March 22nd, smoke decreased to
the level where we can hardly confirm

-We have been injecting sea water into the reactor pressure vessel.

Unit 3(Shut down)
-Reactor has been shut down. However, the explosive sound and white smoke
were confirmed at 11:01am Mar 14th. It was assumed to be hydrogen
explosion.

-At 8:30am on March 16th, fog like steam was confirmed arising from the
reactor building.

-At approximately 6:15 am on March 17th the pressure of the Suppression
Chamber has temporarily increased. We were preparing to implement a
measurement to reduce the pressure of the reactor containment vessel
(partial discharge of air containing radioactive material to outside)
in order to fully secure safety. However, at present, it is not a
situation to take a measure immediately to discharge air containing
radioactive material to outside now. We will continue to monitor the
status of the pressure of the reactor containment vessel.

-At approximately 4:00 pm, March 21st, light gray smoke was confirmed
arising from the floor roof of the Unit 3 building. On March 22nd, the
color of smoke changed to somewhat white and it is slowly dissipating.

-At approximately 10:45 pm on March 22nd, the light in the main control
room was turned on.

-At around 4:20 pm on March 23rd, our staff confirmed light black smoke
belching from the Unit 3 building. At approximately 11:30 pm on March
23rd and 4:50 am on March 24th, our employee found no signs of smoke.

-We have been injecting sea water into the reactor pressure vessel.

Unit 4 (outage due to regular inspection)
-Reactor has been shut down. However, at approximately 6 am on March 15th.

We have confirmed the explosive sound and the sustained damage around the
5th floor rooftop area of the Nuclear Reactor Building.

-On March 15th and 16th, we respectively confirmed the outbreak of fire at
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Press Release (Mar 24,2011)
Status of TEPCO's Facilities and its services after Tohoku-Taiheiyou-Oki Earthquake (as of 14:30PM)

Due to the Tohoko-Taiheiyou-Oki Earthquake which occurred on March llth
2011, TEPO's facilities including our nuclear power stations have been
severely damaged. We deeply apologize for the anxiety and inconvenience
caused.

Beloo iv the status of TEPCO's major facilities.
*nrw item, ore underlined

[Nuclear Power Station]
Fukushima Daiichi Nuclear Power Station:

Units 1 to 3: shutdews due to earthquake
(Uoits 4 to 6: outage due to regular inspection)

The national government has instructed to evacuate for those local
residents within 20km radius of the site periphery and to remain indoors
for those local residents between 20km and 30k10 radius of the site
periphery.

Off-site power was connected to Unit 1 to 6.

Unit I
The soplosive sound and white sdoke was confirmed near Unit l when the big
quake occurred at 3:36pm, Morch 12th.
We have started injection of sea water at 8:20 pm, March 12th, and then
boric acid which absorb. neutron into the reactor afterwards.

At approximately 2:30 am, March 23rd, we have started the injection of sea
water into the reactor from feed water system.

At approoimatelv 11:30 am, March 24th, lights in the main control room
were restorod.

Unit 2
At 1:21 pm, March 14th, since the Reactor Core Isolation Cooling System
boo failed, it a.s determined that a speoific incident stipulated in
clause I, Article 15 of Act on Special Measures Concerning Nuclear
Emergency Preparedness occurred (failure of reactor cooling functio).
At 5:17 pm, March 14th, while the water level in the reactor reached the
top of the fuel rod, we have restarted the water injection with the valve
operation.

At approximately 6:14 am, March 15th, the abnormal sound was coofirmed
tear the suppression chamber and the pressure inside the chomber deoreased
afterwards. It was determined that there is a posoibility that something
happened in the suppression chamber. While sea water injection to the
reactor continued, TEPCO employees and workers from other companies not co
oharge of injeotion work started tentative evacuation to a safe location.
Sea water injection to the reactor continued.

Uo Marc 16th, p ower waa delivered up to substation for obokup power
through offeote tracsmissio lis. We completed loyiog cahle further to

unit receiving facility in the buildiog, and at 3:46 pm, March 20th the
load-side power panel of the receiving facility started to be energized.

From 3:05 pm to 5:20 pm 0n March 20th, 40 tons of seawater was injected
into Unit 2 by TEPCO employees.

At 6:20 on March 21st, white smoke was confirmed arising from the top of
the reactor building. As of 7:11 am on March 22nd, smoke decreased to the
level owhere we oan hardly confirm.

From around 4 pm to 5 pm 0n March 22nd, approximately 18 tons of sea water
was injected into the spent fuel pool by TEPCO employees.

Dolnt 3

At 6:50 am, March 14th, while water injection to the reactor was under
operation, the pressure in the reactor ootainment vessel increased to 530
kPa. As a result, at 7:44 am, it aos determined thot a specifioinoidemt
stipulated in article 15, clause I occurred (abnormal inorease of the
pressure of reactor containment vessell. Afterwards, the pressure has
gradually decreased (as of 9:05 am, 490 kPa).
At approximately 11:01 am, Moroh 14th, an explosion followed by white
smoke occurred near Unit 3. 4 TEPCO employees and 3 workers from other
companies (all of them are conscious) have sustained injuries and they
were already taken to the hospital by ambulancee.
Ah the temperature of water in the spent fuel pool rose, sproylng ater
by helicopters with the support of the Self Defeone Foroe_ ws onsidered,
however the operation on March 16th was cancelled.

At 6:15 am, March 17th, the pressure of the Suppression Chamber
temporarily increased, but currently it is stable in a certain range.
On March 20th, ae ere preparing to implement a measurement to redoce
the pressure of the reactor containment vessel (partial discharge of
air containing radioactive material to outside) in order to fully secure
safety. Dowever, at present, it is not a situation to take a measure
immediately to discharge air containing radioactive material to outside.
We will continue to monitor the status of the pressure of the reactor
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containment vessel. Monitoring will be continued.
In order to cool spent fuel pool, water was sprayed by helicopters on
March 17th with the cooperation of Self-Defense Forces.
At approximately past 7:00 pm, March !7th, Self-Defense Forces and the
police had started spraying water by water cannon trucki upon our request
for the cooperation. At 8:09 pm, Morch 17th, they had finished the
operation.

At 2:00 pm, March 18th, spraying water by fire engines was started with
the cooperation of Self-Defense Forces and the United States Armed Forces.
At 2:45 pm, March 18th, they had finished the operation.

At approximately 0:30 am, March 19th, spraying water was started with the
cooperation of Fire Reecue Task Forces of Tokyo Fire Department started
spraying water. At approximately 1:10 am, March 19th, they finished the
operation. They resumed spraying water at 2:10 pm. At approximately 3:40
am, March 20th, they finished the operation.

At approximately 9:30 pm, March 20th, spraying water was started with the
cooperation of Fire Rescue Task Forces of Tokyo Fire Department. At
approximately 3:58 am, March 21th, they finished the operation.

At approximately 3:55 pm, March 21st, light gray smoke ae con firmed
arising from the southeast side of the 5th floor roof of the Unit 3
building, and the situation was reported to the fire department at
approuimately 4:21 pm. Ths parauetec' of reactor pressure vessel, reoctor
containment vessel, and mo-itored enviroomentol dota renoired or the some
lavel. However, employees working oround Unit 3 evacuated to a safe
leoation. It is observed the smoke has been decreasing. On March 22nd,
the color of smoke changed to somewhat white and it is slowly dissipating.

At approximately 3:10 pm on March 22nd, water discharge into Unit 3 by
Tokyo Fire Department's Hyper Rescue and Osaka City Fire Department was
conducted and completed at approximately 4:00 PM on the same day.
At approuimately 10:45 pm on March 22nd, lights in the main operation
room were restored.
At 11:00 an on March 23rd, the injection of sea water to spent fuel pool
was conducted, and finished approximately at 1:20 pm on the same day.

At 4:20 pm on March 23rd, light gray smoke was observed belching from Unit
3 building. The situotion was reported to the fire department at 4:25 pm
on March 23rd.
The parameters of the reactor, the reoctor containment vessel of Unit 3,
and mositored figures aruud the site.s immediate surroundings remained
stable without significont change. To be safe, workers in the main control
room of Unit 3 and around Unit 3 evacuated to a safe location.
At approaimately 11:30 pm on March 23rd and 4:50 am on March 24th, TDPCO
employees confirmed the smoke has disappeared. Accordingly, workers
evacuation was lifted.

At approoimately 9:31 am on March 24th, sea water injection through Fuel
Pool Cooling aod Filtering System wan initiated.
Os March 24th, it was coofirmed that 3 aorkers from other companies ohs
was in change of cable laying worh in the 1st floor and the underground

floor of turbine building were euposed to the radiation dose of more than
170 mSv. 2 out of 3 are beinq tranoferred to the hcspital as it was
confirmed that their leg skin were contaminated.

- Unit 4
At approximately 6:00 am, March 15th, an explosive sound was heard and the
damage in the 5th floor roof of Unit 4 reactor building was con firmed. At
9:38 an, the fire near the north-wsot part of 4th floor of Unit 4 reactor
building was confirmed. At approxiataely 11:00 am, TDPCO employees
confirmed that the fire was off.

At approaimately 5:45 am on March lth, a TEPCO employee discovered a fire
at the northwest .orner of the Nuclar Reactor Ruilding. TEPCO immediately
reported this incident to the fire department and the local government and
prooeeded with the e.tinction of fire.
hr approximately 6:15 am, TEPCO staff confirmed at the site that there are
00 signs of fire.

At approximately 8:21 am on March 20th, spraying water by fire engines was
started with the cooperation of Self-Defense Forces and they finished the
operation at approximately 9:40 am. At approximately 6:45 pm spraying water
was started by Self-Defenses' water cannon trucks and finished at
approximately 7:45 pm.

At approximately 6:30 am, March 21st, spraying water by fire engines was
started with the cooperation of Self-Defense Forces and the United States
Armed Forces. At approximately 8:40 am, March 21, they had finished the
operation.
On March 21st, cabling has been completed from temporary substation to the
mamn power center.

Froc approaimately 5:20 pm on March 22nd, water discharge from the concrete
pumping vehaile was conduoted and ended at approximately 8:30 pm on the
same day.

From approximately 10:U0 am on March 23rd, water discharge from the
concrete pumping vehicle was conducted and ended at approximately 1:00
pm on the same day.

- Unit 5 and 6
At 5 am on March 19th, we started the Residual Heat Removal System Pump (f)
of Unit 5 in arder to cool the spent fuel pool. At 10:14 pm, we started the
Residual Heat Removal System Pump (B) of Unit 6 in order to coal the spent
fuel pool.

Unit 5 has been in reactor cold shutdown since 2:30 pm on March 20th. Unit
6 has been in reactor cold shutdown since 7:27 pm on March 20th.

At Units 5 and 6, in order to prevent hydrogen gas from accumulating within
the buildings, we have made three holes on the roof of the reactor building
for sach unit

At approximately 5:24 pm on March 23rd, the temporary Residual Heat Removal
System Seawater Pump automatically stopped when its power source oas
switched. We plan to repair the pump while maintaining the appropriate
the watr level and the temperature in the reactor. Repair work is being
conducted.

On March 18th, regarding the spent fuel in the coemmon spent fuel pool,
we have conrficred that the water level of the poo1 is secured. A
detailed inspection is under preparation.

common spent fuel pool: a spent fuel pool for common use set in a
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separate building in a plant site in order to preserve speat fuel
which are transferred from the spent fnel p0ol is eash Unit building.

On March 17th, we patrolled buildings for dry casks and found no signs
of abnormal situation for the casks by visual observation. A detailed
inspection is under preparation.

dry cask: a measure to store spent fuel in a dry storage casks in
storages. Fukushima Daiichi Nuclear Power Station started to utilize
the measure from August 1995.

IIn totel 12 fire engines are lent for spraying enter to the spent fuel
pools and ater injention In the nuclear reactors by various region.l fire
departments- as well as Tokyo Fire Department.

- On March 21st and 23rd, we detected cobalt, iodine and cesium from the
seawater around discharge canal of Unit 1, 2, 3 and 4.

* 0s March 20th,21st and 23rd, we detected iodine, cesium and tellurium in
the uir sollected at the site of Fukushima Daiichi Nuclear Power Station.

- We will continuously endeavor to securing safety, and monitoring of the
surrounding envuronment.

Fukuhi=m Daini Nuclear Power Station:
Unit. 1 It 4: shutdown due to earthquake
The na ational government has instructed evacuation for those local

residents within 11km radius of the periphery.

In order to achieve cold shutdown, reactor cooling function was restored
and cooling of reastors was conducted. As a result, all reactors achieved
cold shutdown: Unit 1 at 5:11 pm, March 14th, Unit 2 at 6:00 pm, March 14th,
Unit 3 at 0:15 pm, Marsh 12th, Unit 4 at 7:15 am, March 16th.

lSince March !2th, we had been preparing measures for reducing the
pressure of "actor containment vessels (partial discharge of air
containing radioactive materials to outside), but on March 17th, we
released such preparation in all Units.

S(Unit 1)

As it is confirmed that the temperature of the Emergency Equipment Cooling
Wster Uystem *1 has increased, at 3:20 pm, March 15th, we stopped the
Residual Hat Renoval System (B) for the inspection. Subsequently, failure
was detected in the poen supply facility associated with the pumps of the
Emergency Equipment Cooling Water System. At 4:25 pm, March 15th, after
replacing the power facility, the pumps and the Residual Heat Removal
System (B) have been reactivated.

( Unit 4)
As it is confirmad that the pressure at the outlet of the pu

m
ps of the

Emergency Equipment Cooling Water Uyntemn1 has besn des-eased, at 8:05 pm,
March 15th, we stopped the Residual Heat Removal System (B) for the
inspection. Subsequently, failure was detected in the power supply
facility associated with the pumps of the Emergency Equipment Cooling
Water System. At 9:25 pm, March 15th, after replacing the relevant
facility, the pumps and the Residual Heat Removal System (B) have been
reactivated.

*1: ...mgency water system in which cooling water (pure water) circulates
which eschanged the heat with sea water in srdar to cool down bearing
pumps and/or heat exchangers etc.

Kashiweeaki Kariwa Nuclear Power Station:
Units 1, 5, 6, 7: nosmel operation
(Units 2 to 4: outage due to regular inspection)

[Thermal Power Station]
Hirono Thermal Power Station Units 2 and 4: shutdown due to earthquake
Hitachinaka Thermal Power Station Unit 1: shutdown due to earthquake
Kashima Thermal Poser Station Units 2, 3, 5, 6: shutdown due tI earthquake
Higashi-Ohgish-ma Thermal Power Station Unit 1: restarted generation at
13:42 PM on March 24th

[Hydra Pewer Station]
!HAll the stations hake been restored.

(Facilities damaged by the earthquake are now properly under consideration)

[Transmississ System, ens.]
All substatiun fauled due to the earthquake have been restored.

[Blackout in TEPCO. Servise Area]
All the blackouts are resolved.

[Supply and Daeamd States within TEPCO's Service Area to Secure Stable Power
Supply]

Baskop supply Inon Uhinshisans Conversion Station: 60UMW
Backup supply from Sakusa Conversion Station: 300MW
Backup supply frIn Higashi Shimizu Conversion Station: 10MW
Bankup supply fron Hokkaids-Honshu Interconnect'on Facilities: 600MW

Considering the critical balance of our power supply capacity and expected
power demand fnorard, in order to avoid unexpected blackout, TUPCO has been
implementing rolling blackout (planned blackoIt alternates from one area to
another) since Mar 14th. We will make our utnmst to secure the stable power
supply as early as possible.
For customers ho wsill be subject to rolling blackout, please be prepared
for the announced blackout periods. Also for customers who are not subject
to blackouts, TEPCO appreciates your continuous cooperation in reducing
electricity usage by avoiding usung unnecessary lighting and electrical
equipment.

[Others]
Please do NOT touch cut-off electric wires.
In order to prevent fire, please make sure to switch off the electric
appliances such as hair drier and Is shut down the breaker of distribution
board when you leave your house.
For the customer who hs in-house power generation, please secure fuel for
generator.
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Press Releases

Press Release (Mar 24,2011)
Plant Status of Fukushima Dalni Nuclear Power Station (as of 15:00 pm March 24th)

[No update from the last release issued at 9:00 am, March 24th]

Unit Status
1 Reactor cold shutdown, stable water level, offsite power is

available.
No couling water is leaked to the reactor containment vessel.
Maintain average water temperature at 100C in the pressure
resttaint.

2 Reactot cold shutdown, stable water level, offsite power is
available.
No cooling cate, is leaked to the reactot ountaioent veasel.
Maintain average waata tempetatute at 100C In the preasure
restraint.

3 * Reactor cold shutdown, stable water level, offsite power is
available.

SNO cooling water is leaked to the reactor containment vessel.
Maintain avnatge water temperature at 100°C in the pressure
testra tnt

4 R Reactor cold shutdown, stable water level, offsite power is
oalalable.

No cooling water is leaked t thue teactor contaihment vessel.
* Maintaien average water tueputatute at . 100C in the pressure

restraint.
Other N.A.
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Press Release (Mar 24,2011)
The results of nuclide analyses of radioactive materials in the air at the site of Fukushima Dalichi Nuclear Power Station (3rd release)

On March 22nd 2011, as part of monitoring activity of the surrounding
environment, we conducted nuclide analysis of radioactive material.
contained in the air which aere collected on March 20th and 21st 2011 at
the site of Fykoshima Daiichi Nuclear Power Station, which was damaged by
Thohku-Chihou-Taiheiyo-Oki Earthquake. As a result, radioactive materials
were detected as shown in the attachment. Therefore, we summarized the
results and reported them to Nuclear and Industry Safety Agency aa well as
to the government of Fukushima Prefecture today. (previously announced)

On March 23rd, 2011, we conducted nuclide analysis of radioactive
materials contained in the air which were collected on March 23rd, 2011 at
the site of Fukushina Daiiohi Nuclear Power Station. s a renult,
radioaative ateriala were detected as shown in the attachment. Therefore,
we suanmarized the results and reported them to Nuclear and Industry Safety
Agency as well as to the government of Fukushima Prefecture today.

We will continue the sampling survey same as this one.

attachmentl i:'.- relt cf the nucides aalysis c-f rodiocctsve csterials in

attachment2:Týo:ei f t t , 1 of 4.a s ia'
a:D a r •t :l it ) 2 P =•~m• [a •:[• u l as• c.,w • St ti

attachment3:ONt ,s a e i i a_* ' Ira .:u•.iz

attachment4:Nuco.x.he an •a d 5!t43 1.. tte aC I h
i N r r $tatio 3_ .,X_
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Press Release (Mar 24,2011)
Plant Status of Fukushima Dailohi Nuclear Power Station (as of 14:00 PM Mar 24th)

*new items are underlined

All 6 units of Pukuehima Daiichi Nuclear Power Station have been shut down.

Unit l(Shut down)
- Reactor has been shut down. However, the explosive sound and white

smoke were confirmed after the big quake occurred at 3:36 pm
Mar 12th. It was assumed to be hydrogen explosion.

- At approximately 2:30 am an March 23rd, seawater was started to be
injected to the nuclear re.atar through the feed water system.

- At approximately 10:50 am on March 24th, white fag-hike atoea arising
from the roof part of the reactor building wao obseroed.

- At approximately 11:30 am or March 24th, lights in the main control
room was restored.

-We have been injecting sea water into the reactor pressure vessel.

Unit 2bShut down)
- Reactor hna been shut down and the level of reactor coolant had dropped

and the reactor preseure had increased because the Reactor Care
Isolation Cooling Systen topped. Meeeures were takeo to lower
the pressure within the Reactor Containment Vessel and to inject
sea water into the Reactor while carefully c-nfirming sxf4ty. The level
of reactor coolant and the preseure of the Reactor resued.

- At approximately 6:00 am on March 15th, at abnormal noise began
emanating from nearby Pressure Suppression Chamber and the pressure
within this chamber decreased.

- At 6:20 pm cn March 21at, white smoke was confirmed arising from
the top of the reactor building. As of 7:11 am on Merck 22nd, smoke
decreased to the level where we can hardly confirm

- We have been injecting sea water into the reactor pressure vessel.

Unit 3(Shut down)
- Reactor has been shut down. However, the explosive sound and white

smoke were confirmed at 11:01am Mar 14th. It was assumed to be hydrogen
euplosion.

- hr 8:30am on March 16th, fog like steam was confirmed arising from
the reactor building.

- At aypropimately 6:15 am on March 17th the pressure of the Suppression
Chamber hau temporarily increased. We were prparpng to implement
a m.easrecent to cedace the pressure of the reactor contaianmnt vessel
(partial discharge of air containing radioactive material to outside)
in ardor to fully secure safety. However, at present, it is not
a situation to take a measure immediately to discharge air containing
radio active material to outside sow. Ce wil continue to monitor
the status of the pressure of the reactor containment vessel.

- At approximately 4:00 pm, March 21st, light gray smoke wan confirmed
"rainsg from the floor roof of the Unit 3 building. On March 22nd,
the color of smoke changed to somewhat white and it is slowly
disnipating.

- At approximately 10:45 pm on March 22nd, the light in the main control
room was turned on.

-At around 4:20 pm on March 23rd, our staff confirmed light black smoke
belching from the Unit 3 building. At approxinately 11:30 pm on
March 23rd and 4:50 am on March 24th, our nmployee found no signs
of smoke.

- We have been injecting sea water into the reactor pressure vessel.

Unit 4(ostage due to regular inspeetionl

- Reactor has been shut down. However, at approximately 6 an or
March 15th. We have confirmed the eplosive saund and the esstained
damage around the 5th floor rooftop are. of the Nuclear Reactor
Building.

- On March 15th and 16th, as respectively confirmed the outbreak of fire
at the Ith floor of tho northwestern part of the Noclear Reactor
Building. We immediately reported this matter to the fire department
and the related authorities. TEPC. employees confirmed that each fire
had already died down by itself.

- At this moment, .a do not consider any reactor coolant leakage inside
the reactor containment vessel happened.

Unit 5 (outage due ta regular inspeetbon)
- Reactor hew keen shut do and the sufficient level of reactor coolant

to ensure safety is maintained.
- hr 5 an, Maroh 19th, we startad the Resideal Heat Removal System Pump

(C) in order to coal the spent fuel pool.
- At this moment, we do not consider any reactor coolant leakage inside

the reactor containment vessel happened.
- Ah 2:30 pm, March 20th, the reactor achieved reactor cold shutdown.
hr around 1:24 pm or Maruh 23rd, when we switched the temporary

Residual Heat Removal System Seawater Pump, it automatically stopped.
We will repair the pump and maintain the reactor water level and
the temperature in the reactor properly. Repair work is
being conducted.

Unit 6(outage due tO regular inspeetion)

- Reactor hao been shut doen and the sufficient level of reactor coolant
to ensure safety is maintained.
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- We are working on receiving external power supply to Units 5 and 6.
We completed the repair work on the energenc diesee generator (A).

- At 10:14 pm, March 19th, we started the Residual Heat Removal System
Pump (B) of Unit H in order to cool the spent fuel pool.

- At this moment, we do not nonsider any reactor coolant leakage inside
the reactor containment vessel happened.

- At 7:27 pm, March 20th, the reactor achieved reactor cold shutdown.

Today'a work for cooling the spent fuel pool.
- At approximately 5:35 am, we started injenting seawater into the fuel

spent pool af Unit 3, usieg Foci Pool Cooling and Piltering(olean up)
system (FFC).

-We are 'onsidering further spraying at other units and others subject
to the conditions of spent fuel pools.

Caseulty
- 2 aorkera of nooperative firm were injured at the oc.orrence of

the earthqoake, end eere tranoported ta the hospital an March l1th.
- 4 workers sere injured and transported to the hospital after explasive

sound and white smoke were ronfirmed around the Unit lon March 11th.
- Presence of 2 TEPCO employees at the site is not confirmed on

March 1lth.
- 1 TUPO employee who awn not able to stand by his own holdiog left

ohest with his hand, was tranoported to the haspital by an ambulanoe
on March 12th.

- 1 subcontract worker at the key earthquake-proof building was
unconscious and transported to the hospital by an ambulance on
March 12th.

- The radiation exposure of 1 TEPCO employee, who was working inside
the reactor building, exceeded 10nmSv and he eas transported to
the houpital on Mar.h 12th.

- 2 TEPC m eployees felt bad during their operation in the central
tontrol rooms of Unit 1 end while wearing full masks, and were
transferred to Fukushima Daini Nuclear Power Station for consultation
with a medical advisor on March 13th.

- 11 workers were injured and transported to Fukushima Daini Nuclear
Power Station etc. after explosive sound and white smoke were confirmed
around the Unit 3. One of the workers was transported to the FUKUSHIMA
Medical University Hospital on March 14th.

- At approximately 10 pm on March 22nd, 1 worker who had been working on
setting up a tenporery power panel in the nace-on pool was injured and
transported to Fuokshinw DUini Nuclear Power Station where
the industrial doctor is.

- At approximately 1 am on March 23rd, 1 worker who had been working
on transporting a temporary power panel in the common pool was injured
and transported to Pokushima Jaisi Nuclear Power Station where
the industrial doctor is.

- In March 24th, it was confirmed that 3 workers from other companies
aho were in harge of rabi laying wnrk in the lst floor and
the uoderground floor of turbine building were exposed to the radiation
dose of more than 170 mlv. 2 out of 3 are being transferred to ,
the hospital as it was confirmed that their leg skin were .ontaminated.

Others
- We measured radioactive materials (iodine etc.) inside of the nuclear

power station area (outdoor) by monitoring car and confirmed that
radio artive materials level is getting higher than ordinary level.
As listed below, we have determined that specific incidents stipulated
in article 15, clause 1 of Act on Special Measures Concerning Nuclear
Emergency Preparedness (Abnormal increase in radiation dose measured
at site boundary) have occurred.

lDetermined at 4:17 pm Mar 12th (Around Monitoring Post 4
-ctermined at 6:15 an Mar 13th (Around Monitoring Post 4

-Determined at 2:15 pm Mar 13th (Around Monitoring Post 4
nDtermined at 3:10 am Mar 14th (Around Monitoring Post H

Determined at 4:15 am Mar 14th (Around Monitoring Post 2
-Determined at 9:27 am Mar 14th (Around Monitoring Post 3
Deternined at 9:37 pm Mar 14th (Around main entranow

-Determined at 6:51 am Mar 15th (Around main entrance
Determined at 8:11 am Mar 15th (Around main estran.e
Determined at 4:17 pm Mar 15th (Around main entrance
Determined at 11:05 pm Mar 15th (Around main entrance
-Determined at 8:58 am Mar 19th (Around MP5)

From now on, if the measured figure fluctuates and goes whove and below
IU micro SIa/h, we deem that as the contionuos some event and will not
regard that a, a new specific in-idents stipulated in article 15,
clause 1 of the Act on Special Measures Concerning Nuclear EPergenny
Preparednes (Abnormal increase in radiation dose measured at sits
boundary) has occurred. In the interim, if we measure a manifestly
abnormal figure and it is evident that the event is not the continuous
same event, we will determine and notify.

- The national government hae instructed evacuation for those local
residenta within U2km rwdius of the periphery and evacuation to inside
for those residents from 20km to 30km radius of the periphery, because
it's posihle that radioactive materials are discharged.

- At approximately 10am on Merch 15th, we observed 40ImSv/h at the inland
side of the Unit 3 reactor building and 10cmSv/h at the inland side of
the Unit 4 reactor building.

- We checked the status of spent fuel in the common pool, and confirmed
that the water level secured. We are planning to .onduot a detailed
inspection.

- We found no signs of abnormal situation for the casks by visual
observation during the patrol activity. A detailed inspection is under
preparation.

- At Uniro 1 and 6, in order to prevent hydrogen gas from accumulating
within the buildings, we have made three holes on the roof of
the reactor building for each unit.

- In total 12 fire enginec are lent for the water spraying to the spent
fuel pools and water injection to the nuclear reactors by various
regional fire departments' as well ao Tokyo Firs Department. Also,
instruction regardiog the oetting and oreratlon of longs orals

de!ontanination system ass provided by Niigata City Fire Headquarter
and Hamamatsu City fire Headquarter.
Koriyama Fire Department, Iwaki Fire Brigade Headquarters, Fire
Headquarters of Sukhogawa District Wide Area Fire-fighting Association,
Yonezowo City Fire Headquarters, Utsunomiya City Fire Headquarters,
Fire Headquarters of Aizu-Wakamatsu wide area municipal asso.iation,
Saitama City Fire Bureau, and Niigata City Fire Bureau.

- on March 21st and 22nd, we detected cobalt, iodine and cesium from
the neawatnr aroond dincharge canal of Units 1, 2, 3 sod 4.

- we detected iodine, aesium and tellu rim in the air .ollected at
the site of Fukushima Daiichi Nuclear Power Station on March 20th,
21st and 22nd.

- Until March 22nd, Units I through 6 were started to be energized from
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the external power source.
- We wiii contnun to take xil measures to ensure the safety and to

continue monitoring the surrounding environment around
the Power Station.
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Press Release (Mar 24,2011)
Implementation Plan of Rolling Blackouts on and after March 25, 2011

Due to the power supply-demand balance, TEPCO has been implementing
rolling blankout since Monday, March 14. We sincerely regret causing
anxiety and inconvenience to our customers and the society. We appreciate
yone cooperation in consering electricity consumption.
For casoers sho will be subject to rolling blackouts, please be prepared
for the announced blackout periods. Also, for the customers who ace not
subject to blackouta, we would appreciate your continuous cooperation in
red.cing electricity usage by turning off unnecessary lightings and
electrical applianres.
We would like to inform the implementation plan of rolling blackouts on
and after March 25, 2011 as follows.

o~mlemsentation plan of rolling blachout on March 25 (Fri.)
Coosidering today's electricity supply-de.and and tomorrows w'eather,
regional group and time periods for the planned blarhout ore no folloas.

Group 3 6:20-10:00
Group 4 9:20-13:00
Group 5 12:20-16:00
Group 3 13:50-17:30
Group 1 I1:20-1-:l
Group 4 16:15-20:31

- -Rolling blackout will not be implemented.
Group 2 18:20-22:00

... The necessity of the rolling blackouts
will be judged depending on the supply-demand
balance, and will be informed by 2 hours
before the start of blackouts.

eThe actual blackout period for each group is planned to be maximum of
3 hours during the relevant scheduled time period.

eStarting and ending time of blackout periods may slightly differ.
.Depending on the supply-demand balance of the day, planned

hlackouts may not be carried aut. In case the electricity supply-denand
balance becomes tighter than expeoted, we will reconsider the rolling
blackout plan and inform you aroordingly before an implement the
revised plan.

Al blakokut may occur in the adjacent areas where the planned blackouts
are carried out.

oImlelmentation plan of rolling blackouts from Saturday, March 26 to
Thursday, March 31
Please refer to the "exhibit' for detailed plan.

*The actual blackout period for each group is planned to be maximum
of about 3 hours during the relevant scheduled time period.

*Starting and ending time of blackout periods will slightly differ
day by day.

*Depending on the supply-demand balance hereafter, planned blackouts
may not be carried out. Moreover, in case the electricity supply-demand
balance abcomes tighter than eapected, we will reconsider the rolling
blackout plan and infore you ac.ordingly before wa implement the
revised plan.

*A blackout nay occur in the adjacent areas where the planned
blackouts are carried out.

[others]
Cln order to prevent fires, pieaoe mako once to soitch off electric

appliance such as hair driers when you leaving home.

CPlease carefully pay attention to the traffic at the crossings in
cass the traffic lights ara suddenly turned off.

*Al for the building and apartment, please be aware that equipment
and facility such as eloeator, automatic door, automatic lock, and
multilevel parking lot will not function. In particular, please avoid
using elevators not to be trapped during the blackout.

<Reference> I
oPrediction of demand and supply on March 24

Estimated Demand 38,101 MW (18:00-19:00)
Supply Capacity 38,500 MW

OPrediction of demand and supply on March 25
Estimated Demand 38,500 MW (18:00-19:00)
Supply Capacity 38,500 MW

cPrediotion of demand
According to the weather forecast, the temperature will be higher than
that of today. However, estimated temperature in the evening will be
lower due to rain, so we assume estimated peak demand on March 25 will
be 38, 50OMW,which is same as today.
Estimated demand and supply capacity may change depending on the
situation ef the day.
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Press Release (Mar 24,2011)
Status of the Inspection and Restoration Works Performed after the Niigata-Chuetsu-Oki Earthquake (as of March 24)

We are announcing the status of major inspections and restoration works and
nonronforma.n.. at TEPCO Kashiwazaki-Kariwa Nuclear Power Station after

the Niigata-Chuetsu-Oki Earthquake.
Please be advised that we have been temporarily suspending a part of the
restoration works sine March Ii, 2011, as we have behn fully dodicated to
the support and cooperaticn to Fokushima Eaiichi Nuclar fPower Statino and
Fukushima Daini Nuclear Power Station which were damaged by the
Tohoku-Chihou-Taiheiyo-Oki Earthquake. We resume restoration works of
Kashiwazaki-Kariwa Nuclear Power Station from March 22, 2011 accordingly.

Inspection/ Restoration Status

O Inopection and restoration completed between March 18 to March 24,
2011
(Completed on the following date)

- No notable activity during this week.

•3 Inopection and restoration to be commenced between March 25 to March
31, 2011
(To be cormenced on the foluowing date)

- No notable activity during this week.

W3 Cork Schedule of Major Inspection and Restoration from March 30 to
April 16, 2011

- Work Schedule of the Main Inspection/ Restoration of the Kashiwnazki-
Kariwa Nuclear Power Station in Response to the Niigata-Chuetou-Oki
Earthquake (during 4 WeNks) ... Appendix

(Reference)
Non onformanres Found in the Inspection and Restoration Works Performed
after the Niigata-Chuetsu-Oki Earthquake

Based on the "Publie Announcement Regarding Nonconformance Found in the
Inspertion and Restoration Works Performed after the Niigata-Chuetsu-Oki
Earthquake," the Tokyo Electric Power Company, Incorporated (TEPCO)
provides this announcement containing incidents information reported from
March 17 to March 23, 2011.

•3 Incidents Information (relating to the Chuetsu-Oki Earthquake)

From March 17 to March 23, 2011 Nurnber of Incidents by Annoumcemen Categozy

(Total figure from August 10, 2007) (Total figure from August 10, 2007)

No. Of I 0(0)
Reorted 0(10) II 0(0)

Events 111 0(10)

<Reports from March 17 to March 23, 2011>

Announcement Date of Title of Report Status
Category Detection

I
II-

0 Other Findings

- No notable activity during this week.

Appendia: Work :chvd1!of i th co :e:atyertion. )eotocrtin t f t he irucoki-
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Press Releases

Press Release (Mar 24,2011)
Plant Status of Fukushima Daiichi Nuclear Power Station (as of 6:00 PM Mar 24th)

"nee items are underlined

ALl 6 unita of Fukushima Daichi Nuclear Power Station have been shut down.

Unit l(Shut down)
-Reactor has been shut down. However, the explosive sound and white smoke
sore .onfirmnd aften the big quake occurred at 3:36 pm Mon 12th. It as
assumed to be hydrogen eaplusion.

-At approianetely 2:30 am on March 23rd, seawater 'as started to be
injected to the nucler reartor through the food water system.

-At approsimately 10:50 am on March 24th, white fog-like steam arising
from the roof part of the reactor building was observed.

-At approximately 11:30 am on March 24th, lights in the main control room
wso restored.

-We have beon injecting sea water into the reactor pressure vessel.

Unit 2(Shst down)
-At approximately 6:00 am on March 15th, an abnormal noise began emanating
free nearby Prossure Suppression Chamber and the pressure within this
chamber decreased.

-At 6:20 pm on March 21st, white smoke was confirmed arising from the top
of the reactor building. As of 7:11 am on March 22nd, smoke decreased to
the level owhere an .no hardly confirm
-ws have beon injecting a, a water into the reactor pressure vessel.

Unit 3(Shut down)
-Reactor has been shut down. However, the explosive sound and white smoke

were confirmed at 11:01am Mar 14th. It was assumed to be hydrogen
eaplesion.

-At 8:30am on March 16th, fog like steam was confirmed arising from the
reactor building.

-At approximately 6:15 am on March 17th the pressure of the Suppression
Chamber has temporarily increased. We were preparing to implement a
nesu.rement to reduce the press.re of the reast or rontainment vessel
(partial discharge of air containig radisactive material to outside) in
order to fully secure safety. However, at present, it is not a situation
to take a measure immediately to discharge air containing radioactive
material to outside nuw. lwe will continue to .nuitor the status of the
pressure of the reactor containment vessel.

-At approximately 4:00 pm, March 21st, light gray smoke was ,nfirmed
arIsing from the floor roof of the Unit 3 building. On March 22nd, the
color of smoke changed to somewhat white and it is slowly dissipating.

-At approximately 10:45 pm on March 22nd, the light in the main centrol
ruse was turned on.

-At around 4:20 pm on March 23rd, our staff confirmed light black smoke
belching from the Unit 3 building. At appro.imately 11:30 pm on Meroh
23rd and 4:50 am on March 24th, our employes found no signs of smoke.

-We have been injecting sea water into the reactor pressure vessel.

Unit 4 (outage due to regular inspsoties)
-Reactor has been shut dns:. Hoser, at approximately 6 am on March 15th.

We have sonfirmed the explosive sound and the sustained damage around the
5th floor rooftop area of the Nuclear Reactor Building.

-On Marsh 15th and 16th, we respectively confirmed the outbreak of fire at
the 4th floor of the northwestern part of the Nucleon sector Building.
Wo immediately reported this matter to the fire department and the
related authorities. TEPCO employees confirmed that each fire had already
died down by itself.

-At this moment, we do not consider any reactor coolant leakage inside the
reactor sontainment vessel happened.

Unit 5 (outage due to regular inspection)
-Reactor has been shut dosn and the sufficient level of reactor coolant to
ensure safety is maintained.

-At 5 am, March 19th, we started the Residual Heat Removal System Pump (C)
in order to cool the spent fuol pool.

-At th is moment, so do not sonoider any reactor coolant leakage inside the
reactor containment vessel happened.

-At 2:30 pm, Marsh 20th, the reactor achieved reactor cold shutdown. At
around 5:24 pm on March 23rd, when we switched the temporary Residual Heat
Renuval System seawater Pump, it has stopped automatically. At around
4:14 pm, March 14th. we started replaced rump and at around 4:35 pm,
cooling of reactor has restarted.

Unit 6 (outage due to regular inpspetion)
-Reactor has been shut down and the sufficient level of reactor coolant to
ensure safety is maintained.

-We are workieg on reneioing external power supply to Units 5 and 6. We
completed the repair work on the emergency diesel generator (A).

-At 10:14 p., March 19th, we started the Residual Heat Removal System
Pump (B) of Unit 6 in urder to cool the spent fuel pool.

-At this moment, we do not consider any reactor coolant leakage inside the
reactor cootaminent veosel happened.

-At 7:27 pm, March 20th, the reactor achieved reactor cold shutdown.

Today's work for cooling the spent feel pools
-At approximately 5:35 am, ae started injerting seawater into the fuel
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spent pool of Unit 3, using Fuel Pool Cooling and Filtering(clean up)
system (FPC) and finished et 4:05 pm.

-At around 2:35 pm, spraying to unit 4 by concrete pump track and finished
at around 5:30 pm.
-He are considering further spraying at other units and others subject to
the conditions of spent fuel pools.

Casualty
-2 workers of cooperative firm were injured at the occurrence of the
earthquake, and were transported to the hospital on March llth.

-4 warkers netr injured and transported to the hospital after explosive
soond and white snosk were confirmed around the Unit Ion March l0th.

-Presence of 2 TEPID employee. at the sits is not confirmed on March llth.
-1 TEPCO employee who was not able to stand by his own holding left chest
with his hand, was transported to the hospital by an ombulance on March
12th.

-I se.chontract wa ker at the key earthquake-proof building was unconscious
and transported to the hospital hy an ombulance on March 12th.

-The radiation exposure of 1 TEPCI employee, who was working inside the
reactor building, exceeded 1 OmSv and he was transported to the hospital
on March 12th.

-2 TEPCO employees felt bad during their operation in the central control
rooms of Unit 1 and 2 while wearing full masks, and were transferred to
Fukoshima Daini Nuclear Power Station for consultation with a medical
advisor on March 11th.

-11 workers were injured and transported to Fukushima Daid Nuclear Power
Station nt.. after eapl osive sound und white smobk. were confirmed around
the Unit 3. One of the workers uas transported to the FUKUSHIMA Medical
University Hospital on March 14th.

-At approximately 10 pm on March 22nd, 1 worker who had been working on
setting up a temporary power panel in the -o-mon pool wac injured ccd
transported to Fukushima Daini Nuclear Power Utation where the industrial
doctor is.

-At approximately 1 am on March 23rd, 1 worker who had been working on
transporting a temporary power panel in the conmon pool waes injured and
transported to Fukushima Daini Nuclear Power Station where the induatrial
doctor is.

-On March 24th, it was confirmed that 3 workers from other companies who
were in charge of cable laying work in the 1st floor and the underground
floor of turbine building ante .oposed to the radiation dosa of more than
170 mSa. 2 out of 3 are beung transferred to the hospital as it was
confirmed that their leg skin were contaminated. They were transferred to
FUKUSHIMA Medical Univers ity Hospital.

Others
-We measured radioactive materials (iodine etc.) inside of the nuclear

power station area (outdoor) by conitoring car and confirmed that
radioactive materials level is getting higher than ordinary level. As
listed below, we have determined that specific ianidents stipulated in
article 15, clause 1 of Act on Special Measures Concerning Nuclear
Emergency Preparedness (Ah'nomal increase in radiation dose measured at
site boundary) have occurned.
-Determined at 4:17 pm Mar 12th (Around Monitoring Poet 4 1
-Determind at H:56 am Mar 13th (Around Monitoring Post 4 1
-Determined at 2:15 pm Mar 13th (Around Monitoring Post 4
.Dntermined at 3:50 on Mar 14th (Around Monitoring Post 6 I
-Determined at 4:15 am Mar 14th (Around Monitoring Poet 2 )
-Determind at g:27 am Mae 14th (Around Monitoring Poet 3 1

.Determined at g:37 pm Mar 14th (Around main entrance
Determined at 6:51 am Mar 15th (Around main entrance
Determined at g:11 am Mar 15th (Around main entranae
Determined at 4:17 pm Mar 15th (Around main entrane
Determined at 11:05 pm Mar 15th (Around main entrance
Determined at 8:58 am Mar 19th (Around MP5)

Fran scw on, If the measored figure fluctuates and goes above and below
A0 mnicro ve/h, an deem that ae the continuous sane event ad aill .ot
regard that as a new specific incident' stipulated in article 15, clause
1 of the Act on Specinl Measures Concerning Nuclear Emergency Preparedness
(Abnormal increase in radiation dose measured at site boundary) has
occirced. Do the interim, if aenseaur: a manifestly abnormal figure and
it is evident that the event is not the continuous same event, ue will
determine and notify.

-The national government has instructed evacuation for those local
residents withia 20km radius of the periphery and evacuation to inside
for those residents from 20km to 30km radius of the periphery, because
it"' possible that rcdioactive materials are discharged.

-At approximately 10am on March 15th, we observed 400mSv/h at the inland
side of the Unit 3 reactor building and 100mSv/h at the inland side of
the Unit 4 reactor building.

-At around 10:37 am March 21st, water spraying to common spent fuel pool
and finished at 3:32 pm (conducted by TEPID).

-At 3:37 pe, March 24th, electricity supply to common spent fuel pool has
started from external power.

-We found no signs of abnormcl situation for the casks by visaol
observation during the patrol ectivity. A detailed inspection is under
preparation.

-At Units 5 and H, in order to prevent hydrogen gas from accumulating
within the buildings, we have made three hates on the roof of the reactor
building for each unit.

-In total 12 fire engines are lent for the water spraying to the spent
fuel pools and water injection to the nuclear reactors by various
regional fire departments' as well as Tokyc Pits Dpeprtment. Also,
instruction regarding the setting and operation of large scale
decontamination system was provided by Niigata City Fire Headquarter and
Hamamatsu City Fire Headquarter.

DKoriyama Fire Department, Iwaki Fire Brigade Headquarters, Fire
Headquarter, of Sckagawa District Wide Area Fire-fighting Association,
yonezawa City Fire Headquarater, Utsunomiya City Fire Headquarters,
Fire Headquarters af Aiwu-aaamatea aide area emu.cipal association,
Saitama City Fire Bureau, and Niigata City Fire Bureau.

-Until March 22nd, Units 1 through 6 were started to be energized from the
external poetr soaure.

-We will continue to take all measures to ensure the safety and to
continue monitoring the surrounding environment around the Power Station.
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Press Releases

Press Release (Mar 24,2011)
Plant Status of Fukushima Datni N.clear Power Station (as of 9:00 pm March 24th)

[No update from the last release issued at 3:00 pm, March 24th)

Unit Status
I Reactor cold shutdown, stable satar level, offsite power is

available.
No cooling aatar is leahed to the reactor containment vassal.
Maintain average water temperane at 1r 0C In the pressure
restraint.

2 Reactor cold shutdown, stable water level, offsite power is
available.
No cooling water is leaked to the reactor containment vessel.
Maintain average eater temperature at 1 i0C in the presasure
restraint.

3 Reactoer cold shutdown, stable water level, offsite power is
available.
N NO mclin g water is leaked to the reactor containment vessel.
Maintain average water temperature at 100lC in the pressure
restraint.

4 . Reactor cold shutdown, stable water level, offsite power is
available.

* No cowling water us leaked to the reactor containment vessel.
* Maintain average water temperature at 100oC in the pressure

restraint.
Other N.A.

I (t pti0
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Press Releases

Press Release (Mar 24,2011)
Plant Status of Fukushima Daini Nuclear Power Station (as of 9:00 pm March 24th)

[No update from the last release issued at 3:00 pm, March 24thl

Unit Status
I Reactor cold shutdown, stable water level, offsite power is

available-
No cooling water is leahod to the reactor containment vessel.
Mainetain average water temperature at 100°C in the pressure

restraint.
2 Reactor cold shutdown, stable water level, offsite power is

available.
No coolng nater, leahed to the reactor containmenetvesel.

'Moaitai average sater temperature at 100°C in the pressure
restraint.

3 Reactor cold shutdown, stable water level, offsite power is
available.
No couling eater Is looked to the reactor ontainment vessel.
Mattin average outer temperature at 100°C in the pressure
resatraint.

4 R eactor cold shutdown, stable water level, offtite power is
available.
No cooling water is leaked to tohe reactor contunement vessel.
Maintain average eater temperature at r 00°C is the pressure
restraint.

Other N.A.
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Press Releases

Press Release (Mar 24,2011)
Plant Status of Fukushima Dalni Nuclear Power Station (as of 9:00 pm March 24th)

[No update from the last release issued at 3:00 pm, March 24thl

Unit Status
I Reactor cold shutdown, stable water level, offsite power is

available.
Na cooling water is leaked to the reactor containment vessel.
Maintain average water temperature at 100°C in the pressure

restraint.
2 Reastor .old shutdown, stable water level, offsite power is

available.
No cooling water is leaked to the reactor containment vesse .
Maintain average water temperature at 100c in the prescure
r esatra int .

3 Reactor cold shutdown, stable water level, offsite power s
available.
No cooling water is leaked to the reactor containment vessel.
Maintain average water temperature at 10OVC in the pressure
restraint.

4 Reactor cold shutdown, stable water level, offsite power is
available.
No c oooling water is leaked to the reactor containment vessel.
Maintain average wateo tesperature at 10O°c in the pressure
restraint.

Other N.A.
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Press Releases

Press Release (Mar 24,2011)
Plant Status of Fukushima Daini Nuclear Power Station (as of 9:00 pmn March 24th)

[No update from the last release issued at 3:00 pm, March 24th)

Unit Status
1 Reactor cold shutdown, stable water level, offsite power is

available.
.c cooling water is leaked to the reactor containment vessel.

SMaintain average water temperature at l00*O in the pressure
cootraint.

2 Reactor cold shutdown, stable water level, offsite power is
available.
No 0 cooling water is leaked to the reactor containment vessel.
Maintain average water temperature at 100"C in the pressure
restraint.

3 Reactor cold shutdown, stable water level, offsite power is
available.
No scoling water is leaked to the reactor containment vessel.
Maintain overage ater temperature at 100l C in the pressure
restraint.

4 cRactor cold shutdow,, stable water level, offsite power is
available.
No .cooling water is leaked to the reactor containment vessel.
Maintain average water temperature at 10lC in the pressure
restraint.

Other N.A.
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Press Releases

Press Release (Mar 24,2011)
Plant Status of Fukushima Daini Nuclear Power Station (as of 9:00 pm March 24th)

[No update from the last release issued at 3:00 pm, March 24th]

Unit Status
1 Reactor cold shutdown, stable water level, offsite power is

available.
* Na aooling water is leaked to the reactor containment vessel.

Maintain average eater temperature at iOC in ths pressure
restraint.

2 Reactor aold shutdown, stable water level, offsite power is
available.
No caaling water iu leaked ta the reaotor aontainment vessel.
Maintain average water temperature at 100C in tbe pressure
restraint.

3 Reactor cold shutdown, stable water level, offsite power is
available.
Noa cooling sater is leaked to the reactor coatainment vessel.
Maintain average water temperature at 1IOC in the pressure
restrai t.

4 Reactor cold shutdown, stable water level, offsite power is
available.
No casling water is leaked to the reactor containment vessel.
Maintain everage water temperature at 100% in the pressure
restraint.

Other N.A.

P 4039 paw I
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Press Releases

Press Release (Mar 24,2011)
Plant Status of Fukushima Daini Nuclear Power Station (as of 9:00 pro March 24th)

[No update from the last release isoued at 3:00 pm, March 24th]

Unit Statue

1 Reactor cold shutdown, stable water level, offsote power is
available.
No cooling water is leaked to the reactor roe..ta oent -ssl.
Maintain cooroge water temperature at 10°C in the pressure
rootroirt.

2 Resotor rold shutdown, stable water level, offnute power is
avai able.
No .ooling water is leaked to the reactor containment vessel.

aMontain averago water tenperature at Il00C in the pressure
restraint.

3 Reactor cold shutdown, stable water level, offsite power is
available.
No cooling water is leaked to the reactor containment vessel.
Maintain aeroage water temperature at 100*C in the pressure
restraint.

4 Reactor cold shutdown, stable water level, offsite power is
available.
iNo .coling water is leaked to the reactor containment vessel.
Mointaio average cater temperature at 100l C in the pro.ture
restraint.

Other N.A.
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Press Releases

Press Release (Mar 24,2011)
Plant Status of Fukushima Daini Nuclear Power Station (as of 9:00 pm March 24th)

[No update from the last release issued at 3:00 pm, March 24th]

Unit Status
l Reactor cold shutdown, stable water level, offsite power is

available.
No cooling water is leaked to the reactor containment vessel.
Maintain average water temperature at 100*C in the pressure

restraint.
2 Reactor cold shutdown, stable water level, offsite power is

available.
No cooling water is leaked to the reactor containment vessel.
Maintain average water temperature at 100'C in the pressure
restraint.

3 Reactor .ald shutdown, stable water level, offsite power is
available.

• No cooling water is leaked to the reactor containment vessel.
• Maintain average water temperature at 100'C in the pressure

restraint.
4 " Reactor cold shutdown, stable water level, offsite power is

available.
No cooling water is leaked to the reactor containment vessel.

* Maintain overage water temperature at 100*C in the pressure

Other N.A.
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Press Releases

Press Release (Mar 24,2011)
Plant Status of Fukushima Daini Nuclear Power Station (as of 9:00 pm March 24th)

[No update from the last release issued at 3:00 pm, March 24th]

Unit Status
1 Reactor cold shutdown, stable water level, offtite power is

available.
No rooling eater is leaked to the reactor containment vessel.
Maontain average water temperature at 100lC in the preasure
restraint.

2 R eactor cold shutdown, stable water level, offsite power is
available.
No toolong water to leaked to the reactor containment vessel.
Maintain average water temperature at lO0C i n the pressure

3 Reactor mold shutdown, stable water level, offsite power is
available.
No cooling water is leaked to the reactor containment vessel.
MaiitatIno averege water temperature at 100l C in the pressure
restraint.

4 Reactor rold shutdown, stable water level, offsite power is
available.
No coog mater in leaked to the reactor containment vessel.
M lotaio overage mater temperature at 100l C in the pressure

restraint.
Other N.A.
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Press Releases

Press Release (Mar 24,2011)
Plant Status of Fukushima Daini Nuclear Power Station (as of 9:00 pm March 24th)

[No update from the last release issued at 3:00 pm, March 24th]

Unit status
1 Reactor cold shutdown, stable water level, offasite power is

available.
No cooling water is leaked to the reactor containment vessel.
Maintain average water temperature at 100'C in the pressure
restroint.

2 keoctor cold shutdown, stable Water level, offsite power is
available.
No No.oling water is leaked to the reactor containment vessel.
Maintain average water temperature rt 1I00C in the pressure
restrairt.

* Reactor rold shutdown, stable water level, offsite power is
available.
No coosling water is leaked to the reactor contaitment vessel.
Mainstain average water temperature at 100l C in the pressure
rostraint.

4 Reartor sold shutdown, stable water level, offeite power is
available.
NO cN oolg water is leaked to the reactor containment vessel.
Maintain average water temperature at Il0°C in the presoure
restraint.

Other N.A.
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Press Releases

Press Release (Mar 24,2011)
Plant Status of Fukushima Daini Nuclear Power Station (as of 9:00 pm March 24th)

(No update from the last release issued at 3:00 pm, March 24th]

Unit Status
1 Reactor cold shutdown, stable water level, offsite power is

available.
No cooling water is leaked to the meactor containment vessel.
Maontrin average water tmpeoratote at 1llC he rho prescore

restrai nt .
2 Reactor cold shutdown, stable water level, offsite power is

available.
No cooln cg eater is leaked to the reactor .ootainment veseel.
Maintain average water temperature at 10lC In the preesore
restraint.

3 Reactor cold shutdown, stable water level, offsete power is
available.
N. cooli ng water is leaked to the reactor containment vessel.
Maintain average water temperature at 100l C in the pressure
restraint.

4 Reactor cold shutdown, stable water level, offsite power c
available.
No oaoling water ic leaked to the reactor containment ..eel.
Maintain average water temperature at 100°C in the pressure
restraint.

Other N.A.
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From: OST05 Hoc
Sent: Thursday, March 24, 2011 1:51 PM
To: LIA04 Hoc
Subject: FW: Response to EPA drinking water limits question

FYI

From: Hoc, PMT12
Sent: Thursday, March 24, 2011 1:49 PM
To: OST05 Hoc
Subject: RE: Response to EPA drinking water limits question

This has been completed.

From: OST05 Hoc
Sent: Thursday, March 24, 2011 12:53 PM
To: PMT03 Hoc; Hoc, PMT12
Cc: OST05 Hoc; LIA04 Hoc
Subject: FW: Response to EPA drinking water limits question

PMT- forwarding this to PMT for response.

Thank you,
-Maria Arribas-Colon

From: Henderson, Pamela
Sent: Thursday, March 24, 2011 10:19 AM
To: OST05 Hoc
Cc: McNamara, Nancy; LIA04 Hoc; LIA03 Hoc; PMT03 Hoc; Hoc, PMT12; Tifft, Doug
Subject: RE: Response to EPA drinking water limits question

Maria,

I believe that RASCAL would utilize NRC limits?

From the EPA website.... EPA bases drinking water limits on a dose of 4 mrem/year to total body or any critical
organ. For 1-131 the limit is 3 pCi/liter. For Cs-1 37 the limit is 200 pCi/liter.

From: OST05 Hoc
Sent: Thursday, March 24, 2011 10:12 AM
To: Tifft, Doug; Henderson, Pamela
Cc: McNamara, Nancy; OST05 Hoc; LIA04 Hoc; LIA03 Hoc
Subject: RE: Response to EPA drinking water limits question

Good morning Doug,

I just verified the numbers and the units with RASCAL folks in PMT, and it was confirmed that they are correct.

If you have any additional question on this, please contact PMT at (301) 816-5499.

1 f -
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Thank you,
-Maria Arribas-Colon

From: Tifft, Doug
Sent: Thursday, March 24, 2011 7:59 AM
To: OST05 Hoc; LIA04 Hoc
Cc: Henderson, Pamela; McNamara, Nancy
Subject: RE: Response to EPA drinking water limits question

This doesn't sound right. I expected the units to be in pCi/L. And I'd also expect that the limits for one year
olds would be lower than the limits for adults.

Would you mind double checking with your EPA contact what the EPA drinking water limit is for 1-131 and Cs-
137?

I've also got the question in to one of my Regional EPA contacts.

Thanks,
-Doug

From: OSTO5 Hoc
Sent: Wednesday, March 23, 2011 7:45 PM
To: Henderson, Pamela; Barker, Allan; Browder, Rachel; Erickson, Randy; Logaras, Harral; Maier, Bill; McNamara, Nancy;
Tifft, Doug; Trojanowski, Robert; Woodruff, Gena
Cc: OST05 Hoc; LIA04 Hoc; Easson, Stuart; Flannery, Cindy; Lukes, Kim; Maupin, Cardelia; Noonan, Amanda; Rautzen,
William; Rivera, Alison; Ryan, Michelle; Turtil, Richard; Virgilio, Rosetta
Subject: Response to EPA drinking water limits question

Doug/ Pam,

This email is in response to your question on the EPA drinking water standards limits for Iodine-131 and
Cesium-137. See below.

Iodine-1 31
One year old: 167 Bq/Kg
Adult: 2420 Bq/Kg

Cesium-1 37
One year old: 2990 Bq/Kg
Adult: 1360 Bq/Kg

Thank you,
-Maria Arribas-Colon

2



gOTIA S, 21

3A 19.B
-J>, t 1- -1&20 18O0 I MAO 18:50 19:00 f 190,I" 19:20 i -930 Sol 20:401 -o:o 20:10 •M-201 20.30 2D:401 2MS.l 1:00l 21-10 1:201 21:301 21A_ 1'0o

SMPI(•.Sv/h "80723 1120.10343 16.803-16.,73 16.747 16.740 10.730 1107. 16.710, 16.6S7 16.710 16,823 16.613 16.610 16.680. 16583 16s ISSO'16.47 1565•3 1.510 1855o 7
.kfP2(iL:Sv/h) -1019 ST15 10.167 10.163- M0.AT 10-153'114 10,433 10.107 10,090 10.083 10.103- 10.083 -10,097 10.077 10.077 10.080, 20.037 1O0.000 I0.73' .9.590 1.2
MP um(j.Sv/) 16.031 16o880 1 I6.86F 1G.90 is.90 1 I653 . 16.73T. 10.797 162007 16.820 16.800 16.517 15.763 163760 16.72T 16.737. 16.703 16.10 16,71 0 16.3-13' 1.00l2

MP4(•AS,/h) 11.643 11 5, '11.637 11-593 11.617 11.620 111.07 11.590 115.47 11.657 11.650 11.60 11.503 1S23 I1S1.• 11.M7 1.4O !1.47OT iIA177 11.440 i1A93 11.507
"-. MPS(uaSv/h)' I 1.321 T:k67,. IESE. 11.65 t s1a. Is 1,313', 11i.50-1 1A•6 11.467 I1.4-7 11.467 11.457 I1:3,3 11. 1A1.,,7 11.46T7 IA•41 t1 3$ 11".1390 11367 *11.3T 11•361

(p.Sv 12.-60. 12.957 1.937 12-930 12.887 112.91? t-8A3 12.293 1.8l83 12.92 1. 7 12.41.867 .,12M i .12.837. 1 .827l ,12.78 "r07 I0 MA'YO 12.73 12.•78

_____ - - - - -tf - __~M7(ivh '* li i.~W Z$ ZI - IR- - - -.

MA S 2.6g- 35~ 1.6 tS37 . 5 ' 5.5 4.,5' 14 J 181 .0.91 3.2 1 L CA`1.' A -63 It -10.

'-* Zý53-39607 - 22-00 2210 .22.-20 22-.30
• MPW(•asv/lil S-17- 16483 16.470 16,470

'MF'2(g.Sv/h) MIT1 '10.003 9.997 9,973.
;rMP4(sLSv/h) 1.65 1 6.67 .603 X6663
MP4(,Sv/h) 11.467ý 11,45•7 11.447- 1T.443

S tPSGL.Sv,/h) 1361 i'11373 11.367 11,313.1
•. MPG(R4Sv/h) 12747 '12.T30 12.743" 12.7301

.... (m/S) 5119 10. 10' 3.7 4.9 C/, , ... -

! i

7"4 ý k c '4-iq4Vl,4
,.i11

'.~~1

I,

____________________ j



UAMZ(2F) ~

201f/3/19 23:0;I

7:20 330 0 7-60T kW0 u 10• B20 1: ,.J 0 MI ' .BAD 10:40, IOO

MP2(Ai•v/h) 18 105 4106 1W. 10-. Q.S 10.5 10.4 IA 10.4 10.3 10.3 10,37 10.2 103, 10., 10, 10.2 TT io 102 10.5 161
MP3(gSv/h) I 17.7 17 17 17.7 17.7 17. 17.7 17.6 17. 7 A 17 ITS ITS - 17A_ 175' 17A4 13A 174-" 174, IM i7 13 17.3

ýMP4(/•'Sv/h) 12.3 1 12 12.3 12.2 12.2 12.2 12.2 12 12.2.. -1 -.1 :: 1 . .i 12.0 1.0 1
MPSO&SVhY 110 111.0 09 10.9 10.95 10.h '10.9 10.9 10. 109 10.8 10.8 10.8 10,8. 10.8 - 10.8 10.18 10.8 1018 10.8 108 10,8

_____ (A!§vlh ýUJ' l i Z - -30,x -~ -x -x -z ~iX k ~ X -1k I __ ~o0.k
W________ o xm'k -z "_ "Ix IXL z 'kmsu ___ __k_ X, .1 k~ 1 x~ I :-21 k

" ----- -A M I w_* S.W i . v. '
____i __ 41 . .0 9.9' 4.4 5.5. 5.8 o6 1 2 1.7I 3.l 4 10 2.8 42 C6 4 7.7 6.2 7.1 Il.8 1 Sl 4 .6 S-.0

___________ .i~o[ 1 .1 111 '21:30 1 I-jjj 1 )50 12001 '20 1 A3 M) :130 1 3.20r 1310 AD I S.Of 3Q 4Q 40 4 9
*4i .M1 jSy/j) Wp.9ý 18 1. I&W &0i Tisol 1 I. 1 r I68 15.81' U8161 16.8 I18.1 6.8 . 1u6081:6 106. 168 M16. 183jf 15&71 IF

___ _ m..-.* # . I I k t___ ____M2(SvO)O1. '1058 10.5 10.0 I0-16 10.61 LJ0~ 1 -10.61 -10.51 .1053 10,4 IO. ii .10.5 1m04A 10A4 I1A0.4 104A 102og 10.31 10.
I MP3(ASv/1) . '17.3 .-172. 17.01 17.1 17.?l ,7.11 17. - 10 1 17.01 17.1 I7.0 I7117.0 ,I 170 17,0 1 17.01 l&.9 16.9 V' 1.0' 1i:0l 16.91 16.9

... . . ;... . . m , , - . . .. .• .... . . . . • . . . .. I n n n n lln i " I n I : I T - I M o- .1 6 1
W,' MP4([v/h)Ii 12.0 1 121. 120 I 11.9 -1,111 z~d 15 1: 1.81isI 11,8111.1 5I48,.- 11.81 J1i.81 11.8 11.81 i1,71l ý1:s 11.74 1 .7 1117 1 11.71 11.7

_-_MORA,____ su m 10.8 10,8 , 18• 10.8 1 R.8 1i0. 10.8 10.8 10.8 1 0.Bi O 1 0. 8 10.8 10.71 '10. _ 10.7 , t•ll O 108.

________ -x l -k- -m ---X m4 -A.ýlXN %21- s I or I. -k - - m I NI[MPT(JLSl), ] .l m,. s 6:x, kf4s_ X*al ezzg Xl.oMa :•.x. x l -J.g1 tm.• ýkpj ,If'l.... ýk, lOl tI I xZ:!

S MPI(//,.v/li) t __ I'". ! 16.T 16 -:''i -6,_16, -. 5 .- 1-8 -

P*(./)' i 80 .R2 10.3 1o2 9A U, 1.6 9 1.2 119 11.0 12 1.0 1.8 8

#-t*i- 14:1IF 4J~OI ISMOl -5.;15:0 lo15601 401 15:~50 1 isclI i 16:21 16:0J4f0 17DOIT:10 t:20 17:3uI 17.40 '480:e10A
_!K.S/f) 1. 1. 67 16.7 16.7 1637 16;7" 16.6' 116.61 1. 1 16.5 16.6 1 1.5 18.5 15A 16,913 10'867 it16.840 16.890 I8L820 1.00 8.7

MPZ(ILSV/h . la.3.ý 10.1 10.3 10.3' 10.3 10.9 10,2' 10.2 1'0. 12 10.2 10.2. 10.2 10.2 f 0.2 10.2 10.?.20 10.190 10.220 10.180 10-210 A 9.07- f0.i60
MP3(g.Sv/i)) .161 16.9 16.9 16.9 EA. 9 16.9 16,9 15.9 1. 16,9 16.8 16.8 it9 16.8 16.8 17,027 17.86? 17.003 17.040 17'027 1L.1 '18997
MP4( .Sv/h) •',17 .I1.T7 1.1.7 11f.7 A 116 11.6 1-1,6 11tz 11.6 11,6' 11. 1 1.5 11.6 11.5 11.5 1L3 11.640 . 1 11647
mP6(.wSVy/0)' T OI 10.6 10.6 1 0.61 10 .4 1010.4 . 1A 1 10 .11.56 7 1

Ft--.Mpq(.SvIh) - " kl - - - - ] XX - - - , - - - - -

[• MzAni/s)' .61.6' L . .111 69 5.0 20'3.3 62 •.7 9, 10.7 .7....0.56. 3 54 6 .
a 

IS



V MkM= 20) ($'J-OW M

;#2'tel-- 22;09 '29101 22M201 22L301 22AO0 '22501. 23-00-j 23:191 23-.201 23:301 23:401 23:60
mpi( sv/i i 18Z 1S8. 18 18A4 1B 18.3 1831 M-3 18.2 18.2
- (,s/) 11.1 11.1 11.2 . 11.1. 411.1 .

,P8 18.8 189. •8 a1.8 18u 718 18.7 1.7 107 18. 18.7 18.7
'MP4,(1 sSv/h) 13.0 .& 0 13.0 13.0D*; 13.0 13.0 130 129 110 12.9 lP29

.R(SVh 118 11.9 11.6 11.6 IN. 11A I.9 19 11.? 11.71 11.71: J 4. -1.71i.

-hP7(A6Sv/h) X • .AJ kII ks .,
-5 -RIi•(mis). 50 5. . 4. 3,s -25,s. 20 28 5, .

2011/3/19 28:'

z - ..t0* - o Iooi wo0l , 010 . : 0 .:40 0:• 50 .•00 1.:10 1:20-io 1:301.40 1 tO[ 2:00 2-101 2-o2l -2:8OI 72401 2l501 1s0ool 3:1 3:2301 3.30
i (PI (SV-h) 18.2 Y-"12 .1&2, 18.2" 181 18.1 '18.1 '18.1 ,18.1 18t I 8,0 1'1.0 17.9 18.0 18., A17.9,I - 7 ,1 '167.8 17 ,? 17.8
MPZ(i 2.S$ivh) '•1', 'iO.S., 11m 0 Ito .0 10.8 1.9, 10.9, 10.9, '10.8 10.9 10.8, TIS 10 .10. '10.A 4 08 10.8 . 10-8 t -o 0 198e 1•'1018.

.M3MSv/h) I &7 18.7 JIL6 ;18.6 18.5. .1&S. 185 -18.5 18.5 IBA 18:4 1W 18.4 18.4 18. 1&.4 18.3 778a 18 18. 182
MP4(tSvf h) " ".9 12.9" 1? 12.9• 1 12.9 12,8 12.8 '12,8 12,8. 12.8 12.8 12.8 12.8 -12.8 12.7 12,8 7 2.' : 12,1 3 12.7 123
MI•V(aS./h) I:1t "11,7, 11.7 11.6 117 11.7 11,7 11 .11.6 I tS 11.s 11.6 11.6 541. 115 116 16 11's -'s ms "1,

MP6(r S-vi/h) 9 ,x" I .m M I Oda, * I• XN I XM 2 kt IM
MP7(MASvfh) !XI'l k59 x_ Ik-J _ _ -gl xx xg -u xx Xmij x

IM3(mIA) 0. 5.6 1.4 0,6 0.6 1.2 1S 3.5 3.6 3 , 5.4. 5.1 5.8 . 6.5 6.6 '5.. 5.6 4.9 4.46 3.6 4.1 $.8

IR19a -

1.1So 01 4.1161 4:201 4:161 4`0 -46 -:0 -1 .0 :0 :6 :0 '-lOO 6-201 SD6:3016;4 0 , 7:00
:M P I -( Ag S v / h ) I l k I T 7 T, T V . 1'7 17 1 1 7 .0 , 1 7 ,7 1 7 .5 1 . 8 ' 1 7 .6 1 7 .6 " t 1 7 .0 'G .17,6- 1 •,• - 1. 1 .S , 1 7 15 W7.S AT $ 1 7 .1 7 4, 1 7 4

MP2(--4Sv/h) 1037 10.7 '10:7 10.,T 10.7' 10.7 IC 10.1 . 101 1O* 8 17 MT. 187 lei 110. 7 0. 10.6 .10.7 10.6 106. 10.71' lO 10A
MP3(p/Sv/h) 18;2 1 8. 2 18.2 18.1 18.0 18.0 18. 17.9 18.0 I.TS IT.9 119 1-7.4 17.9 17.9, 17.8 17.8 17.8 17.5 17.78_7
M P -A (S v /h ) -'F2 . 7-- 12 .6 12:6 - 12.6 12.6 12.6 12. 6 1 2.5 12 .6 12.6 12 5 t 2.' 12.5 1 2.5 12 ,4 1224. 12 ,4 12.4 ý12 , 1A

-MPS(•,Sv/Ih) I11.4 IS1' 114 ''114 11.6 1 1A 1.4 1A . I IA 1.4 11.3 11.3 11.3 .11.2 1.Z 11.7 11,. 11.1 11:1 11.2 1-1.1 11.0 11.0

,,, .P- (-m--) "u 9 I 9W I " .X ". I AMA -XP.6 1 960 1 X23 I 1.k,

M/9 3.3 3.81 :4.0 59 5. .1 5. . .0L 7.2 83 l.~61 61 62 7.1. . . .



w

W.1IWI/ .21

m 
R

W OOV|Pll&.'" 63

IVUSI

;114 1 11:24 I I 19. 113m, I1. 12:I0i 1210 1 12.4 *1) :50 Am & 1310 J 13. AM
IVA . .4 19- 194 11.3 19.2 19.2 112 .192 '19.2 94 11.3 11'4- 1 I". 1 W I.8 II

.. I 11.7 11.1 11. ,7 11.7 1 1.7 11. 6 o 1.1.011.6 I 'I.6 '7 I l.7 11.7 1 !1.0 1 Ji j 11_, 117 IT.7 1 1. 6 " l
12 I 19.8 I O 19.8 1 .6 19.7 1.7 1.5 19.i 16 1" 19.6 9 .5s16 1.5 1 ._ 12.19 20.0 19 11" 7 it? .6 Its its
13.8 13.8 17 ISIA 1.6 13.7 .13.7 13,7 137 13.7 1.4 1341 18.7 13.7 118 121 14.1. 14.1 13.8 W.. I 15.3 13.1
12.4 ¶2.4 I 1.i 13.4 1,.3 i 2 12U 2 121 12"1 12"2 12.2 IL! I23 12.2 12.5 1t 12.5 125 12.5s 12.3 1.3 U itUS

-- - - - - - -•',l,-- -_ - --

2.7 1.9 2.1 ' .6 . 5.7 + 6. A 5 .1 5.? 4.9 38 3.8 4.4 3.0 U 1.1 l .? 42 4.3 4,1
m

21

4:.

ýA*'00 1661520 o4 IS+on:ISM MD1011:1 t o Ito , mol '17.31 ;•AOIt" IT
P2(W1 1 0. 1 11. 11.1 1 1 19te.1 " 1w SAI is' 9T 189 13. l13 -5T 131 IIL 1 .1. 18

11,5"A 115 ! I 11.4 113 11 1 11.3 1 1. 113 11

P3($ASV/I) 1ms -m ' i 11.5 11.4 1 SA 11.4 19.3 1. 0.3 13 12 13.3 19.2 192 16. 112 19.1 1.1 1 I 19.1 1
MPA a 13.?1 1V 13.7 117 13.7 W 13.6 18 3.5 13.5I 13A1 13A ZA 13A 134 1i.4 413 13A. 1 3.3 1 1,JA 133.

WS(a SW12.2 1211 12. 12.2 1.2 12.0 12.0 1ma j 1it 12.0 12.01 11.9 It.S 11.9 Its9 11.5 11.0 11.9 11.9 11.9 11.9 Ill

III* *" .-A -- - - -I 1- - - -

-- jaw-"1&8 7m1*10 1"4 19:40 18.11436 86 8 IMA 15m2 .30 ISmA 136 Io 15. 2l lOS 13.5
lo1iuVI V t I. 4.7 UJT W~ to2 1" 18. -W o1. 11. TIT is UIis & 1" 1.71 "To 'ra 's

113 11-3 *J _ 11.3 W I12 11.1 i - 1 - - o - -

Q1 A vh *I Iii 1.0 I". I1115 M1 1W. 181 18. 1"1 lei 18" TL8 13.5 I8.8 139 -28. 188 16.8 15 18 Is.*
UP(AVh_ 133 1323 112 13.3 11) 13.3 13.3' 133 13.2 W13.32I 18.2 13.2 13.2 13.2 13.2 13.2 13.1 11.1 13.1 13.1 13.1

kwf((5a!/jh 11.0 11.6 1i31 11.9 11.9 R 11. 8 It 11.81 11.8 Ii 112 1 11.81i' 11.8 11.81 11,8, It$ 11.81 11.81 111.81 11,8 11.71 11.51

. .- _ w - =, -

___ (a Sqh 9c MI_ XcU xE xU 9W o I __s - -

- _ ...... .

WI")A II x A s ~ ___ ks NZ -U.. M
2. 1.51 42 3.61 4.3 1V 2. 1 . 3 5 5 1. 3 . . 6I6 K.8 sit .1 1 6



a

2011/3/15 28

- . ftao 0:0ea IA* 1-10 16 ME II_. - -~ - M 3 :6- -m

2M?20.7 241 2US002. 06 062. .5 ~ 2012A 25~Ii

~F 21.3 21A 21.8 t1* 2111 21.1 2.1. 21.1 21.1 21.1 21.3 21.0 20.9 21.0 20. MO 0.1 10.3 213 1 0 0
~F 14A 14.8 14 144 13 "14.7 1-4.717 14, 174,U.6 14. AS 14.614 14.6 14.6 10 4.6 1 14A9 144 d 14. ~ 14.8

KF 13A4 13A 1I. 1. 18 134l 3lislu4 134A- 13.4 13.4i ISA ISA I 1A ISA ISA 134- 13A4 13. 1314 18A4 14 3134I

~ 51 8.17.0 7,7 6.8 ?A6 73 6.1 S6 11.4 6.5 V. 7.7 7.2 61 A .a. Ij 3. 3. .

ri - -0 -u~J'no 4"D **lp J;M SAj ta~ G.AA9 6.40 M:1 POO 71..1J61w
W1CJLS f,) !T Ze_. 204 204)6,04).21.3 216 201 ____________ ___ 20.3 432AU A 2 0 0 9 U 2 2 20.2u 20.2 M2022 2W. 20.1 26. -1 20.0 I~

2S/h 03 20.9 29* 20A 20A Its 26J 20-T 20.1 20. 10.5 20.5 -20.5 2956 20.6 21 WS 0M 20.5 2-. M 20.4 204A 0.
h) 141 14.6 '145 145 14. 14.6 14, 14. 4 14.6 145 14.4 14.5 14.4 14.3 14.3 14.3 14.3 14C 14.3 14.2 142 141

AF 1&4 1 1 4 ISA - -3A - -.4 134 1.. 4 13.A 1..4 13A 131..4 134 133 1 3.3 13.0 1 121 12.8 IZA 12,7 125 USwe - I *a its m iE it it - I - -

391 . 3.1 2.8 2AI- 2j SA 5.1) .4.5 2=2 361 3A4 2.0 1, 1.1 1A 2.9 36 21 55 6 50 28

721JI*d Imm. -ISl-r........ . . - 9 _I- 2 10 1 I10.46

___ __...2...UP. .J • 11 92, 18 _._,L

Mwl 018Av) tOi20.0 20A.02 2670--S 13.8 16. 19.1 its 1935 1917 16.7 19.7 TV. 112017 VA I 19.0 19.4 9SAM A Ii.1 14 1. 7 I 11 19.1 15 i
~~ 11.1 __1_7jj j7~j i,. tWh) 2.13 2.4A 20.4 23.3 20.2 23 208 1.1 20 2. 2•1 20.1 20.0 IDA M210 19., 19.9 11 itsIt1

w 4(A Sy/h) 14.2 142. 14.2 ___ 141I 141 14k2 14.1It 14.1 14A1 14.0 14. 14 &S 13.9 13A i 13.9 18-9 13.9 13.5 W 1 1.
WS I ?M ) ~~. 124 114 IZ 2. s 12,5 16 12.6 t 12-1ASis u.5 'its 124 1 2L ~6US 1 1z oIs 1.5 12. 12.5 11 Its'[_I: . ........ -I " I A s..............Im 1,. , ,11_m

1-3 IA T.1 __ 6.5 5.8 4. 3.21. 7.2 SA T.6 1.0 1 VI S.7 41 ,41 3I 3.2 U

* ~

¾ ~ ~ ~ -~ ~--'¾ ---



a*flm
El

~1

0.8 -0.0~0

i~n '

"l FH

I' M, A KO V 200 3-f 1 MM 1d• 5-00 1 Ra

A•33-.
96-1.I95

4ýv?

( Ma 5,~1 ~ t n , 022ir 1~ - -72 .2911D IS2 3 .301 2101
W-3171 5,5181 M-171 -q9Ijq= l li

- 32291j f4 s i 41V7 3GOAI ~30J7.7 .28T51 29U8 ý. Oulu[ ausl - 35ASI

rC9-

N ¶ I ~4~shj



ILOII/)flS

- 3~l9EI t~5-( 119 (M WARflig (MP- SWO) 94,t3)1
OoFi,3.)!

| , - 18:50 . 19001: 19-10 19.2 -O 1910 M9AOl 19SOD '2001 20:10 .2_0 2 •0, 20-40 20.OJ 21:00 ZI:10 1:20 21:30 -s21:41 21:001 2 2.10' _ 2_0 l :22|'Ji(EzSv/ih) 297a.O 2972.0" 2966.0 '2981.0 2961.h 146.0o 2941.0 29i7.0 2931.0 2924.0 2917.0: 212.0 2809.0 1906A 29086.0-.295.0 2891.0. ]a3.o I 280o.0 2sMA, 2876.0 I2865A 2M&.,
NO ND N1D NID A 10 lD tD_ • D Rl D N ND N. D AD- AD i)D NI) MD tý D ND,' R.D ID

MI -fi-) -A- IN.
44 41 3.2 .7_ 2. 2.7 2.2 2.5 3.1 12.6 2.5 2 3.1 .43.4 Za 1.9 ZA.0 22 1.2 0.8 i1& .0



- r l. ir ( MP- ) (.- .m i,. a .1 -1- -) -j(m 
•r)(W g(--- - I-

.SR19Bl

-- 35 UO -- :S A420 4:3 4?4 ."0 6:00 10 S'J~ 5:3 ~'*S 5:50 6:006:1 Wo 20 6:0S. &O10 7:W 10
sv30 303.6 •s,! 801.3 , j,6i. 299.2 2985 IY9-75 I94A 299A 129S.1 205.4 293 2 3. 8 2--2.6 I Z6I 2923 29,1.5 i 9:o.9 t 29o0,6 12B9.8 289.1

H1W NJ) LW N NZ Ito 10D ?WFrI) WNjD K* DID- 3 -6 lD, NO ID " K D j NJD R J-_ RDIL - i --FY0 F N.I.__
.n ( 01 0.6 0.6 0.6 OA 0.6 0.6 .A 0s5 .a•s 0. 0. 9 0.90 0.61 0., . A 0.3 OA 0.7 B.,!

• ~~~~~. .-
0 ..o9 0..o ,. i.9 , ,0o6.,:

72 T..AO 45 8*D -8:101 820 WOVD' 01 t.1'851 :0 9120 9:20 920 940 6:50 _ALO D30 0:40. To 10:50 MO .01:Jii (A 1hl285.9 288.6 1TO399 30 670.6 431.9 390.6 2.M.531 .5 3 3 2I.8 4ES.2 657.3 358.3 4,j #A, 334.3 130.2 , 3 322.61 3 '.J

W07) 'D 'f.D IRD IM.D RD NJ) N.D -.D 1W. ND 1- ' . ND .D ' [

su 0. .0 0. W9. 0.65 A .0.3 4 0[ 0. ___. z 5 fA 18 1. __ 1. 'IS 1.5 T.6' 2

| m " •:I ,• l)slAl: mI --e •ii• lmlml:L__.T..Ii 
-•IiiI• e ti;•I J; : • •

I- 11:20 M-30 No 11:40 11:50 12:00 12;10 M220 1230 A1O4 12:50 13M10 13:10 ,13:20 13:30 13A0I 13:50, I40 1:00 14:20 14._ 1 14:40 1,V;
A%-duvhl =16.1 T1 3.1 vot 395410 39010 3582. 38Z8.0 3802.0 .3749.0 3704.0 36 556D 3629.0 3694.0 -3889.0 3521.0 S491A~ 3474A0 3443.0 34,17.0 MCC6. 3316.0 2348.0 3340.,!

_N 0 IMF :' MD - • .- • t0 .. .. . -• ' " - MI) . . M6.. .

9•- . 1101#• I 45,00l 1s: -10 tsz15:20 30 _Jl d I SSoI •e l U • ooI -1:201 Is: l l.--•ol 16: 50I 11.00 . MA'on 7:o 1 1:20 : i7io[ •z TD 1750] mo•[ ,so ' " .0• 18:3o =0,

M ff(4'4l• v/h)l 3279 .0'l 32 81,O 322 %0 319I4 A( 3 474 h_ 131 61.0 _ IS 3SO1,fig . 3131,0 .1 M IO 1 2. 0 U L I.q 10 .OIOa Jsz •i3nSn 1o I. 13061 Ito 1,924, .30ZO• G long07: ],O 29S,0 29 "2.RDI NU I I PNL. I D I ND 1 ND IN J - I RD I N, N.D . " I M.D I N D, I , ND ND 1 ND RD "Dj ND

AN 3) 4.9 -4:6 &A"a 4.6 3.9 &4 4.8j 1. 6.1*1. ... 0. 4 6 4.1 5.71 4.. 4..- 41 .: -8..2..1 3.,

Wis S*P)



a

SOX-(I F) tw aXU At2*&U~tMo. 5+13) , M tPSU)~~kW

(!I
- - . - - a - - - - - - - - - - - - - --uuI

%"I I i"91 Ism Mol Im l Im -laol I nol 'Iftlol lCaL ICANOT I&API I&SH IrAl mto Mtop t7m 1 14:1sam ~ ~ ~ ~ ~~TI ;i n124. eiiai m IasTnTIAlC727E--1ýUlllfWT ian -I'mi idJrzd-7w."vtut I nlh1 s iM aEm IdFaT iiInaIIiI i

liCD

I"lSUM 1J 1A 1 5 -9A tm It 447. 11 no ~ "AKb

I LUM is 1* 'IO 6 1B
- -. - - - - - - - . - - - - - - - . - . - S - S ~S - - - a - S - S

- - - - - - - a a - a - - - -.

. - S ~

-- ~-:~-~-7 I ~ I -~ I -

4 -~~- I -~~- I -

313 Z, 211 WO_ t:A373~ 27S.9 $7372s 37 1.2 U90 *AR 3264.D mat4 j%324.6

Pt_ KV D tw WDz -to -1 fmkd-4.

a - S - S - * - a - S - S ~5 t - a - I. - S

3A19B

10wo R Im His.qJJtO 640 3& *~ No DNJ DNoR

*iZ NfWO (MP-S)(2VMY19i. 1*1) ~*WATMI-6"



a

1 nia,*(ZMUJ14mt (24"UNS n 1. 1 +r3) (lWtM (MP-4"Z (2**&~wIftWo.98*418I

Au ~ .1ok P.fB *4E d.AAI
Wl U.iVI II./.U i |.lVI

i~t LglJ f E• I •.ll • m l

Mft-~t
0:1 g LA .1L

I** -L .S -

A161 LIII
11th ii! 1 213.7 I

&a tAl

RD

M
MI
No

an kip Sol
2112.4_21122 .

NA"I
tat

U •
-- t'§3No

1 -UM I -AM- -MEL --- %- -- IN- -Akg- -AW- Al Iw as
I.eg • |• | IIJLIF • U • T•IIJ | I• ! I! I |.• I !*/ • liB, llll |• l I i| ! [llq • II17 1 l'li'JF i 111 5W I IriW I Iql I RJ I

a - I ~ & I ____ ~ ~.. ~ ~ & ~ .. I ~ ~ ~ . I......~A .. ~A ... ~ ~ Z*J.....J± I .J~ L .- ~L .. mgk J1....

No I -b I I - I RD.J1 I.a E. -- - -wT

NI) NIKJR *I~ltag!m Ja, I 7. 30 L - 3iQ2740

TAO ffA &.15J&O Wo sit9..j 1:20 VO 91' .8 AM j M .0:J8 10,2 1 M34 1%,40 W 1.4
NO27. 27 :::V '20.9 26919 269.8 261.2 26V7 267.6 258.9 th, 2671 2661 Z__ lSA_ 265.1 $1.~ 26A 26" 2541

RD RD RD kV i) NJ) . RD ND OD RD fto KD I NO WD[ RD _
__ 3A~ : jr'? r.9 JJM 2 54. 2A 12 2~21 ~ AL &f .1 W. - -A-

264E*3 1 -1#-34 Jt28o 5UJ 1 53tl ? 2,41O T e





From:
Subject:
Date:
Attachments:

LIA07 Ho
0600 EDT (March 24, 2011) USNRC Earthquake/Tsunami Status Update
Thursday, March 24, 2011 6:23:44 AM
NRC Status Update 3.24.11--0600 EDT.pdf

Please find attached a 0600 EDT (March 24, 2011) status update from the US Nuclear Regulatory

Commission's Emergency Operations Center regarding the impacts of the earthquake/tsunami.

S Please note that this information is "Official Use Only" and is only being shared within

the federal family.

Please call the Headquarters Operations Officer at 301-816-5100 with questions.

-Jim

Jim Anderson

Office of Nuclear Security and Incident Response

US Nuclear Regulatory Commission

James.anderson @nrc.gov

LIA07.HOC(@nrc.gov (Operations Center)

6&,561/s



From:
To:

Subject:
Date:
Attachments:

LIA07 Hoc
LIA07 Hoc; Borchardt. Bill; Bradford. Anna; Cohen. Shari; Cooner. LaTova; Dyer. Jim; Flory. Shirley Gibbs.
Catina; Haney. Catherine; Hudson. Sharon; Jaczko, Gregory; Johnson. Michael; Le .ic Loyd. Susan; Pace.
Patti; Schwarz. Sherry Sheron. Brian; Speiser. Herald; Taylor. Renee; Viroilio. Martin; Walls, Lorena; Weber.
Michael

Correction to Update for "Go Books," 0600 3/24/11

Thursday, March 24, 2011 6:42:14 AM
NRC Status Update 3.24.11--0600 EDT.odf

I -9vPlease find attached a corrected 032411 0600 EDT Status Update. The previous version was
incorrectly labeled as a "Draft."

Thank you,

-Jim

Jim Anderson

Office of Nuclear Security and Incident Response
US Nuclear Regulatory Commission

LIAO7.HOC@nrc.-gov

James.anderson@nrc.gov

666 /1507



From:
Cc:
Subject:
Date:
Attachments:

LIA07 Hoc
LIA07 Hoc
Corrected 0600 EDT (March 24, 2011) USNRC Earthquake/Tsunami Status Update

Thursday, March 24, 2011 6:40:12 AM

NRC Status Update 3.24.11--0600 EDT.odf

H-ol_ Please find attached a 0600 EDT (March 24, 2011) status update from the US Nuclear Regulatory

Commission's Emergency Operations Center regarding the impacts of the earthquake/tsunami.

This corrects the previous version that was incorrectly marked draft.

Please note that this information is "Official Use Only" and is only being shared within

the federal family.

Please call the Headquarters Operations Officer at 301-816-5100 with questions.

-Jim

Jim Anderson

Office of Nuclear Security and Incident Response

US Nuclear Regulatory Commission

James.andersonCnrc.gov

LIA07.HOCCnrc.aov (Operations Center)

6ae,61



From:
Subject:
Date:
Attachments:

LIA07 Hoc
1800 EDT (March 24, 2011) USNRC Earthquake/Tsunami Status Update
Thursday, March 24, 2011 6:00:04 PM
USNRC EarthQuake-Tsunami Uodate.032411.1800EDT.pdf

0v C,

Attached, please find an 1800 EDT (March 24, 2011) status update from the US Nuclear Regulatory

Commission's Emergency Operations Center regarding the impacts of the earthquake/tsunami.

Please note that this information is "Official Use Only" and is only being shared within

the federal family.

Please call the Headquarters Operations Officer at 301-816-5100 with questions.

-Sara

Sara K. Mroz

Communications and Outreach

Office of Nuclear Security and Incident Response

US Nuclear Regulatory Commission

Sara.Mroz (cnrc.gov

LIA07.HOC(@nrc.gov (Operations Center)



To: PMT03 Hoc
Cc: OST05 Hoc; LIA04 Hoc
Subject: FW: Response to EPA drinking water limits question

PMT- Could you please get back to RI on this?
Contacts: Doug Tifft and Pamela Henderson

Thank you,
-Maria

From: Henderson, Pamela
Sent: Thursday, March 24, 2011 10:19 AM
To: OST05 Hoc
Cc: McNamara, Nancy; LIA04 Hoc; LIA03 Hoc; PMT03 Hoc; Hoc, PMT12; Tifft, Doug
Subject: RE: Response to EPA drinking water limits question

Maria,

I believe that RASCAL would utilize NRC limits?

From the EPA website.... EPA bases drinking water limits on a dose of 4 mrem/year to total body or any critical
organ. For 1-131 the limit is 3 pCi/liter. For Cs-1 37 the limit is 200 pCi/liter.

From: OST05 Hoc
Sent: Thursday, March 24, 2011 10:12 AM
To: Tifft, Doug; Henderson, Pamela
Cc: McNamara, Nancy; OST05 Hoc; LIA04 Hoc; LIA03 Hoc
Subject: RE: Response to EPA drinking water limits question

Good morning Doug,

I just verified the numbers and the units with RASCAL folks in PMT, and it was confirmed that they are correct.

If you have any additional question on this, please contact PMT at (301) 816-5499.

Thank you,
-Maria Arribas-Colon

From: Tifft, Doug
Sent: Thursday, March 24, 2011 7:59 AM
To: OST05 Hoc; LIA04 Hoc
Cc: Henderson, Pamela; McNamara, Nancy
Subject: RE: Response to EPA drinking water limits question

This doesn't sound right. I expected the units to be in pCi/L. And I'd also expect that the limits for one year
olds would be lower than the limits for adults.

Would you mind double checking with your EPA contact what the EPA drinking water limit is for 1-131 and Cs-
137?

1ý



I've also got the question in to one of my Regional EPA contacts.

Thanks,
-Doug

From: OST05 Hoc
Sent: Wednesday, March 23, 2011 7:45 PM
To: Henderson, Pamela; Barker, Allan; Browder, Rachel; Erickson, Randy; Logaras, Harral; Maier, Bill; McNamara, Nancy;
Tifft, Doug; Trojanowski, Robert; Woodruff, Gena
Cc: OST05 Hoc; LIA04 Hoc; Easson, Stuart; Flannery, Cindy; Lukes, Kim; Maupin, Cardelia; Noonan, Amanda; Rautzen,
William; Rivera, Alison; Ryan, Michelle; Turtil, Richard; Virgilio, Rosetta
Subject: Response to EPA drinking water limits question

Doug/ Pam,

This email is in response to your question on the EPA drinking water standards limits for Iodine-131 and
Cesium-137. See below.

Iodine-1 31
One year old: 167 Bq/Kg
Adult: 2420 Bq/Kg

Cesium-1 37
One year old: 2990 Bq/Kg
Adult: 1360 Bq/Kg

Thank you,
-Maria Arribas-Colon

2



From:
Sent:
To:
Subject:
Attachments:

PMT03 Hoc
Friday, March 25, 2011 8:14 PM
eocenvironmentalunit@epa.gov
FW: US Nuclear Plant Reported Measurements
US Nuclear Plant Reported Measurements 03252011.xlsx

The message to 'eoc environmentalunit@epa.gov' was returned undeliverable...

From: PMT03 Hoc
Sent: Friday, March 25, 2011 8:11 PM
To: 'eocenvironmentalunit@epa.gov'; 'eocmanager@epa.gov'
Subject: US Nuclear Plant Reported Measurements

Ryan Craffey
Protective Measures Team, USNRC

1

446 1ý
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Date Plant Isotope Concentration
3/18/2011 San Onofre 1-131 1.4E-13 uCi/cc
3/18/2011 Diablo Canyon 1-131 3.8 to 6E-13 uCi/cc

3/20/211 San Onofre 1-131 6.5E-123 to TE-13 uCi/cc

3ft9/20011y Palo Verde Cs-134 3.58E-13 uCi/cc

3/20/2011 Palo Verde 1-131 1.54E-12 uCi/cc
3/20/2011 San Onofre 1-131 72.OE-12 uCi/cc
3/20/2011 Palo Verde Cs-134 3.87E-13 uCi/cc

3/20/2011 Palo Verde 1-131 2.50E-12 uCi/cc
3/22/2011 Nine Mile Point 1-131 19.1 pCi/L (rainwater)
3/2Y/2011 PaGlonVerd 1-131 6.7E-13 uCi/cc

3/224/2011 Palo Verde Cs-134 2.06E-18 uCi/cc,
3/21/201i Palo Verde Cs-137 2.71E-13 uCi/cc
3/22/2011 San Onofre 1-13 1 7.0 to 8.OE-13 uCi/cc
3/22/2011 San Onofre Cs-137 1.25E-13 uCi/cc
3/22/2011 Columbia 1-131 6.74E-13 uCi/cc

3/22/2011 Nine Mile Point 1-131 18 pCi/L (rainwater)

3/22/2011 Ginna 1-131 26.8 pCi/L (rainwater)
3/22/2011 Palo Verde 1-131 2.01E-12 uCi/cc
3/22/2011 Palo Verde Cs-137 12.93E-13 uCi/cc,
3/22/2011 Palo Verde Cs-134 2.76E-13 uCi/cc

3/24/f2011 imeronk 1-131 25.6 pCi/L (rainwater)
3/245 '11, a0• nOnofr 1-31 5E-13 to 6E-13 uCi/cc
3/2 01T1 ~San 0•dfre Cs 137 7E-14 uti/cc~

3/2J,/2j1 0a ''Ve -31i 7.42E-13 uCi/cc

T 2 2i~ EMlK1-13 95 p~i/L (rainwater)

3/24/2011 Palo Verde 1-131 6.30E-13 uCi/cc

3/24/2011 Oyster Creek 1-131 127 pCi/L (rainwater)

3/24/2011 San Onofre 1-131 3.OE-13 to 6.OE-13 uCi/cc_
3/24/20111 Limerick 1-131 147 pCi/L (rainwater)

1/2-/201Iso*thTexas i 14131 12.'6E7-13uki/ýc

1-131 Reporting Levels
NUREG-1201 and NUREG-1302

1-131 Units 1-131

Drinking Water

Non-Drinking Water
Air

2

20

0.9

pCi/L

pCi/L
pCi/m3

2.OOE-09
2.OOE-08
9.OOE-13



I 3T/&'-5/L2'&'q Iýna, pofýe -- O I .,,3r-'f4E-12..u/c

UII4I~Lu E 3L'fo' u c



Units

uCi/ml

uCi/ml

uCi/cc



From: OST05 Hoc

Sent: Thursday, March 24, 2011 12:53 PM
To: PMT03 Hoc; Hoc, PMT12
Cc: OST05 Hoc; LUA04 Hoc
Subject: FW: Response to EPA drinking water limits question

PMT- forwarding this to PMT for response.

Thank you,
-Maria Arribas-Colon

From: Henderson, Pamela
Sent: Thursday, March 24, 2011 10:19 AM
To: OST05 Hoc
Cc: McNamara, Nancy; LIA04 Hoc; LIA03 Hoc; PMT03 Hoc; Hoc, PMT12; Tifft, Doug
Subject: RE: Response to EPA drinking water limits question

Maria,

I believe that RASCAL would utilize NRC limits?

From the EPA website.... EPA bases drinking water limits on a dose of 4 mrem/year to total body or any critical
organ. For 1-131 the limit is 3 pCi/liter. For Cs-137 the limit is 200 pCi/liter.

From: OST05 Hoc
Sent: Thursday, March 24, 2011 10:12 AM
To: Tifft, Doug; Henderson, Pamela
Cc: McNamara, Nancy; OST05 Hoc; LIA04 Hoc; LIA03 Hoc
Subject: RE: Response to EPA drinking water limits question

Good morning Doug,

I just verified the numbers and the units with RASCAL folks in PMT, and it was confirmed that they are correct.

If you have any additional question on this, please contact PMT at (301) 816-5499.

Thank you,
-Maria Arribas-Colon

From: Tifft, Doug
Sent: Thursday, March 24, 2011 7:59 AM
To: OST05 Hoc; LIA04 Hoc
Cc: Henderson, Pamela; McNamara, Nancy
Subject: RE: Response to EPA drinking water limits question

This doesn't sound right. I expected the units to be in pCi/L. And I'd also expect that the limits for one year
olds would be lower than the limits for adults.

Would you mind double checking with your EPA contact what the EPA drinking water limit is for 1-131 and Cs-

137?



I've also got the question in to one of my Regional EPA contacts.

Thanks,
-Doug

From: OST05 Hoc
Sent: Wednesday, March 23, 2011 7:45 PM
To: Henderson, Pamela; Barker, Allan; Browder, Rachel; Erickson, Randy; Logaras, Harral; Maier, Bill; McNamara, Nancy;
Tifft, Doug; Trojanowski, Robert; Woodruff, Gena
Cc: OST05 Hoc; LIA04 Hoc; Easson, Stuart; Flannery, Cindy; Lukes, Kim; Maupin, Cardelia; Noonan, Amanda; Rautzen,
William; Rivera, Alison; Ryan, Michelle; Turtil, Richard; Virgilio, Rosetta
Subject: Response to EPA drinking water limits question

Doug/ Pam,

This email is in response to your question on the EPA drinking water standards limits for Iodine-1 31 and
Cesium-137. See below.

Iodine-131
One year old: 167 Bq/Kg
Adult: 2420 Bq/Kg

Cesium-1 37
One year old: 2990 Bq/Kg
Adult: 1360 Bq/Kg

Thank you,
-Maria Arribas-Colon

2



From:
Cc:
Subject:
Date:
Attachments:

LIA07 Hoc J

LIA07 Hoc

0430 EDT (March 25, 2011) USNRC Earthquake/Tsunami Status Update
Friday, March 25, 2011 5:00:12 AM
NRC Status Uodate 3.25.11--0430.odf

C'11_Attached, please find a 0430 EDT (March 25, 2011) status update from the US Nuclear Regulatory

Commission's Emergency Operations Center regarding the impacts of the earthquake/tsunami.

Please note that the NRC has moved the publication time of this document from 0600 to 0430 to

better serve the needs of its team in Japan.

Please note that this information is "Official Use Only" and is only being shared within

the federal family.

Please call the Headquarters Operations Officer at 301-816-5100 with questions.

-Jim

Jim Anderson

Office of Nuclear Security and Incident Response

US Nuclear Regulatory Commission

James.andersonC•nrc.gov

LIA07.HOCC~nrc.gov (Operations Center)

66a--6/ IA/ 5-



From:
Sent:
Cc:
Subject
Attachments:

LIA07 Hoc
Friday, March 25, 2011 5:00 AM
UA07 Hoc
0430 EDT (March 25, 2011) USNRC Earthquake/Tsunami Status Update
NRC Status Update 3.25.11--0430.pdf

Attached, please find a 0430 EDT (March 25, 2011) status update from the US Nuclear Regulatory Commission's
Emergency Operations Center regarding the impacts of the earthquake/tsunami. Please note that the NRC has moved
the publication time of this document from 0600 to 0430 to better serve the needs of its team in Japan.

Please note that this information is "Offidiese-On and is only being shared within the federal family.

Please call the Headquarters Operations Officer at 301-816-5100 with questions.

-Jim

Jim Anderson
Office of Nuclear Security and Incident Response
US Nuclear Regulatory Commission
James.anderson@nrc.gov
LIA07.HOC@nrc.gov (Operations Center)

1



From: LIA07 Hoc
To: Borchardt. Bill; Bradford. Anna; Cohen, Shari; Cogoer, LaToya; Dyer. Jim; Flory. Shirley; Gibbs, Catina; Haney.

Catherine Hudson. Sharon; Jaczko. Greaory; Johnson. Michael; Leeds, Eric; Loyd. Susan; Pace. Patti; Schwarz,
Sherry; Sheron. Brian; Speiser. Herald; Sorooeris. Patricia Taylor, Renee; Vireilio, Martin; Walls. Lorena
Weber, Michael

Subject: Update for Go Books - 1800 EDT, March 25, 2011
Date: Friday, March 25, 2011 6:55:45 PM
Attachments: TEPCO Press Release 152.odf

TEPCO Press Release 162.odf
TEPCO Press Release 161.odf
TEPCO Press Release 160.odf
TEPCO Press Release 159._df
TEPCO Press Release 158.odfTEPCO Press Release 157.odf
TEPCO Press Release 156.odf
TEPCO Press Release 155.odf
TEPCO Press Release 154.odf
TEPCO Press Release 153.odf

GI-199 TP & OA 3-25-11.odf
ET Chronolocv 3-25-11 1800,odf
March 25 1500 EDT one oager (3).doc
USNRC Earthauake-Tsunami Update 03251.1 1800EDT.PDF

Please find attached updated information for the "Go Books".

The updates include:
- The 1800 EDT, 03/25/11 Status Update
- The latest ET Chronology
- The latest TEPCO Press Releases (Numbers 152-162).
- NRC Talking Points (GI-199)
- "One Pager" (1500 EDT, 03/25/11)

Please let me know if you have any questions or concerns.

-Sara

Sara Mroz

Communications and Outreach

Office of Nuclear Security and Incident Response
US Nuclear Regulatory Commission

Sara.Mroz(@nrc.gov

LIA07.HOC(•nrc.gov (Operations Center)



TEPCO : Press Release I Plant Status of Fukushima Daini Nuclear Power Station (as of 9:00 am March 25th) Page 1 of 1

..... ............ .. ................... ....................

Press Releases

Press Release (Mar 25,2011)
Plant Status of Fukushima Daini Nuclear Power Station (as of 9:00 am March 25th)

[No update from the last release issued at 9:00 pm, March 24th]

Unit Status
1 Reactor rold shutdown, etable water level, offsite power is

available.
No reactor coolant is leaked to the reactor containment vessel.
Maintain average water temperature at 100% in the Pressure
Suppression Chamber.

2 Reactor cold shutdown, etable water level, offsite power is
available.
No reactor coolant is leaked to the reartor cntainmect vessel.
Mainteai average water temperature at 100° in the Pressure
Suppression Chamber.

3 . Reactor cold shutdown, stable water level, offslte power is
avaisable.
No reactor coolant is leaked to the reactor containment vessel.
Maintain average eater temperature at 00°C in the Pressure
Supprescion Cheaber.

4 Reaocator cold shutdown, stable water level, offsite power is
availaIble.
No reactor coolant is leaked to the reactor containment vessel.
Maintain average water temperature at 100°C in the Pressure
Suppression Chamber.

Other N.A.

94j 't- 1'

http://www.tepco.co.jp/en/press/corp-com/release/11 032506-e.html 3/25/2011



TEPCO : Press Release I Implementation Plan of Rolling Blackouts on and after March 26, 2011 Page 1 of 1
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Press Releases

Press Release (Mar 25,2011)
Implementation Plan of Rolling Blackouts on and after March 26, 2011

Due to the tight power supply-demand balance, TEPCO has been
implementing rolling blackout since Monday, March 14. We sincerely
regret causing anxiety and inconvenience to our customers and the
society. We appreciate your cooperation in conserving electricity
consumption.
For customers who will be subject to rolling blackouts, please be
prepared for the announced blackout periods. Also, for the customers who
are not subject to blackouts, we would appreciate your continuous
cooperation in reducing electricity usage by turning off unnecessary
lightings and electrical appliances.
We would like to inform the implementation plan of rolling blackouts on
and after March 26, 2511 as follows. Since today, we will, in principle,
inform each 5 sub-group divided from each existing 5 group (Group I to 5)
on the rolling blackout plan on the following day.

oImplementation plan of rolling blackout on March 26 (Sat.) and

March 27 (Sun.)
On March 26, Saturday, no rolling-blackout will be implemented in
any time periods based on the today's power demand, the weather
forecast on March 26 and the trend of the power supply.
On March 27, Sunday, no rolling-blackout will be implemented in any
time periods based on the trend of the current power supply and demand.

olmplementation plan of rolling blackout on March 28 (Mon.) and
April 1 (Fri.)
Please refer to the ayperdi4 for details.

*The actual blackout period for each Group is planned to be
maximum about 3 hours during the relevant scheduled time period.

*Each blackout period for each Group differs every day and starting
and ending time of blackout periods may slightly differ.

*Depending on the supply-demand balance of the day, planned
blackouts may not be carried out. In case the electricity

supply-demand balance becomes tighter than expected, we will
reconsider the rolling blackout plan and inform you accordingly
before we implement the revised plan.

*A blackout may occur in the adjacent areas where the planned
blackouts are carried out

[Othersl
*ln order to prevent fires, please make sure to switch off

electric appliances such as hair driers when you leaving home.
*Please carefully pay attention to the traffic at the crossings

in case the traffic lights are suddenly turned off.
*As for the buildings and apartments, please be aware that

equipments and facilities such as elevators, automatic doors,
automatic locks, and multilevel parking lots will not function. In
particular, please avoid using elevators during the scheduled
blackouts.

(Reference>
oPrediction of demand and supply on March 25

Estimated Demand 35,000 MW (18:00-19:00)
Supply Capacity 37,500 MW

oPrediction of demand and supply on March 26
Estimated Demand 35,000 MW (18:00-19:00)
Supply Capacity 37,500 MW

-Prediction of demand
According to the weather forecast, the temperature tomorrow on March 26
will be lower than that of today. However, tomorrow is Saturday and we
assume the estimated peak demand on March 26 will be 35,000MW, lower
than that on weekdays.

*Estimated demand and supply capacity may change depending on the
situation of the day.

attachment:;Wiekl Ryc.lir §Long : •.icr.a luc .r.:cr:. Mur 2ith x(t. MaK Cpr Is". (FrIi. PID)

http://www.tepco.co.jp/en/press/corp-com/release/1 1032516-e.html 3/25/2011
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Press Releases

Press Release (Mar 25,2011)
Plant Status of Fukushima Daiichi Nuclear Power Station (as of 10:30 PM Mar 25th)

*new items are underlined

All 6 units of Fukushima Daiichi Nuclear Power Station have been shut down.

Unit i (Shut down)
-Reactor has been shut down. However, the explosive sound and white smoke

were confirmed after the big quake occurred at 3:36 pm Mar 12th. It was
assumed to be hydrogen explosion.

-At approximately 2:30 am on March 23rd, seawater was started to be
injected to the nuclear reactor through the feed water system.

-At approximately 10:50 am on March 24th, white fog-like steam arising
from the roof part of the reactor building was observed.

-At approximately 11:30 am on March 24th, lights in the main control room
was restored.

-we had been injecting sea water into the reactor, but from 3:37 pm on
March 25th, we started injecting fresh water into it.

Unit 2(Shut down)
-At approximately 6:00 am on March 15th, an abnormal noise began emanating
from nearby Pressure Suppression Chamber and the pressure within this
chamber decreased.

-At 6:20 pm on March 21st, white smoke was confirmed arising from the top
of the reactor building. As of 7:11 am on March 22nd, smoke decreased to
the level to nearly non-existent.

-We have been injecting sea water into the reactor.

Unit 3(Shut down)
-Reactor has been shut down. However, the explosive sound and white smoke

were confirmed at 11:01am Mar 14th. It was assumed to be hydrogen
explosion.

-At 8:30am on March 16th, fog like steam was confirmed arising from the
reactor building.

-At approximately 6:15 am on March 17th the pressure of the Suppression
Chamber has temporarily increased. We were preparing to implement a
measurement to reduce the pressure of the reactor containment vessel
(partial discharge of air containing radioactive material to outside) in
order to fully secure safety. However, at present, it is not a situation
to take a measure immediately to discharge air containing radioactive
material to outside now. We will continue to monitor the status of the
pressure of the reactor containment vessel.

-At approximately 4:00 pm, March 21st, light gray smoke was confirmed
arising from the floor roof of the Unit 3 building. On March 22nd, the
color of smoke changed to somewhat white and it is slowly dissipating.

-At approximately 10:45 pm on March 22nd, the light in the main control
room was turned on.

-At around 4:20 pm on March 23rd, our staff confirmed light black smoke
belching from the Unit 3 building. At approximately 11:30 pm on March 23rd
and 4:50 am on March 24th, our employee found no signs of smoke.

-We had been injecting sea water into the reactor pressure vessel, but from
6:02 pm on March 25th, we started injecting fresh water into it.

Unit 4 (outage due to regular inspection)
-Reactor has been shut down. However, at approximately 6 am on March 15th.

We have confirmed the explosive sound and the sustained damage around the
5th floor rooftop area of the Nuclear Reactor Building.

-On March 15th and 16th, we respectively confirmed the outbreak of fire at
the 4th floor of the northwestern part of the Nuclear Reactor Building.
We immediately reported this matter to the fire department and the related
authorities. TEPCO employees confirmed that each fire had already died
down by itself.

-At this moment, we do not consider any reactor coolant leakage inside the
reactor happened.

Unit 5 (outage due to regular inspection)
-Reactor has been shut down and the sufficient level of reactor coolant to

ensure safety is maintained.
-At 5 am, March 19th, we started the Residual Heat Removal System Pump (C)

in order to cool the spent fuel pool.
-At this moment, we do not consider any reactor coolant leakage inside the

reactor containment vessel happened.
-At 2:30 pm, March 20th, the reactor achieved reactor cold shutdown. At

around 5:24 pm on March 23rd, when we switched the temporary Residual
Heat Removal System Seawater Pump, it has stopped automatically. At
around 4:14 pm, March 24th, we started replaced pump and at around 4:35
pm, cooling of reactor has restarted.

Unit 6 (outage due to regular inspection)
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-Reactor has been shut down and the sufficient level of reactor coolant to
ensure safety is maintained.

-We are working on receiving external power supply to Units 5 and 6. We
completed the repair work on the emergency diesel generator (A).

-At 10:14 pm, March 19th, we started the Residual Heat Removal System Pump
(B) of Unit 6 in order to cool the spent fuel pool.

-At this moment, we do not consider any reactor coolant leakage inside the
reactor containment vessel happened.

-At 7:27 pm, March 20th, the reactor achieved reactor cold shutdown.
-In relation to the two seawater side pumps of the Residual Heat Removal

System, we changed the power source from temporary to permanent at 3:38
PM and 3:42PM, Mar 25 respectively. They are operating normally.

Today's work for cooling the spent fuel pools
-At :05 am, March 25th, we started injecting seawater into the spent fuel

pool of Unit 4, using Fuel Pool Cooling and Filtering(clean up) system
(FPC) and finished at 10:20 am. At 10:30 am, March 25th, we started
injecting seawater into the spent fuel pool of Unit 2, using Fuel Pool
Cooling and Filtering (clean up) system (FPC) and finished it at 0:19 pm
of the same day.

-Spraying at the spent fuel pool of Unit 3 by Kawasaki City Fire
Department was carried out from 1:28 pm to 4:10 pm on March 20th.

-From 7:05 PM to 10:07 PM, Mar 25, water discharge by concrete pumping
vehicle to the spent fuel pool of Unit 4 was conducted.
-He are considering further spraying at other units and others subject to
the conditions of spent fuel pools.

Casualty
-2 workers of cooperative firm were injured at the occurrence of the
earthquake, and were transported to the hospital on March llth.

-Presence of 2 TEPCO employees at the site is not confirmed on March llth.
-1 TEPCO employee who was not able to stand by his own holding left chest
with his hand, was transported to the hospital by an ambulance on March
12th.

-4 workers were injured and transported to the hospital after explosive
sound and white smoke were confirmed around the Unit lon March 12th.

-i subcontract worker at the key earthquake-proof building was unconscious
and transported to the hospital by an ambulance on March 12th.

-The radiation exposure of 1 TEPCO employee, who was working inside the
reactor building, exceeded 100mSv and he was transported to the hospital
on March 12th.

-2 TEPCO employees felt bad during their operation in the central control
rooms of Unit 1 and 2 while wearing full masks, and were transferred to
Fukushima Daini Nuclear Power Station for consultation with a medical
advisor on March 13th.

-11 workers were injured and transported to Fukushima Daini Nuclear Power
Station etc. after explosive sound and white smoke were confirmed around
the Unit 3. One of the workers was transported to the FUKUSHIMA Medical
University Hospital on March 14th.

-At approximately 10 pm on March 22nd, 1 worker who had been working on
setting up a temporary power panel in the common pool was injured and
transported to Fukushima Daini Nuclear Power Station where the industrial
doctor is.

-At appronimately 1:30 am on March 23rd, 1 worker who had been working on
transporting a temporary power panel in the common pool was injured and
transported to Fukushima Daini Nuclear Power Station where the industrial
doctor is.

-On March 24th, it was confirmed that 3 workers from cooperative companies
who were in charge of cable laying work in the ist floor and the
underground floor of turbine building were exposed to the radiation dose
of more than 170 mSv. 2 of them were confirmed that their leg skin were
contaminated. Although they were decontaminated, since it there were
possibility of beta ray burn injury, they were transferred to Fukushima
Medical University Hospital. The third worker was also transferred to
Fukushima Medical University Hospital today (March 25). The 3 workers are
now been transferred to National Institute of Radiological Sciences in
Chiba Prefecture.
Regarding this event, TEPCO has reported to related government ministries
and agencies on measures to be taken to assure appropriate radiation dose
control and radiation exposure related operations.
Before today's restoration work, we will make notification to
the concerned parties and continue to take all possible measures to
future management.

Others

-we measured radioactive materials (iodine etc.) inside of the nuclear
power station area (outdoor) by monitoring car and confirmed that
radioactive materials level is getting higher than ordinary level. As
listed below, we have determined that specific incidents stipulated in
article 15, clause 1 of Act on Special Measures Concerning Nuclear
Emergency Preparedness (Abnormal increase in radiation dose measured at
site boundary) have occurred.
-Determined at 4:17 pm Mar 12th (Around Monitoring Post 4
-Determined at 8:56 am Mar 13th (Around Monitoring Post 4
-Determined at 2:15 pm Mar 13th (Around Monitoring Post 4
.Determined at 3:50 am Mar 14th (Around Monitoring Post 6
-Determined at 4:15 am Mar 14th (Around Monitoring Post 2
-Determined at 9:27 am Mar 14th (Around Monitoring Post 3
-Determined at 9:37 pm Mar 14th (Around main entrance
-Determined at 6:51 am Mar 15th (Around main entrance
-Determined at 8:11 am Mar 15th (Around main entrance
-Determined at 4:17 pm Mar 15th (Around main entrance
-Determined at 11:05 pm Mar 15th (Around main entrance
-Determined at 8:58 am Mar 19th (Around MP5)
From now on, if the measured figure fluctuates and goes above and below
500 micro Sv/h, we deem that as the continuous same event and will not
regard that as a new specific incidents stipulated in article 11, clause 1
of the Act on Special Measures Concerning Nuclear Emergency Preparedness
(Abnormal increase in radiation dose measured at site boundary) has
occurred. In the interim, if we measure a manifestly abnormal figure and
it is evident that the event is not the continuous same event, we will
determine and notify.

-The national government has instructed evacuation for those local
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residents within 20km radius ef the periphery and evacuation to inside
for those residents free 20km t. 30ekm radius nf the periphery, because
it's possible that radioactive materials are discharged.

-At approximately lOam on March 15th, we observed 400mSv/h at the inland
side of the Unit 3 reactor building and lOOmSv/h at the inland side of
the Unit 4 reactor building.

-At around 10:37 am March 21st, water spraying to common spent fuel pool
and finished at 1:30 pm (conducted by TEPCO).

-At arnund 3:37 pm, March 24th, electricity supply to common spent fuel
pool has started from external power source. At around 6:05 pm, fuel pool
cooling pump was started to coel the pool.

-We found no signs of abnormal situation for the casks by visual
observation during the patrol activity. A detailed inspection is under
preparation.

-At Units 5 and 6, in order to prevent hydrogen gas from accumulating
within the buildings, we have made three holes on the roof of the reactor

building for each unit.
-In total 12 fire engines are lent for the water spraying to the spent

fuel pools and water injection to the nuclear reactors by various
regional fire departments- as well as Tokyo Fire Department. Also,
instruction regarding the setting and operation of large scale
decontamination system was provided by Niigata City Fire Headquarter and
Hamamatsu City Fire Headquarter.

Koriyama Fire Department, Iwaki Fire Brigade Headquarters, Fire
Headquarters of Sukagawa District Wide Area Fire-fighting Association,
Yonezawa City Fire Headquarters, Utsunomiya City Fire Headquarters,
Fire Headquarters of Aizu-Wakamatsu wide area municipal association,
Saitama City Fire Bureau, and Niigata City Fire Bureau.

-By March 22nd, Units 1 through 6 were started to be energized from the
external power source.

-We will continue to take all measures to ensure the safety and to
continue monitoring the surrounding environment around the Power Station.

"0tM
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Press Release (Mar 25,2011)
Plant Status of Fukushima Dalichl Nuclear Power Station (as of 4:30 PM Mar 25th)

-new items are underlined

All 6 units of Fukushima Daiichi Nuclear Power Station have been shut down.

Unit l(Shut down)
-Reactor has been shut down. However, the explosive sound and white smoke

were confirmed after the big quake occurred at 3:36 pm Mar 12th. It was
assumed to be hydrogen explosion.

-At approximately 2:30 am on March 23rd, seawater was started to be
injected to the nuclear reactor through the feed water system.

-At approximately 10:50 am on March 24th, white fog-like steam arising
from the roof part of the reactor building was observed.

-At approximately 11:30 am on March 24th, lights in the main control room
was restored.

-We had injected sea water into the reactor pressure vessel, but at 3:37
pm on March 25th, we have started to inject fresh water into it.

Unit 2(Shut down)
-At approximately 6:00 am on March 15th, an abnormal noise began emanating

from nearby Pressure Suppression Chamber and the pressure within this
chamber decreased.

-At 6:20 pm on March 21st, white smoke was confirmed arising from the top
of the reactor building. As of 7:11 am on March 22nd, smoke decreased to
the level where we can hardly confirm

-We have been injecting sea water into the reactor pressure vessel.

Unit 3(Shut down)
-Reactor has been shut down. However, the explosive sound and white smoke

were confirmed at 1:01am Mar 14th. It was assumed to be hydrogen explosion.
-At 8:30am on March 16th, fog like steam was confirmed arising from the

reactor building.
-At approximately 6:15 am on March 17th the pressure of the Suppression

Chamber has temporarily increased. We were preparing to implement a
measurement to reduce the pressure of the reactor containment vessel
(partial discharge of air containing radioactive material to outside) in
order to fully secure safety. However, at present, it is not a situation
to take a measure immediately to discharge air containing radioactive
material to outside now. We will continue to monitor the status of the
pressure of the reactor containment vessel.

-At approximately 4:00 pm, March 21st, light gray smoke was confirmed
arising from the floor roof of the Unit 3 building. On March 22nd, the
color of smoke changed to somewhat white and it is slowly dissipating.

-At approximately 10:45 pm on March 22nd, the light in the main control
room was turned on.

-At around 4:20 pm on March 23rd, our staff confirmed light black smoke
belching from the Unit 3 building. At approximately 11:30 pm on March 23rd
and 4:50 am on March 24th, our employee found no signs of smoke.

-We have been injecting sea water into the reactor pressure vessel.

Unit 4 (outage due to regular inspection)
-Reactor has been shut down. However, at approximately 6 am on March 15th.

We have confirmed the explosive sound and the sustained damage around the
5th floor rooftop area of the Nuclear Reactor Building.

-On March 15th and 16th, we respectively confirmed the outbreak of fire at
the 4th floor of the northwestern part of the Nuclear Reactor Building.
We immediately reported this matter to the fire department and the related
authorities. TEPCO employees confirmed that each fire had already died
down by itself.

-At this moment, we do not consider'any reactor coolant leakage inside the
reactor containment vessel happened.

Unit 5 (outage due to regular inspection)
-Reactor has been shut down and the sufficient level of reactor coolant to

ensure safety is maintained.
-At 5 am, March 19th, we started the Residual Heat Removal System Pump (C)

in order to cool the spent fuel pool.
-At this moment, we do not consider any reactor coolant leakage inside the

reactor containment vessel happened.
-At 2:30 pm, March 20th, the reactor achieved reactor cold shutdown. At

around 5:24 pm on March 23rd, when we switched the temporary Residual Heat
Removal System Seawater Pump, it has stopped automatically. At around 4:14
pm, March 24th, we started replaced pump and at around 4:35 pm, cooling of
reactor has restarted.

Unit 6 (outage due to regular inspection)
-Reactor has been shut down and the sufficient level of reactor coolant to

ensure safety is maintained.
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-We are working on receiving external power supply to Units 5 and 6. We
completed the repair work on the emergency diesel generator (A).

-At 10:14 pm, March 19tk, we started the Residoal Heat Removal System Pump
(B) of Unit 6 in order to cool the spent fuel pool.

-At this moment, we do not consider any reactor coolant leakage inside the
reactor containment vessel happened.

-At 7:27 pm, March 20th, the reactor achieved reactor cold shutdown.

Today's work for cooling the spent fuel pools
-At :05 am, March 25th, we started injecting seawater into the fuel spent
pool of Unit 4, using Fuel Pool Cooling and Filtering(clean up) system
(FPC) and finished at 10:20 am. At 10:30 am, March 25th, we started
injecting seawater into the spent fuol sooi of Unit 2, osing Foal Pool
Cooling and Filtering (clean up) system )FPC) and finished it at 5:19 pm
of the same day.

-Spraying at the spent fuel pool of Unit 3 by Kawasaki City Fire Department
was carried out from 1:28 pm to 4:00 pm on March 25th.

-We are considering further spraying at other units and others subject to
the conditions of spent fuel pools.

Casualty

-2 workers of cooperative firm were injured at the occurrence of the
earthquake, and were transported to the hospital on March iith.

-4 workers were injured and transported to the hospital after explosive
sound and white smoke were confirmed around the Unit ton March llth.

-Presence of 2 TEPCO employees at the site is not confirmed on March 1lth.
-1 TEPCO employee who was not able to stand by his own holding left chest
with his hand, was transported to the hospital by an ambulance on March
12th.

-S subcontract worker at the key earthquake-proof building was unconscious
and transported to the hospital by an ambulance on March 12th.

-The radiation exposure of 1 TEPCO employee, who was working inside the
reactor building, exceeded i00mSv and he was transported to the hospital
on March 12th.

-2 TEPCO employees felt bad during their operation in the central control
rooms of Unit I and 2 while wearing full masks, and were transferred to
Fukushima Daini Nuclear Power Station for consultation with a medical
advisor on March 13th.

-II workers were injured and transported to Fukushima Daini Nuclear Power
Station etc. after explosive sound and white smoke were confirmed around
the Unit 3. One of the workers was transported to the FUKUSHIMA Medical
University Hospital on March 14th.

-At approximately 10 pm on March 22nd, 1 worker who had been working on
setting up a temporary power panel in the common pool was injured and
transported to Fukushima Daini Nuclear Power Station where the industrial
doctor is.

-At approximately 1 am on March 23rd, 1 worker who had been working on
transporting a temporary power panel in the common pool was injured and
transported to Fukushima Daini Nuclear Power Station where the industrial
doctor is.

-On March 24th, it was confirmed that 3 workers from cooperative companies
who were in charge of cable laying work in the 1st floor and the
underground floor of turbine building were exposed to the radiation dose
of more than 170 mSv. 2 of them were confirmed that their leg skin were
contaminated. Although they were decontaminated, since it there were
possibility of beta ray burn injury, they were transferred to Fukushima
Medical University Hospital. The third worker was also transferred to
Fukushima Medical University Hospital today (March 25). The 3 workers are
now been transferred to National Institute of Radiological Sciences in
Chiba Prefecture.
Regarding this event, TEPCO has reported to related government ministries
and agencies on measures to be taken to assure appropriate radiation dose
control and radiation exposure related operations.
Before today's restoration work, we will make notification to the
concerned parties and continue to take all possible measures to future
management.

Others
-We measured radioactive materials (iodine etc.) inside of the nuclear
power station area (outdoor) by monitoring car and confirmed that
radioactive materials level is getting higher than ordinary level. As
listed below, we have determined that specific incidents stipulated in
article 15, clause 1 of Act on Special Measures Concerning Nuclear
fmergency Preparedness (Abnormal increase in radiation dose measured at

site boundary) have occurred.
.Determined at 4:17 pm Mar 12th (Around Monitoring Post 4
.Determined at 8:56 am Mar 13th (Around Monitoring Post 4
-Determined at 2:15 pm Mar 13th (Around Monitoring Post 4
-Determined at 3:50 am Mar 14th (Around Monitoring Post 6
-Determined at 4:15 am Mar 14th (Around Monitoring Post 2
-Determined at 9:27 am Mar 14th (Around Monitoring Post 3
-Determined at 9:37 pm Mar 14th (Around main entrance
-Determined at 6:51 am Mar 15th (Around main entrance
-Determined at 8:11 am Mar 15th (Around main entrance
-Determined at 4:17 pm Mar 15th (Around main entrance
-Determined at 11:05 pm Mar 15th (Around main entrance
.Determined at 8:58 am Mar 19th (Around MP5)

From now on, if the measured figure fluctuates and goes above and below 500
micro Sv/h, we deem that as the continuous same event and will not regard
that as a new specific incidents stipulated in article 15, clause 1 of the
Act on Special Measures Concerning Nuclear Emergency Preparedness (Abnormal
increase in radiation dose measured at site boundary) has occurred. In the
interim, if we measure a manifestly abnormal figure and it is evident that
the event is not the continuous same event, we will determine and notify.

-The national government has instructed evacuation for those local
residents within 20km radius of the periphery and evacuation to inside for
those residents from 20km to 30km radius of the periphery, because it's
possible that radioactive materials are discharged.

-At approximately 10am on March 15th, we observed 400mSv/h at the inland
side of the Unit 3 reactor building and 100mSv/h at the inland side of
the Unit 4 reactor building.

-At around 10:37 am March 21st, water spraying to common spent fuel pool
and finished at 3:30 pm (conducted by TEPCO).

http://www.tepco.co.jp/en/press/corp-com/release/1 1032514-e.html 3/25/2011



TEPCO : Press Release I Plant Status of Fukushima Daiichi Nuclear Power Station (as of 4:30 PM Mar 25th) Page 3 of 3

-At around 3:37 pm, March 24th, electricity supply to common spent fuel
pool has started from external power source. At around 6:05 pm, fuel pool
cooling pump was started to cool the pool.

-We found no signs of abnormal situation for the casks by visual
observation during the patrol activity. A detailed inspection is under
preparation.

-At Units 5 and 6, in order to prevent hydrogen gas from accumulating
within the buildings, we have made three holes on the roof of the reactor
building for each unit.

-In total 12 fire engines are lent for the water spraying to the spent fuel
pools and water injection to the nuclear reactors by various regional fire
departmentss as well as Tokyo Fire Department. Also, instruction regarding
the setting and operation of large scale decontamination system was
provided by Niigata City Fire Headquarter and Hamamatsu City Fire
Headquarter.

Koriyama Fire Department, Iwaki Fire Brigade Headquarters, Fire
Headquarters of Sukagawa District Wide Area Fire-fighting Association,
Yonezawa City Fire Headquarters, Utsunomiya City Fire Headquarters, Fire
Headquarters of Aizu-Wakamatsu wide area municipal association, Saitama
City Fire Bureau, and Niigata City Fire Bureau.

-Until March 22nd, Units 1 through 6 were started to be energized from the
external power source.

-We will continue to take all measures to ensure the safety and to continue
monitoring the surrounding environment around the Power Station.
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Press Release (Mar 25,2011)
Plant Status of Fukushlma Daini Nuclear Power Station (as of 3:00 pm March 25th)

[No update from the last release issued at 9:00 am, March 25th]

Unit Status
1 Reactor cold shutdown, stable water level, offsite power is

available.
* No reactor coolant is leaked to the reactor containment vessel.
* Maintain average water temperature at 1000C in the Pressure

Suppression Chamber.
2 Reactor cold shutdown, stable water level, offsite power is

available.
* No reactor coolant is leaked to the reactor containment vessel.

Maintain average water temperature at 100'C in the Pressure

Suppression Chamber.
3 Reactor cold shutdown, stable water level, offsite power is

available.
No reactor coolant is leaked to the reactor containment vessel.

Maintain average water temperature at 105C in the Pressure
Suppression Chamber.

4 Reactor cold shutdown, stable water level, offsite power is
available.

* No reactor coolant is leaked to the reactor containment vessel.
Maintain average water temperature at 100*C in the Pressure
Suppression Chamber.

Other N.A.

!~VPI
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Press Release (Mar 25,2011)
Special Measures for the electricity bills for the customers who have suffered from the Tohoku-Chihou-Talhelyo-Okl Earthquake (2011)

We sincerely express our best wish for all the customers who have suffered
from the Tohoku-Chihou-Taiheiyo-Oki Earthquake ("Earthquake").

If requested from customers who suffered from the Earthquake in the areas
where the Disaster Relief Act was applied, we will offer special measures
for the electricity bills for such customers (previously announce on
March 15th, 16th and 18th).

Further to the additional application of Disaster Relief Act to 4
municipalities in Chiba Prefectures, we have decided to expand areas to
those we apply exceptional conditions of electricity supply (Special
Measures for the customers who have seriously suffered from
Tohoku-Chihou-Taiheiyo-Oki Earthquake) to General Supply Provisions,
based on a proviso of Section I of Article 21 of Electricity Business
Act., have applied to Ministry of Economy, Trade and Industry for and
have acquired an additional approval. The contents are as follows.

<Eligible Customers>
All the customers who have suffered from the Earthquake since March l1th
in the areas shown below to which the Disaster Relief Act is applied in
relation to the Earthquake and who applied for the special measures:
Ibaraki Prefecture; Mito city, Hitachi city, Tsuchiura city, Ishioka city,
Ryugasaki city, Shimotsuma city, Jose city, Mitachiota city, Takahagi
city, Kitaibaraki city, Kasama city, Toride city, Ushiku city, Tsokuba
city, Hitachinaka city, Kashima city, Itako city, Hitachiomiya city,
Kasumigaura city, Sakuragawa city, Kamisu city, Namegata city, Hokota
city, Tsukubamirai city, Omitama city, Ibaraki town, Oarai town, Shirosato
town, Tokai village, Daigo town, Ami town, Naka city, Miho village,
Kawachi village, Chikusei city, Inashiki city, Tone town
Tochigi Prefecture; Utsunomiya city, Oyama city, Moka city, Otawara city,
Yaita city, Nasukarasuyama city, Sakura city, Nasushiobara city, Mashiko
town, Motegi town, Ichikai town, Haga town, Takanezawa town, Nasu town,
Nakagawa town
Chiba Prefecture; Asahi city, Katoni city, Yamatake city, Tsukumo town,
Chiba city (Mihama ward), Narashino city, Abiko city and Urayasu city,
and other neighboring areas below.
Ibaraki Prefecture; Bando city, Moriya city, Yachiyo town, Yuuki city,
Yoga city
Tochigi Prefecture; Nikko city, Kanuma city, Shimotsuke city, Shioya town,

Mibu town, Kaminokawa town, Tochigi city, Nogi town
Chiba Prefecture; Noda city, Kashiwa city, Choshi city, Tohnosyo town,
Narita city, Yachimata city, Togane city, Tomisato city, Sosa city, Sakae
town, Oamishirasato town, Shibayama town, Yokoshibahikari town, Kanzaki
town, Take town, Inzai city, Chiba city (Chuo ward, Hanamigawa ward,
Inage ward), Ichikawa city, Funabashi city, Yachiyo city
Tokyo; Edogawa ward

,Special Measures>
.Deferring the due date for 1 month
As to the electricity bill for February 2011 (whose due date is March 11
or afterward), March 2011, and April 2011, the due date- is deferred for
1 month.

-The due date is 30 days after the next day of meter-reading.

2.Exemption from payment for the months of no electricity use
If you have been used no electricity since the occurrence of damage from
the Earthquake, we do not charge any amount for the 6 month after the
month when the damage of the Earthquake has risen.

3.Exemption from the payment for the construction
If you have been used no electricity, terminate the contract of
electricity since the occurrence of damage from the Earthquake, and
applied for a new electricity contract by the end of September, 2011,
basically we do not charge any amount for the construction.

4.Exemption from the payment for temporary construction
If you applied for an contract of temporary electricity for the purpose
of restore the damaged areas by the end of September, 2011, we do not
charge any amount for the temporarily construction.

5.Exemption from payment of the basic fee for the broken facilities due to
the Earthquake
If customers' electricity facilities partly broke down due to the
Earthquake, we do not charge basic fees for the broken facilities unless
the facilities become in service, by the end of September 2011.

6.Exemption from the construction to install electricity meters etcetera
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If you apply for changing the position of an electricity meter or a
service wire by the end of September 2011, basically we do not charge
any amount for the first part of the construction.
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Press Release (Mar 25,2011)
The improvement of implementation of rolling blackout (introduction of subdivision of each group)

TEPCO has been implementing the rolling blackout since March 14 due to the
tightening power supply-demand balance caused by the Tohoku-Taiheiyou-Oki
Earthquake. We sincerely regret causing anxiety and inconvenience to our
customers and the society. We appreciate your cooperation in conserving
electricity consumption.

As previously informed on March 22nd, we have recently divided the area
subject to the rolling blackout into 5 groups and announced the schedule
of blackout based on such groups. Hereafter from March 26th, we will
ramify each existing group further into 5 sub groups based on prefecture.

This is to enable our customers to predict the blackout more accurately as
the blackout is currently implemented within the group entirely and
partially depending on the actual demand-supply balance.

This improvement is to enable our customers to figure out the areas of
rolling blackout more easily, therefore the concept of the rolling
blackout, the existing groups and the period of blackout will remain
unchanged.

Sub groups take turn for the blackout so that the unequal treatment among
customers will be avoided.

Please refer to the attachment on our website for the detailed region of
the groups.

[Ramification of groups]

First Pls t t o a rioa Third Pere od F i ort ouroh Periio fs Pcr

a h ol l Group2 Grounm fl oup4 Group5at

grup rami piain Grip)it. ~
Group 1-A Group 2-Al] Group-A Group 4- Group 5-A

\ Gtoup 1-B '\ Group 2-B Group$3-ýB ><\Group 4-8 Group 5-
Group,1-C Group, 2-C. GroupS3--C Group 4-~C Group 5_0
Group 1-0 -D Group 2- ct3-0 Group 4-1) G,,,Lp 5-D
Group 14E Group 24 ~ Group 3-E Go 4f Gop5

TEPCO plans to introduce additional measures to improve our operation such
as the follow"ing example for the better announcement of blackout forecast.
(a ctual1 introduc tion will1 be det ermined after successfully installing the
group ramification.)

(forecast mark: example]

O . .. 0...
* backout lso ac iedulA therie ispa ltsibity .of biotout. -N blaCkout, isý cbcjedulo

TEPCO will continue to do its utmost to secure the stable supply of
electricity. We apology for the inconvenience caused and appreciate your
continuous cooperation in conservation of electricity and your
understanding for the rolling blackout.
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Press Release (Mar 25,2011)
Power Supply and Demand Outlook in This Summer and Measures

l.Supply and Demand Situation and its Outlook
Because many of our nuclear power stations and thermal power stations are
neverely damaged and forced to shut down due to the
Tohnku-Chihou-Taiheiyo-Oki Earthquake, TEPCO has made every endeavor to
ensure a stable power supply now. The power supply capacity for this suunmer
in TEPCO is estimated at around 46.50 million kW as of this moment.
In the meantime, given the prospect for influence of the earthquake and
energy-saving effect, the peak demand for this summer in TEPCO is expected
to be around 55.00 million kW (daily peak at generation end), which is 5.00
million kW less than that in the same season of last year. (The estimation
of the average peak demand in weekday is estimated at around 48.00 million
kW.)
For this reason, since it is expected that the power supply capacity will
be much less than the peak demand in this summer, TEPCO will concentrate
our efforts in strengthening the capacity fur power supply, and will also
vigorously pursue demand-side measures for further energy saving.

<Power Supply and Demand Outlook in this summer> (Unit: million kW)

March 24, 2011 End ofJuly, 2011
(past record) End of _uly, 2011

Dead37.29 55.00
(Daily peak at generation end)

Supply Capacity 36.50 46.50
(38.50) ( _ )

Reserve Capacity (1.50 A 8.50

Figure in parenthesis includes pumped hydropower generation.

X Power supply capacity of pumped hydropower generation varies with trend in power supply and

demand, thus, TEPCO will continuously monitor and examine it.

2.Additional Power Supply Capacity (included in the supply capacity as of
end of July, 2011 in the above)

(1)Recovery from shutdown caused by the earthquake disaster [7.60 million
kW]
Unit No.l to No. 6 at Kashima Thermal Power Station, Unit No.1 at
Hitachinaka Thermal Power Station, etc.

(2)Restart of operation of thermal power generation units under long-term
scheduled shutdown [0.90 million kW]
Unit No.1 to No. 4 at Yokosuka Thermal Power Station

(3)Recovery from periodical inspection [3.70 million kW]
Unit No.1-i at Shinagawa Thermal Power Station, Unit No.7-2 of
Yokohama Thermal Power Station, etc.

(4)Installation of gas turbine, etc. [0.40 million kW]
(5)Others [A2.6S million kW]

Decrease of output from existing thermal power stations in summer (due
to increase of ambient temperature), etc.

TEPCO will continuously consider additional measure for further
strengthening the power supply capacity.

3.Demand-Side Measures
WhIle asking all of our customers to cooperate in energy saving, TEPCO
will continue to improve power supply and demand situation, utilizing
supply and demand adjustment contract.

We sincerely regret causing anxiety and inconvenience to our customers,
and appreciate your continuous cooperation in conserving electricity
consumption.

C:Dact to p4ýe lrP
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Press Release (Mar 25,2011)
Status of TEPCO's Facilities and its services after Tohoku-Taiheiyou-Oki Earthquake (as of 3:00PM)

Due to the Tohoku-Taiheiyou-Oki Earthquake which occurred on March llth
2011, TEPCO's facilities including our nuclear power stations have been
severely damaged. We deeply apologize for the anxiety and inconvenience
caused.

Below is the status of TEPCO's major facilities.
*new items are underlined

[Nuclear Power Station]
Fukushisa Daiichi Nuclear Power Station:

Units 1 to 3: shutdown due to earthquake
(Units 4 to 6: outage due to regular inspection)

* The national government has instructed to evacuate for those local
residents within 20km radius of the site periphery and to remain indoors
for those local residents between 20km and 30km radius of the site
periphery.

*Off-site power was connected to Unit 1 to 6.

-Unit 1
The explosive sound and white smoke was confirmed near Unit 1 when the
big quake occurred at 3:36pm, March 12th.
We have started injection of sea water at 8:20 pm, March 12th, and then
boric acid which absorbs neutron into the reactor afterwards.

At approximately 2:30 am, March 23rd, we have started the injection of
sea water into the reactor from feed water system.

At approximately 10:50 on March 24th, white smoke was confirmed arising
from the top of the reactor building.

At approximately 11:30 am, March 24th, lights in the main control room
were restored.

-Unit 2
At 1:25 pm, March 14th, since the Reactor Core Isolation Cooling System
has failed, it was determined that a specific incident stipulated in
Clause 1, Article 15 of Act on Special Measures Concerning Nuclear
Emergency Preparedness occurred (failure of reactor cooling function).

At 5:17 pm, March 14th, while the water level in the reactor reached the
top of the fuel rod, we have restarted the water injection with the
valve operation.

At approximately 6:14 am, March 15th, the abnormal sound was confirmed
near the suppression chamber and the pressure inside the chamber
decreased afterwards.: It was determined that there is a possibility that
something happened in the suppression chamber. While sea water injection
to the reactor continued, TEPCO employees and workers from other
companies not in charge of injection work started tentative evacuation
to a safe location. Sea water injection to the reactor continued.

On March 18th, power was delivered up to substation for backup power
through offsite transmission line. we completed laying cable further to
unit receiving facility in the building, and at 3:46 pm, March 20th the
load-side power panel of the receiving facility started to be energized.

From 3: 05 pm to 5: 20 pm on March 20th, 40 tons of seawater was
injected into Unit 2 by TEPCO employees.

At 6:20 on March 21st, white smoke was confirmed arising from the top
of the reactor building. As of 7:11 am on March 22nd, smoke decreased
to the level where we can hardly confirm.

From around 4 pm to 5 pm on March 22nd, approximately 18 tons of sea
water was injected into the spent fuel pool by TEPCO employees.

From 10:30 am on March 25th, sea water iniection through Fuel Pool
Cooling and Filtering System was initiated.

0Unit 3
At 6:50 am, March 14th, while water injection to the reactor was under
operation, the pressure in the reactor containment vessel increased to
530 kPa. As a result, at 7:44 am, it was determined that a specific
incident stipulated is article 15, clause 1 occurred (abnormal increase
of the pressure of reactor containment vessel). Afterwards, the pressure
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has gradually decreased (as of 9:05 am, 490 kPa).

At approximately 11:01 am, March 14th, an explosion followed by white
smoke occurred near Unit 3. 4 TEPCO employees and 3 workers from other
companies (all of them are conscious) have sustained injuries and they
were already taken to the hospital by ambulances.
As the temperature of water in the spent fuel pool rose, spraying water
by helicopters with the support of the Self Defense Force was
considered, however the operation on March 16th was cancelled.

At 6:15 am, March 17th, the pressure of the Suppression Chamber
temporarily increased, but currently it is stable in a certain range.
On March 20th, we were preparing to implement a measurement to reduce
the pressure of the reactor containment vessel (partial discharge of air
containing radioactive material to outside) in order to fully secure
safety. However, at present, it is not a situation to take a measure
immediately to discharge air containing radioactive material to outside.
We will continue to monitor the status of the pressure of the reactor
containment vessel. Monitoring will be continued.

In order to cool spent fuel pool, water was sprayed by helicopters on
March 17th with the cooperation of Self-Defense Forces.

At approximately past 7:00 pm, March 17th, Self-Defense Forces and the
police had started spraying water by water cannon trucks upon our
request for the cooperation. At 8:09 pm, March 17th, they had finished
the operation.

At 2:00 pm, March 18th, spraying water by fire engines was started with
the cooperation of Self-Defense Forces and the United States Armed
Forces. At 2:45 pm, March 18th, they had finished the operation.

At approximately 0:30 am, March 19th, spraying water was started with
the cooperation of Fire Rescue Task Forces of Tokyo Fire Department
started spraying water. At approximately 1:10 am, March 19th, they
finished the operation. They resumed spraying water at 2:10 pm. At
approximately 3:40 am, March 20th, they finished the operation.

At approximately 9:30 pm, March 20th, spraying water was started with
the cooperation of Fire Rescue Task Forces of Tokyo Fire Department.
At approximately 3:58 am, March 21th, they finished the operation.

At approximately 3:55 pm, March 21st, light gray smoke was confirmed
arising from the southeast side of the 5th floor roof of the Unit 3
building, and the situation was reported to the fire department at
approximately 4:21 pm. The parameters of reactor pressure vessel,
reactor containment vessel, and monitored environmental data remained
at the same level. However, employees working around Unit 3 evacuated
to a safe location. It is observed the smoke has been decreasing. On
March 22nd, the color of smoke changed to somewhat white and it is
slowly dissipating.

At approximately 3:10 pm on March 22nd, water discharge into Unit 3 by
Tokyo Fire Department's Hyper Rescue and Osaka City Fire Department was
conducted and completed at approximately 4:00 PM on the same day.

At approximately 10:45 pm on March 22nd, lights in the main operation
room were re stored.
At 11:00 am on March 23rd, the injection of sea water to spent fuel pool
was conducted, and finished approximately at 1:20 pm on the same day.

At 4:20 pm on March 23rd, light gray smoke was observed belching from
Unit 3 building. The situation was reported to the fire department at
4:25 pm on March 23rd.
The parameters of the reactor, the reactor containment vessel of Unit 3,
and monitored figures around the site's imenediate surroundings remained
stable without significant change. To be safe, workers in the main
control room of Unit 3 and around Unit 3 evacuated to a safe location.

At approximately 11:30 pm on March 23rd and 4:50 am on March 24th, TEPCO
employees confirmed the smoke has disappeared. Accordingly, workers
evacuation was lifted.

From approximately 5:31 am on March 24th, sea water injection through
Fuel Pool Cooling and Filterino System was initiated and finished at
approximately 4:05 pm on the same day.

*Unit 4

At approximately 6:00 am, March 15th, an explosive sound was heard and
the damage in the 5th floor roof of Unit 4 reactor building was
confirmed. At 9:38 am, the fire near the north-west part of 4th floor of
Unit 4 reactor building was confirmed. At approximately 11:00 am, TEPCO
employees confirmed that the fire was off.

At approximately 5:45 am on March 16th, a TEPCO employee discovered a
fire at the northwest corner of the Nuclear Reactor Building. TEPCO
immediately reported this incident to the fire department and the local
government and proceeded with the extinction of fire.
At approximately 6:15 am, TEPCO staff confirmed at the site that there
are no signs of fire.

At approximately 8:21 am on March 20th, spraying water by fire engines
was started with the cooperation of Self-Defense Forces and they
finished the operation at approximately 9:40 am. At approximately 6:45
pm spraying water was started by Self-Defenses' water cannon trucks and
finished at approximately 7:45 pm.

At approximately 6:30 am, March 21st, spraying water by fire engines
was started with the cooperation of Self-Defense Forces and the United
States Armed Forces. At approximately 8:40 am, March 21, they had
finished the operation.
On Marsh 21st, cabling has been completed from temporary substation to
the main power center.
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From approximately 5:20 pm on March 22nd, spraying water from the
concrete pumping vehicle was conducted and ended at approximately 8:30 pm
on the same day.

From approximately 10:00 am on March 23rd, spraying water from the
concrete pumping vehicle was conducted and ended at approximately 1:00 pm
on the same day.

From approximately 2:35 pm on March 24th, spraying water by the concrete
pumping vehicle was conducted and ended at approximately 5:30 pm on the
same day.

From 6:05 am on March 25th, seawater injection through Fuel Pool Cooling
and Filtering System was initiated and finished at approximately 10:20 am
on the same day.

mUnit 5 and 6
At 5 am on March 19th, we started the Residual Heat Removal System Pump
(C) of Unit 5 in order to cool the spent fuel pool. At 10:14 pm, we
started the Residual Heat Removal System Pump (B) of Unit 6 in order to
cool the spent fuel pool.

Unit 5 has been in reactor cold shutdown since 2:30 pm on March 20th.
Unit 6 has been in reactor cold shutdown since 7:27 pm on March 20th.

At Units 5 and 6, in order to prevent hydrogen gas from accumulating
within the buildings, we have made three holes on the roof of the
reactor building for each unit

At approximately 5:24 pm'on March 23rd, the temporary Residual Heat
Removal System Seawater Pump automatically stopped when its power source
was switched. We plan to repair the pump while maintaining the
appropriate the water level and the temperature in the reactor. At
around 4:14 pm, March 24th, we started replaced pump and at around
4:35 pm, cooling of reactor has restarted.

'On March 18th, regarding the spent fuel in the common spent fuel pool,
we have confirmed that the water level of the pool is secured. At around
10:37 am March 21st, water spraying to common spent fuel pool and
finished at 3:30 pm. At around 6:05 pm, fuel pool cooling pump was
started to cool the pool.

-common spent fuel pool: a spent fuel pool for common use set in a
separate building in a plant site in order to preserve spent fuel
which are transferred from the spent fuel pooi in each UOit building.

'On March 17th, we patrolled buildings for dry casks and found no signs
of abnormal situation for the casks by visual observation. A detailed
inspection is under preparation.

-dry cask: a measure to store spent fuel in a dry storage casks in
storages. Fukushima Daiichi Nuclear Power Station started to utilize
the measure from August 1995.

In total 13 fire engines are lent for spraying water to the spent fuel
pools and water injection to the nuclear reactors by various regional
fire departments* as well as Tokyo Fire Department. Also, instruction
regarding the setting and operation of large scale decontamination
system was provided.

* On March 24, 2011, it was confirmed that 3 workers from cooperative
companies who were in charge of cable laying work in the ist floor and
the underground floor of turbine building were exposed to the radiation
dose of more than 170mSv. 2 of them were confirmed that their leg skins
were contaminated. Although they were decontaminated by laundering, they
were transferred to Fukushima Medical University hospital because there
is possibility that they get a burn injury by beta ray. On March 25th,
remaining worker was also transferred to Fukushima Medical University
hospital. All 3 workers are now being transferred to National Institute
of Radiological Sciences in Chiba Prefecture. We will assess radiation
dose of 2 worker's leg skin by beta ray. We thoroughly instruct our
employees and workers of cooperative companies to recognize APO alarm
and evacuate when the alarm rings. We will explain this event, together
with appropriate measures to be taken, to the government and to people
concerned in order to fully secure the safety in relation to radiation
dose management and operations associated with radiation exposure.

* On March 21st, 23rd and 24th, we detected cobalt, iodine, cesium and
tellurium from the seawater around discharge canal of Unit 1, 2, 3 and 4.

* On March 21st, 23rd and 24th, we detected iodine, cesium and tellurium
in the air collected at the site of Fukushima Daiichi Nuclear Power
Station.

'We will continuously endeavor to securing safety, and monitoring of the
surrounding environment.

Fukushima Daini Nuclear Power Station:
Units 1 to 4: shutdown due to earthquake

The national government has instructed evacuation for those local
residents within 10km radius of the periphery.

* In order to achieve cold shutdown, reactor cooling function was
restored and cooling of reactors was conducted. As a result, all
reactors achieved cold shutdown: Unit 1 at 5:00 pm, March 14th, Unit 2
at 6:00 pm, March 14th, Unit 3 at 0:15 pm, March 12th, Unit 4 at 7:15 am,
March 16th.

*Since March 12th, we had been preparing measures for reducing the
pressure of reactor containment vessels (partial discharge of air
containing radioactive materials to outside), but on March 17th, we
released such preparation in all Units.

'(Unit 1)
As it is confirmed that the temperature of the Emergency Equipment
Cooling Water System *1 has increased, at 3:20 pm, March 15th, we
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stopped the Residual Heat Removal System (B) for the inspection.
Subsequestly, failure was detected is the power supply facility
associated with the pumps of the Emergency Equipment Coiling Water
System. At 4:25 pm, March 15th, after replacing the power facility,

• the pumps and the Residual Heat Removal System (B) have been reactivated.

*(Unit 4)
As it is confirmed that the pressure at the outlet of the pumps of the
Emergency Equipment Cooling Water System-' has been decreased, at
8:05 pm, March 15th, we stopped the Residual Heat Removal System (B) for
the inspection. Subsequently, failure was detected in the power supply
facility associated with the pumps of the Emergency Equipment Cooling
Water System. At 9:25 pm, March 15th, after replacing the relevant
facility, the pumps and the Residual Heat Removal System (B) have been
reactivated.

tl:emergency water system in which cooling water (pure water) circulates
which exchanged the heat with sea water in order to cool down bearing
pumps and/or heat exchangers etc.

Kashiwazaki Kariwa Nuclear Power Station:
Units 1, 5, 6, 7: normal operation
(Units 2 to 4: outage due to regular inspection)

[Thermal Power Station]
Hirono Thermal Power Station Units 2 and 4: shutdown due to earthquake
Bitachinaka Thermal Poser Station Unit 1: shutdown due to earthquake
Kashima Thermal Power Station Units 2, 3, 5, 6: shutdown due to earthquake

[Hydro Power Station]
All the stations have been restored.

(Facilities damaged by the earthquake are now properly under
consideration)

[Transmission System, etc.]
All substation failed due to the earthquake have been restored.

[Blackout in TEPCO's Service Area]
All the blackouts are resolved.

[Supply and Demand Status within TEPCO's Service Area to Secure Stable
Power Supply]
Backup supply from Shinshinano Conversion Station: 600MW
Backup supply from Sakuma Conversion Station: 300MW
Backup supply from Higashi Shimizu Conversion Station: 100MW
Backup supply from Hokkaido-Honshu Interconnection Facilities: 600MW

Considering the critical balance of our power supply capacity and
expected power demand forward, in order to avoid unexpected blackout,
TEPCO has been implementing rolling blackout (planned blackout
alternates from one area to another) since Mar 14th. We will make our
utmost to secure the stable power supply as early as possible.
For customers who will be subject to rolling blackout, please be
prepared for the announced blackout periods. Also for customers who are
not subject to blackouts, TEPC0 appreciates your continuous cooperation
in reducing electricity usage by avoiding using unnecessary lighting and
electrical equipment.

[Others]
Please do NOT touch cut-off electric wires.
In order to prevent fire, please make sure to switch off the electric
appliances such as hair driers when you leave your house.

.For the customer who has in-house power generation, please secure fuel
for generator.

ff ftVpm
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Press Release (Mar 25,2011)
Detection of radioactive materials from the seawater around the discharge canal of Fukushima Daiichi Nuclear Power Station(Sth release)

On March 21st 2011, radioactive materials were detected from the seawater
around the discharge canal (south) of Fukushima Daiichi Nuclear Power
Station which was damaged by the 2011 Tohoku-Taiheiyou-Oki Earthquake.
This is the result of the sampling survey of radioactive materials in the
seawater which was implemented as a part of monitoring activity of
surrounding environment. We had informed the result to Nuclear and
Industrial Safety Agency (NISA) and Fukushima prefecture.

On March 24th 2011, we had conducted re-sampling survey to examine the
effect of radioactive materials in the seawater. We had informed the
result to Nuclear and Industrial Safety Agency (NISA) and the government
of Fukushima Prefecture, because radioactive materials were detected as
shown in the attachment.

We will continue to conduct same kind of sampling survey.
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Press Release (Mar 25,2011)
Plant Status of Fukushima Dalichl Nuclear Power Station (as of 0:30 PM Mar 25th)

*new items are underlined

All 6 units of Fukushima Daiichi Nuclear Power Station have been shut down.

Unit l(Shut down)
- Reactor has been shut down. However, the explosive sound and white smoke

were confirmed after the big quake occurred at 3:36 pm Mar 12th. It was
assumed to be hydrogen explosion.

- At approximately 2:30 am on March 23rd, seawater was started to be
injected to the nuclear reactor through the feed water system.

- At approximately 10:50 am on March 24th, white fog-like steam arising
from the roof part of the reactor building was observed.

- At approximately 11:30 am on March 24th, lights in the main control room
was restored.

- We have been injecting sea water into the reactor pressure vessel.

Unit 2(Shut down)
- At approximately 6:00 am on March 15th, an abnormal noise began emanating

from nearby Pressure Suppression Chamber and the pressure within this
chamber decreased.

- At 6:20 pm on March 21st, white smoke was confirmed arising from the top
of the reactor building. As of 7:11 am on March 22nd, smoke decreased to
the level where we can hardly confirm

- We have been injecting sea water into the reactor pressure vessel.

Unit 3(Shut down)
- Reactor has been shut down. However, the explosive sound and white

smoke were confirmed at 11:01am Mar 14th. It was assumed to be hydrogen
explosion.

- At 8:30am on March 16th, fog like steam was confirmed arising from the
reactor building.

- At approximately 6:15 am on March 17th the pressure of the Suppression
Chamber has temporarily increased. We were preparing to implement a
measurement to reduce the pressure of the reactor containment vessel
(partial discharge of air containing radioactive material to outside)
in order to fully secure safety. However, at present, it is not a
situation to take a measure immediately to discharge air containing
radioactive material to outside now. We will continue to monitor the
status of the pressure of the reactor containment vessel.

- At approximately 4:00 pm, March 21st, light gray smoke was confirmed
arising from the floor roof of the Unit 3 building. On March 22nd,
the color of smoke changed to somewhat white and it is slowly
dissipating.

- At approximately 10:45 pm on March 22nd, the light in the main control
room was turned on.

- At around 4:20 pm on March 23rd, our staff confirmed light black smoke
belching from the Unit 3 building. At approximately 11:30 pm on March
23rd and 4:50 am on March 24th, our employee found no signs of smoke.

- we have been injecting sea water into the reactor pressure vessel.

Unit 4 (outage due to regular inspection)
- Reactor has been shut down. However, at approximately 6 am on March

15th. We have confirmed the explosive sound and the sustained damage
around the 5th floor rooftop area of the Nuclear Reactor Building.

- On March 15th and 16th, we respectively confirmed the outbreak of fire
at the 4th floor of the northwestern part of the Nuclear Reactor
Building. We immediately reported this matter to the fire department
and the related authorities. TEPCO employees confirmed that each fire
had already died down by itself.

- At this moment, we do not consider any reactor coolant leakage inside
the reactor containment vessel happened.

Unit 5 (outage due to regular inspection)
- Reactor has been shut down and the sufficient level of reactor coolant

to ensure safety is maintained.
- At 5 am, March 19th, we started the Residual Heat Removal System Pump

(C) in order to cool the spent fuel pool.
- At this moment, we do not consider any reactor coolant leakage inside

the reactor containment vessel happened.
- At 2:30 pm, March 20th, the reactor achieved reactor cold shutdown. At

around 5:24 pm on March 23rd, when we switched the temporary Residual
Heat Removal System Seawater Pump, it has stopped automatically. At
around 4:14 pm, March 24th, we started replaced pump and at around
4:35 pm, cooling of reactor has restarted.

Unit 6 (outage due to regular inspection)
- Reactor has been shut down and the sufficient level of reactor coolant
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to ensure safety is maintained.
- We are working on receiving external power supply to Units 5 and 6. We

completed the repair work on the emergency diesel generator (A).
- At 10:14 pm, March 19th, we started the Residual Heat Removal System Pump

(B) of Unit 6 in order to cool the spent fuel pool.
- At this moment, we do not consider any reactor coolant leakage inside

the reactor containment vessel happened.
- At 7:27 pm, March 20th, the reactor achieved reactor cold shutdown.

Today's work for cooling the spent fuel pools
- At approximately 6:05 am, March 25th, we started injecting seawater into

the fuel spent cool of Unit 4, using Fuel Pool Cooling and Filtering

(dlen up) system (FPC) and finished at 10:20 am. At approximately
10:30 am, March 25th, we started injecting seawater into the fuel spent
pool of Unit 2, using Fuel Pool.Cooling and Filtering(clean up) system
(FPC).

- We are considering further spraying at other units and others subject to

the conditions of spent fuel pools.

Casualty
- 2 workers of cooperative firm were injured at the occurrence of the

earthquake, and were transported to the hospital on March l1th.
- 4 workers were injured and transported to the hospital after explosive

sound and white smoke were confirmed around the Unit lon March 1lth.
- Presence of 2 TEPCO employees at the site is not confirmed on March l1th.
- 1 TEPC0 employee who was not able to stand by his own holding left chest

with his hand, was transported to the hospital by an ambulance on March
12th.

- 1 subcontract worker at the key earthquake-proof building was unconscious
and transported to the hospital by an ambulance on March 12th.

- The radiation exposure of 1 TEPCO employee, who was working inside the
reactor building, exceeded 100mSv and he was transported to the hospital
on March 12th.

- 2 TEPC. employees felt bad during their operation in the central control
rooms of Unit 1 and 2 while wearing full masks, and were transferred to
Fukushima Daini Nuclear Power Station for consultation with a medical
advisor on March 13th.

- 11 workers were injured and transported to Fukushima Daini Nuclear Power
Station etc. after explosive sound and white smoke were confirmed around
the Unit 3. One of the workers was transported to the FUKUSHIMA Medical
University Hospital on March 14th.

- At approximately 10 pm on March 22nd, 1 worker who had been working on
setting up a temporary power panel in the conmmon pool was injured and
transported to Fukushima Daini Nuclear Power Station where the
industrial doctor is.

- At approximately I am on March 23rd, 1 worker who had been working on
transporting a temporary power panel in the common pool was injured and
transported to Fukushima Daini Nuclear Power Station where the
industrial doctor is.

- On March 24th, it was confirmed that 3 workers from cooperative
companies who were in charge of cable laying work in the lst floor and
the underground floor of turbine building were exposed to the radiation
dose of more than 170 mSv. 2 of them were confirmed that their leg skin
were contaminated. Although they were decontaminated, since it is judged

that there is possibility of beta ray burn injury, they were transferred
to Fukushima Medical University Hospital. The third person also
transferred to National Institute of Radiological Sciences in Chiba
Prefecture today (March 25). After medical examination at Fukushima
Medical University Hospital, they will be transferred to National
Institute of Radiological Sciences in Chiba Prefecture today (March 25).
Regarding this event, Fukushima Labour Bureau gave TEPCO verbal
instructions.After writing up lessons and future measures, taking
comments of Fukushima Labour Bureau to heart, TEPCO will report related
government ministries and agencies to make assurance doubly sure
thoroughness of radiation control and exposure to radiation.
Before today's restoration work, we will make notification to the
concerned parties and continue to take all possible measures to
future management.

Others

- hWe measured radioactive materials (iodine etc.) inside of the nuclear

power station area (outdoor) by monitoring car and confirmed that
radioactive materials level is getting higher than ordinary level. As

listed below, we have determined that specific incidents stipulated in
article 15, clause 1 of Act on Special Measures Concerning Nuclear
Emergency Preparedness (Abnormal increase in radiation dose measured at
site boundary) have occurred.

-Determined at 4:17 pm Mar 12th (Around Monitoring Post 4
Determined at 8:56 am Mar 13th (Around Monitoring Post 4
Determined at 2:15 pm Mar 13th (Around Monitoring Post 4
Determined at 3:50 am Mar 14th (Around Monitoring Post 6
Determined at 4:15 am Mar 14th (Around Monitoring Post 2
Determined at 9:27 am Mar 14th (Around Monitoring Post 3
Determined at 9:17 pm Mar 14th (Around main entrance
Determined at 6:11 am Mar 15th (Around main entrance )
Determined at 0:11 am Mar 15th (Around main entrance )
Determined at 4:17 pm Mar 15th (Around main entrance

-Determined at 11:01 pm Mar 15th (Around main entrance

-Determined at 8:58 am Mar 19th (Around MP5)
From now on, if the measured figure fluctuates and goes above and below
500 micro cS/h, we deem that as the continuous same event and will not
regard that as a new specific incidents stipulated in article 15, clause
1 of the Act on Special Measures Concerning Nuclear Emergency Preparedness
(Abnormal increase in radiation dose measured at site boundary) has
occurred. In the interim, if we measure a manifestly abnormal figure and
it is evident that the event is not the continuous same event, we will
determine and notify.

- The national government has instructed evacuation for those local
residents within 20km radius of the periphery and evacuation to inside
for those residents from 20km to 30km radius of the periphery, because
it's possible that radioactive materials are discharged.

- At approximately 10am on March 15th, we observed 400mSv/h at the inland

side of the Unit 3 reactor building and 100mSv/h at the inland side of
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the Unit 4 reactor building.
- At around 10:37 am March 21st, water spraying to common spent fuel pool

and finished at 3:30 pm (conducted by-TEPCO).
At around 3:37 pm, March 24th, electricity supply to common spent fuel
pool has started from external power source. At around 6:05 pm, fuel
pool cooling pump was started to cool the pool.

- We found no signs of abnormal situation for the casks by visual
observation during the patrol activity. A detailed inspection is under
preparation.

- At Units 5 and 6, in order to prevent hydrogen gas from accumulating
within the buildings, we have made three holes on the roof of the
reactor building for each unit.

- In total 12 fire engines are lent for the water spraying to the spent
fuel pools and water injection to the nuclear reactors by various
regional fire departments* as well as Tokyo Fire Department. Also,
instruction regarding the setting and operation of large scale
decontamination system was provided by Niigata City Fire Headquarter and
Hamamatsu City Fire Headquarter.
Koriyama Fire Department, lwaki Fire Brigade Headquarters, Fire
Headquarters of Sukagawa District Wide Area Fire-fighting Association,
Yonezawa City Fire Headquarters, Utsunomiya City Fire Headquarters,
Fire Headquarters of Aizu-Wakamatsu wide area municipal association,
Saitama City Fire Bureau, and Niigata City Fire Bureau.

- Until March 22nd, Units 1 through 6 were started to be energized from
the external power source.

- We will continue to take all measures to ensure the safety and to
continue monitoring the surrounding environment around the Power Station.

aIPac6o pa1 pp
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GI-199 Safety Risk Assessment Background Information

Talking Points

* The NRC's GI-199 safety risk assessment was completed in August 2010. It is
publically available. http://pbadupws.nrc.-qov/docs/ML1 002/ML1 00270582.html
0 The purpose of the GI-1 99 safety risk assessment was to perform a conservative,
screening-level assessment to determine whether additional seismic safety review was needed
for nuclear plants in the Central and Eastern United States (CEUS).
0 Updates to seismic data and models indicate increased seismic hazard estimates for
some operating nuclear power plant sites in CEUS.
* The results of this assessment are not final estimates of plant-specific seismic risk.
* The NRC does not rank plants by seismic risk.
* The NRC continues to conclude that all plants have adequate seismic safety margin and
continue to operate safely.

Q&A

1. What is GI-1 99?

Generic Issue 199 investigates the safety implications of updated earthquake-related data and
models. These updated data and models suggest that the probability for earthquake ground
shaking above the seismic design basis for some nuclear power plants in the Central and
Eastern United States (CEUS) is still low, but larger than previous estimates.

2. Are the NRC reviews/analyses based on 2004 seismic data from USGS? Is there other
updated earthquake information and modeling?

In 2004, preliminary results from United States Geological Survey (USGS) work indicated an
increase in the probability of exceeding the Safe Shutdown Earthquake (SSE) for 29 nuclear
power sites in the CEUS. The probability increases identified by USGS were primarily due to
recent developments in the modeling of earthquake ground motion in the CEUS. USGS
published updated data in 2008, which is what was used in the NRC's GI-199 safety risk
assessment.



3. The NRC report talks about "screening reviews." What does that mean?

In December 2007, NRC completed a limited scope screening analysis, which is used by the
NRC staff to decide whether an issue requires additional review. The screening compared the
new seismic data with earlier seismic evaluations conducted by the NRC staff. The limited
scope screening analysis concluded that seismic designs of plants in the CEUS continue to
provide adequate safety margins. However, because the NRC recognized that this new seismic
data could reduce available safety margins, the NRC staff conducted further analysis by
performing NRC's GI-199 safety risk assessment.

4. Does the GI-1 99 study examine all nuclear power plants?

The GI-199 safety risk assessment is limited to all plants in the CEUS. Although plants at the
Columbia, Diablo Canyon, Palo Verde, and San Onofre sites are not included in the GI-199
safety risk assessment, the NRC Information Notice on GI-199 is addressed to all operating
power plants in the U.S. (as well as all independent spent fuel storage installation licensees).
The NRC will also consider inclusion of operating reactors in the Western U.S. in its future
generic communication information requests.

5. Does the GI-199 study consider spent fuel pools?

Spent fuel pools (SFPs) were not specifically evaluated as part of GI-199 safety risk
assessment. However, based on their design characteristics, the NRC concludes that SFPs
remain safe. SFPs are constructed of reinforced concrete, several feet thick, with a stainless
steel liner to prevent leakage and maintain water quality. SFPs are inherently structurally-
rugged and are designed to the same seismic requirements as the nuclear plant.

6. Is the NRC performing any inspections for GI-199?

The NRC is not currently performing inspections that are directly related to GI-199. However,
on March 23, 2011, the NRC directed its inspectors to assess the actions taken by nuclear plant
licensees in response to events at the Fukushima Daiichi nuclear station in Japan. NRC
inspectors were given direction in the form of a Temporary Instruction (TI), which is one of the
processes that NRC inspectors use to perform inspections following specific events. Using TI
251 5/183, NRC inspectors will verify that important equipment and materials are adequate and
properly staged, tested, and maintained in order to respond to a severe earthquake, flooding
event, or loss of all electrical power. This inspection is an additional NRC activity. It does not
replace any of the routine reviews that NRC inspectors perform daily at every nuclear power
plant. Inspection activities for TI 2515/183 are expected to be completed by April 29, 2011. The
results will be issued in a publically available inspection report by May 13, 2011



7. What happens next with GI-1 99?

The NRC is developing a Generic Letter (GL) to request information from all nuclear plants in
the CEUS, which is a total of 96 operating reactors. The GL is scheduled to be issued for public
comment in the late spring 2011. In addition its internal review processes, the NRC will also
present the GL to the Advisory Committee on Reactor Safeguards (ACRS) both before and after
the public comment period. The GL should be issued by end of 2011, near the time when new
seismic models become available. These new seismic models are being developed by NRC,
DOE, and EPRI. In addition the USGS will review the model. Information requested in the GL
will likely require 3 to 6 months for nuclear plant licensees to prepare. NRC's review will be on-
going as information is collected. Based on NRC's review of that information, a determination
will be made regarding required changes at nuclear plants.

8. What if the GI-1 99 is wrong and an unexpected earthquake happens?

Following the events of September 11, 2001, NRC required all nuclear plant licensees to take
additional steps to protect public health and safety in the event of a large fire or explosion. If
needed, these additional steps could also be used during natural phenomena such as
earthquakes, tornadoes, floods, and tsunami. In general, these additional steps are plans,
procedures, and pre-staged equipment whose intent is to minimize the effects of adverse
events. In accordance with NRC regulations, all nuclear power plants are required to maintain
or restore cooling for the reactor core, containment building, and spent fuel pool under the
circumstances associated with a large fire or explosion. These requirements include using
existing or readily available equipment and personnel, having strategies for firefighting,
operations to minimize fuel damage, and actions to minimize radiological release to the
environment.

Date: March 25, 2011



Lee, Richard

From: Basu, Sudhamay
Sent: Friday, Marchi25, 2011 5:14 PM
To: Lee, Richard
Subject: Fukushima Unit 1

Richard,

Here is a tally of information from different sources.

GRS is quoting the Japanese TV station saying "presumably" 70% fuel assemblies damaged.
Japan government spokesman Edano acknowledged there may have been a core meltdown.
Japan Atomic Industrial Forum (JAIF) is saying there is core damage, but is not quoting any number.
TEPCO is silent on core damage

Sud
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01,ý7ý01Lee, Richard

From: Lee, Richard
Sent: Friday, March 25, 2011 7:55 AM
To: Scott, Michael; Gibson, Kathy; Voglewede, John; Santiago, Patricia
Subject: RE: QUESTION FROM JAPAN

Mike:

Charlie Tinkler is our hydrogen expert. So is Allen Notafrensesco. I do not know who did
the slide show.

Richard

From: Scott, Michael
Sent: Friday, March 25, 2011 5:44 AM
To: Gibson, Kathy; Lee, Richard; Voglewede, John; Santiago, Patricia
Subject: QUESTION FROM JAPAN

I seem to remember someone sending out a slide show on hydrogen since I've been in RES. I
can't remember who our expert was, but I need to get a copy of the slide show he or she had
developed on the subject. Can any of you recall?

Thanks

Mike

d&661
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From:
Sent:
To:
Attachments:

PMT09 Hoc
Friday, March 25, 2011 9:48 AM
PMT03 Hoc
RE: Q about shelf-life for KI Tablets - Can you find your document summarizing shelf-
life extension for KI; RE: Emailing: boardfile.htm

1
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From:
Sent:
To:

LIA05 Hoc
Friday, March 25, 2011 7:01 PM
Dan Feighert; Andrew Seward; Harry Sherwood; John Simpson; Michelle Ralston;

Steve Horwitz; Tim Greten; Vanessa E. Quinn
NRC Status Update 1800 25 march 2011
NRC Status Update3.25.11--1800.pdf

Subject:
Attachments:

Please find the attached.

Ken Wierman Nightshift 1500-2300
FEMA REP Liaison
NRC Operations Center
(301) 816-5187

******DN R O[TSIDE OF. T Dy******
DO NOT RELEASE OUTSIDE OF THE FEDERAL FAMILY

I
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Bensi. Michelle

From:
Sent:
To:
Subject:
Attachments:

Bensi, Michelle
Friday, March 25, 2011 5:49 PM
Kammerer, Annie
SONGS Q&A attached
SONGS QAs_3-25-1 1_MBedit.docx

See attached file.
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What does the Japanese Earthquake Mean to San Onofre?

1) Could an earthquake and tsunami the size of the one in Japan happen at San Onofre?

The March 2011 Tohoku earthquake occurred on a subduction zone, which is the type of tectonic region
that produces earthquakes of the largest magnitude. A subduction zone is a tectonic plate boundary
where one tectonic plate is pushed under another plate. Severe tsunamis like the one experienced in
Japan are only produced by earthquakes occurring at this type of Plate boundary. The only subduction
zone affecting the continental US is the Cascadia subduction zone, which lies off the coasts of Oregon,
Washington, and the northernmost portion of California. Consequently, an earthquake and tsunami as
large as the one experienced in Japan could only happen in that coastal region of the continental US.

No. This ^emhquak . ccur..d on a ""ubductin zon.e", whieh is the type cf tec46.ki rcgin that produces

7- 7. .

Int [MB1]: Edited to match DCNPP
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,f .... cc ...... i s... in japan. In the c...inco. U .. S, the on.ly subdc.tie z..n. is the Cocodi.

cubductin zonc ieh ic ff the cooc-tAof for nA-thFrn Califrn~io, Oregen an~d Washin&ton.. SC, a
conItnental earthquake and tsunami as lorge as in Japan could enly happen there.

Earthquakes occurring outside of the Cascadia subduction zone are not expected to exceed a magnitude
of approximately 8.25. [Earthquakes of this magnitude would only occur on arest fault lines; such

athe San Andreas fault, which is 50 mies away from San Onofre. ... t..d. .fthc Caodl. qbduc.ton.
i

Commt
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o..ur en the largcct foult lic, sueh as the Son AndFdro fault, which is SO m.ile away Cnsh.rC.
Furthermore, the San Andreas is an onshore fault and thus not capable of producing a tsunami.

2) What magnitude earthquake are currently operating US nuclear plants such as SONGS
San Onofre designed to?

Structures, systems and components respond to the specific ground motion experienced during an
earthquake. Ground motion intensity is a function of the magnitude of an earthquake, the distance
from the fault to the site, and other geologic characteristics. Nuclear plants, and in fact all engineered
structures, are designed based on ground motions, not earthquake magnitudes. Each nuclear power
plant in the United States is designed for a ground motion intensity that is determined on a site-specific
basis.

Each rcocter as designed for a dieffcnt ground moetion that is detcrmnined on a site spccific basis.
Gr9und motion ir -a function of bcth the moagnituide Cf on corthguake -Rnd the dictoncc-. fromn the fault to
the site; and i cground motion that coucoc damage. So, Nlucicor Plo~tc, and in fact oia" inc~
.t.U.tur., or. o.tuolly des.g.. d based en ground m.tie. levels, •ot ea thquake magitudoc. The
existing nuclear plants were designed using a "deterministic" or "scenario earthquake" approach that
accounted for the largest earthquakes expected in the area around the plant. The e;'iting ,uclcor
plants we~e designcd based on a ffdeterminictic" or "ccenaonC corthquckc" bas's that arreuRted for tho
lorgect . . .thuo• .. .expected in the area ... und tc plont. The scenario earthquake at-SONG-San
Onofre is a magnitude 7 approximately 5 miles from the main plant. Th4s-The scenario earthquake
results in a ground motion that has a peak ground acceleration of 0.67g. that is 67% of the acceleration
of gravity.



3) Could San Onofre withstand an earthquake of the magnitude of the Japanese earthquake?

#-San Onofree ce&4d-is designed to withstand the ground shaking experienced by the Japanese nuclear
plants. As discussed above, it is the ground motions, not the magnitude, that structures, systems, and
components "feel" (note: the strength of ground motion is a function of the earthquake magnitude and I,
other factors).,, die:u•ed abo•..i•t z actual;" grcund motiOnS that 5tructuroe, systemS, •,d
. .mp.e.n.t "fee!". At this time. We-we do not have direct recordings of ground motion at the Japanese 7
reactors. However, we do have estimates of shaking that oee from a ShakeMap produced by the K-
NET system. The ground motion at the Japanese nuclear reactors is believed to be somewhat on the I
order of the 0.67g, or possibly slightly higher, Thus the ground shaking is similar to or slightly higher
than •%t-the peak ground acceleration to which San Onofre peak gro'und afzezlratien has been
analyzed4e. However, US nuclear plants have add4itenal seismic margin beyond the design basis ground .. . .
motion as demonstrated by the results of the Individual Plant Examination of External Events program i
carried out by the NRC in the mid-90s.

It should be noted that, the Fukushima plant itself withstood the ground shaking resulting from the
Tohoku earthquake. !Preliminary information suggests that important safety systems performed their,
req-uired function in the period between the occurrence of the earthquake and the impact of the'
tsunami. It appears that the emergency diesel generators successfully started once offsite power was
0ost following the earthquake. Therefore, the tsunami appears to have played a key role in the loss of
power sources at the site (including the diesel generators), ultimately resulting in a condition known a- s
station blackout. The station blackout has been a critical factor in the ongoing Problems ___.Comment [MB2]: This wordingCsoken from

plant alse withsted the ewrhcuakeo In the hour or Se aft the earthquake the Pukushima plant safet-.• l tha rding used in the public FAQ (thatAnnie has
+..,.,.. ~ ,..-,i ~A A ~ h Iaiready~approved, at least preliminarilyl. I have

The eause ef the Pebkms at the plant stemmed fr the less of forergeedy phewr that appmafo tt be
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4) Is possible to have a tsunami at San Onofre that is capable of damaging the plant?

The plant grade of San Onofre Units 2 and 3 plant gFade is elevation +30.0 feet MLLW. San Onofre has a
reinforced concrete cantilevered retaining seawall and screen well perimeter wall designed to withstand
the design basis earthquake, followed by the maximum predicted tsunami with coincident storm wave
action. The controlling tsunami for San Onofre, occurring during simultaneous high tide and storm surge,
produces a maximum runup to elevation +15.6 feet MLLW at the Unit 2 and 3 seawall. When storm
waves are superimposed, the predicted maximum runup is to elevation +27 MLLW. Tsunami protection
for the -SOG-SSan Onofre site is provided by a reinforced concrete seawall constructed to elevation
+30.0 MLLW. A tsunami larger than this is extremely unlikely.

S) Has the earthquake hazard at San Onofre been reviewed like Diablo Canyon nuclear
power plant is doing? Are they planning on doing an update before relicensing?

Relicensing does not evaluate seismic hazard or other siting issues. Seismic safety is part of NRC's
ongoing licensing activities. If an immediate safety concern immeFg-ed the issue weuld-beis
addressed as pa.r of PIRG's reopenceby the NRC regardless of relicensing status.

-The closest active fault to the plant is approximately five miles offshore from San Onofre, where a
system of folds and faults exists called the offshore zone of deformation (OZD). The OZD includes the
Newport-inglewood-Rose Canyon fault system. The Cristianitos fault is YA mile southeast of San Onofre
but is an inactive fault. Other faults such as the San Andreas and San Jacinto, which can generate a

(copied it herefor consistency.



Earge_ magnitucde earthquake_, are sufficiently farr eneug-away that they would produce ground ......
motions at San Onofre that are much less severe than earthquakes in the OZD fer S.'OneG'fre.

Notwithstanding the above, the NRC is considering extending the Generic Issue 199 program to all
operating reactors. (Generic Issue 199 currently focuses on plants in the central and eastern United
States.) This extension would require a reassessment of hazard for San Onofre using the latest
probabilistic seismic hazard assessment approaches. Based on a preliminary assessment using the
source model developed by the USGS for the national seismic hazard maps, the annual probability of
occurrence of a 0.67g ground motion at the San Onofre site is only slightly higher than is-t-ha-the annual
probability of occurrence that is Kiorneqd for new nuclear plants.

- Comment [MB3]: Larger than what?

-. C[ Comment [MB4]: Recommended, o'r required?,

6) How do we know that the emergency diesel generators in San Onofre will not fail to
operate like in Japan?

Emergency Diesel Generators (EDGs) are installed in a seismically qualified structure and are seismic
Category I equipment. E.o.n if them: DG• did fail, plant: .an safely shutdewn using station bla•ukt
P.we. .SOUr:: la.. in 1 .Cr 5.6. .In addition; in the 1980s, the NRC instituted a rule that requires nuclea•
bower plants to further assure that a loss of both offsite and onsite emergency AC power systems (a-

condition known as a station blackout) would not adversely affect public health and safety. As a resu-1tof
this rule all plants have (1) established station blackout coping and recovery procedures: (2)completed
training for these procedures; (3) implemented modificationsas necessa •ry to cope with a stationi.
blackout; and (4) ensured a 4-16 hour coping caplbiliy. Subsequently, studies conducted by the NRC
'have shown that thehardware and procedures that have beenimplemented to meet the station
blackout requirements have resulted in a significant riskr eduction and have further enhanced defe-nse]

I,

in-aept, :.. i , :'R'.A t rRP :u c:. ",R • thalt:o: regu-lator rFqurmcens wero justi;eTi :n oracr to

byt~'•C •Ir ;•--÷k ... IAk,. • • '£4:.'-I . ...;.• ......I. I.. .... ..... 0 ae rrl.n pe.eF system m ý- idado':rsoly affoct publiE hcalth aR~d safety' and the statian blad(kAut rubeAfl w-@A: PAo. Stuk::adueted
by the NRC :iORc thi.; rule ha cr. ineF offect rpnfirm: that tho hard;war: and pro3Eeduro that haye bcen
implemented te meet the statien blaekeut roguirornort: have' roculted in Signlifi~arnt Fisk roductien and
have' furthor ,nh-aneed defenm: in depth. However, we-NRC plans to carefully evaluate the lessons
learned from the events in Japan to determine if enhancements to the station blackout rule are
warranted.

7.) Was there any damage to San Onofre from either the earthquake or the resulting

tsunami?

There was no damage at the San Onofre nuclear plant from either the earthquake or tsunami.

8) What about emergency planning for San Onofre. Does it consider tsunami?

FE-MA--reviews off-site evacuation plans every 2 years during a biennial emergency preparedness
exercise. During the same exercise, NRC evaluates on-site evacuation plans. Population studies are
done every 10 years, and evacuation time estimates are re-evaluated at that time. FEMA reviews these
evacuation plans, and will only accept the plans if there is "reasonable assurance" that the off-site
facilities and infrastructure are capable of protecting public health and safety in the event of an
emergency at FA ^ ... 4 ...o5 A4... •salla -tion plan:s f..r..ally •..; 2 y••.. during a biennial
.mer....y pr.par.dnes .exei ,or.. NRC evaluates on site evaeuatien plans during tho same er.
PapulatiGn -tUdi": @rF formally deR: .... ; 10 yea.., and . av....ti.n time: etimates .. rFe evaluated at
that time. FEMA r....w: these ov.a teatitn plan:, and will nfrtlUd- theire aeeptabiliy thrugh a findin. g
ef "reamenable a:urFane:e" that the aff 51te -;;Rii: ad 1nFra~truffture is eapable Of proteeting publi:
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health nd safety i the e.vent cf ... R..g..y at San Onofre. The next such exercise is planned for

April 12, 2011.

-The San Onofre emergency plan initiates the emergency response organization and results in
declaration of emergency conditions via their Emergency Action Levels. The facility would then-make
protective action recommendations to the Governor, who would then decide on what protective actions

would be ordered for the residents around San Onofre. The consideration of tsunami would be

contained in the -at-state and local (-i9yi e ounty) emergency plans, which are reviewed by
FEMA.
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22) Could an accident sequence like the one at Japan's Fukushima Daiichi nuclear plants happen

in the U S? ............................................................................................................................................ 65
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1) Can an earthquake and tsunami as large as happened in Japan also happen here?

This Tohoku earthquake occurred on a "subduction zone", which is the type of tectonic region that
produces earthquakes of the largest magnitude. A subduction zone is a tectonic plate boundary where
one tectonic plate is pushed under another plate. Severe tsunamis like the one experienced in Japan are
only produced by earthauakes occurring at this tvye of plate boundary. SubduLtien zene earthquakes
arc als: required tc prod-co the kiRd cf massivc tur-nami cen in Japan. The only subduction zone
affecting the continental US is the Cascadia subduction zone, which lies off the coasts of Oregon,
Washington, and the northernmost portion of California. Consequently, a continental earthquake and
tcin~mi 2c bran ~c i+,n Ann nvnnrinnrnrl in i,~ntn rn,,!,

1
nnhu h~nnnn in tkz,* rn~ct~l raGlAn la±ha

... tin.ntal WS, the .nly .ubdu.ti.n zen. is the Cas.adia subdu.tie. zer. whk..h lies 94f the z t.. f

Japan could enly happen there. The only nuclear plant near the Cascadia subduction zone is the
Columbia Generating Station. This plant is located a large distance from both the coast (approximately
225 miles) and the subduction zone (approximately 300 miles). Because of the distance between the

plant and the Cascadia subduction zone, the strength of ground motion expected at the plant is far
lower than the ground motion experienced at the Fukushima plants. The large distance between
the Columbia Generating Station and the coast also precludes the possibility of a tsunami affecting
the pant.),Sk^ se .. th FUdceteR eiiae ttepat aFe•' ..... law•r tha ...... ;.R at he

Fuku.hima plants. This di.tan.. a,50 prcelud.^ the pe ,,ibility ef a t...ami aff^tin;g the plant. Outside
of the Cascadia subduction zone, earthquakes are not expected to exceed a magnitude of approximately
8. which is significantly smaller than the magnitude of the Tohoku earthquake. Magnitude is
measured on a log scale and so a magnitude 9 earthquake produces about ten times stronger shaking
and releases about 31 times more energy than a magnitude 8 earthquake.

2) Did the Japanese underestimate the size of the maximum credible earthquake and

tsunami-that could affect the plants?

ýThe mgiueof the earhukwa somewhat geater than was expected for #h-he part of the
•AHbdvr, he pan Tou,-ar - - -- Fo•nnattBd: Highlight

platswer rcenlyressese usnggrondmoionlelsimlar to those that are believed to have
occurred at the sie uigtg44MJThk eatck. The ground motionsagainst which the --- Formatted: Highlight

Japnes nulea plntswer FeWWWrgq ýsed ere expected to result fom earthquakes that were
ýfsale mgitd uttatwremc coert testes 4 NIKCdoes nRt 6WFrctly, ha.:_____________

iorrffltieR n the F~a~Jrnyrtgswnorn hegt tht iwas exqiected at thc sitp:. L -- ~n -- I) Ade eatquk naen
- o

3) How high was the tsunami at the Fukushima nuclear plants? Was it higher than was
expected?

hetsunami modeling team a the National Oceanic and Atmospheric Administratio'n's Pa~cific Mairine
E nvi~ronmental Lab have esiae h aehih utofhr a h imeterk ibathmei line) obe
approxnimately 8 meters in height at Fu.kushima Dalichi and approximnately 7 meters in Fikush~ima Dah',l.

Thi esimae s bsedonrecrdigsfromw'NOAA's2 Deep-ocean Assess~ment and Reportin g of Tsun~amis
(DART)flbuoys and a hig rsolutonnumerical modeldeveloped fort the tsunami warning system. 4

als indicates that the desilfnbasis tsunami height was 5.7 meter and Ithatb th emrec die
generators were located 10-13 meters above sea levels. This daita wais provided byvTEP( Q and has not
been confirmed by the NRQI - --------------- - Cogn..3M BZ Aded mosenit

i ~~ ~ .. ... aoo fif ..... .d IY Annie)' . .. di,
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4) Was the damage to the Japanese nuclear plants mostly from the earthquake or the
tsunami?

Comrner* (MR31. Updated to r~
recent Inforrnatim

S) Have any lessons for US nuclear plants been identified?

The NRC is in the process of following and reviewing the events in real time. This will undoubtedly lead
to the identification of issues that warrant further study. However, a complete understanding of lessons
learned will require more information than is currently available to NRC staff.

6) Was there any damage to US reactors from either the earthquake or the resulting

tsunami?

No.

7) How many US reactors are located in active earthquake zones?

Although we often think of the US as having "active" and "non-active" earthquake zones, earthquakes
can actually happen almost anywhere. Seismologists typically separate the US into low, moderate, and
high seismicity zones. The NRC requires that every nuclear plant be designed for site-specific ground
motions that are appropriate for thei-i:ts locations. In addition, the NRC has specified a minimum
ground motion level to which nuclear plants must be designed.

8) What level of earthquake hazard are the US reactors designed for?

Each reactor is designed for a difefem-ground motion level that is determined on a site-specific basis.
The existing nuclear plants were designed oq-usin2 a "deterministic" or "scenario earthquake" basis
aproach that accounted for the largest earthquakes expected in the area around the plant, without
consideration of the likelihood of the earthquakes consideredoccurring. New reactors are designed
using probabilistic techniques that characterize both the ground motion levels and associated
uncertainty ýn the definition of the seiic hazard at the proposed site. These probabilistic techniques
account for the ground motions that may result from all potential seismic sources in the region around
the site. Technically speaking, this-is new nuclear plants are designed for the ground motion with an
annual frequency of occurrence of lx10-4/year•-4t-4This can be thought of as the ground motion that
occurs every 10,000 years, on average. One important aspect is4ha associated with the use of
probabilistic seismic hazard and other and risk-assessment techniques is that they account for beyond-
design basis events. NRC's Generic Issue 199 (GI-199) project is using the laest-state-of-the-art
probabilistic techniques usd fer nw.- Anulcr p.-t• to review the seismic safety of the existing plants.
[see questions 16 to 21 for more information about GI-199]

Printed 4/26/2011 9:16 AM3/2ý2014 7401 Draft - Page 2

'uncertint tte tE% tprosesi. Itmde mea
*ucrtit inwa? re t d oewrs



Draft- -

9) What magnitude earthquake are currently operating US nuclear plants designed to?

Ground motion is a function of both the magnitude of an earthquake,-and the distance from the fault to
the site, and other geologic characteristics. Nuclear plants, and in fact all engineered structures, are
actually designed based on ground motion levels, not earthquake magnitudes. The existing nuclear
plants were designed based..eusinj a "deterministic" or "scenario earthquake" bai-aporoach that
accounted for the largest earthquakes expected in the area around the plant. A margin is further added
to the predicted ground motions to provide added robustness.

10) Have events in Japan changed our perception of earthquake risk to the nuclear plants in

the US?

The NRC continues to determine that US nuclear plants are safe. T-hii-The events transpiring in Japan
following the Tohoku earthquake does not change the NRC's perception of earthquake hazard (i.e.,
ground motion levels) at US nuclear plants. It is too early to tell what the lessons will be learned from
this earthquake-are. The NRC will look closely at all aspects of the response of the Fukushima plants to
the earthquake and tsunami to determine if any actions need to be taken in US nuclear plants and if any
changes are necessary to NRC regulations.

11) Can significant damage to a nuclear plant like we see in Japan happen in the US due to an
earthquake? Are the Japanese nuclear plants similar to US nuclear plants?

All US nuclear plants are built to withstand environmental hazards, including earthquakes and tsunamis.
•_even t4ese-nuclear plants that are located within areas with low and moderate seismic activity are
designed for safety in the event of such a-natural d" ,.

An 4s-RaW Leetst n addition to the design of the plants, significant effort gees ift4es devoted to
emergency response planning and severe accident management. This approach is called defense-in-

depth.

The Japanese facilities at Fukushima are similar in design to some US facilities. However, the NRC has
required modifications to ie-US plants-since they were designed and built. Examoles of these
modification 4wakiding-include design changes to control hydrogen and pressure in the containment.
The NRC ha-also ýequiredjeguires plants to have additional equipment and measures in place to
mitigate damage stemming from large fires and explosions r from a beyond-design-basis event.
The measures include providing core and spent fuel pool cooling and an additional means to power
other equipment on site.

C omment[BS]: seenas ruemtnt to rzt
I

Comet bIP86.Ntpataneif

12) What is the likelihood of the design basis or "SSE" ground motions being exceeded over
the life of a nuclear plant?

Iýhe grondmotiosta are used as seismicdesign bases at US nuclear plants are called the Safe
Pintd n It-is imortantto remember-that structures, systems9
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and comoonents are reauired to have "adequate margin." meaning that they must continue be able
withstand shaking levels that are above the plant's design basis.

In the mid to late 1990s, the NRC staff reviewed the potential for ground motions beyond the design
basis as part of the Individual Plant Examination of External Events (IPEEE). From this review, the staff
determined that seismic designs of operating nuclear plants in the US have adequate safety margins for
withstanding earthquakes. Currently, the NRC is in the process of conducting GI-199 to again assess the
resistance' of US nuclear plants to earthquakes. a

pro abiit o f. grou d.moion.exc.dig.th.SS..ve.thelif of theplat,...... ......... h Ce tra

.... Eate ........ i e$ hnaot %BsdeRNC5anl~st dttep~bbl

13) Which reactors are along coastal areas that could be affected by a tsunami?

Many nuclear plants are located in coastal areas that could potentially be affected by a tsunami. Two
nuclear plants, Diablo Canyon and San Onofre, are on the Pacific Coast, which is known to have a
tsunami hazard. Two nuclear plants on the Gulf Coast, South Texas and Crystal River, could also be
affected by tsunami. There are many nuclear plants on the Atlantic Coast or on rivers that may be
affected by a tidal bore resulting from a tsunami. These include St. Lucie, Turkey Point, Brunswick,
Oyster Creek, Millstone, Pilgrim, Seabrook, Calvert Cliffs, Salem/Hope Creek, and Surry. Tsunami on the
Gulf and Atlantic Coasts occur, but are very rare. nerthoding anticipated from hurricane
stor ureexeeds the floigexetdfo 1atsnaifor nucear plants on the Atlantic and Gulf
Coas _Regardless,Ii

14) What is magnitude anyway? What is the Richter Scale? What is intensity?

An earthquake's magnitude is a measure of the strength of the earthquake as determined from
seismographic observations. Magnitude is essentially an objective, quantitative measure of the size of
an earthquake. The magnitude can be expressed in various ways based on seismographic records (e.g.,
Richter Local Magnitude, Surface Wave Magnitude, Body Wave Magnitude, and Moment Magnitude).
Currently, the most commonly used magnitude measurement is the Moment Magnitude, Mw, which is
based on the strength of the rock that ruptured, the area of the fault that ruptured, and the average
amount of slip. Moment magnitude is, therefore, a direct measure of the energy released during an
earthquake. Because of the logarithmic basis of the scale, each whole number increase in magnitude
represents a tenfold increase in measured amplitude.-Aas an estimate of energy, each whole number
step in the magnitude scale corresponds to the release of about 31 times more energy than the amount
associated with the preceding whole number value.

The Richter magnitude scale was developed in 1935 by Charles F. Richter of the California Institute of
Technology and was based on the behavior of a specific seismograph that was manufactured at that
time. The instruments are no longer in use and the magnitude scale is, therefore, no longer used in the
technical community. However, the Richter Scale is a term that is so commonly used by the public that
scientists generally just answer questions about "Richter" magnitude by substituting moment magnitude
without correcting the misunderstanding. Like moment magnitude, the Richter Scale is a
lkwa4thmlogarithmic scale. Each whole number increase corresponds to a tenfold increase in measured
amplitude and about 31 times more energy.
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The intensity of an earthquake is a qualitative assessment of the effects of the earthquake at a particular
location. The intensity assigned is based on observed effects on humans, on human-built structures,
and on the earth's surface at a particular location. The most commonly used scale in the US is the
Modified Mercalli Intensity (MMI) scale, which has values ranging from I to XII in the order of severity.
MMI of I indicates an earthquake that was not felt except by a very few, whereas MMI of XII indicates
total damage of all works of construction, either partially or completely. While an earthquake has only
one magnitude, intensity depends on the effects at each particular location.

15) How do magnitude and ground motion relate to each other?

The ground motion experienced at a particular location is a function of the magnitude of the
earthquake, the distance from the fault to the location of interest, and other elements such as the
geologic materials through which the waves pass.

16) What is Generic Issue 199 about?

GI-199 investigates the safety and risk implications of updated earthquake-related data and models on
existing nuclear plants. For some nuclear plants in the Central and Eastern United States. The-these
updated data and models suggest that the probability *&e-that earthquake ground motion abeve-will
exceed the seismic design basis fFr szme .'•zlear plantS in the Central and Easter. Unrited Stat,
a4theu4h-iwhile still low, is larger than previously, estimatesstimated.

17) Does GI-199 provide rankings of US nuclear plants in terms of safety?

The NRC does not rank nuclear plants by seismic risk. The objective of the GI-199 Safety/Risk
Assessment was to pefo ae.s.. . . .....tiyc, ..... ning level zrsc.r..nt to evaluate i4-whether further
investigations of seismic safety for operating reactors in the central and eastern US (CEUS) are
warranted, consistent with NRC directives. The results of the GI-199 safety risk assessment should not
be interpreted as definitive estimates of plant-specific seismic risk because some analyses were ve-y
conservative making the calculated risk higher than in reality. The nature of the information used in the
analyses. (beth . .is ..i. haiad d•. t• . R.d p"mt le•lc fr4agility ir•f9rmltizn) make these estimates useful
only as a screening tool.

18) What are the current findings of GI-199?

Currently operating nuclear plants in the US remain safe, with no need for immediate action. This
determination is based on NRC staff reviews of updated seismic hazard information and the conclusions
of the first stage of GI-199. Existing nuclear plants were designed, with considerable margin, to be able
to withstand the ground motions from the "deterministic" or "scenario earthquake" that accounted for
the largest earthquakes expected in the area around the plant. The results of the GI-199 assessment
demonstrate that the probability of exceeding the design basis ground motion may have increased at
some sites, but only by a relatively small amount. In addition, the probabilities of seismic core damage
are lower than the guidelines for taking immediate action. Although there is not an immediate safety
concern, the NRC is focused on assuring safety during even very rare and extreme events. Therefore,
the NRC has determined that assessment of updated seismic hazards and plant performance should
continue.

19) What do you mean by "increased estimates of seismic hazards" at nuclear plant sites?

Seismic hazard (earthquake hazard) represents the chance (or probability) that a specific level of ground
motion could be observed or exceeded at a given location. Our estimates of seismic hazard at some

Central and Eastern United States locations, have changed based on resu rom recent research,
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indicating that earthquakes occurred more often in some locations than previously estimated. Our
estimates of seismic hazard have also changed because the models used to predict the level of ground
motion, a eauscd by a .pc.•fi .magnitude earthquake at a c÷ • Rt di•zt*•+ fr. m a site, changed have
improved. The increased estimates of seismic hazard at some locations in the Central and Eastern
United States were discussed in a memorandum to the Commission, dated July 26, 2006. (The
memorandum is available in the NRC Agencywide Documents Access and Management System [ADAMS]
under Accession No. ML052360044).

20) Does the Seismic Core Damage Frequgncyrepresent a measurement of the risk of
radiationreleaseor only the risk of core damage (not accounting for additional . - Formatted: No underline

containment)?

Seismic core damage frequency is the probability of damage to the core resulting from a seismic
initiating event. It does not imply either a meltdown or the loss of containment, which weukl-bise
Feq*F-ed-necessar for radiological release to occur. The likelihood of radiation release is far lower than
the core damage frequency.

21) Where can I get current information about Generic Issue 199?

The public NRC Generic Issues Program (GIP) website (http://www.nrc.gov/about-nrc/regulatory/Ren-
issues.html) contains program information and documents, background and historical information,
generic issue status information, and links to related programs. The latest Generic Issue Management
Control System quarterly report, which has regularly updated GI-199 information, is publicly available at
http://www.nrc.ov/readiny-rm/d"oc-collections/generic-issues/`uarterlvy/ndex.htmi. Additionally, the
US Geological Survey provides data and results that are publicly available at
http://earthquake.usgs.Rov/hazards/products/conterminous/2008/.

22) Could an accident sequence like the one at Japan's Fukushima Daiichi nuclear plants
happen in the US?

It is difficult to answer this question until we have a better understanding of the precise problems and
conditions that faced the operators at Fukushima Daiichi. We do know, however, that Fukushima Daiichi
Units 1-3 lost all offsite power and emergency diesel generators. This situation is called "station
blackout." I us .-.::'.s:: . . . d ...... . n to-s:p@ . . .. i . .-- d- -t1'4:... ... t'....:

. @ -i ............... -'*.. ....... ,. - The Nuclear ReguIatory Commission's detailed
regulations address this scenario. US nuclear eewer-olants are designed to cope with a station blackout
event that involves a loss of offsite nower and onsite emergency power, In addition to design features,
US nuclear plants are required to conduct a "coping" assessment, perform modifications if necessary,
and develop a strategy to demonstrate to the NRC that they ýe a*rjnaintain the plant in a safe _- counw pm fJ-o c n't
condition during a station blackout scenario. These assessments, proposed modifications to the plant,

and operating procedures were reviewed and approved by the NRC. Several plants added additional AC
power sources to comply with this regulation. Additional information about the NRC's station blackout
rule is contained in question #11.

In addition, US nuzlear plant deigns and eperating pr ctizee sinc i response to the terrorist events of
September 11, 2001, the NRC issued an Interim Compensatory Measures (ICM) Order aee
desigReerequiring licensees to take certain actions to mitigate severe accident scenarios such as aircraft
impact,-wA*i-h These scenarios include the complete loss of offsite power and all on-site emergency
power sources.
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23) Are the spent fuel pools designed to resist earthquake shaking?

Spent fuel pools are constructed of reinforced concrete, several feet thick, with a stainless steel liner to
prevent leakage and maintain water quality. Due to their configuration, spent fuel pools are inherently
structurally-rugged and are designed to the same seismic requirements and ground motion levels as the
nuclear plant.

..... - Formatted: Highlight

Formatted: Headig 3
• - j

24li flopc thN~rhqpnrQ-: hnnT1Am at.Azdmcinptni nirt pmirnt~innmv .- F

Insert answer here.

There are three barriers to prevent the release of radiation into the environment. The first barrier is a
tube around the reactor fuel rod known as cladding. The second next barrier to release is the reactor
vessel and associated pumps and piping. This is a closed loop system that prevents radioactive material
from being released from the core, The third barrier is the containment structure. This is a steel-lined
concrete structure. The containment struc-ture prevents the release of radioactive material into the

Lrur"amoruu reaaw)ng-1 J

environment in the event of an accident.

I Formatted: Cented I
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From:
Subject:
Date:
Attachments:

LIA07 Hoc
1800 EDT (March 25, 2011) USNRC Earthquake/Tsunami Status Update

Friday, March 25, 2011 6:50:39 PM

USNRC Earthouake-Tsunami Undate 032511 1800EDT.odf

k0 C_
Attached, please find an 1800 EDT (March 25, 2011) status update from the US Nuclear Regulatory

Commission's Emergency Operations Center regarding the impacts of the earthquake/tsunami.

Please note that this information is "Official Use Only" and is only being shared within

the federal family.

Please call the Headquarters Operations Officer at 301-816-5100 with questions.

-Sara

Sara K. Mroz

Communications and Outreach

Office of Nuclear Security and Incident Response

US Nuclear Regulatory Commission

Sara.Mroz(@nrc.gov

LIA07.HOC(@nrc.gov (Operations Center)

46-666 17 ýý



From: PMT03 Hoc

Sent: Saturday, March 26, 2011 12:58 AM

To: Hinson, Charles

Subject: PMT Dose Assessor

Charlie,

We have you scheduled to work with Tony Huffert, Saturday, 3/26, from 7am-3pm. There is a slot still unfilled on

Sunday, 3/27, where Tony is still scheduled by himself. I'll speak with you when you arrive this morning to see if you

could work that shift also.

Thanks.

Lou

1

4-15ý1 17,5



From: PMT03 Hoc

Sent: Saturday, March 26, 2011 1:23 AM

To: Costa, Arlon; Chowdhury, Prosanta

Cc: OST02 HOC; OST01 HOC

Subject: PMT Coordinator

Arlon, Prosanta,

We're almost complete on the PMT Coordinator roster for next week, but there are two slots needing filled next

Saturday, April 2 "d, if you're available. The slots are 7am-3pm and 3pm-llpm (and actually 11pm-7am Sunday which I
will take if it remains unfilled). If each of you can fill one of these slots, that would be great. Please respond by copying
OST01 and OST02, to be placed on the roster.

Hope to see you then.

Thanks.

Lou

I



Lee, Richard .

" /!' •.

From:
Sent:
To:
Subject:
Attachments:

Another one,

Lee, Richard
- Friday, March 25, 2011 3:48 PM

'powess@crossnet.org'"
FW: Garwin comments of Science Group call of 03/24. To Binkley list of 03/24.
ATT00001..gif

From: Sheron, Brian
Sent: Friday, March 25, 2011 12:44 PM
To: Lee, Richard
Subject: FW: Garwin comments of Science Group call of 03/24. To Binkley list of 03/24.

From: Richard L Garwin [mailto:rlg2@us.ibm.com]
Sent: Friday, March 25, 2011 11:32 AM
To: Binkley, Steve
Cc: Brinkman, Bill; Hurlbut, Brandon; Sheron, Brian; Poneman, Daniel; 'harold.mcfarlane@inl.gov'; Adams, Ian;
'jholdren@ostp.eop.gov'; Kelly, John E (NE); 'john.grossenbacher@inl.gov'; Owens, Missy; 'peterson@nuc.berkeley.edu';
Lyons, Peter; 'phillip.finck@inl.gov'; 'rgarwin@ostp.eop.gov'; 'R]Budnitz@lbl.gov'; 'ronaldo.szilard@inl.gov'; SCHU; Aoki,
Steven; Koonin, Steven; 'StevenA._Fetter@ostp.eop.gov'; DAgostino, Thomas
Subject: Garwin comments of Science Group call of 03/24. To Binkley list of 03/24.

Some observations by Dick Garwin:

1. GET DATA ON VENTING AS IT HAPPENS. I believe it was John Kelly who said that if one watched Japanese TV one
could hear a statement from TEPCO that they were about to vent, and there would be a TV image of the accompanying
"white smoke" (steam). It would be very valuable to us all to have this information in the next report rather than "3 days
later." There must be millions of Japanese people at home, glued to their TV, a few of whom could be asked/paid to send
an email or IM or twitter recounting the venting statement. That way we would have redundant, timely reporting that could
be provided in a section of the 12-hr SITREP or elsewhere.

2. DETAILS OF HARDENED VENT PIPE. We have heard of the "hardened vent pipe" to the plant stack. Could we have
details of that, please, sa well a of any filters in the stack? Bob Budnitz and I were two of the authors of the 1975 Report
to the Amerian Physical Society of the study group on light-water-reactor safety,"[
http://rmp.aps orq/pdf/RMP/v47/iS1/RS1 1] as was Frank von Hippel, who just published an OpEd in the New York Times
[ http://www.nytimes.com/2011/03/24/opinion/24Von-Hippel.html ]. On page SI 10 of the Report we find,

I /77



The von Hippel OpEd states, "Even before Three Mile Island, a group of nuclear engineers had proposed that
filtered vents be attached to buildings around reactors, which are intended to contain the gases released from
overheated fuel. If the pressure inside these containment buildings increased dangerously - as has happened
repeatedly at Fukushima - the vents would release these gases after the filters greatly reduced their
radioactivity. France and Germany installed such filters in their plants, but the Nuclear Regulatory Commission
declined to require them. Given the influence of America's example, had the commission demanded the
addition of filtered vents, they would likely have been required worldwide, including in Japan." Perhaps
TEPCO has installed such filters. Does any of the Science Group know? Can we provide some expedient
filters that will handle the temperature and heat load?

3. MOVING FLUIDS BY PUMPING OR VALVING AIR. We mentioned moving fluids by periodically
pressurizing containments or other vessels. This requires pipe access to the fluid to be moved. A generic pump
of this kind would be a tank with an inlet valve and an outlet valve, with air space above the fluid. Closing the
outlet valve, opening the inlet valve and venting the air (through a filter) would allow the pump volume to be
largely filled with fluid. Closing the inlet, opening the outlet and pumping air into the head space would expel
the fluid. If the fluid evolves hydrogen, then nitrogen should be used for pressurizing.

4. PREPARING FOR MASSIVE REPLUMBING. In the control of the Macondo well at 5000-ft water depth,
remotely operatec vehicles (ROV) were essential. But so were the ingenious and powerful hydraulically
powered wrenches, not much bigger than the massive bolts and nuts they were to unscrew or reinsert. Our labs,
industry, and counterparts on the Japanese side should amass and test this capability, together with waterjet
cutters and other tools suitable for remote operation. It might even be desirable to bore holes through concrete
containment under modest internal pressure, without leaking much of the contents.

I believe that that sort of operation is routine in the oil industry-- with structures under much higher pressure.
Perhaps a US-Japanese technical working group could be created for this task.

5. MITIGATING CORROSION FROM SALT. In addition to the super-important impact of massive salt
accumulation on the ability to cool the reactor, there was early recognition of the corrosive effects of salt. A
note from a retired Canadian engineer experienced in both nuclear power and desalination is attached. Most of
this we know and are acting on, but I was ignorant of the zirconium corrosion hazard. I pass this to those in
contact with our experts, for whatever new it may add.
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Bensi, Michelle /

From:
Sent:
To:
Subject:
Attachments:

Bensi, Michelle .
Friday, March 25, 2011 2:22 PM
Kammerer, Annie
Diablo Q&As
.Diablo Canyon QAsMBedit_3-25.docx

Annie,

I have attached the Diablo Canyon Q&As with edits. You will see that I have replaced big chunks of words in
the Diablo doc with the exact text used in the public FAQs (based on the revisions we made yesterday). I
thought it would be good to have the wording be consistent between the documents.

With regard to the SONGS doc:. Some of the questions are common between the SONGS and Diablo
documents. I will not edit the common questions until I get back your revisions on the Diablo questions (so that
the answers will use the same wording).

I am working on the public FAQs now.

Shelby

I
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1.

What does the Japanese Earthquake Mean to Diablo Canyon?

1) Could an earthquake and tsunami the size of the one in Japan happen at Diablo Canyon?

.Thisarhguake A-occurred on an subduct on;zo-n",which Isthe type of teztonc regien that praducce
hearogceset magnteitudeseadthoquae b o on a tectonic plate b oundary whereee
nelate is pushed unde r cnEther planth pub laetie. ?eoneretsFunames are th5e required texpred in thJ a ind
f affectin teuonai seen in t e Casthcdintetbdl US, the anly cubduetien s ene is the asEadfO '1

Wabduction, zond the~ : noffrthernost portnf farfortiher Caoifnuently, and coninenta S
cuntminntas lrgeasthqke ond teuperien:cla, ed a in J apan could only happen thC re!

Ih dTohoku earthijuake occurred on a subduiciion zone, wich~ isphe~vof~tctýonIc region th~ai
Daroduces earthquakes of the largest magnitude. A ubductionzne isa tectonic plate boundary he
one tectonic plate is oushed under another'plate. Sev 1ere Its Iunamis like the one experienced in Japan'
are only produced by earthquakes occurring at this typIe of Plate boundary. The only subduction zone
affecting the continental US is the Cascadia subduction zone, which lies off the coasts of Oregon1

Washington. and the northernmost portion of California. Consequently, a continental earthquake and
'tsunami as large as the one experienced in Japan could only happen in that coastal region, L -

Diablo Canyon Nuclear Power Plant is located outside of the Cascadia subduction zone. QO,#ide-ef-thp
Caseadia subdue#9ien zen, eEarthquakes occurring outside of the Cascadia subduction zone are not
expected to exceed a magnitude of approximately 8. 2 5_. a;d that would er+, lEarthquakes of thi.
magnitude would only occur on the largest fault lines, Such as the San Andreas fault, which is 50 miles . -

away from Diablo Canyon Nuclear Power Plant. Furthermore, the San Andreas is an onshore fault and
thus not capable of producing a tsunami.

2) What magnitude earthquake are currently operating US nuclear plants such as Diablo
Canyon designed to?

c comment [MB1]: Changed wording to be
consistent with the public FAQcdocument.

- Comment [1B2]: Can you make this statement
a little "stronger' by saying the only fault that is
capable of producing such large EQs and that is
located near DCNPP is the San Andreas? If not, then
this answer is incomplete and you would really need
to list other large faults. ".

Structural damage is caused by the igtegsiWstrenpah of qround motion experienced during an .. Formatted: Font: Italic __
earthquake. Ground motion intensity is a function of the magnitude of an earthquake, the distance
from the fault to the site, and other geologic characteristics. Nuclear plants, and in fact all engineered - .

structures, are designed based on ground motion-i nt@siWeYe4. not earthquake magnitudes. Each
-eacE-eF-nuclear power plant in the United States is designed for a rd-e.eground motion intensity that 'Momn'ent[n3]: Thisisn't 'perfectV' accurate
is determined on a site-specific basis. Graund rau tiEn a a .funetiep Of bath the magnitde of an sam e actualan•al numbesmaybe t.. .. .

earthquake and the dictan;e fress the fault te the site; and icgreund metien that eauaeu damage. Sn,

Nuclear plants, and in. fat all engineered Structurec, a.e actu"ally designed based en fGrund m.etien. ' •
leyel:, net earthquake magnitudes,~ 's , <

The existing nuclear plants were designed based-usi_•__ge-a "deterministic" or "scenario earthquake"
basis-approach that accounted for the largest earthquakes expected in the area around the plant. The "
scenario earthquake at Diablo Canyon is a magnitude 7.5 on the Hosgri Fault, which is located 3 miles
from the main plant. This earthquake is expected to results in a ground motion that has a peak ground
acceleration of 0.75g,-#tat-h--75% of the acceleration of gravityl.

3) Could the newly discovered Shoreline Fault produce a larger "Scenar4o-scenar-i
Earthq.ual!eearthquake"?

Diablo Canyon Nuclear Power Plant was designed for a "scenario earthquake" occurring on the Hosgri
Fault. The Shoreline Fault is smaller than the Hosgri Fault, and the maximum magnitude expected on the
Shoreline Fault is smaller than the maximum magnitude expected on the Hosgri Fault. The NRC's
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preliminary analyses indicate that the ground motions from the largest earthquakes expected on the
,'~aIlper-Shoreline Fault de-will not exceed the ground motions expected from an earthauake fre-o__n
the Hosgri Faultg Diablo Canyon for Which the plant has already been analyzed for a large earthquake on
the Hosgri Fault and been found to be safe.

NRC is currently reviewing the Final Report on the Shoreline Faultt4a-t-which was submitted to the NRC
earlier this year. As part of the review, Fthe NRC is performing an independent analysis of potential
ground motions based the data contained in the report and other information. Much of the data on the
Shoreline Fault comes from the USGS in Menlo Park.

4) Could Diablo Canyon withstand an earthquake of the magnitude of the Japanese
earthquake?

#t-Diablo Canyon Nuclear Power Plant c-sul desig nedwithstand the level of round shaking
experienced by the Japanese nuclear plants during the Tohoku earthquake. As discussed above, it is
ac4oA'-the ground motions, not the magnitude, that structures, systems, and components "feel" (note:
the strength of ground shaking is a function of the earthquake magnitude and other factors). At this
time Wwe do not have direct recordings of the ground motion at the Japanese reactors. However, we
do have estimates of shaking that come from a ShakeMap produced by the the K-NET system. Based on
the available information he grou nd motion at t uclear heved
somewhat smaller than the 0.75g peak ground acceleration that Diablo Canyon has been enall e
tdesigned to vithstanrid Dep- Coasequently the NRCberieves thatDablo Cany could withndth
ground shaking txrecc yhe Fu kushima plantJ----------------------------------
in faEtFurthermore, the Fukushima plant also withstood the ground shaking resulting from the Tohoku
earthquake. inmformation suggests that importantsafety systems performed theirprequired
function in theperiod between the occurrence of the earthquake and the impact of the tsunami. It
appears that the emergency diesel generators successfully started once offsite power was lost.
Therefore, the tsunami appears to have played a key role in the loss of power•sources attnhe site
(including the diesel•g•nerators), ultimately resultingin a condition known as station ackout.he
.stationblackout has been a critical factor in the ongoing problems. nI the hur cr OF cfterthecthIqua
the .uku.hima plant'ssa . fty s•t•..m, in.luding thc diesel g.n..atar., p•..FAr.d as expeoetd and
eff ..tive.y shut -d-o+ n the •ra..t.r. The .a.... f the problems at the plant stemmed from the less of
.m..rgen.y power that appears tob the d•i-eot r..ult ,f the .ub•.quont tsunami, which far exieeded
the design basis t'unami far the Fukushima plant.

5) Is Diablo Canyon's equipment vulnerable to tsunami?

SComment[MBE4]l Is this true? Was it designed
for this or was it reviewed for this level? I don't likel

saying 'could withstand" in such a certain way.
Trhere I s alw~ays uncertainty when working with
earthquakes b/c no single GM IM is a full descriptor

of ground shaking (which of course you knowi Q)V9< i-,,I! •!,,~t :i=i ' ']II Iv•1%!>,I•

-" jjy•Q• 1,"!II"1,I?' ":1=< • I"'" II

4 Comment [MB5]: We have received other
i nformation about the GM intenrsity at the plant ,

however the inforiation is in gal, and l"am not

familiar with that syste m. Please see the fu rthe r

t&able m~t in the 'useful tables' secion of thesemi

Comment [MB6]: This wording was taken from
)the wording used in the public FAQ (that Annie has
already approved, at least preliminarily). I have
copied it here for consistency.

Nuclear plants are designed to withstand-2fqyide protection against natural phenomena such as
tsunami _and- earthquakes. biablo Canyon's niri plantis located above the flood level associated with

themaximmexpecteduna The intake structures and Auxiliary Sea Water System at Diablo canyonrl
are designed for combination of tsunami and storm wave activity.

6) How do we know that the emergency diesel generators in Diablo Canyon and SONGS will
not fail to 'operate like in Japan?

Emergency Diesel Generators (EDGs) are installed in a seismically qualified structure(s). In addition, in
-the 1980s. the NRC instituted a rule that required nuidear power plants to further assure thata loss of

both offsite and onsite emergency AC power systems (a condition known as a station blackout)}would
not adversely affect public health and safetyi As a result of this rule all plants have (1Y)established
ýtation blackoutc6oping and recovery procedures: (2)i completed training for these procedtires; (3)

Comment T MB7]; What do you mean by 'main
pant•?Thls is used throughout the document. Do
you mean the reactor and aux bldg?

Comment [148]: Doyoumean to say it is above
'~any tsunami that could affect the plant ever? That's

a pretty certain statement.



i:

implemented modifications as necessary to cope with a'station blackout: and (4) ensured a 4-16 hour
ýoping capability. Subsequently, studies conducted by the NRC have shown that the hardware and
Iprocedures that have been implemented to meet the station blackout requirements have resulted•in-a
significant risk reduction and have further enhanced defense-in-depth.i

Even 4f these EDGs did fail, plant: cn safely shutdown using stctien blbcko'ut pawor source law 10 CFR
50.-3. In 198R the NRC c.nc'-uded that add itircA r1gulatFry r meqwrements were justified in order to
..r.id. f;4•" r a;.r........ that a I t;; of both oct -nd Encite cFrgr.....y ac pewer Syctomc would not
advercoly affcct publie health and safety aRd the statien blaekouit rule was cnarted. Std__ canductcdP
by the NRC isnce this rule has been in effet cEOnfir.m: that the hardware and pratedu-er that have been
Vimplcmontcd tEc mcct the statien blackcut rcgulircmcntc as rcculted OR cigrifloant rický rcduetier and
have fu.,,ther ... ncd defense in depth. H.w.v.r, we plan to carefully evaluate the lessons learned
frcm÷ the events in Japan to determine if nhanc..Rnnt. to the .tatien. bla ,,it rur, .. r.. nt...

7) Was there any damage to Diablo Canyon from either the earthquake or the resulting

tsunami?

A small tsunami did hit the region around Diablo Canyon. There was no damage at the nuclear plant.

8) How do we know the evacuation routes in the region around Diablo Canyon are realistic?

FEMA reviews off-site evacuation plans fe9.FAgelvery 2 years during a biennial emergency
preparedness exercise. During the same exercise, NRC evaluates on-site evacuation plans-duiwng-the
same experise. Population studies are fer-malJydone every 10 years, and evacuation time estimates are
re-evaluated at that time. FEMA reviews these evacuation plans, and will coneludr theoir accptability
through a finding ofonly accept the plans if there is "reasonable assurance" that the off-site facilities and
infrastructure +s-are capable of protecting public health and safety in the event of an emergency at
DCNPP.

- C omment [MB9]: OManges to have consistent
wording 'with the public FAQ
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Lee, Richard

From:
Sent:
To:
Subject:
Attachments:

Lee, Richard
Saturday, March 26, 2011 3:28 PM
Aissa, Mourad; Algama, Don
FW: ANS Technical Brief: MOX Fuel & Fukushima
ANS-Technical-Brief-MOX-Fukushima.pdf

Fyi. I think we concur with ANS position.

----- Original Message -----
From: Gibson, Kathy
Sent: Saturday, March 26, 2011 1:45 PM
To: Lee, Richard; Tinkler, Charles
Subject: Fw: ANS Technical Brief: MOX Fuel & Fukushima

I'm using you guys as the clearinghouses for all the stuff I get so you can draw whatever
conclusions are appropriate based on all the relevant information coming in.

-Original Message -----
From: Hoxie, Chris
To: Gibson, Kathy
Sent: Sat Mar 26 13:26:25 2011
Subject: FW: ANS Technical Brief: MOX Fuel & Fukushima

Do you get these? Anyway, briefly it says the fact that its MOX at Japan is not a big
deal ....

----- Original Message -----
From: ANS Broadcasts rmailto:broadcasts(@ans.org]
Sent: Saturday, March 26, 2011 5:02 AM
To: Hoxie, Chris
Subject: ANS Technical Brief: MOX Fuel & Fukushima

The ANS Special Committee on Nuclear Non-Proliferation has prepared the attached Technical
Brief on The Impact of Mixed Oxide Fuel Use on Accident Consequences at Fukushima Daiichi.

For additional Fukushima resources, visit the "Featured
American Nuclear Society's website:

Content" box on the front page of the

http://www.ans.org/
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From: ET02 Hoc
Sent: Saturday, March 26, 2011 10:13 PM
To: RST01 Hoc; RST12 Hoc; RST09 Hoc
Subject FW: http://www.youtube.com/watch?v=5teJiklZlJU All 4 units are steaming now

From: ET02 Hoc
Sent: Saturday, March 26, 2011 9:56 PM
To: ET02 Hoc
Subject: http://www.youtube.com/watch?v=5teliklZIJU

j!se 6 "31 / ?J
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Bano, Mahmooda

From: Scott, Michael
Sent: Saturday, March 26, 2011 2:15 AM
To: LIA02 Hoc
Cc: LIA03 Hoc; Casto, Chuck; Monninger, John; Dorman, Dan
Subject: RE: ACTION - Decommissioning,/Type Information for Ops Center

I think this is more what they were looking for, rather than the licensing discussion
previously sent. Please advise me when this is fully vetted and can be released to the
Japanese. Thanks.

From: LIA02 Hoc
Sent: Friday, March 25, 2011 12:25 PM
To: Scott, Michael
Cc: LIA03 Hoc
Subject: FW: ACTION - Decommissioning Type Information for Ops Center

Some more information.

Steve

----. Original Message -----
From: Richards, Stuart
Sent: Wednesday, March 23, 2011 6:51 PM
To: Camper, Larry; Bowman, Gregory; Rini, Brett
Subject: FW: ACTION - Decommissioning Type Information for Ops Center

fyi - Stu

From: Rahimi, Meraj
Sent: Wednesday, March 23, 2011 5:50 PM
To: Ordaz, Vonna; Benner, Eric; ET05 Hoc; RST01 Hoc; Richards, Stuart
Cc: White, Bernard; Mohseni, Aby; Davis, Jack; Weaver, Doug; Doolittle, Elizabeth; Waters,
Michael; Kinneman, John; Bailey, Marissa; Tschiltz, Michael
Subject: RE: ACTION - Decommissioning Type Information for Ops Center

Here is the proposed SFST/FCCS/HLW coordinated response:

We would not recommend early entombment considerations due to the high thermal loads and
associated negative effects on entombment material properties. In fact, we believe it might
not be prudent to entomb at all. We believe that Japan should consider waiting until the
core or spent fuel debris can be cooled sufficiently and then removed similar to TMI. We
would initially recommend pumping continuously borated water into the molten core or spent
fuel pool. Longer term, if entombment is considered by Japan, it is our opinion that
entombment would be less problematic (with respect to criticality issues) if the entombment
is around the molten core or pool, rather than directly onto the fuel and in the primary
containment vessel. We believe that heat transfer will be a significant challenge and thus
it would be best if the entombment was built with low and high vents that would enable the
transfer of heat through air convection. If the entombment is considered by pouring some
type of material on the molten core or spent fuel pool the system reactivity and heat
transfer capability is highly dependent on the material of use. We believe, the temperature
in the reactor core or the dried spent fuel pool is too high for the concrete to cure. Both
concrete (especially wet) and sand would be a neutron moderator and could raise criticality
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,doncerns. Whatever is used should be carefully evaluated. Due to the unknown configuration
in the core, any medium should conservatively be heavily borated. Another option maybe the
use of sand with boron frits which would turn into glass when contacted with the molten core.
This would immobilize the radionuclides. However, the temperature at which the sand is added

*must be at the point that the glass can solidified. This may require longer cooling time.

In the interim while options are considered, it might be advisable to confine the core or the
pool with filtered flexible enclosure.

Meraj Rahimi
Chief of. Criticality, Shielding, and Dose Assessment Branch Division of Spent Fuel Storage
and Transportation Office of Nuclear Materials Safety and Safeguard U.S. Nuclear Regulatory
Commission
6003 Executive Blvd., Suite 301
Rockville, MD 20852
Phone: 301-492-3338
Fax: 301-492-3348
e-mail: meraj.rahimi@nrc.gov

From: Ordaz, Vonna
Sent: Wednesday, March 23, 2011 3:21 PM
To: Benner, Eric
Cc: White, Bernard; Mohseni, Aby; Davis, Jack; Weaver, Doug; Rahimi, Meraj; Doolittle,
Elizabeth; Waters, Michael; Kinneman, John; Bailey, Marissa; Tschiltz, Michael
Subject: ACTION - Decommissioning Type Information for Ops Center
Importance: High

Eric,

SFST has the lead to coordinate a response with HLW and FCSS, and respond to the Reactor
Safety Team, the ET Response Coordinator, and Stu Richards in the Operations Center with a CC
to Dan Dorman by 6pm.

Thanks,
Vonna

From: Ordaz, Vonna
Sent: Wednesday, March 23, 2011 3:13 PM

-To: Richards, Stuart; Weaver, Doug; Mohseni, Aby; Davis, Jack
Cc: RSTO1 Hoc; Bowman, Gregory; Hickman, John; Lee, Richard; Rini, Brett; Case, Michael;
McConnell, Keith; Watson, Bruce; Camper, Larry; Deegan, George; Waters, Michael
Subject: RE: Decommissioning Type Information

Thanks, Stu. We'll get back to you.

Vonna

From: Richards, Stuart
Sent: Wednesday, March 23, 2011 2:32 PM
To: Weaver, Doug; Mohseni, Aby; Davis, Jack
Cc: RST01 Hoc; Bowman, Gregory; Hickman, John; Lee, Richard; Rini, Brett; Case, Michael;
McConnell, Keith; Watson, Bruce; Camper, Larry; Deegan, George; Ordaz, Vonna; Waters, Michael
Subject: RE: Decommissioning Type Information
Importance: High
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.Dan Dorman has asked the Ops Center to respond to a number of questions related to the
Japanese event.

Can NMSS respond to the following?

8. What should they be considering with respect to criticality prevention and decay heat
removal during the entombment period?

The goal is to provide the response to the Ops Center by 6 pm tonight.

I will forward you the original request, which may help.

Thanks
Stu

From: Deegan, George
Sent: Wednesday, March 23, 2011 2:05 PM
To: Richards, Stuart; Camper, Larry
Cc: RST01 Hoc; Bowman, Gregory; Hickman, John; Lee, Richard; Rini) Brett; Case, Michael;
McConnell, Keith; Watson, Bruce
Subject: RE: Decommissioning Type Information

Stu- As your email came in, Brett Rini and I were speaking with one another. I indicated
that FSME will be working on #7 (licensing requirements) and #9 (whatever relevant info we
can pull together from the TMI event), but that the best shop for criticality type issues
(Question #8) is probably NMSS.

From: Richards, Stuart
Sent: Wednesday, March 23, 2011 1:51 PM
To: Camper, Larry
Cc: Deegan, George; RST01 Hoc; Bowman, Gregory; Hickman, John; Lee, Richard; Rini, Brett;
Case, Michael
Subject: RE: Decommissioning Type Information

Larry

RES might be able to help you with Question #8. Richard Lee in DSA is our POC on this one.

We'can provide you some thoughts on enclosures, but I agree that a good answer will take a
lot of time and a lot more information on the status of the units.

Stu

From: Camper, Larry
Sent: Wednesday, March 23, 2011 12:49 PM
To: Dorman, Dan
Cc: Deegan, George; RSTO1 Hoc; Bowman, Gregory; Hickman, John
Subject: Decommissioning Type Information

Dan,
Greetings! Trust you are holding up well over there! Regarding your message of earlier today,
we will be able to provide feedback on Question number 6 today by the 18:00 timeframe.
Questions 6,8 and 9 will require a bit of review and interface with RES but we will start
that process today. Standby for a better timeline on those. The staff did some work on the
entombment issue via a couple of SECY's but the approach died out because it became clear
that industry was not going to utilize it in the US. Of course, the situation in Japan is
quite different etc. Regardless, our earlier work should be of some benefit but we just have
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.to resurrect it and review etc. In thinking ahead just a bit, I suspect that we will need to
put together some sort of Task Force or think tank type group to analyze possible paths
forward for the overall decommissioning of the site and for the related waste management etc.
Of course, we have some time to think about this issue but not too long etc.
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From: OST01 HOC
Sent: Saturday, March 26, 2011 12:32 PM
To: PMT02 Hoc; PMT11 Hoc; Hoc, PMT12; PMT01 Hoc
Subject: FW: Skin Dose Coefficients per Tony Huffert's Request
Attachments: Skin DoseWaterlmmersion.xls; DecayChains.TXT

Importance: High

From: HOO Hoc
Sent: Saturday, March 26, 2011 12:29 PM
To: LIA07 Hoc; OST01 HOC; OST02 HOC; OST03 HOC
Subject: FW: Skin Dose Coefficients per Tony Huffert's Request
Importance: High

From: Eckerman, Keith F. [mailto:eckermankf@ornl.gov]
Sent: Saturday, March 26, 2011 12:26 PM
To: HOO Hoc
Subject: Re: Skin Dose Coefficients per Tony Huffert's Request
Importance: High

Attached are the skin and effective (ICRP 60 wTs) dose rate coefficients for water immersion; i.e., swimming. See the
Excel file SkinDoseWaterlmmersion.XLS. Please note:
1. The values reflect no consideration of protective clothing.
2. The values are for the individual radioisotope with no consideration of their decay chain. That is the Sr-90 value does
not include Y-90, Cs-137 values does not include Ba-137m, etc.

Also attached is a file (DecayChains.TXT) listing of the decay chains. That file can be opened via MS Notebook or any
ASCI editor.

The values are based on the nuclear decay data of ICRP 107 and the computational methods of Federal Guidance Report
12 & 13.

Keith F. Eckerman, Ph.D.
Dosimetry Research Team
P.O. Box 2008 MS6495
Oak Ridge National Laboratory
Oak Ridge, TN 37871-6495

Phone: (865) 574-6251
FAX: (865) 574-3266
E-mail: eckermankf(ornl.gov
Web site: http://ordose.ornl.Fov/



Decay Chains of the ICRP-07 Collection

Ne-24 e---------------------------Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Ne-24 3.38m 1.OOOE+00 Na-24
2 Na-24 14.9590h 1.OOOE+00 Mg-24$

Mg-28
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Mg-28 20.915h 1.OOOE+00 Al-28
2 Al-28 2.2414m 1.OOOE+00 Si-28$

Si-32
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Si-32 132y 1.OOOE+00 P-32
2 P-32 14.263d 1.OOOE+00 S-32$

S-38
- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 S-38 170.3m 1.OOOE+00 Cl-38
2 Cl-38 37.24m 1.OOOE+00 Ar-38$

C1-34m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Ci-34m 32.00m 4.460E-01 Cl-34 5.540E-01 S-34$
2 Cl-34 1.5264s 1.OOOE+00 S-34$

Cl-39
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Cl-39 55.6m 1.OOOE+00 Ar-39
2 Ar-39 2 6 9 y 1.OOOE+00 K-39$

Ar-42
Daughter

1



Products -

Nuclide Halflife fl Nuclide
Nuclide f4 Nuclide

1 Ar-42 32.9y 1.0OOE+00 K-42
2 K-42 12.360h 1.OOOE+00 Ca-42$

Ar-43

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ar-43 5.37m 1.OOOE+00 K-43
2 K-43 22.3h 1.OOOE+00 Ca-43$

f2 Nuclide f3

Daughter

f2 Nuclide f3

Ar-44

Products- -----------------------
Nuclide Halflife fl

Daughter

Nuclide f2 Nuclide f3
Nuclide f4

1 Ar-44
2 K-44

K-45

Nuclide
11.87m 1.OOOE+00 K-44
22.13m 1.OOOE+00 Ca-44$

Daughter
Products

Nuclide Halflife fl Nuclide
Nuclide f4 Nuclide

1 K-45 17.3m 1.O0OE+00 Ca-45
2 Ca-45 162.67d 1.OOOE+00 Sc-45$

Ca-47

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ca-47 4.536d 1.OOOE+00 Sc-47
2 Sc-47 3.3492d 1.OOOE+00 Ti-47$

f2 Nuclide f3

Daughter

f2 Nuclide f3

Ca-49

Products
Nuclide Halflife fl

Daughter

Nuclide f2 Nuclide f3
Nuclide

1 Ca-49
2 Sc-49

f4 Nuclide
8.718m 1.OOOE+00 Sc-49

57.2m 1.OOE+00 Ti-49$

Sc-44m

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Sc-44m 58.61h 9.880E-01 Sc-44

Daughter

f2 Nuclide f3

1.200E-02 Ca-44$
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2 .Sc-4 4 3.97h 1.OOOE+00 Ca-44$

Ti-44

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ti-44 60.Oy 1.OOOE+00 Sc-44
2 Sc-44 3.97h 1.OOOE+00 Ca-44$

Ti-52

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ti-52 1.7m 1.OOOE+00 V-52
2 V-52 3.743m 1.OOOE+00 Cr-52$

Cr-48

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Cr-48 21.56h 1.OOOE+00 V-48
2 V-48 15.9735d 1.OOOE+00 Ti-48$

------- Daughter

f2 Nuclide f3

------ Daughter

f2 Nuclide f3

Daughter

f2 Nuclide f3

Cr-49
Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Cr-49 42.3m 1.OOOE+00 V-49
2 V-49 330d 1.OOOE+00 Ti-49$

Cr-56

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Cr-56 5.94m 1.OOOE+00 Mn-56
2 Mn-56 2.5789h 1.OOOE+00 Fe-56$

Mn-51

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Mn-51 46.2m 1.OOOE+00 Cr-51
2 Cr-51 27.7025d 1.OOOE+00 V-51$

f2 Nuclide f3

------- Daughter

f2 Nuclide f3

------ Daughter

f2 Nuclide f3

Mn-52m
Daughter
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Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Mn-52m 21.1m 1.750E-02 Mn-52
2 Mn-52 5.591d 1.OOOE+00 Cr-52$

f2 Nuclide f3

9.825E-01 Cr-52$

Fe-52
Daughter

Products -
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Fe-52 8.275h 1.OOOE+00 Mn-52m
2 Mn-52m 21.1m 1.750E-02 Mn-52
3 Mn-52 5.591d 1.OOOE+00 Cr-52$

Fe-53

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Fe-53 8.51m 1.OOOE+00 Mn-53
2 Mn-53 3.7E+6y 1.OOOE+00 Cr-53$

f2 Nuclide f3

9.825E-01 Cr-52$

Daughter

f2 Nuclide f3

Fe-53m

Products- -----------------------
Nuclide Halflife fl

Daughter

Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Fe-53m 2.526m 1.OOOE+00 Fe-53
2 Fe-53 8.51m 1.OOOE+00 Mn-53
3 Mn-53 3.7E+6y 1.OOOE+00 Cr-53$

Fe-60

Products- -----------------------
Nuclide Halflife fl

Nuclide
1 Fe-60
2 Co-60m
3 Co-60

f4 Nuclide
1.5E+6y 1.OOOE+00
10.467m 9.976E-01
5.2713y 1.OOOE+00

----------- Daughter

Nuclide f2 Nuclide f3

Co-60m
Co-60 2.400E-03 Ni-60$
Ni-60$

Fe-61
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Fe-61 5.98m 1.OOOE+00 Co-61
2 Co-61 1.656h 1.OOOE+00 Ni-61$

f2 Nuclide f3

Fe-62 F--------------------------Daughter

Products
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Nuclide Halflife fl Nuclide
Nuclide f4 Nuclide

1 Fe-62 68s 1.OOOE+00 Co-62
2 Co-62 1.50m 1.OOOE+00 Ni-62$

f2 Nuclide f3

Co-55
---- --- --- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Co-55 17.53h 1.OOOE+00 Fe-55
2 Fe-55 2.737y 1.OOOE+00 Mn-55$

f2 Nuclide f3

Co-58m
Daughter

Products --
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Co-58m 9.04h 1.OOOE+00 Co-58
2 Co-58 70.86d 1.OOOE+00 Fe-58$

Co-60m

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Co-60m 10.467m 9.976E-01 Co-60
2 Co-60 5.2713y 1.OOOE+00 Ni-60$

Ni-56

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ni-56 6.075d 1.OOOE+00 Co-56
2 Co-56 77.23d 1.OOOE+00 Fe-56$

f2 Nuclide f3

------- Daughter

f2 Nuclide f3

2.400E-03 Ni-60$

------- Daughter

f2 Nuclide f3

Ni-57
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ni-57 35.60h 1.OOOE+00 Co-57
2 Co-57 271.74d 1.OOOE+00 Fe-57$

f2 Nuclide f3

Ni-66
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide
1 Ni-66
2 Cu-66

f4 Nuclide
54.6h 1.OOOE+00 Cu-66

5.120m 1.OOOE+00 Zn-66$
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Cu-57

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Cu-57 0.1963s 1.OOOE+00 Ni-57
2 Ni-57 35.60h 1.OOOE+00 Co-57
3 Co-57 271.74d 1.OOOE+00 Fe-57$

Cu-59

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Cu-59 81.5s 1.OOOE+00 Ni-59
2 Ni-59 1.01E+5y 1.OOOE+00 Co-59$

Cu-69

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Cu-69 2.85m 1.OOOE+00 Zn-69
2 Zn-69 56.4m 1.OOOE+00 Ga-69$

------- Daughter

f2 Nuclide f3

------ Daughter

f2 Nuclide f3

Daughter

f2 Nuclide f3

Zn-60
Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Zn-60 2.38m 1.OOOE+00 Cu-60
2 Cu-60 23.7m 1.OOOE+00 Ni-60$

Zn-61

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Zn-61 89.1s 1.OOOE+00 Cu-61
2 Cu-61 3.333h 1.OOOE+00 Ni-61$

Zn-62

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Zn-62 9.186h 1.OOOE+00 Cu-62
2 Cu-62 9.673m 1.OOOE+00 Ni-62$

f2 Nuclide f3

Daughter

f2 Nuclide f3

Daughter

f2 Nuclide f3

Zn-69m
Daughter
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Products -

Nuclide Halflife fl Nuclide
Nuclide f4 Nuclide

1 Zn-69m 13.76h 9.997E-01 Zn-69
2 Zn-69 56.4m 1.OOOE+00 Ga-69$

f2 Nuclide f3

3.300E-04 Ga-69$

Zn-72
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Zn-72 46.5h 1.OOOE+00 Ga-72
2 Ga-72 14.10h 1.OOOE+00 Ge-72$

f2 Nuclide f3

Ga-65
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ga-65 15.2m 1.OOOE+00 Zn-65
2 Zn-65 244.06d 1.OOOE+00 Cu-65$

f2 Nuclide f3

Ge-66
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ge-66 2.26h 1.OOOE+00 Ga-66
2 Ga-66 9.49h 1.OOOE+00 Zn-66$

f2 Nuclide f3

Ge-67
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ge-67 18.9m 1.OOOE+00 Ga-67
2 Ga-67 3.2612d ý1.000E+00 Zn-67$

f2 Nuclide f3

Ge-68
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ge-68 270.95d 1.OOOE+00 Ga-68
2 Ga-68 67.71m 1.OOOE+00 Zn-68$

f2 Nuclide f3

Ge-77
-- Daughter

Products -
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ge-77 11.30h 1.OOOE+00 As-77

f2 Nuclide f3
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2 As-77 38.83h 1.OOOE+00 Se777$

Ge-78

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
I Ge-78 88m 1.OOOE+00 As-78
2 As-78 90.7m 1.OOOE+00 Se-78$

As-68

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 As-68 151.6s 1.OOOE+00 Ge-68
2 Ge-68 270.95d 1.OOOE+00 Ga-68
3 Ga-68 67.71m 1.OOOE+00 Zn-68$

As-69

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 As-69 15.23m 1.OOOE+00 Ge-69
2 Ge-69 39.05h 1.OOOE+00 Ga-69$

As-71

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 As-71 65.28h 1.OOOE+00 Ge-71
2 Ge-71 11.43d 1.OOOE+00 Ga-71$

------ Daughter

f2 Nuclide f3

------ Daughter

f2 Nuclide f3

Daughter

f2 Nuclide f3

Daughter

f2 Nuclide f3

As-79

Products
Nuclide Halflife fl

Daughter

Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 As-79 9.01m 9.719E-01 Se-79m 2.812E-02 Se-79
2 Se-79m 3.92m 9.994E-01 Se-79 5.600E-04 Br-79$
3 Se-79 2.95E+5y 1.OOOE+00 Br-79$

Se-70
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide
1 Se-70
2 As-70

f4 Nuclide
41.1m 1.OOOE+00 As-70
52.6m 1.OOOE+00 Ge-70$
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Se-71
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Se-71 4.74m 1.OOOE+00 As-71
2 As-71 65.28h 1.OOOE+00 Ge-71
3 Ge-71 11.43d 1.OOOE+00 Ga-71$

f2 Nuclide f3

Se-72
Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Se-72 8.40d 1.OOOE+00 As-72
2 As-72 26.Oh 1.OOOE+00 Ge-72$

Se-73

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Se-73 7.15h 1.OOOE+00 As-73
2 As-73 80.30d 1.OOOE+00 Ge-73$

f2 Nuclide f3

------ Daughter

f2 Nuclide f3

Se-73m

Products- -----------------------
Nuclide Halflife fl

Nuclide
1 Se-73m
2 Se-73
3 As-73

f4 Nuclide
39.8m 7.260E-01
7.15h 1.OOOE+00

80.30d 1.OOOE+00

----------- Daughter

Nuclide f2 Nuclide f3

Se-73 2.740E-01 As-73
As-73
Ge-73$

Se-79m.
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Se-79m 3.92m 9.994E-01 Se-79
2 Se-79 2.95E+5y 1.OOOE+00 Br-79$

f2 Nuclide f3

5.600E-04 Br-79$

Se-81m
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Se-81m 57.28m 9.995E-01 Se-81
2 Se-81 18.45m 1.O0OE+00 Br-81$

f2 Nuclide f3

5.200E-04 Br-81$

Se-83
Daughter
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Products -

Nuclide Halflife fl Nuclide f2 Nuclide
Nuclide f4 Nuclide

1 Se-83 22.3m 1.OOOE+00 Br-83
2 Br-83 2.40h 9.984E-01 Kr-83m 1.552E-03 Kr-83$
3 Kr-83m 1.83h 1.OOOE+00 Kr-83$

Se-83m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Se-83m 70.1s 1.OOOE+00 Br-83
2 Br-83 2.40h 9.984E-01 Kr-83m 1.552E-03 Kr-83$
3 Kr-83m 1.83h 1.OOOE+00 Kr-83$

f3

f3

Se-84

Products
Nuclide Halflife fl Nu

Daughter

clide f2 Nuclide f3
Nuclide

1 Se-84
2 Br-84

f4 Nuclide
3.1m 1.OOOE+00 Br-84

31.80m 1.OOOE+00 Kr-84$

Br-72
Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Br-72 78.6s 1.OOOE+00 Se-72
2 Se-72 8.40d 1IOOOE+00 As-72
3 As-72 26.Oh 1.OOOE+00 Ge-72$

Br-73

Products
Nuclide Halflife fl Nuclide

f2 Nuclide f3

Daughter

f2 Nuclide f3
Nuclide

1 Br-73
2 Se-73m
3 Se-73
4 As-73

f4 Nuclide
3.4m 9.988E-01 Se-73m 1.192E-03 Se-73

39.8m 7.260E-01 Se-73 2.740E-01 As-73
7.15h 1.OOOE+00 As-73

80.30d 1.OOOE+00 Ge-73$

Br-75
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Br-75 96.7m 1.OOOE+00 Se-75
2 Se-75 119.779d 1.OOOE+00 As-75$

f2 Nuclide f3

Br-76m
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Daughter
Products

Nuclide Halflife fl Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Br-76m 1.31s 9.970E-01 Br-76 3.OOOE-03 Se-76$
2 Br-76 16.2h 1.OOOE+00 Se-76$

Br-77m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Br-77m 4.28m 1.OOOE+00 Br-77
2 Br-77 57.036h 1.000E+00 Se-77$

Br-80m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4' Nuclide
1 Br-80m 4.4205h 1.OOOE+00 Br-80
2 Br-80 17.68m 9.170E-01 Kr-80$ 8.300E-02 Se-80$

Br-82m
Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Br-82m 6.13m 9.760E-01 Br-82 2.400E-02 Kr-82$
2 Br-82 35.30h 1.OOOE+00 Kr-82$

Br-83
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Br-83 2.40h 9.984E-01 Kr-83m 1.552E-03 Kr-83$
2 Kr-83m 1.83h 1.OOOE+00 Kr-83$

Br-85
Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Br-85 2.90m 9.978E-01 Kr-85m 2.211E-03 Kr-85
2 Kr-85m 4.480h 2.140E-01 Kr-85 7.860E-01 Rb-85$
3 Kr-85 10.756y 1.OOOE+00 Rb-85$

Kr-74
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3
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Nuclide f4 Nuclide
1 Kr-74 11.50m 1.OOOE+00 Br-74
2 Br-74 25.4m 1.OOOE+00 Se-74$

Kr-75
- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Kr-75 4.29m 1.OOOE+00 Br-75
2 Br-75 96.7m 1.OO0E+00 Se-75
3 Se-75 119.779d 1.OOOE+00 As-75$

Kr-76
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Kr-76 14.8h 8.114E-03 Br-76m 9.919E-01 Br-76
2 Br-76m 1.31s 9.970E-01 Br-76 3.OOOE-03 Se-76$
3 Br-76 16.2h 1.OOOE+00 Se-76$

Kr-77
Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Kr-77 74.4m 9.613E-02 Br-77m 9.039E-01 Br-77
2 Br-77m 4.28m 1.OOOE+00 Br-77
3 Br-77 57.036h 1.OOOE+00 Se-77$

Kr-81m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Kr-81m 13.10s 1.OOOE+00 Kr-81 2.500E-05 Br-81$
2 Kr-81 2.29E+5y 1.OOOE+00 Br-81$

Kr-85m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Kr-85m 4.480h 2.140E-01 Kr-85 7.860E-01 Rb-85$
2 Kr-85 10.756y 1.OOOE+00 Rb-85$

Kr-87
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide

12



-A23*4,q8E 13*003ýIW

3Z10f 4q

0OMf4 *t ±tL, t::f-Mr
"1
*2
*3
*4

GM W-f
XOMIZJSI-ýims
Nal (Elrý it tF 9 rý I-,)

-'~'7 [11 (,ft60kmltM) 4P 8El 8*313ý 0.8*2M- ~itsL

-'JT'7 [2] M, 55km~lt~) 4A8E]9*103ý 3.5*t

~~-'T7 [3] M, I45kmlt?) 4~~02~2.8*s ~tL

XI~IT'7 [4] (",,50km~ltg) 4P8fl9*293j 2.3 *2 fis

-MIJ) -7 [ 5] 00 45km1l) 4Rfh1a3 M.* tI. L

;RI]ZI'J7 [6] (j35km~l) 4Jq8fl19 1 253 0.6 *2 fi7s1 E*#T)l RMO

-')7 [7] M, J35km~l) 4P 8F]11 *393ý 0.7*2M-f jtL *T T) ~ ýD

;~I)j-)7 [10] (tt4Okm~t?9) 4P 8fl9 43$', 1.7*2s

;RIMIJI97 [13] 0", 40kmgg) 4,98 El1004393ý 1.0*2 L

AM'IMU'7 [14] M, 35km~g) 4A 8El1004493 0.8 *2 fit

-jMI')7 [15] (*M35km~g) 4A 8El 10*593ý 1.3* ft f q-



1 Kr-87 76.3m 1.OOOE+00 Rb-87
2 Rb-87 4.923E10y 1.OOOE+00 Sr-87$

Kr-88
Daughter

Products
Nuclide Halflife ffl Nuclide

Nuclide f4 Nuclide
1 Kr-88 2.84h 1.OOOE+00 Rb-88
2 Rb-88 17.78m 1.OOOE+00 Sr-88$

f2 Nuclide f3

Kr-89
Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Kr-89 3.15m 1.OOOE+00 Rb-89
2 Rb-89 15.15m 1.OOOE+00 Sr-89
3 Sr-89 50.53d 1.OOOE+00 Y-89$

Rb-77

Products -
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Rb-77 3.77m 1.OOOE+00 Kr-77
2 Kr-77 74.4m 9.613E-02 Br-77m
3 Br-77m 4.28m 1.OOOE+00 Br-77
4 Br-77 57.036h 1.OOOE+00 Se-77$

f2 Nuclide f3

Daughter

f2 Nuclide f3

9. 039E-01 Br-77

Rb-78m
---- --- --- ---- --- --- D aughter

Products- -----------------------
Nuclide Halflife fl

Nuclide
1 Rb-78m
2 Rb-78

f4 Nuclide
5.74m 1.O0OE-01

17.66m 1.OOOE+00

Nuclide f2 Nuclide f3

Rb-78 9.OOOE-01 Kr-78$
Kr-78$

Rb-79
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Rb-79 22.9m 1.OOOE+00 Kr-79
2 Kr-79 35.04h 1.OOOE+00 Br-79$

f2 Nuclide f3

Rb-81
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Rb-81 4.576h 9.569E-01 Kr-81m 4.309E-02 Kr-81

f3
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2 Kr-81m 13.10s 1.OOOE+00 Kr-81 2.500E-05 Br-81$
3 Kr-81 2.29E+5y 1.OOOE+00 Br-81$

Rb-81m
--- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Rb-81m 30.5m 9.760E-01 Rb-81 2.135E-04 Kr-81m

2.379E-02 Kr-81
2 Rb-81 4.576h 9.569E-01 Kr-81m 4.309E-02 Kr-81
3 Kr-81m 13.10s 1OOOE+00 Kr-81 2.500E-05 Br-81$
4 Kr-81 2.29E+5y 1.OOOE+00 Br-81$

Rb-83
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Rb-83 86.2d 7.429E-01 Kr-83m 2.571E-01 Kr-83$
2 Kr-83m 1.83h 1.OOOE+00 Kr-83$

Rb-84m
Daughter

Products -
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Rb-84m 20.26m 1.OOOE+00 Rb-84
2 Rb-84 32.77d 9.620E-01 Kr-84$ 3.800E-02 Sr-84$

Rb-86m
Daughter

Products
Nucl'ide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Rb-86m 1.017m 1.OOOE+00 Rb-86
2 Rb-86 18.642d 1.OOOE+00 Sr-86$ 5.200E-05 Kr-86$

Rb-89
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Rb-89 15.15m 1.OOOE+00 Sr-89
2 Sr-89 50.53d 1.OOOE+00 Y-89$

Rb-90
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Rb-90 158s 1.OOOE+00 Sr-90
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2 Sr-90
3 Y-90

28.79y 1.OOOE+00 Y-90
64.10h 1.OOOE+00 Zr-90$

Rb-90m
---- --- --- ---- --- --- D aughter

Products --
Nuclide Halflife fl Nuclid

Nuclide
1 Rb-90m
2 Rb-90
3 Sr-90
4 Y-90

f4 Nuclide
258s 2.600E-02 Rb-90
158s 1.OOOE+00 Sr-90

28.79y 1.OOOE+00 Y-90
64.10h 1.OOOE+00 Zr-90$

e f2 Nuclide f3

9.740E-01 Sr-90

Sr-79
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Sr-79 2.25m 1.OOOE+00 Rb-79
2 Rb-79 22.9m 1.OOOE+00 Kr-79
3 Kr-79 35.04h 1.OOOE+00 Br-79$

f2 Nuclide f3

Sr-80
-- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Sr-80 106.3m 1.OOOE+00 Rb-80
2 Rb-80 33.4s 1.OOOE+00 Kr-80$

f2 Nuclide -f3

Sr-81
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Sr-81 22.3m 1.442E-03 Rb-81m 9.986E-01 Rb-81
2 Rb-81m 30.5m 9.760E-01 Rb-81 2.135E-04 Kr-81m

2.379E-02 Kr-81
3 Rb-81 4.576h 9.569E-01 Kr-81m 4.309E-02 Kr-81
4 Kr-81m 13.10s 1.OOOE+00 Kr-81 2.500E-05 Br-81$
5 Kr-81 2.29E+5y 1.OOOE+00 Br-81$

Sr-82
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Sr-82 25.36d 1.OOOE+00 Rb-82
2 Rb-82 1.273m 1.OOOE+00 Kr-82$

f2 Nuclide f3

Sr-83
Daughter
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Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Sr-83 32.41h 1.OOOE+00 Rb-83
2 Rb-83 86.2d 7.429E-01 Kr-83m 2.571E-01 Kr-83$
3 Kr-83m 1.83h 1.OOOE+00 Kr-83$

f3

Sr-85m
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Sr-85m 67.63m 8.660E-01 Sr-85
2 Sr-85 64.84d 1.OOOE+00 Rb-85$

f2 Nuclide f3

1.340E-01 Rb-85$

Sr-87m
Daughter

Products- ----------------------
Nuclide Halflife fl

Nuclide f4
1 Sr-87m
2 Rb-87

Nuclide
2.815h 3.OOOE-03

4.923E10y 1.OOOE+00

Nuclide f2 Nuclide f3

Rb-87 9.970E-01 Sr-87$
Sr-87$

Sr-90
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Sr-90 28.79y 1.OOOE+00 Y-90
2 Y-90 64.10h 1.OOOE+00 Zr-90$

f2 Nuclide f3

Sr-91
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Sr-91 9.63h 5.825E-01 Y-91m
2 Y-91m 49.71m 1.OOOE+00 Y-91
3 Y-91 58.51d 1.OOOE+00 Zr

f2 Nuclide f3

4.175E-01 Y-91

Sr-92
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Sr-92 2.66h 1.OOOE+00 Y-92
2 Y-92 3.54h 1.OOOE+00 Zr-92$

f2 Nuclide f3

Sr-93
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3
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Nuclide f4 Nuclide
1 Sr-93 7.423m 1.OOOE+00 Y-93
2 Y-93 10.18h 1.OOOE+00 Zr-93
3 Zr-93 1.53E+6y 9.750E-01 Nb-93m 2.500E-02 Nb-93$
4 Nb-93m 16.13y 1.OOOE+00 Nb-93$

Sr-94
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Sr-94 75.3s 1.OOOE+00 Y-94
2 Y-94 18.7m 1.OOOE+00 Zr-94$

f2 Nuclide f3

Y-81
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Y-81 70.4s 1.OOOE+00 Sr-81
2 Sr-81 22.3m 1.442E-03 Rb-81m 9.986E-01 Rb-81
3 Rb-81m 30.5m 9.760E-01 Rb-81 2.135E-04 Kr-81m

2.379E-02 Kr-81
4 Rb-81 4.576h 9.569E-01 Kr-81m 4.309E-02 Kr-81
5 Kr-81m 13.10s 1.OOOE+00 Kr-81 2.500E-05 Br-81$
6 Kr-81 2.29E+5y 1.OOOE+00 Br-81$

Y-83
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Y-83 7.08m 1.OOOE+00 Sr-83
2 Sr-83 32.41h 1.OOOE+00 Rb-83
3 Rb-83 86.2d 7.429E-01 Kr-83m 2.571E-01 Kr-83$
4 Kr-83m 1.83h 1.OOOE+00 Kr-83$

Y-83m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Y-83m 2.85m 4.OOOE-01 Y-83 6.OOOE-01 Sr-83
2 Y-83 7.08m 1.OOOE+00 Sr-83
3 Sr-83 32.41h 1.OOOE+00 Rb-83
4 Rb-83 86.2d 7.429E-01 Kr-83m 2.571E-01 Kr-83$
5 Kr-83m 1.83h 1.OOOE+00 Kr-83$

f3

Y-85
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3
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Nuclide f4 Nuclide
1 Y-85 2.68h 1.OOOE+00 Sr-85m
2 Sr-85m 67.63m 8.660E-01 Sr-85
3 Sr-85 64.84d 1.OOOE+00 Rb-85$

1.340E-01 Rb-85$

Y-85m --------------------------- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Y-85m 4.86h 4.OOOE-02 Sr-85m 9.600E-01 Sr-85
2 Sr-85m 67.63m 8.660E-01 Sr-85 1.340E-01 Rb-85$
3 Sr-85 64.84d 1.OOOE+00 Rb-85$

f3

Y-86m
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Y-86m 48m 9.931E-01 Y-86
2 Y-86 14.74h 1.OOOE+00 Sr-86$

f2 Nuclide f3

6.900E-03 Sr-86$

Y-87
Daughter

Products- -----------------------
Nuclide Halflife fl NuclidE

Nuclide
1 Y-87
2 Sr-87m
3 Rb-87

f4 Nuclide
79.8h 1.OOOE+00 Sr-87m

2.815h 3.OOOE-03.Rb-87
4.923E10y 1.OOOE+00 Sr-87$

f2 Nuclide f3

9.970E-01 Sr-87$

Y-87m
Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Y-87m 13.37h 9.843E-01 Y-87
2 Y-87 79.8h 1.OOOE+00 Sr-87m
3 Sr-87m 2.815h 3.OOOE-03 Rb-87
4 Rb-87 4.923E10y 1.OOOE+00 Sr-87$

f2 Nuclide f3

1.570E-02 Sr-87$

9.970E-01 Sr-87$

Y-90m
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Y-90m 3.19h 1.OOOE+00 Y-90
2 Y-90 64.10h 1.OOOE+00 Zr-90$

f2 Nuclide f3

1.800E-05 Zr-90$

Y-91m Y--------------------------Daughter

Products
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Nuclide Halflife fl Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Y-91m 49.71m 1.OOOE+00 Y-91
2 Y-91 58.51d 1.OOOE+00 Zr-91$

Y-93
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Y-93 10.18h 1.OOOE+00 Zr-93
2 Zr-93 1.53E+6y 9.750E-01 Nb-93m 2.500E-02 Nb-93$
3 Nb-93m 16.13y 1.OOOE+00 Nb-93$

Y-95
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Y-95 10.3m 1.OOOE+00 Zr-95
2 Zr-95 64.032d 1.080E-02 Nb-95m 9.892E-01 Nb-95
3 Nb-95m 3.61d 9.440E-01 Nb-95 5.600E-02 Mo-95$
4 Nb-95 34.991d 1.OOOE+00 Mo-95$

Zr-85
Daughter

Products -
Nuclide Halflife fl Nuclide, f2 Nuclide f3

Nuclide f4 Nuclide
I Zr-85 7.86m 9.684E-01 Y-85m 3.159E-02 Y-85
2 Y-85m 4.86h 4.OOOE-02 Sr-85m 9.600E-01 Sr-85
3 Y-85 2.68h 1.OOOE+00 Sr-85m
4 Sr-85m 67.63m 8.660E-01 Sr-85 1.340E-01 Rb-85$
5 Sr-85 64.84d 1.OOOE+00 Rb-85$

Zr-86
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide ff4 Nuclide
1 Zr-86 16.5h 1.OOOE+00 Y-86
2 Y-86 14.74h 1.OOOE+00 Sr-86$

Zr-87
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Zr-87 1.68h 9.970E-01 Y-87m 2.964E-03 Y-87
2 Y-87m 13.37h 9.843E-01 Y-87 1.570E-02 Sr-87$
3 Y-87 79.8h 1.OOOE+00 Sr-87m
4 Sr-87m 2.815h 3.OOOE-03 Rb-87 9.970E-01 Sr-87$
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5 Rb-87 4.923E10y 1.OOOE+00 Sr-87$

Zr-88
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Zr-88 83.4d 1.OOOE+00 Y-88
2 Y-88 106.65d 1.OOOE+00 Sr-88$

f2 Nuclide f3

Zr-89m
Daughter

Products
Nuclide Halflife fl

Nuclide
1 Zr-89m
2 Zr-89

f4 Nuclide
4.161m 9.377E-01
78.41h 1.OOOE+00

Nuclide f2 Nuclide f3

Zr-89 6.230E-02 Y-89$
Y-89$

Zr-93
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Zr-93 1.53E+6y 9.750E-01 Nb-93m 2.500E-02 Nb-93$
2 Nb-93m 16.13y 1.OOOE+00 Nb-93$

Zr-95
- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Zr-95 64.032d 1.080E-02 Nb-95m 9.892E-01 Nb-95
2 Nb-95m 3.61d 9.440E-01 Nb-95 5.600E-02 Mo-95$
3 Nb-95 34.991d 1.OOOE+00 Mo-95$

f3

Zr-97
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Zr-97 16.744h 1.OOOE+00 Nb-97
2 Nb-97 72.1m 1.OOOE+00 Mo-97$

f2 Nuclide f3

Nb-87
--- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Nb-87 3.75m 1.OOOE+00 Zr-87
2 Zr-87 1.68h 9.970E-01 Y-87m
3 Y-87m 13.37h 9.843E-01 Y-87
4 Y-87 79.8h 1.OOOE+00 Sr-87m

f2 Nuclide f3

2.964E-03 Y-87
1.570E-02 Sr-87$
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5 Sr-87m
6 Rb-87

2.815h 3.OOOE-03 Rb-87
4.923E10y I,.OOOE+00 Sr-87$

9.970E-01 Sr-87$

*Nb-88

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Nb-88 14.5m 1.OOOE+00 Zr-88
2 Zr-88 83.4d 1.OOOE+00 Y-88
3 Y-88 106.65d 1.OOOE+00 Sr-88$

Daughter

f2 Nuclide f3

Nb-88m

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Nb-88m 7.78m 1.OOOE+00 Zr-88
2 Zr-88 83.4d 1.OOOE+00 Y-88
3 Y-88 106.65d 1.OOOE+00 Sr-88$

------- Daughter

f2 Nuclide f3

Nb-89 N--------------------------Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Nb-89 2.03h 1.228E-02 Zr-89m 9.877E-01 Zr-89
2 Zr-89m 4.161m 9.377E-01 Zr-89 6.230E-02 Y-89$
3 Zr-89 78.41h 1.OOOE+00 Y-89$

f3

Nb-89m
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife• fl Nuclide

Nuclide f4 Nuclide
1 Nb-89m 66m 1.OOOE+00 Zr-89m
2 Zr-89m 4.161m 9.377E-01 Zr-89
3 Zr-89 78.41h 1.OOOE+00 Y-89$

f2 Nuclide f3

6.230E-02 Y-89$

Nb-91m
---- --- --- ---- --- --- D aughter

Products- -----------------------
Nuclide Halflife fl Nuclid

Nuclide
1 Nb-91m
2 Nb-91

f4 Nuclide
60.86d 9.660E-01 Nb-91

680y 1.OOOE+00 Zr-91$

e f2 Nuclide f3

3.400E-02 Zr-91$

Nb-94m
Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

21



1 Nb-94m
2 Nb-94

Nb-95m

6.263m 9.950E-01 Nb-94 5.OOOE-03 Mo-94$
2.03E+4y 1.OOOE+00 Mo-94$

Daughter
Products

Nuclide Halflife fl Nuclide
Nuclide f4 Nuclide

1 Nb-95m 3.61d 9.440E-01 Nb-95
2 Nb-95 34.991d 1.OOOE+00 Mo-95$

f2 Nuclide f3

5.600E-02 Mo-95$

Nb-99
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide
1 Nb-99
2 Mo-99
3 Tc-99m
4 Tc-99

f4 Nucli
15.Os

65. 94h
6.015h

2. 111E+5y

de
1.OOE+00 Mo-99
8.773E-01 Tc-99m 1.227E-01 Tc-99
1.OOOE+00 Tc-99 3.700E-05 Ru-99$
1.OOOE+00 Ru-99$

Nb-99m --------------------------- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Nb-99m 2.6m 2.OOOE-02 Nb-99 9.800E-01 Mo-99
2 Nb-99 15.Os 1.OOOE+00 Mo-99
3 Mo-99 65.94h 8.773E-01 Tc-99m 1.227E-01 Tc-99
4 Tc-99m 6.015h 1.OOOE+00 Tc-99 3.700E-05 Ru-99$
5 Tc-99 2.111E+5y 1.OOOE+00 Ru-99$

f3

Mo-89
Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Mo-89 2.11m 1.OOOE+00 Nb-89
2 Nb-89 2.03h 1.228E-02 Zr-89m 9.877E-01 Zr-89
3 Zr-89m 4.161m 9.377E-01 Zr-89 6.230E-02 Y-89$
4 Zr-89 78.41h 1.OOOE+00 Y-89$

Mo-90
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide
1 Mo-90
2 Nb-90

f4 Nuclide
5.56h 1.OOOE+00 Nb-90

14.60h 1.OOOE+00 Zr-90$

Mo-91
- Daughter
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Products
Nuclide Ha

Nuclide f4
1 Mo-91
2 Nb-91m
3 Nb-91

Mo-91m

1flife fl Nuclide f2 Nuclide f3
Nuclide

15.49m 3.423E-04 Nb-91m 9.997E-01 Nb-91
60.86d 9.660E-01 Nb-91 3.400E-02 Zr-91$

680y 1.OOOE+00 Zr-91$

Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 Mo-91m
2 Mo-91
3 Nb-91m
4 Nb-91

Nuclide
64.6s 5.OOOE-01 Mo-91 5.OOOE-01 Nb-91m

15.49m 3.423E-04 Nb-91m 9.997E-01 Nb-91
60.86d 9.660E-01 Nb-91 3.400E-02 Zr-91$

680y 1.OOOE+00 Zr-91$

Mo-93 M--------------------------Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Mo-93 4.OE+3y 8.800E-01 Nb-93m 1.200E-01 Nb-93$
2 Nb-93m 16.13y 1.OOOE+00 Nb-93$

Mo-93m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Mo-93m 6.85h 9.988E-01 Mo-93 1.200E-03 Nb-93$
2 Mo-93 4.OE+3y 8.800E-01 Nb-93m 1.200E-01 Nb-93$
3 Nb-93m 16.13y 1.OOOE+00 Nb-93$

Mo-99
Daughter

Products --

f3

f3

Nuclide Halflife fl Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Mo-99 65.94h 8.773E-01 Tc-99m 1.227E-01 Tc-99
2 Tc-99m 6.015h 1.OOOE+00 Tc-99 3.700E-05 Ru-99$
3 Tc-99 2.111E+5y 1.000E+00 Ru-99$

Mo-101
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Mo-101 14.61m 1.OOOE+00 Tc-101
2 Tc-101 14.2m 1.OOOE+00 Ru-101$

Mo-102

23



---- --- --- ---- --- --- Daughter
Products --

Nuclide Halflife fl Nuclide
Nuclide f4 Nuclide

1 Mo-102 11.3m 1.OOOE+00 Tc-102
2 Tc-102 5.28s 1.OOOE+00 Ru-102$

f2 Nuclide f3

Tc-91
Daughter

Products
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Tc-91 3.14m 6.979E-03
2 Mo-91m 64.6s 5.OOOE-01
3 Mo-91 15.49m 3.423E-04
4 Nb-91m 60.86d 9.660E-01
5 Nb-91 680y 1.OOOE+00

Tc-91m

Nuclide f2 Nuclide f3

Mo-91m 9.930E-01 Mo-91
Mo-91 5.OOOE-01 Nb-91m
Nb-91m 9.997E-01 Nb-91
Nb-91 3.400E-02 Zr-91$
Zr-91$

Daughter
Products

Nuclide Halflife fl Nuclide f2 Nuclide
Nuclide f4 Nuclide

1 Tc-91m 3.3m 9.798E-01 Mo-91m 2.024E-02 Mo-91
2 Mo-91m 64.6s 5.OOOE-01 Mo-91 5.OOOE-01 Nb-91m
3 Mo-91 15.49m 3.423E-04 Nb-91m 9.997E-01 Nb-91
4 Nb-91m 60.86d 9.660E-01 Nb-91 3.400E-02 Zr-91$
5 Nb-91 680y 1.OOOE+00 Zr-91$

f3

Tc-93
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Tc-93 2.75h 1.OOOE+00 Mo-93
2 Mo-93 4.OE+3y 8.800E-01 Nb-93m 1.200E-01 Nb-93$
3 Nb-93m 16.13y 1.0OOE+00 Nb-93$

Tc-93m
Daughter

Products- -----------------------
Nuclide Halflife flf Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Tc-93m 43.5m 7.660E-01 Tc-93 2.340E-01 Mo-93
2 Tc-93 2.75h 1.OOOE+00 Mo-93
3 Mo-93 4.OE+3y 8.800E-01 Nb-93m 1.200E-01 Nb-93$
4 Nb-93m 16.1 3 y 1.OOOE+00 Nb-93$

Tc-95m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3
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Nuclide f4 Nuclide
1 Tc-95m 61d 3.880E-02 Tc-95
2 Tc-95 20.Oh 1.OOOE+00 Mo-95$

9.612E-01 Mo-a95$

Tc-96m
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Tc-96m 51.5m 9.800E-01 Tc-96
2 Tc-96 4.28d 1.OOOE+00 Mo-96$

Tc-97m

f2 Nuclide f3

2.OOOE-02 Mo

---- --- --- ---- --- --- Daughter
Products

Nuclide Halflife fl Nuclide
Nuclide f4 Nuclide

1 Tc-97m 90.1d 1.OOOE+00 Tc-97
2 Tc-97 2.6E+6y 1.OOOE+00 Mo-97$

f2 Nuclide f3

Tc-99m
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Tc-99m 6.015h 1.OOOE+00 Tc-99
2 Tc-99 2.111E+5y 1.OOOE+00 Ru-99$

f2 Nuclide f3

3.700E-05'Ru-99$

Tc-102m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Tc-102m 4.35m 2.OOOE-02 Tc-102 9.800E-01 Ru-102$
2 Tc-102 5.28s 1.OOOE+00 Ru-102$

f3

To-105
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Tc-105 7.6m 1.OOOE+00 Ru-105
2 Ru-105 4.44h 1.OOOE+00 Rh-105
3 Rh-105 35.36h 1.OOOE+00 Pd-105$

Ru-92
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide
1 Ru-92
2 Tc-92

f4 Nuclide
3.65m 1.OOOE+00 Tc-92
4.25m 1.OOOE+00 Mo-92$
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Ru-94
--- Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Ru-94 51.8m 1.000E+00 Tc-94m
2 Tc-94m '52.Om 1.OOOE+00 Mo-94$

Ru-95
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Ru-95 1.643h 2.613E-02 Tc-95m 9.739E-01 Tc-95
2 Tc-95m 61d 3.880E-02 Tc-95 9.612E-01 Mo-95$
3 Tc-95 20.0h 1.000E+00 Mo-95$

Ru-97
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Ru-97 2.9d 4.218E-04 Tc-97m 9.996E-01 Tc-97
2 Tc-97m 90.1d 1.000E+00 Tc-97
3 Tc-97 2.6E+6y 1.000E+00 Mo-97$

f3

Ru-103
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Ru-103 39.26d 9.876E-01 Rh-103m 1.245E-02 Rh-103$
2 Rh-103m 56.114m 1.OOOE+00 Rh-103$

Ru-105
--- --- -7--- --- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ru-105 4.44h 1.OOOE+00 Rh-105
2 Rh-105 35.36h 1.OOOE+00 Pd-105$

f2 Nuclide f3

Ru-106
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Ru-106 373.59d 1.OOOE+00 Rh-106
2 Rh-106 29.80s 1.OOOE+00 Pd-106$

Ru-107
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Daughter
Products- -----------------------

Nuclide Halflife fl Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Ru-107 3.75m 1.OOOE+00 Rh-107
2 Rh-107 21.7m 1.OOOE+00 Pd-107
3 Pd-107 6.5E+6y 1.0OOE+00 Ag-107$

Ru-108

Products- -----------------------
Nuclide Halflife fl

Daughter

Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Ru-108 4.55m 1.OOOE+00 Rh-108
2 Rh-108 16.8s 1.OOOE+00 Pd-108$

Rh-94

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Rh-94 70.6s 1.OOOE+00 Ru-94
2 Ru-94 51.8m 1.OOOE+00 Tc-94m
3 Tc-94m 52.Om 1.OOOE+00 Mo-94$

Daughter

f2 Nuclide f3

Rh-95
Daughter

Products
Nuclide

Nuclide f4
1 Rh-95
2 Ru-95
3 Tc-95m
4 Tc-95

Halflife fl Nuclide f2 Nuclid
Nuclide

5.02m 1.OOOE+00 Ru-95
1.643h 2.613E-02 Tc-95m 9.739E-01 Tc-95

61d 3.880E-02 Tc-95 9.612E-01 Mo-95$
20.Oh 1.OOOE+00 Mo-95$

e f3

Rh-95m
Daughter

Products -
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Rh-95m 1.96m 8.800E-01
2 Rh-95 5.02m 1.OOOE+00
3 Ru-95 1.643h 2.613E-02
4 Tc-95m 61d 3.880E-02
5 Tc-95 20.Oh 1.OOOE+00

Nuclide f2 Nuclide f3

Rh-95 1.200E-01 Ru-95
Ru-95
Tc-95m 9.739E-01 Tc-95
Tc-95 9.612E-01 Mo-95$
Mo-95$

Rh-96m
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Rh-96 4.OOOE-01 Ru-96$
Nuclide

1 Rh-96m
f4 Nuclide

1.51m 6.OOOE-01
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2 Rh-96 9.90m 1.000E+00 Ru-96$

Rh-97
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Rh-97 30.7m 1.000E+00 Ru-97
2 Ru-97 2.9d 4.218E-04 Tc-97m 9.996E-01 Tc-97
3 Tc-97m 90.1d 1.000E+00 Tc-97
4 Tc-97 2.6E+6y 1.000E+00 Mo-97$

Rh-97m
Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Rh-97m 46.2m 5.600E-02 Rh-97 9.440E-01 Ru-97
2 Rh-97 30.7m 1.000E+00 Ru-97
3 Ru-97 2.9d 4.218E-04 Tc-97m 9.996E-01 Tc-97
4 Tc-97m 90.1d 1.000E+00 Tc-97
5 Tc-97 2.6E+6y 1.000E+00 Mo-97$

f3

Rh-100m
--- Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 Rh-100m
2 Rh-100

Nuclide
4.6m 9.830E-01 Rh-100 1.700E-02 Ru-100$

20.8h 1.OOOE+00 Ru-100$

Rh-101m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Rh-101m 4.34d 6.400E-02 Rh-101 9.360E-01 Ru-101$
2 Rh-101 3.3y 1.OOOE+00 Ru-101$

Rh-102m
Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Rh-102m 3.742y 2.330E-03 Rh-102 9.977E-01 Ru-102$
2 Rh-102 207d 7.800E-01 Ru-102$ 2.200E-01 Pd-102$

f3

f3

Rh-104m
Daughter

Products
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3
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1 Rh-104m 4.34m 9.987E-01 Rh-104 1.300E-03 Pd-104$
2 Rh-104 42.3s 9.955E-01 Pd-104$ 4.500E-03 Ru-104$

Rh-107
- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Rh-107 21.7m 1.000E+00 Pd-107
2 Pd-107 6.5E+6y 1.000E+00 Ag-107$

Rh-109
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Rh-109 80s 1.OOOE+00 Pd-109
2 Pd-109 13.7012h 1.OOOE+00 Ag-109$

Pd-96
Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Pd-96 122s 1.OOOE+00 Rh-96m
2 Rh-96m 1.51m 6.OOOE-01 Rh-96 4.OOOE-01 Ru-96$
3 Rh-96 9.90m 1.OOOE+00 Ru-96$

Pd-97
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Pd-97 3.10m 1.162E-02 Rh-97m 9.884E-01 Rh-97
2 Rh-97m 46.2m 5.600E-02 Rh-97 9.440E-
3 Rh-97 30.7m 1.OOOE+00 Ru-97
4 Ru-97 2.9d 4.218E-04 Tc-97m 9.996E-01 Tc-97
5 Tc-97m 90.1d 1.OOOE+00 Tc-97
6 Tc-97 2.6E+6y 1.OOOE+00 Mo-97$

Pd-98
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Pd-98 17.7m 1.OOOE+00 Rh-98
2 Rh-98 8.7m 1.OOOE+00 Ru-98$

Pd-99
Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide f3
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Nuclide f4 Nuclide
1 Pd-99 21.4m 9.665E-01 Rh-99m
2 Rh-99m 4.7h 1.OOOE+00 Ru-99$
3 Rh-99 16.1d 1.OOOE+00 Ru-99$

3.353E-02 Rh-99

Pd-100
Daughter

Products
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1 Pd-100
2 Rh-100

3.63d 1.000E+00 Rh-100
20.8h 1.000E+00 Ru-100$

Pd-101
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Pd-101 8.47h 9.973E-01 Rh-101m 2.700E-03 Rh-101
2 Rh-101m 4.34d 6.400E-02 Rh-101 9.360E-01 Ru-101$
3 Rh-101 3.3y 1.OOOE+00 Ru-101$

Pd-103
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Pd-103 16.991d 9.988E-01 Rh-103m 1.251E-03 Rh-103$
2 Rh-103m 56.114m 1.OOOE+00 Rh-103$

f3

Pd-109m
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Pd-109m 4.69m 1.OOOE+00 Pd-109
2 Pd-109 13.7012h 1.OOOE+00 Ag-109$

f2 Nuclide f3

Pd-ill
Daughter

Products -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 Pd-ill
2 Ag-lllm
3 Ag-ill

Nuclide
23.4m 9.976E-01 Ag-lllm 2.437E-03 Ag-ill
64.8s 9.930E-01 Ag-ill 7.OOOE-03 Cd-lll$
7.45d 1.OOOE+00 Cd-lll$

-- Daughter
Pd-1l2

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3
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1 Pd-112
2 Ag-112

Pd-114

21.03h 1.000E+00 Ag-112
3.130h 1.000E+00 Cd-112$

Daughter
Products- -----------------------

Nuclide Halflife fl Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Pd-114 2..42m 1.000E+00 Ag-114
2 Ag-114 4.6s 1.000E+00 Cd-114$

Ag-99
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Ag-99 124s 1.000E+00 Pd-99
2 Pd-99 21.4m 9.665E-01 Rh-99m 3.353E-02 Rh-99
3 Rh-99m 4.7h 1.000E+00 Ru-99$
4 Rh-99 16.1d 1.OOOE+00 Ru-99$

Ag-100m
------ --- --- --- --- -- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ag-loom 2.24m 1.000E+00 Pd-100
2 Pd-100 3.63d 1.000E+00 Rh-100
3 Rh-100 20.8h 1.000E+00 Ru-100$

f2 Nuclide f3

Ag-101
Daughter

Products
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Ag-101 11.lm 1.000E+00
2 Pd-101 8.47h 9.973E-01
3 Rh-101m 4.34d 6.400E-02
4 Rh-101 3.3y 1.000E+00

Ag-102m

Products------------------------
Nuclide Halflife fl

Nuclide f2 Nuclide f3

Pd-101
Rh-101m 2.700E-03 Rh-101
Rh-101 9.360E-01 Ru-101$
Ru-101$

Daughter

Nuclide f2 Nuclide f3
Nuclide f4

1 Ag-102m
2 Ag-102

Nuclide
7.7m 4.900E-01 Ag-102 5.100E-01 Pd-102$

12.9m 1.OOOE+00 Pd-102$

-- Daughter
Ag-103

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3
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Nuclide f4 Nuclide
1 Ag-103 65.7m 1.OOOE+00 Pd-103
2 Pd-103 16.991d 9.988E-01 Rh-103m 1.251E-03 Rh-103$
3 Rh-103m 56.114m 1.OOOE+00 Rh-103$

Ag-104m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Ag-104m 33.5m 7.OOOE-04 Ag-104 9.993E-01 Pd-104$
2 Ag-104 69.2m 1.OOOE+00 Pd-104$

f3

Ag-105m
Daughter

Products------------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Ag-105m 7.23m 9.966E-01
2 Ag-105 41.29d 1.OOOE+00

Nuclide f2 Nuclide f3

Ag-105 3.400E-03 Pd-105$
Pd-105$

Ag-108m
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 Ag-108m
2 Ag-108

Ag-il0m

Nuclide
418y 8.700E-02 Ag-108 9.130E-01 Pd-108$

2.37m 9.715E-01 Cd-108$ 2.850E-02 Pd-108$

Daughter
Products- -----------------------

Nuclide Halflife fl Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Ag-lr0m 249.76d 1.360E-02 Ag-ll0 9.864E-01 Cd-10$
2 Ag-ll0 24.6s 9.970E-01 Cd-ll0$ 3.OOOE-03 Pd-110$

Ag-lllm
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Ag-lllm 64.8s 9.930E-01 Ag-lll 7.OOOE-03 Cd-lll$
2 Ag-lll 7.45d 1.OOOE+00 Cd-lll$

f3

Ag-113
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 Ag-113
2 Cd-113m

Nuclide
5.37h 1.739E-02 Cd-113m 9.826E-01 Cd-113
14.1y 1.400E-03 Cd-113 9.986E-01 In-113$
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3 Cd-113 7.7E+15y 1.OOOE+00 In-113$

Ag-1l3m --------------------------- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Ag-113m 68.7s 6.400E-01 Ag-113 3.600E-01 Cd-113
2 Ag-113 5.37h 1.739E-02 Cd-113m 9.826E-01 Cd-113
3 Cd-113m 14.1y 1.400E-03 Cd-113 9.986E-01 In-113$
4 Cd-113 7.7E+15y 1.OOOE+00 In-113$

Ag-115
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Ag-ll5 20.Om 9.421E-01 Cd-115 5.787E-02 Cd-115m
2 Cd-ll5 53.46h 1.OOOE+00 In-115m
3 Cd-115m 44.6d 1.058E-04 In-115m 9.999E-01 In-115
4 In-115m 4.486h 9.500E-01 In-115 5.OOOE-02 Sn-115$
5 In-ll5 4.41E+14y 1.OOOE+00 Sn-115$

Ag-117
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Ag-117 73.6s 8.470E-01 Cd-117 1.530E-01 Cd-117m
2 Cd-117 2.49h 9.151E-01 In-117m 8.493E-02 In-117
3 Cd-117m 3.36h 9.983E-03 In-117m 9.900E-01 In-117
4 In-117m 116.2m 4.710E-01 In-117 5.290E-01 Sn-117$
5 In-117 43.2m 3.532E-03 Sn-117m 9.,965E-01 Sn-117$
6 Sn-117m 13.76d 1.OOOE+00 Sn-117$

Cd-101
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Cd-101 1.36m 1.OOOE+00 Ag-101
2 Ag-101 11.lm 1.OOOE+00 Pd-101
3 Pd-101 8.47h 9.973E-01 Rh-101m 2.700E-03 Rh-101
4 Rh-101m 4.34d 6.400E-02 Rh-101 9.360E-01 Ru-101$
5 Rh-101 3.3y 1.OOOE+00 Ru-101$

Cd-102
Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Cd-102 5.5m 9.462E-01 Ag-102m 5.376E-02 Ag-102
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2 Ag-102m
3 Ag-102

Cd-103

7.7m 4.900E-01 Ag-102 5.100E-01 Pd-102$
12.9m 1.OOOE+00 Pd-102$

Daughter
Products- -----------------------

Nuclide Halflife fl Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Cd-103 7.3m 1.OOOE+00 Ag-103
2 Ag-103 65.7m 1.OOOE+00 Pd-103
3 Pd-103 16.991d 9.988E-01 Rh-103m 1.251E-03 Rh-103$
4 Rh-103m 56.114m 1.OOOE+00 Rh-103$

Cd-104
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Cd-104 57.7m 1.OOOE+00 Ag-104m
2 Ag-104m 33.5m 7.OOOE-04 Ag-104 9.993E-01 Pd-104$
3 Ag-104 69.2m 1.OOOE+00 Pd-104$

f3

Cd-105
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Cd-105 55.5m 8.296E-01 Ag-105m 1.704E-01 Ag-105
2 Ag-105m 7.23m 9.966E-01 Ag-105 3.400E-03 Pd-105$
3 Ag-105 41.29d 1.OOOE+00 Pd-105$

Cd-113m
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f,
1 Cd-113m
2 Cd-113

4 Nuclide
14.1y 1.400E-03 Cd-113 9.986E-01 In-113$

7.7E+15y 1.OOOE+00 In-113$

Cd-ll5
Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Cd-115 53.46h 1.OOOE+00 In-115m
2 In-115m 4.486h 9.500E-01 In-115 5.000E-02 Sn-115$
3 In-115 4.41E+14y 1.OOOE+00 Sn-115$

Cd-115m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3
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Nuclide f4 Nuclide
1 Cd-115m 44.6d 1.058E-04 In-115m 9.999E-01 In-115
2 In-115m 4.486h 9.500E-01 In-115 5.000E-02 Sn-115$
3 In-115 4.41E+14y 1.OOOE+00 Sn-115$

Cd-117
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Cd-117 2.49h 9.151E-01 In-117m 8.493E-02 In-117
2 In-117m 116.2m 4.710E-01 In-117 5.290E-01 Sn-117$
3 In-117 43.2m 3.532E-03 Sn-117m 9.965E-01 Sn-117$
4 Sn-117m 13.76d 1.OOOE+00 Sn-117$

f3

Cd-117m
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 Cd-117m
2 In-117m
3 In-117
4 Sn-117m

Nuclide
3.36h 9.983E-03 In-117m 9.900E-01 In-117

116.2m 4.710E-01 In-117 5.290E-01 Sn-117$
43.2m 3.532E-03 Sn-117m 9.965E-01 Sn-117$

13.76d 1.OOOE+00 Sn-117$

- Daughter
Cd-118

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Cd-118 50.3m 1.OOOE+00 In-118
2 In-118 5.Os 1.OOOE+00 Sn-118$

f2 Nuclide f3

Cd-ll9 --------------------------- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Cd-119 2.69m 9.009E-01 In-119m 9.909E-02 In-119
2 In-119m 18.Om 5.600E-02 In-119 9.440E-01 Sn-119$
3 In-119 2.4m 9.477E-03 Sn-119m 9.905E-01 Sn-119$
4 Sn-119m 293.1d 1.OOOE+00 Sn-119$

Cd-119m
Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Cd-119m 2.20m 2.133E-03 In-119m 9.979E-01 In-119
2 In-119m 18.Om 5.600E-02 In-119 9.440E-01 Sn-119$
3 In-119 2.4m 9.477E-03 Sn-119m 9.905E-01 Sn-119$
4 Sn-119m 293.1d 1.OOOE+00 Sn-119$

f3

f3
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In-103
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 In-103 60s 1.0OOE+00 Cd-103
2 Cd-103 7.3m 1.OOOE+00 Ag-103
3 Ag-103 65.7m 1.OOOE+00 Pd-103
4 Pd-103 16.991d 9.988E-01 Rh-103m 1.251E-03 Rh-103$
5 Rh-103m 56.114m 1.000E+00 Rh-103$

In-105
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 In-105 5.07m 1.OOOE+00 Cd-105
2 Cd-105 55.5m 8.296E-01 Ag-105m 1.704E-01 Ag-105
3 Ag-105m 7.23m 9.966E-01 Ag-105 3.400E-03 Pd-105$
4 Ag-105 41.29d 1.OOOE+00 Pd-105$

f3

In-107

Products
Nuclide Halflife fl

Daughter

Nuclide . f2 Nuclide f3
Nuclide f4 Nuclide

1 In-107 32.4m .1.OOOE+00 Cd-107
2 Cd-107 6.50h 1.OOOE+00 Ag-107$

In-109

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 In-109 4.2h 1.OOOE+00 Cd-109
2 Cd-109 461.4d 1.OOOE+00 Ag-109$

------ Daughter

f2 Nuclide f3

In-109m

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 In-109m 1.34m 1.OOOE+00 In-109
2 In-109 4.2h 1.OOOE+00 Cd-109
3 Cd-109 461.4d 1.OOOE+00 Ag-109$

------ Daughter

f2 Nuclide f3

In-ill
Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

36



1 In-ill
2 Cd-lllm

In-lllm

2.8047d 5.OOOE-05 Cd-lllm 1.OOOE+00 Cd-lll$
48.50m 1.OOOE+00 Cd-lll$

Daughter
Products

Nuclide Halflife fl Nuclide f2 Nuclide
Nuclide f4 Nuclide

1 In-llim 7.7m 1.OOOE+00 In-ill
2 In-ill 2.8047d 5.OOOE-05 Cd-lllm 1.OOOE+00 Cd-lll$
3 Cd-lllm 48.50m 1.OOOE+00 Cd-lll$

In-ll2m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 In-ll2m 20.56m 1.OOOE+00 In-112
2 In-1l2 14.97m 5.600E-01 Cd-i12$ 4.400E-01 Sn-112$

In-ll4m
-- Daughter

Products -
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 In-1l4m 49.51d 9.675E-01 In-114 3.250E-02 Cd-114$
2 In-1l4 71.9s 9.950E-01 Sn-ll4$ 5.OOOE-03 Cd-i14$

In-ll5m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 In-ll5m 4.486h 9.500E-01 In-1l5 5.OOOE-02 Sn-l15$
2 In-115 4.41E+14y 1.OOOE+00 Sn-1l5$

f3

f3

f3

f3

In-117
Daughter

Products-------------------------
Nuclide Halflife flf Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 In-117 43.2m 3.532E-03 Sn-117m 9.965E-01 Sn-l17$
2 Sn-117m 13.76d 1.OOOE+00 Sn-117$

In-117m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 In-117m
2 In-117
3 Sn-ll7m

Nuclide
116.2m 4.710E-01 In-117 5.290E-01 Sn-117$

43.2m 3.532E-03 Sn-117m 9.965E-01 Sn-117$
13.76d 1.OOOE+00 Sn-117$

37



In-119
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 In-119
2 Sn-119m

In-119m

Nuclide
2.4m 9.477E-03 Sn

293.1d 1.OOOE+00 Sn-119$

Daughter
Products- -----------------------

Nuclide Halflife fl Nuclide f2 Nuclide ff3
Nuclide f4

1 In-119m
2 In-119
3 Sn-119m

Nuclide
18.Om 5.600E-02 In-119 9.440E-01 Sn-119$
2.4m 9,477E-03 Sn-119m 9.905E-01 Sn-119$

293.1d 1.OOOE+00 Sn-119$

In-121 --------------------------- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 In-121 23.1s 1.135E-01 Sn-121m 8.865E-01 Sn-121
2 Sn-121m 43.9y 7.760E-01 Sn-121 2.240E-01 Sb-121$
3 Sn-121 27.03h 1.OOOE+00 Sb-121$

In-121m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 In-121m 3.88m 1.200E-02 In-121 9.880E-01 Sn-121
2 In-121 23.1s 1.135E-01 Sn-121m 8.865E-01 Sn-121
3 Sn-121m 43.9y 7.760E-01 Sn-121 2.240E-01 Sb-121$
4 Sn-121 27.03h 1.OOOE+00 Sb-121$

f3

f3

Sn-106
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Sn-106 1.92m 1.OOOE+00 In-106m
2 In-106m 5.2m 1.OOOE+00 Cd-i065

Sn-108
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Sn-108 10.30m 1.OOOE+00 In-108m
2 In-108m 39.6m 1.OOOE+00 Cd-108$
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Sn-109
Daughter

Products
Nuclide Ha

Nuclide f4
1 Sn-109
2 In-109m
3 In-109
4 Cd-109

Sn-ll0

iflife fl Nuclide f2 Nuclide f3
Nuclide

18.Om 2.827E-01 In-109m 7.173E-01 In-109
i'.34m 1.OOOE+00 In-109
4.2h 1.OOOE+00 Cd-109

461.4d 1.OOOE+00 Ag-109$

Daughter
Products

Nuclide Halflife fl Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Sn-ll0 4.11h 1.OOOE+00 In-lr0m
2 In-lr0m 69.1m 1.OOOE+00 Cd-ll0$

Sn-ill
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 Sn-ill
2 In-llim
3 In-ill
4 Cd-lllm

Nuclide
35.3m 2.074E-03 In-lllm 9.979E-01 In-lll

7.7m 1.OOOE+00 In-ill
2.8047d 5.OOOE-05 Cd-lllm 1.OOOE+00 Cd-lll$

48.50m 1.OOOE+00 Cd-lll$

Sn-ll3 n--------------------------Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Sn-113 115.09d 1.OOOE+00 In-113m 2.235E-05 In-113$
2. In-113m 1.6579h 1.OOOE+00 In-113$

Sn-li3m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Sn-113m 21.4m 9.110E-01 Sn-113 8.900E-02 In-113$
2 Sn-113 115.09d 1.OOOE+00 In-il3m 2.235E-05 In-113$
3 In-113m 1.6579h 1.OOOE+00 In-113$

f3

f3

Sn-121m
Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Sn-121m 43.9y 7.760E-01

Nuclide f2 Nuclide f3

Sn-121 2.240E-01 Sb-121$
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2 Sn-121 27.03h 1.OOOE+00 Sb-121$

Sn-125
Daughter

Products -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Sn-125 9.64d 1.OOOE+00 Sb-125
2 Sb-125 2 . 7 5 8 5 6 y 2.314E-01 Te-125m 7.686E-01 Te-125$
3 Te-125m 57.40d 1.OOOE+00 Te-125$

Sn-125m
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 Sn-125m
2 Sb-125
3 Te-125m

Nuclide
9.52m 1.OOOE+00 Sb-125

2.75856y 2.314E-01 Te-125m 7.686E-01 Te-125$
57.40d 1.OOOE+00 Te-125$

Sn-126 --------------------------- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Sn-126 2.30E+5y 1.OOOE+00 Sb-126m
2 Sb-126m 19.15m 1.400E-01 Sb-126 8.600E-01 Te-126$
3 Sb-126 12.35d 1.OOOE+00 Te-126$

Sn-127
Daughter

f3

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Sn-127 2.10h 1.OOOE+00 Sb-127
2 Sb-127 3.85d 1.768E-01 Te-127m 8.232E-01 Te-127
3 Te-127m 109d 9.760E-01 Te-127 2.400E-02 1-127$
4 Te-127 9.35h 1.OOOE+00 1-127$

Sn-127m
Daughter

Products- -----------------------
Nuclide Halfflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 Sn-127m
2 Sb-127
3 Te-127m
4 Te-127

Nuclide
4.13m 1.OOOE+00 Sb-127
3.85d 1.768E-01 Te-127m 8.232E-01 Te-127

109d 9.760E-01 Te-127 2.400E-02 1-127$
9.35h 1.OOE+00 1-127$

Sn-128
Daughter

Products
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Nuclide Halflife fl Nuclide f2 Nuclide
Nuclide f4 Nuclide

1 Sn-128 59.07m 1.OOOE+00 Sb-128m
2 Sb-128m 10.4m 3.600E-02 Sb-128 9.640E-01 Te-128$
3 Sb-128 9.01h 1.OOOE+00 Te-128$

Sn-129
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Sn-129 2.23m 1.OOOE+00 Sb-129
2 Sb-129 4.40h 2.262E-01 Te-129m 7.738E-01 Te-129
3 Te-129m 33.6d 6.300E-01 Te-129 3.700E-01"I-129
4 Te-129 69.6m 1.OOOE+00 1-129
5 1-129 1.57E+7y 1.OOOE+00 Xe-129$

f3

f3

Sn-130
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Sn-130 3.72m 1.OOOE+00 Sb-130m
2 Sb-130m 6.3m 1.OOOE+00 Te-130$

Sn-130m
------------------ Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 Sn-130m
2 Sb-130
3 Sb-130m

Nuclide
1.7m 8.600E-01 Sb-130 1.399E-01 Sb-130m

39.5m 1.OOOE+00 Te-130$
6.3m 1.OOOE+00 Te-130$

Sb-lll s-----------------------Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Sb-lll 75s 1.OOOE+00 Sn-lll
2 Sn-l1l 35.3m 2.074E-03 In-lllm 9.979E-01 In-ill
3 In-111m 7.7m 1.OOOE+00 In-lll
4 In-lll 2.8047d 5.OOOE-05 Cd-lllm 1.000E+00 Cd-lll$
5 Cd-lllm 48.50m 1.OOOE+00. Cd-lll$

f3

Sb-113
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Sb-113 6.67m 2.243E-01 Sn-113m 7.757E-01 Sn-113
2 Sn-113m 21.4m 9.110E-01 Sn-113. 8.900E-02 In-113$
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3 Sn-113
4 In-113m

Sb-122m

115.09d 1.OOOE+00 In-113m 2.235E-05 In-113$
1.6579h 1.OOOE+00 In-113$

Daughter
Products

Nuclide Halflife fl Nuclide f2 Nuclide
Nuclide f4 Nuclide

1 Sb-122m 4.191m 1.OOOE+00 Sb-122
2 Sb-122 2.7238d 9.759E-01 Te-122$ 2.410E-02 Sn-122$

Sb-124m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Sb-124m 93s 7.500E-01 Sb-124 2.500E-01 Te-124$
2 Sb-124 60.20d 1.OOOE+00 Te-124$

f3

f3

Sb-124n
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 Sb-124n
2 Sb-124m
3 Sb-124.

Sb-125

Nuclide
20.2m 1.OOOE+00 Sb-124m

93s 7.500E-01 Sb-124 2.500E-01 Te-124$
60.20d 1.OOOE+00 Te-124$

Daughter
Products- -----------------------

Nuclide Halflife fl Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Sb-125 2 . 7 5 8 5 6 y 2.314E-01 Te-125m 7.686E-01 Te-125$
2 Te-125m 57.40d 1.OOOE+00 Te-125$

Sb-126m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 Sb-126m
2 Sb-126

Sb-127

Nuclide
19.15m 1.400E-01 Sb-126 8.600E-01 Te-126$
12.35d 1.OOOE+00 Te-126$

Daughter
Products

Nuclide Halflife fl Nuclide f2 Nuclide
Nuclide f4 Nuclide

1 Sb-127 3.85d 1.768E-01 Te-127m 8.232E-01 Te-127
2 Te-127m 109d 9.760E-01 Te-127 2.400E-02 1-127$
3 Te-127 9.35h 1.OOOE+00 1-127$

f3
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Sb-128m
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f•
1 Sb-128m
2 Sb-128

4 Nuclide
10.4m 3.600E-02 Sb-128 9.640E-01 Te-128$
9.01h 1.OOOE+00 Te-128$

Sb-129
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Sb-129 4.40h 2.262E-01 Te-129m 7.738E-01 Te-129
2 Te-129m 33.6d 6.300E-01 Te-129 3.700E-01 1-129
3 Te-129 69.6m 1.OOOE+00 1-129
4 1-129 1.57E+7y 1.OOOE+00 Xe-129$

Sb-131
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Sb-131 23.03m 8.207E-02 Te-131m 9.179E-01 Te-131
2 Te-131m 30h 2.220E-01 Te-131 7.780E-01 1-131
3 Te-131 25.Om 1.OOOE+00 1-131
4 1-131 8.02070d 1.176E-02 Xe-131m 9.882E-01 Xe-131$
5 Xe-131m 11.84d 1.OOOE+00 Xe-131$

f3

f3

Sb-133
Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Sb-133 2.5m 1.734E-01 Te-133m
2 Te-133m 55.4m 1.750E-01 Te-133
3 Te-133 12.5m 1.OOOE+00 1-133
4 1-133 20.8h 2.885E-02 Xe-133m
5 Xe-133m 2.19d 1.OOOE+00 Xe-133
6 Xe-133 5.243d 1.OOOE+00 Cs-133$

f2 Nuclide f3

8.266E-01 Te-133
8.250E-01 1-133

9.711E-01 Xe-133

Te-113
Daughter

Products
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Te-113 1.7m 1.OOOE+00
2 Sb-113 6.67m 2.243E-01
3 Sn-113m 21.4m 9.110E-01
4 Sn-113 115.09d 1.OOOE+00
5 In-113m 1.6579h 1.OOOE+00

Nuclide f2 Nuclide f3

Sb-113
Sn-113m 7.757E-01 Sn-113
Sn-113 8.900E-02 In-113$
In-113m 2.235E-05 In-113$
In-i13$
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Te-ll4 - - - - - - -- - Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Te-114 15.2m 1.OOOE+00 Sb-114
2 Sb-114 3.49m 1.OOOE+00 Sn-114$

Te-115
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Te-115 5.8m 1.OOOE+00 Sb-115
2 Sb-115 32.1m 1.OOOE+00 Sn-115$

Te-115m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Te-115m 6.7m 1.OOOE+00 Sb-115
2 Sb-115 32.1m 1.OOOE+00 Sn-115$

Te-116
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Te-116 2.49h 1.OOOE+00 Sb-116
2 Sb-116 15.8m 1.OOOE+00 Sn-116$

Te-117
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Te-117 62m 1.OOOE+00 Sb-117
2 Sb-117 2.80h 1.OOOE+00 Sn-117$

Te-118
- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Te-118 6.00d 1.OOOE+00 Sb-118
2 Sb-118 3.6m 1.OOOE+00 Sn-118$

Te-119
Daughter

Products
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Nuclide Halflife fl Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Te-119 16.05h 1.OOOE+00 Sb-119
2 Sb-119 38.19h 1.OOOE+00 Sn-119$

Te-119m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Te-119m 4.70d 1.OOOE+00 Sb-119
2 Sb-119 38.19h 1.OOOE+00 Sn-119$

Te-121m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Te-121m 154d 8.860E-01 Te-121 1.140E-01 Sb-121$
2 Te-121 19.16d 1.OOOE+00 Sb-121$

Te-123m
Daughter

Products-
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Te-123m 119.25d 1.OOOE+00 Te-123
2 Te-123 6.OOE+14y, 1.OOOE+00 Sb-123$

Te-127m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Te-127m 109d 9.760E-01 Te-127 2;400E-02 1-127$
2 Te-127 9.35h 1.OOOE+00 1-127$

Te-129
Daughter

Products
Nuclide, Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Te-129 69.6m 1.OOOE+00 1-129
2 1-129 1.57E+7y 1.OOOE+00 Xe-129$

Te-129m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Te-129m 33.6d 6.300E-01 Te-129 3.700E-01 1-129
2 Te-129 69.6m 1.OOOE+00 1-129
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3 1-129 1.57E+7y 1.OOOE+00 Xe-129$

Te-131
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 Te-131
2 1-131
3 Xe-131m

Te-131m

Nuclide
25.Om 1.OOOE+00 1-131

8.02070d 1.176E-02 Xe-131m 9.882E-01 Xe-131$
11.84d 1.OOOE+00 Xe-131$

Daughter
Products

Nuclide Halflife fl Nuclide f2 Nuclide
Nuclide f4 Nuclide

1 Te-131m 30h 2.220E-01 Te-131 7.780E-01 1-131
2 Te-131 25.Om 1.OOOE+00 1-131
3 1-131 8.02070d 1.176E-02 Xe-131m 9.882E-01 Xe-131$
4 Xe-131m 11.84d 1.OOOE+00 Xe-131$

f3

Te-132
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Te-132 3.204d 1.OOOE+00 1-132
2 1-132 2.295h 1.OOOE+00 Xe-132$

f2 Nuclide f3

Te-133
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Te-133 12.5m 1.OOOE+00 1-133
2 1-133 20.8h 2.885E-02 Xe-133m 9.711E-01 Xe-133
3 Xe-133m 2.19d 1.OOOE+00 Xe-133
4 Xe-133 5.243d 1.OOOE+00 Cs-133$

Te-133m
Daughter

Products------------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Te
2 Te-133 12.5m 1.OOOE+00
3 1-133 20.8h 2.885E-02
4 Xe-133m 2.19d 1.OOOE+00
5 Xe-133 5.243d 1.OOOE+00

Nuclide f2 Nuclide f3

1-133
Xe-133m 9.711E-01 Xe-133
Xe-133
Cs-133$

Te-134
Daughter
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Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Te-134 41.8m 1.OOOE+00 1-134
2 1-134 52.5m 1.OOOE+00 Xe-134$

1-118
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 1-118 13.7m 1.OOOE+00 Te-118
2 Te-118 6.00d 1.OOOE+00 Sb-118
3 Sb-118 3.6m 1.OOOE+00 Sn-118$

I-llSm
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 I-118m 8.5m 1.OOOE+00 Te-ll8
2 Te-118 6.00d 1.OOOE+00 Sb-ll8
3 Sb-118 3.6m 1.OOOE+00 Sn-118$

1-119
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 1-119 19.1m 9.905E-01 Te-119 9.542E-03 Te-119m
2 Te-119 16.05h 1.OOOE+00 Sb-119
3 Te-119m 4.70d 1.OOOE+00 Sb-119
4 Sb-119 38.19h 1.OOOE+00 Sn-119$

1-121
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 1-121 2.12h 2.863E-03 Te-121m 9.971E-01 Te-121
2 Te-121m 154d 8.860E-01 Te-121 1.140E-01 Sb-121$
3 Te-121 19.16d 1.OOOE+00 Sb-121$

1-123
Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 1-123 13.27h 4.442E-05 Te-123m 1.OOOE+00 Te-123
2 Te-123m 119.25d 1.OOOE+00 Te-123
3 Te-123 6.OOE+14y 1.OOOE+00 Sb-123$
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1-130m
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 1-130m 8.84m 8.400E-01 1-130
2 1-130 12.36h 1.OOOE+00 Xe-130$

f2 Nuclide f3

1.600E-01 Xe-130$

1-131
Daughter

Products
Nuclide Halflife fl

Nuclide f4 Nuclide
1 1-131 8.02070d 1.176E-02
2 Xe-131m 11.84d 1.OOOE+00

Nuclide f2 Nuclide f3

Xe-131m 9.882E-01 Xe-131$
Xe-131$

I-132m
Daughter

Products
Nuclide Halflife fl

Nuclide
1 I-132n
2 1-132

f4 Nuclide
1.387h 8.600E-01
2.295h 1.OOOE+00

Nuclide f2 Nuclide f3

1-132 1.400E-01 Xe-132$
Xe-132$

1-133
Daughter

Products -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
1 1-133 20.8h 2.885E-02
2 Xe-133m 2.19d 1.000E+00
3 Xe-133 5.243d 1.OOOE+00

Nuclide f2 Nuclide f3

Xe-133m 9.711E-01 Xe-133
Xe-133
Cs-133$

I-134m
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 I-134m 3.60m 9.770E-01 1-134
2 1-134 52.5m 1.OOOE+00 Xe-134$

f2 Nuclide f3

2.300E-02 Xe-134$

1-135 3--------------------------Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 1-135 6.57h 1.657E-01 Xe-135m 8.343E-01 Xe-135
2 Xe-135m 15.29m 9.940E-01 Xe-135 6.OOOE-03 Cs-135
3 Xe-135 9.14h 1.OOOE+00 Cs-135
4 Cs-135 2.3E+6y 1.OOOE+00 Ba-135$

Xe-120

f3
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---- --- --- ---- --- --- Daughter
Products

Nuclide Halflife fl Nuclide
Nuclide f4 Nuclide

1 Xe-120 40m 1.OOOE+00 1-120
2 1-120 81.6m 1.OOOE+00 Te-120$

f2 Nuclide f3

Xe-121 --------------------------- Daughter,

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Xe-121 40.1m 1.000E+00 1-121
2 1-121 2.12h 2.863E-03 Te-121m 9.971E-01 Te-121
3 Te-121m 154d 8.860E-01 Te-121 1.140E-01 Sb-121$
4 Te-121 19.16d 1.000E+00 Sb-121$

f3

Xe-122
Daughter

Products -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Xe-122 20.1h 1.OOOE+00 1-122
2 1-122 3.63m 1.000E+00 Te-122$

Xe-123
- Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Xe-123 2.08h 1.OOOE+00 1-123
2 1-123 13.27h 4.442E-05 Te-123m 1.OOOE+00 Te-123
3 Te-123m 119.25d 1.000E+00 Te-123
4 Te-123 6.OOE+14y 1.OOOE+00 Sb-123$

Xe-125
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Xe-125 16.9h 1.000E+00 1-125
2 1-125 59.400d 1.OOOE+00 Te-125$

f2 Nuclide f3

Xe-127m
---- --- --- ---- --- --- Daughter

Products --
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Xe-127m 69.2s 1.OOOE+00 Xe-127
2 Xe-127 36.4d 1.OOOE+00 1-127$

f2 Nuclide f3

Xe-133m
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--- --- --- --- --- --- -- D aughter
Products

Nuclide Halflife f1 Nuclide
Nuclide f4 Nuclide

1 Xe-133m 2.19d 1.OOOE+00 Xe-133
2 Xe-133 5.243d 1.OOOE+00 Cs-133$

f2 Nuclide f3

Xe-135
---- --- --- ---- --- --- D aughter

Products -
Nuclide Halflife f1 Nuclide

Nuclide f4 Nuclide
1 Xe-135 9.14h 1.OOOE+00 Cs-135
2 Cs-135 2.3E+6y 1.OOOE+00 Ba-135$

f2 Nuclide f3

Xe-135m
Daughter

Products
Nuclide Halflife ff Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Xe-135m 15.29m 9.940E-01 Xe-135 6.OOOE-03 Cs-135
2 Xe-135 9.14h 1.OOOE+00 Cs-135
3 Cs-135 2.3E+6y 1.OOOE+00 Ba-135$

f3

Xe-137
Daughter

Products- -----------------------
Nuclide Halflife f1 Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Xe-137 3.818m 1.OOOE+00 Cs-137
2 Cs-137 3 0.1 6 7 1y 9.440E-01 Ba-137m 5.600E-02 Ba-137$
3 Ba-137m 2.552m 1.OOOE+00 Ba-137$

Xe-138
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife ff Nuclide

Nuclide f4 Nuclide
1 Xe-138 14.08m 1.OOOE+00 Cs-138
2 Cs-138 33.41m 1.OOOE+00 Ba-138$

f2 Nuclide ff3

Cs-121
Daughter

Products
Nuclide Halflife ff Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Cs-121 155s 1.OOOE+00 Xe-121
2 Xe-121 40.1m 1.OOOE+00 1-121
3 1-121 2.12h 2.863E-03 Te-121m 9.971E-OlTe-121
4 Te-121m 154d 8.860E-01 Te-121 1.140E-01 Sb-121$
5 Te-121 19.16d 1.OOOE+00 Sb-121$
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Cs-121m
Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Cs-121m 122s 1.700E-01 Cs-121
2 Cs-121 155s 1.OOOE+00 Xe-121
3 Xe-121 40.1m 1.OOOE+00 1-121
4 1-121 2.12h 2.863E-03 Te-121m
5 Te-121m 154d 8.860E-01 Te-121
6 T e-121 19.16d 1.OOOE+00 Sb-

f2 Nuclide f3

8.300E-01 Xe-121

9.971E-01 Te-121
1.140E-01 Sb-121$

Cs-123 s--------------------------Daughter

Products
Nuclide Halflife , fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Cs-123 5.88m 1.OOOE+00 Xe-123
2 Xe-123 2.08h 1.OOOE+00 1-123
3 1-123 13.27h 4.442E-05 Te-123m 1.OOOE+00 Te-123
4 Te-123m 119.25d 1.OOOE+00 Te-123
5 Te-123 6.OOE+14y 1.OOOE+00 Sb-123$

f3

Cs-125

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Cs-125 45m 1.OOOE+00 Xe-125
2 Xe-125 16.9h 1.OOE+00 1-125
3 1-125 59.400d 1.OOOE+00 Te-125$

Daughter

f2 Nuclide f3

Cs-127 s--------------------------.Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Cs-127 6.25h 1.OOOE+00 Xe-127
2 Xe-127 36.4d 1.OOOE+00 1-127$

Cs-130m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Cs-130m 3.46m 9.984E-01 Cs-130 1.600E-03 Xe-130$
2 Cs-130 29.21m 9.840E-01 Xe-130$ 1.600E-02 Ba-130$

Cs-134m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

f3

f3

f3
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Nuclide f4
1 Cs-134m
2 Cs-134

Cs-135m

Nuclide
2.903h 1.OOOE+00 Cs-134

2.0648y 1.OOOE+00 Ba-134$ 3.OOOE-06 Xe-134$

Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Cs-135m 53m 1.OOOE+00 Cs-135
2 Cs-135 2.3E+6y 1.OOOE+00 Ba-135$

f2 Nuclide f3

Cs-137 --------------------------- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Cs-137 30.1671y 9.440E-01 Ba-137m 5.600E-02 Ba-137$
2 Ba-137m 2.552m 1.OOOE+00 Ba-137$

f3

Cs-138m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 Cs-138m
2 Cs-138

Nuclide
2.91m 8.100E-01 Cs-138 1.900E-01 Ba-138$

33.41m 1.OOOE+00 Ba-138$

Cs-139

Products- -----------------------
Nuclide Halflife fl

Daughter

Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Cs-139 9.27m 1.OOOE+00 Ba-139
2 Ba-139 83.06m 1.OOOE+00 La-139$

Cs-140

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Cs-140 63.7s 1.OOOE+00 Ba-140
2 Ba-140 12.752d 1.OOOE+00 La-140
3 La-140 1.6781d 1.OOOE+00 Ce-1405

- Daughter

f2 Nuclide f3

Ba-124
Daughter

Products-------------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Ba-124 11.0m 1.OOOE+00 Cs-124
2 Cs-124 30.8s 1.OOOE+00 Xe-124$
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Ba-126
-- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ba-126 100m 1.OOOE+00 Cs-126
2 Cs-126 1.64m 1.OOOE+00 Xe-126$

f2 Nuclide f3

Ba-127
---- --- --- ---- --- --- D aughter

Products --
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ba-127 12.7m 1.OOOE+00 Cs-127
2 Cs-127 6.25h 1.OOOE+00 Xe-127
3 Xe-127 36.4d 1.OOOE+00 1-127$

f2 Nuclide f3

Ba-128
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ba-128 2.43d 1.OOOE+00 Cs-128
2 Cs-128 3.640m 1.OOOE+00 Xe-128$

f2 Nuclide f3

Ba-129
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ba-129 2.23h 1.OOOE+00 Cs-129
2 Cs-129 32.06h 1.OOOE+00 Xe-129$

f2 Nuclide f3

Ba-129m

Products
Nuclide Halflife fl Nuclide "f2

Daughter

Nuclide f3
Nuclide f4

1 Ba-129m
2 Cs-129

Nuclide
2.16h 1.OOOE+00 Cs-129

32.06h 1.OOOE+00 Xe-129$

Ba-131

Products- -----------------------
Nuclide Halflife fl

Daughter

Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Ba-131 l1.50d 1.OOOE+00 Cs-131
2 Cs-131 9.689d 1.OOOE+00 Xe-131$

Ba-131m
Daughter
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Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ba-131m 14.6m 1.OOOE+00 Ba-131
2 Ba-131 11.50d 1.OOOE+00 Cs-131
3 Cs-131 9.689d 1.OOOE+00 Xe-131$

f2 Nuclide f3

Ba-133m
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 Ba-133m
2 Ba-133

Nuclide
38.9h 9.999E-01 Ba-133 9.600E-05 Cs-133$

10.52y 1.OOOE+00 Cs-133$

Ba-140

Products- -----------------------
Nuclide Halflife fl

Daughter

Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Ba-140 12.752d 1.OOOE+00 La-140
2 La-140 1.6781d 1.OOOE+00 Ce-140$

Ba-141

Products --
Nuclide Halflife fl

Daughter

Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Ba-141 18.27m 1.OOOE+00 La-141
2 La-141 3.92h 1.OOOE+00 Ce-141
3 Ce-141 32.508d 1.OOOE+00 Pr-141$

Ba-142

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ba-142 10.6m 1.OOOE+00 La-142
2 La-142 91.1m 1.OOOE+00 Ce-142$

------- Daughter

f2 Nuclide f3

La-128

Products- -----------------------
Nuclide Halflife fl

----------------- Daughter

Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 La-128 5.18m 1.OOOE+00 Ba-128
2 Ba-128 2.43d 1.OOOE+00 Cs-128
3 Cs-128 3.640m 1.OOOE+00 Xe-128$

La-129 a--------------------------Daughter

Products
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Nuclide
Nuclide f4

1 La-129
2 Ba-129
3 Ba-129m
4 Cs-129

La-131

Halflife fl Nuclide f2 Nuclide
Nuclide

11.6m 9.238E-01 Ba-129 7.616E-02 Ba-129m
2.23h 1.OOOE+00 Cs-129
2.16h 1.OOOE+00 Cs-129

32.06h 1.OOOE+00 Xe-129$

f3

Daughter
Products- -----------------------

Nuclide Halflife fi Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 La-131 59m 1.OOOE+00 Ba-131
2 Ba-131 11.50d 1.OOOE+00 Cs-131
3 Cs-131 9.689d 1.OOOE+00 Xe-131$

La-132rn
-- Daughter

Products -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 La-132m
2 La-132

Nuclide
24.3m 7.600E-01 La-132 2.400E-01 Ba-132$
4.8h .1.OOOE+00 Ba-132$

La-133

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 La-133 3.912h 1.OOOE+00 Ba-133
2 Ba-133 10.52y 1.OOOE+00 Cs-133$

Daughter

f2 Nuclide f3

La-141
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 La-141 3.92h 1.OOOE+00 Ce-141
2 Ce-141 32.508d 1.OOOE+00 Pr-141$

f2 Nuclide f3

La-143

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 La-143 14.2m 1.OOOE+00 Ce-143
2 Ce-143 33.039h 1.OOOE+00 Pr-143
3 Pr-143 13.57d 1.OOOE+00 Nd-

Daughter

f2 Nuclide f3

Ce-130
Daughter

Products
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Nuclide Halflife fl Nuclide
Nuclide f4 Nuclide

1 Ce-130 22.9m 1.OOOE+00 La-130
2 La-130 8.7m 1.OOOE+00 Ba-130$

f2 Nuclide f3

Ce-131
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Ce-131 10.2m 1.OOOE+00 La-131
2 La-131 59m 1.OOOE+00 Ba-131
3 Ba-131 11.50d 1.OOOE+00 Cs-131
4 Cs-131 9.689d 1.OOOE+00 Xe-131$

Ce-132

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ce-132 3.51h 1.OOOE+00 La-132
2 La-132 4.8h 1.OOOE+00 Ba-132$

Ce-133

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ce-133 97m 1.OOOE+00 La-133
2 La-133 3.912h 1.OOOE+00 Ba-133
3 Ba-133 10.52y 1.OOOE+00 Cs-133$

------- Daughter

f2 Nuclide f3

Daughter

f2 Nuclide f3

Ce-133m
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 Ce-133m
2 La-133
3 Ba-133

Nuclide
4.9h 1.OOOE+00 La-133

3.912h 1.OOOE+00 Ba-133
10.52y 1.OOOE+00 Cs-133$

Ce-134
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ce-134 3.16d 1.OOOE+00 La-134
2 La-134 6.45m 1.OOOE+00 Ba-134$

f2 Nuclide f3

Ce-135
Daughter

Products
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Nuclide Halflife fl Nuclide
Nuclide f4 Nuclide

1 Ce-135 17.7h 1.OOOE+00 La-135
2 La-135 19.5h 1.OOOE+00 Ba-135$

f2 Nuclide f3

Ce-137
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ce-137 9.Oh 1.OOOE+00 La-137
2 La-137 6.OE+4y 1.OOOE+00 Ba-137$

f2 Nuclide f3

Ce-137m
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 Ce-137m
2 Ce-137
3 La-137

Ce-143

Nuclide
34.4h 9.922E-01 Ce-137 7.800E-03 La-137

9.Oh 1.OOOE+00 La-137
6.OE+4y 1.OOOE+00 Ba-137$

Daughter
Products

Nuclide Halflife fl Nuclide
Nuclide f4 Nuclide

1 Ce-143 33.039h 1.OOOE+00 Pr-143
2 Pr-143 13.57d 1.OOOE+00 Nd-143$

f2 Nuclide f3

Ce-144 --------------------------- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Ce-144 284.91d 9.770E-03 Pr-144m 9.902E-01 Pr-144
2 Pr-144m 7.2m 9.993E-01 Pr-144 7.OOOE-04 Nd-144
3 Pr-144 17.28m 1.OOOE+00 Nd-144
4 Nd-144 2.29E+15y 1.OOOE+00 Ce-140$

f3

Ce-145
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ce-145 3.01m 1.OOOE+00 Pr-145
2 Pr-145 5.984h 1.OOOE+00 Nd-145$

f2 Nuclide f3

Pr-134
Daughter

Products
Nuclide Halflife ffl Nuclide f2 Nuclide f3
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Nuclide f4 Nuclide
1 Pr-134 llm 1.OOOE+00 Ce-134
2 Ce-134 3.16d 1.OOOE+00 La-134
3 La-134 6.45m 1.OOOE+00 Ba-134$

Pr-134m

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Pr-134m 17m 1.OOOE+00 Ce-134
2 Ce-134 3.16d 1.OOOE+00 La-134
3 La-134 6.45m 1.OOOE+00 Ba-134$

Pr-135

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Pr-135 24m 1.OOOE+00 Ce-135
2 Ce-135 17.7h 1.OOOE+00 La-135
3 La-135 19.5h 1.OOOE+00 Ba-135$

Pr-137

Products --
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Pr-137 1.28h 1.OOOE+00 Ce-137
2 Ce-137 9.Oh 1.OOOE+00 La-137
3 La-137 6.OE+4y 1.OOOE+00 Ba-137$

Pr-139

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Pr-139 4.41h 1.OOOE+00 Ce-139
2 Ce-139 137.641d 1.OOOE+00 La-139$

- Daughter

f2 Nuclide f3

Daughter

f2 Nuclide f3

Daughter

f2 Nuclide f3

Daughter

f2 Nuclide f3

Pr-142m r--------------------------Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Pr-142m 14.6m 1.OOOE+00 Pr-142
2 Pr-142 19.12h 9.998E-01 Nd-142$ 1.640E-04 Ce-142$

f3

Pr-144
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3
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Nuclide f4 Nuclide
1 Pr-144 17.28m 1.OOOE+00 Nd-144
2 Nd-144 2.29E+15y 1.OOOE+00 Ce-140$

Pr-144m
Daughter

Products --
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Pr-144m 7.2m 9.993E-01
2 Pr-144 17.28m 1.OOOE+00
3 Nd-144 2.29E+15y 1.OOOE+00

Nuclide f2 Nuclide f3

Pr-144 7.OOOE-04 Nd-144
Nd-144
Ce-140$

Pr-147

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Pr-147 13.4m 1.OOOE+00 Nd-147
2 Nd-147 10.98d 1.OOOE+00 Pm-147
3 Pm-147 2.6234y 1.OOOE+00 Sm-147
4 Sm-147 1.060Elly 1.OOOE+00 Nd-143$

Nd-134

Products
Nuclide Halflife fl Nuclide

Nuclide f4. Nuclide

Daughter

f2 Nuclide f3

Daughter

f2 Nuclide f3

1 Nd-134
2 Pr-134m
3 Ce-134
4 La-134

8.5m 1.OOOE+00 Pr-134m
17m 1.OOOE+00 Ce-134

3.16d 1.OOOE+00 La-134
6.45m 1.OOOE+00 Ba-134$

Nd-135

Products
Nuclide Halflife fl Nu

Nuclide f4 Nuclide
1 Nd-135 12.4m 1.OOOE+00 Pr
2 Pr-135 24m 1.OOOE+00 Ce
3 Ce-135 17.7h 1.OOOE+00 La
4 La-135 19.5h 1.OOOE+00 Ba

---------- Daughter

clide f2 Nuclide f3

-135
-135
-135
-135$

Nd-136

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Nd-136 50.65m 1.OOOE+00 Pr-136
2 Pr-136 13.1m 1.OOOE+00 Ce-136$

Daughter

f2 Nuclide f3

Nd-137
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- Daughter
Products ---

Nuclide Halflife fl Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Nd-137 38.5m .OOOE+00 Pr-137
2 Pr-137 1.28h 1.OOOE+00 Ce-13 7

3 Ce-13 7  9.Oh 1.OOOE+00 La-137
4 La-137 6.OE+4y 1.OOOE+00 Ba-137$

Nd-138
---- --- --- --- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Nd-138 5.04h 1.OOOE+00 Pr-138
2 Pr-138 1.45m 1.OOOE+00 Ce-138$

f2 Nuclide f3

Nd-139 ------------------------- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Nd-139 29.7m 1.OOOE+00 Pr-13.9
2 Pr-139 4.41h 1.OOOE+00 Ce-139
3 Ce-13 9 137.641d 1.OOOE+00 La-139$

f2 Nuclide f3

Nd-139m
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Nd-139m 5.50h 1.180E-01 Nd-139 8.820E-01 Pr-139
2 Nd-139 29.7m 1.OOOE+00 Pr-139
3 Pr-139 4.41h 1.OOOE+00 Ce-139.
4 Ce-139 137.641d 1.OOOE+00 La-139$

f3

Nd-140
Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Nd-140 3.37d 1.OOOE+00 Pr-140O
2 Pr-140 3.39m 1.OOOE+00 Ce-140$

f2 Nuclide f3

Nd-141m
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 Nd-141m
2 Nd-141

Nuclide
62.Os 9.997E-01 Nd-141 3.200E-04 Pr-141$
2.49h 1.OOOE+00 Pr-141$
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Nd-147
--- --- --- --- --- --- -- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Nd-147 10.98d 1.OOOE+00 Pm-147
2 Pm-147 2.6234y 1.OOOE+00 Sm-147
3 Sm-147 1.060Elly 1.OOOE+00 Nd-143$

f2 Nuclide f3

Nd-149
Daughter

Products
Nuclide Halflife fl1 Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Nd-149 1.728h 1.OOOE+00 Pm-149
2 Pm-149 53.08h 1.OOOE+00 Sm-149$

Nd-151
-- Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Nd-151 12.44m 1.OOOE+00 Pm-151
2 Pm-151 28.40h 1.OOOE+00 Sm-151
3 Sm-151 90y 1.OOOE+00 Eu-151$

Nd-152
Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Nd-152 11.4m 1.OOOE+00 Pm-152
2 Pm-152 4.12m 1.OOOE+00 Sm-152$

Pm-136

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Pm-136 107s 1.OOOE+00 Nd-136
2 Nd-136 50.65m 1.OOOE+00 Pr-136
3 Pr-136 13.1m 1.OOOE+00 Ce-136$

Pm-137m

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Pm-137m 2.4m 1.OOOE+00 Nd-137
2 Nd-137 38.5m 1.OOOE+00 Pr-137
3 Pr-137 1.28h 1.OOOE+00 Ce-137
4 Ce-137 9.Oh 1.OOOE+00 La-137

f2 Nuclide f3

Daughter

f2 Nuclide f3

------- Daughter

f2 Nuclide f3
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5 La-137 6.OE+4y 1.OOOE+00 Ba-137$

Pm-139
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Pm-139 4.15m 1.OOOE+00 Nd-139
2 Nd-139 29.7m 1.OOOE+00 Pr-139
3 Pr-139 4.41h 1.OOOE+00 Ce-139
4 Ce-139 137.641d 1.OOOE+00 La-139$

Pm-140

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Pm-140 9.2s 1.OOOE+00 Nd-140
2 Nd-140 3.37d 1.OOOE+00 Pr-140
3 Pr-140 3.39m 1.OOOE+00 Ce-140$

Pm-140m

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Pm-140m 5.95m 1.OOOE+00 Nd-140
2 Nd-140 3.37d 1.OOOE+00 Pr-140
3 Pr-140 3.39m 1.OOOE+00 Ce-140$

- Daughter

f2 Nuclide f3

Daughter

f2 Nuclide f3

Pm-141

Products
Nuclide Halflife fl

Daughter

Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Pm-141 20.90m 1.665E-03 Nd-141m 9.983E-01 Nd-141
2 Nd-141m 62.Os 9.997E-01 Nd-141 3.200E-04 Pr-141$
3 Nd-141 2.49h 1.OOOE+00 Pr-141$

Pm-144
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4. Nuclide
1 Pm-144 363d 1.OOOE+00 Nd-144
2 Nd-144 2.29E+15y 1.OOOE+00 Ce-140$

Pm-146
Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

62



1 Pm-146 5.53y
2 Sm-146 1.03E+8y

3.400E-01 Sm-146 6.600E-01 Nd-146$
1.OOOE+00 Nd-142$

Pm-147

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Pm-147 2 . 6 2 3 4 y 1.OOOE+00 Sm-147
2 Sm-147 1.060Elly 1.OOOE+00 Nd-143$

Pm-148

Products --
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Pm-148 5.368d 1.OOOE+00 Sm-148
2 Sm-148 7E+15y 1.OOOE+00 Nd-144
3 Nd-144 2.29E+15y 1.OOOE+00 Ce-140$

- Daughter

f2 Nuclide f3

Daughter

f2 Nuclide f3

Pm-148m P--------------------------Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Pm-148m 41.29d 4.200E-02 Pm-148 9.580E-01 Sm-148
2 Pm-148 5.368d 1.OOOE+00 Sm-148
3 Sm-148 7E+15y 1.OOOE+00 Nd-144
4 Nd-144 2.29E+15y 1.OOOE+00 Ce-140$

f3

Pm-151

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Pm-151 28.40h 1.OOOE+00 Sm-151
2 Sm-151 90y 1.000E+00 Eu-151$

Pm-153

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Pm-153 5.25m 1.OOE+00 Sm-153
2 Sm-153 46.50h 1.OOOE+00 Eu-153$

Sm-139

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Sm-139 2.57m 1.OOOE+00 Pm-139

------- Daughter

f2 Nuclide f3

------ Daughter

f2 Nuclide f3

Daughter

f2 Nuclide f3

63



2 Pm-139
3 Nd-139
4 Pr-139
5 Ce-139

Sm-140

4.15m 1.OOOE+00 Nd-139
29.7m 1.OOOE+00 Pr-139
4.41h 1.OOOE+00 Ce-139

137.641d 1.OOOE+00 La-139$

Daughter
Products- -----------------------

Nuclide Halflife fl Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Sm-140 14.82m 1.OOOE+00 Pm-140
2 Pm-140 9.2s 1.OOOE+00 Nd-140
3 Nd-140 3.37d 1.OOOE+00 Pr-140
4 Pr-140 3.39m 1.OOOE+00Ce-140$

Sm-141 --------------------------- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Sm-141 10.2m 1.OOOE+00 Pm-141
2 Pm-141 20.90m 1.665E-03 Nd-141m 9.983E-01 Nd-141
3 Nd-141m 62.Os 9.997E-01 Nd-141 3.200E-04 Pr-141$
4 Nd-141 2.49h 1.OOOE+00 Pr-141$

f3

Sm-141m
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 Sm-141m
2 Sm-141
3 Pm-141
4 Nd-141m
5 Nd-141

Nuclide
22.6m 3.100E-03 Sm-141 9.969E-01 Pm-141
10.2m 1.OOOE+00 Pm-141

20.90m 1.665E-03 Nd-141m 9.983E-01 Nd-141
62.Os 9.997E-01 Nd-141 3.200E-04 Pr-141$
2.49h 1.OOOE+00 Pr-141$

Daughter
Sm-142

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Sm-142 72.49m 1.OOOE+00 Pm-142
2 Pm-142 40.5s 1.OOOE+00 Nd-142$

f2 Nuclide f3

Sm-143
--- --- --- --- --- --- - -Daughter

Products --
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Sm-143 8.75m 1.OOOE+00 Pm-143
2 Pm-143 265d 1.OOOE+00 Nd-143$

f2 Nuclide f3
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Sm-143m
Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Sm-143m 66s 9.976E-01 Sm-143 2.400E-03 Pm-143
2 Sm-143 8.75m 1.OOOE+00 Pm-143
3 Pm-143 265d 1.OOOE+00 Nd-143$

f3

Sm-145

Products
Nuclide Halflife fl Nuclide f2

Nuclide f4 Nuclide
1 Sm-145 340d 1.OOOE+00 Pm-145
2 Pm-145 17.7y 1.OOOE+00 Nd-145$ 2.800E

Sm-148

Products
Nuclide Halflife fl Nuclide f2

Nuclide f4 Nuclide
1 Sm-148 7E+15y 1.OOOE+00 Nd-144
2 Nd-144 2.29E+15y 1.000E+00 Ce-140$

Sm-155

Products
Nuclide Halflife fl Nuclide f2

Nuclide f4 Nuclide
1 Sm-155 22.3m 1.OOOE+00 Eu-155
2 Eu-155 4 . 7 611y 1.OOOE+00 Gd-155$

Sm-156

Products
Nuclide Halflife fl Nuclide f2

Nuclide f4 Nuclide
1 Sm-156 9.4h 1.OOOE+00 Eu-156
2 Eu-156 15.19d 1.OOOE+00 Gd-156$

Sm-157

Products
Nuclide Halflife fl Nuclide f2

Nuclide f4 Nuclide
1 Sm-157 8.03m 1.OOOE+00 Eu-157
2 Eu-157 15.18h 1.OOOE+00 Gd-157$

Daughter

Nuclide f3

-09 Pr-141$

Daughter

Nuclide f3

Daughter

Nuclide f3

Daughter

Nuclide f3

Daughter

Nuclide f3

Eu-142
Daughter

Products
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Nuclide Halflife fl Nuclide
Nuclide f4 Nuclide

1 Eu-142 2.34s 1.OOOE+00 Sm-142
2 Sm-142 72.49m 1.OOOE+00 Pm-142
3 Pm-142 40.5s 1.OOOE+00 Nd-142$

Eu-142m

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Eu-142m 1.223m 1.OOOE+00 Sm-142
2 Sm-142 72.49m 1.OOOE+00 Pm-142
3 Pm-142 40.5s 1.OOOE+00 Nd-142$

f2 Nuclide f3

Daughter

f2 Nuclide f3

Eu-143

Products -----------------------
Nuclide Halflife fl

Daughter

Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Eu-143 2.59m 1.207E-03 Sm-143m 9.988E-01 Sm-143
2 Sm-143m 66s 9.976E-01 Sm-143 2.400E-03 Pm-143
3 Sm-143 8.75m 1.OOOE+00 Pm-143
4 Pm-143 265d 1.OOOE+00 Nd-143$

Eu-145
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Eu-145 5.93d 1.OOOE+00 Sm-145
2 Sm-145 340d 1.OOOE+00 Pm-145
3 Pm-145 17.7y 1.000E+00 Nd-145$ 2.800E-09 Pr-141$

f3

Eu-146
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Eu-146 4.61d 1.OOOE+00 Sm-146
2 Sm-146 1.03E+8y 1.OOOE+00 Nd-142$

f2 Nuclide f3

Eu-147
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
I Eu-147 24.1d 1.OOOE+00 Sm-147 2.200E-05 Pm-143
2 Sm-147 1.060Elly 1.OOOE+00 Nd-143$
3 Pm-143 265d 1.OOOE+00 Nd-143$

f3

Eu-148
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Daughter
Products

Nuclide Halflife fl Nuclide f2 Nuclide
Nuclide f4 Nuclide

1 Eu-148 54.5d 1.OOOE+00 Sm-148 9.400E-09 Pm-144
2 Sm-148 7E+15y 1.OOOE+00 Nd-144
3 Pm-144 363d 1.OOOE+00 Nd-144
4 Nd-144 2.29E+15y 1.OOOE+00 Ce-140$

Eu-150m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Eu-150m 12.8h 8.900E-01 Gd-150 1.100E-01 Sm-150$
2 Gd-150 1.79E+6y 1.OOOE+00 Sm-146
3 Sm-146 1.03E+8y 1.OOOE+00 Nd-142$

Eu-152
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Eu-152 13.537y 2.790E-01 Gd-152 7.210E-01 Sm-152$
2 Gd-152 1.08E+14y 1.OOOE+00 Sm-148
3 Sm-148 7E+15y 1.OOOE+00 Nd-144
4 Nd-144 2.29E+15y 1.OOOE+00 Ce-140$

f3

f3

f3

Eu-152m
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Eu-152m 9.3116h 7.200E-01 Gd-152 2.800E-01 Sm-152$
2 Gd-152 1.08E+14y 1.OOOE+00 Sm-148
3 Sm-148 7E+15y 1.OOOE+00 Nd-144
4 Nd-144 2.29E+15y 1.OOOE+00 Ce-140$

Eu-152n
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Eu-152n 96m 1.OOOE+00 Eu-152
2 Eu-152 13.537y 2.790E-01 Gd-152 7.210E-01 Sm-152$
3 Gd-152 1.08E+14y 1.OOOE+00 Sm-148
4 Sm-148 7E+15y 1.OOOE+00 Nd-144
5 Nd-144 2.29E+15y 1.OOOE+00 Ce-140$

Eu-154m
Daughter

Products

f3

67



Nuclide
Nuclide f4

1 Eu-154m
2 Eu-154

Halflife fl Nuclide f2 Nuclide
Nuclide

46.0m 1.OOOE+00 Eu-154
8.593y 9.998E-01 Gd-154$ 2.OOOE-04 Sm-154$

f3

Eu-159
Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Eu-159 18.1m 1.OOOE+00 Gd-159
2 Gd-159 18.479h 1.OOOE+00 Tb-159$

Gd-142

Products
Nuclide Halflife fl Nuclide

f2 Nuclide f3

Daughter

f2 Nuclide f3

Nuclide f4 Nuclide
1 Gd-142 70.2s 1.OOOE+00 Eu-142
2 Eu-142 2.34s 1.OOOE+00 Sm-142
3 Sm-142 72.49m 1.OOOE+00 Pm-142
4 Pm-142 40.5s 1.OOOE+00 Nd-142$

Gd-143m
Daughter

Products
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Gd-143m 110.Os 1.OOOE+00
2 Eu-143 2.59m 1.207E-03
3 Sm-143m 66s 9.976E-01
4 Sm-143 8.75m 1.OOOE+00
5 Pm-143 265d 1.OOOE+00

Nuclide f2 Nuclide f3

Eu-143
Sm-143m
Sm-143
Pm-143
Nd-143$

9.988E-01 Sm-143
2.400E-03 Pm-143

Gd-u144
Daughter

Products -- - - - - -7- - - - - -
Nuclid

Nuclide
1 Gd-144
2 Eu-144

le Halflife fl Nuclide
f4 Nuclide

4.47m 1.OOOE+00 Eu-144
10.2s 1.OOOE+00 Sm-144$

f2 Nuclide f3

Gd-145
Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Gd-145 23.Om 1.000E+00 Eu-145
2 Eu-145 5.93d 1.OOOE+00 Sm-145
3 Sm-145 340d 1.000E+00 Pm-145
4 Pm-145 17.7y 1.000E+00 Nd-145$

f2 Nuclide f3

2.800E-09 Pr-141$
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Gd-145m
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 Gd-145m
2 Gd-145
3 Eu-145
4 Sm-145
5 Pm-145

Nuclide
85s 9.430E-01

23.Om 1.OOOE+o0
5.93d 1.OOOE+00
340d 1.OOOE+00

17 . 7 y 1.OOOE+00

Gd-145
Eu-145
Sm-145
Pm-145
Nd-145$

5.700E-02 Eu-145

2.800E-09 Pr-141$

Gd-146
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Gd-146 48.27d 1.OOOE+00 Eu-146
2 Eu-146 4.61d 1.OOOE+00 Sm-146
3 Sm-146 1.03E+8y 1.OOOE+00 Nd-142$

f2 Nuclide f3

Gd-147 d--------------------------Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Gd-147 38.1h 1.OOOE+00 Eu-147
2 Eu-147 24.1d 1.OOOE+00 Sm-147 2.200E-05 Pm-143
3 Sm-147 1.060Elly 1.0OOE+00 Nd-143$
4 Pm-143 265d 1.OOOE+00 Nd-143$

Gd-149

Products -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide

Daughter

Nuclide f2 Nuclide f3

1 Gd-149
2 Eu-149

9.28d 1.OOOE+00 Eu-149
93.1d 1.OOOE+00 Sm-149$

Gd-150

Products
Nuclide

Nuclide f4
1 Gd-150
2 Sm-146

Halflife fl Nuclide
Nuclide

1.79E+6y 1.OOOE+00 Sm-146
1.03E+8y 1.OOOE+00 Nd-142$

------ Daughter

f2 Nuclide f3

Gd-151

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide

Daughter

Nuclide f2 Nuclide f3

Sm-147 1.OOOE+00 Eu-151$1 Gd-151 124d 1.OOOE-08
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2 Sm-147 1.060Elly 1.OOOE+00 Nd-143$

Gd-152

Products
Nuclide Halflife fl

Daughter

Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Gd-152 1.08E+14y 1.OOOE+00 Sm-148
2 Sm-148 7E+15y 1.OOOE+00 Nd-144
3 Nd-144 2.29E+15y 1.OOOE+00 Ce-140$

Gd-162

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Gd-162 8.4m 1.OOOE+00 Tb-162
2 Tb-162 7.60m 1.OOOE+00 Dy-162$

------- Daughter

f2 Nuclide f3

Tb-146

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Tb-146 23s 1.OOOE+00 Gd-146
2 Gd-146 48.27d 1.OOOE+00 Eu-146
3 Eu-146 4.61d 1.OOOE+00 Sm-146
4 Sm-146 1.03E+8y 1.OOOE+00 Nd-142$

------ Daughter

f2 Nuclide f3

Tb-147

Products------------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Tb-147 1.64h 1.OOOE+00
2 Gd-147 38.1h 1.OOOE+00
3 Eu-147 24.1d 1.OOOE+00
4 Sm-147 1.060Elly 1.OOOE+00
5 Pm-143 265d 1.OOOE+00

Daughter

Nuclide f2 Nuclide f3

Gd-147
Eu-147
Sm-147 2.200E-05
Nd-143$
Nd-143$

Pm-1D43

,Tb-147m
---- --- --- ---- --- --- Daughter

Products------------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Tb-147m 1.87m 1.OOOE+00
2 Gd-147 38.1h 1.OOOE+00
3 Eu-147 24.1d 1.OOOE+00
4 Sm-147 1.060Elly 1.OOOE+00
5 Pm-143 265d 1.OOOE+00

Nuclide f2 Nuclide f3

Gd-147
Eu-147
Sm-147 2.200E-05 Pm-143
Nd-143$
Nd-'143$

Tb-148
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--- Daughter
Products

Nuclide Halflife fl Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Tb-148 60m 1.OOOE+00 Gd-148
2 Gd-148 74.6y 1.OOOE+00 Sm-144$

Tb-148m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Tb-148m 2.20m 1.OOOE+00 Gd-148
2 Gd-148 74.6y 1.OOOE+00 Sm-144$

Tb-149
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Tb-149 4.118h 8.330E-01 Gd-149 1.670E-01 Eu-145
2 Gd-149 9.28d 1.OOOE+00 Eu-149
3 Eu-145 5.93d 1.OOOE+00 Sm-145
4 Eu-149 93.1d 1.OOOE+00 Sm-149$
5 Sm-145 340d 1.OOOE+00 Pm-145
6 Pm-145 17.7y 1.0OOE+00 Nd-145$ 2.800E-09 Pr-141$

Tb-149m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Tb-149m 4.16m 9.998E-01 Gd-149 2.200E-04 Eu-145
2 Gd-149 9.28d 1.OOOE+00 Eu-149
3 Eu-145 5.93d 1.OOOE+00 Sm-145
4 Eu-149 93.1d 1.OOOE+00 Sm-149$
5 Sm-145 340d 1.OOOE+00 Pm-145
6 Pm-145 17.7y 1.OOOE+00 Nd-145$ 2.800E-09 Pr-141$

Tb-150
Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Tb-150 3.48h 1.OOOE+00 Gd-150 7.OOOE-06 Eu-146
2 Gd-150 1.79E+6y 1.OOOE+00 Sm-146
3 Eu-146 4.61d 1.OOOE+00 Sm-146
4 Sm-146 1.03E+8y 1.OOOE+00 Nd-142$

Tb-150m
Daughter

Products
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Nuclide Halflife fl Nuclide
Nuclide f4 Nuclide

1 Tb-150m 5.8m 1.OOOE+00 Gd-150
2 Gd-150 1.79E+6y 1.OOOE+00 Sm-146
3 Sm-146 1.03E+8y 1.OOOE+00 Nd-142$

f2 Nuclide f3

Tb-151
---- --- --- ---- --- --- Daughter

Products------------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Tb-151 17.609h 1.OOOE+00
2 Gd-151 124d 1.OOOE-08
3 Eu-147 24.1d 1.OOOE+00
4 Sm-147 1.060Elly 1.OOOE+00
5 Pm-143 265d 1.OOOE+00

Nuclide f2 Nuclide f3

Gd-151 9.500E-05
Sm-147 1.OOOE+00
Sm-147 2.200E-05
Nd-143$
Nd-143$

Eu-147
Eu-151$
Pm-143

Tb-151m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Tb-151m 25s 9.340E-01 Tb-151 6.600E-02 Gd-151
2 Tb-151 17.609h 1.OOOE+00 Gd-151 9.500E-05 Eu-147
3 Gd-151 124d 1.OOOE-08 Sm-147 1.OOOE+00 Eu-151$
4 Eu-147 24.1d 1.OOOE+00 Sm-147 2.200E-05 Pm-143
5 Sm-147 1.060Elly 1.OOOE+00 Nd-143$
6 Pm-143 265d 1.OOOE+00 Nd-143$

f3

Tb-152
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Tb-152 17.5h 1.OOOE+00 Gd-152
2 Gd-152 1.08E+14y 1.OOOE+00 Sm-148
3 Sm-148 7E+15y 1.OOOE+00 Nd-144
4 Nd-144 2.29E+15y 1.OOOE+00 Ce-140$

f2 Nuclide f3

Tb-152m
Daughter

Products --

Nuclide
Nuclide f4

1 Tb-152m
2 Tb-152
3 Gd-152
4 Sm-148
5 Nd-144

Halflife fl Nuclide f2 Nuclide f3
Nuclide

4.2m 7.880E-01 Tb-152 2.120E-01 Gd-152
17.5h 1.OOOE+00 Gd-152

1.08E+14y 1.OOOE+00 Sm-148
7E+15y 1.OOOE+00 Nd-144

2.29E+15y 1.OOOE+00 Ce-140$

Tb-153
Daughter
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Products ---
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Tb-153 2.34d 1.0OOE+00 Gd-153
2 Gd-153 240.4d 1.OOOE+00 Eu-153$

Tb-156m

Products -
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Tb-156m 24.4h 1.OOOE+00 Tb-156
2 Tb-156 5.35d 1.OOOE+00 Gd-156$

Tb-156n

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Tb-156n 5.3h 1.OOOE+00 Tb-156
2 Tb-156 5.35d 1.OOOE+00 Gd-156$

Tb-165

Products
Nuclide Halflife fl Nuclide

f2 Nuclide f3

------ Daughter

f2 Nuclide f3

Daughter

f2 Nuclide f3

Daughter

f2 Nuclide f3
Nuclide f4 Nuclide

1 Tb-165 2.11m 8.903E-01 Dy-165m 1.097E-01 Dy-165
2 Dy-165m 1.257m 9.776E-01 Dy-165 2.240E-02 Ho-165$
3 Dy-165 2.334h 1.OOOE+00 Ho-165$

Dy-148
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Dy-148 3.3m 1.OOOE+00 Tb-148
2 Tb-148 60m 1.OOOE+00 Gd-148
3 Gd-148 74.6y 1.OOOE+00 Sm-144$

f2 Nuclide f3

Dy-149
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide f2

Nuclide f4 Nuclide
1 Dy-149 4.20m 5.668E-01 Tb-149 4.332E-01
2 Tb-149 4.118h 8.330E-01 Gd-149 1.670E-01
3 Tb-149m 4.16m 9.998E-01 Gd-149 2.200E-04
4 Gd-149 9.28d 1.OOOE+00 Eu-149
5 Eu-145 5.93d 1.OOOE+00 Sm-145
6 Eu-149 93.1d 1.OOOE+00 Sm-149$
7 Sm-145 340d 1.OOOE+00 Pm-145

Nuclide -f3

Tb-149m
Eu-145
Eu-145
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8 Pm-145 17. 7 y 1.OOOE+00 Nd-145$ 2.800E-09 Pr-141$

Daughter
Dy-150

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Dy-150 7.17m 6.400E-01 Tb-150 3.600E-01 Gd-146
2 Tb-150 3.48h 1.OOOE+00 Gd-150 7.OOOE-06 Eu-146
3 Gd-146 48.27d 1.OOOE+00 Eu-146
4 Gd-150 1.79E+6y 1.OOOE+00 Sm-146
5 Eu-146 4.61d 1.OOOE+00 Sm-146
6 Sm-146 1.03E+8y 1.OOOE+00 Nd-142$

Dy-151
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Dy-151 17.9m 4.102E-01 Tb-151m 5.338E-01 Tb-151

5.600E-02 Gd-147
2 Tb-151m 25s 9.340E-01 Tb-151 6.600E-02 Gd-151
3 Tb-151 17.609h 1.OOOE+00 Gd-151 9.500E-05 Eu-147
4 Gd-147 38.1h 1.OOOE+00 Eu-147
5 Gd-151 124d 1.OOOE-08 Sm-147 1.OOOE+00 Eu-151$
6 Eu-147 24.1d IOOOE+00 Sm-147 2.200E-05 Pm-143
7 Sm-147 1.060Elly 1.OOOE+00 Nd-143$
8 Pm-143 265d 1.OOOE+00 Nd-143$

f3

Dy-152
Daughter

Products- -----------------------
Nuclide Halflife . fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Dy-152 2.38h 9.990E-01 Tb-152 1.OOOE-03 Gd-148
2 Tb-152 17.5h 1.OOOE+00 Gd-152
3 Gd-148 74.6y 1.OOOE+00 Sm-144$
4•Gd-152 1.08E+14y 1.OOOE+00 Sm-148
5 Sm-148 7E+15y 1.OOOE+00 Nd-144
6 Nd-144 2.29E+15y 1.OOOE+00 Ce-140$

Dy-153
Daughter

Products
Nuclide Halflife fl Nuclide f2. Nuclide

Nuclide f4 Nuclide
1 Dy-153 6.4h 1.OOOE+00 Tb-153 9.400E-05 Gd-149
2 Tb-153 2.34d 1.OOOE+00 Gd-153
3 Gd-149 9.28d 1.OOOE+00 Eu-149
4 Gd-153 240.4d 1.OOOE+00 Eu-153$
5 Eu-149 93.1d 1.OOOE+00 Sm-149$

f3
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Dy-154
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Dy-154 3.OE+6y 1.OOOE+00 Gd-150
2 Gd-150 1.79E+6y 1.OOOE+00 Sm-146
3 Sm-146 1.03E+8y 1.OOOE+00 Nd-142$

f2 Nuclide f3

Dy-155
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Dy-155 9.9h 1.OOOE+00 Tb-155
2 Tb-155 5.32d 1.OOOE+00 Gd-155$

f2 Nuclide f3

Dy-157 - ------------------------- Daughter

Products -
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Dy-157 8.14h 1.OOOE+00 Tb-157
2 Tb-157 71y 1.OOOE+00 Gd-157$

Dy-165m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
.1 Dy-165m 1.257m 9.776E-01 Dy-165 2.240E-02 Ho-165$
2 Dy-165 2.334h 1.OOOE+00 Ho-165$

f3

f3

Dy-166

Products
Nuclide Halflife fl Nuclide f2

Nuclide f4 Nuclide
1 Dy-166 81.6h 1.OOOE+00 Ho-166
2 Ho-166 26.80h 1.OOOE+00 Er-166$

Daughter

Nuclide ff3

Dy-167 D--------------------------Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Dy-167 6.20m 1.OOOE+00 Ho-167
2 Ho-167 3.1h 1.OOOE+00 Er-167$

Dy-168
Daughter

Products

f3
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Nuclide Halflife fl Nuclide
Nuclide f4 Nuclide

1 Dy-168 8.7m 1.OOOE+00 Ho-168
2 Ho-168 2.99m 1.OOOE+00 Er.-168$

f2 Nuclide f3

Ho-150
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Ho-150 76.8s 1.OOOE+00 Dy-150
2 Dy-150 7.17m 6.400E-01 Tb-150 3.600E-01 Gd-146
3 Tb-150 3.48h 1.OOOE+00 Gd-150 7.OOOE-06 Eu-146
4 Gd-146 48.27d 1.OOOE+00 Eu-146
5 Gd-150 1.79E+6y 1.OOOE+00 Sm-146
6 Eu-146 4.61d 1.OOOE+00 Sm-146
7 Sm-146 1.03E+8y 1.OOOE+00 Nd-142$

.Ho-153
Daughter

Products --

f3

Nuclide
Nuclide f4

1 Ho-153
2 Dy-153
3 Tb-149m
4 Tb-153
5 Gd-149
6 Gd-153
7 Eu-149
8 Eu-145
9 Sm-145

10 Pm-145

Ho-153m

Products --

Nuclide
Nuclide f4

1 Ho-153m
2 Dy-153
3 Tb-149
4 Tb-153
5 Gd-149
6 Gd-153
7 Eu-149
8 Eu-145
9 Sm-145

10 Pm-145

Halflife fl
Nuclide

2.01m 9.995E-01
6.4h 1.OOOE+00

4.16m 9.998E-01
2.34d 1.OOOE+00
9.28d 1.OOOE+00

240.4d 1.OOOE+00
93.1d 1.OOOE+00
5.93d 1.OOOE+00

340d 1.OOOE+00
17.7y 1.OOOE+00

Nuclide f2 Nuclide f3

Dy-153 5.100E-04 Tb-149m
Tb-153 9.400E-05 Gd-149
Gd-149 2.200E-04 Eu-145
Gd-153
Eu-149
Eu-153$
Sm-149$
Sm-145
Pm-145
Nd-145$ 2.800E-09 Pr-141$

Daughter

Halflife fl Nuclide f2 Nuclide f3
Nuclide

9.3m 9.982E-01 Dy-153 1.800E-03 Tb-149
6.4h 1.OOOE+00 Tb-153 9.400E-05 Gd-149

4.118h 8.330E-01 Gd-149 1.670E-01 Eu-145
2.34d 1.OOOE+00 Gd-153
9.28d 1.OOOE+00 Eu-149

240.4d 1.OOOE+00 Eu-153$
93.1d 1.OOOE+00 Sm-149$
5.93d 1.OOOE+00 Sm-145

340d 1.OOOE+00 Pm-145
17.7y 1.OOOE+00 Nd-145$ 2.800E-09 Pr-141$

Ho-154
Daughter
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Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Ho-154 11.76m 9.998E-01 Dy-154 1.900E-04 Tb-150
2 Dy-154 3.OE+6y 1.OOOE+00 Gd-150
3 Tb-150 3.48h 1.OOOE+00 Gd-150 7.000Ez06 Eu-146
4 Gd-150 1.79E+6y 1.OOOE+00 Sm-146
5 Eu-146 4.61d 1.OOOE+00 Sm-146
6 Sm-146 1.03E+8y 1.OOOE+00 Nd-142$

Ho-154rn
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Ho-154m 3.10m 1.OOOE+00 Dy-154 1.OOOE-05 Tb-150m
2 Dy-154 3.OE+6y 1.OOOE+00 Gd-150
3 Tb-150m 5.8m 1.OOE+00 Gd-150
4 Gd-150 1.79E+6y 1.OOOE+00 Sm-146
5 Sm-146 1.03E+8y 1.OOOE+00 Nd-142$

f3

Ho-155

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ho-155 48m 1.OOOE+00 Dy-155
2 Dy-155 9.9h 1.OOOE+00 Tb-155
3 Tb-155 5.32d 1.OOOE+00 Gd-155$

Daughter

f2 Nuclide f3

Ho-157

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ho-157 12.6m 1.OOOE+00 Dy-157
2 Dy-157 8.14h 1.OOOE+00 Tb-157
3 Tb-157 71y 1.OOOE+00 Gd-157$

Daughter

f2 Nuclide f3

Ho-159
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ho-159 33.05m 1.OOOE+00 Dy-159
2 Dy-159 i44.4d 1.OOOE+00 Tb-159$

f2 Nuclide f3

Ho-162m
Daughter

Products
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3
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1 Ho-162m 67.Om 6.200E-01 Ho-162 3.800E-01 Dy-162$
2 Ho-162 15.Om 1.OOOE+00 Dy-162$

Ho-164m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide.
1 Ho-164m 38.Om 1.OOOE+00 Ho-164
2 Ho-164 29m 6.OOOE-01 Dy-164$ 4.OOOE-01 Er-164$

Ho-168m
---- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3,

Nuclide f4 Nuclide
1 Ho-168m 132s 1.OOOE+00 Ho-168
2 Ho-168 2.99m 1.OOOE+00 Er-168$

Er-154
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Er-154 3.73m 9.953E-01 Ho-154 4'.700E-03 Dy-150
2 Ho-154 11.76m 9.998E-01 Dy-154 1.900E-04 Tb-150
3 Dy-150 7.17m 6.400E-01 Tb-150 3.600E-01 Gd-146
4 Dy-154 3.OE+6y 1.OOOE+00 Gd-150
5 Tb-150 3.48h 1.OOOE+00 Gd-150 7.OOOE-06 Eu-146
6 Gd-150 1.79E+6y 1.OOOE+00 Sm-146
7 Gd-146 48.27d 1.OOOE+00 Eu-146
8 Eu-146 4.61d 1.OOOE+00 Sm-146
9 Sm-146 1.03E+8y 1.OOOE+00 Nd-142$

Er-156
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Er-156 19.5m 1.OOOE+00 Ho-156
2 Ho-156 56m 1.OOOE+00 Dy-156$

Er-159
Daughter

Products-
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Er-159 36m 1.OOOE+00 Ho-159
2 Ho-159 33.05m 1.OOOE+00 Dy-159
3 Dy-159 144.4d 1.OOOE+00 Tb-159$

Er-161
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---- --- --- ---- --- --- Daughter
Products

Nuclide Halflife fl Nuclide
Nuclide f4 Nuclide

1 Er-161 3.21h 1.OOOE+00 Ho-161
2 Ho-161 2.48h 1.OOOE+00 Dy-161$

f2 Nuclide f3

Er-163
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Er-163 75.Om 1.OOOE+00 Ho-163
2 Ho-163 4570y 1.OOOE+00 Dy-163$

f2 Nuclide f3

Er-171
---- --- --- ---- --- --- Daughter

Products --
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Er-171 7.516h 1.OOOE+00 Tm-171
2 Tm-171 1.92y 1.OOOE+00 Yb-171$

f2 Nuclide f3

Er-172
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Er-172 49.3h 1.OOOE+00 Tm-172
2 Tm-172 63.6h 1.OOOE+00 Yb-172$

f2 Nuclide f3

Er-173
---- --- --- ---- --- --- Daughter

Products -
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Er-173 1.434m 1.OOOE+00 Tm-173
2 Tm-173 8.24h 1.OOOE+00 Yb-173$

f2 Nuclide f3

Tm-161
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Tm-161 30.2m 1.OOOE+00 Er-161
2 Er-161 3.21h 1.OOOE+00 Ho-161
3 Ho-161 2.48h 1.OOOE+00 Dy-161$

f2 Nuclide f3

Tm-163
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3
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Nuclide f4 Nuclide
1 Tm-163 1.810h 1.OOOE+00 Er-163
2 Er-163 75.Om 1.OOOE+00 Ho-163
3 Ho-163 4570y 1.OOOE+00 Dy-163$

Tm-165 --------------------------- Daughter

Products
Nuclid

Nuclide
1 Tm-165
2 Er-165

Le Halflife fl Nuclide
f4 Nuclide

30.06h 1.OOOE+00 Er-165
10.36h 1.OOOE+00 Ho-165$

f2 Nuclide f3

Tm-175
Daughter

Products --
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Tm-175 15.2m 1.OOOE+00 Yb-175
2 Yb-175 4.185d 1.OOOE+00 Lu-175$

Yb-162

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Yb-162 18.87m 1.OOOE+00 Tm-162
2 Tm-162 21.70m 1.OOOE+00 Er-162$

f2 Nuclide f3

Daughter

f2 Nuclide f3

Yb-163

Products- -----------------------
Nuclide Halflife fl

Daughter

Nuclide f2 -Nuclide f3
Nuclide f4 Nuclide

1 Yb-163 11.05m 1.OOOE+00 Tm-163
2 Tm-163 1.810h 1.OOOE+00 Er-163
3 Er-163 75.Om 1.OOOE+00 Ho-163
4 Ho-163 4570y 1.OOOE+00 Dy-163$

Yb-164
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Yb-164 75.8m 1.OOOE+00 Tm-164
2 Tm-164 2.Om 1.OOOE+00 Er-164$

f2 Nuclide f3

Yb-165
Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3
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1 Yb-165 9.9m 1.OOOE+00 Tm-165
2 Tm-165 30.06h 1.0OOE+00 Er-165
3 Er-165 10.36h 1.OOOE+00 Ho-165$

Yb-166
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Yb-166 56.7h 1.OOOE+00 Tm-166
2 Tm-166 7.70h 1.OOOE+00 Er-166$

Yb-167
Daughter

Products -
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Yb-167 17.5m 1.OOOE+00'Tm-167
2 Tm-167 9.25d 1.OOOE+00 Er-167$

Yb-177
- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Yb-177 1.911h 1.OOOE+00 Lu-177
2 Lu-177 6.647d 1.OOOE+00 Hf-177$

Yb-178
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Yb-178 74m 1.OOOE+00 Lu-178
2 Lu-178 28.4m 1.OOOE+00 Hf-178$

Yb-179
Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Yb-179 8.Om 1.OO0E+00 Lu-179
2 Lu-179 4.59h 1.OOOE+00 Hf-179$

Lu-165
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Lu-165 10.74m 1.OOOE+00 Yb-165
2 Yb-165 9.9m 1.OOOE+00 Tm-165
3 Tm-165 30.06h 1.OOOE+00 Er-165
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4 Er-165 40.36h 1.OOOE+00 Ho-165$

Lu-167
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Lu-167 51.5m 1.OOOE+00 Yb-167
2 Yb-167 17.5m 1.OOOE+00 Tm-167
3 Tm-167 9.25d 1.OOOE+00 Er-167$

Lu-169

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Lu-169 34.06h 1.OOOE+00 Yb-169
2 Yb-169 32.026d 1.OOOE+00 Tm-169$

Lu-169m

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Lu-169m 160s 1.OOOE+00 Lu-169
2 Lu-169 34.06h 1.OOOE+00 Yb-169
3 Yb-169 32.026d 1.0OOE+00 Tm-169$

------- Daughter

f2 Nuclide f3

----- Daughter

f2 Nuclide f3

Lu-171m

Products- -----------------------
Nuclide Halflife fl

Daughter

Nuclide f2 Nuclide f3
Nuclide f4

1 Lu-171m
2 Lu-171

Nuclide
79s 1.OOOE+00 Lu-171

8.24d 1.OOOE+00 Yb-171$

Lvi-172m

Products- -----------------------
Nuclide Halflife fl

----------- Daughter

Nuclide f2 Nuclide f3
Nuclide f4

1 Lu-172m
2 Lu-172

Nuclide
3.7m 1.OOE+00 Lu-172

6.70d 1.OOOE+00 Yb-172$

Lu-174m

Products
Nuclide Halflife fl

Daughter

Nuclide f2 Nuclide f3
Nuclide f4

1 Lu-174m
2 Lu-174

Nuclide
142d 9.938E-01 Lu-174 6.200E-03 Yb-174$

3.31y 1.OOOE+00 Yb-174$
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Lu-177m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Lu-177m 160.4d 2.170E-01 Lu-177 7.830E-01 Hf-177$
2 Lu-177 6.647d 1.OOOE+00 Hf-177$

Lu-181
- Daughter.

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Lu-181 3.5m 1.OOOE+00 Hf-181
2 Hf-181 42.39d 1.OOOE+00 Ta-181$

Hf-167
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Hf-167 2.05m 1.OOOE+00 Lu-167
2 Lu-167 51.5m 1.OOOE+00 Yb-167
3 Yb-167 17.5m 1.OOOE+00 Tm-167
4 Tm-167 9.25d 1.OOOE+00OEr-167$

Hf-169
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Hf-169 3.24m 3.096E-02 Lu-169m 9.690E-01 Lu-169
2 Lu-169m 160s 1.OOOE+00 Lu-169
3 Lu-169 34.06h 1.OOOE+00 Yb-169
4 Yb-169 32.026d 1.OOOE+00 Tm-169$

Hf-170
--- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Hf-170 16.01h 1.OOOE+00 Lu-170
2 Lu-170 2.012d 1.OOOE+00 Yb-170$

Hf-172
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Hf-172 1.87y 1.OOOE+00 Lu-172m
2 Lu-172m 3.7m 1.OOOE+00 Lu-172
3 Lu-172 6.70d 1.OOOE+00 Yb-172$
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Hf-173 - - - - - - - - Daughter

Products -

Nuclide Halflife fl Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Hf-173 23.6h 1.OOOE+00 Lu-173
2 Lu-173 1.37y 1.OOOE+00 Yb-173$

.Hff-182
Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Hf-182 9E+6y 1.OOOE+00 Ta-182
2 Ta-182 114.43d 1.OOOE+00 W-182$

Hf-182m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Hf-182m 61.5m 4.200E-01 Hf-182 8.928E-02 Ta-182m

4.907E-01 Ta-182
2 Hf-182 9E+6y 1.OOOE+00 Ta-182
3 Ta-182m 15.84m 1.OOOE+00 Ta-182
4 Ta-182 114.43d 1.OOOE+00 W-182$

Hf-183
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Hf-183 1.067h 1.OOOE+00 Ta-183
2 Ta-183 5.1d 1.OOOE+00 W-183$

Hf-184
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Hf-184 4.12h 1.OOOE+00 Ta-184
2 Ta-184 8.7h 1.OOOE+00 W-184$

Ta-170
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Ta-170 6.76m 1.OOOE+00 Hf-170
2 Hf-170 16.01h 1.OOOE+00 Lu-170
3 Lu-170 2.012d 1.OOOE+00 Yb-170$
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Ta-172
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Ta-172 36.8m 1.OOOE+00 Hf-172
2 Hf-172 1.87y 1.OOOE+00 Lu-172m
3 Lu-172m 3.7m 1.OOOE+00 Lu-172
4 Lu-172 6.70d 1.OOOE+00 Yb-172$

Ta-173
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Ta-173 3.14h 1.OOOE+00 Hf-173
2 Hf-173 23.6h 1.OOOE+00 Lu-173
3 Lu-173 1.37y 1.OOOE+00 Yb-173$

Ta-174
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Ta-174 1.14h 1.OOOE+00 Hf-174
2 Hf-174 2.OE+15y 1.OOOE+00 Yb-170$

Ta-175
Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Ta-175 10.5h 1.OOOE+00 Hf-175
2 Hf-175 70d 1.OO0E+00 Lu-175$

Ta-182m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Ta-182m 15.84m 1.OOOE+00 Ta-182
2 Ta-182 114.43d 1.OOOE+00 W-182$

Ta-185
Daughter

Products -
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Ta-185 49.4m 1.OOOE+00 W-185
2 W-185 75.1d 1.OOOE+00 Re-185$
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W-177
--- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 W-177 132m 1.OOOE+00 Ta-177
2 Ta-177 56.56h 1.OOOE+00 Hf-177$

W-178
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 W-178 21.6d 1.OOOE+00 Ta-178
2 Ta-178 9.31m 1.OOOE+00 Hf-178$

W-179
Daughter

Products
Nuclide Haiflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 W-179 37.05m 1.OOOE+00 Ta-179
2 Ta-179 1.82y 1.OOOE+00 Hf-179$

W-179m
-- Daughter

Products
Nuclide Halflife f1 Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 W-179m 6.40m 9.972E-01 W-179 2.800E-03 Ta-179
2 W-179 37.05m 1.OOOE+00 Ta-179
3 Ta-179 1. 8 2 y 1.OOOE+00 Hf-179$

W-185m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 W-185m 1.597m 1.OOOE+00 W-185
2 W-185 75.1d 1.OOOE+00 Re-185$

W-187
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 W-187 23.72h 1.OOOE+00 Re-187
2 Re-187 4.12E+10y 1.OOOE+00 Os-187$

W-188
Daughter

Products
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Nuclide Halflife fl Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 W-188 69.78d 1.OOOE+00 Re-188
2 Re-188 17.0040h 1.OOOE+00 Os-188$

W-190
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 W-190 30.Om 1.OOOE+00 Re-190
2 Re-190 3.1m 1.OOOE+00 Os-190$

Re-178
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Re-178 13.2m 1.OOOE+00 W-178
2 W-178 21.6d 1.OOOE+00 Ta-178
3 Ta-178 9.31m 1.OOOE+00 Hf-178$

Re-179
- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Re-179 19.5m 2.392E-01 W-179m 7.608E-01 W-179
2 W-179m 6.40m 9.972E-01 W-179 2.800E-03 Ta-179
3 W-179 37.05m 1.OOOE+00 Ta-179
4 Ta-179 1.82y 1.OOOE+00 Hf-179$

Re-181
-- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Re-181 19.9h 1.OOOE+00 W-181
2 W-181 121.2d 1.OOOE+00 Ta-181$

Re-184m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Re-184m 169d 7.540E-01 Re-184 2.460E-01 W-184$
2 Re-184 38.Od 1.OOOE+00 W-184$

Re-186
Daughter

Products
Nuclide Halflife fi Nuclide f2 Nuclide f3
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Nuclide f4 Nuclide
1 Re-186 3.7183d 9.253E-01 Os-186 7.470E-02 W-186$
2 0s-186 2.OE+15y. 1.OOOE+00 W-182$

Re-186m
--- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Re-186m 2.OOE+5y 1.OOOE+00 Re-186
2 Re-186 3.7183d 9.253E-01 Os-186 7.470E-02 W-186$
3 Os-186 2.OE+15y 1.OOOE+00 W-182$

f3

Re-188m
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
I Re-188m 18.59m 1.OOOE+00 Re-188
2 Re-188 17.0040h 1.OOOE+00 Os-188$

f2 Nuclide f3

Re-189 --------------------------- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Re-189 24.3h 1.221E-01 Os-189m 8.779E-01 Os-189$
2 Os-189m 5.8h 1.OOOE+00 Os-189$

f3

Re-190m
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 Re-190m
2 Re-190

Os-180

Nuclide
3.2h 4.560E-01 Re-190 5.440E-01 Os-190$
3.1m 1.OOOE+00 Os-190$

Daughter
Products- -----------------------

Nuclide Halflife fl Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Os-180 21.5m 1.OOOE+00 Re-180
2 Re-180 2.44m 1.OOOE+00 W-180$

Os-181
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Os-181 105m 1.OOOE+00 Re-181
2 Re-181 19.9h 1.OOOE+00 W-181
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3 W-181 121.2d 1.OOOE+00 Ta-181$

Os-182

Products
Nuclide Halflife fi Nuclide

Nuclide f4 Nuclide
1 Os-182 22.10h 1.OOOE+00 Re-182m
2 Re-182m 12.7h 1.OOOE+00 W-182$

Os-183

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Os-183 13.Oh 1.OOOE+00 Re-183
2 Re-183 70.Od 1.OOOE+00 W-183$

------- Daughter

f2 Nuclide f3

------ Daughter

f2 Nuclide f3

Os-183m

Products- -----------------------
Nuclide Halflife fl

Daughter

Nuclide f2 Nuclide. f3
Nuclide f4

1 Os-183m
2 Os-183
3 Re-183

Nuclide
9.9h 1.500E-01 Os-183 8.500E-01 Re-183

13.Oh 1.OOOE+00 Re-183
70.Od 1.OOOE+00 W-183$

Daughter
Os-191M

Products -- - - - - - - - - - - -
Nuclide

Nuclide f4
1 Os-191m
2 Os-191

Halflife fl Nuclide
Nuclide

13.10h 1.OOOE+00 Os-191
15.4d 1.OOOE+00 Ir-191$

f2 Nuclide f3

Os-193 --------------------------- Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Os-193 30.11h 3.476E-03 Ir-193m 9.965E-01 Ir-193$
2 Ir-193m 10.53d 1.OOOE+00 Ir-193$

f3

Os-194
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Os-194 6.Oy 1.OOOE+00 Ir-194
2 Ir-194 19.28h 1.OOOE+00 Pt-194$

f2 Nuclide f3

Os-196
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Daughter
Products

Nuclide Halflife fl Nuclide
Nuclide f4 Nuclide

1 Os-196 34.9m 1.OOOE+00 Ir-196
2 Ir-196 52s 1.OOOE+00 Pt-196$

f2 Nuclide f3

Ir-180

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ir-180 1.5m 1.OOOE+00 Os-180
2 Os-180 21.5m 1.OOOE+00 Re-180
3 Re-180 2.44m 1.OOOE+00 W-180$

------- Daughter

f2 Nuclide f3

Ir-182

Products- -----------------------
Nuclide Halflife fl

Daughter

Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Ir-182 15m 1.OOOE+00 Os-182
2 Os-182 22.10h 1.OOOE+00 Re-182m
3 Re-182m 12.7h 1.OOOE+00 W-182$

Ir-183

Products- -----------------------
Nuclide Halflife fl

----------- Daughter

Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Ir-183 58m 7.097E-01 Os-183m 2.903E-01 Os-183
2 Os-183m 9.9h 1.500E-01 Os-183 8.500E-01 Re-183
3 Os-183 13.Oh 1.OOOE+00 Re-183
4 Re-183 70.Od 1.OOOE+00 W-183$

Ir-185
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ir-185 14.4h 1.OOOE+00 Os-185
2 Os-185 93.6d 1.OOOE+00 Re-185$

f2 Nuclide f3

Ir-186
---- --- --- ---- --- --- D aughter

Products --
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ir-186 16.64h 1.OOOE+00 Os-186
2 Os-186 2.OE+15y 1.OOOE+00 W-182$

f2 Nuclide f3

Ir-186m

90



Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 Ir-186m
2 Ir-186
3 Os-186

Ir-189

Nuclide
1.92h 2.500E-01 Ir-186 7.500E-01 Os-186

16.64h 1.OOOE+00 Os-186
2.OE+15y 1.OOOE+00 W-182$

Daughter
Products- -----------------------

Nuclide Halflife fl Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Ir-189 13.2d 7.426E-02 Os-189m 9.257E-01 Os-189$
2 Os-189m 5.8h 1.OOOE+00 Os-189$

Ir-190m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 Ir-190m
2 Ir-190

Nuclide
1.120h 1.OOOE+00 Ir-190
11.78d 1.OOOE+00 Os-190$

Ir-190n
Daughter

Products
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Ir-190n 3.087h 9.140E-01
2 Os-190m 9.9m 1.OOOE+00
3 Ir-190 11.78d 1.OOOE+00

Nuclide f2 Nuclide f3

Os-190m 8.600E-02 Ir-190
Os-190$
Os-190$

Ir-192m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Ir-192m 1.45m 9.998E-01 Ir-192 1.750E-04 Pt-192$
2 Ir-192 73.827d 9.513E-01 Pt-192$ 4.870E-02 Os-192$

Ir-192n
Daughter

Products -
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Ir-192n 241y 1.OOOE+00 Ir-192
2 Ir-192 73.827d 9.513E-01 Pt-192$ 4.870E-02 Os-192$

Ir-195m
Daughter

Products

ff3

f3
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Nuclide Halflife fl Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Ir-195m 3.8h 4.369E-01 Pt-195m 5.OOOE-02 Ir-195
5.131E-01 Pt-195$

2 Pt-195m 4.02d 1.OOOE+00 Pt-195$
3 Ir-195 2.5h 1.OOOE+00 Pt-195$

Pt-184
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Pt-184 17.3m 1.OOOE+00 Ir-184 1.700E-05 Os-180
2 Ir-184 3.09h 1.OOOE+00 Os-184$
3 Os-180 21.5m 1.000E+00 Re-180
4 Re-180 2.44m 1.OOOE+00 W-180$

Pt-186
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Pt-186 2.08h 8.194E-01 Ir-186m 1.806E-01 Ir-186

1.OOOE-06 Os-182
2 Ir-186m .1.92h 2.500E-01 Ir-186 7.500E-01 Os-186
3 Ir-186 16.64h 1.OOOE+00 Os-186
4 Os-182 22.10h 1.O0OE+00 Re-182m
5 Os-186 2.OE+15y 1.OOOE+00 W-182$
6 Re-182m 12.7h 1.OOOE+00 W-182$

Pt-187
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Pt-187 2.35h 1.OOOE+00 Ir-187
2 Ir-187 10.5h 1.OOOE+00 Os-187$

Pt-188
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Pt-188 10.2d 1.OOOE+00 Ir-188 2.900E-07 Os-184$
2 Ir-188 41.5h 1.OOOE+00 Os-188$

Pt-189
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Pt-189 10.87h 1.OOOE+00 Ir-189
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2 Ir-189
3 Os-189m

13.2d 7.426E-02 Os-189m 9.257E-01 Os-189$
5.8h 1.OOOE+00 Os-189$

Pt-190

Products
Nuclide Halflife fl NuclidE

Nuclide f4 Nuclide
1 Pt-190 6.50E+lly 1.OOOE+00 Os-186
2 Os-186 2.OE+15y 1.OOOE+00 W-182$

Daughter

e f2 Nuclide f3

Pt-193m
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 Pt-193m
2 Pt-193

Nuclide
4.33d 1.OOOE+00 Pt-193

50y 1.OOOE+00 Ir-193$

Pt-197m

Products
Nuclide Halflife fl Nu

Nuclide f4 Nuclide
1 Pt-197m 95.41m 9.670E-01 Pt
2 Pt-197 19.8915h 1.OOOE+00 Au

Daughter

clide f2 Nuclide

-197 3.300E-02 Au-197$
-197$

f3

Pt-199

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Pt-199 30.80m 1.OOOE+00 Au-199
2 Au-199 3.139d 1.0OOE+00 Hg-199$

Daughter

f2 Nuclide f3

Pt-200
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Pt-200 12.5h 1.OOOE+00 Au-200
2 Au-200 48.4m 1.OOOE+00 Hg-200$

Pt-202
---- --- --- ---- --- --- D aughter

.Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Pt-202 44h 1.OOOE+00 Au-202
2 Au-202 28.8s 1.OOOE+00 Hg-202$

f2 Nuclide f3

Au-186
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Daughter
Products

Nuclide Halflife fl Nuclide f2 Nuclide
Nuclide f4 Nuclide

1 Au-186 10.7m 1.OOOE+00 Pt-186
2 Pt-186 2.08h 8.194E-01 Ir-186m 1.806E-01 Ir-186

1.OOOE-06 Os-182
3 Ir-186m 1.92h 2.500E-01 Ir-186 7.500E-01 Os-186
4 Ir-186 16.64h 1.OOOE+00 Os-186
5 Os-182 22.10h 1.OOOE+00 Re-182m
6 Os-186 2.OE+15y 1.OOOE+00 W-182$
7 Re-182m 12.7h 1.OOOE+00 W-182$

f3

Au-187
Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Au-187 8.4m 1.OOOE+00 Pt-187
2 Pt-187 2.35h 1.OOOE+00 Ir-187
3 Ir-183 58m 7.097E-01 Os-183m
4 Ir-187 10.5h 1.OOOE+00 Os-187$
5 Os-183m 9.9h 1.500E-01 Os-183
6 Os-183 13.Oh 1.OOOE+00 Re-183
7 Re-183 70.Od 1.OOOE+00 W-183$

f2 Nuclide f3

3.OOOE-05 Ir-183

2.903E-01 Os-183

8.500E-01 Re-183

Au-190
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Au-190 42.8m 1.OOOE+00 Pt-190
2 Pt-190 6.50E+lly 1.OOOE+00 Os-186
3 Os-186 2.OE+15y 1.OOOE+00 W-182$

Au-191
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Au-191 3.18h 1.OOOE+00 Pt-191
2 Pt-191 2.802d 1.OOOE+00 Ir-191$

f2 Nuclide -f3

Au-193
---- --- --- ---- --- --- D aughter

Products --
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Au-193 17.65h 1.OOOE+00 Pt-193
2 Pt-193 50y 1.OOOE+00 Ir-193$

f2 Nuclide f3

Au-193m
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Daughter
Products

Nuclide Ha
Nuclide f4

1 Au-193m
2 Au-193
3 Pt-193m
4 Pt-193

Au-195m

lflife fl Nuclide f2 Nuclide f3
Nuclide

3.9s 9.997E-01 Au-193 3.OOOE-04 Pt-193m
17.65h 1.OOOE+00 Pt-193
4.33d 1.OOOE+00 Pt-193

50y 1.OOOE+00 Ir-193$

Daughter
Products -----------------------

Nuclide Halflife f1 Nuclide f2 Nuclide f3
Nuclide f4

1 Au-195m
2 Au-195

Nuclide
30.5s 1.OOOE+00 Au-195

186.098d 1.OO0E+00 Pt-195$

Au-196m
- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Au-196m 9.6h 1.OOOE+00 Au-196
2 Au-196 6.183d 9.280E-01 Pt-196$ 7.200E-02 Hg-196$

f3

Au-d98tm
---- --- --- ---- --- --- D aughter

Products -- - - - - - - - - - - -
Nuclide

Nuclide f4
1 Au-198m
2 Au-198

Halflife fl Nuclide
Nuclide

2.27d 1.OOOE+00 Au-198
2.69517d 1.OOOE+00 Hg-198$

f2 Nuclide f3

Au-200m
--- Daughter

Products
Nuclide Hal

Nuclide f4
1 Au-200m
2 Au-200

Hg-190

flife fl Nuclide f2 Nuclide f3
Nuclide

18.7h 1.800E-01 Au-200 8.200E-01 Hg-200$
48.4m 1.OOOE+00 Hg-200$

Daughter
Products

Nuclide Halflife fl Nuclide
Nuclide f4 Nuclide

1 Hg-190 20.Om 1.OOOE+00 Au-190
2 Au-190 42.8m 1.OOOE+00 Pt-190
3 Pt-190 6.50E+11y 1.OOOE+00 Os-186
4 Os-186 2.OE+15y 1.OOOE+00 W-182$

f2 Nuclide f3

Hg-191m

95



- Daughter
Products

Nuclide Halflife fl Nuclide f2 Nuclide
Nuclide f4 Nuclide

1 Hg-191m 50.8m 1.OOOE+00 Au-191
2 Au-191 3.18h 1.OOOE+00 Pt-191"
3 Pt-191 2.802d 1.OOOE+00 Ir-191$

Hg-192
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Hg-192 4.85h 1.OOOE+00 Au-192
2 Au-192 4.94h 1.OOOE+00 Pt-192$

Hg-193
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Hg-193 3.80h 3.541E-02 Au-193m 9.646E-01 Au-193
2 Au-193m 3.9s 9.997E-01 Au-193 3.OOOE-04 Pt-193m
3 Au-193 17.65h 1.OOOE+00 Pt-193
4 Pt-193m 4.33d 1.OOOE+00 Pt-193
5 Pt-193 50y 1.OOOE+00 Ir-193$

Hg-193m
--------------------------- Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Hg-193m 11.8h 7.100E-02 Hg-193 8.920E-01 Au-193m

3.703E-02 Au-193
2 Hg-193 3.80h 3.541E-02 Au-193m 9.646E-01 Au-193
3 Au-193m 3.9s 9.997E-01 Au-193 3.OOOE-04 Pt-193m
4 Au-193 17.65h 1.OOOE+00 Pt-193
5 Pt-193m 4.33d 1.OOOE+00 Pt-193
6 Pt-193 50y 1.OOOE+00 Ir-193$

Hg-194
Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Hg-194 440y 1.OOOE+00 Au-194
2 Au-194 38.02h 1.OOOE+00 Pt-194$

Hg-195
Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide

f3

f3

f3

f3

f3

f3
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Nuclide f4 Nuclide
1 Hg-195 10.53h 1.OOOE+00 Au-195
2 Au-195 186.098d 1.OOOE+00 Pt-195$

Hg-195m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Hg-195m 41.6h 5.420E-01 Hg-195 4.580E-01 Au-195
2 Hg-195 10.53h 1.OOOE+00 Au-195
3 Au-195 186.098d 1.OOOE+00 Pt-195$

Hg-i97m
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Hg-197m 23.8h 9.140E-01 Hg-197 8.600E-02 Au-197$
2 Hg-197 64.94h 1.OOOE+00 Au-197$

f3

f3

Hg-206

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide

Daughter

Nuclide f2 Nuclide f3

1 Hg-206
2 T1-206

8.15m 1.OOOE+00 T1-206
4.200m 1.OOOE+00 Pb-206$

Hg-207

Products- -----------------------
Nuclide Halflife fl

Daughter

Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Hg-207 2.9m 1.OOOE+00 Tl-207
2 Tl-207 4.77m 1.OOOE+00 Pb-207$

Tl-190
Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide
1 Tl-190
2 Hg-190
3 Au-190
4 Pt-190
5 Os-186

f4 Nuclide
2.6m 1.O0OE+00 Hg-190

20.Om 1.OOOE+00 Au-190
42.8m 1.OOOE+00 Pt-190

6.50E+lly 1.OOOE+00 Os-186
2.OE+15y 1.OOOE+00 W-182$

T1-190m
---- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

97



Nuclide f4 Nuclide
1 T1-190m 3.7m 1.OOOE+00
2 Hg-190 20.0m 1.OOOE+00
3 Au-190 42.8m 1.OOOE+00
4 Pt-190 6.50E+lly 1.OOOE+00
5 Os-186 2.OE+15y 1.OOOE+00

Hg-190
Au-190
Pt-190
Os-186
W-182$

T1-194

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Tl-194 33.Om 1.OOOE+00 Hg-194
2 Hg-194 440y 1.OOOE+00 Au-194
3 Au-194 38.02h 1.OOOE+00 Pt-194$

Ti-194m

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 T1-194m 32.8m 1.OOOE+00 Hg-194
2 Hg-194 440y 1.OOOE+00 Au-194
3 Au-194 38.02h 1.OOOE+00 Pt-194$

- Daughter

f2 Nuclide f3

Daughter

f2 Nuclide f3

TI-195

Products
Nuclide Halflife fl

----------------- Daughter

Nuclide f2 Nuclide f3
Nuclide f4

1 Tl-195
2 Hg-195m
3 Hg-195
4 Au-195

T1-197

Nuclide
1.16h 3.436E-03 Hg-195m 9.966E-01 Hg-195
41.6h 5.420E-01 Hg-195 4.580E-01 Au-195

10.53h 1.OOOE+00 Au-195
186.098d 1.OOOE+00 Pt-195$

-- Daughter
Products

Nuclide Halflife fl Nuclide
Nuclide f4 Nuclide

1 Tl-197 2.84h 1.OOOE+00 Hg-197
2 Hg-197 64.94h 1.OOOE+00 Au-197$

f2 Nuclide f3

TI-198m
Daughter

Products------------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
1 T1-198m 1.87h 4.600E-01
2 Tl-198 5.3h 1.OOOE+00

Nuclide f2 Nuclide f3

Tl-198 5.400E-01 Hg-198$
Hg-198$

Ti-206m
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Daughter
Products- -----------------------

Nuclide Halflife fl Nuclide f2 Nuclide f3
Nuclide f4

1 T1-206m
2 T1-206

T1-209

Nuclide
3.74m 1.OOOE+00 T1-206

4.200m 1.OOOE+00 Pb-206$

Daughter
Products

Nuclide Halflife fl Nuclide
Nuclide f4 Nuclide

1 Tl-209 2.161m 1.OOOE+00 Pb-209
2 Pb-209 3.253h 1.OOOE+00 Bi-209$

f2 Nuclide f3

Tl-210

Products
Nuclide Halflife fl

Daughter

Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1' T1-210 1.30m 1.OOOE+00 Pb-210
2 Pb-210 22.20y 1.OOOE+00 Bi-210 1.900E-08 Hg-206
3 Bi-210 5.013d 1.OOOE+00 Po-210 1.320E-06 Tl-206
4 Hg-206 8.15m 1.OOOE+00 Tl-206
5 Po-210 138.376d 1.OOOE+00 Pb-206$
6 Tl-206 4.200m 1.OOOE+00 Pb-206$

Pb-194
Daughter

Products------------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Pb-194 12.Om 1.OOOE+00
2 Tl-194 33.0m 1.OOOE+00
3 Hg-190 20.Om 1.OOOE+00
4 Hg-194 440y 1.OOOE+00
5 Au-194 38.02h 1.OOOE+00
6 Au-190 42.8m 1.OOOE+00
7 Pt-190 6.50E+lly 1.OOOE+00
8 Os-186 2.OE+15y 1.OOOE+00

Nuclide f2 Nuclide f3

Tl-194 7.300E-08 Hg-190
Hg-194
Au-190
Au-194
Pt-194$
Pt-190
Os-186
W-182$

Pb-195m --------------------------- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Pb-195m 15m 1.OOOE+00 Tl-195
2 Tl-195 1.16h 3.436E-03 Hg-195m 9.966E-01 Hg-195
3 Hg-195m 41.6h 5.420E-01 Hg-195 4.580E-01 Au-195
4 Hg-195 10.53h 1.OOOE+00 Au-195
5 Au-195 186.098d 1.OOOE+00 Pt-195$

f3
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Pb-196
Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Pb-196 37m 1.OOOE+00 Tl-196
2 Tl-196 1.84h 1.OOOE+00 Hg-196$

Pb-197

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Pb-197 8m 1.OOOE+00 Tl-197
2 Tl-197 2.84h 1.OOOE+00.Hg-197
3 Hg-197 64.94h 1.OOOE+00 Au-197$

f2 Nuclide f3

Daughter

f2 Nuclide f3

Pb-197m

Products- -----------------------
Nuclide Halflife fl

Daughter

Nuclide f2 Nuclide f3
Nuclide f4

1 Pb-197m
2 Pb-197
3 Tl-197
4 Hg-197

Nuclide
43m 1.900E-01 Pb-197 8.100E-01 Tl-197

8m 1.OOOE+00 Tl-197
2.84h 1.OOOE+00 Hg-197

64.94h 1.OOOE+00 Au-197$

Pb-198

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Pb-198 2.4h 1.OOOE+00 Tl-198
2 Tl-198 5.3h 1.OOOE+00 Hg-198$

Pb-199

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Pb-199 90m 1.OOOE+00 Tl-199
2 Tl-199 7.42h 1.000E+00 Hg-199$

Pb-200

Products
Nuclide Halflife fl Nuclide

•Nuclide f4 Nuclide
1 Pb-200 21.5h 1.OOOE+00 Tl-200
2 Tl-200 26.1h 1.OOOE+00 Hg-200$

Daughter

f2 Nuclide f3

------- Daughter

f2 Nuclide f3

------- Daughter

f2 Nuclide f3

Pb-201

100



Daughter
Products

Nuclide Halflife fl Nuclide
Nuclide f4 Nuclide

1 Pb-201 9.33h 1.OOOE+00 Tl-201
2 Tl-201 72.912h 1.OOOE+00 Hg-201$

f2 Nuclide f3

Pb-201m

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Pb-201m 61s 1.OOOE+00 Pb-201
2 Pb-201 9.33h 1.OOOE+00 Tl-201
3 TI-201 72.912h 1.OOOE+00 Hg-201$

------- Daughter

f2 Nuclide f3

Pb-202

Products- -----------------------
Nuclide Halflife fl

Daughter

Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Pb-202 5.25E+4y 9.900E-01 Tl-202 1.OOOE-02 Hg-198$
2 TI-202 12.23d 1.OOOE+00 Hg-202$

Pb-202m
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4
1 Pb-202m
2 Pb-202
3 Tl-202

Nuclide
3.53h 9.050E-01 Pb-202 9.500E-02 T1-202

5.25E+4y 9.900E-01 Tl-202 1.OOOE-02 Hg-198$
12.23d 1.0OOE+00 Hg-202$

Pb-210
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Pb-210 22.20y 1.OOOE+00 Bi-210 1.900E-08 Hg-206
2 Bi-210 5.013d 1.OOOE+00 Po-210 1.320E-06 Tl-206
3 Hg-206 8.15m 1.OOOE+00 Tl-206
4 Po-210 138.376d 1.OOOE+00 Pb-206$
5 Tl-206 4.200m 1.OOOE+00 Pb-206$

Pb-211
Daughter

Products------------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Pb-211 36.1m 1.OOOE+00
2 Bi-211 2.14m 9.972E-01
3 Tl-207 4.77m 1.OOOE+00

Nuclide f2 Nuclide f3

Bi-211
T1-207 2.760E-03 Po-211
Pb-207$

101



4 Po-211 0.516s 1.OOOE+00 Pb-207$

Pb-212
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Pb-212 10.64h 1.OOOE+00 Bi-212
2 Bi-212 60.55m 6.406E-01 Po-212 3.594E-01 Tl-208
3 Po-212 2.99E-7s 1.OOOE+00 Pb-208$
4 Tl-208 3.053m 1.OOOE+00 Pb-208$

Pb-214
- Daughter

f3

Products------------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Pb-214 26.8m 1.OOOE+00
2 Bi-214 19.9m 9.998E-01
3 Po-214 1.643E-4s 1.OOOE+00
4 Tl-210 1.30m 1.000E+00
5 Pb-210 22.20y 1.OOOE+00
6 Bi-210 .5.013d 1.000E+00
7 Hg-206 8.15m 1.OOOE+00
8 Po-210 138.376d 1.OOOE+00
9 Tl-206 4.200m 1.OOOE+00

Nuclide f2 Nuclide f3

Bi-214
Po-214 2.100E-04 Tl-210
Pb-210
Pb-210
Bi-210 1.900E-08 Hg-206
Po-210 1.320E-06 Tl-206
TI-206
Pb-206$
Pb-206$

Bi-197
--- Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Bi-197 9.3m 4.390E-01 Pb-197m 5.610E-01 Pb-197
2 Pb-197m 43m 1.900E-01 Pb-197 8.100E-01 Tl-197
3 Pb-197 8m 1.OOOE+00 Tl-197
4 Tl-197 2.84h 1.OOOE+00 Hg-197
5 Hg-197 64.94h 1.OOOE+00 Au-197$

Bi-200
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Bi-200 36.4m 1.OOOE+00 Pb-200
2 Pb-200 21.5h 1.OOOE+00 Tl-200
3 Tl-200 26.1h 1.OOOE+00 Hg-200$

f2 Nuclide f3

Bi-201
Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3
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1 Bi-201
2 Pb-201m
3 Pb-201
4 Tl-201

108m 4.517E-01 Pb-201m 5.483E-01 Pb-201
61s 1.OOOE+00 Pb-201

9.33h 1.OOOE+00 Tl-201
72.912h 1.OOOE+00 Hg-201$

Bi-202
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Bi-202 1.72h 1.OOOE+00 Pb-202
2 Pb-202 5.25E+4y 9.900E-01 Tl-202 1.OOOE-02 Hg-198$
3 Tl-202 12.23d 1.OOOE+00 Hg-202$

f3

Bi-203
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Bi-203 11.76h 1.OOOE+00 Pb-203
2 Pb-203 51.873h 1.OOOE+00 TI-203$

f2 Nuclide f3

Bi-204
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Bi-204 11.22h 9.853E-02 Pb-204m 9.015E-01 Pb-204$
2 Pb-204m 67.2m 1.OOOE+00 Pb-204$

Bi-205
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Bi-205 15.31d 1.OOOE+00 Pb-205
2 Pb-205 1.53E+7y 1.OOOE+00 TI-205$

Bi-210
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Bi-210 5.013d 1.OOOE+00 Po-210 1.320E-06 T1-206
2 Po-210 138.376d 1.OOOE+00 Pb-206$
3 Tl-206 4.200m 1.OOOE+00 Pb-206$

Bi-210m
Daughter

Products
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3
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1 Bi-210m 3.04E+6y 1.OOOE+00 Tl-206
2 Tl-206 4.200m 1.OOOE+00 Pb-206$

Bi-211
-- Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Bi-211 2.14m 9.972E-01 Tl-207 2.760E-03 Po-211
2 Tl-207 4.77m 1.OOOE+00 Pb-207$
3 Po-211 0.516s 1.OOOE+00 Pb-207$

Bi-212
Daughter

Products
Nuclide Halflife ffl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Bi-212 60.55m 6.406E-01 Po-212 3.594E-01 TI-208
2 Po-212 2.99E-7s 1.OOOE+00 Pb-208$
3 Tl-208 3.053m 1.OOOE+00 Pb-208$

f3

Bi-212n
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Bi-212n 7.Om 1.OOOE+00 Po-212m
2 Po-212m 45.1s 9.993E-01 Pb-208$

f2 Nuclide f3

Bi-213
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Bi-213 45.59m 9.791E-01 Po-213 2.090E-02 T1-209
2 Po-213 4.2E-6s 1.OOOE+00 Pb-209
3 Tl-209 2.161m 1.OOOE+00 Pb-209
4 Pb-209 3.253h 1.OOOE+00 8i-209$

Bi-214
Daughter

Products
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Bi-214 19.9m 9.998E-01
2 Po-214 1.643E-4s 1.OOOE+00
3 Tl-210 1.30m 1.OOOE+00
4 Pb-210 22.20y 1.OOOE+00
5 Bi-210 5.013d 1.OOOE+00
6 Hg-206 8.15m 1.OOOE+00
7 Po-210 138.376d 1.OOOE+00
8 TI-206 4.200m 1.OOOE+00

Nuclide f2 Nuclide f3

Po-214 2.100E-04 Tl-210
Pb-210
Pb-210
Bi-210 1.900E-08 Hg-206
Po-210 1.320E-06 Tl-206
Tl-206
Pb-206$
Pb-206$
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Bi-215
Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Bi-215 7.6m 1.OOOE+00 Po-215
2 Po-215 1.781E-3s 1.OOOE+00 Pb-211
3 Pb-211 36.1m 1.OOOE+00 Bi-211
4 Bi-211 2.14m 9.972E-01 Tl-207 2.760E-03 Po-211
5 Tl-207 4.77m 1.OOOE+00 Pb-207$
6 Po-211 0.516s 1.OOOE+00 Pb-207$

Bi-216
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Bi-216 2.17m 1.OOOE+00 Po-216
2 Po-216 0.145s 1.OOOE+00 Pb-212
3 Pb-212 10.64h 1.OOOE+00 Bi-212
4 Bi-212 60.55m 6.406E-01 Po-212 3.594E-01 Tl-208
5 Po7212 2.99E-7s 1.OOOE+00 Pb-208$
6 Tl-208 3.053m 1.OOOE+00 Pb-208$

Po-203
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Po-203 36.7m 9.989E-01 Bi-203 1.100E-03 Pb-199
2 Bi-203 11.76h 1.OOOE+00 Pb-203
3 Pb-199 90m 1.OOOE+00 Tl-199
4 Pb-203 51.873h 1.OOOE+00 TI-203$
5 Tl-199 7.42h 1.OOOE+00 Hg-199$

Po-204
Daughter

f3

f3

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Po-204 3.53h 9.934E-01 Bi-204 6.600E-03 Pb-200
2 Bi-204 11.22h 9.853E-02 Pb-204m 9.015E-01 Pb-204$
3 Pb-200 21.5h 1.OOOE+00 Tl-200
4 Pb-204m 67.2m 1.OOOE+00 Pb-204$
5 Tl-200 26.1h 1.OOOE+00 Hg-200$

Po-205
Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3
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1 Po-205
2 Bi-205
3 Pb-201
4 Pb-205
5 Tl-201

1.66h 9.990E-01 Bi-205 4.OOOE-04 Pb-201
15.31d 1.OOOE+00 Pb-205
9.33h 1.OOOE+00 Tl-201

1.53E+7y 1.OOOE+00 T1-205$
72.912h 1.OOOE+00 Hg-201$

Po-206 --------------------------- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Po-206 8.8d 9.455E-01 Bi-206 5.450E-02 Pb-202
2 Bi-206 6.243d 1.OOOE+00 Pb-206$
3 Pb-202 5.25E+4y 9.900E-01 Tl-202 1.OOOE-02 Hg-198$
4 Tl-202 12.23d 1.OOOE+00 Hg-202$

f3

Po-207
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide
1 Po-207
2 Bi-207
3 Pb-203

f4 Nuclide
5.80h 9.998E-01 Bi-207 2.100E-04 Pb-203
32.9y 1.OOOE+00 Pb-207$

51.873h 1.OOOE+00 TI-203$

Po-208
Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Po-208 2.898y 2.230E-05 Bi-208 1.OOOE+00 Pb-204$
2 Bi-208 3.68E+5y 1.OOOE+00 Pb-208$

Po-209
Daughter

Products
Nuclide

Nuclide f4
1 Po-209
2 Pb-205

Po-213

Halflife fl Nuclide f2 Nuclide f3
Nuclide

10 2 y- 9.952E-01 Pb-205 4.800E-03 Bi-209$
1.53E+7y 1.OOOE+00 TI-205$

Daughter

Products -
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Po-213 4.2E-6s 1.OOOE+00 Pb-209
2 Pb-209 3.253h 1.OOOE+00 Bi-209$

f2 Nuclide f3

Po-214 ------------------------- Daughter

Products
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Nuclide Halflife fl Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Po-214 1.643E-4s 1.OOOE+00 Pb-210
2 Pb-210 22.20y 1.OOOE+00 Bi-210 1.900E-08. Hg-206
3 Bi-210 5.013d 1.OOOE+00 Po-210 1.320E-06 Tl-206
4 Hg-206 8.15m 1.OOOE+00 Tl-206
5 Po-210 138.376d 1.OOOE+00 Pb-206$
6 Tl-206 4.200m 1.OOOE+00 Pb-206$

Po-215
Daughter

Products -
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Po-215 1.781E-3s 1.OOOE+00 Pb-211
2 Pb-211 36.1m 1.OOOE+00 Bi-211
3 Bi-211 2.14m 9.972E-01 Tl-207 2.760E-03 Po-211
4 Tl-207 4.77m 1.OOOE+00 Pb-207$
5 Po-211 0.516s 1.OOOE+00 Pb-207$

f3

Po-216
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
I Po-216 0.145s 1.OOOE+00 Pb-212
2 Pb-212 10.64h 1.OOOE+00 Bi-212
3 Bi-212 60.55m 6.406E-01 Po-212 3.594E-01 Tl-208
4 Po-212 2.99E-7s 1.OOOE+00 Pb-208$
5 Tl-208 3.053m 1.OOOE+00 Pb-208$

Po-218
Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1
2
3
4

6
7
8
9

10

12

Po-218
Pb-214
At-218
Bi-214
Rn-218
Po-214
Tl-210
Pb-210
Bi-210
Hg-206
Po-210
Tl-206

3.10m 9.998E-01 Pb-214
26.8m 1.OOOE+00 Bi-214
1.5s 9.990E-01 Bi-214

19.9m 9.998E-01 Po-214
3.SE-2s 1.OOOE+00 Po-214

1.643E-4s 1.OOOE+00 Pb-210
1.30m 1.OOOE+00 Pb-210

22.20y 1.OOOE+00 Bi-210
5.013d 1.OOOE+00 Po-210

8.15m 1.OOOE+00 Tl-206
138.376d 1.OOOE+00 Pb-206$

4.200m 1.OOOE+00 Pb-206$

2.OOOE-04 At-218

1.OOOE-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206

At-204

Products
Daughter
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Nuclide Halflife fl Nuclide f2 Nuclide
Nuclide f4 Nuclide

1 At-204 9.2m 9.620E-01 Po-204 3.800E-02 Bi-200
2 Po-204 3.53h 9.934E-01 Bi-204 6.600E-03 Pb-200
3 Bi-200 36.4m 1.000E+00 Pb-200
4 Bi-204 11.22h 9.853E-02 Pb-204m 9.015E-01 Pb-204$
5 Pb-200 21.5h 1.000E+00 Tl-200
6 Pb-204m 67.2m 1.000E+00 Pb-204$
7 Tl-200 26.1h 1.000E+00 Hg-200$

f3

At-205
Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f,
1 At-205
2 Po-205
3 Bi-201
4 Bi-205
5 Pb-201m
6 Pb-201
7 Pb-205
8 TI-201

4 Nuclide
26.2m 9.000E-01
1.66h 9.990E-01

108m 4.517E-01
15.31d 1.000E+00

61s 1.000E+00
9.33h 1.000E+00

1.53E+7y 1.000E+00
72.912h 1.000E+00

Nuclide f2 Nuclide f3

Po-205 1.000E-01 Bi-201
Bi-205 4.000E-04 Pb-201
Pb-201m 5.483E-01 Pb-201
Pb-205
Pb-201
Tl-201
TI-205$
Hg-201$

At-206
Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 At-206 30.6m 9.911E-01 Po-206 8.900E-03 Bi-202
2 Po-206 8.8d 9.455E-01 Bi-206 5.450E-02 Pb-202
3 Bi-202 1.72h 1.OOOE+00 Pb-202
4 Bi-206 6.243d 1.000E+00 Pb-206$
5 Pb-202 5.25E+4y 9.900E-01 Tl-202 1.000E-02 Hg-198$
6 Tl-202 12.23d 1.OOOE+00 Hg-202$

At-207
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 At-207 1.80h 9.140E-01 Po-207 8.600E-02 Bi-203
2 Po-207 5.80h 9.998E-01 Bi-207 2.100E-04 Pb-203
3 Bi-203 11.76h 1.000E+00 Pb-203
4 Bi-207 3 2 . 9 y 1.000E+00 Pb-207$
5 Pb-203 51.873h 1.000E+00 TI-203$

f3

At-208
Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3
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1 At-208
2 Po-208
3 Bi-204
4 Bi-208
5 Pb-204m

1.63h 9.945E-01 Po-208 5.500E-03 Bi-204
2.898y 2.230E-05 Bi-208 1.000E+00 Pb-204$
11.22h 9.853E-02 Pb-204m 9.015E-01 Pb-204$

3.68E+5y 1.000E+00 Pb-208$
67.2m 1.000E+00 Pb-204$

At-209
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 At-209 5.41h 9.590E-01 Po-209 4.100E-02 Bi-205
2 Po-209 102y 9.952E-01 Pb-205 4.800E-03 Bi-209$
3 Bi-205 15.31d 1.000E+00 Pb-205
4 Pb-205 1.53E+7y 1.OOOE+00 TI-205$

f3

At-210
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 At-210 8.1h 9.982E-01 Po-210 1.750E-03 Bi-206
2 Po-210 138.376d 1.000E+00 Pb-206$
3 Bi-206 6.243d 1.OOOE+00 Pb-206$

At-211
Daughter

Products------------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
1 At-211 7.214h 5.820E-01
2 Po-211 0.516s 1.OOOE+00
3 Bi-207 32.9y 1.000E+00

Nuclide f2 Nuclide f3

Po-211 4.180E-01 Bi-207
Pb-207$
Pb-207$

At-215 --------------------------- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 At-215 1.OOE-4s 1.000E+00 Bi-211
2 Bi-211 2.14m 9.972E-01 TI-.207 2.760E-03 Po-211
3 Tl-207 4.77m 1.000E+00 Pb-207$
4 Po-211 0.516s 1.OOOE+00 Pb-207$

f3

At-216
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 At-216 3.OOE-4s 1.000E+00 Bi-212
2 Bi-212 60.55m 6.406E-01 Po-212 3.594E-01 Tl-208
3 Po-212 2.99E-7s 1.OOOE+00 Pb-208$
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4 TI-208 3.053m 1.OOOE+00 Pb-208$

At-217
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 At-217 3.23E-2s 9.999E-01 Bi-213
2 Bi-213 45.59m 9.791E-01 Po-213 2.090E-02 Tl-209
3 Po-213 4.2E-6s 1.OOOE+00 Pb-209
4 TI-209 2.161m 1.OOOE+00 Pb-209
5 Pb-209 3.253h 1.OOOE+00 Bi-209$

At-218
Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 At-218 1.5s 9.990E-01 Bi-214
2 Bi-214 19.9m 9.998E-01 Po-214
3 Rn-218 3.5E-2s 1.OOE+00 Po-214
4 Po-214 1.643E-4s 1.OOOE+00 Pb-210
5 Tl-210 1.30m 1.C00E+00 Pb-210
6 Pb-210 22.20y 1.C00E+00 Bi-210
7 Bi-210 5.013d 1.00E+00 Po-210
8 Hg-206 8.15m 1.C0CE+00 Tl-206
9 Po-210 138.376d 1.C00E+00 Pb-206$

10 Tl-206 4.200m 1.CC0E+00 Pb-206$

f2 Nuclide f3

1.0O0E-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206

At-219
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 At-219 56s 9.700E-01 Bi-215
2 Bi-215 7.6m 1.O00E+00 Po-215
3 Po-215 1.781E-3s 1.0O0E+00 Pb-211
4 Pb-211 36.im 1.000E+00 Bi-211
5 Bi-211 2.14m 9.972E-01 Tl-207 2.760E-03 Po-211
6 Tl-207 4.77m 1.C00E+00 Pb-207$
7 Po-211 0.516s 1.O00E+00 Pb-207$

At-220
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 At-220 3.71m 9.200E-01 Rn-220 8.C00E-02 Bi-216
2 Rn-220 55.6s 1.0C0E+00 Po-216
3 Bi-216 '2.17m 1.000E+00 Po-216
4 Po-216 0.145s 1.0O0E+00 Pb-212
5 Pb-212 10.64h 1.000E+00 Bi-212

f3
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6 Bi-212
7 Po-212
8 Tl-208

Rn -207

60.55m 6.406E-01 Po-212 3.594E-01 Tl-208
2.99E-7s 1.OOOE+00 Pb-208$

3.053m 1.OOOE+00 Pb-208$

Daughter

Products -- - - - - - - - - - - -
Nuclide

Nuclide f4
1 Rn-207
2 At-207
3 Po-203
4 Po-207
5 Bi-203
6 Bi-207
7 Pb-203
8 Pb-199
9 Tl-199

Halflife fl Nuclide f2
Nuclide

9.25m 7.900E-01 At-207 2.100E-01
1.80h 9.140E-01 Po-207 8.600E-02
36.7m 9.989E-01 Bi-203 1.100E-03
5.80h 9.998E-01 Bi-207 2.100E-04

11.76h 1.OOOE+00 Pb-203
32.9y .1.OOOE+00 Pb-207$

51.873h 1.OOOE+00 T1-203$
90m 1.OOOE+00 Tl-199

7.42h 1.OOOE+00 Hg-199$

Nuclide f3

Po-203
Bi-203
Pb-199
Pb-203

Rn-209
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife f1 Nu

Nuclide f4 Nuclide
1 Rn-209 28.5m 8.300E-01 At
2 At-209 5.41h 9.590E-01 Po
3 Po-205, 1.66h 9.990E-01 Bi
4 Po-209 102y 9.952E-01 Pb
5 Bi-205 15.31d 1.OOOE+00 Pb
6 Pb-205 1.53E+7y 1.OOOE+00 T1
7 Pb-201 9.33h 1.OOOE+00 T1
8 Tl-201 72.912h 1.OOOE+00 Hg

clide ff2' Nuclide f3

-209 1.700E-01 Po-205
-209 4.'100E-02 Bi-205
-205 4.OOOE-04 Pb-201
-205 4.800E-03 Bi-209$
-205
-205$
-201
-201$

Rn-210
Daughter

Products- -----------------------
Nuclide HaIflife fl

Nuclide
1 Rn-210
2 Po-206
3 At-210
4 Bi-206
5 Pb-202
6 Tl-202
7 Po-210

f4 Nuclide
2.4h 9.
8.8d 9.
8.1h .1.

6.243d 1.
5.25E+4y 9.

12.23d 1.
138.376d 1.

600E-01
455E-01
750E-03
OOOE+00
900E-01
00OE+00
00OE+00

Nuclide f2 Nuclide f3

Po-206 4.OOOE-02 At-210
Bi-206 5.450E-02 Pb-202
Bi-206 9.982E-01 Po-210
Pb-206$
Tl-202 1.OOOE-02 Hg-198$
Hg-202$
Pb-206$

Rn-211
Daughter

Products- -----------------------
Nuclide Halflife f1

Nuclide f4 Nuclide
1 Rn-211 14.6h 7.260E-01

Nuclide f2 Nuclide f3

At-211 2.740E-01 Po-207
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2 At-211
3 Po-207
4 Po-211
5 Bi-207
6 Pb-203

7.214h -5.820E-01 Po-211 4.180E-01 Bi-207
5.80h 9.998E-01 Bi-207 2.100E-04 Pb-203

0.516s 1.OOOE+00 Pb-207$
32.9y 1.OOOE+00 Pb-207$

51.873h 1.OOOE+00 TI-203$

Rn-212
Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Rn-212 23.9m 1.OOOE+00 Po-208
2 Po-208 2.898y 2.230E-05 Bi-208 1.OOOE+00 Pb-204$
3 Bi-208 3.68E+5y 1.OOOE+00 Pb-208$

f3

Rn-215

Products- -----------------------
Nuclide Halflife fl

Daughter

Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Rn-215 2.30us 1.OOOE+00 Po-211
2 Po-211 0.516s 1.OOOE+00 Pb-207$

Rn-216

Products
Nuclide Halflife fl

Daughter

Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Rn-216 4.5E-5s 1.OOOE+00 Po-212
2 Po-212 2.99E-7s 1.OOOE+00 Pb-208$

Rn-217

Products --
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Rn-217 5.40E-4s 1.OOOE+00 Po-213
2 Po-213 4.2E-6s 1.OOOE+00 Pb-209
3 Pb-209 3.253h 1.OOOE+00 Bi-209$

------- Daughter

f2 Nuclide f3

Rn-218

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Rn-218 3.5E-2s 1.OOOE+00 Po-214
2 Po-214 1.643E-4s 1.OOOE+00 Pb-210
3 Pb-210 22.20y 1.OOOE+00 Bi-210
4 Bi-210 5.013d 1.OOOE+00 Po-210
5 Hg-206 8.15m 1.OOOE+00 Tl-206
6 Po-210 138.376d 1.OOOE+00 Pb-206$
7 Tl-206 4.200m 1.OOOE+00 Pb-206$

Daughter

f2 Nuclide f3

1.900E-08 Hg-206
1.320E-06 T1-206
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Rn-219
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Rn-219 3.96s 1.G00E+00 Po-215
2 Po-215 1.781E-3s 1.G00E+00 Pb-211
3 Pb-211 36.1m 1.GG0E+00 Bi-211
4 Bi-211 2.14m 9.972E-01 Tl-207 2.760E-03 Po-211
5 TI-207 4.77m 1.G00E+00 Pb-207$
6 Po-211 0.516s 1. OE+00 Pb-207$

Rn-220
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Rn-220 55.6s 1.000E+00 Po-216
2 Po-216 0.145s 1.G00E+00 Pb-212
3 Pb-212 10.64h 1.00E+00 Bi-212
4 Bi-212 60.55m 6.406E-01 Po-212 3.594E-01 Tl-208
5 Po-212 2.99E-7s 1.GO0E+00 Pb-208$
6 Tl-208 3.053m 1.OOE+00 Pb-208$

f3

Rn-222
Daughter

Products,
Nuclide

Nuclide f4
1 Rn-222
2 Po-218
3 Pb-214
4 At-218
5 Bi-214
6 Rn-218
7 Po-214
8 Tl-210
9 Pb-210

10 Bi-210
11 Hg-206
12 Po-210
13 Tl-206

Halflife
Nuclide

3.8235d 1.
3.10m 9.
26.8m 1.
1.5s 9.

19.9m 9.
3.5E-2s 1.

1.643E-4s 1.
1.30m 1.

22.20y 1.
5.013d 1

8.15m 1.
138.376d 1.

4.200m 1.

fl Nuclide f2 Nuclide f3

000E+00 Po-218
998E-01 Pb-214
0O0E+00 Bi-214
990E-01 Bi-214
998E-01 Po-214
000E+00 Po-214
0G0E+00 Pb-210
000E+00 Pb-210
000E+00 Bi-210
00GE+00 Po-210
000E+00 Tl-206
O00E+00 Pb-206$
O00E+00 Pb-206$

2.00GE-04 At-218

1.000E-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206

Rn-223

Products- -----------------------
Nuclide Halflife fl

Daughter

Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Rn-223 24.3m 1.000E+00 Fr-223
2 Fr-223 22.00m 1.000E+00 Ra-223 6.000E-05 At-219
3 Ra-223 11.43d 1.000E+00 Rn-219
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4
5
6
7
8
9

10
11

At-219
Rn-219
Bi-215
Po-215
Pb-211
Bi-211
TI-207
Po-211

56s
3.96s

7. 6m
1.781E-3s

36. lm
2. 14m
4. 77m

0.516s

9.700E-01 Bi-215
1.OOOE+00 Po-215
1.OOOE+00 Po-215
1.OOOE+00 Pb-211
1.OOOE+00 Bi-211
9.972E-01 Tl-207 2.760E-03 Po-211
1.000E+00 Pb-207$
1.OOOE+00 Pb-207$

Daughter
"Fr-212

Products
Nuclide Halflife fl Nuclide f2

Nuclide f4 Nuclide
1 Fr-212 20.Om 5.700E-01 Rn-212 4.300E-01
2 Rn-212 23.9m 1.000E+00 Po-208
3 At-208 1.63h 9.945E-01 Po-208 5.500E-03
4 Po-208 2.898y, 2.230E-05 Bi-208 1.OOOE+00
5 Bi-208 3.68E+5y 1.OOOE+00 Pb-208$
6 Bi-204 11.22h 9.853E-02 Pb-204m 9.015E-01
7 Pb-204m 67.2m 1.OOOE+00 Pb-204$

Nuclide f3

At-208

Bi-204
Pb-204$

Pb-204$

Fr-219
Daughter

Products
Nuclide

Nuclide f4
1 Fr-219
2 At-215
3 Bi-211
4 Tl-207
5 Po-211

Halflife fl Nuclide f2 Nuclide f3
Nuclide

2.OE-2s 1.OOOE+00 At-215
1.OOE-4s 1.OOOE+00 Bi-211

2.14m 9.972E-01 TI-207 2.760E-03 Po-211
4.77m 1.OOOE+00 Pb-207$

0.516s 1.OOOE+00 Pb-207$

Daughter
Fr-220

Products- -----------------------
Nuclide Halflife fi Nuclide f2 Nuclide f3

Nuclide
1 Fr-220
2 At-216
3 Ra-220
4 Bi-212
5 Rn-216
6 Po-212
7 Tl-208

f4 Nucli
27.4s

3. OOE-4s
1.79E-2s

60.55m
4. 5E-5s

2.99E-7s
3. 053m

de
9.965E-01 At-216 3.500E-03 Ra-220
1.OOOE+00 Bi-212
1.OOOE+00 Rn-216
6.406E-01 Po-212 3.594E-01 Tl-208
1.OOOE+00 Po-212
1.OOOE+00 Pb-208$
1.OOOE+00 Pb-208$

Daughter
Fr-221

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Fr-221 4.9m 1.OOOE+00 At-217

f2 Nuclide f3
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2 At-217
3 Bi-213
4 Po-213
5 T1-209
6 Pb-209

Fr-222

3.23E-2s 9.999E-01 Bi-213
45.59m 9.791E-01 Po-213 2.090E-02 T1-209

4.2E-6s 1.000E+00 Pb-209
2.161m 1.000E+00 Pb-209
3.253h 1.000E+00 Bi-209$

Daughter
Products------------------------

Nuclide Halflife fl
Nuclide f4 Nuclide

1 Fr-222 14.2m 1.000E+00
2 Ra-222 38.0s 1.000E+00
3 Rn-218 3.5E-2s 1.000E+00
4 Po-214 1.643E-4s 1.000E+00
5 Pb-210 22.20y 1.OOOE+00
6 Bi-210 5.013d 1.000E+00
7 Hg-206 8.15m 1.000E+00
8 Po-210 138.376d 1.000E+00
9 Tl-206 4.200m 1.000E+00

Nuclide f2 Nuclide f3

Ra-222
Rn-218
Po-214
Pb-210
Bi-210 1.900E-08 Hg-206
Po-210 1.320E-06 Tl-206
Tl-206
Pb-206$
Pb-206$

Fr-223
Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide
1 Fr-223
2 Ra-223
3 At-219
4 Rn-219
5 Bi-215
6 Po-215
7 Pb-211
8 Bi-211
9 Tl-207

10 Po-211

f4 Nuclide
22.00m 1.
11.43d 1.

56s 9.
3.96s 1.

7.6m 1.
1.781E-3s 1.

36.lm 1.
2.14m 9.
4.77m 1.

0.516s 1.

000E+00
000E+00
700E-01
000E+00
000E+00
000E+00
000E+00
972E-01
000E+00
000E+00

Nuclide f2 Nuclide f3

Ra-223 6.000E-05 At-219
Rn-219
Bi-215
Po-215
Po-215
Pb-211
Bi-211
Tl-207 2.760E-03 Po-211
Pb-207$
Pb-207$

Fr-224
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Fr-224 3.33m 1.OOOE+00 Ra-224
2 Ra-224 3.66d 1.OOOE+00 Rn-220
3 Rn-220 55.6s 1.OOOE+00 Po-216
4 Po-216 0.145s 1.OOOE+00 Pb-212
5 Pb-212 10.64h 1.OOOE+00 Bi-212
6 Bi-212 60.55m 6.406E-01 Po-212 3.594E-01 Tl-208
7 Po-212 2.99E-7s 1.OOOE+00 Pb-208$
8 Tl-208 3.053m 1.000E+00 Pb-208$

Fr-227
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Daughter
Products- -----------------------

Nuclide Halflife fl
Nuclide f4 Nuclide

Nuclide f2 Nuclide f3

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Fr-227
Ra-227
Ac-227
Th-227
Fr-223
Ra-223
Rn-219
At-219
Bi-215
Po-215
Pb-211
Bi-211
Tl-207
Po-211

2 .47m

42.2m
21. 772y

18. 68d
22. 00m
11. 43d
3.96s

56s
7 .6m

1.781E-3s
36. lm
2. 14m
4 .77m

0.516s

1.000E+00 Ra-227
1.000E+00 Ac-227
9.862E-01 Th-227
1.000E+00 Ra-223
1.000E+00 Ra-223
1.000E+00 Rn-219
1.000E+00 Po-215
9.700E-01 Bi-215
1.000E+00 Po-215
1.000E+00 Pb-211
1.000E+00 Bi-211
9.972E-01 Tl-207
1.000E+00 Pb-207$
1.000E+00 Pb-207$

1.380E-02 Fr-223

6.000E-05 At-219

2.760E-03 Po-211

Ra-219

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ra-219 lOms 1.OOOE+00 Rn-215
2 Rn-215 2.30us 1.OOOE+00 Po-211
3 Po-211 0.516s 1.OOOE+00 Pb-207$

Ra-220

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ra-220 1.79E-2s 1.OOOE+00 Rn-216
2 Rn-216 4.5E-5s 1.OOOE+00 Po-212
3 Po-212 *2.99E-7s 1.OOOE+00 Pb-208$

------- Daughter

f2 Nuclide f3

------- Daughter

f2 Nuclide f3

Ra-221
Daughter

Products
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Ra-221 28s 1.OOOE+00
2 Rn-217 5.40E-4s 1.OOOE+00
3 Po-213 4.2E-6s 1.OOOE+00
4 Pb-209 3.253h 1.000E+00

Nuclide f2 Nuclide f3

Rn-217
Po-213
Pb-209
Bi-209$

Ra-222
Daughter

Products
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide If3
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1
2
3
4
5
6
7
8

Ra-222
Rn-218
Po-214
Pb-210
Bi-210
Hg-206
Po-210
Tl-206

38.Os
3. 5E-2s

1. 643E-4s
22.20y
5. 013d

8. 15m
138. 376d
4 .200m

1.OOOE+00 Rn-218
1.OOOE+00 Po-214
1.OOOE+00 Pb-210
1.OOOE+00 Bi-210 1.900E-08 Hg-206
1.OOOE+00 Po-210 1.320E-06 Tl-206
1.OOOE+00 Tl-206
1.OOOE+00 Pb-206$
1.OOOE+00 Pb-206$

Daughter
Ra-223

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1 Ra-223
2 Rn-219
3 Po-215
4 Pb-211
5 Bi-211
6 T1-207
7 Po-211

11.43d
3.96s

1.781E-3s
36. lm
2. 14m
4 .77m

0.516s

1.OOOE+00 Rn-219
1.OOOE+00 Po-215
1.OOOE+00 Pb-211
1.OOOE+00 Bi-211
9.972E-01 Tl-207 2.760E-03 Po-211
1000E+00 Pb-207$
1.OOOE+00 Pb-207$

Daughter
Ra-224

Products------------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Ra-224 3.66d 1.000E+00

.2 Rn-220 55.6s 1.OOOE+00
3 Po-216 0.145s 1.OOOE+00
4 Pb-212 10.64h 1.OOOE+00
5 Bi-212 60.55m 6.406E-01
6 Po-212 2.99E-7s 1.OOOE+00
7 Tl-208 3.053m 1.OOOE+00

Nuclide f2 Nuclide f3

Rn-220
Po-216
Pb-212
Bi-212
Po-212 3.594E-01 Tl-208
Pb-208$
Pb-208$

Ra-225
Daughter

Products
Nuclide

Nuclide f4
1 Ra-225
2 Ac-225
3 Fr-221
4 At-217
5 Bi-213
6 Po-213
7 TI-209
8 Pb-209

Halflife fl Nuclide f2 Nuclide f3
Nuclide

14.9d 1.OOOE+00 Ac-225
10.Od 1.OOOE+00 Fr-221

4.9m 1.OOOE+00 At-217
3.23E-2s 9.999E-01 Bi-213

45.59m 9.791E-01 Po-213 2.090E-02 Tl-209
4.2E-6s 1.OOOE+00 Pb-209
2.161m 1.OOOE+00 Pb-209
3.253h 1.OOOE+00 Bi-209$

Ra-226
Daughter

Products
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Nuclide
Nuclide f4

1 Ra-226
2 Rn-222
3 Po-218
4 Pb-214
5 At-218
6 Bi-214
7 Rn-218
8 Po-214
9 TI-210

10 Pb-210
11 Bi-210
12 Hg-206
13 Po-210
14 TI-206

Halflife
Nucli

1600y
3. 8235d

3. 10m
26.8m
1.5s

19. 9m
3. SE-2s

1. 643E-4s
1. 30m

22. 2 0y
5 .013d

8. 15m
138.376d

4.200m

de
fl Nuclide f2 Nuclide f3

1 *C0E+00 Rn-222
1C000E+00 Po-218
9.998E-01 Pb-214
1.000E+00 Bi-214
9.990E-01 Bi-214
9.998E-01 Po-214
1.CC0E+00 Po-214
1C000E+00 Pb-210
1C000E+00 Pb-210
1C000E+00 Bi-210
1.CCCE+00 Po-210
1C000E+00 Tl-206
1C000E+00 Pb-206$
1C000E+00 Pb-206$

2.00CE-04 At-218

1.CCCE-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206

Ra-227
Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Ra-227
2 Ac-227
3 Th-227
4 Fr-223
5 Ra-223
6 Rn-219
7 At-219
8 Bi-215
9 Po-215

I0 Pb-211
11 Bi-211
12 Tl-207
13 Po-211

42 .2m

21. 772y
18. 68d
22. 00m
11. 43d
3.96s

56s
7.6m

1.781E-3s
36.1m
2. 14m
4. 77m

0.516s

1.0C0E+00 Ac-227
9.862E-01 Th-227
1.C0CE+00 Ra-223
1.CCCE+00 Ra-223
1.0CCE+00 Rn-219
1.0C0E+00 Po-215
9.700E-01 Bi-215
1.CCCE+00 Po-215
1.CCCE+00 Pb-211
1.0C0E+00 Bi-211
9.972E-01 Tl-207
1.0C0E+00 Pb-207$
1.CCCE+00 Pb-207$

f2 Nuclide f3

1.380E-02 Fr-223

6.C00E-05 At-219

2.760E-03 Po-211

Ra-228

Products------------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Ra-228 5.75y 1.CCCE+00
2 Ac-228 6.15h 1.000E+00
3 Th-228 1. 9 116y 1.000E+00
4 Ra-224 3.66d 1.CCCE+00
5 Rn-220 55.6s 1.CCCE+00
6 Po-216 0.145s 1.CCCE+00
7 Pb-212 10.64h 1.000E+00
8 Bi-212 60.55m 6.406E-01
9 Po-212 2.99E-7s 1.C0CE+00

10 Tl-208 3.053m 1.000E+00

Daughter

Nuclide f2 Nuclide f3

Ac-228
Th-228
Ra-224
Rn-220
Po-216
Pb-212
Bi-212
Po-212 3.594E-01 Tl-208
Pb-208$
Pb-208$
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Ra-230
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Ra-230 93m 1.000E+00 Ac-230
2 Ac-230 122s 1.000E+00 Th-230
3 Th-230 7.538E+4y 1.000E+00 Ra-226
4 Ra-226 1600y 1.000E+00 Rn-222
5 Rn-222 3.8235d 1.000E+00 Po-218
6 Po-218 3.10m 9.998E-01 Pb-214
7 Pb-214 26.8m 1.000E+00 Bi-214
8 At-218 1.5s 9.990E-01 Bi-214
9 Bi-214 19.9m 9.998E-01 Po-214

10 Rn-218 3.5E-2s 1.Q00E+00 Po-214
11 Po-214 1.643E-4s 1.C00E+00 Pb-210
12 Tl-210 1.30m 1.C00E+00 Pb-210
13 Pb-210 22.20y 1.C00E+00 Bi-210
14 Bi-210 5.013d 1.C00E+00 Po-210
15 Hg-206 8.15m 1.C00E+00 Tl-206
16 Po-210 138.376d 1.000E+00 Pb-206$
17 Tl-206 4.200m 1.C00E+00 Pb-206$

2.000E-04 At-218

1.000E-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 TI-206

Ac-223

Products
Nuclide H

Nuclide f4
1 Ac-223
2 Fr-219
3 At-215 1
4 Bi-211
5 Tl-207
6 Po-211

[alflife

Daughter

fl Nuclide f2 Nuclide f3
Nuclide

2.10m 9.900E-01 Fr-219
2.0E-2s 1.C00E+00 At-215
.0CE-4s 1.C00E+00 Bi-211

2.14m 9.972E-01 Tl-207 2.760E-03 Po-211
4.77m 1.C00E+00 Pb-207$

0.516s 1.CC0E+00 Pb-207$

--- Daughter
Ac-224

Products- -----------------------
Nuclide Halflife fl

Nuclide
1 Ac-224
2 Ra-224
3 Fr-220
4 Rn-220
5 Po-216
6 Pb-212
7 At-216
8 Bi-212
9 Ra-22C

10 Rn-216
11 Po-212
12 Tl-208

f4 Nuclide
2. 78h
3. 66d
27.4s
55.6s

0.145s
10. 64h

3. 00E-4s
60. 55m

1 .79E-2s
4.5E-5s

2. 99E-7s
3. 053m

9. 090E-01
1. 0C0E+00
9. 965E-01
1 000E+00
1 000E+00
1 CCCE+00
1 000E+00
6 406E-01
1 000E+00
1 000E+00
1 000E+00
1 000E+00

Nuclide f2 Nuclide f3

Ra-224 9.100E-02 Fr-220
Rn-220
At-216 3.500E-03 Ra-220
Po-216
Pb-212
Bi-212
Bi-212
Po-212 3.594E-01 Tl-208
Rn-216
Po-212
Pb-208$
Pb-208$
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Ac-225
Daughter

Products------------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Ac-225 10.Od 1.OOOE+00
2 Fr-221 4.9m 1.OOOE+00
3 At-217 3.23E-2s 9.999E-01
4 Bi-213 45.59m 9.791E-01
5 Po-213 4.2E-6s 1.OOOE+00
6 Tl-209 2.161m 1.OOOE+00
7 Pb-209 3.253h 1.OOOE+00

Nuclide f2 Nuclide f3

Fr-221
At-217
Bi-213
Po-213
Pb-209
Pb-209
Bi-209$

2.090E-02 Tl-209

Ac-226
Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1 Ac-226 29.37h 8.300E-01 Th-226
6.OOOE-05 Fr-222

2 Th-226
3 Ra-226
4 Fr-222
5 Ra-222
6 Rn-222
7 Po-218
8 At-218
9 Rn-218

10 Pb-214
11 Bi-214
12 Po-214
13 Tl-210
14 Pb-210
15 Bi-210
16 Hg-206
17 Po-210
18 Tl-206

30. 57m
1 6 0 0 y
14.2m
38.0s

3. 8235d
3. 10m
1.5s

3. 5E-2s
26.8m
19. 9m

1. 643E-4s
1. 30m

22.20y
5. 013d
8 .15m

138.376d
4.200m

1. OOE+00
1. OOE+00
1. OOOE+00
1 .0OE+00

1. OOOE+00
2. OOE-04
1. OOE-03
1 .OOOE+00

1. 0O0E+00
9 998E-01
1 OOOE+00
1 00OE+00
1 000E+00
1 G00E+00
1 OO0E+00
1 OOOE+00
1 000E+00

Ra-222
Rn-222
Ra-222
Rn-218
Po-218
At-218
Rn-218
Po-214
Bi-214
Po-214
Pb-210
Pb-210
Bi-210
Po-210
TI-206
Pb-206$
Pb-206$

1.700E-01 Ra-226

9.998E-01 Pb-214
9.990E-01 Bi-214

2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206

Ac-227
Daughter

Products------------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Ac-227 21.772y 9.862E-01
2 Th-227 18.68d 1.000E+00
3 Fr-223 22.00m 1.000E+00
4 Ra-223 11.43d 1.OG0E+00
5 Rn-219 3.96s 1.OOE+00
6 At-219 56s 9.700E-01
7 Bi-215 7.6m 1.000E+00
8 Po-215 1.781E-3s 1.000E+00

Nuclide f2 Nuclide f3

Th-227 1.380E-02 Fr-223
Ra-223
Ra-223 6.000E-05 At-219
Rn-219
Po-215
Bi-215
Po-215
Pb-211
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9 Pb-211
10 Bi-211
11 T1-207
12 Po-211

Ac-228

Products
Nuclide

Nuclide f4
1 Ac-228
2 Th-228
3 Ra-224
4 Rn-220
5 Po-216
6 Pb-212
7 Bi-212
8 Po-212
9 Tl-208

36.1m 1.OOOE+00 Bi-211
2.14m 9.972E-01 T1-207 2.760E-03 Po-211
4.77m 1.OOOE+00 Pb-207$

0.516s 1.OOOE+00 Pb-207$

Daughter

Halflife fl Nuclide f2 Nuclide
Nuclide

6.15h 1.OOOE+00 Th-228
1. 9 11 6 y 1.OOOE+00 Ra-224

3.66d 1.OOOE+00 Rn-220
55.6s 1.OOOE+00 Po-216.

0.145s 1.OOOE+00 Pb-212
10.64h 1.OOOE+00 Bi-212
60.55m 6.406E-01 Po-212 3.594E-01 TI-208

2.99E-7s 1.OOOE+00 Pb-208$
3.053m 1.OOOE+00 Pb-208$

f3

Ac-230
Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

Ac-230
Th-230
Ra-226
Rn-222
Po-218
Pb-214
At-218
Bi-214
Rn-218
Po-214
Tl-210
Pb-210
Bi-210
Hg-206
Po-210
Tl-206

122s
7 538E+4y

1600y
3. 8235d

3. 10m
26.8m

1.5s
19. 9m

3 . 5E-2s
1. 643E-4s

1. 30m
22.20y
5. 013d

8. 15m
138. 376d
4 .200m

1.000E+00 Th-230
1.000E+00 Ra-226
1.000E+00 Rn-222
1.000E+00 Po-218
9.998E-01 Pb-214
1.000E+00 Bi-214
9.990E-01 Bi-214
9.998E-01 Po-214
1.000E+00 Po-214
1.000E+00 Pb-210
1.000E+00 Pb-210
1.000E+00 Bi-210
1.000E+00 Po-210
1.000E+00 Tl-206
1.000E+00 Pb-206$
1.000E+00 Pb-206$

2.000E-04 At-218

1.000E-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206

Ac-231

Products
Nuclide Halflife

Nuclide f4 Nuc.
1 Ac-231 7.5m
2 Th-231 25.52h
3 Pa-231 3.276E+4y
4 Ac-227 21.772y
5 Th-227 18.68d

Daughter

fl Nuclide f2 Nuclide f3
lide

1.000E+00 Th-231
1.000E+00 Pa-231
1.000E+00 Ac-227
9.862E-01 Th-227
1.000E+00 Ra-223

1.380E-02 Fr-223

121



6
7
8
9

10
11
12
13
14
15

Fr-223
Ra-223
Rn-219
At-219
Bi-215
Po-215
Pb-211
Bi-211
Tl-207
Po-211

22 . 00m
11. 43d

3.96s
56s

7. 6m
1.781E-3s

36. lm
2.14m
4 .77m

0.516s

1. 000E+00
1 . OOOE+00
1.000E+00
9. 700E-01
1 . OOOE+00
1 . OOOE+00
1. 000E+00
9. 972E-01
1 . 000E+00
1 . 000E+00

Ra-223 6.OOOE-05 At-219
Rn-219
Po-215
Bi-215
Po-215
Pb-211
Bi-211
Tl-207 2.760E-03 Po-211
Pb-207$
Pb-207$

Ac-232
Daughter

Products- ----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Ac-232
2 Th-232
3
4
5
6
7
8
9

10
11
12

Ra-228
Ac-228
Th-228
Ra-224
Rn-220
Po-216
Pb-212
Bi-212
Po-212
Tl-208

119s 1.OOOE+00
1.405E10y 1.OOOE+00

5.75y 1.OOOE+00
6.15h 1.OOOE+00

1.9116y 1.OOOE+00
3.66d 1.OOOE+00
55.6s 1.OOOE+00

0.145s 1.OOOE+00
10.64h 1.OOOE+00
60.55m 6.406E-01

2.99E-7s 1.OOOE+00
3.053m 1.OOOE+00

Nuclide f2 Nuclide f3

Th-232
Ra-228
Ac-228
Th-228
Ra-224
Rn-220
Po-216
Pb-212
Bi-212
Po-212 3.594E-01 Tl-208
Pb-208$
Pb-208$

Ac-233
-- - Daughter

Products------------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Ac-233 145s 1.000E+00
2 Th-233 22.3m 1.OOOE+00
3 Pa-233 26.967d 1.OOOE+00
4 U-233 1.592E+5y 1.OOOE+00
5 Th-229 7.34E+3y 1.OOOE+00
6 Ra-225 14.9d 1.OOOE+00
7 Ac-225 10.Od 1.OOOE+00
8 Fr-221 4.9m 1.000E+00
9 At-217 3.23E-2s 9.999E-01

10 Bi-213 45.59m 9.791E-01
11 Po-213 4.2E-6s 1.OOOE+00
12 Tl-209 2.161m 1.OOOE+00
13 Pb-209 3.253h 1.OOOE+00

Nuclide f2 Nuclide f3

Th-233
Pa-233
U-233
Th-229
Ra-225
Ac-225
Fr-221
At-217
Bi-213
Po-213
Pb-209
Pb-209
Bi-209$

2.090E-02 T1-209

Th-223
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3
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Nuclide f4 Nuclide
1 Th-223 0.60s 1.OOOE+00 Ra-219
2 Ra-219 lOms 1.OOOE+00 Rn-215
3 Rn-215 2.30us 1.OOOE+00 Po-211
4 Po-211 0.516s 1.OOOE+00 Pb-207$

Th-224
---- --- --- ---- --- --- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Th-224 1.05s 1.OOOE+00 Ra-220
2 Ra-220 1.79E-2s 1.OOOE+00 Rn-216
3 Rn-216 4.5E-5s 1.OOOE+00 Po-212
4 Po-212 2.99E-7s 1.OOOE+00 Pb-208$

f2 Nuclide f3

Th-226
--- Daughter

Products
Nuclide Halflife fl

Nuclide
1 Th-226
2 Ra-222
3 Rn-218
4 Po-214
5 Pb-210
6 Bi-210
7 Hg-206
8 Po-210
9 Tl-206

f4 Nuclide
30.57m 1.
38.Os 1.

3.5E-2s 1.
1.643E-4s 1.

2 2 .2oy 1.
5.013d 1.

. 8.l15m 1.
138.376d 1.

4.200m 1.

OOOE+00
OOOE+0O
OOOE+00
OOOE+00
OOOE+00
O00E+00
000E+00
OOOE+00
00 OE+0 0

Nuclide f2 Nuclide f3

Ra-222
Rn-218
Po-214
Pb-210
Bi-210 1.900E-08 Hg-206
Po-210 1.320E-06 Tl-206
Tl-206
Pb-206$
Pb-206$

Th-227
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Th-227 18.68d 1.OOOE+00 Ra-223
2 Ra-223 11.43d 1.OOOE+00 Rn-219
3 Rn-219 3.96s 1.OOOE+00 Po-215
4 Po-215 1.781E-3s 1.OOOE+00 Pb-211
5 Pb-211 36.1m 1.OOOE+00 Bi-211
6 Bi-211 2.14m 9.972E-01 Tl-207 2.760E-03 Po-211
7 Tl-207 4.77m 1.OOOE+00 Pb-207$
8 Po-211 0.516s 1.OOOE+00 Pb-207$

Th-228
-- Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Th-228 1. 9 116y 1.OOOE+00 Ra-224
2 Ra-224 3.66d 1.OOOE+00 Rn-220
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3 Rn-220
4 Po-216
5 Pb-212
6 Bi-212
7 Po-212
8 Tl-208

55.6s 1.OOOE+00 Po-216
0.145s 1.OOOE+00 Pb-212
10.64h 1.OOOE+00 Bi-212
60.55m 6.406E-01 Po-212 3.594E-01 Tl-208

2.99E-7s 1.OOOE+00 Pb-208$
3.053m 1.OOOE+00 Pb-208$

Th-229 --------------------------- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Th-229 7.34E+3y 1.OOOE+00 Ra-225
2 Ra-225 14.9d 1.OOOE+00 Ac-225
3 Ac-225 10.Od 1.OOOE+00 Fr-221
4 Fr-221 4.9m 1.OOOE+00 At-217
5 At-217 3.23E-2s 9.999E-01 Bi-213
6 Bi-213 45.59m 9.791E-01 Po-213 2.090E-02 TI-209
7 Po-213 4.2E-6s 1.OOOE+00 Pb-209
8 Tl-209 2.161m 1.OOOE+00 Pb-209
9 Pb-209 3.253h 1.OOOE+00 Bi-209$

Th-230
- Daughter

f3

Products- ----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1 Th-230 7.538E+4y
2 Ra-226 1600y
3 Rn-222 3.8235d
4 Po-218 3.10m
5 Pb-214 26.8m
6 At-218 1.5s
7 Bi-214 19.9m
8 Rn-218 3.5E-2s
9 Po-214 1.643E-4s

10 Tl-210 1.30m
11. Pb-210 22.20y
12 Bi-210 5.013d
13 Hg-206 8.15m
14 Po-210 138.376d
15 TI-206 4.200m

1.OOOE+00 Ra-226
1.OOOE+00 Rn-222
1.000E+00 Po-218
9.998E-01 Pb-214
1.000E+00 Bi-214
9.990E-01 Bi-214
9.998E-01 Po-214
1.OOOE+00 Po-214
1.000E+00 Pb-210
1.000E+00 Pb-210
1.OOOE+00 Bi-210
1.OOOE+00 Po-210
1.000E+00 Tl-206
1.OOOE+00 Pb-206$
1.OOOE+00 Pb-206$

2.OOOE-04 At-218

1.OOOE-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206

Th-231 --------------------------- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Th-231 25.52h 1.OOOE+00 Pa-231
2 Pa-231 3.276E+4y 1.OOOE+00 Ac-227
3 Ac-227 21.772y 9.862E-01 Th-227 '1.380E-02 Fr-223
4 Th-227 18.68d 1.OOOE+00 Ra-223
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5 Fr-223
6 Ra-223
7 Rn-219
8 At-219
9 Bi-215

10 Po-215
11 Pb-211
12 Bi-211
13 Tl-207
14 Po-211

22. 00m
11 . 43d
3.96s

56s
7. 6m

1.781E-3s
36.1im
2. 14m
4. 77m

0.516s

1.000E+00 Ra-223 6.OOOE-05 At-219
1.000E+00 Rn-219
1.000E+00 Po-215
9.700E-01 Bi-215
1.OOOE+00 Po-215
1.000E+00 Pb-211
1.000E+00 Bi-211
9.972E-01 Tl-207 2.760E-03 Po-211
1.OOOE+00 Pb-207$
1.000E+00 Pb-207$

Daughter
Th-232

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1 Th-232
2 Ra-228
3 Ac-228
4 Th-228
5 Ra-224
6 Rn-220
7 Po-216
8 Pb-212
9 Bi-212

10 Po-212
11 T1-208

1.405E10y
5. 75y
6. 15h

1. 9116y
3. 66d
55.6s

0.145s
10. 64h
60. 55m

2.99E-7s
3. 053m

1.OOOE+00 Ra-228
1.000E+00 Ac-228
1.OOOE+00 Th-228
1.OOOE+00 Ra-224
1.000E+00 Rn-220
1.OOOE+00 Po-216
1.OOOE+00 Pb-212
1.OOOE+00 Bi-212
6.406E-01 Po-212 3.594E-01 Tl-208
1.OOOE+00 Pb-208$
1.OOOE+00 Pb-208$

Daughter
Th-233

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1 Th-233
2 Pa-233
3 U-233
4 Th-229
5 Ra-225
6 Ac-225
7 Fr-221
8 At-217
9 Bi-213

10 Po-213
11 TI-209
12 Pb-209

22.3m
26.967d

1.592E+5y
7.34E+3y

14 .9d
10.Od

4. 9m
3 . 23E-2s

45. 59m
4.2E-6s
2 .161m
3.253h

1.OOOE+00 Pa-233
1.OOOE+00 U-233
1.OOOE+00 Th-229
1.OOOE+00 Ra-225
1.OOOE+00 Ac-225
1.OOOE+00 Fr-221
1.OOOE+00 At-217
9.999E-01 Bi-213
9.791E-01 Po-213 2.090E-02 TI-209
1.OOOE+00 Pb-209
1.OOOE+00 Pb-209
1.OOOE+00 Bi-209$

Daughter
Th-234

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Th-234 24.10d 1.OOOE+00 Pa-234m

f2 Nuclide f3
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2 Pa-234m
3 Pa-234
4 U-234
5 Th-230
6 Ra-226
7 Rn-222
8 Po-218
9 Pb-214

10 At-218
11 Bi-214
12 Rn-218
13 Po-214
14 Tl-210
15 Pb-210
16 Bi-210
17 Hg-206
18 Po-210
19 Tl-206

1.17m 1.600E-03
6.70h 1.000E+00

2.455E+5y 1.000E+00
7.538E+4y 1.000E+00

1600y 1.000E+00
3.8235d 1.000E+00

3.10m 9.998E-01
26.8m 1.000E+00

1.5s 9.990E-01
19.9m 9.998E-01

3.5E-2s 1.000E+00
1.643E-4s 1.000E+00

1.30m 1.000E+00
22.20y 1.000E+00
5.013d 1.000E+00

8.15m 1.OOOE+00
138.376d 1.000E+00

4.200m 1.000E+00

Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
Bi-214
Bi-214
Po-214
Po-214
Pb-210
Pb-210
Bi-210
Po-210
Tl-206
Pb-206$
Pb-206$

9.984E-01 U-234

2.000E-04 At-218

1.000E-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206

Th-235
Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

Th-235
Pa-235
U-235m
U-235
Th-231
Pa-231
Ac-227
Th-227
Fr-223
Ra-223
Rn-219
At-219
Bi-215
Po-215
Pb-211
Bi-211
Tl-207
Po-211

7. lm
24.5m

26m
7. 04E+8y

25. 52h
3. 276E+4y

21 .772y
18. 68d
22 . 00m
11i.43d
3.96s

56s
7. 6m

1.781E-3s
36. lm
2. 14m
4.77m

0.516s

1. 000E+00
9. 999E-01
1. 000E+00
1. 000E+00
1. 000E+00
1 .000E+00

9. 862E-01
1 . 000E+00
1. 000E+00
1. OOOE+00
1. OOOE+00
9. 700E-01
1. 000E+00
1 .000E+00

1 .000E+00

9. 972E-01
1. 000E+00
1 .000E+00

Pa-235
U-235m
U-235
Th-231
Pa-231
Ac-227
Th-227
Ra-223
Ra-223
Rn-219
Po-215
Bi-215
Po-215
Pb-211
Bi-211
Tl-207
Pb-207$
Pb-207$

f2 Nuclide f3

1.011E-04 U-235

1.380E-02 Fr-223

6.000E-05 At-219

2.760E-03 Po-211

Th-236
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Th-236 37.5m 1.OOOE+00 Pa-236
2 Pa-236 9.1m 1.000E+00 U-236
3 U-236 2.342E+7y 1.OOOE+00 Th-232
4 Th-232 1.405E10y 1.OOOE+00 Ra-228

f2 Nuclide f3
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5
6
7
8
9

10
11
12
13
14

Ra-228
Ac-228
Th-228
Ra-224
Rn-220
Po-216
Pb-212
Bi-212
Po-212
Tl-208

5. 7 5 y
6. 15h

1. 9 116y
3. 66d
55.6s

0.145s
10. 64h
60 .55m

2 . 99E-7s
3 .053m

1.OOOE+00 Ac-228
1.000E+00 Th-228
1.000E+00 Ra-224
1.000E+00 Rn-220
1.OOOE+00 Po-216
1.OOOE+00 Pb-212
1.000E+00 Bi-212
6.406E-01 Po-212 3.594E-01 Tl-208
1.000E+00 Pb-208$
1.000E+00 Pb-208$

Daughter
Pa-227

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1 Pa-227
2 Ac-223
3 Th-227
4 Fr-219
5 At-215
6 Ra-223
7 Rn-219
8 Po-215
9 Pb-211

10 Bi-211
11 Tl-207
12 Po-211

38.3m
2. 10m

18. 68d
2 . 0E-2s

1.00E-4s
11.43d

3.96s
1 . 781E-3s

36. lm
2. 14m
4 .77m

0.516s

8.500E-01 Ac-223 1.500E-01 Th-227
9.900E-01 Fr-219
1.OOOE+00 Ra-223
1.OOOE+00 At-215
1.OOOE+00 Bi-211
1.OOOE+00 Rn-219
1.OOOE+00 Po-215
1.000E+00 Pb-211
1.OOOE+00 Bi-211
9.972E-01 Tl-207 2.760E-03 Po-211
1.OOOE+00 Pb-207$
1.OOOE+00 Pb-207$

Daughter
Pa-228

Products
Nuclide

Nuclide f4
1 Pa-228
2 Th-228
3 Ac-224
4 Ra-224
5 Rn-220
6 Po-216
7 Pb-212
8 Fr-220
9 At-216

10 Bi-212
11 Ra-220
12 Rn-216
13 Po-212
14 TI-208

Halflife
Nucli
22h

1. 9 116y
2. 78h
3. 66d
55.6s

0.145s
10. 64h
27.4s

3.0 0E-4s
60. 55m

1. 79E-2s
4 .5E-5s

2.99E-7s
3. 053m

ide
fl Nuclide f2 Nuclide f3

9.800E-01 Th-228
1.OOOE+00 Ra-224
9.090E-01 Ra-224
1.OOOE+00 Rn-220
1.OOOE+00 Po-216
1.OOOE+00 Pb-212
1.000E+00 Bi-212
9.965E-01 At-216
1.OOOE+00 Bi-212
6.406E-01 Po-212
1.OOOE+00 Rn-216
1.OOOE+00 Po-212
1.OOOE+00 Pb-208$
1.OOOE+00 Pb-208$

2.OOOE-02 Ac-224

9.100E-02 Fr-220

3.500E-03 Ra-220

3.594E-01 Tl-208

Pa-229 --------------------------- Daughter

Products
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Nucl
1
2
3
4
5
6
7
8
9

10

Nuclide Halflife
[ide f4 Nucli
Pa-229 1.50d
Th-229 7.34E+3y
Ra-225 14.9d
Ac-225 10.Od
Fr-221 4.9m
At-217 3.23E-2s
Bi-213 45.59m
Po-213 4.2E-6s
Tl-209 2.161m
Pb-209 3.253h

fl Nuclide f2 Nuclide f3
de
9.952E-01 Th-229 4.800E-03 Ac-225
1.OOOE+00 Ra-225
1.OOOE+00 Ac-225
1.OOOE+00 Fr-221
1.OOOE+00 At-217
9.999E-01 Bi-213
9.791E-01 Po-213 2.090E-02 Tl-209
1.OOOE+00 Pb-209
1.OOOE+00 Pb-209
1.OOOE+00 Bi-209$

Daughter
Pa-230

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1 Pa-230 17.4d
3.200E-05 Ac-226

2 Th-230 7.538E+4y
3 U-230 20.8d
4 Ac-226 29.37h

6.OOOE-05 Fr-222
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21

Ra-226
Rn-222
Po-218
Pb-214
At-218
Bi-214
Th-226
Fr-222
Ra-222
Rn-218
Po-214
Tl-210
Pb-210
Bi-210
Hg-206
Po-210
Tl-206

1600y
3. 8235d

3. 10m
26. 8m

1.5s
19. 9m

30 .57m

14.2m
38.Os

3.5E-2s
1. 643E-4s

1. 30m
22.20y
5. 013d

8. 15m
138. 37 6d

4.200m

9.160E-01 Th-230

1.OOOE+00 Ra-226
1.OOOE+00 Th-226
1.700E-01 Ra-226

1.OOOE+00 Rn-222
1.OOOE+00 Po-218
9.998E-01 Pb-214
1.OOOE+00 Bi-214
9.990E-01 Bi-214
9.998E-01 Po-214
1.OO0E+00 Ra-222
1.OOOE+00 Ra-222
1.OOOE+00 Rn-218
1.OOOE+00 Po-214
1.OOOE+00 Pb-210
1.OOOE+00 Pb-210
1.OOOE+00 Bi-210
1.OOOE+00 Po-210
1.OOOE+00 Tl-206
1.OOOE+00 Pb-206$
1.OOOE+00 Pb-206$

8.400E-02 U-230

8.300E-01 Th-226

2.OOOE-04 At-218

1.OOOE-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206

Pa-231

Products-------------
Nuclide Halflife

Nuclide f4 Nucl
1 Pa-231 3.276E+4y
2 Ac-227 21.772y
3 Th-227 18.68d
4 Fr-223 22.00m
5 Ra-223 11.43d

-------------------------- Daughter

fl Nuclide f2 Nuclide f3
lide

9.

1i.
1i.

0OOE+00 Ac-227
862E-01 Th-227
0OOE+00 Ra-223
0OOE+00 Ra-223
0OOE+00 Rn-219

1.380E-02 Fr-223

6.OOOE-05 At-219
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6 Rn-219
7 At-219
8 Bi-215
9 Po-215

10 Pb-211
11 Bi-211
12 Tl-207
13 Po-211

3.96s
56s

7. 6m
1. 781E-3s

36. lm
2. 14m
4 .77m

0.516s

1.000E+00 Po-215
9.700E-01 Bi-215
1.000E+00 Po-215
1.000E+00 Pb-211
1.OOOE+00 Bi-211
9.972E-01 Tl-207 2.760E-03 Po-211
1.000E+00 Pb-207$
1.000E+00 Pb-207$

Daughter
Pa-232

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Pa-232
2 U-232
3 Th-232
4 Ra-228
5 Ac-228
6 Th-228
7 Ra-224
8 Rn-220
9 Po-216

10 Pb-212
11 Bi-212
12 Po-212
13 Tl-208

1.31d
68 .9y

1.405E10y
5. 7 5 y
6. 15h

1. 9116y
3. 66d
55.6s

0.145s
10. 64h
60 .55m

2 . 99E-7s
3. 053m

1.000E+00 U-232
1.000E+00 Th-228
1.000E+00 Ra-228
1.000E+00 Ac-228
1.O00E+00 Th-228
1.OOOE+00 Ra-224
1.000E+00 Rn-220
1.000E+00 Po-216
1.000E+00 Pb-212
1.000E+00 Bi-212
6.406E-01 Po-212
1.OOOE+00 Pb-208$
1.OOOE+00 Pb-208$

3.000E-05 Th-232

3.594E-01 T1-208

Pa-233
Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
1
2
3
4
5
6
7
8
9

10
11

Pa-233
U-233
Th-229
Ra-225
Ac-225
Fr-221
At-217
Bi-213
Po-213
Tl-209
Pb-209

26. 967d
1.592E+5y
7.34E+3y

14 .9d

10.0d
4. 9m

3.23E-2s
45. 59m

4.2E-6s
2 .161m
3.253h

1 .OOOE+00

1 .000E+00

1. OOOE+00
1. OOOE+00
1. OOOE+00
1. OOOE+00
9. 999E-01
9.791E-01
1. OOOE+00
1. OOOE+00
1. OOOE+00

Nuclide f2 Nuclide f3

U-233
Th-229
Ra-225
Ac-225
Fr-221
At-217
Bi-213
Po-213 2.090E-02 Tl-209
Pb-209
Pb-209
Bi-209$

Pa-234
Daughter

Products- -----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Pa-234 6.70h 1.OOOE+00 U-234
2 U-234 2.455E+5y 1.OOOE+00 Th-230

129



3
4
5
6
7
8
9

10
11
12
13
14
15
16
17

Th-230
Ra-226
Rn-222
Po-218
Pb-214
At-218
Bi-214
Rn-218
Po-214
Tl-210
Pb-210
Bi-210
Hg-206
P6-210
Tl-206

7.538E+4y
1600y

3. 8235d
3. 10m
26.8m

1.5s
19. 9m

3. 5E-2s
1. 643E-4s

1. 30m
22.2 0 y
5. 013d

8. 15m
138. 376d

4.200m

1.OOOE+00 Ra-226
1.OOOE+00 Rn-222
1.OOOE+00 Po-218
9.998E-01 Pb-214
1.OOOE+00 Bi-214
9.990E-01 Bi-214
9.998E-01 Po-214
1.OOOE+00 Po-214
1.OOOE+00 Pb-210
1.OOOE+00 Pb-210
1.OOOE+00 Bi-210
1.OOOE+00 Po-210
1.OOOE+00 TI-206
1.OOOE+00 Pb-206$
1.OOOE+00 Pb-206$

2.OOOE-04 At-218

1.OOOE-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206

Pa-234m --------------------------- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Pa-234m
2 Pa-234
3 U-234
4 Th-230
5 Ra-226
6 Rn-222
7 Po-218
8 Pb-214
9 At-218

10 Bi-214
11 Rn-218
12 Po-214
13 Tl-210
14 Pb-210
15 Bi-210
16 Hg-206
17 Po-210
18 Tl-206

1 . 17m
6. 70h

2. 455E+5y
7.538E+4y

1600y
3. 8235d

3. 10m
26.i8m

1.5s
19. 9m

3. 5E-2s
1. 643E-4s

1. 30m
22.20y
5. 013d

8. 15m
138.376d

4.200m

1.600E-03 Pa-234
1.OOOE+00 U-234
1.OOOE+00 Th-230
1.OOOE+00 Ra-226
1.OOOE+00 Rn-222
1.OOOE+00 Po-218
9.998E-01 Pb-214
1.OOOE+00 Bi-214
9.990E-01 Bi-214
9.998E-01 Po-214
1.OOOE+00 Po-214
1.OOOE+00 Pb-210
1.OOOE+00 Pb-210
1.OOOE+00 Bi-210
1.OOOE+00 Po-210
1.OOOE+00 Tl-206
1.OOOE+00 Pb-206$
1.OOOE+00 Pb-206$

9.984E-01 U-234

2.OOOE-04 At-218

1.OOOE-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206

Pa-235

Products
Nuclide Halflife fl Nu

Nuclide f4 Nuclide
1 Pa-235 24.Sm 9.999E-01 U-
2 U-235m 26m 1.OOOE+00 U-
3 U-235 7.04E+8y 1.OOOE+00 Th
4 Th-231 25.52h 1.OOOE+00 Pa
5 Pa-231 3.276E*4y 1.OOOE+00 Ac
6 Ac-227 21.772y 9.862E-01 Th
7 Th-227 18.68d 1.OOOE+00 Ra

Daughter

clide f2 Nuclide f3

235m
235
-231
-231
-227
-227
-223

1.011E-04 U-235

1.380E-02 Fr-223
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8
9
10
11
12
13
14
15
16
17

Fr-223
Ra-223
Rn-219
At-219
Bi-215
Po-215
Pb-211
Bi-211
Tl-207
Po-211

22. 00m
11.43d
3.96s

56s
7. 6m

1.781E-3s
36. lm
2. 14m
4.77m

0.516s

1 000E+00
1 000E+00
1 000E+00
9. 700E-01
1 OOOE+00
1 000E+00
1 000E+00
9. 972E-01
1 . 000E+00
1 000E+00

Ra-223
Rn-219
Po-215
Bi-215
Po-215
Pb-211
Bi-211
Tl-207
Pb-207$
Pb-207$

6.000E-05 At-219

2.760E-03 Po-211

Pa-236
Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1
2
3
4
5
6
7
8
9

10
11
12
13

Pa-236
U-236
Th-232
Ra-228
Ac-228
Th-228
Ra-224
Rn-220
Po-216
Pb-212
Bi-212
Po-212
Tl-208

9. lm
2 . 342E+7y
1.405E10y

5. 7 5 y
6.15h

1. 911 6 y
3. 66d
55.6s

0.145s
10. 64h
60. 55m

2.99E-7s
3. 053m

1 000E+00
1 000E+00
1 000E+00
1 000E+00
1 000E+00
1 000E+00
1 000E+00
1 000E+00
1 000E+00
1 000E+00
6 406E-01
1 000E+00
1 000E+00

U-236
Th-232
Ra-228
Ac-228
Th-228
Ra-224
Rn-220
Po-216
Pb-212
Bi-212
Po-212
Pb-208$
Pb-208$

3.594E-01 Tl-208

Pa-237 P--------------------------Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1
2
3
4
5
6
7
8
9

10
11
12
13
14

Pa-237
U-237
Np-237
Pa-233
U-233
Th-229
Ra-225
Ac-225
Fr-221
At-217
Bi-213
Po-213
Tl-209
Pb-209

8. 7m
6. 75d

2. 144E+6y
26. 967d

1.592E+5y
7. 34E+3y

14 .9d

10. Od
4.9m

3.23E-2s
45. 59m

4.2E-6s
2. 161m
3 .253h

1 OOOE+00
1 000E+00
1 OOOE+00
1 000E+00
1 OOOE+00
1 OOOE+00
1 OOOE+00
1 000E+00
1. 000E+00
9. 999E-01
9.791E-01
1. 000E+00
1. 000E+00
1.OOOE+00

U-237
Np-237
Pa-233
U-233
Th-229
Ra-225
Ac-225
Fr-221
At-217
Bi-213
Po-213
Pb-209
Pb-209
Bi-209$

2.090E-02 Tl-209

U-227
Daughter
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Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
1 U-227 1.lm 1.OOOE+00
2 Th-223 0.60s 1.OOOE+00
3 Ra-219 lOms 1.OOOE+00
4 Rn-215 2.30us 1.OOOE+00
5 Po-211 0.516s 1.OOOE+00

Nuclide f2 Nuclide f3

Th-223
Ra-219
Rn-215
Po-211
Pb-207$

U-228
---- --- --- ---- --- --- D aughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 U-228 9.1m 9.750E-01 Th-224
2 Th-224 1.05s 1.OOOE+00 Ra-220
3 Ra-220 1.79E-2s 1.OOOE+00 Rn-216
4 Rn-216 4.5E-5s 1.OOOE+00 Po-212
5 Po-212 2.99E-7s 1.OOOE+00 Pb-208$

f2 Nuclide f3

U-230
Daughter

Products
Nuclide

Nuclide f4
1 U-230
2 Th-226
3 Ra-222
4 Rn-218
5 Po-214 1
6 Pb-210
7 Bi-210
8 Hg-206
9 Po-210

10 Tl-206

•Halflife fl Nuclide f2 Nuclide f3
Nuclide

20.8d 1.000E+00 Th-226
30.57m 1.OOOE+00 Ra-222
38.Os 1.OOOE+00 Rn-218

3.5E-2s 1.OOOE+00 Po-214
.643E-4s l.OOOE+00 Pb-210

22.20y 1.OOOE+00 Bi-210 1.900E-08 Hg-206
5.013d 1.OOOE+00 Po-210 1.320E-06 Tl-206

8.15m 1.OOOE+00 Tl-206
138.376d 1.OOOE+00 Pb-206$

4.200m 1.OOOE+00 Pb-206$

U-231
Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
1 U-231
2 Pa-231
3 Ac-227
4 Th-227
5 Fr-223
6 Ra-223
7 Rn-219
8 At-219
9 Bi-215

10 Po-215
11 Pb-211

4 .2d

3.27 6E+4y
21.772y

18. 68d
22. 00m
11. 43d
3.96s

56s
7. 6m

1.781E-3s
36. lm

1 .OOOE+00

1. OOOE+00
9.862E-01
1 .OOOE+00

1. OOOE+00
1 .OOOE+00

1. OOOE+00
9. 700E-01
1 .OOOE+00

1 .OOOE+00

1 .OOOE+00

Nuclide f2 Nuclide f3

Pa-231 4.000E-05 Th-227
Ac-227
Th-227 1.380E-02 Fr-223
Ra-223
Ra-223 6.OOOE-05 At-219
Rn-219
Po-215
Bi-215
Po-215
Pb-211
Bi-211
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12 Bi-211
13 Tl-207
14 Po-211

2.14m 9.972E-01 T1-207 2.760E-03 Po-211
4.77m 1.000E+00 Pb-207$

0.516s 1.000E+00 Pb-207$

U-232 --------------------------- Daughter

Products
Nuclide

Nuclide f4
1 U-232
2 Th-228
3 Ra-224
4 Rn-220
5 Po-216
6 Pb-212
7 Bi-212
8 Po-212
9 Tl-208

Halflife fl
Nuclide

Nuclide f2 Nuclide f3

68 .9y

1. 9 116y
3. 66d
55.6s

0.145s
10 . 64h
60. 55m

2.99E-7s
3. 053m

1 000E+00
1 000E+00
1 OOOE+00
1 000E+00
1 000E+00
1 000E+00
6. 406E-01
1 . 000E+00
1. 000E+00

Th-228
Ra-224
Rn-220
Po-216
Pb-212
Bi-212
Po-212
Pb-208$
Pb-208$

3.594E-01 Tl-208

U-233
Daughter

Products
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1 U-233 1.592E+5y
2 Th-229 7.34E+3y
3 Ra-225 14.9d
4 Ac-225 10.0d
5 Fr-221 4.9m
6 At-217 3.23E-2s
7 Bi-213 45.59m
8 Po-213 4..2E-6s
9 Tl-209 2.161m

10 Pb-209 3.253h

1 000E+00
1 000E+00
1 000E+00
1 000E+00
1 000E+00
9. 999E-01
9.791E-01
1. 000E+00
1 . 000E+00
1 .000E+00

Th-229
Ra-225
Ac-225
Fr-221
At-217
Bi-213
Po-213
Pb-209
Pb-209
Bi-209$

2.090E-02 T1-209

U-234
Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1 U-234 2.455E+5y
2 Th-230 7.538E+4y
3 Ra-226 1600y
4 Rn-222 3.8235d
5 Po-218 3.10m
6 Pb-214 26.8m
7 At-218 1.5s
8 Bi-214 19.9m
9 Rn-218 3.5E-2s

10 Po-214 1.643E-4s
11 Tl-210 1.30m
12 Pb-210 22.20y

1 .000E+00

1. 000E+00
1 .000E+00

1 .000E+00

9. 998E-01
1 .OOOE+00

9. 990E-01
9. 998E-01
1. 000E+00
1 .000E+00

1 .000E+00

1. 000E+00

Th-230
Ra-226
Rn-222
Po-218
Pb-214
Bi-214
Bi-214
Po-214
Po-214
Pb-210
Pb-210
Bi-210

2.000E-04 At-218

1.000E-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
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13 Bi-210
14 Hg-206
15 Po-210
16 Tl-206

5. 013d
8. 15m

138.376d
4.200m

1 .00E+00

1 .00E+00

1. 00E+00
1 .00E+00

Po-210 1.320E-06 Tl-206
T1-206
Pb-206$
Pb-206$

U-235
Daughter

Products
Nuclide' Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1 U-235
2 Th-231
3 Pa-231
4 Ac-227
5 Th-227
6 Fr-223
7 Ra-223
8 Rn-219
9 At-219

10 Bi-215
11 Po-215
12 Pb-211
13 Bi-211
14 TI-207
15 Po-211

7. 04E+8y
25. 52h

3.276E+4y
21 .772y

18 .68d

22 .00m
11.43d
3.96s

56s
7. 6m

1.781E-3s
36. lm
2. 14m
4. 77m

0.516s

1 .OOE+00

1 .00E+00

1. 000E+00
9. 862E-01
1 .00E+00
1 .OGE+00

1 .00E+00

1 .0GE+00

9. 700E-01
1. 000E+00
1 .00E+00

1 .00E+00

9. 972E-01
1. GOGE+00
1.000E+00

Th-231
Pa-231
Ac-227
Th-227
Ra-223
Ra-223
Rn-219
Po-215
Bi-215
Po-215
Pb-211
Bi-211
Tl-207
Pb-207$
Pb-207$

1.380E-02 Fr-223

6.000E-05 At-219

2.760E-03 Po-211

U-235m
Daughter

Products
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1 U-235m
2 U-235
3 Th-231
4 Pa-231
5 Ac-227
6 Th-227
7 Fr-223
8 Ra-223
9 Rn-219

10 At-219
11 Bi-215
12 Po-215
13 Pb-211
14 Bi-211
15 Tl-207
16 Po-211

26m
7 .04E+8y

25. 52h
3.276E+4y

21 .772y
18. 68d
22 . 00m
11• 43d
3.96s

56s
7. 6m

1.781E-3s
36. lm
2. 14m
4.77m

0.516s

1 .00E+00

1 .00E+00

1 .00E+00

1 .00E+00

9. 862E-01
1. 00E+00
1 .00E+00

1 .00E+00

1 .00E+00

9. 700E-01
1 .0OE+00

1 .00E+00

1 .00E+00

9. 972E-01
1 .00E+00

1. 0OE+00

U-235
Th-231
Pa-231
Ac-227
Th-227
Ra-223
Ra-223
Rn-219
Po-215
Bi-215
Po-215
Pb-211
Bi-211
Tl-207
Pb-207$
Pb-207$

1.380E-02 Fr-223

6.000E-05 At-219

2.760E-03 Po-211

U-236

Products
Nuclide Halflife

---------------- Daughter

fl Nuclide f2 Nuclide f3
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Nuclide f4 Nuclide
1 U-236
2 Th-232
3 Ra-228
4 Ac-228
5 Th-228
6 Ra-224
7 Rn-220
8 Po-216
9 Pb-212

10 Bi-212
11 Po-212
12 Tl-208

2. 342E+7y
1.405E10y

5. 7 5 y
6. 15h

1. 9116y
3. 66d
55.6s

0.145s
10. 64h
60 .55m

2.99E-7s
3. 053m

1 OOOE+00
1 000E+00
1 000E+00
1 OOOE+00
1 000E+00
1 000E+00
1. 000E+00
1 000E+00
1 000E+00
6. 406E-01
1 . 000E+00
1 . 000E+00

Th-232
Ra-228
Ac-228
Th-228
Ra-224
Rn-220
Po-216
Pb-212
Bi-212
Po-212 3.594E-01 Tl-208
Pb-208$
Pb-208$

U-237
Daughter

Products
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1 U-237
2 Np-237
3 Pa-233
4 U-233
5 Th-229
6 Ra-225
7 Ac-225
8 Fr-221
9 At-217

10 Bi-213
11 Po-213
12 Tl-209
13 Pb-209

6. 75d
2.144E+6y

26. 967d
1.592E+5y
7.34E+3y

14 .9d

10.0d
4. 9m

3.23E-2s
45. 59m

4.2E-6s
2.161m
3. 253h

1. OOOE+00
1 .OOOE+00

1. 000E+00
1. OOOE+00
1. OOOE+00
1. OOOE+00
1 .OOOE+00

1 .OOOE+00

9. 999E-01
9.791E-01
1. OOOE+00
1. OOOE+00
1 . OOOE+00

Np-237
Pa-233
U-233
Th-229
Ra-225
Ac-225
Fr-221
At-217
Bi-213
Po-213
Pb-209
Pb-209
Bi-209$

2.090E-02 Tl-209

U-238
Daughter

Products- ----------------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 U-238 4.468E+9y 1.
2 Th-234 24.10d 1.
3 Pa-234m 1.17m 1.
4 Pa-234 6.70h 1.
5 U-234 2.455E+5y 1.
6 Th-230 7.538E+4y 1.
7 Ra-226 1600y 1.
8 Rn-222 3.8235d 1.
9 Po-218 3.10m 9.

10 Pb-214 26.8m 1.
11 At-218 1.5s 9.
12 Bi-214 19.9m 9.
13 Rn-218 3.5E-2s 1.
14 Po-214 1.643E-4s 1.

OOOE+00 Th7234
OOOE+00 Pa-234j
600E-03 Pa-234
OOOE+00 U-234
OOOE+00 Th-230
OOOE+00 Ra-226
OOOE+00 Rn-222
OOOE+00 Po-218
998E-01 Pb-214
OOOE+00 Bi-214
990E-01 Bi-214
998E-01 Po-214
0OOE+00 Po-214
0OOE+00 Pb-210

m
5.450E-07 SF

9.984E-01 U-234

2.OOOE-04 At-218

1.OOOE-03 Rn-218
2.100E-04 Tl-210
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15 Tl-210
16 Pb-210
17 Bi-210
18 Hg-206
19 Po-210
20 Tl-206

1. 30m
22.20y
5.013d
8 .15m

138. 376d
4 .200m

1.OOOE+00 Pb-210
1.000E+00 Bi-210 1.900E-08 Hg-206
1.OOOE+00 Po-210 1.320E-06 Tl-206
1.000E+00 Tl-206
1.000E+00 Pb-206$
1.OOOE+00 Pb-206$

Daughter
U-239

Products - ------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

I U-239
2 Np-239
3 Pu-239
4 U-235m
5 U-235
6 Th-231
7 Pa-231
8 Ac-227
9 Th-227

10 Fr-223
11 Ra-223
12 Rn-219
13 At-219
14 Bi-215
15 Po-215
16 Pb-211
17 Bi-211
18 Tl-207
19 Po-211

23. 45m
2.3565d

2. 411E+4y
26m

7 .04E+8y
25. 52h

3.276E+4y
21.772y

18 .68d
22 . 00m
11. 43d
3.96s

56s
7. 6m

1.781E-3s
36. lm
2. 14m
4 .77m

0.516s

1.OOOE+00 Np-239
1.OOOE+00 Pu-239
9.994E-01 U-235m
1.OOOE+00 U-235
1.OOOE+00 Th-231
1.000E+00 Pa-231
1.OOOE+00 Ac-227
9.862E-01 Th-227
1.000E+00 Ra-223
1.OOOE+00 Ra-223
1.000E+00 Rn-219
1.OOOE+00 Po-215
9.700E-01 Bi-215
1.000E+00 Po-215
1.OOOE+00 Pb-211
1.OOOE+00 Bi-211
9.972E-01 Tl-207
i.OOOE+00 Pb-207$
1.OOOE+00 Pb-207$

6.OOOE-04 U-235

1.380E-02 Fr-223

6.OOOE-05 At-219

2.760E-03 Po-211

U-240 4--------------------------Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1
2
3

6
7
8
9
10

12
13
14
15

U-240
Np-240m
Np-240
Pu-240
U-236
Th-232
Ra-228
Ac-228
Th-228
Ra-224
Rn-220
Po-216
Pb-212
Bi-212
Po-212

14.1h
7.22m
61. 9m
6564y

2. 342E+7y
1. 405E10y

5. 7 5 y
6. 15h

1.9116y
3. 66d
55.6s

0.145s
10 . 64h
60. 55m

2. 99E-7s

1.OOOE+00 Np-240m
1.100E-03 Np-240
1.OOOE+00 Pu-240
1.OOOE+00 U-236
1.OOOE+00 Th-232
1.OOOE+00 Ra-228
1.OOOE+00 Ac-228
1.OOOE+00 Th-228
1.OOOE+00 Ra-224
1.OOOE+00 Rn-220
1.OOOE+00 Po-216
1.OOOE+00 Pb-212
1.OOOE+00 Bi-212
6.406E-01 Po-212
1.OOOE+00 Pb-208$

9.989E-01 Pu-240

5.750E-08 SF

3.594E-01 T1-208
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16 TI-208 3.053m 1.O00E+O0 Pb-208$

U-242
Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23

U-242
Np-242
Pu-242
U-238
Th-234
Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
At-218
Bi-214
Rn-218
Po-214
Tl-210
Pb-210
Bi-210
Hg-206
Po-210
Tl-206

16. 8m
2.2m

3. 75E+5y
4 .468E+9y

24 . 10d
1.17m
6. 70h

2. 455E+5y
7. 538E+4y

1600y
3.8235d

3. 10m
26. 8m

1.5s
19. 9m

3.5E-2s
1. 643E-4s

1 .30m
22. 20y
5. 013d

8. 15m
138.376d

4.200m

I.000E+001 .00E+00

1. CCCE+00

1.0CCE+00
1 . CCCE+00
1 . 600E-03
1 . 0C0E+00
1. 000E+00
1 . CCCE+00
1 . CCCE+00
1. CCCE+00
9. 998E-01
1 . 00CE+00
9. 990E-01
9. 998E-01
1 . 0CCE+00
1. 0CCE+00
1 . C0CE+00
1 . CCCE+00
1 . 0C0E+00
1 . 0CCE+00
1. CCCE+00
1 . 000E+00

Np-242
Pu-242
U-238
Th-234
Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
Bi-214
Bi-214
Po-214
Po-214
Pb-210
Pb-210
Bi-210
Po-210
Tl-206
Pb-206$
Pb-206$

5.540E-06 SF
5.450E-07 SF

9.984E-01 U-234

2.000E-04 At-218

1.000E-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206

Np-232

Products
Nuclide Halflife

Nuclide f4 Nucli
1 Np-232 14.7m
2 U-232 68.9y
3 Th-228 1.9116y
4 Ra-224 3.66d
5 Rn-220 55.6s
6 Po-216 0.145s
7 Pb-212 10.64h
8 Bi-212 60.55m
9 Po-212 2.99E-7s

10 Tl-208 3.053m

Daughter

fl Nuclide f2 Nuclide f3
.de
1.000E+00 U-232
1.000E+00 Th-228
1.000E+00 Ra-224
1.000E+00 Rn-220
1.000E+00 Po-216
1.000E+00 Pb-212
1.000E+00 Bi-212
6.406E-01 Po-212 3.594E-01 Tl-208
1.000E+00 Pb-208$
1.000E+00 Pb-208$

Daughter
Np-233

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3
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1 Np-233
2 U-233
3 Pa-229
4 Th-229
5 Ra-225
6 Ac-225
7 Fr-221
8 At-217
9 Bi-213

10 Po-213
11 Tl-209
12 Pb-209

36. 2m
1.592E+5y

1.50d
7 .34E+3y

14.9d
10.Gd

4. 9m
3.23E-2s

45. 59m
4. 2E-6s

2. 161m
3.253h

1.G00E+00 U-233
1.G00E+00 Th-229
9.952E-01 Th-229
1.G00E+00 Ra-225
1.G0GE+00 Ac-225
1.G00E+00 Fr-221
1.G00E+00 At-217
9.999E-01 Bi-213
9.791E-01 Po-213
1 .00E+00 Pb-209
1.G00E+00 Pb-209
1.GO0E+00 Bi-2095

1.000E-05 Pa-229

4.800E-03 Ac-225

2.090E-02 T1-209

Np-234
Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Np-234 4.4d 1.G00E+00
2 U-234 2.455E+5y 1.000E+00
3 Th-230 7.538E+4y 1.OGGE+00
4 Ra-226 1600y 1.O00E+00
5 Rn-222 3.8235d 1.O00E+00
6 Po-218 3.10m 9.998E-01
7 Pb-214 26.8m 1.G00E+00
8 At-218 1.5s 9.990E-01
9 Bi-214 19.9m 9.998E-01

10 Rn-218 3.5E-2s 1.O00E+00
11 Po-214 1.643E-4s 1.OOE+00
12 TI-210 1.30m 1.000E+00
13 Pb-210 2 2 . 2 0y 1.000E+00
14 Bi-210 5.013d 1.000E+00
15 Hg-206 8.15m 1.OG0E+00
16 Po-210 138.376d 1.OOE+00
17 Tl-206 4.200m 1.000E+00

U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
Bi-214
Bi-214
Po-214
Po-214
Pb-210
Pb-210
Bi-210
Po-210
Tl-206
Pb-206$
Pb-206$

2.0G0E-04 At-218

1.000E-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206

Np-235
Daughter

Products- ----------------------
Nuclide Halflife fl

Nuclide f4
1 Np-235 3

2.600E-05 Pa-231
2 U-235m
3 U-235 7.0
4 Th-231 2
5 Pa-231 3.27
6 Ac-227 21
7 Th-227 1
8 Fr-223 2
9 Ra-223 1

10 Rn-219

Nuclide
96.1d 3.993E-03

26m
4E+8y
5. 52h
6E+4y
. 7 7 2y
8. 68d
2 . 00m
1. 43d
3.96s

1. 00E+00
1 .00E+00

1 .00E+00

1 .00E+00

9. 862E-01
1 .00E+00

1 .00E+00

1 .00E+00

1 .00E+00

Nuclide f2 Nuclide f3

U-235m 9.960E-01 U-235

U-235
Th-231
Pa-231
Ac-227
Th-227 1.380E-02 Fr-223
Ra-223
Ra-223 6.000E-05 At-219
Rn-219
Po-215
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11
12
13
14
15
16
17

At-219
Bi-215
Po-215
Pb-211
Bi-211
Tl-207
Po-211

56s
7. 6m

1.781E-3s
36. lm
2. 14m
4 .77m

0.516s

9.700E-01
1 . 000E+00
1. 000E+00
1 . 000E+00
9. 972E-01
1 . 000E+00
1 . OOOE+00

Bi-215
Po-215
Pb-211
Bi-211
T1-207 2.760E-03 Po-211
Pb-207$
Pb-207$

Np-236
Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1 Np-236 1.54E+Sy
1.600E-03 Pa-232

2 U-236 2.342E+7y
3 Pu-236 2.858y
4 Pa-232 1.31d
5 Th-232 1.405E10y
6 Ra-228 5.75y
7 Ac-228 6.15h
8 U-232 68.9y
9 Th-228 1.9116y

10 Ra-224 3.66d
11 Rn-220 55.6s
12 Po-216 0.145s
13 Pb-212 10.64h
14 Bi-212 60.55m
15 Po-212 2.99E-7s
16 Tl-208 3.053m

8.730E-01 U-236

1. 000E+00
1. 000E+00
3 .OOOE-05

1. 000E+00
1. 000E+00
1. 000E+00
1 .000E+00

1 .000E+00

1 .000E+00

1 .000E+00

1 .000E+00

1 .OOOE+00

6.406E-01
1 . 000E+00
1 . 000E+00

Th-232
U-232
Th-232
Ra-228
Ac-228
Th-228
Th-228
Ra-224
Rn-220
Po-216
Pb-212
Bi-212
Po-212
Pb-208$
Pb-208$

1.250E-01 Pu-236

1.370E-09 SF
1.000E+00 U-232

3.594E-01 Tl-208

Np-236m
--- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Np-236m 22.5h 5.200E-01
2 U-236 2.342E+7y 1.000E+00
3 Pu-236 2.858y 1.000E+00
4 Th-232 1.405E10y 1.000E+00
5 Ra-228 5.75y 1.000E+00
6 Ac-228 6.15h 1.000E+00
7 U-232 68.9y 1.000E+00
8 Th-228 1.9116y 1.000E+00
9 Ra-224 3.66d 1.000E+00

10 Rn-220 55.6s 1.000E+00
11 Po-216 0.145s 1.000E+00
12 Pb-212 10.64h 1.000E+00
13 Bi-212 60.55m 6.406E-01
14 Po-212 2.99E-7s 1.000E+00
15 Tl-208 3.053m 1.000E+00

U-236
Th-232
U-232
Ra-228
Ac-228
Th-228
Th-228
Ra-224
Rn-220
Po-216
Pb-212
Bi-212
Po-212
Pb-208$
Pb-208$

4.800E-01 Pu-236

1.370E-09 SF

3.594E-01 Tl-208
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Np-237
--- Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1 Np-237 2.144E+6y
2 Pa-233 26.967d
3 U-233 1.592E+5y
4 Th-229 7.34E+3y
5 Ra-225 14.9d
6 Ac-225 10.0d
7 Fr-221 4.9m
8 At-217 3.23E-2s
9 Bi-213 45.59m

10 Po-213 4.2E-6s
11 TI-209 2.161m
12 Pb-209 3.253h

1.OOOE+00 Pa-233
1.000E+00 U-233
1. 000E+00 Th-229
1.OOOE+00 Ra-225
1.000E+00 Ac-225
1.000E+00 Fr-221
1.000E+00 At-217
9.999E-01 Bi-213
9.791E-01 Po-213
1.000E+00 Pb-209
1.000E+00 Pb-209
1.000E+00 Bi-209$

2.090E-02 Tl-209

Np-238
Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

Np-238
Pu-238
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
At-218
Bi-214
Rn-218
Po-214
Tl-210
Pb-210
Bi-210
Hg-206
Po-210
Tl-206

2. 117d
87. 7y

2. 455E+5y
7. 538E+4y

1600y
3. 8235d

3. 10m
26.8m

1.5s
19. 9m

3. SE-2s
1. 643E-4s

1. 30m
22.20y
5. 013d

8. 15m
138.376d

4.200m

1.000E+00 Pu-238
1.000E+00 U-234
1.000E+00 Th-230
1.000E+00 Ra-226
1.000E+00 Rn-222
1.000E+00 Po-218
9.998E-01 Pb-214
1.000E+00 Bi-214
9.990E-01 Bi-214
9.998E-01 Po-214
1.000E+00 Po-214
1.000E+00 Pb-210
1.000E+00 Pb-210
1.000E+00 Bi-210
1.000E+00 Po-210
1.OOE+00 Tl-206
1.000E+00 Pb-206$
1.OOOE+00 Pb-206$

1.850E-09 SF

2.000E-04 At-218

1.OOOE-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206

Np-239
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Np-239 2.3565d 1.000E+00 Pu-239
2 Pu-239 2.411E+4y 9.994E-01 U-235m 6.000E-04 U-235
3 U-235m 26m 1.000E+00 U-235
4 U-235 7.04E+8y 1.000E+00 Th-231
5 Th-231 25.52h 1.000E+00 Pa-231

f3
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6 Pa-231
7 Ac-227
8 Th-227
9 Fr-223

10 Ra-223
11 Rn-219
12 At-219
13 Bi-215
14 Po-215
15 Pb-211
16 Bi-211
17 Tl-207
18 Po-211

3.276E+4y
21.772y

18. 68d
22 . 00m
11 .43d

3.96s
56s

7. 6m
1.781E-3s

36. lm
2. 14m
4.77m

0.516s

1.000E+00 Ac-227
9.862E-01 Th-227
1.000E+00 Ra-223
1.0G0E+00 Ra-223
1.000E+00 Rn-219
1.000E+00 Po-215
9.700E-01 Bi-215
1.OGOE+00 Po-215
1.000E+00 Pb-211
1.000E+00 Bi-211
9.972E-01 Tl-207
1.000E+00 Pb-207$
1.000E+00 Pb-207$

1.380E-02 Fr-223

6.00E-05 At-219

2.760E-03 Po-211

Np-240

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide

Daughter

Nuclide f2 Nuclide f3

1 Np-240
2 Pu-240
3 U-236
4 Th-232
5 Ra-228
6 Ac-228
7 Th-228
8 Ra-224
9 Rn-220

10 Po-216
11 Pb-212
12 Bi-212
13 Po-212
14 Tl-208

Np-240m

61. 9m
6564y

2. 342E+7y
1.405E10y

5. 75y
6. 15h

1. 911 6 y
3. 66d
55.6s

0.145s
10. 64h
60. 55m

2.99E-7s
3. 053m

1.000E+00 Pu-240
1.000E+00 U-236
1.000E+00 Th-232
1.000E+00 Ra-228
1.000E+00 Ac-228
1.G00E+00 Th-228
1.000E+00 Ra-224
1.GO0E+00 Rn-220
1.000E+00 Po-216
1.00E+00 Pb-212
1.OOE+00 Bi-212
6.406E-01 Po-212
1.000E+00 Pb-208$
1.0O0E+00 Pb-208$

5.750E-08 SF

3.594E-01 Tl-208

Daughter
Products- -----------------------

Nuclide Halflife fl
Nuclide f4 Nuclide

Nuclide f2 Nuclide f3

1 Np-240m
2 Np-240
3 Pu-240
4 U-236
5 Th-232
6 Ra-228
7 Ac-228
8 Th-228
9 Ra-224

10 Rn-220
11 Po-216
12 Pb-212
13 Bi-212

7.22m
61. 9m
6564y

2. 342E+7y
1.405E10y

5. 7 5 y
6. 15h

1. 9116y
3. 66d
55.6s

0.145s
10 . 64h
60. 55m

1. 100E-03
1. 00E+00
1. OOE+00
1 .00E+00

1 .00E+00

1. OOGE+00
1 .00E+00

1 .00E+00

1. 0OE+00
1. OOOE+00
1 .00E+00

1. 00E+00
6.406E-01

Np-240
Pu-240
U-236
Th-232
Ra-228
Ac-228
Th-228
Ra-224
Rn-220
Po-216
Pb-212
Bi-212
Po-212

9.989E-01 Pu-240

5.750E-08 SF

3.594E-01 T1-208
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14 Po-212
15 Tl-208

Np-241

2.99E-7s 1.OOOE+00 Pb-208$
3.053m 1.000E+00 Pb-208$

Daughter
Products

Nuclide Halflife fl
Nuclide f4 Nuclide

Nuclide f2 Nuclide f3

1 Np-241
2 Pu-241
3 Am-241
4 U-237
5 Np-237
6 Pa-233
7 U-233
8 Th-229
9 Ra-225

10 Ac-225
11 Fr-221
12 At-217
13 Bi-213
14 Po-213
15 Tl-209
16 Pb-209

13.9m 1.000E+00
14.35y 1.000E+00
432.2y 1.000E+00

6.75d 1.000E+00
2.144E+6y 1.000E+00

26.967d 1.000E+00
1.592E+5y 1.OOOE+00
7.34E+3y 1.000E+00

14.9d 1.000E+00
10.0d 1.000E+00

4.9m 1.OOOE+00
3.23E-2s 9.999E-01

45.59m 9.791E-01
4.2E-6s 1.000E+00
2.161m 1.OOOE+00
3.253h 1.000E+00

Pu-241
Am-241
Np-237
Np-237
Pa-233
U-233
Th-229
Ra-225
Ac-225
Fr-221
At-217
Bi-213
Po-213
Pb-209
Pb-209
Bi-209$

2.450E-05 U-237

2.090E-02 T1-209

Np-242
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Np-242
2 Pu-242
3 U-238
4 Th-234
5 Pa-234m
6 Pa-234
7 U-234
8' Th-230
9 Ra-226

10 Rn-222
11 Po-218
12 Pb-214
13 At-218
14 Bi-214
15 Rn-218
16 Po-214
17 TI-210
18 Pb-210
19 Bi-210
20 Hg-206
21 Po-210
22 Tl-206

2. 2m
3. 75E+5y

4.468E+9y
24 . 10d

1. 17m
6. 70h

2.455E+5y
7.538E+4y

1600y
3. 8235d

3. 10m
26.8m

1.5s
19. 9m

3. 5E-2s
1 . 643E-4s

1. 30m
22.20y
5.013d

8 15m
138. 376d

4.200m

1. 000E+00
1. 000E+00
1. OOOE+00
1 .OOOE+00

1. 600E-03
1. OOOE+00
1 .OOOE+00

1 .OOOE+00

1 .OOOE+00

1 .OOOE+00

9. 998E-01
1.OOOE+00
9. 990E-01
9. 998E-01
1 . OOOE+00
1. 000E+00
1. 000E+00
1 . OOOE+00
1 . OOOE+00
1. OOOE+00
1 . 000E+00
1 . OOOE+00

Pu-242
U-238
Th-234
Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
Bi-214
Bi-214
Po-214
Po-214
Pb-210
Pb-210
Bi-210
Po-210
Tl-206
Pb-206$
Pb-206$

5.540E-06 SF
5.450E-07 SF

9.984E-01 U-234

2.OOOE-04 At-218

1.000E-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206
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Np-242m
Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

Np-242m
Pu-242
U-238
Th-234
Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
At-218
Bi-214
Rn-218
Po-214
Tl-210
Pb-210
Bi-210
Hg-206
Po-210
Tl-206

5. 5m
3.75E+5y

4.4 68E+9y
24 . 10d

1. 17m
6. 70h

2. 455E+5y
7. 538E+4y

1600y
3. 8235d

3. 10m
26.8m
1.5s

19. 9m
3.5E-2s

1. 643E-4s
1.30m

22.2 0 y
5. 013d

8. 15m
138. 37 6d

4.200m

1 .00E+00

1 .0GE+00

1. 0GGE+00
1 .0GE+00

1. 600E-03
1 .0GE+00

1 .0GE+00

1. 0GE+00
1 GG0E+00
1 .0GE+00

9.998E-01
1 . 0GGE+00
9. 990E-01
9. 998E-01
1 .GGE+00

1 .00E+00

1. 0GE+00
1 .0GE+00

1 .GGE+00

1 .0GE+00

1 .0GE+00

1. 000E+00

Pu-242
U-238
Th-234
Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
Bi-214
Bi-214
Po-214
Po-214
Pb-210
Pb-210
Bi-210
Po-210
Tl-206
Pb-206$
Pb-206$

f2 Nuclide f3

5.540E-06 SF
5.450E-07 SF

9.984E-01 U-234

2.00GE-04 At-218

1.G00E-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 TI-206

Pu-232
Daughter

Products------------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Pu-232 33.7m 7.700E-01
2 Np-232 14.7m 1.G00E+00
3 U-228 9.1m 9.750E-01
4 U-232 68.9y 1.00GE+00
5 Th-228 1.9116y 1.0G0E+00
6 Ra-224 3.66d 1.0G0E+00
7 Rn-220 55.6s 1.000E+00
8 Po-216 0.145s 1.000E+00
9 Pb-212 10.64h 1.000E+00

10 Bi-212 60.55m 6.406E-01
11 Th-224 1.05s 1.000E+00
12 Ra-220 1. 7 9E-2s 1.000E+00
13 Rn-216 4.5E-5s 1.000E+00
14 Po-212 2.99E-7s 1.000E+00
15 Tl-208 3.053m 1.000E+00

Nuclide f2 Nuclide f3

Np-232
U-232
Th-224
Th-228
Ra-224
Rn-220
Po-216
Pb-212
Bi-212
Po-212
Ra-220
Rn-216
Po-212
Pb-208$
Pb-208$

2.300E-01 U-228

3.594E-01 T1-208

Pu-234
Daughter
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Products
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21

Pu-234
Np-234
U-230
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
At-218
Bi-214
Th-226
Ra-222
Rn-218
Po-214
TI-210
Pb-210
Bi-210
Hg-206
Po-210
Tl-206

8.8h 9.400E-01
4.4d 1.000E+00

20.8d 1.000E+00
2.455E+5y 1.000E+00
7.538E+4y 1.000E+00

1600y 1.000E+00
3.8235d 1.000E+00

3.10m 9.998E-01
26.8m 1.000E+00
1.5s 9.990E-01

19.9m 9.998E-01
30.57m 1.000E+00

38.Os 1.000E+00
3.5E-2s 1.000E+00

1.643E-4s 1.000E+00
1.30m 1.000E+00

22.20y 1.000E+00
5.013d 1.000E+00

8.15m 1.000E+00
138.376d 1.000E+00

4.200m 1.000E+00

Np-234
U-234
Th-226
Th-230
Ra-226
Rn-222
Po-218
Pb-214
Bi-214
Bi-214
Po-214
Ra-222
Rn-218
Po-214
Pb-210
Pb-210
Bi-210
Po-210
Tl-206
Pb-206$
Pb-206$

6.000E-02 U-230

2.000E-04 At-218

1.000E-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206

Pu-235 P--------------------------Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Pu-235 25.3m 1.000E+00 Np-235
2 Np-235 396.1d 3.993E-03 U-235m

2.600E-05 Pa-231
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

U-231
U-235m
U-235
Th-231
Pa-231
Ac-227
Th-227
Fr-223
Ra-223
Rn-219
At-219
Bi-215
Po-215
Pb-211
Bi-211
Tl-207
Po-211

4 .2d

26m
7. 04E+8y

25.. 52h
3. 276E+4y

21 .772y
18. 68d
22. 00m
11. 43d
3.96s

56s
7. 6m

1.781E-3s
36. Im
2. 14m
4 .77m

0.516s

1 .000E+00

1 .000E+00

1 .000E+00

1. 000E+00
1. 000E+00
9.862E-01
1 .000E+00

1. 000E+00
1 .000E+00

1 .000E+00

9. 700E-01
1. 000E+00
1. 000E+00
1. OOOE+00
9. 972E-01
1 . 000E+00
1. 000E+00

Pa-231
U-235
Th-231
Pa-231
Ac-227
Th-227
Ra-223
Ra-223
Rn-219
Po-215
Bi-215
Po-215
Pb-211
Bi-211
Tl-207
Pb-207$
Pb-207$

2.700E-05 U-231
9.960E-01 U-235

4.000E-05 Th-227

1.380E-02 Fr-223

6.000E-05 At-219

2.760E-03 Po-211

Pu-236
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Daughter
Products- -----------------------

Nuclide Halflife fl Nuclide f2 Nuclide f3
Nuclide

1 Pu-236
2 U-232
3 Th-228
4 Ra-224
5 Rn-220
6 Po-216
7 Pb-212
8 Bi-212
9 Po-212

10 TI-208

f4 Nuclide
2.858y 1.

68.9y 1.
1.9116y 1.

3.66d 1.
55.6s 1.

0.145s 1.
10.64h 1.
60.55m 6.

2.99E-7s 1.
3.053m 1.

00OE+00
000E+00
OOOE+00
000E+00
000E+00
000E+00
000E+00
406E-01
OOOE+00
000E+00

U-232 1.370E-09 SF
Th-228
Ra-224
Rn-220
Po-216
Pb-212
Bi-212
Po-212 3.594E-01 Tl-208
Pb-208$
Pb-208$

Pu-237-
Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1 Pu-237
2 Np-237
3 Pa-233
4 U-233
5 Th-229
6 Ra-225
7 Ac-225
8 Fr-221
9 At-217

10 Bi-213
11 Po-213
12 Tl-209
13 Pb-209

45. 2d
2. 144E+6y

26. 967d
1.592E+5y
7 .34E+3y

14. 9d
10.Od

4.9m
3. 23E-2s

45. 59m
4. 2E-6s

2. 161m
3. 253h

1.OOOE+00 Np-237
1.000E+00 Pa-233
1.OOOE+00 U-233
1.OOOE+00 Th-229
1.OOOE+00 Ra-225
1.000E+00 Ac-225
1.OOOE+00 Fr-221
1.OOOE+00 At-217
9.999E-01 Bi-213
9.791E-01 Po-213
1.OOOE+00 Pb-209
1.OOOE+00 Pb-209
1.OOOE+00 Bi-209$

4.200E-05 U-233

2.090E-02 TI-209

Pu-238
Daughter

Products-------------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Pu-238 87. 7 y 1.OOOE+00
2 U-234 2.455E+5y 1.OOOE+00
3 Th-230 7.538E+4y 1.OOOE+00
4 Ra-226 1600y 1.OOOE+00
5 Rn-222 3.8235d 1.OOOE+00
6 Po-218 3.10m 9.998E-01
7 Pb-214 26.8m 1.OOOE+00
8 At-218 1.5s 9.990E-01
9 Bi-214 19.9m 9.998E-01

10 Rn-218 3.5E-2s 1.OOOE+00
11 Po-214 1.643E-4s 1.OOOE+00
12 Tl-210 1.30m 1.OOOE+00
13 Pb-210 22.20y 1.OOOE+00

Nuclide f2 Nuclide f3

U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
Bi-214
Bi-214
Po-214
Po-214
Pb-210
Pb-210
Bi-210

1.850E-09 SF

2.OOOE-04 At-218

1.OOOE-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
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14 Bi-210
15 Hg-206
16 Po-210
17 Tl-206

5. 013d
8. 15m

138.376d
4.200m

1. 000E+00 Po-210
1.000E+00 Tl-206
1.000E+00 Pb-206$
1.000E+00 Pb-206$

1.320E-06 Tl-206

Pu-239
Daughter

Products- -----------------------
Nuclide Halflife fi

Nuclide f4 Nuclide
Nuclide f2 Nuclide- f3

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17

Pu-239
U-235m
U-235
Th-231
Pa-231
Ac-227
Th-227
Fr-223
Ra-223
Rn-219
At-219
Bi-215
Po-215
Pb-211
Bi-211
Tl-207
Po-211

2. 411E+4y
26m

7.04E+8y
25. 52h

3. 276E+4y
21.772y

18. 68d
22 . 00m
11i.43d
3.96s

56s
7. 6m

.1. 781E-3s
36.1m
2. 14m
4 .77m

0.516s

9.994E-01 U-235m
1.000E+00 U-235
1.OOOE+00 Th-231
1.OOOE+00 Pa-231
1.000E+00 Ac-227
9.862E-01 Th-227
1.OOOE+00 Ra-223
1.OOOE+00 Ra-223
1.OOOE+00 Rn-219
1.OOOE+00 Po-215
9.700E-01 Bi-215
1.OOOE+00 Po-215
1.OOOE+00 Pb-211
1.OOOE+00 Bi-211
9.972E-01 TI-207
1.OOOE+00 Pb-207$
1.OOOE+00 Pb-207$

6.OOOE-04 U-235

1.380E-02 Fr-223

6.OOOE-05 At-219

2.760E-03 Po-211

Pu-240

Products
Nuclide. Halflife

Nuclide f4 Nuc

Daughter

fi Nuclide f2 Nuclide f3
lide

1
2
3
4
5
6
7
8
9
10
11
12
13

Pu-240
U-236
Th-232
Ra-228
Ac-228
Th-228
Ra-224
Rn-220
Po-216
Pb-212
Bi-212
Po-212
Tl-208

6 5 6 4 y
2. 342E+7y
1.405E10y

5. 7 5 y
6. 15h

1. 911 6 y
3. 66d
55.6s

0.145s
10. 64h
60. 55m

2.99E-7s
3. 053m

1 . 000E+00
1 OOOE+00
1 OOOE+00
1 OOOE+00
1. 000E+00
1. 000E+00
1 . OOOE+00
1 . OOOE+00
1 . 000E+00
1. 000E+00
6. 406E-01
1 . OOOE+00
1 . OOOE+00

U-236
Th-232
Ra-228
Ac-228
Th-228
Ra-224
Rn-220
Po-216
Pb-212
Bi-212
Po-212
Pb-208$
Pb-208$

5.750E-08 SF

3.594E-01 T1-208

Pu-241
Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3
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1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

Pu-241
Am-241
U-237
Np-237
Pa-233
U-233
Th-229
Ra-225
Ac-225
Fr-221
At-217
Bi-213
Po-213
Tl-209
Pb-209

14 .35y

432.2y
6. 75d

2. 144E+6y
26. 967d

1.592E+5y
7 .34E+3y

14 .9d

10.Od
4. 9m

3.23E-2s
45. 59m
4 . 2E-6s
2 .161m
3.253h

1. 000E+00
1.000E+00
1 . 000E+00
1. 000E+00
1. 000E+00
1 . 000E+00
1. 000E+00
1. 000E+00
1. 000E+00
1 . 000E+00
9. 999E-01
9. 791E-01
1 . 000E+00
1 . 000E+00
1. 000E+00

Am-241
Np-237
Np-237
Pa-233
U-233
Th-229
Ra-225
Ac-225
Fr-221
At-217
Bi-213
Po-213
Pb-209
Pb-209
Bi-209$

2.450E-05 U-237

2.090E-02 TI-209

Pu-242
--- Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21

Pu-242
U-238
Th-234
Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
At-218
Bi-214
Rn-218
Po-214
Tl-210
Pb-210
Bi-210
Hg-206
Po-210
Tl-206

3. 75E+5y
4. 468E+9y

24.10d
1 . 17m
6. 70h

2. 4 5 5 E+5y
7. 538E+4y

1600y
3. 8235d

3. 10m
26. 8m
1.5s

19. 9m
3 . SE-2s

1. 643E-4s
1. 30m

22. 20y
5. 013d

8. 15m
138.376d

4.200m

1.OOOE+00
1 . 000E+00
1. 000E+00
1 . 600E-03
1. 000E+00
1 . OOOE+00
1 . 000E+00
1. 000E+00
1. 000E+00
9. 998E-01
1 . 000E+00
9. 990E-01
9. 998E-01
1 . 000E+00
1 . OOOE+00
1 . 000E+00
1. OOOE+00
1. OOOE+00
1.000E+00
1 . OOOE+00
1 . 000E+00

U-238
Th-234
Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
Bi-214
Bi-214
Po-214
Po-214
Pb-210
Pb-210
Bi-210
Po-210
Tl-206
Pb-206$
Pb-206$

5.540E-06 SF
5.450E-07 SF

9.984E-01 U-234

2.OOOE-04 At-218

1.000E-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 TI-206

Pu-243

Products
Nuclide Halflife

Nuclide
1 Pu-243
2 Am-243
3 Np-239
4 Pu-239

f4 Nucli
4. 956h

7 .37E+3y
2.3565d

2. 411E+4y

--- Daughter

fl Nuclide f2 Nuclide f3
de
1.000E+00 Am-243
1.000E+00 Np-239
1.000E+00 Pu-239
9.994E-01 U-235m 6.000E-04 U-235
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5 U-235m
6 U-235
7 Th-231
8 Pa-231
9 Ac-227

10 Th-227
11 Fr-223
12 Ra-223
13 Rn-219
14 At-219
15 Bi-215
16 Po-215
17, Pb-211
18 Bi-211
19 Tl-207
20 Po-211

26m
7. 04E+8y

25. 52h
3.276E+4y

21 .772y
18. 68d
22 . 00m
11i.43d
3.96s

56s
7. 6m

1.781E-3s
36. im
2. 14m
4 .77m

0.516s

1.OOOE+00 U-235
1.000E+00 Th-231
1.OOOE+00 Pa-231
1.000E+00 Ac-227
9.862E-01 Th-227
1.000E+00 Ra-223
1.000E+00 Ra-223
1.OOOE+00 Rn-219
1.000E+00 Po-215
9.700E-01 Bi-215
1.OOOE+00 Po-215
1.OOOE+00 Pb-211
1.000E+00 Bi-211
9.972E-01 Tl-207
1.000E+00 Pb-207$
1.OOOE+00 Pb-207$

1.380E-02 Fr-223

6.000E-05 At-219

2.760E-03 Po-211

Pu-244
Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1 Pu-244
2 U-240
3 Np-240m
4 Np-240
5 Pu-240
6 U-236
7 Th-232
8 Ra-228
9 Ac-228

10 Th-228
11 Ra-224
12 Rn-220
13 Po-216
14 Pb-212
15 Bi-212
16 Po-212
17 Tl-208

8. OOE+7y
14 . lh
7. 22m

61. 9m
6564y

2. 342E+7y
1.405E10y

5. 75y
6. 15h

1. 9 116y
3. 66d
55.6s

0.145s
10. 64h
60 .55m

2. 99E-7s
3. 053m

9.988E-01 U-240
1.000E+00 Np-240m
1.100E-03 Np-240
1.OOOE+00 Pu-240
1.OOOE+00 U-236
1.OOOE+00 Th-232
1.OOOE+00 Ra-228
1.OOOE+00 Ac-228
1.OOOE+00 Th-228
1.OOOE+00 Ra-224
1.OOOE+00 Rn-220
1.OOOE+00 Po-216
1.OOOE+00 Pb-212
1.OOOE+00 Bi-212
6.406E-01 Po-212
1.OOOE+00 Pb-208$
1.OOOE+00 Pb-208$

1.210E-03 SF

9.989E-01 Pu-240

5.750E-08 SF

3.594E-01 T1-208

Pu-245

Products
Nuclide Halflife fl Nu

Nuclide f4 Nuclide
1 Pu-245 10.5h 1.OOOE+00 Am-
2 Am-245 2.05h 1.OOOE+00 Cm
3 Cm-245 8.5E+3y 1.OOOE+00 Pu
4 Pu-241 14.35y 1.OOOE+00 Am
5 Am-241 432.2y 1.OOOE+00 Np-
6 U-237 6.75d 1.000E+00 Np
7 Np-237 2.144E+6y 1.OOOE+00 Pa-

Daughter

clide f2 Nuclide f3

-245
-245
-241
-241
-237
-237
-233

6.100E-09 SF
2.450E-05 U-237
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8 Pa-233
9 U-233

10 Th-229
11 Ra-225
12 Ac-225
13 Fr-221
14 At-217
15 Bi-213
16 Po-213
17 Tl-209
18 Pb-209

26. 967d
1. 592E+5y
7 .34E+3y

14.9d
10. 0d

4. 9m
3.23E-2s

45. 59m
4.2E-6s
2 .161m
3.253h

1.C0CE+00 U-233
1.C00E+00 Th-229
1.C00E+00 Ra-225
1.C00E+00 Ac-225
1.C00E+00 Fr-221
1.C00E+00 At-217
9.999E-01 Bi-213.
9.791E-01 Po-213 2.090E-02 Tl-209
1.C00E+00 Pb-209
1.CO0E+00 Pb-209
1.C00E+00 Bi-209$

Pu-246

Products------------------------
Nuclide Halflife f1

Nuclide f4 Nuclide

Daughter

Nuclide f2 Nuclide f3

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Pu-246
Am-246m
Cm-246
Pu-242
U-238
Th-234
Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
At-218
Bi-214
Rn-218
Po-214
TI-210
Pb-210
Bi-210
Hg-206
Po-210
Tl-206

10. 84d
25. Om

4 .76E+3y
3. 75E+5y

4 .468E+9y
24 . 10d

1. 17m
6.70h

2 .455E+5y

7.538E+4y
1600y

3. 8235d
3. 10m
26.8m

1.5s
19.9m

3. 5E-2s
1. 643E-4s

1 .30m
22.20y
5. 013d

8. 15m
138. 376d

4.200m

1.00CE+00 Am-246m
1.00CE+00 Cm-246
9.997E-01 Pu-242
1.C00E+00 U-238
1.C00E+00 Th-234
1.C00E+00 Pa-234m
1.600E-03 Pa-234
1.CCCE+00 U-234
1.C00E+00 Th-230
1.C00E+00 Ra-226
1.C00E+00 Rn-222
1.C00E+00 Po-218
9.998E-01 Pb-214
1.000E+00 Bi-2.14
9.990E-01 Bi-214
9.998E-01 Po-214
1.C0CE+00 Po-214
1.000E+00 Pb-210
1.0C0E+00 Pb-210
1.CC0E+00 Bi-210
1.C00E+00 Po-210
1.C0CE+00 TI-206
1.C0CE+00 Pb-206$
1.C00E+00 Pb-206$

2 .630E-04

5.540E-06
5. 450E-07

SF
SF
SF

9.984E-01 U-234

2.000E-04 At-218

1.00CE-03 Rn-218
2..100E-04 TI-210

1.900E-08 Hg-206
1.320E-06 TI-206

Am-237

Products
Nuclide Halflife f1 Nuclide

Nuclide f4 Nuclide
1 Am-237 73.Cm 9.998E-01 Pu-237
2 Pu-237 45.2d 1.000E+00 Np-237
3 Np-233 36.2m 1.C0CE+00 U-233
4 Np-237 2.144E+6y 1.000E+00 Pa-233
5 Pa-233 26.967d 1.000E+00 U-233

--------- Daughter

f2 Nuclide f3

2.500E-04 Np-233
4.200E-05 U-233
1.000E-05 Pa-229
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6
7
8
9

10
11
12
13
14
15
16

U-233
Pa-229
Th-229
Ra-225
Ac-225
Fr-221
At-217
Bi-213
Po-213
Tl-209
Pb-209

1.592E+5y
1.50d

7 .34E+3y

14 .9d

10.Od
4. 9m

3.23E-2s
45. 59m

4.2E-6s
2.161m
3.253h

1. OOOE+00
9. 952E-01
1 OOOE+00
1 OOOE+00
1 OOOE+00
1 OOOE+00
9. 999E-01
9. 791E-01
1 OOOE+00
1 OOOE+00
1 OOOE+00

Th-229
Th-229 4.800E-03 Ac-225
Ra-225
Ac-225
Fr-221
At-217
Bi-213
Po-213 2.090E-02 Tl-209
Pb-209
Pb-209
Bi-209$

Am-238
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Am-238 98m 1.OOOE+00
2 Pu-238 8 7 . 7 y 1.OOOE+00
3 Np-234 4.4d 1.OOOE+00
4 U-234 2.455E+5y 1.OOOE+00
5 Th-230 7.538E+4y 1.OOOE+00
6 Ra-226 1600y 1.OOOE+00
7 Rn-222 3.8235d 1.000E+00
8 Po-218 3.10m 9.998E-01
9 Pb-214 26.8m 1.000E+00

10 At-218 1.5s 9.990E-01
11 Bi-214 19.9m 9.998E-01
12 Rn-218 3.5E-2s 1.OOOE+00
13 Po-214 1.643E-4s 1.000E+00
14 Tl-210 1.30m 1.OOOE+00
15 Pb-210 22.20y 1.OOOE+00
16 Bi-210 5.013d 1.OOOE+00
17 Hg-206 8.15m 1.OOOE+00
18 Po-210 138.376d 1.OOOE+00
19 Tl-206 4.200m 1.OOOE+00

Pu-238
U-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
Bi-214
Bi-214
Po-214
Po-214
Pb-210
Pb-210
Bi-210
Po-210
Tl-206
Pb-206$
Pb-206$

1.000E-06 Np-234
1.850E-09 SF

2.OOOE-04 At-218

1.OOOE-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206

Am-239
Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Am-239 11.9h 9.999E-01 Pu-239
2 Pu-239 2.411E+4y 9.994E-01 U-235m
3 Np-235 396.1d 3.993E-03 U-235m

2.600E-05 Pa-231
4 U-235m 26m 1.OOOE+00 U-235
5 U-235 7.04E+8y 1.OOOE+00 Th-231
6 Th-231 25.52h 1.OOOE+00 Pa-231
7 Pa-231 3.276E+4y 1.OOOE+00 Ac-227
8 Ac-227 21.772y 9.862E-01 Th-227
9 Th-227 18.68d 1.OOOE+00 Ra-223

f2 Nuclide f3

1.OOOE-04 Np-235
6.OOOE-04 U-235
9.960E-01 U-235

1.380E-02 Fr-223
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10
11
12
13
14
15
16
17
18
19

Fr-223
Ra-223
Rn-219
At-219
Bi-215
Po-215
Pb-211
Bi-211
Tl-207
Po-211

22 . 00m
11. 43d
3.96s

56s
7. 6m

1. 781E-3s
36. lm
2. 14m
4 .77m

0.516s

1 . 000E+00
1.000E+00
1. 000E+00
9. 700E-01
1. 000E+00
1. 000E+00
1 . OOOE+00
9. 972E-01
1. OOOE+00
1. OOOE+00

Ra-223
Rn-219
Po-215
Bi-215
Po-215
Pb-211
Bi-211
Tl-207
Pb-207$
Pb-207$

6.OOOE-05 At-219

2.760E-03 Po-211

Am-240
Daughter

Products-------------
Nuclide Halflife

Nuclide f4 Nuc:
1 Am-240
2 Pu-240
3 Np-236

1.250E-01
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

U-236
Pa-232
Th-232
Ra-228
Ac-228
Pu-236
U-232
Th-228
Ra-224
Rn-220
Po-216
Pb-212
Bi-212
Po-212
Tl-208

50. 8h
6564y

1.54E+5y
Pu-236

2. 342E+7y
1.31d

1.405E10y
5.75y
6.15h

2 .858y

68.9y
1. 9116y

3. 66d
55.6s

0.145s
10. 64h
60. 55m

2.99E-7s
3. 053m

fl
lide

1. OOOE+00
1 .OOOE+00

8.730E-01

1. OOOE+00
3. OOOE-05
1. OOOE+00
1. OOOE+00
1 . OOOE+00
1. OOOE+00
1 . OOOE+00
1 . OOOE+00
1. OOOE+00
1 . OOOE+00
1 . OOOE+00
1 . OOOE+00
6. 406E-01
1 . OOOE+00
1. OOOE+00

Pu-240
U-236
U-236

Th-232
Th-232
Ra-228
Ac-228
Th-228
U-232
Th-228
Ra-224
Rn-220
Po-216
Pb-212
Bi-212
Po-212
Pb-208$
Pb-208$

1.900E-06
5. 750E-08
1. 600E-03

Nuclide f2 Nuclide f3

Np-236
SF
Pa-232

1.OOOE+00 U-232

1.370E-09 SF

3.594E-01 Tl-208

Am-241
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1
2
3
4
5
6
7
8
9

10
11

Am-241
Np-237
Pa-233
U-233
Th-229
Ra-225
Ac-225
Fr-221
At-217
Bi-213
Po-213

432.2y
2. 144E+6y

26. 967d
1..592E+5y
7 .34E+3y

14 .9d
10.Od

4. 9m
3.23E-2s

45. 59m
4.2E-6s

1 OOOE+00
1 OOOE+00
1. OOOE+00
1 OOOE+00
1 OOOE+00
1 OOOE+00
1 OOOE+00
1. OOOE+00
9. 999E-01
9.791E-01
1 . OOOE+00

Np-237
Pa-233
U-233
Th-229
Ra-225
Ac-225
Fr-221
At-217
Bi-213
Po-213
Pb-209

2.090E-02 Tl-209
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12 Tl-209
13 Pb-209

2.161m 1.000E+00 Pb-209
3.253h 1.C00E+00 Bi-209$

Am-242

Products
Nuclide Halflife fl

Nuclide f4 Nuclide

Daughter

1 Am-242
2 Cm-242
3 Pu-242
4 Pu-238
.5 U-238
6 Th-234
7 Pa-234m
8 Pa-234
9 U-234

10 Th-230
11 Ra-226
12 Rn-222
13 Po-218
14 Pb-214
15 At-218
16 Bi-214
17 Rn-218
18 Po-214
19 Tl-210
20 Pb-210
21 Bi-210
22 Hg-206
23 Po-210
24 Tl-206

16. 02h
162.8d

3. 75E+5y
87 .7y

4 .468E+9y
24 . 10d

1 . 17m
6. 70h

2. 455E+5y
7 . 538E+4y

1600y
3. 8235d

3. 10m
26. 8m

1.5s
19. 9m

3. 5E-2s
1. 643E-4s

1.30m
22. 20y
5. 013d

8. 15m
138.376d

4.200m

8.270E-01
1 . CCCE+00
1 CC0E+00
1 . CCCE+00
1 00CE+00
1 . CCCE+00
1. 600E-03
1 . CCCE+00
1. 000E+00
1 . CCCE+00
1. 0CCE+00
1 . CCCE+00
9. 998E-01
1 . CCCE+00
9. 990E-01
9. 998E-01
1. C0CE+00
1 . C0CE+00
1 . CCCE+00
1 . CCCE+00
1 00CE+00
1 . CCCE+00
1 . C0CE+00
1 . 000E+00

Nuclide f2 Nuclide f3

Cm-242 1.730E-01 Pu-242
Pu-238 6.370E-08 SF
U-238 5.540E-06 SF
U-234 1.850E-09 SF
Th-234 5.450E-07 SF
Pa-234m
Pa-234 9.984E-01 U-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214 2.00CE-04 At-218
Bi-214
Bi-214 1.CC0E-03 Rn-218
Po-214 2.100E-04 Tl-210
Po-214
Pb-210
Pb-210
Bi-210 1.900E-08 Hg-206
Po-210 1.320E-06 Tl-206
Tl-206
Pb-206$
Pb-206$

Am-242m --------------------------- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Am-242m
2 Am-242
3 Np-238
4 Cm-242
5 Pu-242
6 Pu-238
7 U-238
8 Th-234
9 Pa-234m

i0 Pa-234
11 U-234
12 Th-230
13 Ra-226
14 Rn-222

1 4 1 y
16. 02h
2.117d
162.8d

3. 75E+5y
87.7y

4 .468E+9y
24.10d

1. 17m
6. 70h

2. 455E+5y
7. 538E+4y

1600y
3. 8235d

9. 955E-01
8.270E-01
1 . CCCE+00
1 . CC0E+00
1 000E+00
1 . C0CE+00
1 . C0CE+00
1 . CCCE+00
1. 600E-03
1. CCE+00
1 . C0CE+00
1 . 0C0E+00
1 CCCE+00
1. 00E+00

Am-242
Cm-242
Pu-238
Pu-238
U-238
U-234
Th-234
Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218

4.500E-03 Np-238
1.730E-01 Pu-242

6. 370E-08
5. 540E-06
1. 850E-09
5. 450E-07

SF
SF
SF
SF

9.984E-01 U-234
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15
16
17
18
19
20
21
22
23
24
25
26

Po-218
Pb-214
At-218
Bi-214
Rn-218
Po-214
TIz210
Pb-210
Bi-210
Hg-206
Po-210
Tl-206

3.10m 9.998E-01
26.8m 1.000E+00
1.5s 9.990E-01

19.9m 9.998E-01
3.5E-2s 1.000E+00

1.643E-4s 1.000E+00
1.30m 1.000E+00

22.20y 1.000E+00
5.013d 1.000E+00

8.15m 1.000E+00
138.376d 1.O00E+00

4.200m 1.000E+00

Pb-214
Bi-214
Bi-214
Po-214
Po-214
Pb-210
Pb-210
Bi-210
Po-210
TI-206
Pb-206$
Pb-206$

2.CC0E-04 At-218

1.000E-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206

Am-243
Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1
2
3
4
5
6
7
8
9

10
iI
12
13
14
15
16
17
18
19

Am-243
Np-239
Pu-239
U-235m
U-235
Th-231
Pa-231
Ac-227
Th-227
Fr-223
Ra-223
Rn-219
At-219
Bi-215
Po-215
Pb-211
Bi-211
T1-207
Po-211

7 .37E+3y

2.3565d
2. 411E+4y

26m
7. 04E+8y

25. 52h
3.276E+4y

21 .772y
18. 68d
22 . 00m
11. 43d

3.96s
56s

7.6m
1.781E-3s

36. lm
2. 14m
4 .77m

0.516s

1.C00E+00 Np-239
1.C00E+00 Pu-239
9.994E-01 U-235m
1.000E+00 U-235
1.C00E+00 Th-231
1.C00E+00 Pa-231
1.C00E+00 Ac-227
9.862E-01 Th-227
1.C00E+00 Ra-223
1.Q0CE+00 Ra-223
1.C00E+00 Rn-219
l.C00E+00 Po-215
9.700E-01 Bi-215
1.C00E+00 Po-215
1.C00E+00 Pb-211
1.C00E+00 Bi-211
9.972E-01 Tl-207
1.C00E+00 Pb-207$
1.000E+00 Pb-207$

6.000E-04 U-235

1.380E-02 Fr-223

6.00CE-05 At-219

2.760E-03 Po-211

Am-244

Products
Nuclide Halflife fl Nu.

Nuclide f4 Nuclide
1 Am-244 10.1h 1.C00E+00 Cm
2 Cm-244 18.10y 1.C00E+00 Pu
3 Pu-240 6564y 1.C00E+00 U-.
4 U-236 2.342E+7y 1.CC0E+00 Th
5 Th-232 1.405E10y 1.CO0E+00 Ra
6 Ra-228 5. 7 5y 1.CCCE+00 Ac
7 Ac-228 6.15h 1.CC0E+00 Th
8 Th-228 1.9116y 1.CC0E+00 Ra
9 Ra-224 3.66d 1 000E+00 Rn

Daughter

clide f2 Nuclide f3

-244
-240
236
-232
-228
-228
-228
-224
-220

1.371E-06 SF
5.750E-08 SF
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10 Rn-220
11 Po-216
12 Pb-212
13 Bi-212
14 Po-212
15 Tl-208

55.6s
0.145s
10. 64h
60. 55m

2. 99E-7s
3. 053m

1.000E+00 Po-216
1.000E+00 Pb-212
1.000E+00 Bi-212
6.406E-01 Po-212 3.594E-01 Tl-208
1.000E+00 Pb-208$
1.000E+00 Pb-208$

Daughter
Am-244m

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

Am-244m
Cm-244
Pu-240
U-236
Th-232
Ra-228
Ac-228
Th-228
Ra-224
Rn-220
Po-216
Pb-212
Bi-212
Po-212
Tl-208

26m
18. 1y

6564y
2.342E+7y
1.405E10y

5. 7 5 y
6. 15h

1. 9 116y
3. 66d
55.6s

0.145s
10. 64h
60. 55m

2.99E-7s
3. 053m

9.996E-01 Cm-244
1.000E+00 Pu-240
1.OOOE+00 U-236
1.000E+00 Th-232
1.000E+00 Ra-228
1.000E+00 Ac-228
1.000E+00 Th-228
1.000E+00 Ra-224
1.000E+00 Rn-220
1.000E+00 Po-216
1.000E+00 Pb-212
1.000E+00 Bi-212
6.406E-01 Po-212
1.000E+00 Pb-208$
1.000E+00 Pb-208$

1.371E-06 SF
5.750E-08 SF

3.594E-01 T1-208

Am-245
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17

Am-245
Cm-245
Pu-241
Am-241
U-237
Np-237
Pa-233
U-233
Th-229
Ra-225
Ac-225
Fr-221
At-217
Bi-213
Po-213
Tl-209
Pb-209

2 .05h
8.5E+3y
14.35y
432.2y

6. 75d
2. 144E+6y

26. 967d
1.592E+Sy
7.34E+3y

14. 9d
10.Od

4. 9m
3.23E-2s

45. 5.9m
4.2E-6s

2. 161m
3.253h

1.OOOE+00 Cm-245
1.OOOE+00 Pu-241
1.OOOE+00 Am-241
1.OOOE+00 Np-237
1.OOOE+00 Np-237
1.OOOE+00 Pa-233
1.OOOE+00 U-233
1.OOOE+00 Th-229
1.OOOE+00 Ra-225
1.OOOE+00 Ac-225
1.OOOE+00 Fr-221
1.OOOE+00 At-217
9.999E-01 Bi-213
9.791E-01 Po-213
1.OOOE+00 Pb-209
1.OOOE+00 Pb-209
1.OOOE+00 Bi-209$

6.100E-0*9 SF
2.450E-05 U-237

2.090E-02 Tl-209

Am-246
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Daughter
Products- -----------------------

Nuclide Halflife fl
Nuclide f4 Nuclide

Nuclide f2 Nuclide f3

1 Am-246
2 Cm-246
3 Pu-242
4 U-238
5 Th-234
6 Pa-234m
7 Pa-234
8 U-234
9 Th-230

10 Ra-226
11 Rn-222
12 Po-218
13 Pb-214
14 At-218
15 Bi-214
16 Rn-218
17 Po-214
18 Tl-210
19 Pb-210
20 Bi-210
21 Hg-206
22 Po-210
23 Tl-206

39m
4 .76E+3y
3. 75E+5y

4.468E+9y
24 .10d
1 .17m
6. 70h

2. 455E+5y
7. 538E+4y

1 6 0 0 y
3. 8235d

3. 10m
26.8m

1.5s
19. 9m

3. 5E-2s
1. 643E-4s

1. 30m
22.20y
5. 013d

8..15m
138. 376d

4 .200m

1.C00E+00 Cm-246
9.997E-01 Pu-242
1.C0CE+00 U-238
1.C00E+00 Th-234
1.C00E+00 Pa-234m
1.600E-03 Pa-234
1.C0CE+00 U-234
1.C0CE+00 Th-230
1.C00E+00 Ra-226
1.C00E+00 Rn-222
1.C00E+00 Po-218
9.998E-01 Pb-214
1.C00E+00 Bi-214
9.990E-01 Bi-214
9.998E-01 Po-214
1.C00E+00 Po-214
1.C00E+00 Pb-210
1.C00E+00 Pb-210
1.C00E+00 Bi-210
1.C00E+00 Po-210
1 .C0E+00 Tl-206
1.C00E+00 Pb-206$
1.C00E+00 Pb-206$

2.630E-04 SF
5.540E-06 SF
5.450E-07 SF

9.984E-01 U-234

2.OOE-04 At-218

1.000E-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206

Am-246m

Products------------
Nuclide Halflife

Nuclide f4 NucI

Daughter

fl Nuclide f2 Nuclide f3
fide

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

Am-246m
Cm-246
Pu-242
U-238
Th-234
Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
At-218
Bi-214
Rn-218
Po-214
Tl-210
Pb-210

25. Cm
4 .76E+3y
3. 75E+5y

4.468E+9y
24 . 10d
1 . 17m
6. 70h

2. 455E+5y
7. 538E+4y

1600y
3. 8235d

3. 10m
26. 8m
1.5s

19. 9m
3. 5E-2s

1. 643E-4s
1. 30m

22.20y

1 . 000E+00
9. 997E-01
1.00OE+00
1.0CCE+00
1 . 0C0E+00
1 . 600E-03
1. 00CE+00
1 . C00E+00
1 . CC0E+00
1 . CCCE+00
1 . 00CE+00
9. 998E-01
1. CCCE+00
9. 990E-01
9. 998E-01
1 . 0C0E+00
1. 00CE+00
1. C00E+00
1.000E+00

Cm-246
Pu-242
U-238
Th-234
Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
Bi-214
Bi-214
Po-214
Po-214
Pb-210
Pb-210
Bi-210

2 . 630E-04
5. 540E-06
5. 450E-07

SF
SF
SF

9.984E-01 U-234

2.0C0E-04 At-218

1.00CE-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
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20 Bi-210
21 Hg-206
22 Po-210
23 Tl-206

5. 013d
8. 15m

138. 37 6d
4.200m

1. 000E+00
1. 000E+00
1 .000E+00

1 .000E+00

Po-210 1.320E-06 Tl-206
Tl-206
Pb-206$
Pb-206$

Am-247
Daughter

Products --

Nuclide
Nuclide f4

1 Am-247
2 Cm-247
3 Pu-243
4 Am-243
5 Np-239
6 Pu-239
7 U-235m
8 U-235
9 Th-231

10 Pa-231
11 Ac-227
12 Th-227
13 Fr-223
14 Ra-223
15 Rn-219
16 At-219
17 Bi-215
18 Po-215
19 Pb-211
20 Bi-211
21 Tl-207
22 Po-211

Halflife fl Nuclide f2 Nuclide f3
Nuclide

23. Om
1.56E+7y

4.956h
7. 37E+3y

2. 3565d
2. 411E+4y

26m
7. 04E+8y

25.52h
3.276E+4y

21.772y
18. 68d
22 . 00m
11. 43d

3.96s
56s

7. 6m
1.781E-3s

36. lm
2. 14m
4 .77m

0.516s

1 000E+00
1 000E+00
1 000E+00
1 000E+00
1 000E+00
9 994E-01
1 000E+00
1 000E+00
1 000E+00
1 000E+00
9. 862E-01
1 000E+00
1 000E+00
1 000E+00
1 000E+00
9. 700E-01
1 .. 000E+00
1 000E+00
1 . 000E+00
9. 972E-01
1 000E+00
1 000E+00

Cm-247
Pu-243
Am-243
Np-239
Pu-239
U-235m
U-235
Th-231
Pa-231
Ac-227
Th-227
Ra-223
Ra-223
Rn-219
Po-215
Bi-215
Po-215
Pb-211
Bi-211
T1-207
Pb-207$
Pb-207$

6.OOOE-04 U-235

1.380E-02 Fr-223

6.000E-05 At-219

2.760E-03 Po-211

Cm-238
Daughter

Products ------------
Nuclide Halflife

Nuclide f4 Nuc
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Cm-238
Am-238
Pu-234
Pu-238
Np-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
At-218
Bi-214
U-230

2 .4h

98m
8 .8h

87.7y
4 .4d

2 .455E+5y

7. 538E+4y
1600y

3. 8235d
3. 10m
26. 8m

1.5s
19. 9m
20. 8d

fl
lide

9. 616E-01
1 000E+00
9 400E-01
1 OOOE+00
1 000E+00
1 OOOE+00
1 OOOE+00
1 000E+00
1 OOOE+00
9. 998E-01
1 . 000E+00
9. 990E-01
9. 998E-01
1 . 000E+00

Nuclide f2 Nuclide ff3

Am-238
Pu-238
Np-234
U-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
Bi-214
Bi-214
Po-214
Th-226

3. 840E-02
1. OOOE-06
6. 000E-02
1.850E-09

Pu-234
Np-234
U-230
SF

2.OOOE-04 At-218

1.OOOE-03 Rn-218
2.100E-04 Tl-210
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15 Th-226
16 Ra-222
17 Rn-218
18 Po-214
19 Tl-210
20 Pb-210
21 Bi-210
22 Hg-206
23 Po-210
24 Tl-206

30 .57m

38.Os
3. 5E-2s

1 . 643E-4s1 1. 30m

22 .20y
5. 013d
8 .15m

138. 376d
4. 200m

1.000E+00 Ra-222
1.OOOE+00 Rn-218
1.000E+00 Po-214
1.000E+00 Pb-210
1.000E+00 Pb-210
1.OOOE+00 Bi-210
1.OOOE+00 Po-210
1.000E+00 Tl-206
1.000E+00 Pb-206$
1.000E+00 Pb-206$

1.900E-08 Hg-206
1.320E-06 TI-206

Cm-239
- Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1 Cm-239 2.9h
2 Am-239 11.9h
3 Pu-239 2.411E+4y
4 Np-235 396.1d

2.600E-05 Pa-231
5 U-235m
6 U-235
7 Th-231
8 Pa-231
9 Ac-227

10 Th-227
11 Fr-223
12 Ra-223
13 Rn-219
14 At-219
15 Bi-215
16 Po-215
17 Pb-211
18 Bi-211
19 Tl-207
20 Po-211

26m
7. 04E+8y

25. 52h
3.276E+4y

21.772y
18. 68d
22 . 00m
11 .43d
3.96s

56s
7. 6m

1.781E-3s
36. lm
2 .14m
4 .77m

0.516s

1.OOOE+00 Am-239
9.999E-01 Pu-239
9.994E-01 U-235m
3.993E-03 U-235m

1.000E+00 U-235
1.OOOE+00 Th-231
1.OOOE+00 Pa-231
1.OOOE+00 Ac-227
9.862E-01 Th-227
1.OOOE+00 Ra-223
1.000E+00 Ra-223
1.OOOE+00 Rn-219
1.OOOE+00 Po-215
9.700E-01 Bi-215
1.OOOE+00 Po-215
1.OOOE+00 Pb-211
1.OOOE+00 Bi-211
9.972E-01 Tl-207
1.OOOE+00 Pb-207$
1.000E+00 Pb-207$

1.OOOE-04 Np-235
6.000E-04 U-235
9.960E-01 U-235

1.380E-02 Fr-223

6.OOOE-05 At-219

2.760E-03 Po-211

Cm-240
Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Cm-240 27d 9.970E-01 Pu-236
2 Pu-236 2.858y 1.OOOE+00 U-232
3 U-232 68.9y 1.OOOE+00 Th-228
4 Th-228 1.9116y 1.OOOE+00 Ra-224
5 Ra-224 3.66d 1.OOOE+00 Rn-220
6 Rn-220 55.6s 1.OOOE+00 Po-216
7 Po-216 0.145s 1.OOOE+00 Pb-212
8 Pb-212 10.64h 1.000E+00 Bi-212
9 Bi-212 60.55m 6.406E-01 Po-212

f2 Nuclide f3

3.900E-08 SF
1.370E-09 SF

3.594E-01 Tl-208
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10 Po-212
11 Tl-208

2.99E-7s 1.000E+00 Pb-208$
3.053m 1.O00E+00 Pb-208$

Cm-241

Products------------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Cm-241 32.8d 9.900E-01
2 Am-241 432.2y 1.000E+00
3 Pu-237 45.2d 1.000E+00
4 Np-237 2.144E+6y 1.000E+00
5 Pa-233 26.967d 1.O00E+00
6 U-233 1.592E+5y 1.000E+00
7 Th-229 7.34E+3y 1.000E+00
8 Ra-225 14.9d 1.OOE+00
9 Ac-225 10.0d 1.000E+00

10 Fr-221 4.9m 1.000E+00
11 At-217 3.23E-2s 9.999E-01
12 Bi-213 45.59m 9.791E-01
13 Po-213 4.2E-6s 1.C00E+00
14 Tl-209 2.161m 1.C00E+00
15 Pb-209 3.253h 1.O00E+00

----------- Daughter

Nuclide f2. Nuclide f3

Am-241
Np-237
Np-237
Pa-233
U-233
Th-229
Ra-225
Ac-225
Fr-221
At-217
Bi-213
Po-213
Pb-209
Pb-209
Bi-209$

1.CO0E-02 Pu-237

4.200E-05 U-233

2.090E-02 T1-209

Cm-242 m--------------------------Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Cm-242
2 Pu-238
3 U-234
4 Th-230
5 Ra-226
6 Rn-222
7 Po-218
8 Pb-214
9 At-218

10 Bi-214
11 Rn-218
12 Po-214
13 Tl-210
14 Pb-210
15 Bi-210
16 Hg-206
17 Po-210
18 Tl-206

.162 .8d
87.7y

2 .455E+5y

7.538E+4y
1 6 0 0 y

3. 8235d
3. 10m
26.8m

1.5s
19. 9m

3. 5E-2s
1. 643E-4s

1 .30m
22.20y
5. 013d

8. 15m
138. 37 6d

4.200m

1 .00E+00

1 .000E+00

1.000E+00
1 . 000E+00
1 . 000E+00
1 . CCCE+00
9. 998E-01
1 CCCE+00
9. 990E-01
9. 998E-01
1 . 000E+00
1. C0E+00
1 . OCCE+00
1 . CCCE+00
1 . 0C0E+00
1 . 000E+00
1 000E+00
1. 000E+00

Pu-238
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
Bi-214
Bi-214
Po-214
Po-214
Pb-210
Pb-210
Bi-210
Po-210
Tl-206
Pb-206$
Pb-206$

6.370E-08 SF
1.850E-09 SF

2.000E-04 At-218

1.CCCE-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206

Cm-243

Products
Nuclide Halflife fl

Daughter

Nuclide f2 Nuclide f3
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Nuclide f4 Nuclide
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

Cm-243
Am-243
Np-239
Pu-239
U-235m
U-235
Th-231
Pa-231
Ac-227
Th-227
Fr-223
Ra-223
Rn-219
At-219
Bi-215
Po-215
Pb-211
Bi-211
Tl-207
Po-211

29. ly
7 .37E+3y

2.3565d
2. 411E+4y

26m
7. 04E+8y

25. 52h
3.276E+4y

21.772y
18.68d
22 . 00m
11i.43d
3.96s

56s
7. 6m

1.781E-3s
36. lm
2. 14m
4.77m

0.516s

2.400E-03 Am-243
1.OOOE+00 Np-239
1.OOOE+00 Pu-239
9.994E-01 U-235m
1.OOOE+00 U-235
1.OOOE+00 Th-231
1.OOOE+00 Pa-231
1.OOOE+00 Ac-227
9.862E-01 Th-227
1.OOOE+00 Ra-223
1.OOOE+00 Ra-223
1.OOOE+00 Rn-219
1.000E+00 Po-215
9.700E-01 Bi-215
1.OOOE+00 Po-215
1.OOOE+00 Pb-211
1.OOOE+00 Bi-211
9.972E-01 TI-207
1.OOOE+00 Pb-207$
1.OOOE+00 Pb-207$

9.976E-01 Pu-239

6.OOOE-04 U-235

1.380E-02 Fr-223

6.OOOE-05 At-219

2.760E-03 Po-211

Cm-244

Products
Nuclide Halflife

Nuclide f4 Nucl
1 Cm-244 18.10y
2 Pu-240 6 5 6 4 y
3 U-236 2.342E+7y
4 Th-232 1.405E10y
5 Ra-228 5.75y
6 Ac-228 6.15h
7 Th-228 1.9116y
8 Ra-224 3.66d
9 Rn-220 55.6s

10 Po-216 0.145s
11 Pb-212 10.64h
12 Bi-212 60.55m
13 Po-212 2.99E-7s
14 Tl-208 3.053m

Daughter

fl Nuclide f2 Nuclide f3
lide

6.1i.

1
11'
1.
1.
1i
1.
1.

6.
1i.
1i.

O00E+00 Pu-240
0OOE+00 U-236

000E+00 Th-232
OOOE+00 Ra-228

0OOE+00 Ac-228
OOOE+00 Th-228
OOOE+00 Ra-224
0O0E+00 Rn-220
000E+00 Po-216

0OOE+00 Pb-212
000E+00 Bi-212
406E-01 Po-212
0OOE+00 Pb-208$
0OOE+00 Pb-208$

1.37.1E-06 SF
5.750E-08 SF

3.594E-01 Tl-208

Cm-245
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Cm-245 8.5E+3y 1.OOOE+00 Pu-241 6.100E-09 SF
2 Pu-241 14.35y 1.000E+00 Am-241 2.450E-05 U-237
3 Am-241 432.2y 1.OOOE+00 Np-237
4 U-237 6.75d 1.OOOE+00 Np-237
5 Np-237 2.144E+6y 1.OOOE+00 Pa-233

f3
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6
7
8
9

10
11
12
13
14
15
16

Pa-233
U-233
Th-229
Ra-225
Ac-225
Fr-221
At-217
Bi-213
Po-213
Tl-209
Pb-209

26. 967d
1.592E+5y
7.34E+3y

14 .9d
10.Od

4.9m
3.23E-2s

45. 59m
4.2E-6s

2.161m
3. 253h

1.OOOE+00
1 . 000E+00
1 . 000E+00
1 . OOOE+00
1 000E+00
1. 000E+00
9. 999E-01
9.791E-01
1 . OOOE+00
1. OOOE+00
1. 000E+00

U-233
Th-229
Ra-225
Ac-225
Fr-221
At-217
Bi-213
Po-213
Pb-209
Pb-209
Bi-209$

2.090E-02 Tl-209

Cm-246 --------------------------- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Cm-246
Pu-242
U-238
Th-234
Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
At-218
Bi-214
Rn-218
Po-214
Tl-210
Pb-210
Bi-210
Hg-206
Po-210
Tl-206

4 .76E+3y
3.75E+5y

4.468E+9y
24 . 10d

1. 17m
6. 70h

2. 455E+5y
7. 538E+4y

1600y
3. 8235d

3. 10m
26.8m
1.5s

19. 9m
3. 5E-2s

1. 643E-4s
1. 30m

22 . 20y
5. 013d
8 .15m

138. 376d
4 .200m

9. 997E-01
1. OOOE+00
1. OOOE+00
1. OOOE+00
1 600E-03
1 OOOE+00
1 OOOE+00
1 OOOE+00
1. OOOE+00
1. OOOE+00
9. 998E-01
1 .OOOE+00

9. 990E-01
9. 998E-01
1. OOOE+00
1. OOOE+00
1 . OOOE+00
1 . OOOE+00
1. OOOE+00
1 . OOOE+00
1. OOOE+00
1. OOOE+00

Pu-242
U-238
Th-234
Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
Bi-214
Bi-214
Po-214
Po-214
Pb-210
Pb-210
Bi-210
Po-210
Tl-206
Pb-206$
Pb-206$

2 . 630E-04
5.540E-06
5 . 450E-07

9. 984E-01

SF
SF
SF

U-234

2.OOOE-04 At-218

1.OOOE-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206

Cm-247
Daughter

Products
Nuclide Halflife fl Nu

Nuclide f4 Nuclide
clide

1
2
3
4
5
6
7

Cm-247
Pu-243
Am-243
Np-239
Pu-239
U-235m
U-235

1. 56E+7y
4 .956h

7 .37E+3y

2.3565d
2. 411E+4y

26m
7 .04E+8y

1 .OOOE+00

1 .OOOE+00

1 .OOOE+00

1. OOOE+00
9. 994E-01
1.OOOE+00
1 . OOOE+00

Pu-243
Am-243
Np-239
Pu-239
U-235m
U-235
Th-231

f2 Nuclide f3

6.OOOE-04 U-235
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8 Th-231 25.52h
9 Pa-231 3.276E+4y

10 Ac-227 21.772y
11 Th-227 18.68d
12 Fr-223 22.00m
13 Ra-223 11.43d
14 Rn-219 3.96s
15 At-219 56s
16 Bi-215 7.6m
17 Po-215 1.781E-3s
18 Pb-211 36.1m
19 Bi-211 2.14m
20 Tl-207 4.77m
21 Po-211 0.516s

1.000E+00 Pa-231
1.000E+00 Ac-227
9.862E-01 Th-227
1.000E+00 Ra-223
1.000E+00 Ra-223
1.000E+00 Rn-219
1.000E+00 Po-215
9.700E-01 Bi-215
1.000E+00 Po-215
1.000E+00 Pb-211
1.000E+00 Bi-211
9.972E-01 Tl-207
1.000E+00 Pb-207$
1.000E+00 Pb-207$

1.380E-02 Fr-223

6.000E-05 At-219

2.760E-03 Po-211

Cm-248
Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1 Cm-248
2 Pu-244
3 U-240
4 Np-240m
5 Np-240
6 Pu-240
7 U-236
8 Th-232
9 Ra-228

10 Ac-228
11 Th-228
12 Ra-224
13 Rn-220
14 Po-216
15 Pb-212
16 Bi-212
17 Po-212
18 Tl-208

3. 48E+5y
8. 00E+7y

14 . lh
7.22m
61.9m
6564y

2. 342E+7y
1.405E10y

5. 7 5 y
6.15h

1. 9 116y
3. 66d
55.6s

0.145s
10 . 64h
60. 55m

2. 99E-7s
3. 053m

9.161E-01 Pu-244
9.988E-01 U-240
1.000E+00 Np-240m
1.100E-03 Np-240
1.000E+00 Pu-240
1.OOOE+00 U-236
1.OOOE+00 Th-232
1.000E+00 Ra-228
1.OOOE+00 Ac-228
1.OOOE+00 Th-228
1.OOOE+00 Ra-224
1.000E+00 Rn-220
1.000E+00 Po-216
1.000E+00 Pb-212
1.000E+00 Bi-212
6.406E-01 Po-212
1.000E+00 Pb-208$
1.000E+00 Pb-208$

8.390E-02 SF
1.210E-03 SF

9.989E-01 Pu-240

5.750E-08 SF

3.594E-01 Tl-208

Cm-249

Products------------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
1 Cm-249 64.15m 1.000E+00
2 Bk-249 330d 1.000E+00
3 Cf-249 351y 1.000E+00
4 Am-245 2.05h 1.000E+00
5 Cm-245 8.5E+3y 1.000E+00
6 Pu-241 14.35y 1.000E+00
7 Am-241 43 2 ..2y 1.000E+00
8 U-237 6.75d 1.000E+00

----------- Daughter

Nuclide f2 Nuclide f3

Bk-249
Cf-249
Cm-245
Cm-245
Pu-241
Am-241
Np-237
Np-237

1.450E-05 Am-245
5.020E-09 SF

6.100E-09 SF
2.450E-05 U-237
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9 Np-237
10 Pa-233
11 U-233
12 Th-229
13 Ra-225
14 Ac-225
15 Fr-221
16 At-217
17 Bi-213
18 Po-213
19 Tl-209
20 Pb-209

2. 144E+6y
26. 967d

1.592E+Sy
7. 34E+3y

14 .9d

10. 0d
4. 9m

3.23E-2s
45. 59m

4.2E-6s
2 .161m
3.253h

1 . 000E+00
1. 000E+00
1 .00E+00

1 .00E+00

1. 0OE+00
1. C00E+00
1 . 000E+00
9. 999E-01
9.791E-01
1. 00E+00
1. 00E+00
1 .0OE+00

Pa-233
U-233
Th-229
Ra-225
Ac-225
Fr-221
At-217
Bi-213
Po-213 2.090E-02 Tl-209
Pb-209
Pb-209
Bi-209$

Cm-250
Daughter

Products
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1 Cm-250
7.400E-01 SF

8300y 1.800E-01 Pu-246 8.000E-02 Bk-250

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

Pu-246
Bk-250
Am-246m
Cf-250
Cm-246
Pu-242
U-238
Th-234
Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
At-218
Bi-214
Rn-218
Po-214
Tl-210
Pb-210
Bi-210
Hg-206
Po-210
Tl-206

10 .84d

3. 212h
25. Om

13. 08y
4 .76E+3y
3. 75E+5y
4 .468E+9y

24 . 10d
1. 17m
6.70h

2 .455E+5y

7.538E+4y
1600y

3 .8235d
3. 10m
26.8m
1.5s

19. 9m
3.5E-2s

1. 643E-4s
1. 30m

22.20y
5. 013d

8. 15m
138.376d

4 .200m

1. OOOE+00
1 OOOE+00
1 OOOE+00
9. 992E-01
9. 997E-01
1 OOOE+00
1 OOOE+00
1. OOOE+00
1 600E-03
1 .OOOE+00

1. OOOE+00
1. OOOE+00
1 .OOOE+00

1 .OOOE+00

9. 998E-01
1. OOOE+00
9. 990E-01
9. 998E-01
1 .OOOE+00

1. OOOE+00
1 .OOOE+00

1. 000E+00
1 .00E+00

1. O0E+00
1. 0OE+00
1. 000E+00

Am-246m
Cf-250
Cm-246
Cm-246
Pu-242
U-238
Th-234
Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
Bi-214
Bi-214
Po-214
Po-214
Pb-210
Pb-210
Bi-210
Po-210
Tl-206
Pb-206$
Pb-206$

7.700E-04 SF
2.630E-04 SF
5.540E-06 SF
5.450E-07 SF

9.984E-01 U-234

2.OOE-04 At-218

1.000E-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206

Cm-251
--- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
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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

Cm-251
Bk-251
Cf-251
Cm-247
Pu-243
Am-243
Np-239
Pu-239
U-235m
U-235
Th-231
Pa-231
Ac-227
Th-227
Fr-223
Ra-223
Rn-219
At-219
Bi-215
Po-215
Pb-211
Bi-211
Ti-207
Po-211

16. 8m
55. 6m

900y
1. 56E+7y
4 .956h'

7. 37E+3y
2. 3565d

2.411E+4y
26m

7.04E+8y
25. 52h

3.276E+4y
21.772y

18 .68d
22 . 00m
11i.43d

3.96s
56s

7. 6m
1.781E-3s

- 36.1m
2. 14m
4 .77m

0.516s

1 000E+00
1 000E+00
1 000E+00
1 000E+00
1. OOOE+00
1 000E+00
1 OOOE+00
9. 994E-01
1 OOOE+00
1 000E+00
1 OOOE+00
1 OOOE+00
9. 862E-01
1 OOOE+00
1 OOOE+00
1 000E+00
1 000E+00
9. 700E-01
1 . 000E+00
1 . OOOE+00
1. 000E+00
9. 972E-01
1 . 000E+00
1 . OOOE+00

Bk-251
Cf-251
Cm-247
Pu-243
Am-243
Np-239
Pu-239
U-235m
U-235
Th-231
Pa-231
Ac-227
Th-227
Ra-223
Ra-223
Rn-219
Po-215
Bi-215
Po-215
Pb-211
Bi-211
Tl-207
Pb-207$
Pb-207$

6.000E-04 U-235

1.380E-02 Fr-223

6.OOOE-05 At-219

2.760E-03 Po-211

Bk-245
---- --- --- ---- --- --- D aughter

Products
Nuclide

Nuclide f4
1 Bk-245
2 Cm-245
3 Pu-241
4 Am-241
5 U-237
6 Np-237
7 Pa-233
8 U-233
9 Th-229

10 Ra-225
11 Ac-225
12 Fr-221
13 At-217
14 Bi-213
15 Po-213
16 Tl-209
17 Pb-209

Halflife fl
Nuclide

Nuclide f2 Nuclide f3

4.94d
8.5E+3y

14. 35y
432.2y

6. 75d
2. 144E+6y

26. 967d
1.592E+5y
7 .34E+3y

14.9d
10.Od

4. 9m
3.23E-2s

45. 59m
4.2E-6s
2 .161m
3.253h

9. 988E-01
1 OOOE+00
1 OOOE+00
1 OOOE+00
1 OOOE+00
1. OOOE+00
1 OOOE+00
1 OOOE+00
1 OOOE+00
1 OOOE+00
1 000E+00
1. OOOE+00
9. 999E-01
9. 791E-01
1. 000E+00
1 .OOOE+00

1. OOOE+00

Cm-245
Pu-241
Am-241
Np-237
Np-237
Pa-233
U-233
Th-229
Ra-225
Ac-225
Fr-221
At-217
Bi-213
Po-213
Pb-209
Pb-209
Bi-209$

1.200E-03
6. 100E-09
2 .450E-05

Am-241
SF
U-237

2.090E-02 T1-209

Bk-246

Products-------------
Nuclide Halflife

------------------------- Daughter

fl Nuclide f2 Nuclide f3
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Nuclide f4 Nuclide
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23

Bk-246
Cm-246
Pu-242
U-238
Th-234
Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
At-218
Bi-214
Rn-218
Po-214
Tl-210
Pb-210
Bi-210
Hg-206
Po-210
Tl-206

1 . 80d
4 .76E+3y
3. 75E+5y
4 .468E+9y

24.10d
1. 17m
6. 70h

2.455E+5y
7.538E+4y

1600y
3. 8235d

3. 10m
26.8m
1.5s

19. 9m
3.SE-2s

1. 643E-4s
1. 30m

22.20y
5. 013,d
8 .15m

138. 376d
4.200m

1.000E+00 Cm-246
9.997E-01 Pu-242
1.C00E+00 U-238
1.CC0E+00 Th-234
1.00E+00 Pa-234m
1.600E-03 Pa-234
1.C00E+00 U-234
1.C00E+00 Th-230
1.000E+00 Ra-226
1.C00E+00 Rn-222
1.C00E+00 Po-218
9.998E-01 Pb-214
1.O00E+00 Bi-214
9.990E-01 Bi-214
9.998E-01 Po-214
1.000E+00 Po-214
1.000E+00 Pb-210
1.000E+00 Pb-210
1.000E+00 Bi-210
1.000E+00 Po-210
1.000E+00 Tl-206
1.0OOE+00 Pb-206$
1.0O0E+00 Pb-206$

2.630E-04 SF
5.540E-06 SF
5.450E-07 SF

9.984E-01 U-234

2.000E-04 At-218

1.000E-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206

Bk-247 B--------------------------Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

Bk-247
Am-243
Np-239
Pu-239
U-235m
U-235
Th-231
Pa-231
Ac-227
Th-227
Fr-223
Ra-223
Rn-219
At-219
Bi-215
Po-215
Pb-211
Bi-211
TI-207
Po-211

1. 38E+3y
7. 37E+3y
2.3565d

2. 411E+4y
26m

7. 04E+8y
25. 52h

3.276E+4y
21.772y

18. 68d
22 .00m
11 .43d

3.96s
56s

7.6m
1.781E-3s

36. lm
2. 14m
4 .77m

0.516s

1.OOOE+00 Am-243
1.OO0E+00 Np-239
1.000E+00 Pu-239
9.994E-01 U-235m
1.0OOE+00 U-235
1.OOOE+00 Th-231
1.OOE+00 Pa-231
1.OO0E+00 Ac-227
9.862E-01 Th-227
1.000E+00 Ra-223
1.00OE+00 Ra-223
1.0O0E+00 Rn-219
1.OOE+00 Po-215
9.700E-01 Bi-215
1.000E+00 Po-215
1.0OOE+00 Pb-211
1.0OOE+00 Bi-211
9.972E-01 Tl-207
1.OOOE+00 Pb-207$
1.000E+00 Pb-207$

6.OOE-04 U-235

1.380E-02 Fr-223

6.OOE-05 At-219

2.760E-03 Po-211

Bk-248m
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Daughter
Products

Nuclide Halflife fl Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Bk-248m
2 Cf-248
3 Cm-248
4 Cm-244
5 Pu-244
6 U-240
7 Np-240m
8 Np-240
9 Pu-240

10 U-236
11 Th-232
12 Ra-228
13 Ac-228
14 Th-228
15 Ra-224
16 Rn-L220
17 Po-216
18 Pb-212
19 Bi-212
20 Po-212
21 Tl-208

23.7h
334d

3.4 8E+5y
18. 10y

8. 00E+7y
14. lh
7 .22m

61. 9m
6564y

2. 342E+7y
1.405E10y

5. 7 5 y
6. 15h

1. 9116y
3. 66d
55.6s

0.145s
10. 64h
60. 55m

2. 99E-7s
3. 053m

7 .000E-01

1 000E+00
9. 161E-01
1 000E+00
9. 988E-01
1 000E+00
1 100E-03
1 000E+00
1 OOOE+00
1 .000E+00

1 . 000E+00
1 . 000E+00
1 . OOOE+00
1 000E+00
1 . 000E+00
1. 000E+00
1. 000E+00
1 . 000E+00
6. 406E-01
1 . 000E+00
1. 000E+00

Cf-248
Cm-244
Pu-244
Pu-240
U-240
Np-240m
Np-240
Pu-240
U-236
Th-232
Ra-228
Ac-228
Th-228
Ra-224
Rn-220
Po-216
Pb-212
Bi-212
Po-212
Pb-208$
Pb-208$

3.000E-01 Cm-248
2.900E-05 SF
8.390E-02 SF
1.371E-06 SF
1.210E-03 SF

9.989E-01 Pu-240

5.750E-08 SF

3.594E-01 Tl-208

Bk-249
Daughter

Products --
Nuclide

Nuclide f4
1 Bk-249
2 Cf-249
3 Am-245
4 Cm-245
5 Pu-241
6 Am-241
7 U-237
8 Np-237
9 Pa-233

10 U-233
11 Th-229
12 Ra-225
13 Ac-225
14 Fr-221
15 At-217
16 Bi-213
17 Po-213
18 Tl-209
19 Pb-209

Halflife fl
Nuclide

330d 1.000E+00
351y 1.000E+00

2.05h 1.OOOE+00
8.5E+3y 1.000E+00

14.35y 1.OOOE+00
432.2y 1.000E+00
6.75d 1.000E+00

2.144E+6y 1.000E+00
26.967d 1.OOOE+00

1.592E+5y 1.000E+00
7.34E+3y 1.OOOE+00

14.9d 1.OOOE+00
10.Od 1.OOOE+00

4.9m 1.000E+00
3.23E-2s 9.999E-01

45.59m 9.791E-01
4.2E-6s 1.OOOE+00
2.161m 1.000E+00
3.253h 1.OOOE+00

Nuclide f2 Nuclide f3

Cf-249
Cm-245
Cm-245
Pu-241
Am-241
Np-237
Np-237
Pa-233
U-233
Th-229
Ra-225
Ac-225
Fr-221
At-217
Bi-213
Po-213
Pb-209
Pb-209
Bi-209$

1.450E-05 Am-245
5.020E-09 SF

6.100E-09 SF
2.450E-05 U-237

2.090E-02 Tl-209

Bk-250
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Daughter
Products

Nuclide Halflife fl Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Bk-250
Cf-250
Cm-246
Pu-242
U-238
Th-234
Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
At-218
Bi-214
Rn-218
Po-214
TI-210
Pb-210
Bi-210
Hg-206
Po-210
Tl-206

3. 212h
13. 08y

4 .76E+3y
3. 75E+5y
4 .468E+9y

24 . 10d
1.17m
6. 70h

2.455E+5y
7.538E+4y

1600y
3..8235d

3. 10m
26.8m

1.5s
19. 9m

3. 5E-2s
1. 643E-4s

1 .30m
22.20y
5. 013d

8. 15m
138. 376d

4 .200m

1 . 000E+00
9. 992E-01
9 997E-01
1 000E+00
1 000E+00
1 000E+00
1 600E-03
1 000E+00
1 000E+00
1 000E+00
1 000E+00
1 000E+00
9. 998E-01
1 000E+00
9 990E-01
9. 998E-01
1 000E+00
1 000CE+00C
1 000E+00

1 000E+00
1 000E+00
1 000E+00
1. 000E+00

1 . 000E+00

Cf-250
Cm-246
Pu-242
U-238
Th-234
Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
Bi-214
Bi-214
Po-214
Po-214
Pb-210
Pb-210
Bi-210
Po-210
Tl-206
Pb-206$
Pb-206$

7.700E-04 SF
2.630E-04 SF
5.540E-06 SF
5.450E-07 SF

9.984E-01 U-234

2.000E-04 At-218

1.O00E-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206

Bk-251
Daughter

Products
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1 Bk-251
2 Cf-251
3 Cm-247
4 Pu-243
5 Am-243
6 Np-239
7 Pu-239
8 U-235m
9 U-235

10 Th-231
11 Pa-231
12 Ac-227
13 Th-227
14 Fr-223
15 Ra-223
16 Rn-219
17 At-219
18 Bi-215

55. 6m
900y

1.56E+7y
4. 956h

7. 37E+3y
2 .3565d

2.411E+4y
26m

7.04E+8y
25. 52h

3.27 6E+4y
21.772y

18. 68d
22.00m
11 .43d

3.96s
56s

7. 6m

1 .00E+00

1 .00E+00

1. 00E+00
1. CCCE+00
1 .00E+00

1 .00E+00

9. 994E-01
1. C0CE+00
1.0C0E+00
1 . 000E+00
1 . 0C0E+00
9. 862E-01
1 . 000E+00
1.0C0E+00
1 . CCCE+00
1 . 000E+00
9.700E-01
1 . 000E+00

Cf-251
Cm-247
Pu-243
Am-243
Np-239
Pu-239
U-235m
U-235
Th-231
Pa-231
Ac-227
Th-227
Ra-223
Ra-223
Rn-219
Po-215
Bi-215.
Po-215

6.000E-04 U-235

1.380E-02 Fr-223

6.C00E-05 At-219
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19 Po-215
20 Pb-211
21 Bi-211
22 Tl-207
23 Po-211

Cf-244

1.781E-3s 1.000E+00 Pb-211
36.1m 1.000E+00 Bi-211
2.14m 9.972E-01 Tl-207 2.760E-03 Po-211
4.77m 1.000E+00 Pb-207$

0.516s 1.000E+00 Pb-207$

Daughter
Products- -----------------------

Nuclide Halflife fl
Nuclide f4 Nuclide

Nuclide f2 Nuclide f3

1 Cf-244
2 Cm-240
3 Pu-236
4 U-232
5 Th-228
6 Ra-224
7 Rn-220
8 Po-216
9 Pb-212

10 Bi-212
11 Po-212
12 Tl-208

19.4m
27d

2 .858y
68.9y

1. 9116y
3. 66d
55.6s

0.145s
10. 64h
60. 55m

2.99E-7s
3. 053m

1.000E+00 Cm-240
9.970E-01 Pu-236 3.900E-08 SF
1.000E+00 U-232 1.370E-09 SF
1.OOOE+00 Th-228
1.000E+00 Ra-224
1.000E+00 Rn-220
l.000E+00 Po-216
1.OOOE+00 Pb-212
1.000E+00 Bi-212
6.406E-01 Po-212 3.594E-01 Tl-208
1.000E+00 Pb-208$
1.000E+00 Pb-208$

Daughter
Cf-246

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

Cf-246
Cm-242
Pu-238
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
At-218
Bi-214
Rn-218
Po-214
Tl-210
Pb-210
Bi-210
Hg-206
Po-210
Tl-206

1

2.45
7.53

3.

3.
1.64

2
5

138
4

35.7h 1.OOOE+00
62.8d 1.OOOE+00
87.7y 1.OOOE+00
5E+5y 1.OOOE+00
8E+4y 1.OOOE+00
1600y 1.OOOE+00
8235d 1.OOOE+00
3.10m 9.998E-01
26.8m 1.OOOE+00
1.5s 9.990E-01

19.9m 9.998E-01
5E-2s 1.OOOE+00
3E-4s 1.OOOE+00
1.30m 1.OOOE+00
2.20y 1.000E+00
.013d 1.000E+00
8.15m 1.OOOE+00
.376d 1.000E+00
.200m 1.000E+00

Cm-242
Pu-238
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
Bi-214
Bi-214
Po-214
Po-214
Pb-210
Pb-210
Bi-210
Po-210
Tl-206
Pb-206$
Pb-206$

2.500E-06 SF
6.370E-08 SF
1.850E-09 SF

2.000E-04 At-218

1.OOOE-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 TI-206

Cf-247
--- Daughter

Products
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Nuclide Halflife
Nuclide f4 Nuclide

1 Cf-247 3.11h 9.
2 Bk-247 1.38E+3y 1.
3 Cm-243 29.1y 2.
4 Am-243 7.37E+3y 1.
5 Np-239 2.3565d 1.
6 Pu-239 2.411E+4y 9.
7 U-235m 26m i.
8 U-235 7.04E+8y 1.
9 Th-231 25.52h 1.

10 Pa-231 3.276E+4y 1.
11 Ac-227 2 1.772y 9.
12 Th-227 18.68d 1.
13 Fr-223 22.00m 1.
14 Ra-223 11.43d 1.
15 Rn-219 3.96s 1.
16 At-219 56s 9.
17 Bi-215 7.6m 1.
18 Po-215 1.781E-3s 1.
19 Pb-211 36.1m 1.
20 Bi-211 2.14m 9.
21 Tl-207 4.77m 1.
22 Po-211 0.516s 1.

fl Nuclide f2 Nuclide f3

997E-01 Bk-247
000E+00 Am-243
400E-03 Am-243
0O0E+00 Np-239

J00E+00 Pu-239
994E-01 U-235m
000E+00 U-235
0OOE+00 Th-231
000E+00 Pa-231
000E+00 Ac-227
862E-01 Th-227
0OOE+00 Ra-223
0OOE+00 Ra-223
000E+00 Rn-219
000E+00 Po-215
700E-01 Bi-215
000E+00 Po-215
000E+00 Pb-211
O00E+00 Bi-211

972E-01 Tl-207
000E+00 Pb-207$
0O0E+00 Pb-207$

3.500E-04 Cm-243

9.976E-01 Pu-239

6.OOOE-04 U-235

1.380E-02 Fr-223

6.000E-05 At-219

2.760E-03 Po-211

Cf-248 --------------------------- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1 Cf-248
2 Cm-244
3 Pu-240
4 U-236
5 Th-232
6 Ra-228
7 Ac-228
8 Th-228
9 Ra-224

10 Rn-220
11 Po-216
12 Pb-212
13 Bi-212
14 Po-212
15 Tl-208

334d
18 . 10y

6 5 6 4 y
2.342E+7y
1.405E10y

5. 7 5 y
6. 15h

1. 9116y
3. 66d
55.6s

0.145s
10. 64h
60 .55m

2.99E-7s
3 .053m

1.OOOE+00 Cm-244
1.OOOE+00 Pu-240
1.OOOE+00 U-236
1.OOOE+00 Th-232
1.OOOE+00 Ra-228
1.OOOE+00 Ac-228
1.000E+00 Th-228
1.OOOE+00 Ra-224
1.000E+00 Rn-220
1.OOOE+00 Po-216
1.OOOE+00 Pb-212
1.OOOE+00 Bi-212
6.406E-01 Po-212
1.OOOE+00 Pb-208$
1.OOOE+00 Pb-208$

2.900E-05 SF
1.371E-06 SF
5.750E-08 SF

3.594E-01 T1-208

Cf-249

Products------------
Nuclide Halflife

Nuclide f4 Nuc
1 Cf-249 351y

Daughter

fl Nuclide f2 Nuclide f3
fide

1.OOOE+00 Cm-245 5.020E-09 SF
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2 Cm-245
3 Pu-241
4 Am-241
5 U-237
6 Np-237
7 Pa-233
8 U-233
9 Th-229

10 Ra-225
11 Ac-225
12 Fr-221
13 At-217
14 Bi-213
15 Po-213
16 Tl-209
17 Pb-209

8. 5E+3y
14 .35y
432.2y

6. 75d
2. 144E+6y

26. 967d
1. 592E+5y
7 .34E+3y

14 .9d
10.Od

4. 9m
3.23E-2s

45. 59m
4.2E-6s
2 .161m
3.253h

1 .OOOE+00

1 .OOOE+00

1. OOOE+00
1. OOOE+00
1.OOOE+00
1 . OOOE+00
1. OOOE+00
1. OOOE+00
1.OOOE+00
1 .OOOE+00

1. OOOE+00
9. 999E-01
9.791E-01
1 . OOOE+00
1 . OOOE+00
1 . OOOE+00

Pu-241
Am-241
Np-237
Np-237
Pa-233
U-233
Th-229
Ra-225
Ac-225
Fr-221
At-217
Bi-213
Po-213
Pb-209
Pb-209
Bi-209$

6.100E-09 SF
2.450E-05 U-237

2.090E-02 T1-209

Cf-250 C--------------------------Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

Cf-250
Cm-246
Pu-242
U-238
Th-234
Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
At-218
Bi-214
Rn-218
Po-214
Tl-210
Pb-210
Bi-210
Hg-206
Po-210
Tl-206

13. 08y
4.76E+3y
3.75E+5y

4.468E+9y
24 . 10d
1 . 17m
6. 70h

2. 455E+5y
7. 538E+4y

1600y
3. 8235d

3. 10m
26.8m
1.5s

19. 9m
3. 5E-2s

1 . 643E-4s
1 . 30m

22.20y
5. 013d
8 .15m

138. 376d
4.200m

9. 992E-01
9. 997E-01
1. OOOE+00
1. OOOE+00
1 .OOOE+00

1. 600E-03
1. OOOE+00
1 .OOOE+00

1 .OOOE+00

1 .OOOE+00

1. OOOE+00
9. 998E-01
1 .OOOE+00

9. 990E-01
9. 998E-01
1 . OOOE+00
1. OOOE+00
A000 E+00
1 .OOOE+00

1 .OOOE+00

1 OOOE+00
1. OOOE+00
1. OOOE+00

Cm-246
Pu-242
U-238
Th-234
Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
Bi-214
Bi-214
Po-214
Po-214
Pb-210
Pb-210
Bi-210
Po-210
Tl-206
Pb-206$
Pb-206$

7.700E-04 SF
2.630E-04 SF
5.540E-06 SF
5.450E-07 SF

9.984E-01 U-234

2.OOOE-04 At-218

1.OOOE-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206

Cf-251

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Cf-251 900y 1.OOOE+00 Cm-247

Daughter

f2 Nuclide f3
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2 Cm-247
3 Pu-243
4 Ami-243
5 Np-239
6 Pu-239
7 U-235m
8 U-235
9 Th-231

10 Pa-231
11 Ac-227
12 Th-227
13 Fr-223
14 Ra-223
15 Rn-219
16 At-219
17 Bi-215
18 Po-215
19 Pb-211
20 Bi-211
21 Tl-207
22 Po-211

1. 56E+7y
4. 956h

7 .37E+3y

2.3565d
2. 411E+4y

26m
7.04E+8y

25. 52h
3.276E+4y

21.772y
18. 68d
22 . 00m
11i.43d

3.96s
56s

7. 6m
1.781E-3s

36.lm
2. 14m
4.77m

0.516s

1. 000E+00
1. OOOE+00
1 .000E+00

1 .000E+00

9. 994E-01
1.0 OOE+00
1. 000E+00
1 . 000E+00
1 . 000E+00
9. 862E-01
1. 000E+00
1. 000E+00
1 . 000E+00
1 . 000E+00
9. 700E-01
1 . 000E+00
1. 000E+00
1 . 000E+00
9. 972E-01
1 . 000E+00
1 . 000E+00

Pu-243
Am-243
Np-239
Pu-239
U-235m
U-235
Th-231
Pa-231
Ac-227
Th-227
Ra-223
Ra-223
Rn-219
Po-215
Bi-215
Po-215
Pb-211
Bi-211
TI-207
Pb-207$
Pb-207$

6.000E-04 U-235

1.380E-02 Fr-223

6.000E-05 At-219

2.760E-03 Po-211

Cf-252

Products-------------
Nuclide Halflife

---- --- --- ---- --- --- D aughter

fl Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

Cf-252
Cm-248
Pu-244
U-240
Np-240m
Np-240
Pu-240
U-236
Th-232
Ra-228
Ac-228
Th-228
Ra-224
Rn-220
Po-216
Pb-212
Bi-212
Po-212
Tl-208

2 . 645y
3. 48E+5y
8. OOE+7y

14 . lh
7 .22m

61. 9m
6564y

2 . 342E+7y
1.405E10y

5. 7 5 y
6. 15h

1. 911 6 y
3. 66d
55.6s

0.145s
10. 64h
60. 55m

2.99E-7s
3. 053m

9.691E-01 Cm-248
9.161E-01 Pu-244
9.988E-01 U-240
1.OOOE+00 Np-240m
1.100E-03 Np-240
1.OOOE+00 Pu-240
1.OOOE+00 U-236
1.OOOE+00 Th-232
1.OOOE+00 Ra-228
1.OOOE+00 Ac-228
1.OOOE+00 Th-228
1.OOOE+00 Ra-224
1.000E+00 Rn-220
1.OOOE+00 Po-216
1.000E+00 Pb-212
1.000E+00 Bi-212
6.406E-01 Po-212
1.000E+00 Pb-208$
1.000E+00 Pb-208$

3.092E-02
8. 390E-02
1.210E-03

SF
SF
SF

9.989E-01 Pu-240

5.750E-08 SF

3.594E-01 TI-208

Cf-253
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
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1 Cf-253
2 Es-253
3 Cm-249
4 Bk-249
5 Cf-249
6 Am-245
7 Cm-245
8 Pu-241
9 Am-241

10 U-237
11 Np-237
12 Pa-233
13 U-233
14 Th-229
15 Ra-225
16 Ac-225
17 Fr-221
18 At-217
19 Bi-213
20 Po-213
21 Tl-209
22 Pb-209

17. 81d
20.47d
64 .15m

330d
3 5 1 y

2. 05h
8. 5E+3y
14.35y
432.2y

6. 75d
2. 144E+6y

26. 967d
1.592E+5y

7. 34E+3y
14. 9d
10.0d

4. 9m
3.23E-2s

45. 59m
4.2E-6s
2.161m
3.253h

9.969E-01 Es-253
1.000E+00 Bk-249
1.000E+00 Bk-249
1.000E+00 Cf-249
1.000E+00 Cm-245
1.000E+00 Cm-245
1.O00E+00 Pu-241
1.000E+00 Am-241
1.000E+00 Np-237
1.000E+00 Np-237
1.000E+00 Pa-233
1.OOOE+00 U-233
1.000E+00 Th-229
1.000E+00 Ra-225
1.000E+00 Ac-225
1.000E+00 Fr-221
1.000E+00 At-217
9.999E-01 Bi-213
9.791E-01 Po-213
1.000E+00 Pb-209
1.000E+00 Pb-209
1.000E+00 Bi-209$

3.100E-03 Cm-249
8.900E-08 SF

1.450E-05 Am-245
5.020E-09 SF

6.100E-09 SF
2.450E-05 U-237

2.090E-02 Tl-209

Cf-254
Daughter

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1 Cf-254
2 Cm-250

7.400E-01 SF
3 Pu-246
4 Bk-250
5 Am-246m
6 Cf-250
7 Cm-246
8 Pu-242
9 U-238

10 Th-234
11 Pa-234m
12 Pa-234
13 U-234
14 Th-230
15 Ra-226
16 Rn-222
17 Po-218
18 Pb-214
19 At-218
20 Bi-214
21 Rn-218
22 Po-214
23 TI-210

60.5d 3.100E-03 Cm-250 9.969E-01 SF
8300y 1.800E-01 Pu-246 8.000E-02 Bk-250

10. 84d
3. 212h

25. Om
13. 08y

4 .76E+3y
3. 75E+5y

4.468E+9y
24 . 10d

1. 17m
6. 70h

2.455E+5y
7. 538E+4y

1 6 0 0 y
3. 8235d

3. 10m
26.8m
1.5s

19. 9m
3. 5E-2s

1. 643E-4s
1.30m

1 . 000E+00
1. 000E+00
1. OOOE+00
9. 992E-01
9. 997E-01
1 000E+00
1 000E+00
1 000E+00
1 600E-03
1 000E+00
1 .000E+00

1 . 000E+00
1 . 000E+00
1 . OOOE+00
9. 998E-01
1. 000E+00
9. 990E-01
9. 998E-01
1. 000E+00
1 . 000E+00
1. 000E+00

Am-246m
Cf-250
Cm-246
Cm-246
Pu-242
U-238
Th-234
Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
Bi-214
Bi-214
Po-214
Po-214
Pb-210
Pb-210

7.700E-04
2.630E-04
5.540E-06
5. 450E-07

SF
SF
SF
SF

9.984E-01 U-234

2.OOOE-04 At-218

1.OOOE-03 Rn-218
2.100E-04 T1-210
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24 Pb-210
25 Bi-210
26 Hg-206
27 Po-210
28 T1-206

Cf-255

22.20y
5.013d
8 .15m

138. 376d
4 .200m

1.000E+00 Bi-210 1.900E-08 Hg-206
1.000E+00 Po-210 1.320E-06 Tl-206
1.OOOE+00 Tl-206
1.000E+00 Pb-206$
1.000E+00 Pb-206$

Daughter
Products -

Nuclide Halflife fl
Nuclide f4 Nuclide

Nuclide f2 Nuclide f3

1 Cf-255
2 Es-255

4.500E-05 SF
3 Fm-255
4 Bk-251.
5 Cf-251
6 Cm-247
7 Pu-243
8 Am-243
9 Np-239

10 Pu-239
11 U-235m
12 U-235
13 Th-231
14 Pa-231
15 Ac-227
16 Th-227
17 Fr-223
18 Ra-223
19 Rn-219
20 At-219
21 Bi-215
22 Po-215
23 Pb-211
24 Bi-211
25 Tl-207
26 Po-211

85m 1.OOOE+00 Es-255
39.8d 9.200E-01 Fm-255

20. 07h
55. 6m

900,y
1.56E+7y

4.956h
7 .37E+3y

2. 3565d
2. 411E+4y

26m
7. 04E+8y

25.52h
3.276E+4y

21.772y
18.68d
22 . 00m
11. 43d
3.96s

56s
7. 6m

1.781E-3s
36. lm
2. 14m
4 .77m

0.516s

1.OOOE+00 Cf-251
1.OOOE+00 Cf-251
1.OOOE+00 Cm-247
1.OOOE+00 Pu-243
1.OOOE+00 Am-243
1.OOOE+00 Np-239
1.OOOE+00 Pu-239
9.994E-01 U-235m
1.OOOE+00 U-235
1.OOOE+00 Th-231
1.OOOE+00 Pa-231
1.OOOE+00 Ac-227
9.862E-01 Th-227
1.OOOE+00 Ra-223
1.OOOE+00 Ra-223
1.OOOE+00 Rn-219
1.OOOE+00 Po-215
9.700E-01 Bi-215
1.OOOE+00 Po-215
1.OOOE+00 Pb-211
1.OOOE+00 Bi-211
9.972E-01 Tl-207
1.OOOE+00 Pb-207$
1.OOOE+00 Pb-207$

8.OOOE-02 Bk-251

2.300E-07 SF

6.OOOE-04 U-235

1.380E-02 Fr-223

6.OOOE-05 At-219

2.760E-03 Po-211

Es-249
--- Daughter

Products
Nuclide Halflife fl Nuclide

Nuclide f4 Nuclide
1 Es-249 102.2m 9.943E-01 Cf-249
2 Cf-249 351y 1.000E+00 Cm-245
3 Bk-245 4.94d 9.988E-01 Cm-245
4 Cm-245 8.5E+3y 1.OOOE+00 Pu-241
5 Pu-241 i4.35y 1.OOOE+00 Am-241
6 Am-241 432.2y 1.OOOE+00 Np-237
7 U-237 6.75d 1.OOOE+00 Np-237
8 Np-237 2.144E+6y 1.OOOE+00 Pa-233

f2 Nuclide f3

5.700E-03 Bk-245
5.020E-09 SF
1.200E-03 Am-241
6.100E-09 SF
2.450E-05 U-237
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9 Pa-233
10 U-233
11 Th-229
12 Ra-225
13 Ac-225
14 Fr-221
15 At-217
16 Bi-213
17 Po-213
18 Tl-209
19 Pb-209

26. 967d
1.592E+5y

7. 34E+3y
14 .9d
10. 0d

4. 9m
3.23E-2s

45. 59m
4.2E-6s

2. 161m
3. 253h

1. 000E+00
1 .00E+00

1 .000E+00

1 000E+00
1 000E+00
1 000E+00
9. 999E-01
9.7 91E-01
1 . 000E+00
1 . 000E+00
1. 000E+00

U-233
Th-229
Ra-225
Ac-225
Fr-221
At-217
Bi-213
Po-213 2.090E-02 Tl-209
Pb-209
Pb-209
Bi-209$

Es-250
Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1
2
3
4
5
6

'7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Es-250
Cf-250
Cm-246
Pu-242
U-238
Th-234
Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
At-218
Bi-214
Rn-218
Po-214
Tl-210
Pb-210
Bi-210
Hg-206
Po-210
Tl-206

8 .6h
13. 08y

4. 76E+3y
3.75E+5y
4 .4 68E+9y

24 . 10d
1 . 17m
6. 70h

2. 455E+5y
7.538E+4y

1600y
3. 8235d

3. 10m
26.8m

1.5s
19. 9m

3.5E-2s
1. 643E-4s

1. 30m
22.20y
5. 013d

8. 15m
138. 376d

4.200m

9.850E-01 Cf-250
9.992E-01 Cm-246
9.997E-01 Pu-242
1.G00E+00 U-238
1.G00E+00 Th-234
1.GG0E+00 Pa-234m
1.600E-03 Pa-234
1.GO0E+00 U-234
1.O00E+00 Th-230
1.G0GE+00 Ra-226
1.G00E+00 Rn-222
1.G00E+00 Po-218
9.998E-01 Pb-214
1.G00E+00 Bi-214
9.990E-01 Bi-214
9.998E-01 Po-214
1.GG0E+00 Po-214
1. 00E+00 Pb-210
1.,00E+00 Pb-210
1.O00E+00 Bi-210
1.000E+00 Po-210
1.000E+00 Tl-206
1.GO0E+00 Pb-206$
1.000E+00 Pb-206$

7.700E-04
2 . 630E-04
5. 540E-06
5. 450E-07

SF
SF
SF
SF

9.984E-01 U-234

2.0G0E-04 At-218

1.000E-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206

Es-250m

Products
Nuclide Halflife

-------------------------- Daughter

fl Nuclide f2 Nuclide f3
Nuclide f4

1 Es-250m
2 Cf-250
3 Cm-246
4 Pu-242
5 U-238

Nuclide
2.22h 1.

13.08y 9.
4.76E+3y 9.
3.75E+5y 1.

4.468E+9y 1.

O00E+00 Cf-250
992E-01 Cm-246
997E-01 Pu-242
000E+00 U-238
O00E+00 Th-234

7.700E-04 SF
2.630E-04 SF
5.540E-06 SF
5.450E-07 SF
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6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Th-234
Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
At-218
Bi-214
Rn-218
Po-214
T1-210
Pb-210
Bi-210
Hg-206
Po-210
Tl-206

24 .10d
1. 17m
6. 70h

2. 455E+5y
7. 538E+4y

1600y
3. 8235d

3. 10m
26.8m

1.5s
19. 9m

3. 5E-2s
1.. 643E-4s

1.30m
22.20y
5. 013d
8 .15m

138. 376d
4.200m

1 000E+00
1. 600E-03
1 00GE+00
1 00GE+00
1 000E+00
1 00GE+00
1 GGGE+00
9. 998E-01
1 GGGE+00
9. 990E-01
9. 998E-01
1 00GE+00
1 00GE+00
1. GGE+00
1 00GE+00
1 .GGE+00
1 . 0G0E+00
1 . GGGE+00
1. GGGE+00

Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
Bi-214
Bi-214
Po-214
Po-214
Pb-210
Pb-210
Bi-210
Po-210
Tl-206
Pb-206$
Pb-206$

9.984E-01 U-234

2.GGGE-04 At-218

1.GGGE-03 Rn-218
2.100E-04 T1-210

1.900E-08 Hg-206
1.320E-06 TI-206

Es-251 --------------------------- Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Es-251
Cf-251
Bk-247
Cm-247
Pu-243
Am-243
Np-239
Pu-239
U-235m
U-235
Th-231
Pa-231
Ac-227
Th-227
Fr-223
Ra-223
Rn-219
At-219
Bi-215
Po-215
Pb-211
Bi-211
TI-207
Po-211

33h
900y

1. 38E+3y
1.5 6E+7y

4. 956h
7 .37E+3y

2.3565d
2. 411E+4y

26m
7.04E+8y

25. 52h
3. 276E+4y

21.772y
18. 68d
22 . 00m
11. 43d

3.96s
56s

7. 6m
1.781E-3s

36. lm
2. 14m
4.77m

0.516s

9.950E-01 Cf-251
1.G00E+00 Cm-247
1.G00E+00 Am-243
1.G00E+00 Pu-243
1.G00E+00 Am-243
1.G00E+00 Np-239
1.G00E+00 Pu-239
9.994E-01 U-235m
1.G00E+00 U-235
1.G00E+00 Th-231
1.G00E+00 Pa-231
1.000E+00 Ac-227
9.862E-01 Th-227
1.GGGE+00 Ra-223
1.000E+00 Ra-223
1.000E+00 Rn-219
1.000E+00 Po-215
9.700E-01 Bi-215
1.G00E+00 Po-215
1.00E+00 Pb-211
1.00E+00 Bi-211
9.972E-01 Tl-207
1.GGGE+00 Pb-207$
1.G00E+00 Pb-207$

5.000E-03 Bk-247

6.000E-04 U-235

1.380E-02 Fr-223

6.000E-05 At-219

2.760E-03 Po-211

Es-253
Daughter
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Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

* 1 Es-253
2 Bk-249
3 Cf-249
4 Am-245
5 Cm-245
6 Pu-241
7 Am-241
8 U-237
9 Np-237

10 Pa-233
11 U-233
12 Th-229
13 Ra-225
14 Ac-225
15 Fr-221
16 At-217
17 Bi-213
18 Po-213
19 Tl-209
20 Pb-209

20. 47d
330d
3 5 1 y

2 .05h

8. 5E+3y
14. 35y
432.2y

6. 75d
2. 144E+6y

26. 967d
1.592E+5y

7. 34E+3y
14 .9d

10. Od
4. 9m,

3.23E-2s
45. 59m

4.2E-6s
2. 161m
3.253h

1 .OOOE+00

1. 000E+00
1 .OOOE+00

1. OOOE+00
1 .000E+00

1 .OOOE+00

1. 000E+00
1.000E+00
1. 000E+00
1 . OOOE+00
1 . 000E+00
1. 000E+00
1. 000E+00
1. 000E+00
1. OOOE+00
9. 999E-01
9.791E-01
1 . 000E+00
1. OOOE+00
1. OOOE+00

Bk-249
Cf-249
Cm-245
Cm-245
Pu-241
Am-241
Np-237
Np-237
Pa-233
U-233
Th-229
Ra-225
Ac-225
Fr-221
At-217
Bi-213
Po-213
Pb-209
Pb-209
Bi-209$

8.900E-08 SF
1.450E-05 Am-245
5.020E-09 SF

6.100E-09 SF
2.450E-05 U-237

2.090E-02 Tl-209

Es-254

Products
Nuclide Halflife

---- --- --- ---- --- --- D aughter

fl Nuclide f2 Nuclide f3
Nuclide f4 Nuclide

1 Es-254
3.000E-08 SF

275.7d 1.000E+00 Bk-250 1.740E-06 Fm-254

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

Bk-250
Fm-254
Cf-250
Cm-246
Pu-242
U-238
Th-234
Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
At-218
Bi-214
Rn-218
Po-214
Tl-210
Pb-210

3.212h
3.240h
13. 08y

4.76E+3y
3. 75E+5y
4 .468E+9y

24 . 10d
1. 17m
6. 70h

2 .455E+5y

7.538E+4y
1600y

3. 8235d
3. 10m
26.8m

1.5s
19. 9m

3 . 5E-2s
1. 643E-4s

1. 30m
22 .20y

1. OOOE+00
9. 994E-01
9. 992E-01
9. 997E-01
1 OOOE+00
1 OOOE+00
1 OOOE+00
1. 600E-03
1 OOOE+00
1 OOOE+00
1 OOOE+00
1 OOOE+00
1. OOOE+00
9 998E-01
1 OOOE+00
9. 990E-01
9. 998E-01
1. OOOE+00
1. OOOE+00
1. OOOE+00
1 . OOOE+00

Cf-250
Cf-250
Cm-246
Pu-242
U-238
Th-234
Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
Bi-214
Bi-214
Po-214
Po-214
Pb-210
Pb-210
Bi-210

5.920E-04 SF
7.700E-04 SF
2.630E-04 SF
5.540E-06 SF
5.450E-07 SF

9.984E-01 U-234

2.OOOE-04 At-218

1.OOOE-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
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23 Bi-210
24 Hg-206
25 Po-210
26 Tl-206

Es-254m

5.013d 1.OOOE+00 Po-210 1.320E-06 T1-206
8.15m 1.OOOE+00 T1-206

138.376d 1.OOOE+00 Pb-206$
4.200m 1.000E+00 Pb-206$

---- --- --- ---- --- --- Daughter
Products

Nuclide Halflife fl Nuclide
Nuclide f4 Nuclide

1 Es-254m 39.3h 9.800E-01 Fm-254
3.200E-03 Bk-250 4.500E-04 SF

f2 Nuclide f3

7.600E-04 Cf-254

2 Fm-254 3.240h
3 Cf-254 60.5d
4 Cm-250 8300y

7.400E-01 SF
5 Bk-250 3.212h
6 Cf-250 13.08y
7 Pu-246 10.84d
8 Am-246m 25.Om
9 Cm-246 4.76E+3y

10 Pu-242 3.75E+5y
11 U-238 4.468E+9y
12 Th-234 24.10d
13 Pa-234m 1.17m
14 Pa-234 6.70h
15 U-234 2.455E+5y
16 Th-230 7.538E+4y
17 Ra-226 1600y
18 Rn-222 3.8235d
19 Po-218 3.10m
20 Pb-214 26.8m
21 At-218 1.5s
22 Bi-214 19.9m
23 Rn-218 3.5E-2s
24 Po-214 1.643E-4s
25 Tl-210 1.30m
26 Pb-210 2 2 .20y
27 Bi-210 5.013d
28 Hg-206 8.15m
29 Po-210 138.376d
30 Tl-206 4.200m

9.994E-01 Cf-250
3.100E-03 Cm-250
8.000E-02 Bk-250

1.0C0E+00 Cf-250
9.992E-01 Cm-246
1.000E+00 Am-246m
1.000E+00 Cm-246
9.997E-01 Pu-242
1.000E+00 U-238
1.00E+00 Th-234
1.COE+00 Pa-234m
1.600E-03 Pa-234
1.C00E+00 U-234
1.C00E+00 Th-230
1.00E+00 Ra-226
1.CC0E+00 Rn-222
1.C00E+00 Po-218
9.998E-01 Pb-214
1.000E+00 Bi-214
9.990E-01 Bi-214
9.998E-01 Po-214
1.000E+00 Po-214
1.0C0E+00 Pb-210
1.000E+00 Pb-210
1.000E+00 Bi-210
1.000E+00 Po-210
1.000E+00 Tl-206
1.O00E+00 Pb-206$
1.0C0E+00 Pb-206$

5. 920E-04
9. 969E-01
1 . 800E-01

SF
SF
Pu-246

7.700E-04 SF

2.630E-04
5.540E-06
5. 450E-07

SF
SF
SF

9.984E-01 U-234

2.000E-04 At-218

1.000E-03 Rn-218
2.100E-04 Tl-210

1.900E-08 Hg-206
1.320E-06 Tl-206

ES-255 E--------------------------Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide

Nuclide f4 Nuclide
1 Es-255 39.8d 9.200E-01 Fm-255 8.00CE-02 Bk-251

4.500E-05 SF
2 Fm-255 20.07h 1.000E+00 Cf-251 2.300E-07 SF
3 Bk-251 55.6m 1.000E+00 Cf-251

f3
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4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Cf-251
Cm-247
Pu-243
Am-243
Np-239
Pu-239
U-235m
U-235
Th-231
Pa-231
Ac-227
Th-227
Fr-223
Ra-223
Rn-219
At-219
Bi-215
Po-215
Pb-211
Bi-211
Tl-207
Po-211

900y
1. 56E+7y

4 .956h

7.37E+3y
2. 3565d

2. 411E+4y
26m

7 .04E+8y

25. 52h
3. 276E+4y

21. 772y
18.68d
22 . 00m
11. 43d
3.96s

56s
7. 6m

1. 781E-3s
36. lm
2. 14m
4 .77m

0.516s

1. 000E+00
1 .000E+00

1 .000E+00

1. 000E+00
1 . 000E+00
9. 994E-01
1 . 000E+00
1. 000E+00
1 .000E+00

1 OOOE+00
9. 862E-01
1. 000E+00
1 000E+00
1 000E+00
1 000E+00
9. 700E-01
1 000E+00
1. 000E+00
1. 000E+00
9. 972E-01
1. 000E+00
1. 000E+00

Cm-247
Pu-243
Am-243
Np-239
Pu-239
U-235m
U-235
Th-231
Pa-231
Ac-227
Th-227
Ra-223
Ra-223
Rn-219
Po-215
Bi-215
Po-215
Pb-211
Bi-211
Tl-207
Pb-207$
Pb-207$

6.000E-04 U-235

1.380E-02 Fr-223

6.000E-05 At-219

2.760E-03 Po-211

Es-256
--------------------------- Daughter

Products
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21

Es-256
Fm-256
Cf-252
Cm-248
Pu-244
U-240
Np-240m
Np-240
Pu-240
U-236
Th-232
Ra-228
Ac-228
Th-228
Ra-224
Rn-220
Po-216
Pb-212
Bi-212
Po-212
Tl-208

25.4m
157 .6m
2 .645y

3. 48E+5y
8 . 00E+7y

14.1h
7 .22m
61. 9m
6564y

2. 342E+7y
1. 405E10y

5. 75y
6. 15h

1. 9 116y
3. 66d
55.6s

0.145s
10. 64h
60. 55m

2. 99E-7s
3. 053m

1 . 000E+00
8. 100E-02
9. 691E-01
9. 161E-01
9. 988E-01
1 . 000E+00
1 . 100E-03
1. OOOE+00
1 . 000E+00
1 . 000E+00
1 . OOOE+00
1 . OOOE+00
1. 000E+00
1 . 000E+00
1 . 000E+00
1 . OOOE+00
1. 000E+00
1 000E+00
6. 406E-01
1 . 000E+00
1 . OOOE+00

Fm-256
Cf -252
Cm-248
Pu-244
U-240
Np-240m
Np-240
Pu-240
U-236
Th-232
Ra-228
Ac-228
Th-228
Ra-224
Rn-220
Po-216
Pb-212
Bi-212
Po-212
Pb-208$
Pb-208$

9.190E-01
3. 092E-02
8.390E-02
1.210E-03

SF
SF
SF
SF

9.989E-01 Pu-240

5.750E-08 SF

3.594E-01 T1-208

Fm-251
Daughter
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Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

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

Fm-251
Es-251
Cf-247
Cf-251
Bk-247
Cm-247
Pu-243
Cm-243
Am-243
Np-239
Pu-239
U-235m
U-235
Th-231
Pa-231
Ac-227
Th-227
Fr-223
Ra-223
Rn-219
At-219
Bi-215
Po-215
Pb-211
Bi-211
Tl-207
Po-211

5. 30h
33h

3. 1lh
900y

1.38E+3y
1. 56E+7y

4. 956h
29. ly

7 .37E+3y
2. 3565d

2. 411E+4y
26m

7 .04E+8y

25. 52h
3.276E+4y

21.772y
18 .68d

22 . 00m
11. 43d
3.96s

56s
7.6m

1.781E-3s
36. lm
2. 14m
4 .77m

0.516s

9.820E-01 Es-251
9.950E-01 Cf-251
9.997E-01 Bk-247
1.OOOE+00 Cm-247
1.OOOE+00 Am-243
1.OOOE+00 Pu-243
1.OOOE+00 Am-243
2.400E-03 Am-243
1.OOOE+00 Np-239
1.OOOE+00 Pu-239
9.994E-01 U-235m
1.OOOE+00 U-235
1.OOOE+00 Th-231
1.OOOE+00 Pa-231
1.OOOE+00 Ac-227
9.862E-01 Th-227
1.OOOE+00 Ra-223
1.OOOE+00 Ra-223
1.OOOE+00 Rn-219
1.OOOE+00 Po-215
9.700E-01 Bi-215
1.OOOE+00 Po-215
1.OOOE+00 Pb-211
1.OOOE+00 Bi-211
9.972E-01 Tl-207
1.OOOE+00 Pb-207$
1.OOOE+00 Pb-207$

1. 800E-02
5. OOOE-03
3. 500E-04

9. 976E-01

Cf-247
Bk-247
Cm-243

Pu-239

6.000E-04 U-235

1.380E-02 Fr-223

6.000E-05 At-219

2.760E-03 Po-211

Fm-252 F--------------------------Daughter

Products --
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide f4 Nuclide
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

Fm-252
Cf-248
Cm-244
Pu-240
U-236
Th-232
Ra-228
Ac-228
Th-228
Ra-224
Rn-220
Po-216
Pb-212
Bi-212
Po-212
Tl-208

25.39h 1.000E+00
334d 1.000E+00

18.10y 1.000E+00
6564y 1.000E+00

2.342E+7y 1.OOOE+00
1. 4 0SE10y 1.000E+00

5.75y 1.000E+00
6.15h 1.000E+00

1.9116y 1.000E+00
3.66d 1.OOOE+ob
55.6s 1.000E+00

0.145s 1.000E+00
10.64h 1.000E+00
60.55m 6.406E-01

2.99E-7s 1.OOOE+00
3.053m 1.000E+00

Cf-248
Cm-244
Pu-240
U-236
Th-232
Ra-228
Ac-228
Th-228
Ra-224
Rn-220
Po-216
Pb-212
Bi-212
Po-212
Pb-208$
Pb-208$

2.300E-05 SF
2.900E-05 SF
1.371E-06 SF
5.750E-08 SF

3.594E-01 Tl-208
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Fm-253
Daughter

Products-------------
Nuclide Halflife fl Nuclide f2 Nuclide f3

Nuclide
1 Fm-253
2 Es-253
3 Bk-249
4 Cf-249
5 Am-245
6 Cm-245
7 Pu-241
8 Am-241
9 U-237

10 Np-237
11 Pa-233
12 U-233
13 Th-229
14 Ra-225
15 Ac-225
16 Fr-221
17 At-217
18 Bi-213
19 Po-213
20 Tl-209
21 Pb-209

f4 Nuclide
3. 00d

20.47d
330d
3 5 1 y
2 . 05h

8. 5E+3y
14.35y
432.2y

6. 75d
2. 144E+6y

26. 967d
1.592E+5y

7. 34E+3y
14.9d
10.0d

4. 9m
3.23E-2s

45. 59m
4.2E-6s
2.161m
3.253h

8 .800E-01

1. 00E+00
1. C00E+00
1 . 000E+00
1 . 000E+00
1. 000E+00
1. 00E+00
1. 00OE+00
1 . 000E+00
1 000E+00
1 000E+00
I . 0O0E+00
1 . 000E+00
1 . 000E+00
1 000E+00
1. O00E+00
9 999E-01
9.791E-01
1 . 000E+00
1. 000E+00
1 . 000E+00

Es-253
Bk-249
Cf-249
Cm-245
Cm-245
Pu-241
Am-241
Np-237
Np-237
Pa-233
U-233
Th-229
Ra-225
Ac-225
Fr-221
At-217
Bi-213
Po-213
Pb-209
Pb-209
Bi-209$

1.200E-01
8. 900E-08
1. 450E-05
5. 020E-09

Cf-249
SF
Am-245
SF

6.100E-09 SF
2.450E-05 U-237

2.090E-02 T1-209

Fm-254

Products-------------
Nuclide Halflife

---- --- --- ---- --- --- Daughter

fl Nuclide f2 Nuclide f3
Nuclide f'

1 Fm-254
2 Cf-250
3 Cm-246
4 Pu-242
5 U-238
6 Th-234
7 Pa-234m
8 Pa-234
9 U-234

10 Th-230
11 Ra-226
12 Rn-222
13 Po-218
14 Pb-214
15 At-218
16 Bi-214
17 Rn-218
18 Po-214
19 Tl-210

4 Nuclide
3.240h
13. 08y

4 .76E+3y
3. 75E+5y

4.468E+9y
24 . 10d

1. 17m
6.70h

2. 455E+5y
7. 538E+4y

1600y
3. 8235d

3. 10m
26. 8m
1.5s

19. 9m
3. 5E-2s

1. 643E-4s
1. 30m

9. 994E-01
9. 992E-01
9.997E-01
1 . 000E+00
1 .00E+00
1. 00E+00
1 . 600E-03
1 . 000E+00
1 . 000E+00
1 0O0E+00
1. OOE+00
1 . OOE+00
9. 998E-01
1 . 0C0E+00
9. 990E-01
9. 998E-01
1 . 000E+00
1 . 00E+00
1 . 00E+00

Cf-250
Cm-246
Pu-242
U-238
Th-234
Pa-234m
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
Bi-214
Bi-214
Po-214
Po-214
Pb-210
Pb-210

5. 920E-04
7.700E-04
2.630E-04
5. 540E-06
5. 450E-07

SF
SF
SF
SF
SF

9.984E-01 U-234

2.000E-04 At-218

1.000E-03 Rn-218
2.100E-04 Tl-210
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20 Pb-210
21 Bi-210
22 Hg-206
23 Po-210
24 T1-206

22 .20y
5. 013d

8. 15m
138. 376d
4 .200m

1.000E+00 Bi-210 1.900E-08 Hg-206
1.000E+00 Po-210 1.320E-06 T1-206
1.000E+00 Tl-206
1.000E+00 Pb-206$
1.000E+00 Pb-206$

Daughter
Fm-255

Products- -----------------------
Nuclide Halflife fl

Nuclide f4 Nuclide
Nuclide f2 Nuclide f3

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23

Fm-255
Cf-251
Cm-247
Pu-243
Am-243
Np-239
Pu-239
U-235m
U-235
Th-231
Pa-231
Ac-227
Th-227
Fr-223
Ra-223
Rn-219
At-219
Bi-215
Po-215
Pb-211
Bi-211
Tl-207
Po-211

20.07h
900y

1. 56E+7y
4.956h

7. 37E+3y
2.3565d

2. 411E+4y
26m

7.04E+8y
25. 52h

3.276E+4y
21.772y

18. 68d
22 . 00m
11.43d
3.96s

56s
7. 6m

1.781E-3s
36. lm
2.14m
4 .77m

0.516s

1.000E+00 Cf-251
1.OOOE+00 Cm-247
1.OOOE+00 Pu-243
1.OOOE+00 Am-243
1.OOOE+00 Np-239
1.OOOE+00 Pu-239
9.994E-01 U-235m
1.OOOE+00 U-235
1.OOOE+00 Th-231
1.OOOE+00 Pa-231
1.OOOE+00 Ac-227
9.862E-01 Th-227
1.OOOE+00 Ra-223
1.OOOE+00 Ra-223
1.OOOE+00 Rn-219
1.000E+00 Po-215
9.700E-01 Bi-215
1.000E+00 Po-215
1.000E+00 Pb-211
1.OOOE+00 Bi-211
9.972E-01 Tl-207
1.OOOE+00 Pb-207$
1.OOOE+00 Pb-207$

2.300E-07 SF

6.000E-04 U-235

1.380E-02 Fr-223

6.OOOE-05 At-219

2.760E-03 Po-211

Fm-256

Products
Nuclide Halflife

Nuclide f4 Nuc.

Daughter

fl Nuclide f2 Nuclide f3
lide

1
2
3
4
5
6
7
8
9

10
11
12

Fm-256
Cf -252
Cm-248
Pu-244
U-240
Np-240m
Np-240
Pu-240
U-236
Th-232
Ra-228
Ac-228

157 .6m

2 .645y
3. 48E+5y
8. OOE+7y

14 . lh
7.22m
61. 9m
6564y

2. 342E+7y
1. 405E10y

5. 7 5 y
6. 15h

8. 100E-02
9. 691E-01
9.161E-01
9. 988E-01
1 .OOOE+00

1 .100E-03

1. OOOE+00
1.OOOE+00
1. OOOE+00
1. OOOE+00
1 . OOOE+00
1 . OOOE+00

Cf-252
Cm-248
Pu-244
U-240
Np-240m
Np-240
Pu-240
U-236
Th-232
Ra-228
Ac-228
Th-228

9.190E-01 SF
3.092E-02 SF
8.390E-02 SF
1.210E-03 SF

9.989E-01 Pu-240

5.750E-08 SF
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13 Th-228
14 Ra-224
15 Rn-220
16 Po-216
17 Pb-212
18 Bi-212
19 Po-212
20 Tl-208

1. 9116y
3. 66d
55.6s

0.145s
10 . 64h
60. 55m

2.99E-7s
3. 053m

1. 000E+00
1. 000E+00
1 .000E+00

1 .OOOE+00

1 .OOOE+00

6. 406E-01
1 .OOOE+00

1. OOOE+00

Ra-224
Rn-220
Po-216
Pb-212
Bi-212
Po-212 3.594E-01 Tl-208
Pb-208$
Pb-208$

Fm-257
Daughter

Products
Nuclide Halflife

Nuclide f4 Nuc
1 Fm-257 100.5d
2 Cf-253 17.81d
3 Es-253 20.47d
4 Cm-249 64.15m
5 Bk-249 330d
6 Cf-249 351y
7 Am-245 2.05h
8 Cm-245 8.5E+3y
9 Pu-241 14.35y

10 Am-241 432.2y
11 U-237 6.75d
12 Np-237 2.144E+6y
13 Pa-233 26.967d
14 U-233 1.592E+5y
15 Th-229 7.34E+3y
16 Ra-225 14.9d
17 Ac-225 10.Od
18 Fr-221 4.9m
19 At-217 3.23E-2s
20 Bi-213 45.59m
21 Po-213 4.2E-6s
22 Tl-209 2.161m
23 Pb-209 3.253h

$ stable nucleus.

fl
lide

Nuclide f2 Nuclide f3

9. 979E-01
9 969E-01
1 OOOE+00
1 OOOE+00
1 000E+00
1 000E+00
1 000E+00
1 000E+00
1 000E+00
1 000E+00
1 000E+00
1 000E+00
1 000E+00
1 000E+00
1 OOOE+00
1 000E+00
1 000E+00
1. 000E+00
9. 999E-01
9. 791E-01
1 . OOOE+00
1 . 000E+00
1 . OOOE+00

Cf-253
Es-253
Bk-249
Bk-249
Cf-249
Cm-245
Cm-245
Pu-241
Am-241
Np-237
Np-237
Pa-233
U-233
Th-229
Ra-225
Ac-225
Fr-221
At-217
Bi-213
Po-213
Pb-209
Pb-209
Bi-209$

2.100E-03 SF
3.100E-03 Cm-249
8.900E-08 SF

1.450E-05 Am-245
5.020E-09 SF

6.100E-09 SF
2.450E-05 U-237

2.090E-02 Tl-209
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Dose Equivalent Rate (Sv/s) per Unit Concentration (Bq/m3) - Water Immersion
Nuclide

H-3

Be-7

Be-10
C-10
C-11
C-14
N-13
N-16

0-14
0-15
0-19
F-17

F-18

Ne-19
Ne-24
Na-22
Na-24
Mg-27
Mg-28
AI-26

AI-28
AI-29

Si-31
Si-32

P-30
P-32

P-33
5-35
S-37
S-38

CI-34
CI-34m

CI-36
CI-38
CI-39
CI-40

Ar-37
Ar-39
Ar-41
Ar-42

Ar-43
Ar-44
K-38

K-40

K-42

Skin
O.OOE+O0
6.03E-18
1.37E-17
2.68E-16
1.47E-16
2.55E-19
1.56E-16
8.19E-16

4.70E-16
1.75E-16

2.49E-16

1.75E-16
1.33E-16

1.92E-16
1.22E-16

2.78E-16
5.59E-16
1.57E-16

1.74E-16
3.61E-16
3.14E-16
2.41E-16

4.03E-17
1.05E-18

2.30E-16

4.79E-17
1.45E-18

3.03E-19
4.34E-16
2.46E-16
2.81E-16
2.97E-16

1.56E-17

2.99E-16
2.37E-16
6.34E-16

OOOE+00
1.13E-17
1.88E-16
1.24E-17

2.91E-16
2.77E-16
4.86E-16

5.45E-17

1.41E-16

Effective
O.OOE+00
4.81E-18

1.55E-19
1.71E-16
9.90E-17

2.89E-21
9.91E-17

5.63E-16
3.52E-16
9.95E-17

* 9.83E-17
9.95E-17

9.58E-17
9.98E-17
5.33E-17
2.20E-16

4.51E-16
8.98E-17
1.38E-16
2.78E-16
1.91E-16

1.44E-16
6.14E-19
1.14E-20

1.01E-16
6.45E-19

1.57E-20
3.40E-21

3.34E-16
1.83E-16
1.02E-16
2.24E-16

1.94E-19

1.58E-16
1.50E-16
4.53E-16

O.OOE+00
1.28E-19
1.33E-16
1.41E-19

1.62E-16
2.04E-16
3.36E-16

1.68E-17

3.11E-17



K-43

K-44

K-45

K-46

Ca-41

Ca-45

Ca-47

Ca-49

Sc-42m

Sc-43

Sc-44

Sc-44m

Sc-46

Sc-47

Sc-48

Sc-49

Sc-50

Ti-44

Ti-45

Ti-51

Ti-52

V-47

V-48

V-49

V-50

V-52

V-53

Cr-48

Cr-49

Cr-51

Cr-55

Cr-56

Mn-50m

Mn-51

Mn-52m

Mn-52

Mn-53

Mn-54

Mn-56

Mn-57

Mn-58m

Fe-52

Fe-53

Fe-53m

Fe-55

Fe-59

Fe-60

1.35E-16

4.09E-16

3.01E-16
5.43E-16

O.OOE+O0

1.53E-18
1.51E-16
4.70E-16

6.08E-16
1.46E-16
3.01E-16
3.52E-17
2.49E-16
2.04E-17
4.22E-16
5.77E-17
5.18E-16
1.61E-17
1.29E-16
1.06E-16
6.69E-17
1.77E-16

3.66E-16
O.OOE+00
1.77E-16
2.56E-16

1.99E-16
5.29E-17
1.68E-16

3.86E-18

7.98E-17
5.01E-17
6.82E-16
1.87E-16

3.78E-16

4.27E-16
O.OOE+00
1.01E-16

2.68E-16

9.07E-17
4.25E-16
1.01E-16
2.23E-16

3.76E-16
1.96E-26

1.50E-16

6.91E-19

9.39E-17

2.57E-16

1.95E-16
3.17E-16

0.OOE+00
1.66E-20
1.08E-16

3.61E-16
4.28E-16
9.55E-17
2.14E-16

2.66E-17

2.03E-16
1.03E-17

3.42E-16
9.20E-19
3.32E-16

1.10E-17

8.45E-17
3.66E-17
1.22E-17

9.72E-17
2.95E-16

O.OOE+00
1.49E-16
1.52E-16

1.06E-16
4.12E-17
1.02E-16

3.05E-18
1.30E-18
7.36E-18
4.71E-16

9.76E-17

2.45E-16

3.51E-16
O.OOE+00

8.30E-17

1.76E-16
1.07E-17
2.47E-16
7.13E-17
1.15E-16
3.12E-16
1.49E-26

1.22E-16
7.59E-21



Fe-61

Fe-62

Co-54m

Co-55
Co-56

Co-57

Co-58
Co-58m
Co-60
Co-60m
Co-61

Co-62
Co-62m
Ni-56

Ni-57

Ni-59
Ni-63
Ni-65

Ni-66
Cu-57
Cu-59
Cu-60

Cu-61

Cu-62
Cu-64
Cu-66

Cu-67
Cu-69
Zn-60

Zn-61
Zn-62
Zn-63
Zn-65
Zn-69m
Zn-69

Zn-71m
Zn-71

Zn-72

Ga-64

Ga-65

Ga-66

Ga-67
Ga-68
Ga-70
Ga-72
Ga-73

Ga-74

2.50E-16
1.19E-16

6.38E-16

2.72E-16

4.60E-16
1.48E-17

1.20E-16
7.22E-22
3.11E-16
6.34E-19
4.11E-17
3.22E-16
4.12E-16
2.09E-16

2.48E-16
1.88E-21

0.00E+00
1.12E-16

1:36E-18
4.27E-16
2.87E-16
5.48E-16

1.20E-16

2.16E-16
2.86E-17
8.90E-17

1.94E-17
1.27E-16
2.67E-16
3.28E-16
5.42E-17

1.99E-16
7.09E-17
5.18E-17

1.92E-17

2.25E-16
1.14E-16

2.OOE-17

5.49E-16
1.97E-16

3.86E-16
1.89E-17
1.67E-16

4.49E-17
3.70E-16
7.07E-17

4.66E-16

1.44E-16
4 .98E-17
3.99E-16
1.99E-16
3.82E-16
1.11E-17
9.63 E-17
1.43E-22
2.58E- 16
4.23E-19
8.67E-18
1.70E-16
2.81E-16
1.70E-16
1.99E-16
1.SOE-21
0.OOE+00
5.83E-17
1.48E-20
1.19E-16
1.44E-16
4.06E-16
8.02E-17
9.90E-17
1.80E-17
1.11E-17
1.08E-17
5.41E-17
1.49E-16
1.55E-16
4.21E-17
1.08E-16
5.88E-17
4.01E-17
2.28E-19
1.53E-16
3.22E-17
1.37E-17
3.55E-16
1.13E-16
2.69E-16
1.45E-17
9.27E-17
1.32E-18
2.83E-16
3.37E-17
3.35E-16



Ge-66

Ge-67
Ge-68

Ge-69
Ge-71

Ge-75
Ge-77

Ge-78
As-68
As-69
As-70

As-71
As-72
As-73

As-74
As-76
As-77
As-78

As-79

Se-70
Se-71
Se-72

Se-73
Se-73m
Se-75
Se-77m
Se-79
Se-79m
Se-81
Se-81m

Se-83
Se-83m

Se-84
Br-72

Br-73

Br-74
Br-74m
Br-75

Br-76
Br-76m
Br-77

Br-77m

Br-78
Br-80

Br-80m

Br-82

Br-82m

8.63E-17
2.59E-16
1.36E-20

1.23E-16
1.38E-20

3.10E-17
1.76E-16

4.58E-17

6.09E-16
2.28E-16
5.85E-16

7.60E-17
2.92E-16
6.39E-19
1.08E-16
1.28E-16
1.29E-17

2.53E-16
6.62E-17

9.89E-17
2.98E-16

2.92E-18

1.57E-16
4.18E-17

4.69E-17
1.30E-17
2.99E-19
1.57E-18
4.24E-17
2.45E-18

3.52E-16

2.14E-16
8.76E-17
5.81E-16

2.72E-16

6.59E-16
6.10E-16
1.81E-16

3.94E-16
4.20E-18
3.85E-17

2.69E-18

1.99E-16
5.98E-17

1.67E-18

3.28E-16

2.80E-18

6.46E-17
1.41E-16
2.05E-22

9.49E-17
2.08E-22
3.71E-18

1.07E-16

2.68E-17
3.80E-16

1.13E-16
4.32E-16

5.56E-17
1.77E-16
3.55E-19
7.38E-17
4.25E-17
9.34E-19

1.35E-16
4.20E-18

6.83E-17

1.60E-16
1.41E-18

1.05E-16
2.55E-17
3.64E-17

8.13E-18

3.38E-21
8.01E-19
1.33E-18
1.23E-18

2.68E-16

1.02E-16
4.09E-17

3.03E-16

1.41E-16

4.98E-16
4.33E-16
1.16E-16

2.91E-16
2.19E-18
3.05E-17

1.32E-18

1.01E-16
8.09E-18

5.56E-19
2.64E-16

3.19E-19



Br-83

Br-84

Br-84m
Br-85
Kr-74

Kr-75
Kr-76

Kr-77
Kr-79
Kr-81

Kr-81m

Kr-83m
Kr-85
Kr-85m

Kr-87
Kr-88
Kr-89

Rb-77
Rb-78
Rb-78m

Rb-79

Rb-80

Rb-81
Rb-81m
Rb-82
Rb-82m
Rb-83

Rb-84
Rb-84m
Rb-86

Rb-86m
Rb-87
Rb-88

Rb-89

Rb-90
Rb-90m
Sr-79
Sr-80
Sr-81
Sr-82
Sr-83
Sr-85

Sr-85m

Sr-87m
Sr-89

Sr-90

Sr-91

2.04E-17

3.13E-16
4.04E-16

8.29E-17
1.68E-16
2.70E-16

5.11E-17

1.73E-16
3.14E-17
3.21E-19

1.82E-17

7.65E-20
1.41E-17
3.37E-17

1.97E-16
2.69E-16
3.43E-16

3.14E-16
6.12E-16
5.08E-16

2.31E-16
3.OOE-16

6.86E-17
3.64E-18
2.39E-16
3.61E-16

5.89E-17
1.20E-16
5.02E-17
5.74E-17

6.67E-17
3.59E-18
2.39E-16

3.47E-16

4.19E-16
5.13E-16

2.82E-16
5.46E-17
2.38E-16
3.23E-19
1.08E-16
6.01E-17

2.67E-17

4.27E-17
3.95E-17

9.71E-18

1.31E-16

8.98E-19
1.92E-16

2.83E-16
7.81E-18
1.02E-16

1.26E-16
4.OOE-17

1.OOE-16
2.42E-17

8.39E-20
1.22E-17

2.57E-21
3.75E-19
1.49E-17

8.51E-17
2.10E-16
2.06E-16

1.53E-16
4.41E-16

3.28E-16
1.41E-16
1.19E-16

4.89E-17
2.33E-18
1.09E-16
2.91E-16

4.69E-17
8.95E-17
3.66E-17
1.01E-17

5.30E-17
3.90E-20

7.12E-17

2.36E-16

2.33E-16
3.51E-16
1.16E-16

4.17E-17
1.35E-16
1.10E-20
8.02E-17
4.77E-17

2.07E-17

3.07E-17
5.26E-19

1.09E-19

7.14E-17



Sr-92
Sr-93
Sr-94

Y-81

Y-83
Y-83m

Y-84m

Y-85
Y-85m
Y-86

Y-86m
Y-87
Y-87m
Y-88

Y-89m
Y-90
Y-90m

Y-91
Y-91m

Y-92

Y-93

Y-94
Y-95
Zr-85
Zr-86
Zr-87

Zr-88
Zr-89
Zr-89m

Zr-93

Zr-95

Zr-97
Nb-87
Nb-88
Nb-88m
Nb-89

Nb-89m
Nb-90

Nb-91
Nb-91rm
Nb-92

Nb-92m

Nb-93m

Nb-94
Nb-94m
Nb-95

Nb-95m

1.75E-16

3.34E-16
2.36E-16

2.87E-16

2.59E-16
1.59E-16

5.75E-16
1.64E-16
2.03E-16
4.54E-16
2.75E-17

5.34E-17
4.19E-17
3,34E-16
1,10E-16
6.65E-17
7.98E-17

4.12E-17
6.57E-17
1.39E-16

9.74E-17
2.32E-16
2.47E-16
2,77E-16

3.48E-17
1.71E-16

4.74E-17
1.46E-16
7.91E-17

6.75E-23

9.30E-17
1.57E-16
2.75E-16
6.18E-16

6.11E-16
2.49E-16
2.14E-16
5.51E-16

7.11E-19

4.20E-18
1.82E-16

1.17E-16
1.01E-19
1.97E-16
1.06E-18

9.30E-17
1.70E-17

1.39E-16

2.31E-16
1.49E-16

1.15E-16
1.33E-16

8.15E-17

3.98E-16

1.05E-16
1.34E-16
3.64E-16

2.10E-17
4.23E-17
2.94E-17
2.82E-16

9.02E-17
9.86E-19

6.10E-17

8.61E-19
5.13E-17

2.74E-17

1.13E-17
8.12E-17
1.23E-16
1.45E-16
2.63E-17

9.10E-17
3.68E-17

1.15E-16
6.24E-17
6.75E-25

7.23E-17

8.79E-17
1.19E-16
4.20E-16
4.13E-16
1.40E-16
1.27E-16
4.44E-16

1.86E-19
2.59E-18

1.48E-16

9.63E-17

7.13E-21

1.55E-16
4.67E-19

7.56E-17
6.10E-18



Nb-96

Nb-97

Nb-98m
Nb-99

Nb-99m

Mo-89

Mo-90
Mo-91
Mo-91m
Mo-93
Mo-93m
Mo-99

Mo-101
Mo-102

Tc-91
Tc-91m
Tc-92

Tc-93

Tc-93m
Tc-94
Tc-94m

Tc-95

Tc-95m
Tc-96
Tc-96m

Tc-97

Tc-97m
Tc-98

Tc-99

Tc-99m
Tc-101
Tc-102

Tc-102m
Tc-104
Tc-105
Ru-92

Ru-94
Ru-95

Ru-97

Ru-103

Ru-10S
Ru-106

Ru-107

Ru-108
Rh-94
Rh-95

Rh-95m

3.14E-16

1.11E-16

3.98E-16
1.29E-16

2.OOE-16

2.98E-16

1.11E-16
2.26E-16
2.10E-16
5.66E-19
2.90E-16

4.25E-17
2.17E-16

2.37E-17
4.37E-16

3.16E-16

6.04E-16
1.96E-16

1.26E-16
3.25E-16
2.93E-16

9.60E-17

8.33E-17
3.04E-16
5.44E-18

6.30E-19

8.98E-19
1.77E-16

2.88E-18

1.56E-17
7.15E-17
1.58E-16

3.61E-16
4.OOE-16
1.89E-16
3.05E-16
6.24E-17
1.56E-16

2.88E-17

6.12E-17
1.17E-16

O.OOE+O0

1.20E-16
3.81E-17
6.92E-16
3.80E-16
1.25E-16

2.45E-16

6.56E-17

2.86E-16
1.72E-17

8.26E-17
1.22E-16

7.98E-17

9.66E-17
1.40E-16
3.99E-20

2.36E-16
1.48E-17
1.51E-16
2.01E-18
2.60E-16

1.42E-16

3.88E-16

1.62E-16
l.OlE-16
2.63E-16
1.97E-16
7.78E-17

6.64E-17
2.48E-16
4.21E-18

5.20E-20

8.10E-20
1.39E-16

3.14E-20
1.17E-17

3.28E-17
1.1OE-17

2.56E-16
2.37E-16
8.10E-17
2.05E-16
4.96E-17
1.23E-16

2.18E-17

4.80E-17
7.34E-17

O.OOE+O0

3.57E-17

6.10E-18
3.89E-16

2.62E-16

9.31E-17



Rh-96

Rh-96m

Rh-97
Rh-97m

Rh-98

Rh-99
Rh-99m
Rh-lO0
Rh-lOOm
Rh-1O1
Rh-lOlm
Rh-102

Rh-102m
Rh-103m

Rh-104
Rh-104m
Rh-105

Rh-106
Rh-lO6m
Rh-107
Rh-108
Rh-109

Pd-96
Pd-97
Pd-98
Pd-99

Pd-lO0
Pd-101
Pd-103
Pd-107

Pd-109
Pd-109m
Pd-111
Pd-112

Pd-114
Ag-99

Ag-lOOm

Ag-101
Ag-102
Ag-102m

Ag-103
Ag-104
Ag-104m
Ag-105

Ag-105m
Ag-106
Ag-106m

5.32E-16

1.97E-16

2.12E-16
2.88E-16

3.20E-16

6.81E-17
8.02E-17
3.43E-16

6.78E-18
3.46E-17
3.46E-17

7.16E-17

2.61E-16

9.87E-20

7.19E-17
4.18E-18
1.61E-17

1.30E-16
3.69E-16

6.62E-17
1.76E-16
1.02E-16
1.89E-16
3.48E-16

5.04E-17
1.87E-16

1.30E-17

4.24E-17
9.18E-19

O.OOE+00
2.34E-17
1.62E-17
6.51E-17
1.85E-18

3.84E-17

3.80E-16
4.92E-16

2.52E-16

4.80E-16
2.77E-16

1,15E-16
3.35E-16
2.75E-16

6.16E-17
1.24E-19
1.19E-16

3.42E-16

3.93E-16
1.30E-16

1.43E-16
2.31E-16

1.80E-16

5.28E-17
6.28E-17

2.85E-16

4.43E-18
2.58E-17
2.64E-17

4.86E-17
2.11E-16

1.32E-20

2.26E-18
2.09E-18
7.49E-18
2.20E-17
2.86E-16

3.05E-17
3.34E-17
2.95E-17
1.41E-16

2.43E-16
3.85E-17
1.28E-16

8.19E-18
3.22E-17
1.24E-19

O.OOE+O0

6.88E-19
1.01E-17
5.62E-18

4.33E-20
2.89E-18
2.33E-16

2.87E-16
1.56E-16

3.47E-16
2.10E-16

8.23E-17
2.70E-16

1.83E-16

4.81E-17
9.63E-20
6.77E-17

2.79E-16



Ag-108

Ag-108m

Ag-109m
Ag-110

Ag-110m
Ag-111
Ag-lllm
Ag-112
Ag-113

Ag-113m
Ag-114

Ag-115
Ag-116
Ag-117

Cd-101
Cd-102
Cd-103

Cd-104

Cd-105
Cd-107

Cd-109
Cd-lllm
Cd-113

Cd-113m
Cd-115
Cd-115m

Cd-117
Cd-117m

Cd-118
Cd-119
Cd-119m
In-103
In-105

In-106m
In-106
In-107

In-108m

In-108

In-109m
In-109

In-110m
In-110

In-11lm

In-111
In-112m

In-112

In-113m

4.35E-17
1.96E-16

1.08E-18
8.99E-17

3.40E-16

2.49E-17
7.80E-19
1.86E-16
6.18E-17
3.90E-17
1.94E-16

1.39E-16

4.01E-16
2.57E-16

3.82E-16
1.05E-16
2.83E-16

2.92E-17
1.75E-16
3.03E-18
2.11E-18

3.73E-17
2.49E-18

8.91E-18
4.22E-17

4.50E-17
1.61E-16
2.66E-16

7.19E-18
2.61E-16

3.33E-16
4.55E-16
3.12E-16

4.69E-16

5.12E-16
2.11E-16

3.97E-16

4.89E-16
7.64E-17
7.92E-17
2.37E-16

3.76E-16

6.12E-17

4.95E-17
6.82E-18

4.72E-17

3.95E-17

2.32E-18
1.57E-16
3.56E-19
4.38E-18
2.77E-16
2.80E-18
3 .71E-19
7.24E-17
7.75E-18
2.07E-17
2.97E-17
5.12E-17
2.29E-16
1.40E-16

2.53E-16
8.10E-17
2.17E-16
2.21E-17
1.33E-16
1.09E-18
5.20E-19
2.64E-17
2.72E-20
1.06E-19
1.88E-17
3.87E-18
1.10E-16
2.14E-16
8.02E-20
1.72E-16
2.41E-16
2.82E-16
1.94E-16

2:92E-16
3.53E-16
1.56E-16
2.92E-16
3.93E-16
5.95E-17
6.23E-17
1.57E-16
3.06E-16
4.55E-17
3.70E-17
2.15E-18
2.56E-17
2.46E-17



In-114m
In-114

In-115m

In-115

In-116m

In-117m

In-117

In-118m

In-118

In-119m

In-119

In-121m

In-121

Sn-106

Sn-108
Sn-109

Sn-110

Sn-111

Sn-113m

Sn-113

Sn-117m

Sn-119m

Sn-121m

Sn-121

Sn-123m

Sn-123

Sn-125m

Sn-125

Sn-126

Sn-127m

Sn-127

Sn-128

Sn-129

Sn-130m

Sn-130

Sb-111

Sb-113

Sb-114

Sb-115

Sb-116

Sb-116m

Sb-117

Sb-118

Sb-h18m

Sb-119

Sb-120

Sb-120m

1.51E-17
5.45E-17

2.94E-17

6.56E-18
3.23E-16
3.94E-17

9.81E-17

3.86E-16
1.53E-16

8.11E-17
1.33E-16

1.20E-16
1.83E-16
1.53E-16

8.27E-17
2.76E-16
3.50E-17

7.20E-17

1.02E-18
1.97E-18
2.29E-17

1.06E-18
1.36E-18

3.98E-18
4.72E-17
3.55E-17
9.86E-17

9.78E-17
8.08E-18
1.50E-16

2.69E-16

8.07E-17
2.15E-16

2.10E-16

1.40E-16
2.81E-16
2.05E-16
4.20E-16
1.23E-16

3.17E-16
3.84E-16

2.24E-17

1.61E-16

3.19E-16
1.68E-18

7.53E-17
3.01E-16

7.07E-18

9.87E-19
1.50E-17
7.29E-20
2.55E-16
8.63E-18

6.69E-17

2.83E-16
1.08E-17
7.63E-18

7.63E-17
7.29E-18

9.37E-17
1.17E-16
6.45E-17
2.28E-16
2.65E-17

4.79E-17
2.38E-19
7.73E-19

1.35E-17
2.17E-19
1.12E-19

4.36E-20
1.34E-17
1.15E-18
3.42E-17
3.49E-17

4.09E-18
5.72E-17
1.95E-16

5.49E-17
1.02E-16

8.99E-17

9.04E-17
1.46E-16
1.24E-16

2.74E-16
8.55E-17
2.33E-16
3.11E-16
1.59E-17

7.86E-17

2.61E-16

3.55E-19
4.32E-17

2.46E-16



Sb-122

Sb-122m
Sb-124

Sb-124m

Sb-124n
Sb-125
Sb-126

Sb-126m
Sb-127
Sb-128

Sb-128m
Sb-129
Sb-130
Sb-130m

Sb-131
Sb-133
Te-113

Te-114
Te-115

Te-115m
Te-116
Te-117

Te-118
Te-119
Te-119m
Te-121

Te-121m
Te-123

Te-123m

Te-125m
Te-127

Te-127m
Te-129

Te-129m
Te-131

Te-131m
Te-132
Te-133

Te-133m

Te-134
1-118

1-lSm
1-119
1-120
1-120m

1-121
1-122

9.17E-17

7.17E-18
2.53E-16

6.01E-17

6.04E-23
5.53E-17

3.56E-16

2.31E-16
1.03E-16
4.08E-16
3.OOE-16
2.04E-16

4.51E-16
4.03E-16

2.95E-16
3.87E-16
4.02E-16

1.64E-16
3.34E-16

3.70E-16
1.23E-17
2.05E-16

1.49E-18
9.29E-17
1.84E-16

6.91E-17
2.65E-17
2.59E-21

1.81E-17

3.60E-18
1.25E-17
1.38E-18
4.18E-17
1.89E-17

9.90E-17
1.85E-16

2.94E-17
1.95E-16

2.51E-16
1.15E-16
3.96E-16

5.37E-16

1.46E-16
4.17E-16

4.97E-16

5.12E-17
1.98E-16

4.39E-17

4.04E-18
1.90E-16

4.30E-17
1.32E-23
4.12E-17

2.71E-16

1.52E-16

6.80E-17
3.05E-16
1.89E-16
1.48E-16
3.26E-16

2.72E-16
2.13E-16
2.87E-16

2.27E-16
1.28E-16

2.26E-16

2.65E-16
8.08E-18
1.57E-16
3.56E-19
7.44E-17
1.51E-16

5.45E-17
1.98E-17
6.19E-22
1.28E-17

7.78E-19
6.02E-19

2.55E-19
6.13E-18
3.26E-18
4.14E-17
1.45E-16
2.05E-17
1.23E-16

1.87E-16

8.42E-17

2.02E-16
3.71E-16

8.79E-17
2.76E-16

3.53E-16

3.70E-17
9.45E-17



1-123
1-124

1-125

1-126
1-128

1-129

1-130
1-130m
1-131
1-132
1-132m
1-133
1-134

1-134m

1-135
Xe-120

Xe-121
Xe-122

Xe-123
Xe-125
Xe-127
Xe-127m
Xe-129m
Xe-131m

Xe-133
Xe-133m

Xe-135
Xe-135m

Xe-137
Xe-138
Cs-121
Cs-121m
Cs-123

Cs-124

Cs-125
Cs-126
Cs-127

Cs-128

Cs-129
Cs-130
Cs-130m

Cs-131
Cs-132

Cs-134
Cs-134m
Cs-135

Cs-135m

2.05E-17

1.49E-16

3.32E-18
6.17E-17

6.04E-17

2.35E-18
2.75E-16
2.37E-17

5.55E-17
3.08E-16
4.57E-17
1.OOE-16

3.55E-16
3.82E-17

2.16E-16
4.74E-17
2.22E-16

7.37E-18
8.85E-17
3.25E-17

3.39E-17
2.33E-17
1.12E-17
6.17E-18

8.01E-18
1.32E-17

4.89E-17
5.78E-17
1.51E-16
1.84E-16

2.73E-16
2.43E-16
1.99E-16
2.94E-16

1.15E-16
2.39E-16
5.26E-17

1.72E-16

3.29E-17

8.74E-17
7.67E-18

1.86E-18
8.62E-17
1.97E-16
4.55E-18
2.18E-18

1.96E-16

1.45E-17

1.11E-16

8.88E-19
4.17E-17

7.16E-18

6.68E-19
2.10E-16

1.05E-17
3.69E-17
2.26E-16
3.26E-17

6.02E-17
2.61E-16

2.60E-17

1.64E-16
3.60E-17
1.50E-16

4.81E-18

6.20E-17
2.37E-17
2.48E-17
1.45E-17

2.01E-18
7.64E-19

3.06E-18
2.75E-18

2.39E-17
4.09E-17
2.12E-17

1.18E-16
1.16E-16
1.16E-16
1.06E-16

1.16E-16

7.31E-17
1.14E-16
4.01E-17

8.71E-17

2.46E-17
4.83E-17

4.53E-18
5.63E-19
6.85E-17
1.53E-16
1.77E-18

2.37E-20

1.59E-16



Cs-136

Cs-137
Cs-138

Cs-138m
Cs-139
Cs-140
Ba-124
Ba-126

Ba-127
Ba-128

Ba-129

Ba-129m
Ba-131
Ba-131m

Ba-133
Ba-133m
Ba-135m
Ba-137m
Ba-139
Ba-140

Ba-141
Ba-142

La-128
La-129

La-130
La-131

La-132
La-132m
La-133

La-134

La-135
La-136
La-137

La-138

La-140

La-141
La-142
La-143

Ce-130
Ce-131
Ce-132

Ce-133
Ce-133m
Ce-134

Ce-135

Ce-137

Ce-137m

2.65E-16
9.22E-18

3.84E-16
7.OOE-17
1.63E-16

3.70E-16
7.92E-17

7.02E-17
1.29E-16
7.22E-18

4.76E-17

1.94E-16
5.73E-17
8.83E-18

4.77E-17
1.86E-17
1.72E-17

7.65E-17
6.91E-17
3.84E-17
1.81E-16
1.53E-16

4.44E-16

1.54E-16

3.55E-16
9.13E-17

2.86E-16
8.46E-17
2.06E-17
1.42E-16
3.41E-18

6.90E-17
2.09E-18

1.52E-16

3.21E-16
7.41E-17

3.61E-16
1.28E-16

6.17E-17
2.40E-16
3.24E-17

8.67E-17
2.15E-16

2.46E-18

9.99E-17

3.65E-18

1.62E-17

2.13E-16

1.05E-19

2.48E-16
4.14E-17
3.45E-17
1.91E-16

5.46E-17
5.57E-17
7.08E-17
4.67E-18
3.13E-17

1.56E-16

4.36E-17
5.93E-18

3.56E-17
5.36E-18
4.65E-18
5.83E-17

5.17E-18
1.74E-17
9.32E-17
1.05E-16
2.82E-16

8.90E-17

2.23E-16
6.26E-17

2.02E-16
6.42E-17
1.39E-17
7.02E-17

1.73E-18

3.86E-17
7.20E-19

1.26E-16

2.39E-16
3.86E-18
2.56E-16
2.91E-17

4.66E-17
1.61E-16
2.40E-17
4.96E-17
1.73E-16

9.72E-19

7.85E-17

1.90E-18

4.18E-18



Ce-139
Ce-141

Ce-143
Ce-144
Ce-145
Pr-134

Pr-134m

Pr-135
Pr-136

Pr-137
Pr-138
Pr-138m
Pr-139
Pr-140
Pr-142
Pr-142m

Pr-143
Pr-144

Pr-144m
Pr-145
Pr-146

Pr-147
Pr-148
Pr-148m
Nd-134
Nd-135
Nd-136

Nd-137
Nd-138

Nd-139
Nd-139m

Nd-140
Nd-141
Nd-141m

Nd-144
Nd-147
Nd-149
Nd-151

Nd-152
Pm-136

Pm-137m
Pm-139

Pm-140

Pm-140m
Pm-141

Pm-142

Pm-143

1.92E-17

1.56E-17
5.92E-17
4.28E-18

1.42E-16

4.63E-16
3.99E-16

1.45E-16

3.18E-16
5.73E-17
1.85E-16
3.15E-16

1.76E-17
1.05E-16
6.42E-17

0.00E+00
1.87E-17

9.20E-17
1.22E-18

4.87E-17

2.23E-16
1.17E-16

2.47E-16
2.40E-16
7.54E-17
2.25E-16
3.37E-17
1.64E-16

4.41E-18
6.73E-17

1.94E-16

2.55E-18
8.96E-18

8.84E-17

0.OOE+00
2.92E-17
7.53E-17
1.45E-16

3.90E-17
4.95E-16
2.94E-16

1.91E-16

2.85E-16

4.41E-16

1.33E-16
2.02E-16
3.74E-17

1.32E-17
6.87E-18
2.58E-17
1.61E-18
7.87E-17
3. 12E-16
2.34E-16
8.42E-17
2.15E-16
3.50E-17
8.02E-17
2.45E-16
1.11E-17
5.27E-17
6.94E-18

0.00E+00
2.22E-19
4.45E-18
5 .76E-19
2.46E-18
1.06E-16
4.69E-17
1.03E-16
9.36E-17
5.06E-17
1.22E-16
2.41E-17
1.16E-16
2.44E-18
4.22E-17
1 .56E-16
1.04E-18
5.79E-18
6.85E-17

0.OOE+00
1.25E-17
3 .53E-17
8.49E-17
1.57E-17
2.69E-16
1.74E-16
9.24E-17
1.05E-16
3.01E-16
7.24E-17
8.48E-17
2.93E-17



Pm-144

Pm-145

Pm-146

Pm-147

Pm-148

Pm-148m

Pm-149

Pm-150

Pm-151

Pm-152

Pm-152m

Pm-153

Pm-154

Pm-154m

Sm-139

Sm-140

Sm-141

Sm-141m

Sm-142

Sm-143

Sm-143m

Sm-145

Sm-146

Sm-147

Sm-148

Sm-151

Sm-153

Sm-155

Sm-156

Sm-157

Eu-142

Eu-142m

Eu-143

Eu-144

Eu-145

Eu-146

Eu-147

Eu-148

Eu-149

Eu-150

Eu-150m

Eu-152

Eu-152m

Eu-152n

Eu-154

Eu-154m

Eu-155

1.89E-16

2.88E-18

9.54E-17
8.51E-19

1.21E-16

2.49E-16
2.39E-17

2.38E-16
5.58E-17

1.32E-16
2.46E-16
5.45E-17

2.81E-16
2.84E-16

2.57E-16
7.93E-17
2.24E-16

2.64E-16
1.50E-17

9.93E-17

8.78E-17
6.06E-18

O.OOE+00
O.OOE+00
O.OOE+00
4.64E-22

1.89E-17
4.91E-17
2.24E-17

1.11E-16
3.64E-16

5.50E-16
2.40E-16

2.93E-16
1.58E-16
2.95E-16

5.69E-17
2.71E-16

7.11E-18

1.89E-16
2.49E-17
1.49E-16

7.OOE-17

8.53E-18
1.65E-16
7.55E-18

7.41E-18

1.51E-16

1.28E-18

7.23E-17
9.64E-21

5.93E-17

1.95E-16
1.41E-18

1.50E-16
3.12E-17

3.04E-17
1.53E-16
7.02E-18
1.88E-16
1.84E-16

1.44E-16

5.49E-17
1.40E-16

1.93E-16
9.11E-18

5.11E-17
6.75E-17
2.86E-18
O.OOE+00
O.OOE+00
O.OOE+00
6.20E-23

4.65E-18
9.44E-18
1.04E-17

4.09E-17
1.23E-16

3.42E-16
1.13E-16
1.11E-16
1.29E-16
2.40E-16

4.42E-17
2.19E-16

4.53E-18

1.51E-16
4.88E-18
1.17E-16

2.94E-17
5.92E-18
1.25E-16
4.87E-18

4.87E-18



Eu-156
Eu-157

Eu-158

Eu-159
Gd-142
Gd-143m

Gd-144
Gd-145
Gd-145m

Gd-146

Gd-147
Gd-148

Gd-149
Gd-150
Gd-151
Gd-152
Gd-153
Gd-159
Gd-162
Tb-146
Tb-147

Tb-147m
Tb-148

Tb-148m
Tb-149
Tb-149m

Tb-150
Tb-150m
Tb-151
Tb-151m
Tb-152
Tb-152m
Tb-153

Tb-154
Tb-155

Tb-156
Tb-156m

Tb-156n

Tb-157

Tb-158
Tb-160

Tb-161
Tb-162
Tb-163
Tb-164

Tb-165
Dy-148

1.81E-16
5.76E-17

2.19E-16

9.60E-17

1.81E-16

3.50E-16
1.54E-16
3.27E-16
9.44E-17
2.93E-17

1.73E-16
O.OOE+O0

6.51E-17
O.OOE+O0
7.88E-18

O.OOE+O0
1.14E-17
2.42E-17
6.97E-17
5.60E-16
2.86E-16

2.59E-16

3.52E-16
4.02E-16
1.71E-16
1.80E-16

3.24E-16
3.12E-16
1.22E-16

9.31E-18
2.01E-16
9.60E-17

3.93E-17

2.87E-16
2.06E-17

2.37E-16

3.81E-18
5.95E-19

4.55E-19
9.98E-17
1.48E-16

1.02E-17
1.67E-16
1.16E-16
3.53E-16

1.65E-16

8.73E-17

1.28E-16
2.67E-17
1.32E-16
2.83E-17
1.03E-16
2.11E-16
9. 19E-17
2.55E-16
6.67E-17
1.95E-17
1.37E-16
0.OOE-i00
4.89E-17
0.OOE+0O
4.81E-18
0.OOE+O0
7.05E-18
4.95E-18
4.02E-17
3.77E-16
2.20E-16
1.97E-16
2.40E-16

3.09E-16
1.36E-16
1.34E-16
2.54E-16
2.44E-16
9.47E-17
6.99E-18
1.5 1E-16
7.16E-17
2.97E-17
2.40E-16
1.40E-17

1.93E-16
2.13E-18
2.25E-19
2.28E-19
7.84E-17
1.13E-16
2.01E-18
1.09E-i6
7.62E-17
2.47E-16
8.67E-17
6.85E-17



Dy-149
Dy-150
Dy--151
Dy-152
Dy-153
Dy-154
Dy-155

Dy-157
Dy-159
Dy-165
Dy-165m

Dy-166
Dy-167
Dy-168
Ho-150
Ho-153
Ho-153m
Ho-154

Ho-154m
Ho-155
Ho-156

Ho-157

Ho-159
Ho-160

Ho-161
Ho-162
Ho-162m

Ho-163
Ho-164
Ho-164m
Ho-166

Ho-166m

Ho-167
Ho-168

Ho-168m

Ho-170
Er-154

Er-156
Er-159

Er-161
Er-163
Er-165

Er-167m

Er-169

Er-171
Er-172

Er-173

2.03E-16
3.33E-17

1.69E-16
3.43E-17
1.06E-16

O.OOE+O0

8.13E-17
4.14E-17

4.46E-18
3.15E-17

3.60E-18

8.88E-18
1.12E-16
7.07E-17

3.82E-16
1.62E-16
1.75E-16
3.10E-16

3.34E-16
8.61E-17
3.03E-16
7.24E-17

4.58E-17
2.06E-16

5.67E-18
2.03E-17
6.80E-17

O.OOE+O0
1.04E-17
4.48E-18
4.93E-17

2.OOE-16
5.50E-17
1.60E-16

6.29E-19
2.59E-16
8.69E-18
6.71E-18

1.20E-16
1.21E-16
4.05E-18

3.78E-18
1.61E-17

2.95E-18

6.75E-17
6.62E-17

1.45E-16

1.63E-16
2.57E-17

1.36E-16
2.59E-17
8.34E-17

O.OOE+O0
6.45E-17

3.15E-17
2.32E-18
2.73E-18
1.55E-18

2.91E-18

5.17E-17
3.74E-17

1.88E-16
9.99E-17
1.02E-16
1.87E-16

2.37E-16
5.89E-17
2.12E-16

5.38E-17

3.36E-17
1.66E-16
3.06E-18
1.43E-17

5.40E-17
O.OOE+O0
1.76E-18
2.44E-18
3.34E-18

1.59E-16

3.48E-17
8.74E-17

3.46E-19
1.69E-16.
5.OOE-18

3.89E-18

9.47E-17
9.70E-17
2.26E-18
2.08E-18

8.83E-18

3.24E-20

3.50E-17
4.88E-17

8.08E-17



Tm-161

Tm-162

Tm-163
Tm-164
Tm-165

Tm-166

Tm-167
Tm-168

Tin-170
Tm-171
Tm-172
Tm-173
Tm-174
Tm-175

Tm-176
Yb-162

Yb-163
Yb-164

Yb-165

Yb-166
Yb-167
Yb-169

Yb-175
Yb-177
Yb-178
Yb-179

Lu-165
Lu-167

Lu-169
Lu-169m

Lu-170
Lu-171

Lu-171m
Lu-172

Lu-172m
Lu-173
Lu-174
Lu-174m

Lu-176

Lu-176m

Lu-177
Lu-177m

Lu-178

Lu-178m
Lu-179
Lu-180

Lu-181

1.68E-16
2.75E-16

1.62E-16
1.37E-16

6.85E-17

2.45E-16

2.15E-17
1.51E-16

1.93E-17

6.70E-20
9.12E-17

6.48E-17
2.43E-16
1.64E-16
3.09E-16
2.98E-17

1.06E-16
5.77E-18
4.28E-17

9.05E-18
3.09E-17
3.92E-17

9.77E-18
5.07E-17
1.40E-17
1.65E-16
1.57E-16
2.13E-16
1.61E-16

3.48E-21
3.20E-16

7.73E-17
4.09E-20

2.39E-16

1.31E-21

2.08E-17
1.33E-17
6.49E-18

6.90E-17

2.98E-17
9.73E-18

1.25E-16

6.64E-17

1.51E-16
3.54E-17
2.25E-16

1.23E-16

1.28E-16
1.98E-16

1.31E-16
7.70E-17
5.23E-17

2.02E-16

1.21E-17

1.20E-16
5.14E-19

3.89E-20
4.92E-17
3.74E-17
1.75E-16
1.07E-16

2.03E-16
2.21E-17
7.13E-17

3.64E-18
3.01E-17

5.42E-18
2.14E-17
2.65E-17

3.73E-18
1.95E-17
3.74E-18
9.52E-17

1.09E-16
1.72E-16
1.32E-16

5.83E-23
2.71E-16

6.09E-17
2.24E-20
1.94E-16

9.04E-23
1.44E-17
9.84E-18
4.04E-18

4.52E-17

1.41E-18
3.25E-18
9.29E-17

1.34E-17
9.89E-17
3.23E-18
1.53E-16

5.57E-17



Hf-167

Hf-169

Hf-170
Hf-172

Hf-173

Hf-174
Hf-175
Hf-177m

Hf-178m
Hf-179m
Hf-180m
Hf-181
Hf-182
Hf-182m

Hf-183
Hf-184

Ta-170

Ta-172
Ta-173
Ta-174
Ta-175

Ta-176
Ta-177
Ta-178

Ta-178m
Ta-179
Ta-180

Ta-182

Ta-182m
Ta-183

Ta-184
Ta-185
Ta-186
W-177

W-178
W-179
W-179m

W-181

W-185
W-185m

W-187

W-188
W-190
Re-178

Re-179
Re-180
Re-181

1.10E-16

8.50E-17

5.24E-17
1.12E-17

4.76E-17

O.OOE+00
4.36E-17
2.92E-16
2.76E-16
1.14E-16
1.22E-16

7.04E-17
3.02E-17
1.18E-16
1.22E-16

4.73E-17
2.47E-16

2.42E-16

7.65E-17
1.47E-16
1.37E-16
2.78E-16
7.54E-18
1.44E-17

1.42E-16
2.59E-18

6.71E-18
1.63E-16

3.78E-17
4.61E-17
2.19E-16
6.32E-17
2.46E-16
1.11E-16
1.59E-18

5.54E-18
1.27E-17

4.21E-18

4.77E-18
5.23E-18
7.02E-17

3.18E-19
3.82E-17
2.52E-16

1.34E-16

1.53E-16
1.02E-16

5.91E-17

6.05E-17
4.01E-17

7.02E-18
3.57E-17

O.OOE+O0

3.22E-17
2.15E-16

2.13E-16
8.59E-17
9.33E-17

5.05E-17
2.27E-17
8.69E-17

7.58E-17
2.15E-17
1.05E-16

1.69E-16

5.58E-17
9.68E-17
1.11E-16

2.32E-16
4.90E-18
1.04E-17
1.08E-16

1.59E-18
3.22E-18

1.30E-16
2.31E-17
2.63E-17
1.54E-16

1.43E-17
1.39E-16
8.70E-17

9.89E-19
3.32E-18
4.39E-18

2.63E-18

5.67E-20
2.05E-18

4.33E-17

2.08E-19
1.26E-17
1.77E-16

1.07E-16
1.18E-16
7.66E-17



Re-182

Re-182m

Re-183
Re-184
Re-184m

Re-186
Re-186m

Re-187
Re-188
Re-188m
Re-189

Re-190

Re-190m
Os-180

Os-181
Os-182
Os-183
Os-183m

Os-185
Os-186
Os-189m
Os-190m

Os-191
Os-191m

Os-193
Os-194
Os-196
Ir-180
Ir-182
Ir-183

Ir-184
Ir-185
Ir-186

Ir-186m

Ir-187

Ir-188

Ir-189
Ir-190

Ir-190m
Ir-190n
Ir-191m
Ir-192

Ir-192m

Ir-192n
Ir-193m

Ir-194

Ir-194m

2.21E-16
1.50E-16
1.84E-17
1.08E-16
4.65E-17
2.22E-17
1.67E-18
0.00 E+00
6.10E-17
7.83E-18
2.52E-17
2.08E-16
1.38E-16
1.45E-17
1.70E-16
5.25E-17
7.58E-17
1.23E-16
8.36E-17
0.OOE+00
1.40E-20
1.96E-16
9.97E-18
6.63E-19
2.97E-17
2.67E-19
3.23E-17
2.83E-16
2.46E-16
1.52E-16
2.58E-16
1.07E-16
2.09E-16
1.59E-16
3.99E-17
2.62E-16
8.86E-18
1.81E-16
1.46E-20

8.89E-18
1.1OE-16
6.07E-20
4.88E-18
8.95E-20
6.80E-17
2.87E-16

1.76E-16

1.22E-16

1.24E-17
8.68E-17

3.58E-17

1.99E-18
9.72E-19
0.OOE+00

6.60E-18
5.12E-18
5.40E-18

1.31E-16

8.96E-17
1.03E-17

1.37E-16

3.98E-17
5.83E-17

1.OOE-16
6.65E-17
0.OOE+00
2.38E-22
1.53E-16

6.62E-18
4.15E-19

6.41E-18
1.18E-19

7.73E-18
1.56E-16
1.39E-16
1.19E-16
1.96E-16

8.59E-17
1.66E-16
1.26E-16

3,07E-17

2.19E-16

5.99E-18
1.42E-16

2.65E-22
4.12E-18
5.96E-18
7.86E-17

5.92E-21

9.60E-20
2.32E-20

9.74E-18

2;26E-16



Ir-195
Ir-195m

Ir-196
Ir-196m

Pt-184
Pt-186

Pt-187

Pt-188

Pt-189
Pt-190

Pt-191

Pt-193
Pt-193m

Pt-195m

Pt-197
Pt-197m
Pt-199

Pt-200
Pt-202
Au-186

Au-187
Au-190

Au-191
Au-192

Au-193
Au-193m
Au-194
Au-195
Au-195m
Au-196

Au-196m
Au-198
Au-198m

Au-199

Au-200
Au-200m
Au-201

Au-202
Hg-190
Hg-191m
Hg-192

Hg-193
Hg-193m

Hg-194

Hg-195
Hg-195m
Hg-197

2.66E-17

5.66E-17
1.14E-16

3.18E-16
8.87E-17
8.29E-17

7.90E-17

2.52E-17

5.92E-17

0.00E+00

3.56E-17
3.37E-20
3.86E-18
1.06E-17
1.27E-17
2.47E-17
5.96E-17
1.48E-17
4.49E-17
2.61E-16

1.37E-16

3.12E-16

7.32E-17
2.46E-16
2.03E-17
2.61E-17

1.29E-16

9.18E-18
2.67E-17

5.81E-17
3.64E-17
6.82E-17

6.97E-17

1.50E-17

8.43E-17
2.51E-16
3.09E-17

9.88E-17
2.38E-17
1.87E-16

3.29E-17
1.03E-16
1.26E-16

4.46E-20
2.38E-17
2.63E-17
8.06E-18

4.72E-18

3.56E-17

2.42E-17
2.39E-16

6.63E-17
6.51E-17
5.81E-17
1.78E-17
4.51E-17
0.OOE+00

2.60E-17

6.57E-22
8.04E-19

5.52E-18
2.10E-18
7.05E-18
1.97E-17

5.09E-18

6.05E-19
1.49E-16

1.08E-16

2.51E-16
5.58E-17

2.02E-16
1.42E-17
1.83E-17
1.05E-16
6.10E-18
1.87E-17
4.42E-17

2.14E-17
3.90E-17

4.87E-17

8.74E-18

2.84E-17
1.92E-16

3.62E-18
1.85E-17

1.72E-17
1.46E-16

2.44E-17

8.29E-17
1.01E-16

1.04E-21

1.81E-17
1.83E-17
5.41E-18



Hg-197m
Hg-199m

Hg-203

Hg-205
Hg-206
Hg-207

TI-190
TI-190m
TI-194
TI-194m
TI-195
TI-196
TI-197
TI-198
TI-198m
TI-199
TI-200
TI-201

TI-202
TI-204

TI-206
TI-206m
TI-207

TI-208
TI-209

TI-210

Pb-194
Pb-195m
Pb-196

Pb-197

Pb-197m
Pb-198
Pb-199

Pb-200
Pb-201
Pb-20lm
Pb-202

Pb-202m
Pb-203
Pb-204m

Pb-205
Pb-209
Pb-210

Pb-211
Pb-212
Pb-214

Bi-197

1.69E-17
3.96E-17

3.14E-17
3.65E-17
4.07E-17
3.86E-16

2.74E-16
3.57E-16

1.55E-16
3.22E-16

1.53E-16
2.43E-16
5.68E-17
2.50E-16
1.55E-16

3.15E-17
1.61E-16

1,08E-17
5.65E-17

1.32E-17

3.60E-17
3.05E-16
3.28E-17

4.65E-16
3.11E-16
4.30E-16
1.35E-16
2.15E-16
6.29E-17

1.93E-16

1.53E-16

5.52E-17
1.30E-16

2.67E-17

9.39E-17
6.13E-17
6.24E-20
2.49E-16
3.95E-17

2.58E-16

6.32E-20
9.87E-18
3.03E-19

3.71E-17
2.32E-17

4.53E-17
2.25E-16

8.28E-18

1.65E-17
2.27E-17

9.63E-19
1.19E-17

2.77E-16

1.28E-16
2.41E-16

8.87E-17
2.46E-16
i.25E-16

1.91E-16
4.40E-17

2.06E-16
1.17E-16
2.27E-17
1.30E-16

7.32E-18
4.36E-17

2.44E-19

4.75E-19
2.37E-16
6.50E-19

3.64E-16
2.20E-16
2.85E-16
1.07E-16

1.61E-16
4.60E-17

1.55E-16

1.14E-16

4.07E-17
1.04E-16

1.81E-17
7.28E-17
3.54E-17
1.12E-21

1.97E-16
2.88E-17

2.05E-16

1.14E-21
1.12E-19
1.09E-19

6.68E-18

1.34E-17
2.41E-17

1.70E-16



Bi-200
Bi-201

Bi-202
Bi-203

Bi-204

Bi-205

Bi-206
Bi:207

Bi-208
Bi-210
Bi-210m
Bi-211

Bi-212
Bi-212n

Bi-213

Bi-214
Bi-215
Bi-216

Po-203

Po-204
Po-205
Po-206

Po-207
Po-208
Po-209

Po-210
Po-211
Po-212

Po-212m

Po-213

Po-214
Po-215
Po-216
Po-218
At-204
At-205

At-206
At-207
At-208

At-209
At-210
At-211

At-215
At-216
At-217
At-218

At-219

3.10E-16

2.15E-16

3.44E-16
2.98E-16

3.59E-16

2.10E-16

4.06E-16
1.95E-16

3.38E-16
2.44E-17
3.39E-17

6.25E-18
4.72E-17
3.56E-17

4.38E-17
2.28E-16
7.52E-17
1.87E-16

2.08E-16
1.44E-16
1.96E-16

1.49E-16

1.58E-16
2.69E-21
7.82E-19

1.19E-21

1.OOE-18
0.OOE+00

1.01E-17

4.63E-21
1.01E-20
2.17E-20

1.87E-21
2.62E-22
3.12E-16
1.56E-16

3.24E-16
2.53E-16

3.78E-16

2.80E-16

3.67E-16
4.11E-18

2.25E-20

3.10E-19
3.28E-20

7.94E-20

O.OOE+00

2.39E-16
1.76E-16

2.74E-16
2.44E-16

2.92E-16

1.73E-16
3.28E-16

1.53E-16

2.93E-16
2.98E-19
2.49E-17
4.51E-18
1.08E-17
4.61E-19

1.26E-17

1.54E-16
2.52E-17
7.31E-17

1.64E-16
1.12E-16
1.59E-16
1.16E-16
1.27E-1,6
2.04E-21
6.01E-19

9.65E-22
8.08E-19
O.OOE+00

8.65E-18
3.71E-21

8.23E-21
1.70E-20
1.52E-21
2.86E-24
2.26E-16
1.13E-16

2.44E-16
2.03E-16

3.03E-16

2.24E-16

3.03E-16
2.86E-18

1.64E-20

2.12E-19
2.31E-20
1.25E-21

O.OOE+00



At-220

Rn-207
Rn-209

Rn-210

Rn-211

Rn-212
Rn-215

Rn-216
Rn-217
Rn-218
Rn-219
Rn-220
Rn-222
Rn-'223

Fr-212
Fr-219
Fr-220

Fr-221

Fr-222
Fr-223

Fr-224
Fr-227

Ra-219
Ra-220
Ra-221
Ra-222

Ra-223
Ra-224
Ra-225

Ra-226
Ra-227
Ra-228
Ra-230
Ac-223

Ac-224
Ac-225

Ac-226

Ac-227

Ac-228

Ac-230
Ac-231

Ac-232
Ac-233
Th-223

Th-224
Th-226
Th-227

1.42E-16

1.34E-16

1.53E-16
7.62E-18

2.31E-16

4.13E-20
0.OOE+00
0.OOE+00
O.OOE+00
9.26E-20
7.41E-18

7.70E-20
4.77E-20

7.86E-17

1.45E-16
4.48E-19
1.26E-18

3.86E-18

6.51E-17
2.79E-17
1.27E-16
1.06E-16
2.34E-17

5.76E-19
5.23E-18
1.16E-18
1.85E-17

1.36E-18
3.69E-18
1.02E-18

4.29E-17

1.22E-19
1.88E-17

2.25E-18

2.76E-17
1.84E-18
3.13E-17

3.66E-20

1.30E-16

1.31E-16

8.92E-17
2.10E-16
1.18E-16
9.07E-18
3.19E-18
1.18E-18
1.62E-17

4.46E-17

9.59E-17
1.19E-16

5.89E-18

1.87E-16
3.32E-20

O.OOE+00
0.OOE+00

O.OOE+00
7.39E-20
5.60E-18
6.10E-20
3.76E-20
3.35E-17

1.14E-16
3.41E-19

7.85E-19

2.75E-18
1.74E-17
4.55E-18

5.63E-17
4.32E-17
1.61E-17
4.51E-19
3.24E-18
8.81E-19

1.27E-17
9.87E-19
5.43E-19

6.84E-19
1.37E-17

6.78E-21
7.23E-18

1.60E-18

2.06E-17
1.26E-18
1.23E-17

8.25E-21

8.67E-17
5.70E-17

3.98E-17

1.22E-16
4.92E-17

6.18E-18
2.14E-18
7.08E-19

1.15E-17



Th-228

Th-229

Th-230
Th-231

Th-232
Th-233

Th-234
Th-235
Th-236
Pa-227
Pa-228
Pa-229

Pa-230
Pa-231

Pa-232
Pa-233

Pa-234
Pa-234m
Pa-235
Pa-236
Paý237
U-227
U-228

U-230
U-231
U-232
U-233

U-234
U-235
U-235m
U-236
U-237
U-238

U-239
U-240

U-242
Np-232

Np-233
Np-234

Np-235
Np-236
Np-236m

Np-237

Np-238
Np-239
Np-240

Np-240m

3.24E-19
1.12E-17

1.02E-19

3.73E-18
7.41E-20

2.93E-17
1.45E-18
5.25E-17
2.57E-17
2.43E-18
1.68E-16
7.40E-18

8.19E-17

4.91E-18
1.17E-16

3.26E-17

1.92E-16
5.94E-17
3.10E-17
1.66E-16
1.12E-16
1.67E-17
6.OOE-19
2.29E-19

9.05E-18

1.18E-19

7.45E-20

9.48E-20
2.OOE-17

O.OOE+00
7.90E-20
1.92E-17
6.39E-20
3.07E-17
3.67E-18
2.87E-17

1.47E-16
1.05E-17

1.38E-16

3.30E-19
2.06E-17
9.11E-18

3.31E-18

8.33E-17
2.85E-17
1.49E-16

8.33E-17

1.84E-19

7.40E-18

3.42E-20
1.02E-18

1.80E-20

3.63E-18
7.22E-19
5.86E-18
3.44E-18
1.61E-18
1.35E-16

5.22E-18

6.50E-17
3.18E-18

9.25E-17
2.03E-17

1.45E-16

2.45E-18
3.93E-19
9.38E-17
6.07E-17
1.07E-17
3.53E-19

1.02E-19

5.96E-18

2.43E-20

2.35E-20
1.40E-20

1.51E-17
O.OOE+00

8.69E-21
1.17E-17
7.32E-21
4.41E-18
4.30E-19
4.03E-18

1.16E-16
7.52E-18

1.13E-16

6.43E-20
1.23E-17
4.18E-18

1.93E-18

5.88E-17
1.62E-17
1.03E-16

3.20E-17



Np-241
Np-242

Np-242m

Pu-232
Pu-234
Pu-235

Pu-236
Pu-237
Pu-238
Pu-239
Pu-240
Pu-241

Pu-242
Pu-243

Pu-244

Pu-245
Pu=246
Am-237

Am-238
Am-239
Am-240
Am-241

Am-242
Am-242m

Am-243

Am-244

Am-244m
Am-245
Am-246
Am-246m
Am-247
Cm-238
Cm-239

Cm-240

Cm-241

Cm-242
Cm-243

Cm-244

Cm-245
Cm-246
Cm-247
Cm-248

Cm-249
Cm-250
Cm-251
Bk-245

Bk-246

3.07E-17

9.66E-17

1.51E-16
7.20E-18
7.81E-18
1.08E-17
1.03E-19

5.77E-18
9.22E-20
4.63E-20
8.74E-20
2.07E-22

8.71E-20
1.01E-17

3.46E-18
6.56E-17
1.75E-17

4.56E-17
1.10E-16

3.14E-17
1.26E-16
2.75E-18

9.71E-18
2.85E-19

6.52E-18

1.05E-16

3.53E-17
1.91E-17

1.20E-16
1.50E-16

4.89E-17
9.44E-18
3.09E-17
1.07E-19

6.40E-17
9.54E-20
1.85E-17

8.39E-20

1.32E-17
6.52E-19
3.85E-17
2.20E-16

1.80E-17
2.29E-15
4.21E-17

3.10E-17

1.03E-16

3.67E-18

2.82E-17

8.99E-17
5.16E-18

5.58E-18
7.70E-18
1.OOE-20
4.OOE-18

7.81E-21
8.51E-21
7.66E-21

1.37E-22

1.43E-20
2.08E-18

2.09E-18
3.92E-17

1.20E-17

3.41E-17

8.88E-17
2.07E-17
1.02E-16

1.54E-18

1.27E-18
4.53E-20

4.34E-18

7.77E-17

1.89E-18
3.03E-18

7.09E-17
9.86E-17
1,25E-17
6.80E-18
2.32E-17
1.06E-20

4.63E-17

9.09E-21
1.17E-17
9.22E-21

8.90E-18
3.87E-19
3.01E-17
1.39E-16

2.04E-18

1.41E-15
1.10E-17

2.05E-17

8.30E-17



Bk-247

Bk-248m

Bk-249
Bk-250

Bk-251

Cf-244
Cf-246

Cf-247

Cf-248
Cf-249

Cf-250
Cf-251
Cf-252
Cf-253

Cf-254
Cf-255
Es-249

Es-250

Es-250m
Es-251

Es-253
Es-254
Es-254m
Es-255
Es-256
Fm-251
Fm-252

Fm-253
Fm-254

Fm-255

Fm-256
Fm-257

1.97E-17
1.63E-17

3.73E-20

1.25E-16
2.81E-17

1.02E-19
7.73E-20

1.16E-17

1.37E-19
4.01E-17

1.63E-18
1.91E-17
7.50E-17
1.64E-18

2.85E-15
1.14E-17
5.OOE-17

1.49E-16
6.76E-17

1.16E-17

7.31E-20
1.18E-18

6.81E-17
1.74E-18

3.85E-17
1.88E-17
1.24E-19
8.26E-18
1.18E-18
9.72E-19

2.01E-15

2.06E-17

1.32E-17
4.91E-18
5.42E-22

9.03E-17

7.70E-18
1.01E-20

1.12E-20

7.95E-18

4.40E-20
3.11E-17

1.04E-18
1.07E-17
4.81E-17
5.64E-20

1.78E-15
1.30E-19
3.86E-17

1.14E-16
5.42E-17

7.96E-18

3.30E-20
3.33E-19

4.61E-17
8.96E-20
5.29E-19
1.40E-17

3.78E-20
5.15E-18
7.50E-19
2.16E-19

1.31E-15

1.32E-17



From: OST02 HOC
Sent: Saturday, March 26, 2011 2:06 PM
To: Costa, Arlon; PMT03 Hoc; Chowdhury, Prosanta
Cc: OST01 HOC
Subject: RE: PMT Coordinator

The 3-11 PM shift is already staffed. 11:00 PM - 7:00 AM 4/1-4/2 is available as well as 7:00 - 3:00, and 11:00 PM - 7:00
AM 4/2-4/3.

OST02
NRC Operations Center
301-816-5100

From: Costa, Arlon
Sent: Saturday, March 26, 2011 1:56 PM
To: PMT03 Hoc; Chowdhury, Prosanta
Cc: OST02 HOC; OST01 HOC
Subject: RE: PMT Coordinator

I signed in for the 3-11PM.

From: PMT03 Hoc
Sent: Saturday, March 26, 2011 1:22 AM
To: Costa, Arlon; Chowdhury, Prosanta
Cc: OST02 HOC; OST01 HOC
Subject: PMT Coordinator

Arlon, Prosanta,

We're almost complete on the PMT Coordinator roster for next week, but there are two slots needing filled next
Saturday, April 2 nd, if you're available. The slots are 7am-3pm and 3pm-11pm (and actually 11pm-7am Sunday which I
will take if it remains unfilled). If each of you can fill one of these slots, that would be great. Please respond by copying
OST01 and OST02, to be placed on the roster.

Hope to see you then.

Thanks.

Lou

/1P
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Lee, Richard

From: Lee, Richard
Sent: Sunday, March 27, 2011 10:47 PM
To: Dana Powers
Subject: RE: long term storage of wastage

Thx, Dana:
Richard

From: Dana Powers [danapowers@msn.com]
Sent: Sunday, March 27, 2011 7:28 PM
To: Lee, Richard
Subject: RE: long term storage of wastage

Richard, The Hanford tanks are mild steel tanks - even the double walled tanks. They can hold
waste only by making the waste extremely basic (pH>10). Just making the waste water basic may
not be enough for the waste water from Fukushima. The waste water is heavily contaminated
with chloride and will be aggressive toward mild steel. The Hanford waste did not have a lot
of sodium chloride in it.

The problem tanks at Hanford were those that had precipitated solids. Water from the
Fukushima reactors will come in hot and will precipitate sodium chloride. Over time iron
hydroxide and carbonates of various types will precipitate from the waste water. Over the
long term, weird and unwonderful things can happen in the liquids trapped between the
precipitated solids and the tank walls - crevice corrosion. I would think that they would
want to use tanks better suited for the long term storage of the waste water. Steels with a
little copper in it might work better. Plastic coated interiors will work for a while, but
eventually the radiation dose will embrittle the plastic and cause it to flake off. They may
also want to make sure that they can stir up the waste every once in a while so that
concentrations at interfaces get dissipated. The second most readily attacked area of the
tanks is the interface with the atmosphere.

On another score. If they inject water sparged with nitrogen into the core, they will start
getting nitric acid formation in the gas phase. The nitric acid will begin to acidify the
water in the core. It is not clear to me that they have enough buffer solution to stand up to
the acidification. They may want to make sure that sparged water is well borated with sodium
tetraborate or similar material.

I would expect that if there is precipitated sodium chloride in the vessel bottom, that some
fraction of the cesium will ion exchange with sodium in the precipitated sodium chloride. I
don't know how much or whether it will significantly reduce the amount of cesium in solution.
It should reduce it some. I would expect some ion exchange also with barium and strontium m

again, I don't know how much, probably not a lot. Dana

From: Richard.Lee(@nrc.gov
To: danapowers(@msn.com; dapower(@sandia.gov
Date: Sun, 27 Mar 2011 18:13:53 -0400
Subject: long term storage of wastage

Dana:,



Form your experience with the Hanford Water tanks, is there lesson-learned what to do better
from the start so one does not have to go through what DOE did (spending $Bs and none got
clean up).

Richard

8
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Lee, Richard ,

From: Lee, Richard
Sent: Sunday, March 27, 2011 10:55 PM
To: Dana Powers
Subject: RE: long term storage of wastage

Dear Dana:

Tomorrow, I will forward these messages to DOE Science Council w/- cc: to you at Sandia.

Richard

From: Dana Powers [danapowers@msn.com]
Sent: Sunday, March 27, 2011 7:28 PM
To: Lee, Richard
Subject: RE: long term storage of wastage

Richard, The Hanford tanks are mild steel tanks - even the double walled tanks. They can hold
waste only by making the waste extremely basic (pH>10). Just making the waste water basic may
not be enough for the waste water from Fukushima. The waste water is heavily contaminated
with chloride and will be aggressive toward mild steel. The Hanford waste did not have a lot
of sodium chloride in it.

The problem tanks at Hanford were those that had precipitated solids. Water from the-
Fukushima reactors will come in hot and will precipitate sodium chloride. Over time iron
hydroxide and carbonates of various types will precipitate from the waste water. Over the
long term, weird and unwonderful things can happen in the liquids trapped between the
precipitated solids and the tank walls - crevice corrosion. I would think that they would
want to use tanks better suited for the long term storage of the waste water. Steels with a
little copper in it might work better. Plastic coated interiors will work for a while, but
eventually the radiation dose will embrittle the plastic and cause it to flake off. They may
also want to make sure that they can stir up the waste every once in a while so that
concentrations at interfaces get dissipated. The second most readily attacked area of the
tanks is the interface with the atmosphere.

On another score. If they inject water sparged with nitrogen into the core, they will start
getting nitric acid formation in the gas phase. The nitric acid will begin to acidify the
water in the core. It is not clear to me that they have enough buffer solution to stand up to
the acidification. They may want to make sure that sparged water is well borated with sodium
tetraborate or similar material.

I would expect that if there is precipitated sodium chloride in the vessel bottom, that some
fraction of the cesium will ion exchange with sodium in the precipitated sodium chloride. I
don't know how much or whether it will significantly reduce the amount of cesium in solution.
It should reduce it some. I would expect some ion exchange also with barium and strontium -
again, I don't know how much, probably not a lot. Dana

From: Richard.Lee(@nrc.gov
To: danapowers(@msn.com; dapower(@sandia.gov
Date: Sun, 27 Mar 2011 18:13:53 -0400
Subject: long term storage of wastage

3,z-3 f



Dana:

Form your experience with the Hanford Water tanks, is there lesson-learned what to do better
from the start so one does not have to go through what DOE did (spending $Bs and none got
clean up).

Richard

4
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From: OST01 HOC
Sent: Monday, March 28, 2011 2:47 PM
To: Glitter, Joseph
Cc: Evans, Michele; OST02 HOC; OST01 HOC
Subject: RE: Updated ET Response Advisor Schedule for Pay Period 8

Joe,

You have been added to the ERO Staffing Roster in the ET Response Advisor for Thursday, 7am to 3pm.

Tony McMurtray
EST Coordinator

From: Giitter, Joseph
Sent: Monday, March 28, 2011 2:33 PM
To: McDermott, Brian; Miller, Chris; McGinty, Tim; Morris, Scott; Blount, Tom; Thaggard, Mark; Ross-Lee, Marylane
.Cc: Evans, Michele; OST01 HOC
Subject: RE: Updated ET Response Advisor Schedule for Pay Period 8

I can cover the Thursday dayshift since Allen will be back off shift then.

From: McDermott, Brian
Sent: Monday, March 28, 2011 8:19 AM
To: Miller, Chris; McGinty, Tim; Glitter, Joseph; Morris, Scott; Blount, Tom; Thaggard, Mark; Ross-Lee, Marylane
Cc: Evans, Michele; OST01 HOC
Subject: RE: Updated ET Response Advisor Schedule for Pay Period 8

Everyone - We still have three shifts to fill later in the week - 2 dayshifts and one swing shift. Please check to
see if you can fill in, Please reply to the group and OST01.HOC if you are able to cover.

Regarding our plan to reduce staffing, the EDO and DEDOs are working to align on the approach. I am
hopeful that we will be able to implement sometime this week.

Thanks,
Brian

From: OST01 HOC
Sent: Monday, March 28, 2011 5:29 AM
To: McDermott, Brian; Miller, Chris; McGinty, Tim; Guitter, Joseph; Morris, Scott; Blount, Tom; Thaggard, Mark
Subject: Updated ET Response Advisor Schedule for Pay Period 8

Hello,

Attached is the most recent schedule for the ET Response Advisor for pay period 8. There have been some
changes. Please verify that this information is correct.

Thank you.

EST Coordinator



Operations Center
301-816-5100
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Franovich, Mike

From: Franovich, Mike
Sent: Monday, March 28, 2011 12:06 PM
To: Franovich, Rani
Subject: FW: 50 Mile EPZ justification response

This may have been intended for you. The TAs received the info in a separate e-mail.

From: LIA08 Hoc
Sent: Monday, March 28, 2011 11:58 AM
To: Franovich, Mike; Blount, Tom
Subject: FW: 50 Mile EPZ justification response

For your info. Jeff Temple

_From: LIA08 Hoc
Sent: Monday, March 28, 2011 11:56 AM
To: Franovich, Mike; Orders, William; Snodderly, Michael; Castleman, Patrick; Marshall, Michael; Batkin, Joshua;
Hipschman, Thomas
Cc: LIA06 Hoc .... 2

Subject: FW: 50 Mile EPZ justification response '

Attached for your info is an email sent by the Ops Center Liaison Team to Mr. Takashi regarding questions he raised
about the 50 mile evacuation recommendation we made for US Citizens in Japan. Please let me'know if you have any
questions or would like additional information about this.

Jeff Temple
Response Program Manager
Liaison Team/Interagency Response Team/Corporate Support Response Team
301-816-5185

From: LIA03 Hoc
Sent: Monday, March 28, 2011 11:07 AM
To: takashi.inutsuka@mofa.go.jp
Cc: Doane, Margaret; Mamish, Nader; LIA02 Hoc; LIA08 Hoc; Borchardt, Bill; LIA03 Hoc
Subject: 50 Mile EPZ justification response

On behalf of Bill Borchardt, we are responding to your questions:

1. In the NRC NEWS, March 16, 2011, there are attachments of the results of two sets of
computer calculations. One, 15 March 2010 02:51am (EDT), has a hypothetical, single-reactor
site, 2350 MWt, Boiling Water Reactor. On the other hand, 16 March 2010 12:24pm (EDT), has a
hypothetical, four-reactor site. But in these attachments there is no detailed assumption for
calculations about
(1) the power and type of reactor for the four-reactor site,
(2) weather, wind direction and speed, and the status of the problem at the reactors (for
example: Source Term).

QI: Are these sentences correct?

Al: These sentences are correct. Although the press release identified one of the computer
calculations being based on a hypothetical four-reactor site, the source term used in

126

.~•3Zz~z/-7



h'e caiculation was the approximate activity available for release from one reactor and two
speht fuel pools.

,,1Q2: Have you ever explained these detailed assumptions to the public?

A2: The assumptions have been generally described in press releases, interviews, and
congressional testimony.

Q3: Could you explain the relation between the number of Total EDE and irem (PAGs)? For
- example 8.1rem-(15 March calculation) and 9.9rem (16 March calculation), 50 mi, and irem?

Could .you also explain the relation between the number of Thyroid CDE and 5rem (PAGs)? For
.example 23rem (15 March calculation) and 48rem (16 March calculation), 50 mi, and 5rem? Is
there no need to calculate this for distances greater than 50 mi?

A3: As stated in the press release, these two computer calculations are hypothetical, rough
estimates that would not.necessarily characterize an actual release. Although the
calculation references have TEDE and CDE doses exceeding PAGs beyond 50 miles, these were,
only two of several cases run. Given that other cases projected PAG doses less than 50 miles
and there would be time to extend our recommendations beyond 50.miles,ifnecessary, the 50
mile recommendation was-considered appropriate to protect US citizens.

2. At the White House Regular Briefing, March 17, 2011, Chairman Jaczko said, "We have a team I
of 11, some of our best technical- experts in Tokyo,. and they are working with counterparts
from the utility in Tokyo as well as other individuals with the government. So that is one of
the sources. We are collecting data from as many places'as we can to make the best judgments
we can with the information available. But I would stress that this is a very difficult
situation. There is often conflicting information. And so we made what we thought was a
prudent decision."

Q4: Does this statement accurately reflect the NRC's decisionmakingprocess that led to the
recommendation (50 miles)?

A4: Yes.

Q5:,Did NRC have evidence to suggest that radiation levels around Fukushima were higher than i
what Japanese officials had said?-

A5: No. The NRC had very limited radiation level information at this time. The computer
calculations and subsequent protective action decisions were based on conservative
assumptions based on limited information and the deteriorating state of several reactors and
spent fuel pools.

3. At the meeting of NRC, March 21, 2011, you said, "the situation that led to the 50 mile
guidance in Japan was based upon what we understood and still believe had existed that there
were degraded conditions in two spent-fuel pools at the site and, in all likelihood,'some
core damage in three of the reactor units. Based on the situation as we understood it at that
time, we thought it was prudent to provide the recommendation to the ambassador to evacuate
out to 50 miles in Japan."

Q6: Does this statement accurately reflect the NRC's decisonmaking process that led to the
r ecommendation (50 miles)?

A6: Yes.

Q7: There are some differences on the basis for making recommendation between 1. and 3. Could
you explain the basis for making the recommendation (50 miles) again?
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<A7: The comments made by NRC Chairman Jaczko and Mr. Borchardt were consistent in that
eriously degrading conditions at several Daiichi units supported a need to take pre-emptive

protective action. The computer calculations helped to provide perspective on possible
impacts.

Q8: I understand the recommendation is prudent. How do you define "prudent" in the
t assumptions for your calculations? in the decision about the distance?

] A8: Since communications were limited and there was a large degree of uncertainty about plant
conditions at the time) it was difficult to accurately assess the radiological hazard.
Computer models used meteorological model data appropriate for the Fukushima Daiichi
vicinity. Source terms were based on hypothetical, but not unreasonable estimates of fuel
damage, containment, and other release conditions. Subsequent modeling can be correlated
with the ground deposition as observed in flyover and other monitoring data. Therefore,
prudent (reasonable conservative protective actions made with a-predictive approach to limit
radiation exposure to US citizens) can be substantiated based on the conditions present and
the information known at the time.

If you have additional questions please contact Mr. Borchardt at the email address above.

Tracking:
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From: OST01 HOC
Sent: Monday, March 28, 2011 7:23 PM
To: Miller, Chris
Cc: McDermott, Brian
Subject: RE: Updated ET Response Advisor Schedule for Pay Period 8

Thanks Chris. You are on the schedule for April 9 from 7am-3pm.

Rebecca Stone
EST Coordinator

From: McDermott, Brian
Sent: Monday, March 28, 2011 7:21 PM
To: OST01 HOC
Subject: FW: Updated ET Response Advisor Schedule for Pay Period 8

From: Miller, Chris
Sent: Monday, March 28, 2011 8:30 AM
To: McDermott, Brian
Subject: Re: Updated ET Response Advisor Schedule for Pay Period 8

I could pick up day shift on 4-9.

From: McDermott, Brian
To: Miller, Chris; McGinty, Tim; Guitter, Joseph; Morris, Scott; Blount, Tom; Thaggard, Mark; Ross-Lee, Marylane
Cc: Evans, Michele; OST01 HOC
Sent: Mon Mar 28 08:18:37 2011
Subject: RE: Updated ET Response Advisor Schedule for Pay Period 8

Everyone - We still have three shifts to fill later in the week - 2 dayshifts and one swing shift. Please check to
see if you can fill in. Please reply to the group and OST01 .HOC if you are able to cover.

Regarding our plan to reduce staffing, the EDO and DEDOs are working to align on the approach. I am
hopeful that we will be able to implement sometime this week.

Thanks,
Brian

From: OST01 HOC
Sent: Monday, March 28, 2011 5:29 AM
To: McDermott, Brian; Miller, Chris; McGinty, Tim; Guitter, Joseph; Morris, Scott; Blount, Tom; Thaggard, Mark
Subject: Updated ET Response Advisor Schedule for Pay Period 8

Hello,

Attached is the most recent schedule for the ET Response Advisor for pay period 8. There have been some
changes. Please verify that this information is correct.

/1J



Thankyou.

EST Coordinator
Operations Center
301-816-5100
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From:

Sent:
To:
Subject:
Attachments:

PMT03 Hoc

Monday, March 28, 2011 7:55 PM

Hoc, PMT12

US Nuclear Plant Reported Measurements 03282011.xlsx
US Nuclear Plant Reported Measurements 03282011.xlsx

1

04ý6
/'ý-p F



I I'JLY

Date Plant Isotope Concentration

3/18/2011 San Onofre 1-131 1.4E-13 uCi/cc

3/18/2011 Diablo Canyon 1-131 3.8 to 6E-13 uCi/cc

3/19/2011 San Onofre 1-131 6.5E-13 to 7.OE-13 uCi/cc

3/19/2011 Palo Verde Cs-134 2.22E-13 uCi/cc

3/19/2011 Palo Verde Cs-137 3.58E-13 uCi/cc

3/19/2011 Palo Verde 1-131 1.54E-12 uCi/cc

3/20/2011 San Onofre 1-131 2.OE-12 uCi/cc

3/20/2011 Palo Verde Cs-134 3.87E-13 uCi/cc

3/20/2011 Palo Verde 1-131 2.50E-12 uCi/cc

3/21/2011 Nine Mile Point 1-131 19.1 pCi/L (rainwater)

3/21/2011 Palo Verde 1-131 6.70E-13 uCi/cc

3/21/2011 Palo Verde Cs-134 2.06E-13 uCi/cc,

3/21/2011 Palo Verde Cs-137 2.71E-13 uCi/cc

3/22/2011 San Onofre 1-131 7.0 to 8.OE-13 uCi/cc

3/22/2011 San Onofre Cs-137 1.25E-13 uCi/cc

3/22/2011 Columbia 1-131 6.74E-13 uCi/cc

3/22/2011 Nine Mile Point 1-131 18 pCi/L (rainwater)

3/22/2011 Ginna 1-131 26.8 pCi/L (rainwater)

3/22/2011 Palo Verde 1-131 2.01E-12 uCi/cc

3/22/2011 Palo Verde Cs-137 2.93E-13 uCi/cc

3/22/2011 Palo Verde Cs-134 2.76E-13 uCi/cc

3/23/2011 Millstone 1-131 25.6 pCi/L (rainwater)

3/23/2011 San Onofre 1-131 5E-13 to 6E-13 uCi/cc

3/23/2011 San Onofre Cs-137 7E-14 uCi/cc

3/23/2011 Palo Verde 1-131 7.42E-13 uCi/cc

3/23/2011 TMI 1-131 95 pCi/L (rainwater)

3/24/2011 Palo Verde 1-131 6.30E-13 uCi/cc

3/24/2011 Oyster Creek 1-131 127 pCi/L (rainwater)

3/24/2011 San Onofre 1-131 3.OE-13 to 6.OE-13 uCi/cc

3/24/2011 Limerick 1-131 47 pCi/L (rainwater)

3/25/2011 South Texas 1-131 2.6E-13 uCi/cc

3/25/2011 San Onofre 1-131 9.OE-13 to 1E-12 uCi/cc

3/25/2011 San Onofre Cs-137 1E-13 to 3E-13 uCi/cc

3/25/2011 Palo Verde 1-131 1.25E-12 uCi/cc

3/25/2011 Palo Verde Cs-134 3.50E-13 uCi/cc

3/25/2011 Palo Verde Cs-137 2.62E-13 uCi/cc

3/26/2011 Palo Verde 1-131 5.561E-13 uCi/cc

3/27/2011 Palo Verde 1-131 2.2181E-13 uCi/cc

3/27/2011 San Onofre 1-131 2E-13 to 3E-13 uCi/cc

3/28/2011 Beaver Valley 1-131 14.98 pCi/L (standing water)

1-131 Reporting Levels

NUREG-1301 and NUREG-1302

1-131 Units 1-131 Units

Drinking Water
Non-Drinking Water
Air

2
20
0.9

pCi/L
pCi/L

pCi/m3

2.OOE-09
2.OOE-08
9.OOE-13

uCi/ml
uCi/ml
uCi/cc

from 2E-13 to 3E-13 microcuries/cc

3/28/2011 San Onofre 1-131 2.0 to 3E-13 uCi/cc
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From: LIA07 Hoc
Sent: Tuesday, March 29, 2011 6:35 PM
To: Borchardt, Bill; Bradford, Anna; Cohen, Shari; Collins, Elmo; Cooper, LaToya; Dyer, Jim;

ET07 Hoc; Flory, Shirley; Gibbs, Catina; Haney, Catherine; Hudson, Sharon; Jaczko,
Gregory; Johnson, Michael; Leeds, Eric; Loyd, Susan; Pace, Patti; Schwarz, Sherry;
Sheron, Brian; Speiser, Herald; Sprogeris, Patricia; Taylor, Renee; Virgilio, Martin; Walker,
Dwight; Walls, Lorena; Weber, Michael

Subject Go Book Update - 1800 EDT, March 29, 2011
Attachments: TEPCO Press Release 211.pdf, TEPCO Press Release 208.pdf; TEPCO Press Release

209.pdf; TEPCO Press Release 210.pdf; ET Chronology 3-29-11 1500.pdf; March 29 1500
EDT one pager .docx; USNRC Earthquake-Tsunami Update.032911.1800EDT.pdf

Attached, please find updated information for the "Go Books".

The updates include:
- The 1800 EDT, 03/29/11 Status Update
- The latest ET Chronology
- The latest "One Pager" (1500 EDT, 03/29/11)
- TEPCO Press Releases (208-211)

Please let me know if you have any questions or concerns.

-Sara

Sara Mroz
Communications and Outreach
Office of Nuclear Security & Incident Response
US Nuclear Regulatory Commission
Sara.Mroz@nrc.gov
LIA07.HOC@nrc.gov (Operations Center)
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Press Releases

Press Release (Mar 29,2011)
Status of TEPCO's Facilities and its services after the Tohoku-Taiheiyou-Oki Earthquake (as of 4:00PM)

Due to the Tohoku-Taiheiyou-Oki Earthquake which occurred on March llth
2011, TEPCO's facilities including our nuclear power stations have been
severely damaged. We deeply apologize for the anxiety and inconvenience
caused.

Below is the status of TEPCO's major facilities.
*new items are underlined

[Nuclear Power Station]
Fukushima Daiichi Nuclear Power Station:

Units 1 to 3: shutdown due to the earthquake
(Units 4 to 6: outage due to regular inspections)

*The national government has instructed the public to evacuate for those
local residents within 20km radius of the site periphery and to evacuate
voluntarily for those local residents between 20km and 30km radius of the
site periphery.

*Off-site power was connected to Unit 1 to 6.

*Unit 1
-The explosive sound and white smoke was confirmed near Unit 1 when the
big quake occurred at 3:36pm, March 12th.

-We started injection of sea water at 8:20 pm, March 12th, and then boric
acid which absorbs neutron into the reactor afterwards.

-At approximately 2:30 am, March 23rd, we started the injection of sea
water into the reactor from feed water system. After that, the injection
of freshwater was started from 3:37 pm on March 25th (switched from the
seawater injection). At 8:32 am, Mar 29th, transfer from the fire
fighting pump to a temporary motor driven pump was made.

-At approximately 10:50 am on March 24th, white smoke was confirmed
arising from the top of the reactor building.

-At approximately 11:30 am, March 24th, lights in the main control room
were restored.

*Unit2
-At 1:25 pm, March 14th, since the Reactor Core Isolation Cooling System
has failed, it was determined that a specific incident stipulated in
Clause 1, Article 15 of Act on Special Measures Concerning Nuclear
Emergency Preparedness occurred (failure of reactor cooling function).
At 5:17 pm, March 14th, while the water level in the reactor reached the
top of the fuel rod, we have restarted the water injection with the valve
operation.

-At approximately 6:14 am, March 15th, the abnormal sound was confirmed
near the suppression chamber and the pressure inside the chamber
decreased afterwards. It was determined that there is a possibility that
something happened in the suppression chamber. While sea water injection
to the reactor continued, TEPCO employees and workers from other
companies not in charge of injection work started tentative evacuation
to a safe location.
Sea water injection to the reactor continued.

-On March 18th, power was delivered up to substation for backup power
through offsite transmission line. We completed laying cable further to
unit receiving facility in the building, and at 3:46 pm, March 20th the
load-side power panel of the receiving facility started to be energized.

-From 3:05 pm to 5:20 pm on March 20th, about 40 tons of seawater was
injected into Unit 2 by TEPCO employees.

-At approximately 6:20 pm on March 21st, white smoke was confirmed arising
from the top of the reactor building. As of 7:11 am on March 22nd, smoke
decreased to the level where we could hardly confirm.

-From around 4 pm to 5 pm on March 22nd, approximately 18 tons of sea
water was injected into the spent fuel pool by TEPCO employees.

-From 10:30 am on March 25th, seawater injection through Fuel Pool Cooling
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and Filtering System was initiated. The work finished at 0:19 pm on
March 25th.

-From 10;10 am on March 26th, freshwater (with boric acid) injection was
initiated. (switched from the seawater injection) At 06:31pm, Mar 27th,
transfer from the fire fighting pump to a temporary motor driven pump was
made.

-At approximately 4:46 pm, March 26th, lights in the main control room
were restored.

*Unit 3
-At 6:50 am, March 14th, while water injection to the reactor was under

operation (injection of boric acid was done on Mar 13th), the pressure in
the reactor containment vessel increased to 530 kPa. As a result, at
7:44 am, it was determined that a specific incident stipulated in article
15, clause 1 occurred (abnormal increase of the pressure of reactor
containment vessel). Afterwards, the pressure gradually decreased (as of
9:05 am, 490 kPa).

-At approximately 11:01 am, March 14th, an explosion followed by white
smoke occurred near Unit 3. 4 TEPCO employees and 3 workers from other
companies (all of them were conscious) sustained injuries and were taken
to the hospital by ambulances.

-As the temperature of water in the spent fuel pool rose, spraying water.
by helicopters with the support of the Self Defense Force was considered.
However the operation on March 16th was cancelled.

-At 6:15 am, March 17th, the pressure of the Suppression Chamber
temporarily increased, but currently it is stable within a certain range.
On March 20th, we were preparing to implement measures to reduce the
pressure of thereactor containment vessel (partial discharge of air
containing radioactive material to outside) in order to fully secure
safety. However, at present, it is not a situation to immediately
implement measures and discharge air containing radioactive material to
outside. We will continue to monitor the status of the pressure of the
reactor containment vessel.

-In order to cool spent fuel pool, water was sprayed by helicopters on
March 17th with the cooperation of Self-Defense Forces.

-At approximately past 7:00 pm, March 17th, Self-Defense Forces and the
police started spraying water by water cannon trucks upon our request for
the cooperation. At 8:09 pm, March 17th, they finished the operation.

-At 2:00 pm, March 18th, spraying water by fire engines was started with
the cooperation of Self-Defense Forces and the United States Armed Forces.
At 2:45 pm, March 18th, the operation was finished.

-At approximately 12:30 am, March 19th, spraying water was started with
the cooperation of Fire Rescue Task Forces of Tokyo Fire Department. At
approximately 1:10 am, March 19th, the operation was finished. They
resumed spraying water at 2:10 pm and finished at approximately 3:40 am,
March 20th.

-At approximately 9:30 pm, March 20th, spraying water was started with the
cooperation of Fire Rescue Task Forces of Tokyo Fire Department. At
approximately 3:58 am, March 21th, they the operation was finished.

-At approximately 3:55 pm, March 21st, light gray smoke was confirmed
arising from the southeast side of the 5th floor roof of the Unit 3
building. The situation was reported to the fire department at
approximately 4:21 pm. The parameters of reactor pressure vessel, reactor
containment vessel, and monitored environmental data remained stable
without significant change. However, employees working around Unit 3
evacuated to a safe location. On March 22nd, the color of smoke changed
to somewhat white and it is slowly dissipating.

-At approximately 3:10 pm on March 22nd, spraying water to Unit 3 by
Tbkyo Fire Department's Hyper Rescue and Osaka City Fire Department was
conducted, and completed at approximately 4:00 PM on the same day.

-At approximately 10:45 pm on March 22nd, lights in the main control room
were restored.

-At 11:00 am on March 23rd, the injection of sea water to-spent fuel pool
was conducted, and finished approximately at 1:20 pm on the same day.

-At 4:20 pm on March 23rd, light gray smoke was observed belching from
Unit 3 building. The situation was reported to the fire department at
4:25 pm on March 23rd. The parameters of the reactor, the reactor
containment vessel of Unit 3, and monitored figures around the site's
immediate surroundings remained stable without significant change. To be
safe, workers in'the main control room of Unit 3 and around Unit 3
evacuated to a safe location. At approximately 11:30 pm on March 23rd and
4:50 am on March 24th, TEPCO employees confirmed the smoke has
disappeared. Accordingly, workers evacuation was lifted.

-From approximately 5:35 am on March 24th, sea water injection through
Fuel Pool Cooling and Filtering System was initiated, and finished at
approximately 4:05 pm on the same day.

-From 1:28 pm on March 25th, Hyper Rescue team started water spray. The
work finished at 4:00 pm on March 25th.

-From 6:02 pm on March 25th, the injection of freshwater to the reactor
was started (switched from the seawater injection). At 8:30 pm on March
28th, the injection of fresh water is switched to temporary electricity
pumps from the fire engine pumps.

-At approximately 12:34pm March 27th , the injection of water by the
concrete pump truck was started. At approximately 2:36 pm, March 27th,
the operation was finished.

-At approximately 2:17pm March 29th, the injection of fresh water by the
concrete pump truck was started. (Sea water had been injected so far and
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transfer from seawater to freshwater was made)

Unit 4
-At approximately 6:00 am, March 15th, an explosive sound was heard and
the damage in the 5th floor roof of Unit 4 reactor building was confirmed.
At 9:38 am, the fire near the north-west part of 4th floor of Unit 4
reactor building was confirmed. At approximately 11:00 am, TEPCO
employees confirmed that the fire was out.

-At approximately 5:45 am on March 16th, a TEPCO employee discovered a fire
at the northwest corner of the Nuclear Reactor Building. TEPCO
immediately reported this incident to the fire department and the local
government and proceeded with the extinction of fire. At approximately
6:15 am, TEPCO staff confirmed at the site that there are no signs of
fire.

-At approximately 8:21 am on March 20th, spraying water by fire engines
was started with the cooperation of Self-Defense Forces and they finished
the operation at approximately 9:40 am. At approximately 6:45 pm spraying
water was started by Self-Defenses' water cannon trucks and finished at
approximately 7:45 pm.

-At approximately 6:30 am, March 21st, spraying water by fire engines was
started with the cooperation of Self-Defense Forces and the United States
Armed Forces. At approximately 8:40 am, March 21, they had finished the
operation.

-On March 21st, cabling has been completed from temporary substation to
the main power center.

-From approximately 5:,20 pm on March 22nd, spraying water fromth~e
concrete pumping vehicle was conducted and ended at approximately 8:30 pm
on the same day.

-From approximately 10:00 am on March 23rd, spraying water from the
concrete pumping vehicle was conducted and ended at approximately 1:00 pm
on the same day.

-From approximately 2:35 pm on March 24th, spraying water by the concrete
pumping vehicle was conducted and ended at approximately 5:30 pm on the
same day.

-From 6:05 am on March 25th, seawater injection through Fuel Pool Cooling
and Filtering System was initiated and finished at approximately 10:20 am
on the same day.

-From 7:05 pm on March 25th, water spray by the concrete pumping vehicle
was started and finished at 10:07 pm on March 25th.

-From 4:55 pm on March 27th, water spray by the concrete pumping vehicle
was started and finished at 7:25 pm on March 27th.

-At approximately 11:50 am on March 29th, lights in the main control room
were restored.

*Unit 5 and 6
-At 5 am on March 19th, we started the Residual Heat Removal System Pump

(C ) of Unit 5 in order to cool the spent fuel pool. At 10:14 pm, we
started the Residual Heat Removal System Pump (B ) of Unit 6 in order to
cool the spent fuel pool.

-Unit 5 has been in reactor cold shutdown since 2:30 pm on March 20th.
Unit 6 has been in reactor cold shutdown since 7:27 pm on March 20th.

-At Units 5 and 6, in order to prevent hydrogen gas from accumulating
within the buildings, we have made three holes on the roof of the reactor
building for each unit.

-At approximately 5:24 pm on March 23rd, the temporary Residual Heat
Removal System Seawater Pump automatically stopped when its power source
was switched. We restarted the pump at around 4:14 pm, March 24th, and
resumed cooling of reactor at around 4:35 pm.

*On March 18th, regarding the spent fuel in the common spent fuel pool, we
have confirmed that the water level of the pool is secured. At around
10:37 am March 21st, water spraying to common spent fuel pool and finished
at 3:30 pm. At around 6:05 pm, fuel pool cooling pump was started to cool
the pool.

*common spent fuel pool: a spent fuel pool for common use set in a
separate building in a plant site in order to preserve spent fuel which
are transferred from the spent fuel pool in each Unit building.

t
On March 17th, we patrolled buildings for dry casks and found no signs of

abnormal situation for the casks by visual observation. A detailed
inspection is under preparation.

*dry cask: a measure to-store spent fuel in a dry storage casks in
storages. Fukushima Daiichi Nuclear Power Station started to utilize
the measure from August 1995.

* In total 13 fire engines are lent for spraying water to the spent fuel
pools and water injection to the nuclear reactors by various regional fire
departments* as well as Tokyo Fire Department. Also, instruction regarding
the setting and operation of large scale decontamination system was
provided.

On March 21st, 23rd to 28th, we detected technetium, cobalt, iodine,
cesium, tellurium, barium, lanthanum and molybdenum from the seawater
around discharge canal of Unit 1, 2, 3 and 4.

* On March 20th, 21st, 23rd to 28th, we detected iodine, cesium, tellurium
and ruthenium in the air collected at the site of Fukushima Daiichi
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Nuclear Power Station.

* Plutonium has detected from the sample of soil at the site of Fukushima

Daiichi Nuclear Power Station collected on 21st and 22nd of March,
Concentration level of Plutonium detected was same as that of under usual
environment and it is thought not to be harmful to human health. We will
strengthen environmental monitoring of power station and surrounding
environment.

* On March 28th, we detected radioactive materials contained in the

puddles found in the turbine building of Unit 1 to 4.

At approximately 3:30 pm, March 27th, we found water pooling in the
vertical shaft of the trench outside of the turbine buildings for Units 1
to 3. The radiation dose at the surface of the water amounted 0.4 mSv/h in
Unit 1 and over 1,000 mSv/h in Unit 2. We could not confirm the amount of
the radiation dose in Unit 3. We will keep observing the condition of the
water in the vertical shaft.

* At 12:03 pm, March 29th, when taking off the flange of the pipe to

remove the residual heat in the seawater system, 3 workers from other
companies received water in the pipe. Mopping up water, we confirmed no
radioactive material had adhered to their bodies.

*We will continuously endeavor to securing safety, and monitoring of the

surrounding environment.

Fukushimn Daini Nuclear Power Station:
Units 1 to 4: shutdown due to the earthquake

* The national government has instructed evacuation for those local

residents within 10km radius of the periphery.

* In order to achieve cold shutdown, reactor cooling function was restored
and cooling of reactors was conducted. As a result, all reactors achieved
cold shutdown: Unit 1 at 5:00 pm, March 14th, Unit 2 at 6:00 pm, March
14th, Unit 3 at 0:15 pm, March 12th, Unit 4 at 7:15 am, March 16th.

*Since March 12th, we had been preparing measures for reducing the
pressure of reactor containment vessels (partial discharge of air
containing radioactive materials to outside), but on March 17th, we
stopped such preparation in all Units.

* (Unit 1)

As it is confirmed that the temperature of the Emergency Equipment Cooling

Water System*' has increased, at 3:20 pm, March 15th, we stopped the
Residual Heat Removal System (B) for the inspection. Subsequently, failure
was detected in the power supply facility associated with the pumps of the
Emergency Equipment Cooling Water System. At 4:25 pm, March 15th, after
replacing the power facility, the pumps and the Residual Heat Removal
System (B) have been reactivated.

* (Unit 4)
As it is confirmed that the pressure at the outlet of the pumps of the

Emergency Equipment Cooling Water System*' has been decreased, at 8:05 pm,
March 15th, we stopped the Residual Heat Removal System (B) for the
inspection. Subsequently, failure was detected in the power supply
facility associated with the pumps of the Emergency Equipment Cooling
Water System. At 9:25 pm, March 15th, after replacing.the relevant
facility, the pumps and the Residual Heat Removal System (B) have been
reactivated.

"1:emergency water system in which cooling water (pure water) circulates
which exchanged the heat with sea water in order to cool down bearing
pumps and/or heat exchangers etc.

Kashiwazaki Kariwa Nuclear Power Station:
Units 1, 5, 6, 7: normal operation
(Units 2 to 4: outage due to regular inspection)

[Thermal Power Station]
-Hirono Thermal Power Station Units 2 and 4: shutdown due to the earthquake
-Hitachinaka Thermal Power Station Unit 1: shutdown due to the earthquake
-Kashima Thermal Power Station Units 2, 3, 5, 6: shutdown due to the earthquake

[Hydro Power Station]
-All the stations have been restored.

(Facilities damaged by the earthquake are now being repaired in a timely
manner.)

[Transmission System, etc.]
-All substation failed due to the earthquake have been restored.

(Facilities damaged by the earthquake are now being repaired in a timely
manner.)

[Power Supply to TEPCO's Service Areas]
-Except in case of planned rolling blackouts, we can supply electricity to
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our all service areas.

[Supply and Demand Status within TEPCO's Service Area to Secure Stable
Power Supply]
-Considering the critical balance of our power supply capacity and
expected power demand forward, in order to avoid unexpected blackout,
TEPCO has been implementing rolling blackout (planned blackout alternates
from one area to another) since Mar 14th. We will make our utmost to

secure the stable power supply as early as possible. For customers who
will be subject to rolling blackout, please be prepared for the announced
blackout periods. Also for customers who are not subject to blackouts,
TEPCO appreciates your continuous cooperation in reducing electricity
usage by avoiding using unnecessary lighting and electrical equipment.

[Others]
-Please do NOT touch cut-off electric wires.
-In order to prevent fire, please make sure to switch off the electric
appliances such as hair driers when you leave your house.

-For the customer who has in-house power generation, please secure fuel
for generator.
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Press Releases

Press Release (Mar 29,2011)
Plant Status of Fukushima DainI Nuclear Power Station (as of 9:00 pm March 29th)

[No update from the last release issued at 3:00 pm, March 29th)

Unit Status
I Reactor cold shutdown, stable water level, offsite power is

available.
No reactor coolant is leaked to the reactor containment vessel.
Maintain average water temperature below 100°C in the Pressure
Suppression Chamber.

2 Reactor cold shutdown, stable water level, offsite power is
available.
No reactor coolant is leaked to the reactor containment vessel.
Maintain average water temperature below 100*C in the Pressure
Suppression Chamber.

3 Reactor cold shutdown, stable water level, offsite power is
available.
No reactor coolant is leaked to the reactor containment vessel.
Maintain average water temperature below 100*C in the Pressure
Suppression Chamber.

4 *Reactor cold shutdown, stable water level, offsite power is
available.
No reactor coolant is leaked to the reactor containment vessel.
Maintain average water temperature below 1000C in the Pressure
Suppression Chamber.

Other N.A.
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Press Releases

Press Release (Mar 29,2011)
Plant Status of Fukushima Dalichi Nuclear Power Station (as of 8:00 PM Mar 29th)

*Updates are underlined

All 6 units of Fukushima Daiichi Nuclear Power Station have been shut down.

Unit l(Shut down)
-Explosive sound and white smoke were confirmed after the big quake
occurred at 3:36 pm Mar 12th. It was assumed to be hydrogen explosion.

-At approximately 2:30 am on March 23rd, seawater injection to the nuclear
reactor through the feed water system was initiated.

-At approximately 10:50 am on March 24th, white fog-like steam arising
from the roof part of the reactor building was observed.

-At approximately 11:30 am on March 24th, lights in the main control room
was restored.

-We had been injecting seawater into the reactor, but from 3:37 pm on
March 25th, we started injecting freshwater.

-At 8:20 am on March 29th, we switched injection of fresh water from using
fire engine to temporary electrical pump.

Unit 2(Shut down)
-At approximately 6:00 am on March 15th, an abnormal noise began emanating
from nearby Pressure Suppression Chamber and the pressure within the
chamber decreased.

-At 6:20 pm on March 21st, white smoke was confirmed arising from the top
of the reactor building. As of 7:11 am on March 22nd, smoke decreased to
the level to nearly non-existent.

-We have been injecting seawater into the reactor, but from 10:10 am on
March 26th, we started injecting fresh water (with boric acid).

-At approximately 4:46 pm on March 26th, the light in the main control
room was restored.

-We had been injecting fresh water in to the reactor utilizing fire pump,
however, we switched over to utilizing temporary electrical pump from
6:31 pm on March 27th.

Unit 3(Shut down)
-Explosive sound and white smoke were confirmed at 11:01am March 4th. It

was assumed to be hydrogen explosion.
-At 8:30am on March 16th, fog like steam was confirmed arising from the

reactor building.
-At approximately 6:15 am on March 17th the pressure of the Suppression

Chamber has temporarily increased. We were preparing to implement
measures to reduce the pressure of the reactor containment vessel
(partial discharge of air containing radioactive material to outside) in
order to fully secure safety. However, at present, it is not a situation
to immediately implement measures and discharge air containing
radioactive material to outside. We will continue to monitor the status
of the pressure of the reactor containment vessel.

-At approximately 4:00 pm, March 21st, light gray smoke was confirmed
arising from the floor roof of the Unit 3 building. On March 22nd, the
color of smoke changed to somewhat white and it is slowly dissipating.

-At approximately 10:45 pm on March 22nd, the light in the main control
room was turned on.

-At around 4:20 pm on March 23rd, our staff confirmed light black smoke
belching from the Unit 3 building. At approximately 11:30 pm on March
23rd and 4:50 am on March 24th, our employee found no signs of smoke.

-We had been injecting sea water into the reactor pressure vessel, but
from 6:02 pm on March 25th, we started injecting freshwater.

-We had been injecting fresh water in to the reactor utilizing fire pump,
however, we switched over to utilizing temporary electrical pump from
8:30 pm on March 28th.

Unit 4 (outage due to regular inspection)
-At approximately 6 am on March 15th, we confirmed the explosive sound and
the sustained damage around the 5th floor rooftop area of the Nuclear
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Reactor Building.
-On March 15th and 16th, we respectively confirmed the outbreak of fire at
the 4th floor of the northwestern part of the Nuclear Reactor Building.
We immediately reported this matter to the fire department and the
related authorities. TEPCO employees confirmed that each fire had already
died down by itself.

-At this moment, we do not consider any reactor coolant leakage inside the
reactor happened.

Unit 5 (outage due to regular inspection)
-Sufficient level of reactor coolant to ensure safety is maintained.
-At 5 am, March 19th, we started the Residual Heat Removal System Pump (C)

in order to cool the spent fuel pool.
-At 2:30 pm, March 20th, the reactor achieved reactor cold shutdown. At
around 5:24 pm on March 23rd, when we switched the temporary Residual
Heat Removal System Seawater Pump, it has stopped automatically. At
around 4:14 pm, March 24th we replaced the pump, and restarted cooling of
reactor at around 4:35 pm.

-At this moment, we do not consider any reactor coolant leakage inside the
reactor happened.

Unit 6 (outage due to regular inspection)
-Sufficient level of reactor coolant to ensure safety is maintained.
-We completed the repair work on the emergency diesel generator (A).
-At 10:14 pm, March 19th, we started the Residual Heat Removal System Pump

(B) of Unit 6 in order to cool the spent fuel pool.
-At 7:27 pm, March 20th, the reactor achieved reactor cold shutdown.
-In relation to the two seawater side pumps-of the Residual Heat Removal

System, we switched the power source from temporary to permanent at 3:38
PM and 3:42PM, Mar 25 respectively.

-At this moment, we do not consider any reactor coolant leakage inside the
reactor happened.

Today's work for cooling the spent fuel pools
-From 2:17pm to 6:18pm, March 29th, water was injected into Unit 3 from a
concrete pumping vehicle. Until March 28th, we had been injecting sea
water, however, from March 29th, we started injecting fresh water.

-At Unit 2, seawater had been injected from the fire fighting pump, but at
4:30pm, March 29th, we started injecting fresh water from a temporary
motor driven pump instead. The water was injected until 6:25pm, March
29th.

-We are considering further spraying subject to the conditions of spent
fuel pools.

Casualty
-Presence of 2 TEPCO employees at the site is not confirmed on March llth.
-On March 24th, it was confirmed that 3 workers from cooperative companies

who were in charge of cable laying work in the 1st floor and the
underground floor of turbine building were exposed to the radiation dose
of more than 170 mSv. 2 of them were confirmed that their skins on legs
were contaminated. After they were decontaminated, since there was a
possibility of beta ray burn injury, they were transferred to Fukushima
Medical University Hospital. The third worker was also transferred to
Fukushima Medical University Hospital on March 25th. Later, the 3 workers
were transferred to National Institute of Radiological Sciences in Chiba
Prefecture. They all left the hospital on March 28th.
Regarding this event, TEPCO has reported to the related government
ministries and agencies on measures to be taken to assure appropriate
radiation dose control and radiation exposure related operations.
We will inform the related parties of countermeasures and continue to
take all possible measures to future management.

Others
-We measured radioactive materials (iodine etc.) inside of the nuclear
power station area (outdoor) by monitoring car and confirmed that
radioactive materials level is getting higher than ordinary level. As
listed below, we have determined that specific incidents stipulated in
article 15, clause 1 of Act on Special Measures Concerning Nuclear
Emergency Preparedness (Abnormal increase in radiation dose measured at
site boundary) have occurred.
-Determined at 4:17 pm Mar 12th (Around Monitoring Post 4
-Determined at 8:56 am Mar 13th (Around Monitoring Post 4
*Determined at 2:15 pm Mar 13th (Around Monitoring Post 4
-Determined at 3:50 am Mar 14th (Around Monitoring Post 6
-Determined at 4:15 am Mar 14th (Around Monitoring Post 2
-Determined at 9:27 am Mar 14th (Around Monitoring Post 3
-Determined at 9:37 pm Mar 14th (Around main entrance
-Determined at 6:51 am Mar 15th (Around main entrance
-Determined at 8:11 am Mar 15th (Around main entrance
-Determined at 4:17 pm Mar 15th (Around main entrance
*Determined at 11:05 pm Mar 15th (Around main entrance
-Determined at 8:58 am Mar 19th (Around MP5)

From now on, if the measured figure fluctuates and goes above and below
500 micro Sv/h, we deem that as the continuous same event and will not
regard that as a new specificincidents stipulated in article 15, clause
1 of the Act on Special Measures Concerning Nuclear Emergency
Preparedness (Abnormal increase in radiation dose measured at site
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boundary) has occurred. In the interim, if we measure a manifestly
abnormal figure and it is evident that the event is not the continuous
same event, we will determine and notify.

-The national government has instructed evacuation for those local
residents within 20km radius of the periphery and evacuation to inside
for those residents from 20km to 30km radius of the periphery, because it
is possible *that radioactive materials are discharged.

-At around 10:37 am March 21st, water spraying to common spent fuel pool
and finished at 3:30 pm (conducted by TEPCO).

-At around 3:37 pm, March 24th, electricity supply to common spent fuel
pool has started from external power source. At around 6:05 pm, fuel pool
cooling pump was started to cool the pool.

-We found no signs of abnormal situation for the casks by visual
observation during the patrol activity. A detailed inspection is under
preparation.

-At Units 5 and 6, in order to prevent hydrogen gas from accumulating
within the buildings, we have made three holes on the roof of the reactor
building for each unit.

-In total 12 fire engines are lent for the water spraying to the spent
fuel pools and water injection to the nuclear reactors by various
regional fire departments* as well as Tokyo Fire Department. Also,
instruction regarding the setting and operation of large scale
decontamination system was provided by Niigata City Fire Headquarter and
Hamamatsu City Fire Headquarter.

Koriyama Fire Department, Iwaki Fire Brigade Headquarters, Fire
Headquarters of Sukagawa District Wide Area Fire-fighting Association,
Yonezawa City Fire Headquarters, Utsunomiya City Fire Headquarters, Fire
Headquarters of Aizu-Wakamatsu wide area municipal association, Saitama
City Fire Bureau, and Niigata City Fire Bureau.

-By March 22nd, Units 1 through 6 were started to be energized from the
external power source.

-At 3:30PM, March 27th, we found that there was water in the trenches of
Units 1 to 3. The radioactive emission at the surface of the water was
0.4mSv/h for Unit 1 and over 1,D00mSv/h for Unit 2. As for Unit 3, we
couldn't have access to the surface because of debris. We will continue
to monitor water in the trenches.

-We will continue to take all measures to ensure the safety and to
continue monitoring the surrounding environment around the Power Station.
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