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The following chronology details events at the Fukushima Daiichi nuclear reactor station in Japan
from March 11-25, 2011. It includes notable radiation spikes and corresponding wind patterns, as
well as satellite imagergf the plant. All reported times correspond with local time in Japan.

ISIS has collected data to better understand atmospheric radiation releases, ground level wind patterns, and
instances of unmonitored radiation releases to the atmosphere from theghika Daiichi nuclear reactors.

The radiation readings and ground level wind directions are fronTHRRCO web sitdSIS could not validate
¢9t/ hQa AYyT2NXI (A2 ¢datetazonducte@ne Booping analyisit 3 theN@lelad®s. Using
this information, ISIS has sought to understand the fate of the releases and determine whether radiation
monitoring stations intersected the plume of released radioactive material. We welaomaput.

Since March 11, reactor unitsdlat the Fukushima Daiichi nuclear plant have experienced hydrogen
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burning of irradiated fuel in speriuel ponds at reactor 4 and perhaps other reactors. Table 1 lists several

known accidents that occurred through March 18. These accidents, and perhaps ones that were not noticed

or reported, released significant amounts of radiation into the atmosplieaé the winds spread widely.

They all require greater scrutiny

From an analysis of the limited data on atmospheric releases, ISIS has developed several key findings. The first
is that the limited radiation detection capabilities at the Fukushimacbaplant following the earthquake and

tsunami eliminated the ability to detect, characterize, or track a release of radiation. Many releases went
partially or completely undetected by esite monitoring. None of the releases from accidents were

monitored as to their radioactive contents. Although the amount and type of radionuclides in these releases
cannot be estimated from the existing @ite monitoring data, the existing data support that the potential for
significant radiation doses to efite pgulation exists, particularly in sectors northwesd southwest of the

reactors.

Second, ground level winds often blew inland in the days immediately after the earthquake, contrary to many
reports that stated that the radiation was carried out to segobgvailing winds. While prevailing winds would
also have an effect on the longeange dispersal of radiation, the area outside the plant received elevated
levels of radiation as a result of these local wind patterns. In the firdi8Hours after the lsutdown of the
reactors, these releases would have contained significantly more radioactivity due to relativeNivsubrt

volatile and gaseous radionuclides.
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As a result, these releases could have resulted in higher doses to the local population thaemassumed.
The most affected would be those closer to the reactors caught in the plume of radiation coming from the
accidents, such as people who had not yet evacuated beyond 20 kilometers of the site. However, others
outside this 2&kilometer radiuscould have also received significant doses from the radioactive plumes
emanating from the reactors.

Third, the existing monitoring data support that the largestsifé atmospheric releases occurred prior to
March 18 or 19. From then through March # end date of this study, atmospheric releases appear to have
diminished substantially. However, the potential for large atmospheric releases remains without significant
intervention to cool the reactors and spent fuel ponds of uni#s IMoreover, retases into the sea and

ground water have increased as a result of all the water spraying of the reactor buildings.

Fourth, the releases need to be better assessed as to their amounts, radioactive content,-aitel toénsport

in order to better idently exposed populations and determine their radiation doses and health risks. The
Japanese government should start assembling an expert group that can credibly assess the releases and risks
to the population and communicate its findings to the Japanesdipuli o enhance its credibility, this group

should include experts that are independent of the nuclear power industry.

Fifth, in order to reduce the occurrences of partially monitored and unmonitored releases, a priority should be
repairing or deploying@n-site monitoring stations and more frequently characterizing atmospheric emissions
from the site and their fate. Although authorities are monitoring more consistently now, they need to
reestablish systematic routine monitoring as soon as possible soletter warn of any releases from the
damaged reactors and spent fuel ponds and alleviate public anxiety about additional radiation releases.

Table 1. Summary of Known Accident Data: Through March 18

REACTOR DATE TIME DESCRIPTION
Unit 1 03/12 10:20 Internal pressure problem reported
15:36 Explosion heard
Unit 2 03/12 10:20 Internal pressure problem reported
03/15 06:20 Explosion
10:30 Inject water into reactor vessel; vent the drywa
03/16 On-going Steam venting from side of buildjn
03/17 On-going Steam venting from building
03/18 On-going Steam venting from building
Unit 3 03/13 09:20 Opening of pressure vent valve
03/14 11:01 Explosion
03/16 On-going Steam rising from building
18:00 and Smoke and/or tam vents from building
other cases
03/17 On-going Steam venting from building
Unit 4 03/15 06:00 Explosion
~10:30 Fire in spent fuel pond
03/16 05:45 Fire, which extinguished itself
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Figure 1. A map of Japan showing the location of the Fukushiir@Draiclear power station and a regional
view of the area surrounding the Fukushima Daiichi nuclear site.
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Limited Radiation Monitoring

The following map of the Fukushima Daiichi nuclear station shows the location of the routine radiation

monitoring poss (MP) arranged around the perimeter of the site (see figure 2). During normal operations,
these monitoring posts record radiation levels and characterize releases that would affect the local population.
However, all but one of these monitoring posts weendered inoperative by the earthquake and tsunami and
the resulting loss of electricity. In addition, radiation monitoring equipment at the reactor buildings was also
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the amount and type of radioactive material emitted during the accidents.
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Figure 2. Map of immediate area surround the reactdrse annotations list four specific radiation readings
recorded several days after releases started tivare taken by a mobile monitoring unit.

After the accident, TEPCO was unable tactvate these damaged monitoring capabilities with one possible
exception. It may have restablished one stationary monitoring post at the main gate.

SIS BPORT

4| Page



In place of he nonfunctional stationary monitoring posts, TEPCO started using a car or cars equipped with
monitoring equipment. The car has driven around the compound at Fukushima Daiichi and has taken readings
at various times and locations.

After the tsunami, tle car typically took readings at or near about half of the original monitoring posts,
including the fixed station at the main gate. However, these monitoring points are closer together and do not
intersect all the releases that occurred.

Most of the awailable radiation readings have been taken at points generally west of the reactor buildings, and
y20 YdzOK FdzZNIKSNJ y2NIK 2NJ a2dziK 2F GKS NBIFOG2NAO®
north of the reactors; however, there are gréporadic readings from this post on any given day, and there are
no readings from this post on some days. For example, if a release were to occur at reactor unit 2 with winds
out of the south, for example, and if the monitoring car were at the main gppoximately 1 kilometer
south-west of unit 2, the release would go unmonitored until the wind shifted to a northerly direction. With

the apparent inability to monitor at more than two spots on site at the same time and large amounts of
unmonitored area at the reactor site, there have been releases that have been missed or have been only
partially detected.

There were instances in which readings have occurred at two different posts at the same time; but it was rare,
and the majority of readings occudevithout any accompanying readings from other stations at the same

time. With only one data point reported for most time periods, it is impossible to be certain of the number

and extent of releases. The wind direction during and preceding a releaggveasome indication of the

initial direction of a release; however, without the context of other readings from around the site, it is difficult
to determine if a spike is the result of a release blowing towards a monitoring station, or a much largee relea
only partially detected. This lack of context also makes it difficult to interpret a spike as a new release or the
result of changing winds.

A priority is establishing more comprehensive radiation monitoring at the site that would allow a more
thorough understanding and detailed analysis of the releases. In addition, the radiation releases, particularly
those in the early days of this accident, need better characterization in order to determine the doses and
health risks to the offite population.
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Daily Readings and Observations

March 11

14:46- 9.0 magnitude earthquake occurs off of the coast of Japaatitrg a 14dmeter tsunami. All
reactors shut down.

19:46- The government reveals a cooling problem at Fukushiaig ) and ordes residents withir2
km radius to evacuate.

21:49- Jiji News Agency reports that the evacuation radius has been extended to 3 km.
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March 12

06:50- Order issued to control the internal pressure of containment vessaisits 1 and 2.
wind direction from: westnorthwest, changing to south
radiation level:2.47  >Sv/h at MP8

15:36- Sound of explosion ianit 1.
wind direction from:  south, changing to southoutheast
radiation level:8.23  >Sv/h at main gate
3.33 >Sv/h at MP8

Note: Due to wind direction, these monitoring stations did not intersect théial plume. Data from most
relevant monitoring stations is unavailable in the TEPCO data posted on its web site,
http://www.tepco.co.jp/en/nu/monitoring/index -e.html.

Notable Radation Changes on March 12

TIME RADIATION LEVEL MONITORING STATION | WIND DIRECTION
00:00 |[ndncH >{ DK |Main Gate Southeast
06:40 n®pH >{ Fk K|Main Gate WestNorthwest
10:10 |c ®cp >{ Dk K| Main Gate Southeast
10:20 |my n ®H > { @« | Main Gate Southeast
10:30 oy p ®p >{ D« | Main Gate North
10:40 |mMcH P >{ Dk |Main Gate North
11:30 |op @71 T >{ @« |Main Gate East
1510 |c ddpd >{ Dk K| Main Gate South
1520 |p ®p o >{ Dk K| Main Gate Southwest
1530 |p®n o >{ Dk K| Main Gate South
1540 |y ®Ho >{ @k K|Main Gate South
1550 |p ®Pomm >{ Dk | Main Gate South
16:00 |p ®H ¢p >{ Ok K| Main Gate SouthSoutheast
16:10 |o ®dcn > { @k K| Main Gate SouthSaitheast
16:20 |o®dno >{ Pk K| Main Gate SouthSoutheast
16:30 |o ®oH >{ @k K| Main Gate South

Radiation levels remail

relatively constant.
2350 |odnT >{ Ok K|Main Gate Northwest
1510 |o ®oo >{ @k K| Nearby MP3 No Data
1520 |o ®H o0 >{ @k K| Nearby MP8 No Data
15:30 |o ®um >{ @k K| Nearby MP8 No Data
1540 |o ®oo0 >{ @k K| Nearby MP8 No Data
1550 |H dmp >{ Ok K| Nearby MP8 No Data
16:00 |H ®PHH >{ Dk K| Nearby MP3 No Data

! Not all radiation readings in the TEPCO data are included in this table. The purpose of this table is to highlight significant
increases in radiation and wind directions. The complete tables can be found at the TEPCO web site.
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16:10 |H ®H N >{ Dk K| Nearby MP3 No Data

1620 |H ®my >{ @k K| Nearby MP3 No Data

16:30 |H ®mMH > { Ok K| Nearby MP8 No Data

20:30 | \Wind data from different | Main Gate Southwest
monitoring station

2040 |p®n >{ Ok K | Nearby MP8 No Data

20050 |c ®n >{ @k K | Nearby MP8 No Data

21:50 | Wind data from different | Main Gate Southwest
monltorlng station

21:00 |y nodn >{ @k K| Nearby MP8 No Data

22:00 | Wind data from different | Main Gate Northwest
monitoring station

2200 [Tnon >{ @k K| Nearby MP8 No Data

22:30 Wind data from different Main Gate West
monitoring station

2230 |[ndy T >{ DK K| Nearby MP3 No Data

Observations

By dawn on the dagfter the earthquake, the radiation readings at the main gate were already 100 times
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reactors. As the wind shifted during the morning, comiognf the north, the radiation measurements at the
main gate increased and then decreased, further implying that the reactors were releasing radiation into the
atmosphere, much of which was unmonitored as it blew north earlier in the morning.

The releasefollowing the explosion at 3:36pm in reactor unit 1 do not appear to have been monitored

initially. For the first hour after the explosion, the winds were blowing from the south or southeast at about 5
7 miles per hour, carrying the radiation up the cbas 2 NJ Ayt I yR® ¢ KS
for the next four hours. At 8:30pm, the wind direction is from the southwest and shifts to the northwest by

about 11:30pm.

gAYR RANBOGA

At 9:00pm, radiation readings at MBincrease terfold, apparentlyafter the wind shifted towards the south.
The increase could have resulted from the release from unit 1 or a new release.

Much of the radiation emitted after the explosion in unit 1 may have blown to the northwest of the reactor.
This plume, which wodlhave contained a relatively large amount of sHored radionuclides, could have
produced significant radiation exposures to members of thesiéf population who were caught outside.
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March 13
05:41- The IAEA reports that 170,000 people have beacasated ifa 20 km radius around

FukushimaDaiichi The evacuation radius was incrementally increased on March 12.

09:20- Opening of pressure vent valve urfit 3
wind direction from: south-southwest, changing to

westnorthwest, changing to noin

radiation level:281.70>Sv/h at main gate

27 >Svh at MP-1
76.9 >Svh at MP-4

13:12- Fresh water injection switched to seawater injectiorumt 3 through Fire
Extinguishing Safety Line.

wind direction from:

radiation level:4.907

southwest, changing to westorthwest,

changing to northnorthwest

43.5 >Sv/h at MP4

Notable Radiation Changes on March 13

>Sv/h at main gate
17 >Svh at MP-1

TIME RADIATION LEVEL MONITORING STATION WIND DIRECTION

00:00 |3.16>{ Ok K Main Gate Northeast

08:50 | 15.900> { @k K Main Gate Southeast

09:00 | 10.240> { @k K Main Gate SouthSoutheast

09:10 [mTp >{ OkK Main Gate East

0920 |HYyM®T >{ @k K| Main Gate SouthSouthwest

09:30 |Hc ®n >{ @k K | Main Gate North

10:00 |c ®dpmH >{ @k K| Main Gate Northwest

08:10 |mnn >{ @k K Nearby MP1 No Data

0830 |yn >{ @kK Nearby MP1 No Data

08550 |cpn >{ Pk K Nearby MP1 No Data

09:00 |oT >{ @k K Nearby MP1 No Data

16:00 | Wind data from different | Main Gate Southeast
monitoring station

16:00 [om >{ @k K Nearby MP1 No Data

16:10 | Wind data from different | Main Gate South
monitoring station

16:10 |np >{ Ok K Nearby MP1 No Data

16:20 | Wind data from different | Main Gate South
monitoring station

1620 (mpn >{ Ok K Nearby MP1 No Data

16:30 | Wind data from different | Main Gate Southeast
monitoring station

16:30 |nc >{ Ok K Nearby MP1 No Data

18:50 | Wind data from different | Main Gate North-Northwest
monitoring station
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1850 |Hp >{ Ok K Nearby MP1 No Data
20:10 | wind data from different | Main Gate Southwest
monitoring station
20:10 451 > { Ok K Nearby MP2 No Data
21:20 | Wind data from different | Main Gate North
monitoring station
21120 |nnn >{ Ok K Nearby MP2 No Data
22:40 | Wind data from different | Main Gate Northeast
monitoring station
2240 |non >{ @kK Nearby MP2 No Data
23:50 Wind datafrom different Main Gate West
monitoring station
2350 |nmn >{ @k K Nearby MP2 No Data
09:00 [mMmno®p >{ Bk K| Nearby MP4 EastNortheast
0920 ([Tcddp >{ Ok K | Nearby MP4 WestNorthwest
10:30 |py >{ Ok K Nearby MP4 Northwest
1250 |[np ®H >{ @k K | Nearby MP4 North-Northwest
13:30 [nHDPPp >{ Ok K | Nearby MP4 Northwest
13:40 [nndn >{ @k K | Nearby MP4 Northwest
1350 |pnp dm > { Dk K| Nearby MP4 EastNortheast
14:00 |[ndpdpPo >{ Pk K| Nearby MP4 South
14:10 |cnc >{ @k K Nearby MP4 EastSoutheast
14:40 (Mmoo >{ @k K Nearby MP4 SouthSautheast
1500 |[py @1 >{ @k K | Nearby MP4 SouthSoutheast
1540 |pc ®p >{ @k K | Nearby MP4 EastNortheast
1550 [T cdm >{ Ok K | Nearby MP4 SouthSoutheast
16:00 [mnT dm >{ Bk K| Nearby MP4 South
16110 |py ®n >{ @k K | Nearby MP4 South
16:30 [T mdp >{ @k K | Nearby MP4 SouthSautheast
16:40 |pT ®H >{ @k K | Nearby MP4 SouthSouthwest
1650 |mnndm >{ @k K| Nearby MP4 Southeast
17:10 |cndy >{ @k K | Nearby MP4 Southwest
18140 |nT ®0 >{ @k K | Nearby MP4 North
2351 |(oT ®dp >{ Ok K | Nearby MP4 North-Northwest
Observations

Based on the wind dir¢ion and speed, it is unlikely that any of the spikes in radiation documented in the table
correspond with the venting of steam from reactor 3, whose upper structure remained intact on the 13th.
However, venting likely continued from reactor 1, which vebekplain the elevated levels at the monitoring

locations.

The radiation readings at several locations, including the main gatel,, N2, and MP4, fluctuated
throughout the day as does the wind direction. But the measured radiation values werelgteadeasing,
NEIF OKAYy 3 23SNI dnn -4>rofhwektdd tHe feactarg. pThelifitredsdifollavs what appear to
be winds from the northwest and easbrtheast, implying the blowing back of a radioactive plume released

earlier. Similarly, a 9g occurs after 8:00pm at MP, northwest of the reactors.
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March 14
11:01- Explosion irunit 3
wind direction from: north-northwest, reported at 10:51am
radiation level:50.387 >Sv/h at main gate*

11:04- Steam seen venting out ahit 3 building n satellite image. Smoke or dust plume from the
explosion three minutes earlier also seen above building. Substantial structural damage3o
building from explosion can be seen. The top portionrot 1 building shows damage from explosion

as well

Figure 3. Satellite image taken at 11:04am March 14, approximately three minutes after explosion at unit 3
building. Smoke or dust plume from explosion at unit 3 building can be seen extending out to the sea, wind

direction from the west.
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