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More than 7 years have passed since a monster earthquake and tsunami struck northeast Japan and
triggered what became after Chernobyl. the worst nuclear disaster in history at the Fukushima
Daiichi Nuclear Power Plant. When three of its six reactors melted down, hot fuel turned to molten
lava and burned through steel walls and concrete floors. To this day no one knows exactly where
inside the reactor buildings the fuel is. And it is so deadly, no human can go inside to look for it. So
the Japanese company that owns the crippled plant has turned to robots.

There are four-legged robots, robots that climb stairs and even robots that can swim into reactors
flooded with water. They're equipped with 3D scanners, sensors and cameras that map the terrain,
measure radiation levels and look for the missing fuel. This is part of a massive cleanup that's
expected to cost nearly $200 billion and take decades. “Has anything like this cleanup, in terms of the
scope, ever happened before? No, this is a unique situation here. It's never happened in human
history. It's a challenge we've never had before.”

Lake Barrett is a nuclear engineer and former Department of Energy official who oversaw the
cleanup of the worst nuclear accident in U.S. history, Three Mile Island. He was hired as a senior
adviser by TEPCO, the Tokyo Electric Power Company that owns the plant and is in charge of the
effort to find the missing fuel. He's also advising on the development of new robots like this six-legged
spider robot that engineers are designing to hang from scaffolding and climb onto equipment. He
describes them as...Very advanced working robots that will actually be the ones with long, muscular
arms and laser cutters and such that will go in and actually take the molten fuel and put it in an
engineered canister and retrieve it.
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Should we think of this as a project like sending someone to the moon? It's even a bigger project in
my view. But there's a will here to clean this up as there was a will to put a man on the moon. And
these engineering tasks can be done successful. Why not just bury this place? Why not do what they
did at Chernobyl? Just cover it up, bury it, and just leave it here all-- you know, enclosed? Number
one this is right next to the sea. We're 100 yards from the ocean. We have typhoons here in Japan.
This is also a high earthquake zone. And there's gonna be future earthquakes. So these are
unknowns that the Japanese and no one wants to deal with.
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The earthquake that caused the meltdown measured 9.0, The most powerful ever recorded in Japan
and triggered a series of tsunami waves that swept away cars, houses and entire towns, killing more
than 15,000 people. At Fukushima Daiichi, the enormous waves washed over the plant, flooding the
reactors and knocking out power to the cooling pumps that had kept the reactor cores from
overheating. Lake Barrett took us to a hill overlooking the reactors where the radiation levels are still
relatively high.

So this is actually right where-- where it all happened? The heart of the disaster, right here? Correct.
There's reactor number one, reactor number two, reactor number three. And when the earthquake
happened, 100 miles away, these buildings all shook and these towers all shook. But the design was
such that they were safe. But 45 minutes later, waves were racing in, tsunami waves, from the
earthquake, and there were seven waves that came in at 45 feet high. And put the station in what we
call "station blackout." They had no power. And the cores got hotter inside, and hotter, and hotter
again until the uranium started to melt. How many tons of radioactive waste was developed here?
Probably 500 to 1,000 tons in each building. S01000s how long will it be lethal? It will be lethal for
thousands of years. What we're talking about really is three meltdowns? Yes. It was truly Hell on
Earth.

The meltdowns triggered huge explosions that sent plumes of radioactive debris into the atmosphere,
forcing the evacuation of everyone within a 12-mile radius — about 160,000 people in all. Weeks later,
TEPCO officials engaged in so-called kowtow diplomacy — allowing townspeople to berate them as
they prostrated themselves in apology. Thousands of workers were sent to the countryside to
decontaminate everything touched by radiation including digging up dirt and putting it in bags — lots
of bags. But while much of the evacuation zone has been decontaminated, there are still entire
neighborhoods that are like ghost towns, silent and lifeless with radiation levels that remain too high.

At the plant they're capturing contaminated groundwater, about 150 tons a day, and storing it in tanks,
as far as the eye can see. Water is always the major challenge here. And it's going to remain a major
challenge until the entire cores are removed. The closer workers get to the reactors, the more
protective gear they have to wear, as we discovered. We were zipped into Tyvek coveralls and
made to wear two pairs of socks and 3 pairs of gloves. Okay, we've got tape. Not an inch of skin was
exposed. The layers of protection include a mask...It's a little loose. We'll tighten it up....That often
fogged up. How do you feel? Good. And a dosimeter to register the amount of radiation we'd be
exposed to.

(st ) =3 AI0| CHOIOIX] & M A THAU =% A& 8 A (3-4) JEKN.COM

We were ready for battle. We went with a team of TEPCO workers to unit three, one of the reactors
that melted down on that March day, seven years ago, that the Japanese call, simply 3-11. Lake!
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There you are, Unit 3. Watch it. Step. These are shield plates because there's cesium in the ground.
In the years since the accident, much of the damage to the building has been repaired. But it's still
dangerous to spend a lot of time here. We could stay only 15 minutes. There's this number I've been
seeing, 566. Right. That's telling you the radiation level that we're in. It's fairly high here. That's why
we're gonna be here a short time. How close are you and I, right this minute, to the core? The melted
cores are about 70 feet that way. Seventy from here-- From here. --is the melted core? Correct, that's
right over in here. We don't know quite where other than it fell down into the floor. So if you sent a
worker in right now to find it, how long would they survive? No one is gonna send a worker in there
because they'd be overexposed in just a matter of seconds.

Enter the robots. This is the robot research center. Yes. This is for remote control technology
development. In 2016, the Japanese government opened this $100 million research center near the
plant where a new generation of robots is being developed by teams of engineers and scientists from
the nation's top universities and tech companies. Dr. Kuniaki Kawabata is the center's principal
researcher. This is our newest robot, J-11. So, number 11. And it's an obstacle course. Yes. the
operators use the camera image in front of the robot. But it's so many hours required to train.
Because it looks very easy, but it's quite difficult. They also train here in this virtual-reality room where
3D data taken inside the reactors by the robots is projected onto this screen. Operators, using special
glasses, can go where no humans can. So we're actually walking through-- Uh-huh. --a part of a
reactor. Uh-huh. You feel some immersive experience. Y-- so as if you're in there. Yes. | actually
wanna duck. | mean, that's how real it feels to me. Like here we're going under this thing. | have to
duck. Ah, yes.

But even with all the high-tech training and know-how, the robots have run into problems. For the
early models, it was the intense levels of radiation - that fried their electronics and cameras. Their
lifetime was hours. We hoped it would be days, but it was for hours. Tell us what happened to the
robot named Scorpion. This is a highly sophisticated, and | gather everybody thought this was the
answer. That was gonna be the first robot we were going to put inside the containment vessel, which
is where we need the information the most because that's where the core is.
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This is Scorpion, whose mission cost an estimated $100 million. It was designed to flatten out and
slither through narrow pipes and passageways on its way to the core. And, like a scorpion, it raises
its tail. The tail would come up with a camera on top with lights. Because you have to have its own
lights. It's all dark inside. There're no regular lights. So that was the plan. And we had great
expectations and hope for that. We all did. Took a year to prepare, and it was hard work. But when
Scorpion went inside, it hit some debris and got stuck after traveling less than 10 feet. | can't imagine
the frustration I-- levels. Well, but you learn more from-- from failure sometimes than you do from
success.

They had more success with this robot named Little Sunfish, which was designed to swim inside one
of the reactors flooded with water. In preparing for Little Sunfish's mission, engineers spent months
doing test runs inside this enormous simulation tank, fine-tuning the propellers, cameras, sensors
and 65 yards of electric cable -- all built to withstand intense levels of radiation. They used nuclear
reactor number five to help plan the mission. It didn't melt down when the tsunami hit and is nearly
identical to the one Little Sunfish would scout. Finally, last year, the swimming robot made its foray
into the heart of the reactor. To look for the missing fuel. Barrett took us into unit 5 to show us how it
maneuvered through the labyrinth of pipes and debris inside the reactor. The Little Sunfish came
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down on the edge and it swam underwater down through this little entryway here underneath the
reactor vessel. Is this the route Little Sunfish took? Yes this is. The Little Sunfish swam thru this
portal, down into this area, it went around the side. It went down through this grating, which was
gone. We are standing directly underneath the reactor vessel. Molten fuel came through here and it
jetted out under very high pressure. And then it came out slowly like a lava in a volcano, and it fell
down and burned its way through this grating down to the floor.

This is what Little Sunfish saw as technicians guided it through the pipes and hatchways of the
flooded interior. It beamed back images revealing clumps of debris, fuel rods, half-destroyed
equipment and murky glimpses of what looks like solidified lava -- the first signs, TEPCO officials
say, of the missing fuel. These robotic steps so far have been significant steps. But it is only a small
step on a very, very long journey. This is gonna take you said decades with an "S." How many
decades? We don't know for sure. The goal here is 40-- 30-- 40 years. You know, | personally think it
may be even 50-- 60, but it's-- Oh, maybe longer. It, well, it may be longer. But the reality is this is a
challenge that's never been dealt with before. But every step is a positive step. You learn from that
and go forward to another step.
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1. More than 70 years have passed since a monster earthquake and tsunami struck northeast
Japan
79 0|40l EsLILCH A2 NEI MALUODI =SSR L= ZEst 0I=0...

2. and triggered what became after Chernobyl, the worst nuclear disaster in history at the
Fukushima Daiichi Nuclear Power Plant.
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3. When three of its six reactors melted down, hot fuel turned to molten lava and burned through
steel walls and concrete floors.
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4. To this day no one knows exactly where inside the reactor buildings the fuel is.
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5. And it is so deadly, no human can go inside to look for it.
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6. So the Japanese company that owns the crippled plant has turned to robots.
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7. There are four-legged robots,
4012 &= It 20| JUsSLICL
8. robots that climb stairs and even robots that can swim into reactors flooded with water.
HHE LE UL, S EXN=s N2 UAEBEOCZ =S o = A= 2R LI
9. They're equipped with 3D scanners, sensors and cameras
=2 3D AU dIA S JHbIetES el #XIE JtAl D JAsLICH
10. that map the terrain, measure radiation levels and look for the missing fuel.
AN&s delld, dAts =XIE SHotd, sdodie 8988 ZsLt
11. This is part of a massive cleanup that's expected to cost nearly $200 billion and take decades.
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12. “Has anything like this cleanup, in terms of the scope, ever happened before?
A2HUHM = M, Ol FAZAH0| Ol X0 ol &l =0l ALIR?

13. No, this is a unique situation here. It's never happened in human history.
OtElLICt. Ol R =2 FLet A ALICH 212te] ALY Ol €2 SAASLICH

14. It's a challenge we've never had before.”
Olxdg et 22 = ol gle &8 ALICH

15. Lake Barrett is a nuclear engineer and former Department of Energy official
Lake Barrett = 38 J|=X0| 10, & HUH X2 2| ASLICH

16. who oversaw the cleanup of the worst nuclear accident in U.S. history, Three Mile Island.
A=, 0l=2 SAFA JHE =242 At22 91 Three Mile Island SHAtH = 2 =W S LICE

17. He was hired as a senior adviser by TEPCO, the Tokyo Electric Power Company that owns
the plant
1= TEPCO o ?22|2 NE0| HUSLICH EHMAE A F

18. and is in charge of the effort to find the missing fuel.
el S0pe g E 2= MYS K1) ASLICH

19. He's also advising on the development of new robots like this six-legged spider robot
deEehelie €S It AOILH 2R 22 M 2XS2 HE 2 AT LI

20. that engineers are designing to hang from scaffolding and climb onto equipment.
AIXILII SO0l BIAHO ECI XD, ZHI0 LE = UAA 12CH0| &....

21. He describes them as...Very advanced working robots that will actually be the ones with long,
muscular arms
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22. and laser cutters and such that will go in and actually take the molten fuel and put it in an
engineered canister and retrieve it.
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23. Should we think of this as a project like sending someone to the moon?
St 0l ZE2HESE QIS 0l ElsE 22 2ol SN R?
24. It's even a bigger project in my view.
Ol X2 M 210l 4 2 22X EYLILCH
25. But there's a will here to clean this up as there was a will to put a man on the moon.
AL OlHE dAotd=E AKX UASLICH eIztE Z0ll 20 =2d= 2Kt U= AHE
2L Ch.
26. And these engineering tasks can be done successful.
deld 0l Jl=& Ags2 438 = USLICHL
27. Why not just bury this place? Why not do what they did at Chernobyl!?
Ol"E g 0120 202 H e UR... W MESLHE otH L LIR?
28. Just cover it up, bury it, and just leave it here all-- you know, enclosed?
A @0 =20igel= AL Ol (0l 2= XE F1, E0tdeles A2 e UR?
29. Number one this is right next to the sea. We're 100 yards from the ocean.
HBMZ, 0122 BtXOt B2 SLICH HLLZFH 100 0FE HEloll [Je=...
30. We have typhoons here in Japan. This is also a high earthquake zone.
Il €=20l= EHS0l ASLICH L8 0|22 KI&O0| gretst 2L C
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. And there's gonna be future earthquakes. So these are unknowns that the Japanese and no

one wants to deal with.
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The earthquake that caused the meltdown measured 9.0, The most powerful ever recorded in
Japan
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. and triggered a series of tsunami waves that swept away cars, houses and entire towns,

killing more than 15,000 people.
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. At Fukushima Daiichi, the enormous waves washed over the plant,
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. flooding the reactors and knocking out power to the cooling pumps
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. that had kept the reactor cores from overheating.
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Lake Barrett took us to a hill overlooking the reactors where the radiation levels are still
relatively high.
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So this is actually right where-- where it all happened? The heart of the disaster, right here?
Correct.
O[RO0l ENMELZE 2= 20| UL RCIIIR? Y2 SA0| HIIIIR? H0tR

. There's reactor number one, reactor number two, reactor number three.
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. And when the earthquake happened, 100 miles away, these buildings all shook and these

towers all shook.
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But the design was such that they were safe. But 45 minutes later, waves were racing in,
tsunami waves, from the earthquake,
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and there were seven waves that came in at 45 feet high. And put the station in what we call
"station blackout."
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They had no power. And the cores got hotter inside, and hotter, and hotter again until the
uranium started to melt.
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How many tons of radioactive waste was developed here? Probably 500 to 1,000 tons in each
building.

ZOtLt 22 ZAts HIIZO0l HII0A a0 ZHALR? 22 2E0tCH 500-1000 =
JrEALICH

S01000s how long will it be lethal? It will be lethal for thousands of years.
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What we're talking about really is three meltdowns? Yes. It was truly Hell on Earth.
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The meltdowns triggered huge explosions that sent plumes of radioactive debris into the
atmosphere,

AXNZALE HUEH SL=S LOH YAS & E I8 HIIE WIS E &1,

forcing the evacuation of everyone within a 12-mile radius — about 160,000 people in all.
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Weeks later, TEPCO officials engaged in so-called kowtow diplomacy —
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allowing townspeople to berate them as they prostrated themselves in apology.
SAAZZE0| J1== Z2H0tH ot=.. 1S9 AF2 2012 BHE 0l Sl M LA LICH
Thousands of workers were sent to the countryside to decontaminate everything touched by
radiation

+=dBO Z2ZXNES0l A=2 AN TASH 28 E= LE=SE S MAHGHH ;s LI
including digging up dirt and putting it in bags — lots of bags.
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But while much of the evacuation zone has been decontaminated,
dALH HIOXEe g f2222 280l MAHE &20A

there are still entire neighborhoods that are like ghost towns, silent and lifeless with radiation
levels that remain too high.
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At the plant, they're capturing contaminated groundwater, about 150 tons a day,
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and storing it in tanks, as far as the eye can see. Water is always the major challenge here.
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And it's going to remain a major challenge until the entire cores are removed.
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The closer workers get to the reactors, the more protective gear they have to wear, as we

discovered.

AAXS0| FAZ0 O Jt0t0] CHot Z2=+5, &

L AMSLICH

We were zipped into Tyvek coveralls and made to wear two pairs of socks and 3 pairs of
loves.
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29. Okay, we've got tape. Not an inch of skin was exposed. The layers of protection include a
mask...
21 HIOIZD ., LRIt A= &0/ AEH/UASLILHL 282 EsHM= 0tATIT: E2S0|
= LICH

30. It's a little loose. We'll tighten it up....That often fogged up. How do you feel? Good.
of2t & LICH EMOIEGHAH & HYLICH JiE2 =371t g4dELIt JI20 HHR...
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31. And a dosimeter to register the amount of radiation we'd be exposed to.
deld BAsSEI]L.. 2t &0t 2, BAts2 &= JISot=
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1. We were ready for battle.
fole 852 =80t Y ASLICH

2. We went with a team of TEPCO workers to unit three, one of the reactors that melted down on
that March day, seven years ago,
fele TRNMEO 2Z2ASH 20 3 8 AXNZE SHUSLICHL 7 E8 3 S0l =0t LHel
ANZE S & 22 ZALICH

3. that the Japanese call, simply 3-11.
Ol = €201=2 3-110lct] ESLICH

4. Lake! There you are, Unit 3. Watch it. Step. These are shield plates because there's cesium
in the ground.
SIAUIR... 38 J|XNZ0.. TANA Z22HR.. 0lHR=S & 20| A LICH ol MO0l
QI 2L LICH

5. In the years since the accident, much of the damage to the building has been repaired.
ADIFEOl= =E0l 2 , 22 HoiR=2 E2 220] =2l It & ASLICH

6. But it's still dangerous to spend a lot of time here. We could stay only 15 minutes.

dedlt (I 22 AlZtE Bl XS O0t8 A LIL fel= 15 22 2t HRE =+
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7. There's this number I've been seeing, 566. Right. That's telling you the radiation level that
we're in.
LHO 2 566 Olcte =XJF UK. Ul. OlXR2 Kl SUH2A U=s 22 HAts =XIE
Ol OFJ1 & LICH

8. It's fairly high here. That's why we're gonna be here a short time.
HIl =Xl= ll* =sLILL O 0l 20 <2le ®AH HIIo =S A S LI

9. How close are you and I, right this minute, to the core?
Scl= SHa0DER S0HLE JEH0I0 _ALER?

10. The melted cores are about 70 feet that way. Seventy from here-- From here. --is the melted
core? Correct, that's right over in here.
=0t UeE =2 MEBELZ 70 LIEYLICH =0t LHE! SAI0l 70 U ECHR?

11. We don't know quite where other than it fell down into the floor.
Scl= vte el HOlol X0l EHME A=Al HEoH LXE ReELICH

12. So if you sent a worker in right now to find it, how long would they survive? No one is gonna
send a worker in there
o, 2ol0l HEXE X3 & XS H0t SHEWYE, S0tLt Qi &40t /USE = AKX R.
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13. because they'd be overexposed in just a matter of seconds.
ds2 2 = BHoll O/ =01 € A0ILI R

14. Enter the robots. This is the robot research center. Yes. This is for remote control technology
development.
RS SHEHLILH 0I1R2 2 AFAMHALICH Ul. 0lX2 |AZXS) | =LH
=& LICH.

15. In 2016, the Japanese government opened this $100 million research center near the plant
2016 H0fl. =28 R = dA== SN &AL 22X U 0lR= IHARSLICH

16. where a new generation of robots is being developed by teams of engineers and scientists
from the nation's top universities and tech companies.
HIIMd=E M AU 2R S0 HEE= RLICH €2 20 HetSd Jl=sAME2 Jislts &
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17. Dr. Kuniaki Kawabata is the center's principal researcher.
Kuniaki Kawabata 8} At= MIE 2] A H 2R3 I LICH.

18. This is our newest robot, J-11. So, number 11.
olxde el =& 2201 J-11 L LICH

19. And it's an obstacle course. Yes. the operators use the camera image in front of the robot.
Olxz il 2DAYLILHL QLHIOIEHEZ2 28 &0l A= Ithlct 0l0I XIS Ol = &LILh.

20. But it's so many hours required to train. Because it looks very easy, but it's quite difficult.
L, 2d= floll =2 Al2t0l = LICH A 0lg=, 2I/10l= #l9% (il (g =LICH
21. They also train here in this virtual-reality room where 3D data taken inside the reactors by the

robots is projected onto this screen.
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22. Operators, using special glasses, can go where no humans can.
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23. So we're actually walking through-- Uh-huh. --a part of a reactor.

ol dNECE ANzl 2R E SHolA 210 USLICH
24. Uh-huh. You feel some immersive experience. Y-- so as if you're in there. Yes.

O M= et S S2LICH L2 OtXl &0 U= AHE LALICH Ul...
25. | actually wanna duck. | mean, that's how real it feels to me.

HAFY AR2H E20tD AU M 22 Mol 22 ARHE SHXNUR
26. Like here we're going under this thing. | have to duck. Ah, yes.
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27. But even with all the high-tech training and know-how, the robots have run into problems.
ddLE 2= ol0lHIA Jl= 30t LotR0E =2+otd, 2R=2 M0 SHMSLICH

28. For the early models, it was the intense levels of radiation - that fried their electronics and
cameras.
I 2E S0 =, GAs2 =Xt =0tA, AR SS 0 Jtilct == BRI A sLICH

29. Their lifetime was hours. We hoped it would be days, but it was for hours.
859 =2 =AIZ0I™USULC fel= HEOIJIE Bt sLITHEH 2 AIZH0I /A= LILH.

30. Tell us what happened to the robot named Scorpion. This is a highly sophisticated,
AZSLAHO0IS 0IF2 ZX0H HL L= 0[0FJIo =AM R.. 01232 0l EuwerLICh.

31. and | gather everybody thought this was the answer.
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12|10 0|0l E0lctl ol= 2= AtEE2] 2lAsS B/_SLICH

32. That was gonna be the first robot we were going to put inside the containment vessel, which
is where we need the information the most because that's where the core is.
01101 <2t BY EJI12 HWR0H €5 H 2X0IUsLILH BY EJl=.... HA Ol U=
XZ0J| (H2Z0ll Ot 2st 32t A= 2 LICH

a0

(3t ) = FAI0| CHOIOIX] & HMA THA0 X X 8 A (4-4) JEKN.COM

1. This is Scorpion, whose mission cost an estimated $100 million.
012401, AZSU 2010, B2 JtZH0l He dA=2Z FFHO0| LIt

2. It was designed to flatten out and slither through narrow pipes and passageways on its way
to the core.
Olzd2 E&otA HXAM, 0N XSZ WA EHJASLICH &2 WolEe =28 et
HYyCZ Jie= & S0...

3. And, like a scorpion, it raises its tail.
deld d2dE WelE g LI

4. The tail would come up with a camera on top with lights. Because you have to have its own
lights. It's all dark inside.
nels JUoo €= Jtd JtietE JHALD JASUCH WRIE HsSII0, Als =2
JEXOFSLI| HZ0l...

5. There're no regular lights. So that was the plan. And we had great expectations and hope for
that. We all did.
g™t =222 QUsLUCH el 2301 HEO0IUSLIGCH fel= 2 IS &2 S Jt&sLICH

fele 2= 2= AsLIth

6. Took a year to prepare, and it was hard work. But when Scorpion went inside,
D12t 2E0] 2R, el 2OIUSLILH AL AST20l HREZ SHUS [
7. it hit some debris and got stuck after traveling less than 10 feet.
HE OIHEES AN, HEJASLICHL 10 LI EE SHOIKI HZ0tA 2 LICH
8. | can't imagine the frustration |-- levels. Well, but you learn more from-- from failure
sometimes than you do from success.
O MEZES A = AsUC U, d30AM 20 2 TH0A O 201 s LICH

9. They had more success with this robot named Little Sunfish, which was designed to swim
inside one of the reactors flooded with water.
_1S2 Little Sunfish &t 0|82 E2R0AM O d3;sLICE 012, S0 €& U2 HREE
=H= otH & USLICH

10. In preparing for Little Sunfish's mission,
Little Sunfish 2| @ E &ZH|otHA

11. engineers spent months doing test runs inside this enormous simulation tank,
AXILIHESZ2 0l HU S AIEdI0IE HA0A AEES E S22t MAHMSLICH

12. fine-tuning the propellers, cameras, sensors and 65 yards of electric cable -- all built to
withstand intense levels of radiation.
TZ2EH ItH et MMHE el 65 0= &IIAOIE= OIS ot AN ZALICH &
g dEst dArsol AC0H S B SLICH

13. They used nuclear reactor number five to help plan the mission.
=2 420l == FIIflol 5 ¥ HFAXNZE 0l SAHSLILCH

rn
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It didn't melt down when the tsunami hit and is nearly identical to the one Little Sunfish would
scout.

Ol X2 MLIOIGI =O0F L2l Xl &R, Little Sunfish Jt SO0HCHLI= =20t Hel SR =LICH
Finally, last year, the swimming robot made its foray into the heart of the reactor. To look for
the missing fuel.

OrEILE &3E0, =8 2R2, FAM2Z22 S4LE Hds MsSLILH Hose g8 &
PIoHAL...

Barrett took us into unit 5 to show us how it maneuvered through the labyrinth of pipes and
debris inside the reactor.

Barrett 2 <clE 5 B U222 2HUoA, HEH 0 201 A2 el 022 &l E
Sihtot=XE BEH=AUSsLIT

The Little Sunfish came down on the edge and it swam underwater down through this little
entryway here underneath the reactor vessel.

Little Sunfish Jt 8t ZA0IA LA 2, S5 ol S BSLICH FA2 EJ| Oteloll A= 6l S+E
Sdtotd L LICH

Is this the route Little Sunfish took? Yes this is.

01240l Little Sunfish Jt Jt= 2 21Jt2? Ul

The Little Sunfish swam thru this portal, down into this area, it went around the side.

Little Sunfish = 0| & & Soll =E = ol Al, O] XIF2=Z WA ZLICH =& sLIC

It went down through this grating, which was gone. We are standing directly underneath the
reactor vessel.

Z2xR2 A 0 HMHEAd=S Sol WHWHAZLICH Rele HEoHH JXZ2 &I12] ot=0l
MUASLICH

Molten fuel came through here and it jetted out under very high pressure.

s2dzge 0IIE SoiA USLICH el ile == 282 S A LICL

And then it came out slowly like a lava in a volcano, and it fell down and burned its way
through this grating down to the floor.

delideE st e 8ol usLt delde A A ELICH 0l & Otell Z0l A
HBES Ol DX 22 LICE

S

This is what Little Sunfish saw as technicians guided it through the pipes and hatchways of
the flooded interior.

Ol A0l Little Sunfish Jt =&t A LICHL J|=XAS0] 20 & IO X2t E 15 Soll Al Little
Sunfish € 21 & otHA ...

It beamed back images revealing clumps of debris, fuel rods, half-destroyed equipment

Little Sunfish = & SS 2HLICH &toff CHOISW, 98 S, BtE It = HUlS

and murky glimpses of what looks like solidified lava -- the first signs, TEPCO officials say,
of the missing fuel.

el 22 SEXE 2E0l= g0let H#8HsS
A FLXSLYUCH

These robotic steps so far have been significant steps. But it is only a small step on a very,
very long journey.

0 22 0l88 HAH=2
=L C

This is gonna take you said decades with an "S." How many decades? We don't know for sure.
Of ¥ 2 “S"AE JHdl =4U0| 2 AL S0UR? f£el= &aol 28 LILL
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28. The goal here is 40-- 30-- 40 years. You know, | personally think it may be even 50-- 60, but
it's-- Oh, maybe longer.
Il =H= 30-40 S LICH LA Ol Aol 22 5.60 H0| ZE Zd0l& HLICH Dt O &

A C

29. 1t, well, it may be longer. But the reality is this is a challenge that's never been dealt with
before. But every step is a positive step. You learn from that and go forward to another step.
O 2 =% UASLICH dedlh 42 080l o= MO0l 8l =802t AU dddL, 2=
HH= 2EH SGAHYLICH 0l €= SolM BisLILH el TGE SAHE ML C

(tHl ) A0 CIOIOIX| 8 &A™ A THEO0 2% 22 & IHA (1-4) JFKN.COM
1. More than 7 years passed since __ monster earthquake _ tsunami struck northeast
Japan
2. triggered what became after Chernobyl, _ worst nuclear disaster __ history
Fukushima Daiichi Nuclear Power Plant.
3. three six reactors melted down, hot fuel turned __ molten lava __ burned
through steel walls __ concrete floors.
4. day no one knows exactly inside ____ reactor buildings fuel
5. so deadly, no human can go inside __ look .
6. So ___ Japanese company owns ___ crippled plant ___ turned __ robots.
7. four-legged robots,
8. robots climb stairs ___ even robots can swim into reactors flooded water.
9. 're equipped 3D scanners, sensors ____ cameras
10. map terrain, measure radiation levels look missing fuel.
11. part __ _ massive cleanup 's expected ___ cost nearly $200 billion __
take decades.
12.“  anything like cleanup, terms_ _ scope, ever happened before?
13. No, ___unique situation . _____never happened ___ human history.
14.  challenge we've never ___ before.”
15. Lake Barrett ___nuclear engineer ___ former Department __ Energy official
16.  oversaw ___ cleanup _  worst nuclear accident __ U.S. history, Three Mile
Island.
17. was hired senior adviser _ TEPCO, _ Tokyo Electric Power Company
owns ____ plant
18. __charge  effort __ find __ missing fuel.
19. 's also advising ______development __ new robots like six-legged spider
robot
20. engineers designing __ hang from scaffolding ____ climb onto equipment.
21. describes them __ ...Very advanced working robots will actually be _ ones
long, muscular arms
22. _ laser cutters such wilgo ~ actually take _ molten fuel __ put
__anengineered canister ____ retrieve
23. Should we think ______project like sending someone __moon?

24. even __ bigger project __ my view.
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25. 's _ will ___clean up was __ will __ put __ man
______moon.
26. engineering tasks can be done successful.
27. ____ notjust bury place? __ not do what did __ Chernobyl?
28. Just cover up, bury , ___ Jjustleave all-- know, enclosed?
29. Number one rightnext _  sea.We're 100 yards from ___ ocean.
30. We typhoons ___Japan. also __ high earthquake zone.
31. 's gonna be future earthquakes. So unknowns -
Japanese _ noonewants __ deal
(3tAHl ) A0 CIOIOIX| 8 &A™ A THE0 =X 2 X & ItA (2-4) JFKN.COM
1. earthquake caused __ meltdown measured 9.0, _ most powerful ever
recorded __ Japan
2. triggered __ series __ tsunami waves swept away cars, houses __ entire
towns, killing more than 15,000 people.
3. __ Fukushima Daiichi, __ enormous waves washed over _____ plant,
4. flooding __ reactors __ knocking out power ___ cooling pumps
5. kept reactor cores from overheating.
6. Lake Barrett took us __ __ hill overlooking ___ reactors radiation levels

still relatively high.

7. So actually right - all happened? _ heart
disaster, right ? Correct.

8. 'S reactor number one, reactor number two, reactor number three.

9. earthquake happened, 100 miles away, buildings all shook

towers all shook.

10, design was such were safe. 45 minutes later, waves were
racing __, tsunami waves, from ___ earthquake,

11. were seven waves came 45 feet high. put station
what we call "station blackout."

12. _____nopower. __ cores got hotter inside, _____ hotter, _____ hotter again until
______uranium started __ melt.

13. How many tons __ radioactive waste was developed ? Probably 500 1,000 tons ___
each building.

14. S01000s how long will be lethal? will be lethal thousands __ years.

15. What we're talking about really three meltdowns? Yes. was truly Hell
Earth.

16.  meltdowns triggered huge explosions sent plumes __ radioactive debris into
______atmosphere,

17.forcing ____ evacuation __ everyone within __ 12-mile radius — about 160,000 people __ all.

18. Weeks later, TEPCO officials engaged __ so-called kowtow diplomacy —

19. allowing townspeople __ berate them __ prostrated themselves __ apology.

20. Thousands ___ workers were sent __ countryside __ decontaminate everything touched
___radiation

21. including digging up dirt ____ putting ___bags —lots __ bags.

22. while much __ evacuation zone decontaminated,




[t )]

23. still entire neighborhoods like ghost towns, silent __lifeless
radiation levels remain too high.

24.  plant, 're capturing contaminated groundwater, about 150 tons __ day,

25.  storing __tanks, _far _ eye can see. Water always __ major
challenge

26.  going __remain __ major challenge until _____ entire cores removed.

27. _ closer workers get ___ reactors, _____ more protective gear ___weatr,
___we discovered.

28. We were zipped into Tyvek coveralls _ made __ weartwo pairs __socks 3 pairs _
gloves.

29. Okay, we've got tape. Not an inch ___ skin was exposed. __ layers __ protection include
mask...

30._ _ little loose. We'll tighten up.... often fogged up. How do feel?
Good.

31.  dosimeter __ register __amount __ radiation we'd be exposed __ .

(StHl ) =FAI0| CIOIO|X| & &&A THY 0l EX # X E WA (3-4) JFKN.COM

1. We wereready __ battle.

2. We went ___team __ TEPCO workers __ unitthree,one __ __ reactors melted
down March day, seven years ago,

3. _____Japanese call, simply 3-11.

4. Lake! , Unit 3. Watch . Step. shield plates because

'scesium ___ ground.

5.  yearssince _____ accident, much __  damage __ __ building
repaired.

6.  stilldangerous __ spend __ lot __ time . We could stay only 15 minutes.

7. 'S number I've __ seeing, 566. Right. 's telling _____ radiation
level we're .

8. fairly high 's we're gonna be ___short time.

9. How close I, right minute, _ core?

10. _ melted cores about 70 feet way. Seventy from -- From .-

______melted core? Correct, 'sright over .

11. We don't know quite other than felldowninto ___ floor.

12.So sent __ worker __ right now __ find , how long would survive?
No one gonna send __ worker

13. because 'd be overexposed __ just __ matter __ seconds.

14. Enter ____ robots. robot research center. Yes. remote
control technology development.

15. 2016, ___ Japanese government opened $100 million research center near
plant

16. ___new generation __ robots being developed _ teams __ engineers
scientists from ___ nation's top universities ___ tech companies.

17. Dr. Kuniaki Kawabata ______center's principal researcher.

18. our newest robot, J-11. So, number 11.

19. an obstacle course. Yes. __ operators use __ camera image __ front

robot.



https://www.cbsnews.com/news/fukushima-daiichi-nuclear-disaster-ghost-towns-60-minutes/

[t )]

20.  somany hours required __train. Because looks veryeasy,  quite
difficult.

21. also train . virtual-reality room 3D data taken inside
reactors ___ robots projected onto screen.

22. Operators, using special glasses, can go no humans can.

23. So we're actually walking through-- Uh-huh. --__ part __ _ reactor.

24. Uh-huh. feel some immersive experience. Y--so e . Yes.

25. | actually wanna duck. | mean, 's how real feels __ me.

26. Like we're going under thing. | ___duck. Ah, yes.

27. _ even all high-tech training __ know-how, __ robots run into
problems.

28.  early models, was ____ intense levels __ radiation - fried their
electronics cameras.

29. Their lifetime was hours. We hoped would be days, was hours.

30. Tell us what happened ___ robot named Scorpion. ___highly sophisticated,

31. | gather everybody thought was ____ answer.

32. was gonna be __ first robot we were going __ put inside ___ containment vessel,
which we need _ information __ most because 's
core

(3tHl ) =FAI0I CHOIOIX| 8 YA A THY0 &S X 2 X 8 ItA (4-4) JFKN.COM
1 Scorpion, whose mission cost an estimated $100 million.
2. was designed __ flatten out __ slither through narrow pipes __ passageways
way _____ core.
3. ,like__ scorpion, raises ___ tail.
4.  tail would come up ___camera top lights. Because _
____ownlights. __ all dark inside.

5. 're no regular lights. So was plan. we great expectations
hope . We all did.

6. Took _ year _ prepare, was hard work. Scorpion went inside,

7. hit some debris __ got stuck after traveling less than 10 feet.

8. | can't imagine ____ frustration I-- levels. Well, learn more from-- from failure
sometimes than do from success.

9. ______more success robot named Little Sunfish, which was designed ___
swiminsideone __  reactors flooded water.

10. _ preparing _____ Little Sunfish's mission,

11. engineers spent months doing test runs inside enormous simulation tank,

12. fine-tuning ____ propellers, cameras, sensors ___ 65 yards __ electric cable -- all built ___
withstand intense levels __ radiation.

13. used nuclear reactor number five __ help plan ___ mission.

14. didn't melt down ____tsunami hit nearly identical __ __ one
Little Sunfish would scout.

15. Finally, last year, _ swimming robot made ___ forayinto ___ _heart __ __ reactor. __
look  missing fuel.

16. Barrett took us into unit 5 __ show us how maneuvered through _ labyrinth

pipes debris inside reactor.
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_____ Little Sunfish came down ___edge swam underwater down
through little entryway underneath __ reactor vessel.
route Little Sunfish took? Yes .
_____Little Sunfish swam thru portal, down into area, went around
side.
went down through grating, which was gone. We standing directly
underneath __ reactor vessel.
Molten fuel came through jetted out under very high pressure.
_____ then came out slowly like _ lava __ _ volcano, fell down
burned __ way through gratingdown ___ floor.
what Little Sunfish saw __ technicians guided through __ pipes
hatchways  flooded interior.
beamed back images revealing clumps __ debris, fuel rods, half-destroyed
equipment
____murky glimpses ___ what looks like solidified lava -- __first signs, TEPCO officials
say, _____ missing fuel.
robotic steps so far ______significant steps. only _ small step
___very, very long journey.
gonna take said decades an "S." How many decades? We don't
know _ sure.
______goal 40-- 30-- 40 years. know, | personally think may be
even50--60, -- Oh, maybe longer.
, well, may be longer. _  reality ___challenge
'snever ___ dealt before. _ every step ___positive step. learn

from go forward ___ another step.
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