


Aerial	
  Detec+on	
  Program	
  
Ø  We	
  are	
  involved	
  in	
  the	
  development	
  of	
  new	
  and	
  

improved	
  radia+on	
  detec+on	
  technologies	
  for	
  
applica+ons	
  ranging	
  from	
  fundamental	
  sciences	
  to	
  
biomedical	
  imaging	
  and	
  na+onal	
  security.	
  

Ø  A	
  recent	
  example	
  of	
  our	
  research	
  is	
  the	
  
demonstra+on	
  of	
  a	
  new	
  detec+on	
  system	
  mounted	
  
on	
  an	
  aerial/	
  helicopter	
  pla?orm	
  with	
  two	
  purposes:	
  
Ø  Demonstrate	
  advanced	
  detec+on	
  and	
  localiza+on	
  capabili+es;	
  
Ø  Obtain	
  “background”	
  data	
  –	
  enhance	
  ability	
  to	
  differen+ate	
  

between	
  “background”	
  radia+on	
  and	
  a	
  poten+al	
  threat	
  source;	
  
Ø  The	
  Bay	
  Area	
  provides	
  relevant	
  and	
  complex	
  terrain,	
  geology,	
  

and	
  diverse	
  urban	
  developments	
  enabling	
  the	
  evalua+on	
  
across	
  a	
  broad	
  range	
  of	
  environments;	
  

Ø  8	
  successful	
  flights	
  out	
  of	
  Oakland	
  over	
  4	
  days;	
  
Ø  Complements	
  data	
  sets	
  from	
  several	
  other	
  ci+es;	
  



What	
  is	
  Resilience?	
  

Ø  Resilience means the ability to recover quickly form disruption;  
Ø  Enhanced resilience allows to reduce the impact of an accident; 
Ø  In the communication with the public – which is an essential part in achieving 

increased resilience – resilience is provocative as it implies that something will 
happen in the future; 

Ø  More science and enhanced technologies are needed to minimize the risk for 
accidents to happen and to reduce the impact! 



Why	
  LBNL?	
  
The	
  scien+fic	
  domains	
  of	
  resilience	
  

Ø  More science and enhanced technologies are needed to minimize the impact of 
accidents or events that are associated with catastrophic consequences! 

Ø  Enhanced capabilities to assess, predict, estimate impact, and mitigate! 

Ø  LBNL provides unique science and technology capabilities 
 + Education (UC Berkeley, Lawrence Hall of Science (?), Bay Area high schools, …)  
 + Communities (Berkeley, Oakland, SF, Koriyama, Fukushima, …) 



Enhancing	
  Resilience	
  
Integra+ng	
  Science,	
  Educa+on,	
  and	
  Communi+es	
  

Science	
   Educa+on	
  

Communi+es	
  

Resilience 



Areas	
  of	
  Resilience	
  

Ø  Sudden changes 

§  Tsunami & Flooding 

§  Health & Epidemics 

§  Accidents 

•  Biol., chem., rad. 

§  Cyber security 

§  … 

 

Ø  Long-term changes 

§  Energy 

§  Climate change 

§  … 

“Old”	
  

“New”	
  



Specific Example 
Explosion at Dai-ichi Nuclear Power Plant (Fukushima) – March 15, 2011 



Transport	
  of	
  radioac+ve	
  materials	
  

Fukushima	
   Berkeley	
  

Air	
  transport:	
  ~60	
  hours	
  

Ocean	
  currents:	
  3-­‐4	
  years	
  

World	
  without	
  borders!	
  

Ø  Challenges: Local event with global impact (e.g. Ebola or Fukushima) 
Ø  Transport 
Ø  Public and social media 



Concerns	
  in	
  California	
  

•  Understandable	
  concerns	
  a`er	
  Fukushima	
  accident	
  (including	
  my	
  wife	
  …)	
  
–  Can	
  we	
  go	
  outside?	
  Even	
  in	
  rain,	
  even	
  without	
  an	
  umbrella?	
  
–  Can	
  children	
  play	
  outside?	
  	
  
–  Do	
  we	
  need	
  to	
  leave	
  California?	
  
–  Can	
  we	
  drink	
  water	
  or	
  milk?	
  Do	
  we	
  need	
  filters?	
  	
  
–  Do	
  we	
  need	
  to	
  take	
  iodine	
  pills	
  (sold	
  out	
  in	
  CA)?	
  
–  Can	
  we	
  use	
  a	
  Geiger	
  counter?	
  
–  What	
  do	
  the	
  numbers	
  and	
  units	
  mean	
  –	
  cpm	
  vs	
  dose	
  (rem	
  vs.	
  Sievert)	
  and	
  dose	
  rate	
  

(rem/hour	
  vs.	
  (milli	
  or	
  micro)	
  Sievert/hour	
  or	
  Sievert/year),	
  etc.	
  
–  …	
  
	
  

•  Government	
  
–  Why	
  is	
  our	
  government	
  not	
  doing	
  more?	
  Is	
  it	
  censoring	
  data?	
  
–  Can	
  we	
  trust	
  it?	
  



Our	
  response:	
  Berkeley	
  RadWatch	
  

hep://radwatch.berkeley.edu	
  

•  Perform	
  independent	
  measurements	
  in	
  
Berkeley	
  using	
  sophis+cated	
  
instruments	
  available	
  in	
  our	
  UC	
  
Berkeley	
  radia+on	
  detec+on	
  labs;	
  

•  Make	
  data	
  available	
  in	
  an	
  easy-­‐to-­‐
understand	
  format	
  to	
  the	
  media	
  and	
  
public	
  within	
  one	
  hour;	
  	
  

•  Put	
  data	
  and	
  results	
  in	
  context!	
  
–  Compare	
  with	
  natural	
  and	
  elec+ve	
  

radia+on	
  levels	
  in	
  the	
  U.S.;	
  For	
  example,	
  
cross-­‐country	
  flight	
  in	
  U.S.;	
  

•  Engage	
  public	
  and	
  media	
  as	
  trusted	
  
scien+fic	
  partner	
  in	
  dialogue;	
  

•  Integrate	
  science,	
  outreach,	
  and	
  
communi+es;	
  



hep://radwatch.berkeley.edu	
  

Our	
  response:	
  Berkeley	
  RadWatch	
  
I-­‐131	
  in	
  rain	
  water	
  

Cs-­‐137	
  in	
  local	
  milk	
  

vs.	
  50	
  Bq/L	
  of	
  K-­‐40	
  in	
  
milk,	
  “naturally”	
  

You	
  need	
  to	
  drink	
  ~	
  140	
  liter	
  to	
  get	
  
the	
  same	
  effec+ve	
  dose	
  as	
  during	
  a	
  
flight	
  from	
  SFO	
  to	
  Tokyo	
  

First “small-scale” demonstration of 
enhancing resilience! 

•  Perform	
  independent	
  measurements	
  in	
  
Berkeley	
  using	
  sophis+cated	
  
instruments	
  available	
  in	
  our	
  UC	
  
Berkeley	
  radia+on	
  detec+on	
  labs;	
  

•  Make	
  data	
  available	
  in	
  an	
  easy-­‐to-­‐
understand	
  format	
  to	
  the	
  media	
  and	
  
public	
  within	
  one	
  hour;	
  

•  Put	
  data	
  and	
  results	
  in	
  context!	
  
–  Compare	
  with	
  natural	
  and	
  elec+ve	
  

radia+on	
  levels	
  in	
  the	
  U.S.;	
  For	
  example,	
  
cross-­‐country	
  flight	
  in	
  U.S.;	
  

•  Engage	
  public	
  and	
  media	
  as	
  trusted	
  
scien+fic	
  partner	
  in	
  dialogue;	
  

•  Seaweed	
  measurements	
  for	
  Indian	
  
Tribes	
  from	
  NorCal	
  

Appearance	
  and	
  
disappearance	
  of	
  
radioac+vity	
  from	
  
Fukushima	
  



Measure,	
  publish,	
  and	
  explain	
  …	
  

hep://radwatch.berkeley.edu	
  +	
  hep://kelpwatch.berkeley.edu	
  

Fukushima	
  related	
  observed	
  once	
  in	
  2011	
  (0.02Bq/kg)	
  

Natural	
  K-­‐40	
  (100	
  Bq/kg)	
  



Measure,	
  publish,	
  and	
  explain	
  …	
  

Dec	
  24,	
  2013:	
  
Ø  A	
  YouTube	
  video	
  is	
  going	
  viral	
  on	
  measuring	
  radioac+vity	
  at	
  a	
  Half-­‐Moon	
  Bay	
  beach!	
  



Measure,	
  publish,	
  and	
  explain	
  …	
  

hep://radwatch.berkeley.edu	
  +	
  hep://kelpwatch.berkeley.edu	
  

Our	
  response:	
  
Ø  Take	
  our	
  state-­‐of-­‐the-­‐art	
  gamma-­‐ray	
  spectrometer	
  and	
  

perform	
  independent	
  measurement	
  
Ø  Explain	
  varia+ons	
  by	
  naturally	
  occurring	
  radioisotopes	
  

reflec+ng	
  geological	
  composi+on	
  of	
  sand;	
  
Ø  No	
  indica+on	
  of	
  Fukushima-­‐related	
  radioac+vity;	
  

Varia+on	
  in	
  Geiger	
  counter	
  
consistent	
  with	
  varia+ons	
  in	
  
naturally	
  occurring	
  Th-­‐232	
  and	
  
U-­‐238	
  radionuclides!	
  



Latest	
  Addi+on:	
  High-­‐Sensi+vity,	
  Real-­‐Time	
  Air	
  Monitor	
  

hep://radwatch.berkeley.edu	
  +	
  hep://kelpwatch.berkeley.edu	
  

•  Con+nuous	
  and	
  real-­‐+me	
  air	
  
monitoring	
  sta+on	
  
–  Sophis+cated	
  (and	
  expensive!)	
  

gamma-­‐ray	
  spectrometer	
  
installed	
  on	
  roof	
  of	
  our	
  building	
  
in	
  Berkeley	
  

–  Hourly	
  updates	
  on	
  a	
  wide	
  
range	
  of	
  radio-­‐isotopes	
  in	
  local	
  
air	
  

Background	
  radia+on	
  !	
  

Weather	
  sta+on	
  
High-­‐resolu+on	
  gamma-­‐

ray	
  spectrometer	
  



Berkeley	
  DoseNet	
  

•  Establish	
  dosimeter	
  network	
  at	
  and	
  with	
  
Californian	
  schools	
  

•  Build,	
  program,	
  and	
  deploy	
  dosimeters	
  

•  Use	
  data	
  from	
  network	
  and	
  Berkeley	
  
Radwatch	
  to	
  perform	
  scien+fic	
  analysis,	
  
repor+ng,	
  and	
  presenta+ons	
  (e.g.	
  live	
  or	
  
via	
  webcast)	
  

•  Based	
  on	
  dosimeter	
  network,	
  establish	
  
“social”	
  network	
  of	
  schools	
  and	
  us	
  

•  Use	
  network	
  as	
  backbone	
  for	
  other	
  
sensors	
  and	
  data:	
  

–  Meteorological	
  data,	
  air	
  pollu+on,	
  CO2,	
  
UV	
  radia+on,	
  …	
  

•  Expand	
  beyond	
  California,	
  for	
  example,	
  
Fukushima	
  Prefecture?	
  

Fully operational 
and networkable 
dosimeter with 
programmable units 
(w/ touch screen) 

Students can 
build dosimeter 

“See”	
  and	
  learn	
  what	
  is	
  normal	
  in	
  our	
  world	
  by	
  applying	
  
fundamental	
  science	
  and	
  engineering	
  concepts	
  

Dosimeter map 



4+	
  years	
  later:	
  >70,000	
  Evacuees	
  remain	
  

Main	
  (and	
  significant)	
  health	
  impact:	
  	
  
Ø  Psychological	
  stress	
  –	
  Uncertainty	
  due	
  to	
  lack	
  of	
  informa+on	
  and	
  knowledge,	
  e.g.	
  fear	
  

of	
  radia+on	
  –	
  Change	
  in	
  lifestyle,	
  lack	
  of	
  exercise:	
  
>1500	
  deaths	
  are	
  aeributed	
  to	
  evacua+on	
  and	
  changing	
  lifestyle!	
  

Ø  Very	
  likely	
  that	
  no	
  death	
  can	
  be	
  aeributed	
  to	
  radia+on	
  (according	
  to	
  interna+onal	
  
organiza+ons	
  with	
  independent	
  experts	
  such	
  as	
  WHO,	
  IAEA,	
  and	
  UNSCEAR)	
  

	
  
Ø  Remaining	
  challenge:	
  	
  Return	
  to	
  normal	
  life!	
  

Ø  How	
  will	
  contamina+on	
  change	
  over	
  +me?	
  
Ø  What	
  is	
  impact	
  of	
  low-­‐dose	
  exposure?	
  

Evacuated	
  Areas	
  



Berkeley	
  Lab	
  is	
  part	
  of	
  the	
  soluBon…	
  

Challenges	
  	
  
Ø  How	
  will	
  contamina+on	
  change	
  over	
  

+me?	
  
Ø  What	
  is	
  impact	
  of	
  low-­‐dose	
  exposure?	
  
Ø  Return	
  to	
  normal	
  life	
  ASAP!	
  
	
  
Opportuni+es	
  
Ø  LBNL	
  has	
  unique	
  capabili+es	
  and	
  

exper+se	
  in	
  all	
  key	
  areas.	
  
Ø  LBNL	
  is	
  a	
  respected,	
  independent,	
  and	
  

trusted	
  scien+fic	
  resource.	
  
	
  
Approach	
  
Ø  While	
  focusing	
  on	
  one	
  area	
  in	
  

Fukushima	
  and	
  its	
  specific	
  challenges,	
  
we	
  are	
  establishing	
  	
  a	
  scien+fic	
  
framework	
  and	
  the	
  capabili+es	
  for	
  
Fukushima	
  and	
  beyond.	
  

	
  
	
  	
  
	
  	
  

Namie-­‐Town	
  

Ukedo	
  River	
  
Okaki	
  Dam	
  

LBNL	
  scien+sts	
  at	
  Ukedo	
  
River,	
  March	
  10,	
  2014	
  



ScienBfic	
  Domains	
  to	
  Enhance	
  Radiological	
  Resilience	
  

Enhance understanding of the underlying mechanisms of the environmental transport of 
radioisotopes from dispersion to uptake into the biosphere, their impact on humans, and to 

provide effective means of mitigation for increased radiological resilience	
  

Ø LBNL	
  has	
  world-­‐leading	
  and	
  recognized	
  exper+se	
  and	
  capabili+es	
  in	
  all	
  key	
  areas.	
  



Integrate	
  communi+es,	
  educa+onal	
  &	
  research	
  ins+tu+ons	
  

Univ. 
Tokyo 

Koriyama	
  City	
  

Institute for 
Resilient 

Communities 

…	
  in	
  a	
  mul+-­‐disciplinary,	
  mul+-­‐interna+onal,	
  and	
  mul+-­‐cultural	
  framework.	
  



Ins+tute	
  for	
  Resilient	
  Communi+es	
  

hep://irc-­‐berkeley.org	
  
Next	
  symposium	
  in	
  April	
  
2016	
  in	
  Koriyama	
  City	
  

Mayor	
  Shinagawa	
  
Koriyama	
  City	
  

Mayor	
  Bates	
  
Berkeley	
  City	
  




