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Why	  does	  good	  water	  go	  bad?	  

•  	  Super-‐Kamioande,	  like	  other	  water	  Cherenkov	  
detectors	  before	  it,	  requires	  nearly	  conGnuous	  
recirculaGon	  to	  maintain	  opGcal	  transparency.	  
Why?	  

•  Tests	  at	  Lawrence	  Livermore	  NaGonal	  
Laboratory*	  have	  revealed	  that	  the	  interacGon	  of	  
pure	  water	  with	  stainless	  steel	  is	  likely	  the	  reason	  
for	  Super-‐Kamiokande	  
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*	  W.	  Coleman,	  A.	  Bernstein,	  S.	  Dazeley,	  R.	  Svoboda,	  NIM	  A	  595	  339	  (2008)	  
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The	  raGo	  of	  outgoing	  and	  
return	  pulse	  (ρ)	  changes	  
linearly	  with	  transparency	  



Stopped	  recirc	  

+/-‐	  2%	  

pure	  water	  falls	  off	  
in	  transparency	  over	  
Gme	  (337	  nm)	  

0.9	  %/day	  

Pure	  water	  lost	  transparency	  in	  the	  UV	  even	  in	  a	  sterile	  
low	  oxygen	  sealed	  environment.	  This	  effect	  was	  esGmated	  
to	  be	  large	  enough	  to	  explain	  the	  SK	  experience.	  



Adding	  ppb	  levels	  of	  FeCl3	  reproduces	  this	  effect	  

Cannot	  use	  EGADS	  system	  on	  WbLS	  as	  the	  molecules	  of	  
the	  organic	  component	  are	  non-‐polar	  and	  do	  not	  pass	  
through.	  	  



Micelle	  sequestering	  of	  LS	  in	  water	  
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Liquid	  ScinGllator	  (LS)	  forms	  small	  
(~10	  nm	  scale)	  droplets	  called	  
micelles	  in	  water	  that	  are	  stabilized	  by	  
surfactant	  molecules	  with	  a	  hydrophilic	  
head	  and	  hydrophobic	  tail.	  Micelles	  
form	  under	  controlled	  chemical	  
condiGons.	  

Do	  not	  want	  to	  disrupt	  the	  micelles	  	  
during	  purificaGon	  else	  light	  yield	  
may	  be	  significantly	  affected.	  	  
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Nanofiltra2on	  is	  used	  by	  the	  food	  industry	  and	  
by	  industries	  concerned	  with	  environmental	  
polluGon	  caused	  by	  trace	  amounts	  of	  oil	  in	  water	  
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Using	  NF	  one	  could	  try	  and	  	  separate	  the	  
organic	  and	  water	  stream,	  purify	  the	  water	  
stream,	  then	  remix.	  

THEIA	  recirculaGon	  concept	  
R.Svoboda,	  Mainz	  2016	  



There	  are	  many	  consideraGons	  
•  	  IdenGficaGon	  of	  appropriate	  Molecular	  
Weight	  CutOff	  (MWCO)	  hydrophilic	  materials	  
to	  use	  for	  filters	  to	  avoid	  surface	  fouling	  and	  
concentraGon	  saturaGon	  effects	  

•  	  OpGmal	  temperature	  and	  pressure	  to	  yield	  
sufficient	  flow	  rate	  but	  significant	  rejecGon	  

•  	  Passage	  of	  ionic	  contaminants	  through	  the	  
system	  for	  later	  removal	  by	  deionizaGon	  

•  	  Micelle	  formaGon	  and	  disrupGon	  effects	  
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Feed	  flow	  rates	  and	  
rejecGon	  depend	  on	  	  
temperature	  and	  flow	  
rates.	  We	  want	  high	  flow	  
rate	  but	  also	  high	  rejecGon	  
of	  organics	  



Sterlitech	  CF042	  NanofiltraGon	  Unit	  
Modified	  a	  for	  a	  permeate	  loop	  to	  
overcome	  concentraGon	  
polarizaGon	  and	  fouling	  issues.	  

13	  R.Svoboda,	  Mainz	  2016	  

UC	  Davis	  NanofiltraGon	  
	  Development	  
Laboratory	  
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	  	  	  	  	  1%	  WbLS	  before	  NF	  	  	  	  	  

	  	  	  	  	  1%	  WbLS	  aker	  re-‐mix	  	  	  	  	  

Test	  Results	  for	  Snyder	  NFW	  Polymide	  300-‐500	  MWCO	  	  
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Scale	  up	  to	  commercially	  available	  facility	  would	  
mean	  about	  1	  kton	  per	  day.	  This	  is	  feasible	  	  
for	  THEIA!	  
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What	  is	  making	  it	  through	  the	  NF?	  

Thus	  indicaGons	  are	  that	  some	  free	  
	  surfactant	  (~0.1%)	  can	  get	  through	  
	  Snyder	  NFW	  

Need	  Second	  Stage?	  

=Linear	  Alkyl	  Sulfonate	  



Next	  Steps	  

•  	  Try	  second	  stage	  "Gght"	  filter	  on	  permeate	  to	  
remove	  free	  surfactant	  

•  	  Test	  with	  ionic	  contaminants	  (E.g.	  iron	  ions)	  to	  
see	  that	  they	  make	  it	  through	  both	  stages	  

•  	  Test	  that	  light	  yield	  if	  not	  affected	  by	  this	  
process	  

•  	  Temperature	  and	  pressure	  opGmizaGon	  

•  	  Scale	  up	  to	  prototype	  (ANNIE?)	  
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Material	  CompaGbility	  
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Summary	  
•  	  The	  acGve	  component	  of	  WbLS	  has	  

been	  successfully	  separated	  from	  
the	  water	  matrix	  using	  
NanoFiltraGon	  (NF)	  techniques.	  
Flow	  rates	  are	  high	  enough	  to	  be	  
pracGcal	  for	  use	  in	  THEIA	  

•  	  A	  second	  stage	  is	  needed	  to	  
remove	  free	  surfactant,	  and	  tests	  of	  
ion	  removal	  sGll	  remain	  to	  be	  done	  

•  	  Material	  compaGbility	  studies	  are	  
on-‐going	  

•  	  A	  scaled	  up	  prototype	  may	  be	  
useful	  to	  consider	  
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Backup	  
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Removed	  GdCl3	  

Test	  of	  GdCl3	  
addi2on	  at	  337	  nm	  

~13%/day	  

Note:	  This	  is	  why	  
GdCl3	  will	  not	  be	  
used	  in	  SK	  

recovered	  


