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Outline	
  

•  IntroducEon	
  to	
  the	
  LBNE	
  water	
  Cherenkov	
  
Detector	
  

•  Development	
  of	
  the	
  water	
  containment	
  
system	
  

•  Development	
  of	
  the	
  PMT	
  deployment	
  system	
  

J	
  Stewart	
  BNL	
  August	
  2012	
   2	
  



Development	
  of	
  the	
  LBNE	
  Water	
  
Cherenkov	
  detector	
  design	
  

•  IniEal	
  detector	
  design	
  was	
  based	
  on	
  mulEple	
  100	
  kt	
  fiducial	
  
volume	
  detectors.	
  
–  Before	
  detailed	
  geotechnical	
  invesEgaEons	
  were	
  completed	
  the	
  
55m	
  span	
  of	
  the	
  100	
  kt	
  excavaEon	
  was	
  taken	
  as	
  a	
  reasonable	
  
limit.	
  

–  As	
  the	
  technology	
  decision	
  in	
  LBNE	
  was	
  not	
  taken	
  (H2O	
  vs	
  LAr)	
  
the	
  opEon	
  of	
  one	
  H2O	
  and	
  one	
  LAr	
  was	
  adopted	
  as	
  a	
  baseline.	
  

•  The	
  final	
  water	
  Cherenkov	
  detector	
  design	
  was	
  a	
  200	
  kt	
  
design.	
  
–  Geotechnical	
  invesEgaEons	
  indicated	
  the	
  65m	
  span	
  was	
  
construcEble.	
  

–  Cost	
  evaluaEons	
  indicated	
  a	
  mulE-­‐technoligy	
  design	
  was	
  
excluded	
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IniEal	
  LBNE	
  Water	
  Cherenkov	
  Design	
  

55m	
  x	
  63m	
  excavaEon	
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Final	
  LBNE	
  Water	
  Cherenkov	
  Detector	
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See Golder CD1 Report for 
cavern design 
( DocuShare Collection-15391) 

DescripEon	
   Diameter	
  m	
   Height	
  m	
  

ExcavaEon	
  Dia.	
   65	
   80.3	
  	
  

PMT	
  surface	
  Dim.	
   63.3	
   76.6	
  

Fiducial	
  surface	
   59.3	
   72.6	
  

•  Final	
  design	
  called	
  
for	
  larger	
  span	
  
and	
  depth	
  to	
  
make	
  a	
  single	
  
200kt	
  fiducial	
  
volume	
  detector	
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Final	
  LBNE	
  Water	
  Cherenkov	
  Detector	
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University	
  of	
  
Wisconsin	
  and	
  
PSL	
  were	
  
responsible	
  for	
  
the	
  water	
  
containment	
  
system	
  design.	
  
	
  
Contact	
  Farshid	
  
Feyz	
  at	
  PSL.	
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Water	
  Containment	
  

•  The	
  water	
  containment	
  system	
  was	
  defined	
  as	
  
the	
  construcEon	
  going	
  from	
  cavern	
  excavaEon	
  
to	
  the	
  ultra-­‐pure	
  water	
  surface.	
  	
  
–  It	
  included	
  the	
  membrane	
  in	
  contact	
  with	
  the	
  
water	
  and	
  any	
  concrete	
  needed	
  for	
  support	
  

•  Design	
  went	
  through	
  various	
  design	
  steps	
  
uElizing	
  several	
  architectural	
  engineering	
  
companies.	
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Design	
  process	
  for	
  the	
  water	
  
containment	
  system	
  

•  IniEal	
  design	
  contract	
  issued	
  to	
  a	
  team	
  of	
  A&E	
  
companies.	
  Contract	
  had	
  3	
  phases.	
  

•  An	
  addiEonal	
  company	
  Golder	
  was	
  contracted	
  to	
  
evaluate	
  the	
  CNA	
  design	
  and	
  propose	
  changes.	
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Concepts	
  Studied	
  iniEally	
  by	
  CNA	
  

9	
  

Free	
  Standing	
  
Integrated	
  with	
  

Rock	
  
Pressure	
  	
  
Balanced	
  

Eventually	
  rejected	
  as	
  
it	
  required	
  a	
  much	
  
larger	
  excavaEon	
  

Evolved	
  into	
  two	
  designs.	
  
Membrane	
  on	
  shotcrete	
  and	
  
membrane	
  on	
  reinforced	
  
concrete	
  

Development	
  stopped	
  when	
  
leakage	
  esEmates	
  indicated	
  
other	
  designs	
  viable	
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Rock	
  Integrated	
  OpEon	
  2C	
  

CNA	
  Engineers	
   10	
  

•  Liner	
  and	
  drainage	
  directly	
  
on	
  shotcrete	
  

•  Cavern	
  design	
  team	
  has	
  
determined	
  rock	
  moEons	
  are	
  
very	
  small	
  so	
  this	
  is	
  feasible	
  

•  EsEmates	
  indicated	
  that	
  
acceptable	
  leak	
  rates	
  could	
  
be	
  achieved.	
  	
  

•  Lowest	
  cost	
  opEon	
  that	
  met	
  
all	
  requirements.	
  

•  Wanted	
  addiEonal	
  studies	
  to	
  
understand	
  beaer	
  the	
  
necessary	
  specificaEon	
  on	
  
wall	
  flatness.	
  

Baseline	
  design	
  for	
  LBNE	
  



Rock	
  Integrated	
  OpEon	
  2A	
  
•  35	
  cm	
  reinforced	
  concrete	
  

vessel	
  
•  Alternate	
  soluEon	
  

Advantages	
  
•  Lower	
  expected	
  leak	
  rate	
  

•  Leak	
  free	
  design	
  
•  Lower	
  risk	
  as	
  the	
  concrete	
  

gave	
  essenEally	
  a	
  double	
  layer	
  
water	
  seal	
  

•  Easier	
  liner	
  installaEon	
  
•  Easier	
  installaEon	
  of	
  magneEc	
  

coils	
  
Disadvantage	
  
•  Higher	
  cost	
  –	
  10M$	
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Typical	
  Liner	
  PenetraEon	
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Wall-­‐Floor	
  Interface	
  (one	
  possibility)	
  

R	
  31.65	
  M	
  

R	
  32.5	
  M	
  
min	
  

NOT	
  TO	
  SCALE	
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Liner	
  Material	
  
Choices	
  

•  Baseline	
  (Leak	
  Free	
  Design):	
  
–  Liner:	
  2.5	
  mm	
  conducEve	
  LLDPE	
  (Linear	
  Low	
  Density	
  Poly	
  

Ethylene)	
  Geomembrane	
  
–  LLDPE	
  is	
  flexible	
  and	
  compaEble	
  with	
  UHP	
  water	
  
–  Drainage	
  layer:	
  8	
  mm	
  Geocomposite	
  (Geonet)	
  

•  Alternate	
  (Zero	
  Leak	
  Design):	
  
–  Liner:	
  1.5	
  mm	
  conducEve	
  LLDPE	
  Geomembrane	
  

	
  

–  Secondary	
  layer:	
  Restricted	
  Flow	
  GCL	
  or	
  none	
  
GeosyntheEc	
  Clay	
  Liners	
  (GCL's)	
  are	
  
composites	
  that	
  combine	
  geotexEle	
  
outer	
  layers	
  with	
  a	
  core	
  of	
  low-­‐
permeability	
  sodium	
  bentonite	
  clay.	
  	
  

Gundle/SLT Environmental, Inc. 
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No	
  Drainage	
  Layer	
  Concept	
  
“Zero	
  Leak”	
  Design	
  

Golder	
  Assoc.	
  

•  Minimize	
  effects	
  of	
  leaks	
  by	
  not	
  
allowing	
  free	
  flow	
  

•  Do	
  not	
  collect	
  whatever	
  does	
  
leak	
  

•  Let	
  combine	
  with	
  groundwater	
  
collecEon	
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EsEmaEng	
  Leak	
  Rates	
  
for	
  Liner	
  

•  Leakage	
  is,	
  of	
  course,	
  	
  dependent	
  on	
  size	
  
and	
  quanEEes	
  of	
  defects	
  

•  Maximum	
  5	
  defects	
  per	
  hectare	
  is	
  an	
  
achievable	
  number	
  based	
  on	
  advice	
  from	
  
experts	
  

•  This	
  gives	
  about	
  12	
  total	
  defects	
  for	
  liner	
  
•  Table	
  below	
  is	
  an	
  esEmate	
  based	
  on	
  

Benson	
  method	
   Note:	
  Fill	
  rate	
  is	
  about	
  1m3	
  
per	
  minute	
  

16	
  



Liner	
  PenetraEons	
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Number	
  of	
  penetraEons	
  through	
  the	
  liner	
  can	
  dominate	
  the	
  
expected	
  leak	
  rate	
  and	
  influence	
  the	
  construcEon	
  decisions	
  



Golder	
  Recommended	
  designs	
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•  Smooth	
  layer	
  of	
  Shotcrete	
  
•  No	
  dranage	
  layer	
  betewwn	
  shotcrete	
  

and	
  membrane	
  
•  Use	
  syntheEc	
  clay	
  under	
  the	
  

membrane	
  to	
  limit	
  water	
  migraEon	
  
•  Clay	
  layer	
  reduced	
  leakage	
  by	
  103	
  

•  Poured	
  reinforced	
  concrete	
  layer	
  
•  Reduces	
  leakage	
  by	
  factor	
  103	
  -­‐	
  104	
  

•  Membrane	
  in	
  direct	
  contact	
  with	
  
concrete	
  

•  Drainage	
  outside	
  convrete	
  vessel	
  	
  



Vessel	
  liner	
  open	
  quesEons	
  

•  Is	
  syntheEc	
  clay	
  compatable	
  with	
  ultra	
  pure	
  
water?	
  

•  What	
  is	
  the	
  best	
  esEmate	
  for	
  the	
  leak	
  rate?	
  
•  How	
  many	
  wall	
  penetraEons	
  are	
  needed?	
  
•  If	
  a	
  rough	
  surface	
  is	
  tollerated	
  how	
  rough?	
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PMT	
  DEPLOYMENT	
  SCHEME	
  

Terry	
  Benson	
  PSL,	
  Farshid	
  Feyz	
  PSL	
  and	
  David	
  Warner	
  Colorado	
  State	
  are	
  
the	
  best	
  contacts	
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First	
  PMT	
  mounEng	
  concept	
  
•  Use	
  rigid	
  frame	
  to	
  hole	
  6	
  

PMTs	
  
•  Mount	
  to	
  wall	
  at	
  4	
  corners	
  
•  Metal	
  straps	
  to	
  hold	
  PMTs	
  

in	
  place	
  
•  Advantages	
  

–  Simple	
  modular	
  design	
  which	
  
is	
  easy	
  to	
  cost	
  

•  Disadvantages	
  
–  Large	
  number	
  of	
  wall	
  

penetraEons	
  and	
  a	
  fairly	
  large	
  
amount	
  of	
  material	
  

PMT	
  	
  
Assembly	
  
or	
  PA	
  

100	
  kt	
  detector	
  had	
  6000	
  penetraEons	
  just	
  through	
  the	
  
walls.	
  Reviews	
  recommended	
  minimizing	
  liner	
  penetraEons	
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Final	
  PMT	
  Deployment	
  Concept	
  

Top	
  mounEng	
  	
  
includes	
  turnbuckle	
  
and	
  tensioning	
  
spring	
  

Upper	
  Ring	
  
Truss	
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PMT	
  
Assemblies	
  

85	
  meters	
  
89	
  PMTs	
  

PMT	
  InstallaEon	
  Unit	
  -­‐	
  PIU	
  

PMT	
  assemblies	
  
aaach	
  to	
  stainless	
  
steel	
  cables	
  

Aaach	
  PMTs	
  to	
  
cables	
  
eliminaEng	
  
most	
  wall	
  
penetraEons	
  

Lower	
  ring	
  truss	
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Top/Boaom	
  ConnecEon	
  Detail	
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With	
  test	
  
load	
  cell	
  

Without	
  
load	
  cell	
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Linear	
  PIU	
  InstallaEon	
   •  Linear	
  PIU	
  installaEon	
  is	
  
conducted	
  from	
  3	
  installaEon	
  
plaoorms	
  supported	
  from	
  the	
  
upper	
  deck.	
  

•  Winches	
  are	
  used	
  to	
  deploy	
  cable	
  
from	
  reels	
  

•  PMT	
  cables	
  are	
  stored	
  in	
  racks	
  
during	
  installaEon.	
  	
  Cable	
  pays	
  out	
  
of	
  the	
  racks	
  as	
  the	
  strings	
  are	
  
deployed	
  

•  PAs	
  are	
  aaached	
  to	
  the	
  strings	
  as	
  
they	
  are	
  lowered	
  

•  Weights	
  and	
  guide	
  cables	
  are	
  used	
  
to	
  align	
  the	
  PAs	
  during	
  
installaEon.	
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StabilizaEon	
  Bars	
  and	
  Light	
  Barrier	
  Sheets	
  	
  

•  Linear	
  PIU	
  stabilizing	
  bars	
  were	
  
designed	
  to	
  control	
  bowing	
  due	
  
to	
  buoyant	
  forces.	
  

•  These	
  bars	
  join	
  two	
  or	
  more	
  
neighboring	
  PIU	
  strings,	
  fixing	
  
their	
  distance	
  and	
  angular	
  
orientaEon	
  with	
  respect	
  to	
  
each	
  other.	
  

•  PlasEc	
  sheets	
  form	
  light	
  barrier	
  
and	
  are	
  installed	
  either	
  from	
  
Gondolas	
  or	
  boats	
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Linear	
  PIU	
  Support	
  Cable	
  Candidate	
  
	
  

•  Candidate	
  cable	
  was	
  
selected	
  

•  IniEal	
  material	
  tests	
  
were	
  unfavorable	
  
–  Rapid	
  contaminaEon	
  

•  Started	
  invesEgaEng	
  
cleaning	
  procedures	
  

•  Work	
  unfinished	
  
•  Alternate	
  would	
  
have	
  been	
  chain	
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Linear	
  PIU	
  Support	
  Cable	
  Candidate	
  
	
  

•  Candidate	
  cable	
  was	
  
selected	
  

•  IniEal	
  material	
  tests	
  
were	
  unfavorable	
  
–  Rapid	
  contaminaEon	
  

•  Started	
  invesEgaEng	
  
cleaning	
  procedures	
  

•  Work	
  unfinished	
  
•  Alternate	
  would	
  
have	
  been	
  chain	
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PMT	
  deployment	
  open	
  quesitons	
  

•  Stability	
  under	
  buoyant	
  forces	
  needed	
  studied	
  
– How	
  open	
  were	
  ring	
  braces	
  needed?	
  
– How	
  open	
  did	
  the	
  cables	
  need	
  to	
  be	
  anchored	
  to	
  
the	
  wall?	
  

•  Material	
  selecEon	
  and	
  cleaning	
  procedures	
  
needed	
  determined	
  
–  IniEal	
  cable	
  sample	
  contaminated	
  the	
  water	
  in	
  
test	
  

– Cleaning	
  (possible	
  acid	
  etch)	
  needed	
  developed	
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Possible	
  ApplicaEon	
  to	
  Hyper-­‐K	
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Conclusions	
  
•  The	
  LBNE	
  design	
  was	
  well	
  advanced	
  for	
  a	
  
conceptual	
  design.	
  

•  Several	
  opEons	
  remained	
  but	
  it	
  was	
  clear	
  
soluEons	
  would	
  be	
  found.	
  

•  Wall	
  smoothness	
  and	
  number	
  of	
  penetraEons	
  
were	
  a	
  criEcal	
  design	
  issue.	
  

•  Cable	
  selecEon	
  and	
  cleaning	
  were	
  next	
  criEcal	
  
steps	
  in	
  deployment	
  design	
  

•  A	
  lot	
  of	
  detailed	
  studies	
  were	
  documented	
  in	
  the	
  
LBNE	
  data	
  base.	
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BACKUP	
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Liner	
  Welding	
  and	
  Leak	
  Check	
  

•  Liner	
  material	
  will	
  come	
  in	
  large	
  rolls	
  and	
  will	
  be	
  welded	
  in	
  
place	
  

•  Fusion	
  and	
  extrusion	
  weld	
  will	
  both	
  be	
  used	
  
•  Seams	
  will	
  have	
  an	
  overlap	
  with	
  two	
  fusion	
  welds,	
  will	
  allow	
  

for	
  air	
  pressure	
  test	
  of	
  space	
  between	
  welds	
  
•  Fusion	
  welds	
  will	
  mostly	
  be	
  used	
  for	
  aaachment	
  points	
  
•  Extrusion	
  welds	
  will	
  be	
  used	
  at	
  penetraEons	
  
•  Leak	
  checking	
  by	
  spark	
  method	
  used	
  on	
  liner,	
  conducEve	
  liner	
  

will	
  facilitate	
  this	
  
•  Other	
  methods	
  may	
  also	
  used	
  (vacuum	
  box,	
  gas,	
  etc.)	
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Liner	
  
Aaachment	
  
Concepts	
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The	
  PMT	
  Assembly	
  (PA)	
  

PMT	
  housing	
  from	
  plasEc	
  was	
  designed	
  to	
  
hold	
  the	
  PMTs	
  and	
  mount	
  easily	
  to	
  the	
  cables	
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200	
  kton	
  3-­‐D	
  Models	
  

35	
  

•  Full	
  3-­‐d	
  models	
  in	
  preparaEon	
  
•  New	
  models	
  include	
  linear	
  PIU	
  

scheme-­‐	
  No	
  wall	
  penetraEons	
  
•  They	
  are	
  consistent	
  with	
  cavern	
  and	
  

CF	
  	
  
•  Modeling	
  as	
  much	
  detail	
  as	
  pracEcal	
  

and	
  needed	
  at	
  this	
  stage	
  

Model	
  with	
  wall	
  
mounted	
  PIUs	
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•  Install	
  insert	
  at	
  the	
  Eme	
  
of	
  vessel	
  pour	
  

•  Cut	
  hole	
  and	
  install	
  rod	
  
aper	
  liner	
  installaEon	
  

•  Install	
  boot	
  and	
  weld	
  
•  Test	
  and	
  install	
  collar	
  
•  About	
  6000	
  required	
  at	
  
the	
  cost	
  of	
  about	
  $2.5M	
  
per	
  detector	
  

Wall	
  PenetraEons	
  for	
  
Baseline	
  Design	
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