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Table	
  4-­‐11	
  Summary	
  of	
  Mass	
  Balance	
  Results	
  from	
  the	
  1999	
  Pilot	
  Demonstration	
  Project	
  

	
   Untreated	
  Sediment	
   Centrate	
  	
  

	
   Slurry	
  Sample	
   Solid	
  Fraction	
   Liquid	
  Fraction	
  
Treated	
  
Sediment	
   Solid	
  Fraction	
   Liquid	
  Fraction	
   Difference	
  

Arsenic1	
  
Concentration	
   11.4	
  mg/kg	
   12.3	
  mg/kg	
   561	
  μg/L	
   7.8	
  mg/kg	
   	
  24.2	
  mg/kg	
   95.1	
  μg/L	
   -­‐	
  
Mass	
   31,077	
  mg	
   28,460	
  mg	
   2,617	
  mg	
   12,274	
  mg	
   18,051	
  mg	
   1,087	
  mg	
   +405	
  mg	
  /	
  +1.3	
  %	
  

Lead	
  
Concentration	
   136.9	
  mg/kg	
   157	
  mg/kg	
   9,080	
  μg/L	
   67.9	
  mg/kg	
   346	
  mg/kg	
   1,770	
  μg/L	
   -­‐	
  
Mass	
   404,854	
  mg	
   362,500	
  mg	
   42,353	
  mg	
   106,444	
  mg	
   258,441	
  mg	
   21,027	
  mg	
   -­‐18,942	
  mg	
  /	
  -­‐4.7%	
  

Mercury	
  
Concentration	
   3.13	
  mg/kg	
   3.9	
  mg/kg	
   223	
  μg/L	
   0.3	
  mg/kg	
   7.0	
  mg/kg	
   28.6	
  μg/L	
   -­‐	
  
Mass	
   10,063	
  mg	
   9,024	
  mg	
   1,039	
  mg	
   465	
  mg	
   5,253	
  mg	
   340	
  mg	
   -­‐4,004	
  mg	
  /	
  -­‐39.8	
  %	
  

Benzo(a)pyrene	
  
Concentration	
   <330	
  μg/kg	
   2,433	
  μg/kg	
   7	
  μg/L	
   	
  1,633	
  μg/kg	
   850	
  μg/kg	
   5	
  μg/L	
   -­‐	
  
Mass	
   5,661	
  mg	
   5,630	
  mg	
   31	
  mg	
   	
  2,559	
  mg	
   635	
  mg	
   59	
  mg	
   -­‐2,408	
  mg	
  /	
  -­‐42.5	
  %	
  

Benzo(a)anthracene1	
  
Concentration	
   <330	
  μg/kg	
   2,433	
  μg/kg	
   6	
  μg/L	
   	
  1,600	
  μg/kg	
   1,433	
  μg/kg	
   5	
  μg/L	
   -­‐	
  
Mass	
   5,657	
  mg	
   5,630	
  mg	
   26	
  mg	
   2,507	
  mg	
   1,071	
  mg	
   59	
  mg	
   -­‐2,020	
  mg	
  /	
  -­‐35.7	
  %	
  

Dibenz(a,h)anthracene1	
  
Concentration	
   <330	
  μg/kg	
   633	
  μg/kg	
   7	
  μg/L	
   	
  467	
  μg/kg	
   667	
  μg/kg	
   5	
  μg/L	
   -­‐	
  
Mass	
   1,497	
  mg	
   1,465	
  mg	
   31	
  mg	
   	
  731	
  mg	
   498	
  mg	
   59	
  mg	
   -­‐209	
  mg	
  	
  /	
  -­‐14.0	
  %	
  

Total	
  PCBs	
  (Sum	
  of	
  Aroclors)1	
  
Concentration	
   26	
  μg/kg	
   517	
  μg/kg	
   1	
  μg/L	
   	
  203	
  μg/kg	
   1,470	
  μg/kg	
   1	
  μg/L	
   -­‐	
  
Mass	
   1,202	
  mg	
   1,195	
  mg	
   7	
  mg	
   	
  319	
  mg	
   1,098	
  mg	
   6	
  mg	
   +221	
  mg	
  /	
  +18.4	
  %	
  

2,3,7,8-­TCDD1	
  
Concentration	
   39.0	
  pg/g	
   91.3	
  pg/g	
   7.63	
  pg/L	
   56.7	
  pg/g	
   82	
  pg/g	
   604	
  pg/L	
   -­‐	
  
Mass	
   0.247	
  mg	
   0.211	
  mg	
   0.036	
  mg	
   0.089	
  mg	
   0.061	
  mg	
   0.007	
  mg	
   -­‐0.090	
  mg	
  /	
  -­‐36.4	
  %	
  

Dioxin	
  TEV	
  
Concentration	
   129	
  pg/g	
   128.0	
  pg/g	
   11,697	
  pg/L	
   82.7	
  pg/g	
   119.4	
  pg/g	
   935	
  pg/g	
   -­‐	
  
Mass	
   0.351	
  mg	
   0.296	
  mg	
   0.055	
  mg	
   0.130	
  mg	
   0.089	
  mg	
   0.011	
  mg	
   -­‐0.121	
  mg	
  /	
  -­‐34.4	
  %	
  

1	
  Mass	
  balance	
  calculations	
  for	
  these	
  compounds	
  were	
  not	
   included	
  in	
  the	
  1999	
  Pilot	
  Demonstration	
  Project	
  Report.	
   	
  They	
  were	
  calculated	
  using	
  the	
  
data	
  and	
  approach	
  used	
  in	
  the	
  1999	
  Pilot	
  Demonstration	
  Project	
  Report.	
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Third,	
  the	
  chemical	
  analysis	
  of	
  the	
  solid	
  fraction	
  of	
  the	
  untreated	
  sediment	
  showed	
  

higher	
   concentrations	
   than	
   the	
   analysis	
   of	
   the	
   total	
   untreated	
   sediment	
   in	
   some	
  

cases.	
  This	
  is	
  most	
  likely	
  due	
  to	
  limitations	
  in	
  the	
  analytical	
  extraction	
  methods	
  for	
  

sediments	
   with	
   an	
   elevated	
   water	
   content	
   compared	
   to	
   the	
   analytical	
   extraction	
  

methods	
  for	
  solids	
  with	
  low	
  water	
  contents.	
  	
  

Finally,	
  it	
  appears	
  that	
  the	
  organics	
  did	
  not	
  partition	
  to	
  the	
  aqueous	
  fraction	
  of	
  the	
  

centrate	
  in	
  the	
  1999	
  Pilot	
  Demonstration	
  mass	
  balance	
  data.	
  	
  There	
  is	
  however,	
  an	
  

overall	
  reduction	
  in	
  the	
  total	
  mass	
  of	
  the	
  organics	
  ranging	
  from	
  14	
  to	
  43%.	
  	
  This	
  is	
  

not	
   the	
   same	
   as	
   percent	
   reduction	
   in	
   the	
   treatment	
   of	
   the	
   sediment	
   since	
   it	
  

represents	
   the	
   sum	
   of	
   organics	
   in	
   both	
   output	
   streams	
   (treated	
   sediment	
   and	
  

centrate	
   to	
   the	
   wastewater	
   treatment	
   facility)	
   compared	
   to	
   the	
   input	
   mass	
   of	
  

organics	
   in	
   the	
   untreated	
   sediment.	
   	
   The	
   mass	
   reduction	
   is	
   important,	
   however,	
  

because	
   it	
   is	
   the	
   result	
   of	
   the	
   oxidation	
   process	
   that	
   occurs	
   in	
   the	
   BioGenesisTM	
  

Cavitation/Oxidation	
   unit.	
   	
   Oxidation	
   of	
   the	
   organics	
   primarily	
   occurs	
   in	
   the	
  

aqueous	
  fraction	
  due	
  to	
  the	
  availability	
  of	
  the	
  organics	
  to	
  the	
  oxidant	
  as	
  compared	
  

to	
  availability	
  the	
  organics	
  adsorbed	
  to	
  the	
  surface	
  of	
  the	
  sediment	
  particles	
  to	
  the	
  

oxidant.	
  

In	
  discussing	
  the	
  fate	
  of	
  contaminants	
  in	
  the	
  sediment	
  through	
  out	
  the	
  BioGenesisSM	
  

Sediment	
  Decontamination	
  Process	
  it	
  is	
  important	
  to	
  evaluate	
  all	
  of	
  the	
  inputs	
  and	
  

outputs	
  of	
  the	
  system.	
  	
  In	
  addition	
  to	
  the	
  untreated	
  sediment	
  slurry	
  (sample	
  location	
  

RS),	
  potable	
  city	
  water	
  and	
  specialty	
  washing	
  chemicals	
  were	
  added	
  to	
  the	
  process.	
  	
  

No	
   specific	
   analytical	
   samples	
   of	
   the	
  potable	
   city	
  water	
  were	
   collected	
  during	
   the	
  

project,	
   however	
   there	
   should	
   be	
   little	
   or	
   no	
   increase	
   in	
   the	
   concentration	
   of	
  

contaminants	
   from	
   the	
  use	
  of	
  potable	
   city	
  water	
   since	
   it	
   can	
  be	
   expected	
   that	
   the	
  

water	
  would	
  meet	
  drinking	
  water	
  standards	
  and	
  have	
  no	
  significant	
  levels	
  of	
  these	
  

contaminants.	
  	
  	
  

The	
  following	
  proprietary	
  washing	
  chemicals	
  and	
  standard	
  commercially	
  available	
  

water	
   treatment	
   chemicals	
   were	
   added	
   to	
   the	
   sediment	
   in	
   the	
   BioGenesisSM	
  

Sediment	
  Decontamination	
  Process	
  during	
  the	
  full-­‐scale	
  demonstration	
  project:	
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• BG-­‐Clean	
  S-­‐19	
  –	
  Chelant	
  for	
  soil	
  and	
  sediment	
  decontamination	
  

• BG-­‐Clean	
  S-­‐20	
  –	
  Chelant	
  for	
  soil	
  and	
  sediment	
  decontamination	
  

• BG-­‐Clean	
  S-­‐29	
  –	
  Surfactant	
  for	
  soil	
  and	
  sediment	
  decontamination	
  

• BG-­‐Clean	
  S-­‐49	
  –	
  Surfactant	
  for	
  soil	
  and	
  sediment	
  decontamination	
  

• Hydrogen	
  Peroxide	
  35%	
  –	
  Oxidant	
  

• Foam	
  Ban	
  MS-­‐455	
  –	
  Antifoam/defoamer	
  

	
  
BioGenesis	
   blends	
   the	
   proprietary	
   washing	
   chemicals	
   for	
   soil	
   and	
   sediment	
  

decontamination	
   and	
   the	
   components	
   of	
   these	
   chemicals	
   are	
   classified	
   as	
   trade	
  

secrets.	
   	
  However,	
  none	
  of	
   the	
  components	
  used	
   in	
   the	
  blending	
  of	
   the	
  BioGenesis	
  

proprietary	
   washing	
   chemicals	
   are	
   listed	
   on	
   the	
   USEPA	
   Target	
   Analyte	
   List	
   and	
  

would	
  add	
  to	
  the	
  concentration	
  of	
  contaminants	
  in	
  the	
  treated	
  sediment.	
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5 COMMERCIAL-­‐SCALE	
  SYSTEM	
  RECOMMENDATIONS	
  

5.1 Design	
  Improvements	
  

Based	
   on	
   observations	
   made	
   during	
   the	
   demonstration	
   test,	
   a	
   few	
   changes	
   are	
  

recommended	
   to	
   the	
   non-­‐proprietary	
   process	
   equipment	
   and	
   parts	
   of	
   the	
   system	
  

layout.	
  	
  Most	
  of	
  the	
  recommended	
  changes	
  are	
  to	
  the	
  material	
  handling	
  aspect	
  of	
  the	
  

system.	
   	
   A	
   commercial-­‐scale	
   treatment	
   operation	
   would	
   require	
   a	
   much	
   more	
  

efficient	
   front-­‐end	
   storage	
   system	
   for	
   offloading,	
   screening,	
   and	
   transferring	
   the	
  

sediment.	
  	
  A	
  permanent	
  Upfront	
  Storage	
  Facility	
  with	
  tanks	
  and	
  agitators	
  that	
  could	
  

keep	
  the	
  sediment	
  suspended,	
  and	
  sloped	
  sides	
  to	
  allow	
  sediment	
  to	
  move	
  toward	
  

the	
  withdrawal	
  point,	
   is	
   recommended.	
   	
  A	
   floating	
  storage	
   facility	
   such	
  as	
   the	
  one	
  

used	
  during	
  the	
  demonstration	
  test	
  is	
  not	
  recommended	
  for	
  a	
  permanent	
  facility.	
  	
  	
  

The	
  offloading	
  equipment	
  should	
  be	
  sized	
  for	
  a	
  minimum	
  of	
  1,000	
  cy	
  per	
  shift.	
  	
  The	
  

offloading	
  equipment	
  may	
  be	
  more	
  efficient	
  if	
  the	
  material	
  was	
  pumped	
  directly	
  out	
  

of	
  the	
  barge	
  to	
  the	
  screening	
  plant.	
  	
  If	
  a	
  clamshell	
  bucket	
  is	
  used,	
  the	
  primary	
  screen	
  

would	
   have	
   to	
   be	
   equipped	
   with	
   a	
   loading	
   hopper	
   on	
   top	
   of	
   the	
   screen	
   to	
   ease	
  

loading	
  and	
  minimize	
  spillage,	
  and	
  a	
  sloped	
  hopper	
  under	
  the	
  screen	
  equipped	
  with	
  

a	
   mixer	
   to	
   provide	
   good	
   sediment	
   agitation	
   and	
   a	
   consistent	
   feed	
   to	
   the	
   pump	
  

allowing	
  for	
  more	
  efficient	
  pumping	
  to	
  the	
  Upfront	
  Storage	
  Facility.	
  

A	
  commercial-­‐scale	
  system	
  would	
  have	
  redundant	
  piping	
  and	
  pumping	
  systems	
  that	
  

would	
  allow	
  the	
  system	
  to	
  operate	
  while	
  one	
  component	
  was	
  serviced	
  or	
  repaired.	
  	
  	
  

Better	
  mixing	
  tanks	
  with	
  coned	
  bottoms	
  would	
  be	
  used	
  in	
  all	
  portions	
  of	
  the	
  process	
  

where	
  suspended	
  solids	
  existed.	
  	
  Chemical	
  addition	
  would	
  be	
  done	
  in	
  locations	
  that	
  

enhance	
  mixing,	
  such	
  as	
  upstream	
  of	
  pumps,	
  or	
  high-­‐energy	
  mixers	
  would	
  be	
  used	
  

to	
  completely	
  homogenize	
  the	
  chemicals	
  into	
  the	
  process.	
  	
  	
  	
  Chemical	
  storage	
  would	
  

be	
   in	
  bulk	
   tanks	
   to	
  minimize	
  cost	
  and	
  storage	
  space.	
   	
  Chemical	
   storage,	
  offloading	
  

and	
   pumping	
   equipment	
   would	
   be	
   located	
   in	
   one	
   area	
   of	
   the	
   plant	
   to	
   manage	
  

inventory,	
  handle	
  spills,	
  and	
  allow	
  efficient	
  operational	
  changes.	
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In	
  a	
  commercial-­‐scale	
  facility,	
  solid/liquid	
  separation	
  would	
  include	
  micro-­‐flotation	
  

to	
  remove	
  organics	
  prior	
  to	
  hydrocyclones	
  and	
  centrifuges	
  for	
  recovery	
  of	
  solids	
  for	
  

beneficial	
  use.	
  	
  Even	
  though	
  navigational	
  dredged	
  material	
  typically	
  has	
  little	
  or	
  no	
  

concentrations	
   of	
   VOCs,	
   there	
   is	
   a	
   potential	
   for	
   emissions	
   of	
   SVOCs	
   from	
   the	
  

sediment	
   slurry	
   in	
   the	
   micro-­‐floatation	
   unit.	
   	
   It	
   is	
   expected	
   that	
   off-­‐gas	
   control	
  

equipment	
  will	
  be	
  needed	
  for	
  the	
  micro-­‐floatation	
  unit,	
  and	
  that	
  an	
  air	
  permit	
  may	
  

be	
  required.	
  	
  	
  

The	
   material	
   handing	
   system	
   for	
   solids	
   separated	
   from	
   the	
   slurry	
   would	
   be	
  

constructed	
  primarily	
  using	
  conveyors	
  to	
  prevent	
  the	
  need	
  for	
  moving	
  loads	
  around	
  

the	
  site	
  in	
  trucks.	
  	
  	
  

The	
   other	
   issue	
   encountered	
   during	
   the	
   demonstration	
   test	
   was	
   the	
   wear	
   that	
  

occurred	
  in	
  the	
  pumps	
  that	
  were	
  not	
  rubber	
  lined.	
  	
  Appropriate	
  pumps	
  will	
  need	
  to	
  

be	
  used	
  to	
  minimize	
  the	
  maintenance	
  requirements	
  for	
  all	
  the	
  pumps.	
  

5.2 Site	
  Selection	
  

The	
  site	
  for	
  a	
  commercial-­‐scale	
  BioGenesis	
  sediment	
  decontamination	
  facility	
  would	
  

need	
   to	
   be	
   located	
   in	
   the	
   NY/NJ	
   Harbor	
   to	
   minimize	
   transport	
   costs	
   from	
   the	
  

dredging	
  sites	
  to	
  the	
  treatment	
  facility.	
   	
  The	
  site	
  will	
  need	
  deepwater	
  barge	
  access	
  

for	
   the	
  delivery	
  and	
  offloading	
  of	
   the	
  dredged	
  material.	
   	
   In	
  order	
   to	
  accommodate	
  

upfront	
   storage	
   and	
   storage	
   of	
   treated	
   sediment	
   and	
   beneficial	
   use	
   products,	
   a	
  

minimum	
   of	
   25	
   acres	
   will	
   be	
   required	
   for	
   a	
   40	
   cy	
   per	
   hour	
   facility	
   (nominally	
  

250,000	
  cy/year)	
  and	
  possibly	
  as	
  much	
  as	
  35	
  acres	
  for	
  a	
  80	
  cy/hr	
  facility	
  (nominally	
  

500,000	
   cy/year.	
   	
   Ideally,	
   the	
   site	
  would	
  have	
   railroad	
  access	
   for	
   transport	
   of	
   the	
  

beneficial	
  use	
  products,	
  but	
  at	
  a	
  minimum,	
  the	
  site	
  should	
  have	
  adequate	
  access	
  to	
  

truck	
  traffic.	
  

The	
  commercial-­‐scale	
  treatment	
  facility	
  will	
  be	
  housed	
  in	
  a	
  process	
  building	
  so	
  that	
  

it	
  can	
  be	
  operated	
  all	
  year	
  long.	
  	
  The	
  building	
  will	
  be	
  approximately	
  350	
  ft	
  by	
  100	
  ft	
  

for	
  a	
  40	
  cy/hr	
  facility	
  and	
  350	
  ft	
  by	
  150	
  ft	
  for	
  an	
  80	
  cy/hr	
  facility.	
  	
  A	
  minimum	
  of	
  25	
  

ft	
  of	
  clear	
  span	
  is	
  recommended.	
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