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Background	
  
•  What	
  is	
  fine	
  dredged	
  material	
  
– Origin:	
  the	
  fine	
  por4on	
  of	
  
dredged	
  materials	
  from	
  St.	
  
Louis	
  River	
  Harbor	
  

–  Characteris4cs	
  
•  Sheer	
  mass	
  of	
  available	
  materials	
  
(	
  >1M	
  cubic	
  yards	
  at	
  Erie	
  pier	
  and	
  
24K	
  cubic	
  yards	
  from	
  on	
  going	
  
dredging	
  opera4on	
  each	
  year)	
  

•  Lower	
  nutrient	
  content	
  than	
  
biosolids	
  

•  Less	
  beneficial	
  structure	
  than	
  
coarse	
  material	
  

•  Quality	
  (to	
  be	
  defined)	
  
–  Physical	
  
–  Chemical	
  
–  biological	
  



Selected	
  data	
  for	
  dredged	
  material	
  
characteris4cs.	
  (Reproduced	
  form	
  MIC	
  2007)	
  
PARAMETER	
   WISCONSIN	
  STANDARD	
   MINNESOTA	
  STANDARDS	
  

20	
  Year	
  Sediment	
  Level	
  RANGE	
  
FOUND	
  IN	
  HARBOR	
  

	
  Inorganics-­‐Metals	
  (Totals)	
  	
   	
  Non–Industrial	
  (mg/
kg,dry)	
  	
  

	
  Tier1	
  	
  	
  	
  	
  	
  	
  (mg/kg,dry)	
  	
   	
  Tier2	
  (mg/kg,dry)	
  	
   	
  Army	
  Corps	
  Data	
  (mg/kg,dry)	
  	
  

	
  Arsenic	
  	
   0.042	
   5	
   20	
   0.2–27.2	
  

	
  Cadmium	
  	
   7.8	
   25	
   200	
   0.05–5.5	
  

	
  Chromium(Hex.)	
  	
   14.5	
   87	
   650	
   1.4–70	
  

	
  Copper	
  	
   na	
   11	
   9,000	
   <1–54	
  

	
  Lead	
  	
   50	
   300	
   700	
   0.5–194	
  

	
  Manganese	
  	
   2.5	
   3,600	
   8,100	
   84.6–1,450	
  

	
  Mercury	
  	
   4.7	
   0.5	
   1.5	
   0.04–0.15	
  

	
  Zinc	
  	
   4,700	
   8,700	
   75,000	
   14–110	
  

	
  TotalPhos.	
  	
   na	
   na	
   na	
   0.42–1400	
  

Nitrate	
  &	
  Nitrate	
   na	
   na	
   na	
   -­‐-­‐-­‐-­‐	
  

	
  Ammonia-­‐Nitrogen	
  	
   na	
   na	
   na	
   0.8–2080	
  

	
  TotalKjeldahl	
  	
   na	
   na	
   na	
   7.2–3000	
  

	
  DDT	
  	
   15	
   88	
   0.0036–0.5	
  

	
  PCBs(Total)	
  	
   1.2	
   8.0	
  

	
  TotalOrganicCarbon	
  	
   8.8	
   200–94,000	
  

	
  Anthracene	
  	
   5,000	
   7,880	
   45,400	
   0.024–0.99	
  

	
  Benzo(a)anthracene	
  	
   0.0088	
   2	
   3	
   0.024–0.99	
  

	
  Benzo(a)pyrene	
  	
   0.0088	
   “	
   “	
   0.024–0.99	
  



Background	
  (cont’)	
  
•  Example	
  beneficial	
  use	
  of	
  dredged	
  material	
  	
  

–  Beach/liioral	
  nourishment	
  
–  Construc4on	
  materials:	
  normally	
  use	
  the	
  sand	
  por4on	
  in	
  
road	
  construc4on	
  and	
  riprap,	
  or	
  as	
  ingredients	
  in	
  
manufacture	
  of	
  brick,	
  ceramics	
  ,and	
  concrete.	
  

–  Habitat	
  restora4on:	
  use	
  to	
  restore	
  and	
  establish	
  wetlands	
  
and	
  to	
  create	
  aquaculture	
  ponds	
  for	
  fisheries.	
  

–  Capping:	
  capping	
  for	
  solid	
  waste	
  landfills	
  and	
  in	
  aqua4c	
  
environments	
  

–  Land	
  crea4on/improvement:	
  building	
  of	
  dikes	
  or	
  berms	
  for	
  
shore	
  protec4on,	
  filling,	
  raising	
  and	
  protec4ng	
  submerged	
  
and	
  low	
  lying	
  area	
  

–  Topsoil	
  crea4on/enhancement:	
  normally	
  mix	
  with	
  silt,	
  
clay,	
  and	
  organic	
  maier	
  to	
  make	
  topsoil	
  	
  



Background	
  (Cont’)	
  

•  WLSSD’s	
  Biosolilds	
  	
  
– Origin:	
  generated	
  	
  from	
  biological	
  
wastewater	
  treatment	
  	
  (following	
  
anaerobic	
  diges4on),	
  being	
  treated	
  and	
  
stabilized.	
  

– Characteris4cs:	
  	
  
•  Nutrient-­‐rich	
  
•  High	
  org.	
  carbon	
  



Background	
  (Cont’)	
  
•  Previous	
  studies	
  of	
  using	
  biosolids	
  for	
  mine	
  
land	
  reclama4on	
  and	
  their	
  limits.	
  
– A	
  trial	
  study	
  at	
  UTAC	
  mine	
  land	
  (Eveleth),	
  
successfully	
  produced	
  hay.	
  Limit:	
  couldn’t	
  meet	
  
90%	
  growth	
  on	
  reclaimed	
  land	
  (Brannan,	
  et	
  al.,	
  
2008)	
  	
  

– Limits	
  for	
  wetland	
  reclama4on:	
  exceed	
  nitrogen	
  
level	
  and	
  run-­‐off	
  problems	
  (Brannan,	
  et	
  al.,	
  2008)	
  	
  

– Agronomic	
  rate	
  of	
  applica4on	
  limited	
  by	
  nitrate	
  in	
  
leachate	
  (Mn	
  DNR,	
  2003,	
  2004)	
  



Background	
  (cont’)	
  

•  Mo4va4ons	
  of	
  combining	
  dredged	
  material	
  and	
  
biosolids	
  for	
  mine	
  land	
  reclama4on	
  
– DREDGED	
  PERSPECTIVE:	
  

•  To	
  release	
  the	
  pressure	
  of	
  construc4ng	
  new	
  storing	
  facility	
  for	
  
sheer	
  mass	
  of	
  this	
  material	
  by	
  using	
  for	
  large	
  scale	
  project	
  

•  To	
  resource	
  the	
  low	
  value	
  material	
  with	
  scien4fic	
  sound	
  
prac4ce	
  

–  BIOSOLIDS	
  PERSPECTIVE:	
  
•  New	
  users	
  (not	
  agricultural)	
  of	
  material	
  especially	
  during	
  off-­‐
peak	
  season	
  

•  Poten4al	
  to	
  increase	
  applica4on	
  rates	
  by	
  reducing	
  nutrient	
  
leaching	
  (especially	
  nitrate)	
  

	
  



Hypotheses	
  

•  Mixture	
  of	
  fine	
  dredged	
  and	
  biosolids	
  will	
  
support	
  vegeta4ve	
  growth	
  	
  

•  Mixture	
  of	
  fine	
  dredged	
  and	
  biosolids	
  will	
  
reduce	
  the	
  danger	
  of	
  nutrient	
  leaching	
  while	
  
not	
  exacerba4ng	
  metals	
  release	
  

•  Metals	
  from	
  fine	
  dredged	
  material	
  will	
  be	
  4ed	
  
up	
  in	
  metal-­‐sulfide	
  phases	
  under	
  very	
  
reducing	
  condi4ons	
  



Objec4ves	
  
•  Over	
  all,	
  to	
  combine	
  fine	
  dredged	
  materials	
  
with	
  biosolids	
  for	
  mine	
  land	
  reclama4on.	
  
– To	
  iden4fy	
  the	
  op4mal	
  blending	
  ra4o	
  which	
  favors	
  
growth	
  of	
  certain	
  species.	
  

– To	
  study	
  poten4al	
  impacts	
  to	
  regional	
  water	
  
quality	
  by	
  adding	
  the	
  op4mal	
  mixture	
  of	
  growing	
  
media	
  on	
  mine	
  land	
  surface.	
  

– To	
  inves4gate	
  the	
  mechanism	
  of	
  metal	
  release	
  
from	
  oxidized	
  tailing	
  by	
  adding	
  organic	
  maier	
  and	
  
crea4ng	
  reduced	
  condi4on.	
  



Methodology	
  

•  Collabora4on	
  between	
  UMD-­‐CE	
  and	
  USACE	
  
ERDC	
  
– Phase	
  1:	
  Rapid	
  blend	
  analysis	
  for	
  vegeta4on	
  
support	
  (ERDC.	
  1~2	
  months)	
  

– Phase	
  2:	
  Column	
  experiment	
  for	
  chemistry	
  in	
  
leaching	
  and	
  vegeta4on	
  growth(ERDC.	
  3~4	
  
months)	
  	
  

– Phase	
  3:	
  Batch	
  experiments	
  to	
  iden4fy	
  metal/
nutrient	
  release	
  mechanisms	
  (UMD-­‐CE,3~4	
  
months)	
  



Methodology	
  

•  Phase	
  1:	
  Rapid	
  blend	
  analysis	
  for	
  
vegeta4on	
  support	
  (ERDC.	
  1~2	
  months)	
  
–  Small	
  scale	
  jars/buckets	
  
–  Blend	
  scenarios	
  (Biosolids:	
  Fine	
  dredged)	
  :	
  
0:100,	
  5:95,	
  10:90,	
  20:80,	
  50:50,	
  100:0	
  

–  Species:	
  a	
  standard	
  vegeta4on	
  species	
  
–  Observe:	
  germina4on	
  rate	
  and	
  percent	
  
cover	
  	
  	
  

•  Objec4ve:	
  choose	
  a	
  reasonable	
  range	
  of	
  
mix	
  ra4os	
  for	
  further	
  study	
  



Methodology	
  
•  Phase	
  2:	
  Column	
  experiment	
  for	
  
chemistry	
  in	
  leaching	
  and	
  vegeta4on	
  
growth	
  (ERDC.	
  3~4	
  months)	
  	
  
–  Column	
  experiments	
  in	
  greenhouse	
  
–  Species	
  

•  Standard	
  mine	
  land	
  reclama4on	
  species	
  
•  Two	
  species	
  for	
  biofuel	
  plant	
  

–  Observe:	
  
•  	
  chemistry	
  in	
  leaching	
  and	
  runoff	
  (Table	
  1)	
  

–  Metals	
  
–  Nutrients	
  

•  Vegeta4on	
  growth	
  
–  Percent	
  cover	
  
–  biomass	
  

Growing media

Leaching 
collector

Sampling ports

Vegetation 

Runoff collector



Expected	
  results	
  

Treatment	
   0:100	
   5:95	
   10:90	
   20:80	
   50:50	
   100:0	
  

Im
po

rt
an
t	
  f
or
	
  b
io
so
lid
s	
   pH	
  

S p e c i fi c	
  
conductance	
  
N i t r a t e	
  
Nitrogen	
  

Total	
  Nitrogen	
  

T o t a l	
  
Phosphorous	
  
Chloride	
  
Sulfate	
  

Im
po

rt
an
t	
  f
or
	
  d
re
dg
ed

	
   Calcium	
  
Magnesium	
  
Arsenic	
  
Copper	
  
Zinc	
  
Cobalt	
  
Beryllium	
  
Cadmium	
  
Chromium	
  
Lead	
  
Mercury	
  

Phase	
  2	
  
Table	
  1:	
  Parameters	
  for	
  water	
  quality	
  of	
  leaching	
  from	
  growing	
  
media	
  



Methodology	
  

•  Phase	
  3:	
  Batch	
  experiments	
  to	
  iden4fy	
  metal/nutrient	
  
release	
  mechanisms	
  (UMD-­‐CE,3~4	
  months)	
  
–  Equipment	
  

•  Anoxic,	
  sealed	
  serum	
  boiles	
  under	
  nitrogen	
  atmosphere	
  
•  Extrac4on	
  and	
  analy4cal	
  equipment	
  

– Observe	
  
•  Acid	
  Vola4le	
  Sulfides	
  (AVS)	
  
•  Simultaneously	
  Extracted	
  Metals	
  (SEM)	
  
•  Ferrous	
  iron	
  
•  Nutrients:	
  especially	
  nitrate	
  and	
  phosphate	
  



Methodology	
  

•  Phase	
  3:	
  Batch	
  experiments	
  to	
  iden4fy	
  metal/nutrient	
  
release	
  mechanisms	
  (UMD-­‐CE,3~4	
  months)	
  
–  Equipment	
  

•  Anoxic,	
  sealed	
  serum	
  boiles	
  under	
  nitrogen	
  atmosphere	
  
•  Extrac4on	
  and	
  analy4cal	
  equipment	
  

– Observe	
  
•  Acid	
  Vola4le	
  Sulfides	
  (AVS)	
  
•  Simultaneously	
  Extracted	
  Metals	
  (SEM)	
  
•  Ferrous	
  iron	
  
•  Poten4ally	
  other	
  extrac4on	
  from	
  metals	
  on	
  organics	
  



Biogeochemistry	
   Transport	
  

Engineered	
  
management	
  of	
  	
  
water	
  quality	
  in	
  	
  
natural	
  systems	
  

Research	
  Interests	
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•  Metals	
  release	
  common	
  issue	
  with	
  sediment	
  
during	
  resuspension	
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control	
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•  Reduced	
  sediment	
  becomes	
  
oxidized	
  in	
  overlying	
  water	
  
– Metals	
  bound	
  to	
  insoluble	
  
metal-­‐sulfides	
  

– Metal-­‐sulfides	
  oxidize	
  in	
  
overlying	
  water	
  

– Release	
  metals	
  in	
  soluble	
  
form	
  

•  USACE	
  –	
  ERDC	
  monitoring	
  this	
  phenomenon	
  

Conceptual	
  Model	
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Experimental	
  Design	
  

•  Laboratory	
  batch,	
  anaerobic	
  
studies	
  
• Using	
  iden4cal	
  blend	
  
scenarios	
  as	
  the	
  column	
  
leaching	
  experiments:	
  
(Biosolids:	
  Fine	
  dredged)	
  	
  0:100,	
  5:95,	
  

10:90,	
  20:80,	
  50:50,	
  100:0	
  	
  

Iron	
  
reducing	
  

Sulfate	
  
reducing	
  

5%- 
Biosol	
  

10%-
Biosol	
  

20%-
Biosol	
  

Vigorous	
  	
  	
  	
  	
  	
  
sulfate	
  
reducing	
  

5%-
Biosol	
  

10%- 
Biosol	
  

20%-
Biosol	
  

5%- 
Biosol	
  

10%- 
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biosol:dredge	
  
mixtures	
  

Replicate	
  analysis	
  

• Expect	
  that	
  different	
  amounts	
  of	
  biosolid	
  amendment	
  will	
  
create	
  different	
  redox	
  environments	
  



Hypotheses	
  

•  Test	
  mechanisms	
  of	
  metal	
  release	
  and/or	
  
sequestra4on	
  in	
  mixtures	
  of	
  fine	
  dredged	
  and	
  
biosolids	
  

•  Hypothesis:	
  	
  
– Metals	
  from	
  fine	
  dredged	
  material	
  will	
  be	
  4ed	
  up	
  
in	
  metal-­‐sulfide	
  phases	
  under	
  very	
  reducing	
  
condi4ons	
  

–  Increased	
  amounts	
  of	
  biosolids	
  will	
  create	
  more	
  
reducing	
  condi4ons	
  

– Threshold	
  frac4on	
  of	
  biosolids	
  to	
  provide	
  enough	
  
organics	
  for	
  metal	
  sequestra4on	
  



Experimental	
  Design	
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Experimental	
  Design	
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•  For	
  each	
  amendment,	
  
measure:	
  	
  
• Dominant	
  binding	
  phase,	
  
•  Soluble	
  metals	
  
• Dissolved	
  nutrients	
  	
  



Expected	
  results	
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  to	
  see	
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something	
  like	
  previous	
  
studies	
  for	
  oxida4on	
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Progress	
  to	
  date	
  

•  Coordina4on	
  with	
  Army	
  Corps	
  ERDC	
  
•  Coordina4on	
  with	
  WLSSD	
  to	
  obtain	
  material	
  
•  Visit	
  to	
  Keetac	
  Mineland	
  Reclama4on	
  site	
  
•  Work	
  plan	
  development	
  
•  Analy4cal	
  methods	
  development	
  



Benefits	
  of	
  this	
  study	
  

•  Concept	
  of	
  mixing	
  dredged	
  material	
  and	
  
biosolids	
  in	
  Duluth	
  has	
  been	
  around	
  for	
  awhile	
  

•  This	
  study’s	
  focus	
  will	
  be	
  on	
  water	
  quality	
  
issues	
  and	
  will	
  provide	
  es4mates	
  for:	
  
– Poten4al	
  for	
  vegeta4on	
  establishment	
  
– Quan4fy	
  metals	
  leaching	
  from	
  mixture	
  
– Quan4fy	
  nutrients	
  leaching	
  from	
  mixture	
  

•  Much	
  s4ll	
  needs	
  to	
  be	
  done	
  in	
  terms	
  of	
  
logis4cs,	
  transporta4on,	
  permirng,	
  etc.	
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