
In.Situ Solidification and Stabilization of
Contaminated Sediments

(CDSM approach)

• Intermediate and Long-Term Remedial
Measure for Contaminated River Sediments

• Concept
• Background
• Pilot-Study Phase I (2004-2005)
• Pilot Study Phase II
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Solidification and Stabilization of
Contaminated Sediments Types of Remediation Methods

• Chemicalfixation and solidification or

Solidification/Stabilization Treatment, S/S is ° Encapsulation
widely used for the management and disposal
of a broad range of wastes, especially those • Solidification
classified as hazardous. • Chemical Fixation

• The USEPA considers S/S an established • Chemical reaction
treatment technology, and has identified it as • Pathway Interception
the best demonstrated available technology,
BDTA, for 57 RCRA-listed wastes.

Solidification and Stabilization of Deep Soil Mixing as a part of Remediation
Contaminated Solis Strategy for Contaminated Sites

........ (Method of Deliveryl)
Distribution (in '_"_"=" '_/

percent) of ..... ° In the U.S., significant amount of DSM was carried
methods for .-- o.,_r,_ _.
treatmentof out in the early1990s as a partof EPA'sSuperfund

campaign.contaminatedsoil : ...... _,s_,,,
withinthe ° DSM has beenused in the U.S. for encapsulation,
Superfund _"'°_'° stabilizationand chemicalfixation ona large number
project,USA (US, of successfulprojects.
EPA, 1997) "OU"'E=_=h'"_Z_"

........ The lackof continuationof Superfundresourceshas
slowedsignificantgrowthin soilmixinginthe U.S.

-_,'"'_..........,,,"." • Growinguse of DSM forremediationworkinEurope
_'".........""; .... (particularlyScandinavia)



Application of DSM in Solidification and
Stabilization S/S of Contaminated Sediments

" . - ., C+, ._ .. •

Used primarily in upland contaminated sites

• Majority of S/S applications in Sweden,
Norway and Japan

• Target contaminants include: hydrocarbons,
heavy metals and PCBs

• Site specific mix design needed to address
specific S/S needs

• Operation on many upland sites conducted
under ground water level

DSM in marine environments
[ c:::] Cl_Iei_m _ etimm4_r)mm clx__ tta_ *f_ l
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Cumulative volume of soil treated by deep mixing and number of

Projects on annual basis in Japan (CDIT 2002)
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T.b,...R._.yCO.,¢Omp._ Solidification and Stabilization of
Oe_¢riplion of Clphal Co_tq ROD E_rilnale<l C'o_; Ort|blal Bid Flail E_limlled Ce_|

.,,o,_,.,.o_,.,_,_...... s:..._0 s;;_.,.s s;:_.,:, Contaminated Sediments
! Hcahh k $,_t'¢ty $1J0,020 $7=.49: $|_9.0S5

T¢mr.oraLx' Fa¢ilJti¢,, & Coalxo] $$71:ft0 $9_.26t) SI 7_.967

Ex©¢ufion Requll ea_cat_ $63.900 SS 1.246 $$1.246

,o_f_,,_o,,s,,b_,,_ $,._:0_o _,.,6_o, _,:__:9 • Target contaminants in the Passaic River
Site Prc}_J alio;b $ I0.(Tr,X+ Sl2.SJ6 $12.836

Soil Co_ el-Plac¢l_ & Compact_=l $ 70.@:'0 $22.800 $68,3_0
I_xtav=fio, - C,u-dce Bonow ,taeA $40.')_ S27,240 $23.83

Construtt¢dW¢lland_ $63.$6(t S73.$39 $ ._.O0O

S¢¢u_l.v Gate $1.250 $2.150 S_.l_

Sample Aamlvsel $420.9raO NA $200._

c_,,i.,_:.,:_,., s._,_9- ._ xx - Polyaromatic Hydrocarbons, PAHEilgir.etfiu_ 120%) SSS._ 27_ NA S5"_5.006

To¢_] Capital Co_,¢_ S4.23_.236 _2.415,737 $4.947.136

Bates and Mallot, 2005

Advantages

• Uses established technologies Pilot Study - Phase I
• Reduces off-site disposal problems 2004-2005
• Relatively fast
• Reduces surface exposure
• Cost effective

• Low noise and vibration level Location: Newark ,_a"• Enables rapid redevelopment of sites
• Additional ground improvement of Volume Treated: 1000 Yd 3

contaminated soils



PILOT STUDY on NEWARK BA Y (N J) PROJECT TEAM

• PROJECT TASKS • Sponsors

- Site designation and investigation - NJ OMR ( Lisa Baron, PM)

- Laboratory testing and evaluation - CAIT (USDOT), Rutgers University

- Field design (column layouts) • Industrial Partner

- Field operation - Raito, Inc. Baltimore, MA

- Monitoring program
• Advisor

• SPT survey - Scott Nicholson, Army COE
• Turbidity

Laboratory Testing Program

Site Designation / Investigation - Mixturedesigll

_ M_I_ ID
c_ Van LMi

Ml_-_ t4D-2 MP,-_

- Location _., ,_ ,_o _o
Dmmp

o uarllng _ ._. ,.- =_=, 3]?.1

International .-.c_,_o_ ,, ,o . .
site To,,.o,. .,o

t_.e_ttln*_ STmd

waterfront _._._ _ _.o_ ,.o
Sp_d fe_nm

Top $.0 fegt 3O
W'_'t v_ Sp_d

• The mouth of _ .... f_

Newark Bay i
le_-fim Pate Top _,O legs I_.1 22.1 3oJ

Dural I'_¢tmli°" I_nom _.o f_ _o _e io.i

CDC_ApILO_SUDY SITI[ P'_¢ '" i_mi_pumpIn_cctiemP.tt¢ Top S0 kgs o.0 o.o 0.0

Dmi"l V'_chdmv'*l n,_oom_ 0 f_d 0.0 0.0 O0



Laboratory Testing Program

Field Design - Column Layouts

Top of Barge - Work area was divided into individt_al elements (7' x 3')

V with specific identification numbers

Mudline Grout Injection NO Grout Injection

• DII •

2.0' (61 cm) 2.0' (61 era)

7.0' (213,4 cm)

Time

Field Design t _ " _," ! "--"" : .... 2o=. Field Design

Element Layout (Plan View) e. Element Layout (Cross Section)_: lt
..... .-t?_../ .

, tt .
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Field Design Equipment -3
As Built Coordinates for Each Block ......., ._ _. _ A
with Survey Points =.._ ."-"-__.

(c _p,;)lm

.... _= Mixing rig

- Crawler basemachineand
: lead to support and guide the

electric top driver motor

:__ - Inclinometers in the lead for
left-right and fore-aft

_c._;z,5. alignment

=='_ - Sensors to monitor mixing

1_-'_" tool penetration/withdrawalrates and mixing tool

_ 1--"L,¢,_I rotation speed.

Equipment -4 Solidification Strength Gain

_ 6o0/__E"_E_
• Mixing tool zE 500 ]_._' "

•," 400 J_- '-x-'_._"_\?- lil.o_2o_l!!_._!_!!'i_!:::;_;:!:i::i!::::_!::;;._::q:L'.t_:::?"::_<:::.:'.Triple shaft electric top
300 --_ .'. '.,- • :_,,,',."_.' .=, ..,'._._-._='_,'_ , ,I ., .

:_; ':.- _ .:. :: -..: ',:,:;;:.. :,': ?:.: :._':,.::;'.';'}:" "}.. : '. [ _ " ... _-.
mixing equipment _ 200 ',- ........ ""L'+i' "_ ..... ; ''''" ''""'_''"'$" ...... " ''

- Mixing shaftswith cutting 0 100 i::;,!i,:._:.i; : :: I:.:.!:_t :,...: .. "augersand mixing blades :_ :."': "i ::: i!":::0
(paddles) arranged to
provide uniform mixing ^_ _'_ _"_r° ^e,_@"_ tb"_°_ _ ,b'_c_¢b"_¢°

.o .o _o
Curing Time
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Excavatabillity Monitoring Program
(AC1229R-05CLSM)

• Turbidityandresuspentionevaluation
2000 :

i

1500 - g

_o_1000 -i
= i _
= jv) 500

_,_,By:Himd_ill i0 _'_"_"_<_-_:_'_:"I_1

Maximum Field Strength Maximum LaboratoryStrength

Strength

murbidit_ Mor_itoring Program ___

1. To evaluate the effect of DSM process on the _ .

fate of potential contaminants within the _ _ ._ ._ -_
sediments. "t

2. A component of the contaminant fate is the _ . . .. _,_.. , .
potential migration of polluted suspended _1 -. " • .. " __ • "
solids within the water column .... - • ..... .:,=_.:._.......-_, •. - .

'_ _"_ " . " _:'_<_"_'_-_:_ ...:-- i_f.__....
3. A TSS survey study was implemented to

evaluate the potential effects upon the water _,,,,,,_,_,=_.. . .... _...<_.__,_,.quality in the vicinity of the pilot CDSM site. -., . 300-

]!



Phase I Conclusions Phase I Conclusions

• DSM is highly effective in solidifyingsoft river • Noticeable TSS increases (up to 450 ppm)
sediments with material strength increasing over baseline results from 0 to 75 ft from

significantly with additive contents as low as 100 mixing position and within 15 ft of depth.
Kglm3

• The strength gain of solidified sediments is within • TSS was at baseline values at any depth at
allowable range for excavation with standard sampling points located > 125 ft from mixing.
equipment

• Solidified sediments can either be removed en-mass
or capped in place as an intermediate remedial
measure

PILOT STUDY on a Passaic River Site

(Phase II)

Pilot Study - Phase II • The logistics and operational aspects of DSM inariverenvironment,forexamplethe optimalbargesize
and itsmaneuverability.

• Perimeter containment during CDSM operationsto
minimizepotentialmigrationof sedimentsduring
mixingandsolidification(clip).

Location: Passaic River • Addressing specific health and safety measures

Volume Treated: TBD during fieldoperations.
• Real-time monitoring of suspended solids before,

during andafterfield operationsin riverenvironment.
Oncethe resultsare available,determnationcould
be made if perimetercontainmentis requiredor not.
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PILOT STUDY on Passaic River
(Phase II)

• Validation of CDSM stabilization process for
improvingleachate characteristics,which is of
criticalimportancefor in-situstabilization.

• Optimization of admixture recipe for
solidification and stabilization

• Post treatment behavior of S/S mass w/r to

strength and leachate characteristics

PILOT STUDY on Passaic River Frequently Asked Questions

• Assessment of potential volatilization of • Expansionofsoilmassdueto additionofcement/water
contaminants during SIS operation, slurry(~20%).

• Fateof contaminants,e.g. contaminatedporewater
releaseintothewatercolumnorvolatilizationof

• Development of practical guidelines and field organics.
specifications. • HealthandSafetyprecautions.

• ElasticizerChemistry.
• Productionratesandassociatedcosts.
• Containmentrequirements.
• Subsidenceof solidifiedmassintothesoftunderlying

sediments.
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