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COST AND PERFORMANCE REPORT

ll EXeCUTI VE  sUMVARY I

Thi s report summari zes cost and perf or mance
datafor asoil washingtreatnent application
at the King of Prussia (K@) Techni cal Gorpo-
ration Quperfund site. Thissite, locatedin
Wnsl ow Townshi p, NewJersey, is a former
wast e processi ng facility that operated from
January 1971 to April 1974. Onh Sept enber

28, 1990, a Record of Deci sion (R(D) was
signed to conduct arenedial actionfor

cont aninat ed soi | and sl udge at KGP. Afull -
scal e soi | washi ng unit, owned and oper at ed
by Alternati ve Renedi al Technol ogi es, | nc.
(ART) of Tanpa, Horida, was used fromJune
28, 1993 to Cctober 10, 1993 to treat

19,200 tons of soil and sl udge at the site The
soi | and sl udge were contaninated prinarily
w th chrom um copper, and ni ckel . Maxi num
concentrations of these netal s neasured in
the soi | were chromumat 8, 010 ny/ kg;
copper at 9, 070 ng/ kg; and ni ckel at 387 ny/
kg. Average treatnent unit feed concentra-
tions were 660 ny/ kg, 860 ng/ kg, and 330
ny/ kg, respectively. ART perforned the soil
washi ng operation under direct contract tothe
Potential Iy Responsi bl e Party (PRP) conmittee
who had recei ved a Uhi | ateral Administrative
Qder fromthe US EPAiIn April 1991.

Atreatabilitytest of soil washing using soil
fromthe KCP sit e was conduct ed i n January
1992; theresults fromthetreatability test

i ndi cated that the soil at KOP had an accept -
abl e | evel of sand content and coul d be
effectivel y treated by soi | washing. Adenon-
stration run was conducted i n Jul y 1992 when
164 tons of contam nated soil and sl udge
fromt he KCP si t e were processed t hrough a
full-scaleunit inthe Netherlands. Theresults
fromthe denonstrati on run conducted i n July
1992 further supportedthe feasibility of soil

washing for treating soil fromthe KIPsiteto
t he ROD speci fi ed cl eanup | evel s.

For the full -scal e renedi ati on, ART operated
the soi | washi ng unit on a producti on basi s

w th the goal of nai ntai ning a25ton/hour

t hroughput . The soi | washi ng unit consi st ed of
a series of hydrocycl ones, conditioners, and
frothflotationcells. The cl eaned sand (prod-
uct) and process oversi ze fromt he soi |

washi ng unit were redeposited on site while

t he sl udge cake was di sposed of f site as a
nonhazar dous wast e. Performance data
showed t hat t he cl eaned sand and process
oversi ze net the cleanup l evel s for 11 netal s
inthisapplication

Thisapplicationwasthefirst full-scal e appli-
cation of soil washingto renedi ate a Super-
fundsiteinthe Lhited Sates. Inaddition, a
sel ecti ve excavati on t echni que was used t o
col l ect and identify contam nated soil and
sludge for treatnent inthe soil washing unit,
and t he associ at ed use of advanced on-site
noni t ori ng t echni ques. el ecti ve excavat i on
was per forned t hrough vi sual deternination
of contamnated material and confirnation of
cleanmaterialsonsitewthan Xray fl uores-
cenceinstrunent inanon-sitelaboratory. This
excavat i on t echni que resul ted i n t he process-
ing of fewer tons of soil requiring soil washing
t han woul d have occurred with al ess di scri ni-
nati ng excavat i on t echni que.

Actual costs for the soil washing treat nent
applicationat theKingof Prussiasite, includ
ing off-site disposal costs, were approxi nately
$7, 700, 000.
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Bls TE | NFORMATI ON [

I dentifying I nformation Treat ment Application

Ki ng of Prussia Techni cal Gorporation Type of Action: Renedi al

Qperable Lhit 1 Treatability Study associ ated wi th applica-
Wnsl ow Townshi p, New Jer sey tion? Yes (Refer to Appendi x Afor addi tional

information ontreatability study and Appendi x

Bfor informati on on denonstration run.)

ROD Dat e: 28 Sept enber 1990 EPA SI TE Programtest associated with
appl i cation? No
Period of Qperation: 6/28/93 to 10/ 10/ 93
Quantity of soil treated during application:

CERCLI S #: NJD980505341

19, 200 t ons
Background
H storical Activity that Generated locations. Duringits operation, it isestinated
Contam nation at the Site: WAste processing that at least 15mlliongal | ons of acids and
fadlity al kal i ne aqueous wast es wer e processed at

thissite. Steoperations are believedto have
ceased and si t e abandonnent to have oc-
curedinlate 1973toearly 1974. In addition,

Cor respondi ng Sl C Code: 4953: Sanitary
Servi ces—Ref use Syst ens

Contributed to Contanination: Surface trash and hazar dous nmat eri al s was suspect ed
i npoundnent /| agoon; and dunpi ng—4nau- tohave occurred at thesite. [1and 9]
thori zed

Ste Hstory: The King of Prussia (KCOP)
Technical Qxrporationsiteislocatedin

W nsl ow Townshi p, Canden County, New
Jersey, asshowninFHgure 1. Thesite, a
rectangul ar shaped, 10-acre parcel, as shown
inHgure 2, isborderedtothe northeast,

nort hwest, and sout hwest by a dense pi ne
forest of the state-owned 6, 000-acre Wnsl ow
WI dlife Managenent Area. The sout heast
border is P ney Hol | owRoad. The G eat Egg
Harbor R ver, used for recreational purposes, ) .
i s located approxi natel y 1,000 feet sout hwest ’é:f;%;’fﬁi’;“ gsf::
of thesite. Adrainageswaleinthesiteis Winslow Township, New lersey
dammed by two fire roads; site runoff flows
toward the river. The swal e has been desi g-
nated as awetlands. Thesiteis generally
barren and sandy w t h spar se pat ches of tall
seed grass. [1 and 9]

The KCP Cor por ati on began operati ng a wast e
recyclingfacility at thissiteinJanuary 1971
The facility incl uded si x | agoons used t o
process liquidindustria waste. Industrial

wast es were converted to naterial s that were
i ntended t o be narket ed and sol d as con-
structionmateria and for other uses. Excess
naterial s were transferred to other di sposal Figure 1. Ste Location
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Bl SITE | NFORVATI ON (CONT. ) [
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Figure 2. Site Map [9]

Soi | and sedi nent at the site were deterni ned
to be contamnated with heavy netal s. Prior
toissuance of a RID cleanup activities at the
site incl uded excavation and renoval for of f-
sitedisposa of buriedplastic containers
(carboys) and vi si bl y- cont ami nat ed, surround-
ing soil s |ocatedwest of thelagoons. [1]

Regul atory Context: A RODwas i ssued for
this sitein Septenber 1990 and defined fi ve
conponent s of renedi al activities pertai ning
to contaninat ed nedi a, i ncl udi ng t he area
relevant tothisreport (i.e., Gonponent 1).
These conponent s i ncl uded [1, 12] :

Conmponent 1-Fhe net al s-cont am nat ed
soi | s adj acent tothelagoons, the sludgein
t he | agoons, and the sedi nent inthe

swal e. (Qperabl e Lhit ne)

Conmponent 2-Fhe buried druns and
soils contamnated wth vol atile organi c
conpounds | ocat ed i n t he nort hwest
sectionof thesite. ((perabl e Lhit Two)

Conponent 3—Fwo tankers and t heir
contents | ocat ed near t he sout heast
sections of thesite.

Conponent 4-—Fhe groundwater at the site
cont am nat ed w t h organi cs and net al s.
(Qperabl e Lhit Three)

Conmponent 5—Fhe surface waters, sedi-
nents, and bi ota of the G eat Egg Har bor
Rver.

BPAi ssued a Lhil ateral Adnministrative Qder to
the PRPsin April 1991 requiring the PRPs to

i npl ement t he requi renents of the ROD. The
renedi al activities for Conponent 1 were | ed by
the PRPs with EPAoversight. [9]

Renmedy Sel ection: The fol | owi ng si x renedi al
alternatives were consi dered for renedi ati on of
Conponent 1 of the KCP site:

1 Noaction;

2 Lintedaction(siteanddeedrestrictions;
addi ti onal fencing around swal e area);

3 Limted excavation of sedinents and soils
w th consol i dati on and cappi ng;

4  (onpl et e excavation of soils, sedinents,
and sl udges t hat exceed t he cl eanup
obj ecti ve wth contaninant extraction (soil
washi ng), to achi eve speci fi ed cl eanup
level s fol | oned by redepositiononsite;

S g,
. . U.S.ENVIRONMENTAL PROTECTION AGENCY

() % Office of Solid Waste and Emergency Response
M & Technology Innovation Office



Background (cont.)

King of Prussia Techni cal Corporation Superfund S te—Page 4 of 23

Bl SITE | NFORVATI ON (CONT.) [

5 Qablizatio/sdidificaion eitherin
situor fol | owng excavation of soils,
sedi nents, and sl udges, both fol -
| oned by cappi ng; and

6 Conpl ete renoval and off-site
di sposal .

Soi | washi ng was sel ected as t he renedi al
alternative for Gonponent 1. Soil was deter-

Site Logistics/Contacts

nm ned t o provi de a per nanent sol uti on by
renovi ng t he cont am nant s fromt he site and
t hus prot ecting hunan heal t h and t he envi ron-
nent. Inaddition, thetreated nateria coul d
be redepositedtoitsorigina locationto
restore site topography. [1]

Site Managenent: PRP Lead

Remedi al Project Manager:

Gary Adanki ewi cz (through May 1994)
John Gorin (June 1994 t o Present)

US EPARegion?2

26 Federal P aza, Rn 720

New Yor k, NY 10278

(212) 264- 7592

Matri x Identification

Oversi ght: EPA

Treat ment Syst em Vendor:

Ji |l Besch/ M ke Mann

Aternative Renedi al Technol ogi es, | nc.
14497 Dal e Mabry H ghway

Tanpa, FL 33618

(813) 264- 3506

B vATRI X DESCRI PTI ON I

Type of Matrix processed t hrough the treatnent system

Soi | (ex situ)/ Sedinent (ex situ)/ S udge (ex situ)

Cont am nant Characterization

Primary contam nant group: Heavy netal s

Investigations at the site were conduct ed by
t he New Jer sey Depart nent of Environnent al
Protection and by the PRPs. Sanpl es of
surface soil (<2 feet deep), subsurface soil
(2to 10 feet), and sedi nent were col | ected
duringtheinvestigationstocharacterizethe
soil next tothe |l agoons, the sedinentsinthe
swal e, and t he sl udges i n the | agoons and

adj acent areas. The results fromthi s sanpling
indicated that beryllium chromum copper,

ni ckel , and zinc are the primary cont am nants
i nthese areas. The hi ghest concentration of
surface contamnati on was | ocated i n the
sedi nents at the bottomof the swale, wth
maxi numconcentrati ons of chroni umat

8, 010 ny/ kg, copper at 9, 070 ng/ kg, and
nercury at 100 ng/ kg. The hi ghest concentr a-
tions of subsurface contam nation were
locatedinazone of sludge-likenaterial at a
depth of 3to 4 feet northwest of and adj acent
to the I agoons. The hi ghest concentrations of
contaminants inthe sludge naterial were
chrom umat 11, 300 ny/ kg, copper at 16, 300
ny/ kg, | ead at 389 ng/ kg, and ni ckel at

11, 100 ny/ kg. Sanpling results al so i ndi cat ed
that the soils have i nfrequent and | owconcen-
trations of volatile and senivol atile organic
conpounds. Average soi |l concentrations were
nmeasur ed as 660 nmy/ kg for chrom um 860
ny/ kg for copper, and 330 ngy/ kg for ni ckel .
[1, 9 12]
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B VATRI X DESCRI PTION (conT.) [

Matri x Characteristics Affecting Treatnment Cost or Performance

Li sted bel owin Tabl es 1 and 2 are sel ected natri x characteri stics whi ch are consi dered t o be
the naj or natrix characteristics affecting cost or perfornance, and the val ues neasured f or

each.

Table 1. Matrix Characteristics Affecting

Treat nent Cost or Performance [5, 10]

Cation Exchange

Measurement
Parameter Value Procedure
Clay Content and/or Particle Size See Table 2 Not available
Distribution
Fines Content 0.1 Wet screening

Total Organic Carbon Not measured —

Capacity Not measured —

Tabl e 2. Particle S ze
D stribution of Background Soil [5]

Particle  Size
(microns)

Distribution
(%)

>4,000
2,000 to 4,000
1,000 to 2,000
500 to 1,000
250 to 500
125 to 250
63 to 125
38 to 63

<38

0

12.6

12.6

22.1

28.8

425

3.9

0.9

6.6

Bl TREATMVENT SYSTEM DESCRI PTI ON I

Primary Treat ment Technol ogy
Type

Suppl ement al Treat ment Technol ogy
Type

Soi | Wshi ng
Technol ogy Descri ption

Screeni ng

Excavati on Description [7, 10]

Mat eri al s Handl i ng: Sel ecti ve excavat i on of
net al s- cont am nat ed soi | s was conpl et ed
usi ng vi sual i nspection and confirned usi ng an
X-ray fl uorescence (XRF) instrunent inan on-
sitelaboratory. A though 40, 000 t ons of

nat eri al were excavat ed, only 20, 000 t ons
exceeded t he cl eanup | evel s and requi red
treat nent through the soil washing unit.

el ecti ve excavationwas i dentified as an
appropriate techni que for this site based on
the findi ngs of previous siteinvestigationand
excavation activities whichind catedthat the

cont am nant s are associ at ed w t hi n bands of
sludge material and soil s adjacent tothe

| agoons. Sel ecti ve excavation of the soil and
sl udge i n and adj acent to the | agoons and t he
swal e area i nvol ved t he fol | ow ng st eps:

1 Excavation of clean, overburdensoils
and stagi ng and/ or transportation of
naterial tothe stockpil e area;

2 Excavation of contaninated soils and
transportation of contaninated soils
to the screeni ng and bl endi ng ar eg;
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Technol ogy Description (cont.)
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(ConT. ) I

3 XRranalysis of the contamnation
| evel sinthetrench bottomsoils; and

4 Backfillingof the cleantrench bottom
w th XR=~confirned cl ean nateri al .

Excavat i on and bl endi ng of soils and sl udges
tomaintainaconstant ratioof soil tosludge
i nvol ved the fol | ow ng t hr ee phases:

B Phase 1. excavating and bl endi ng of
thefirst thirdof the sl udge band area
wthnateria fromthe|lagoon 1 area;

B Phase 2. excavating and bl endi ng of
t he second third of the sl udge band
areawthmaterial fromthe swal e
area; and

B Phase 3. excavating and bl endi ng of
thethirdthird of the sludge band area
wthnateria fromthe | agoon 6 area.

X-Ray Fl uorescence: An X-ray fl uorescence
(XRF) instrunent was used on-site during the
excavation activities and during the soil

washi ng operation for the anal ysi s of chro-
mum copper, and ni ckel . An XRF i nstrunent
was al so utilizedduring pre-renedial activi-
ties, includingadditional sitecharacterization,
thetreatability study, andthe denonstration
run. For thetreatability study and denonstra-
tionrun, the XRFwas cal i brated wth both
synt heti c and commer ci al standard ref erence
naterial s. Gonfirnati onal anal ysi s perforned
by an out si de Gontract Laborat ory Program
(AP laboratoryindicatedthat thefieldresults
for chrom umand copper were bi ased hi gh by
afactor of 1.3to 2. It was determned that
bot h synt heti ¢c and cormerci al calibration
standar ds were not suitabl e for the concentra-
tions and matri ces encount ered at the KCP
site. Therefore, the X_resultsrel evant tothe
treatability study and denonstration run for
thi s application were consi dered to be bi ased
high by afactor of 1.3to 2.

Based on a revi ewof the confirnational

anal yses and cal i brat i on procedures used f or
the XRF i nstrunent during the runs descri bed
above, the vendor nodi fied the calibration
standards. CGalibration standards were devel -
oped for the full -scal e appli cation usi ng

sanpl es of contanm nated soil fromthe KCP
site. Initia effortstodevel opsuitablecalibra
tion standards i nvol ved col | ecti ng cont ani -
nat ed soi | fromthe site, manual honogeni za-
tion, grinding, splittingand off-sitelaboratory
anal ysi s. Gntinui ng studi es for devel opi ng
suitabl e standards resultedinrefiningthe soil
sanpl e preparati on et hod by repl aci ng t he
nanual honogeni zati on, grinding, and split-
ting processes w t h nechani cal processes for
each item

For thefull-sca eactivities, threecaibration
standards, correspondi ngto concentrations

| ess than, approxi nately equal to, and great er
than t he R speci fi ed cl eanup | evel s, were
prepared for chrom um copper, and ni ckel
usi ng the refined t echni que and were used to
calibratethe XRFinstrunent. Theresults
obt ai ned w t h t he XRF usi ng t he nechani cal | y
prepared cal i bration standards showed no
biasinthecorrelationwth of f-site confirna
tory anal ysi s.

Soi | Washing System Descri ption
[4, 6, 7, 9, 10, 12]

The soi | washing unit used to renedi ate the
contaninat ed soil and sl udge at the K(Psite
was const ruct ed by a Saedi sh-based firm
under contract to Alternative Renedi al Tech-
nol ogi es, Inc. The unit, showninHFgure 3,
consi sts of four conponents: screeni ng,
separation, frothflotation, and sl udge nan-
agenent (described bel ow), and has arated
syst emt hr oughput of 25 t ons/ hour .

The soi | washing unit was built off siteas a
nodul ar system and constructed at the site,
as showninFHgure 4. Gnstructionactivities
began on March 30, 1993, and were com

pl eted on June 1, 1993. Fol | ow ng conpl eti on,
aslurry run, conprisedof cleansite soils and
wat er, was conduct ed t o noni tor operati on of
theunit. Toverifythat the newy erected unit
was capabl e of treating the contaninated soil
tothe RDDcleanup | evel s, apilot runwas
per f or med f ormJune 3 t hr ough June 9, 1993.
The pi l ot run consi sted of processi ng 991 t ons
of contam nat ed soil fromLagoons 1 and 6
and t he sl udge band ar ea.
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B TREATMENT SYSTEM DESCRI PTION (CONT.)
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Figure 3. Soil Washing Unit Used at KCP [ 6]
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B TREATMENT SYSTEM DESCRI PTION (CONT.)

Systemoperation incl uded the fol | ow ng
pr ocesses:

Screeni ng: Thi s stage consi sts of screeni ng
out the gross oversize fraction fromthe pil e of
naterial to be treated by neans of a hopper
and avi brating grizzly (not shown on FH gure 3).
The gross oversi ze (greater than 8-i nch
naterial), whichtypically consists of concrete,
tree stunps, and branches, is periodically
removed fromt he hopper and staged. The
nateria that passes throughthe grizzlyisthen
directed t o anot her nechani cal screening unit,
whi ch consi sts of a doubl e-decked, coarse

vi brati ng screen w th stacki ng conveyors, to

r enove process oversi ze (greater than 2-inch
naterial) fromthefall-through. Thefall-
through (<2 inch) is then subj ected to wet
screeni ng W th hi gh pressure wat er nozzl es.
The wet screeni ng breaks up cl ods, drops out
pea-si ze gravel andforns aslurry. Gavel and
other naterial is conbinedw th the process
oversize, whiletheslurryis further separated.

Separation: This stage consi sts of separating
the screened soil /water slurry into coarse- and
fine-grai ned naterial throughthe use of multi -
st age hydrocycl ones. The use of multiple

cycl ones achi eves a separation ef fi ci ency of
>99%o0f the sands and fines. The

hydr ocycl ones have fi el d-adj ust abl e cone and
barrel conponents to set and nodi fy as
necessary the “cut - poi nt” bet ween coar se-
andfine-grained naterial . For this application,
t he hydrocycl one cut poi nt was set at 40
mcrons (the distribution anong si ze fracti ons
showed a di ni ni shi ng renoval effici ency
above 40 nicrons), deternined using the
resutsof thetreatability study. The

hydr ocycl ones wer e configured to m ni mze

t he vol une of sl udge cake requiring of f-site

di sposal and t o mini m ze t he anount of fines
i nthe cl ean product. The under f| owcont ai ni ng
coarse-grai ned naterial fromthe

hydr ocycl oni ng st eps was condi ti oned and
directedtothefrothflotationstage wilethe
fine-grai ned naterial was processedinto a
sl udge cake.

Froth Hotation: Thi s stage consi sts of renov-
i ng t he contaninants fromt he coar se- grai ned
naterial. The renmoval was done by nmeans of
air flotationtreatnent units. For this applica
tion, anair-flotationtank equi ppedwth
nechani cal aerators was used. The coar se-
grai ned naterial was punped i nto t he t ank
wvher e a surfactant was added. The surfact ant,
sel ected based ontheresults of thetreatabil -
ity test, reduced t he surface t ensi on bet ween
t he cont am nant and sand. The cont am nant s
“float” intoafroth and were renoved from
the surface of theair flotati ontank and were
directed t o t he sl udge managenent process.
Qurfactant dosing, slurry flowrate, and the

hei ght of the overfl owwei r were conti nuously
noni t or ed and adj ust ed as appropri ate. The
“cl eaned” underfl owsands were directedto a
cycl one and sand dewat eri ng screens, where
dewat eri ng occurs. Approxi nat el y 85%o0f the
processed naterial (cl ean sand product) from
the KOP site was used as backfill, whilethe
wat er was recycl ed back to t he wet screeni ng
section.

Sl udge Managenent: Thi s stage of the
process consi sts of treatingthe overfl owfrom
t he hydrocycl ones. The overfl ow consi sting of
fine-grained naterial and water, was punped
to banked Lanel | a clarifiers. Apol yner,

sel ected based onthe resul ts of thetreatabil -
ity test, was added prior tointroductiontothe
Lanella Theclarifiedsolids weredirectedto
a sl udge t hi ckener and ultinatel y to a pressur-
izedfilter press, where the 15-20%sol i ds

i nfluent was converted into a 50-60%dry
solids filter cake. Thefilter cake was di sposed
of f site as a nonhazar dous waste. The wat er
fromt he sl udge managenent stage was
returned to the wet screening areafor reuse.
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B TREATMENT SYSTEM DESCRI PTION (CONT.)

Operating Paraneters Affecting Treatnent Cost or Perfornance

The naj or operating paranet ers af f ecti ng cost
or performance for this technol ogy and t he
val ues neasured for each duringthis treat-
nent applicationarelistedin Table 3.

ART operated the soil washing unit at KCP on
a production basis, wthagoa of processing
25 tons/ hour of contamnated naterials, and
noni t or ed and adj ust ed 15 oper at i onal

paraneters. These paranet ers i ncl uded t he pH of
t he condi ti oners and nake-up streans, netering
of process streans (frother, conditioners, and

pol yners), cycl one feed rates, operational hei ghts
of process vessel s (sunps and condi ti oner tanks),
and operat i ng pressures of punps and cycl ones.
[6, 10]

Tabl e 3. perating Parameters Affecting Treatment Cost or Performance [3, 10]

Parameter Value*

Moisture Content (of untreated soil) ~15%

pH (of untreated soil) =65

System Throughput 25  tons/hr
Washing/Flushing Solvent Components/Additives Polymer and Surfactant

*Vendor provi ded approxi mat e val ues for noi sture content and pH, but did not
identify the specific pol ymer and surfactant used inthis treatment application.

Ti el i ne

Atinelinefor thisapplicationis shownin Tabl e 4.

Table 4. Tineline [1, 3, 7, 9, 11, and 12]

Start Date
January 1971 Operations at the KOP Technical Corporation conducted
September 1983 . KOP added to National Priorities List
September 28, 1990 . ROD  signed

End Date
April 1974

Activity

January 1992
July 22, 1992

March 1, 1993 November 4, 1993

Treatability lest conducted
Demonstration run conducted

Site  mobilization

RPF-043.pm5\0801-01.pm5

March 30, 1993 June 1, 1993 Construction of soil washing unit
June 3, 1993 June 9, 1993 Pilot run conducted

June 28, 1993 October 10, 1993  Full-scale soil washing conducted
July 8, 1993 October 13, 1993  Off-site shipment of residual sludge

July 19, 1993
October 11, 1993

October 10, 1993
November 1, 1993

Backfilling of clean soils

Decontamination and disassembly of soil washing unit
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O eanup Level s
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B TREATVENT SYSTEM PERFORMVANCE I

Addi tional Information on C eanup
Level s

The 1990 RMi dentified cleanup l evel s for 11
netalsinthe soilsinthe area adjacent tothe

| agoons, sedinents inthe swal e, and sl udges

i nthe | agoons (Gonponent 1 of the site

renedi ation). These level s are presentedin
Table 5. [1]

Tabl e 5. Soil A eanup Level s [1]

Soil Cleanup Levels

Constitutent (mg/kg)
Arsenic 190
Beryllium 485
Cadmium 107
Chromium (total) 483
Copper 3,571
Lead 500
Mercury 1
Nickel 1,935
Selenium 4
Silver 5
Zinc 3,800

Treat nent Performance Data

The cl eanup | evel s shown i n Tabl e 5 were
devel oped based on ri sk to public heal t h usi ng
car ci nogeni ¢ and noncar ci nogeni ¢ effects. The
car ci nogeni c ef f ect s wer e assessed usi ng t he
cancer potency factors devel oped by the U S
EPA and a cancer risk of less than 1 x 10 .
The noncar ci nogeni ¢ ef f ect s wer e assessed
usi ng t he hazard i ndex approach, based on a
conpari son of expect ed cont am nant i nt akes
and Ref erence Doses. A hazard i ndex of | ess
than 1 was used t o devel op t he cl eanup | evel s
f romnoncar ci nogeni ¢ ri sks. The car ci hogeni ¢
and noncar ci hogeni ¢ ri sks were summed t o
indi cate the potential risks associatedwth
mxtures of potential carcinogens and

noncar ci nogens. [1]

Tabl e 6 presents a sunmary of the treat nent
perfornance datafor this application, corre-
spondi ng to the four sanpling poi nts shownin
FH gure 3 and descri bed bel ow Average con-
centrations and concentration ranges are

provi ded for the untreated soi |, process

oversi ze, and cl ean sand, whi | e onl y average
concentrations are shown for the sl udge cake.

B lhtreated (Feed) Soil - This sanpling
poi nt represents the concentration of
netal s incontannated soil after
excavation and bl endi ng, but prior to
screeni ng for gross or process over -
size. Determnation of the chromum
copper, and ni ckel concentrationsin
the untreated soi | was perforned
usi ng X-ray fl uorescence. The concen-
trations of the other eight netal s
shown on Tabl e 6 wer e measur ed at
an off-sitel aboratory usi ng sanpl es
fromt he denonstrati on run and,
because t he soi | fromthe denonstra-
tion runwas col | ect ed fromt he sane

excavationtrenches as for the full -

scal e operation, are consi deredto be
representati ve of the average concen-
trationof theuntreated soil processed
duringthe full -scal e operation. These
aver age concentrations are | ower than
theinitial concentrations neasured
duringthe site characterization, dueto
bl endi ng and honogeni zati on of the
feedpileprior toitsintroductionto
thetreatnent unit.

B Process (dean) Quersize - This
sanpl i ng poi nt represents t he concen-
trationof netal sinthe process
oversi ze. The process oversizeis that
nat eri al whi ch was screened fromt he
untreated soi | and typi cal | y neasures
greater than 2 inches i n di aneter and
consi sts of gravel and wood. The
process oversi ze was ul tinately
redeposited at the site fromthe
| ocation where it was excavat ed.
Sanpl es for off-site anal ysi s consi sted
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Bl TREATMENT SYSTEM PERFORMANCE ( coNT.)

Treat nent Perfornmance Data (cont.)

Tabl e 6. Treatnent Perfornmance Data [9, 12]

Process (Clean) Oversize Clean Sand Product
Untreated (Feed) Soil Concentration Concentration Concentration Sludge Cake
(mg/kg) (mg/kg) (mg/kg) Average
Cleanup Concentration
Constituent (mg/kg) Average Range Average Range Average Range (mg/kg)
Arsenic 190 1 N/A 0.62 0.34 to 1.4 ND (0.31) ND  (0.39) N/A
Beryllium 485 20 N/A 5.9 2.7 to 11 1.9 0.93 to 3.1 N/A
Cadmium 107 0.56 N/A ND (0.63) ND (0.97) 0.64 ND (0.95) N/A
Chromium 483 660 500 to 5,000 172 81 to 310 73 37 to 94 4,700
Copper 3571 860 800 to 8,000 350 170 to 580 110 52 to 158 5,900
Lead 500 22 N/A 6.5 3.1to 14 3.9 2.6 to 6.1 N/A
Mercury 1 0.09 N/A ND  (0.09) ND (0.10) ND  (0.09) ND (0.10) N/A
Nickel 1,935 330 300 to 3,500 98 58 to 150 25 18 to 38 2,300
Selenium 4 0.36 N/A ND (0.38) ND  (0.40) ND (0.36) ND  (0.40) N/A
Silver 5 0.69 N/A ND  (0.65) ND (0.76) ND  (0.65) ND (0.73) N/A
Zinc 3,800 150 N/A 48 27 to 76 16 9.4 to 22 N/A

N A - Sanpl es were not col |l ected - see text.
ND - Not detected (detectionlimt shown in parentheses).

of dailysplit sanpl es that were

conbi ned i nt o weekl y conposite
sanpl es. The resul ts of the weekly
sanpl es are presented i n Appendi x C
Table G 1, and are summari zed i n
Tabl e 6.

d ean Sand Product - Thi s sanpl i ng
poi nt represents the concentration of
netal sinthetreated cl ean sand
(treated soil). After screening and
separ ation, the coarse-grai ned nat e-

sisted of daily split sanpl es that were
conbi ned i nt o weekl y conposite
sanpl es. The resul ts of the weekly
sanpl es are presented i n Appendi x C
Tabl e G2, and sunmari zed i n Tabl e 6.

S udge Gake - Thi s sanpl i ng poi nt
represents the concentration of

netal s i nthe sl udge cake. After
screeni ng and separ ation, the fine-
grainednaterial wasfiltered. Thefilter
(sl udge) cake was di sposed of f site as

rial was directedtothefrothflotation
uni t where the contam nants were
renoved. The "cl eaned" nmaterial was
dewat er ed by means of a cycl one and
a dewatering unit. The cl ean sand
(treated soil) was used as backfill at
the site. Twel ve sanpl es were col -
lected for of f-site anal ysi s and con-

Performance Data Assessnent

a nonhazar dous wast e. Sanpl es of
thefilter cake were anal yzed onsite
usi ng XRF for chromum copper, and
nickel , and off site for TALP netal s.
Noresults fromthe TOLP anal ysi s are
contai ned i n the references avail abl e

a thistine

Areviewof the treatnent perfornmance datain
Tabl e 6 i ndi cat es that the process oversi ze
and cl ean sand fromt he soi | washi ng unit net
the cl eanup | evel s establ i shed for this applica
tion. As shownin Tabl e 6, the average concen-
trations of beryllium copper, | ead, nickel, and
zinc in the cl ean sand and process oversi ze

were at | east an order of nagnitude | owner
than the cl eanup | evel s. Gadmum nercury,
sel enium and sil ver were not detected in any

pr ocess over si ze sanpl es; and ar seni c,

nercury, sel enium and sil ver were not de-

tected in any cl ean sand sanpl es.
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Il TREATMENT SYSTEM PERFORMVANCE (CONT.) I

Per f ormance Data Assessnment (cont.)

The data i n Tabl e 6 showt hat chrom um
copper, and ni ckel were concentratedinthe

Performance Data Conpl et eness

sl udge cake, w thindividual contam nants nea-
sured at | evel s greater than 2,000 ngy/ kg.

Performance Data Quality

The avai | abl e perf or mance dat a charact eri ze
constituent concentrationsinthe untreated
soi |, process oversize, cl ean sand, and sl udge
cakeresidual . Dataare not avail abl e for

nat chi ng speci fic operating conditions wth
treat nent performance.

The AP SONf or | norgani ¢ Anal ysi s i ncl udes
anal ysisof initial andcontinuingcalibration
checks, duplicates, natrix spi ke, and reagent
bl anks. No exceptions to the Q¥ QC prot ocol
wer e not ed by t he vendor. [7]

B TrReEATMENT SYSTEM cosT I

Procurenment Process

Treat nent Syst em Cost

ART, Inc., was under contract tothe PRPs to
construct and operate t he soi |l washi ng
treatnent at the site. ART used several sub-
contractorstoassist inthe application,

i ncl udi ng acti viti es associ at ed w t h excavat i on,
construction, and naterial s handling. [7, 12]

Cost Data Quality

Approxi mately $7.7 mllion were expended on
the soi | washi ng renedi ati on at KQP, i ncl udi ng
all off-sited sposa costs. [12]

Noinfornationis presentedin the references
availableat thistinetodescribetheitens

includedinthe $7.7 mllionval ue. Therefore,
a cost breakdown usi ng t he i nt eragency Vér k
Breakdown Sructure (VWBS) is not providedin

thisreport.

The cost dat a shown above wer e provi ded by
the Project Gordinator for the PRPs, and are
provided i n the Renedi al Action Report for

this application. Adetail ed breakdown of the
cost elenentsisnot availableat thistine.

Il oBsERVATI ONS AND LESsoNs LEARNED

Cost (bservations and Lessons Lear ned

B Actual costs for the soil washing treat nent
application, includingoff-site di sposal
costs, at the King of Prussiasite were

appr oxi mat el y $7, 700, 000. No
informationis availableat thistineon
t he conponent s of thistotal cost.

Per f ormance Observati ons and Lessons Lear ned

B The soi | washing appl i cati on achi eved
the soi| cleanuplevel s for the 11
netal s. The process oversi ze (>2
i nches) and cl ean sand wer e r edepos-
itedonsite.

B The average concentrations of five
contamnants (beryl i um copper, | ead,

ni ckel , and zi nc) inthe cl ean sand and
process oversi ze were reduced to
level s at | east an order of nagnitude

| ess thanthe cl eanup | evel s.

B Chronium copper, and ni ckel were
concentrated inthe sl udge cake, wth
i ndi vi dual cont am nants neasur ed at

S g,
. . U.S.ENVIRONMENTAL PROTECTION AGENCY

() Office of Solid Waste and Emergency Response
M & Technology Innovation Office



RPF-043.pm5\0801-01.pm5

King of Prussia Techni cal CGorporation Superfund S te—-Page 13 of 23 —

Il OBSERVATI ONS AND LESSONS LEARNED (conT.) I

Per f or mance Cbservations and Lessons Learned (cont.)

| evel s greater than 2,000 ng/ kg. The di sposed of f site as a nonhazar dous
sl udge cake was al so anal yzed by wast e.
TAP, and, based on these resul ts,

O her (Observati ons and Lessons Lear ned

B Thetreatability study accurately B  Slectiveexcavationwththe ai d of
predi cted that soil washi ng woul d XRF reduced t he anount of soil for
neet the soil cleanup goal s at this soi | washi ng processi ng by a fact or of
dte 2

B Adenonstration run was conpl et ed B The devel opnent and use of site
usi ng hazar dous wast e t ransport ed natrix cal i bration standards generated
fromthe US tothe Netherlands. The reliableon-site XRFdatathat corre-
| ogistics of inportingand exporting latedwell wththe of f-site confirna-
hazar dous wast e bet ween the U. S. toryresuts.

and t he Net her| ands was coor di nat ed
through the U S BPA s RORA Enf or ce-
nent D vi si on and t he Dut ch equi va-

B A thebeginningof thepilot run, the
pol yners were not concentrating the
suspended sol i ds qui ckl y enough

| ent, VROM
bef ore the sl udge entered t he bel t
B The success of the denonstration run filter press, resultinginasludge cake
intreatingthe KOPsoils expedited the that was toowet and difficult to
desi gn schedul e of the full-scal e unit nmanage. The pi pi ng bet ween t he
by over one year. lanel laclarifiersandbelt filter press

was | engt hened, whi ch ext ended t he
reaction tine of the pol yner withthe
sl udge. Thi s nodi fi cation produced a
nor e manageabl e sl udge with an
i ncreased percent density solids.

B Theresults of the denonstration run
provi ded i nfornati on needed to
nodi fy t he desi gn and oper ati on of
the full-scal e unit. These process
nodi fi cati ons i ncl uded:

B  (haracterization of the contaninated
soilsduringthetreatability study
showed t hat soil s froml agoon 4 were
not anenabl e t o soil washi ng si nce

— I ncreasing the bed | engt h and
redesi gni ng t he spray headers on
the wet screen unit to prevent
bypassi ng or short-circuitingof the

feed sail : they consi sted prinarily of synthetic
precipitate naterialswthafines
— UWinganalternate frother to concentration of >90 percent. This
reduce frothing; nateri al was excavat ed and di sposed
— Load bal anci ng to t he df site

hydr ocycl ones; and

— Slectingfiltrati on-ai ded pol yners
to produce t he densest sl udge
cake possi bl e.
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B APPENDI X A—TREATABI LI TY STUDY RESULTS

Identifying  Information

King of Prussia Superfund Site
Winslow Township, New Jersey

Historical Activity at Site — SIC Codes:

Historical Activily at Site — Management Practices:

Site  Contaminants:

Type of Action:

Did the ROD/Action Memorandum include a contingency on
treatability study results?

CERCLIS#: NJD9B0505341
ROD Date: 28 September 1990

4953 Sanitary Services—Refuse Systems
Waste processing facility

Metals, primarily chromium, copper, and nickel
Remedial

No

Treatability Study [hformation

Type of Treatability Study:

Duration of Treatability Study:

Media Treated:

Quantity Treated:

Treatment Technology:

Target Contaminants of Concern:

Conducted before the ROD was signed:
Additional treatability studies conducted:
Technology selected for full-scale application:

Laboratory screening, bench-scale testing, and pilot-scale
testing

January 15, 1992 to March 27, 1992

Soil (ex situ)

188 kg

Soil  washing

Chromium, copper, and nickel

No

None identified at this time

Yes

Treatability Study Strategy

Number of Runs:

Key Operating Parameters Varied:

A minimum of 1 test was conducted for each unit of the soil
washing system, with additional tests performed where
necessary. The entire system was run 3 times during the
process simulation tests.

Hydrocyclone Test: cut point

Flotation Test: surfactant concentration, pH, retention time,
pretreatment

Fines/Sludge Handling Test:  polymer

Treatability Study Results

Range of Concentrations of Metals in Soils Treated During
Pilol—Scale (Process Simulation) Runs:

Cu: 62 ppm to 1,500 ppm
Ni: 18 ppm to 86 ppm
Cr: 13 ppm to 130 ppm
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Il APPENDI X A-TREATABI LI TY STUDY RESULTS (CONT.) NN

Thetreatability study onthe King of Prussia
Techni cal Gorporation Quperfund site soil
consi sted of the fol | ow ng t hree st eps:

B Laboratory screening;
B Bench-scal e testing, and
B Hlot-sca etesting

The | abor at ory screeni ng st ep was perf or ned
to characterize the soil andto col | ect enough
informationto nake a soi |l washing feasibility

Treatability Study Test Description [5]

deternination. The bench-scal e testing step
was performed to sel ect and optinm ze the
appropriatetreatnent unit operations for the
separation and renoval of target netal s from
t he coar se- grai ned and fi ne-grai ned sour ce
fractions. The pil ot-scal etesting stepwas
perforned t o det erm ne t he syst emoperati ng
condi tions, equi pnent lists, utility, chemcal,
and personnel requirenents, andtorefinethe
capital and operating cost estinates for the
full-scal e operation. [5]

Soi | was col | ected fromel even | ocations at the
K@Psite in January 1992. ne 5-gal | on bucket
of soil/sedi nent was col | ect ed, packed and
shi pped t o t he Hei demij Rest st of f endi enst en
treatability lablocatedinthe Merdijk, Neth-
erlands for treatabilitytesting. [5]

Laborat ory Screeni ng: Soi |l characterization
efforts i ncl uded t he cheniical anal yses of the
initia (influent) soil sanples for chronium
copper, nickel, nercury, and silver. These

net al s wer e anal yzed usi ng t he Dut ch equi va-
lent to SW846 7000 seri es nmet hods. Each
infl uent soil was physi cal | y screened/ si eved to
definethe particlesizedistribution. Each
fracti on was anal yzed for chronium copper,
and ni ckel to detern ne cont am nant concen-
trations. Scanni ng el ectron nicroscopy was
per forned t o det er m ne the physi cal formof
t he cont am nant s.

Bench- Scal e Testing: Tests were perforned
on hydrocycl oni ng, flotation, gravity separa-
tion, and sl udge nanagenent by coagul ati on,
t hi ckeni ng, and dewat eri ng unit operations
usi ng soi | froml agoons 1 and 6.

The hydr ocycl oni ng operation test i nvol ved
processi ng the soi | through a 5" hydrocycl one
test unit at different cut poi nts and screeni ng/
si evi ng t he under f| owand over fl owfracti ons.

Theflotationtestsinvol ved sel ectingasuitabl e
surfactant and concentrationand retention
tinefor thisunit operati on. (ne sanpl e of

t he sl udge band soi | fol | ow ng wet screeni ng
was used for the flotation studi es, whi ch

i ncl uded varyi ng surfactant concentrati ons,

pH retentiontine, and pretreat nent
(attritioni ng scrubbing).

The gravity separation operationtest i nvol ved
the use of a standard | ab separ at or/ shaki ng
tabl e to di vi de a wet - screened sanpl e of the
sl udge band soi | and | agoon conposite soil to
pronot e addi ti onal source separati on.

The sl udge operation test invol ved f our
organi c pol yners at four dosage concent ra-
tions onthe overflow(fines and water) from
t he hydr ocycl oni ng test .

Filot-Scal e Testing: For thistest, each of the
opti numunit operations eval uated inthe
previ ous steps were conbi ned i nto a batch
feed process system The systemconsi st ed of
a vi brating screen, three hydrocycl ones, a
frothflotationcell, andaspiral concentrator.
Three process sinul ationtest runs were

desi gned and conduct ed for the | agoon 1 soi |,
| agoon 6 soi |, and t he sl udge band soi | . The
sand and sl udge gener at ed fromt he si mul a-
tion runs were col | ected and anal yzed. The

sl udge cake was further subjected to a TALP
anal ysi s for chronmum

RPF-043.pm5\0801-01.pm5
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Il APPENDI X A-TREATABI LI TY STUDY RESULTS (CONT.) NN
Treatability Study Perfornmance Data

Labor at ory Screeni ng Step: The particl e si ze
distributioncurvesinHgure A1 devel oped

during

t he | abor at ory screeni ng showt he

rel ative anounts of coarse and fi ne-grai ned
sizedmaterialsinthe soil and sl udge t est ed.
The concentrations of netal s i n each size
fraction of the | agoon conposite sanpleis
shown in Tabl e A 1. These resul ts indicate that
| agoons 1 and 6 and t he

sl udge band ar ea cont ai ned

nativesoil naterial that
m ght be anenabl e t 0 soi |
washi ng treat nent ; how

ever, |

excl usi vel y of non-soi
naterial wthahighfines
content and woul d not |ikely
be armenabl e t 0 soi | washi ng
treatnent. Qnly soil from

| agoons 1 and 6 and t he

sl udge band ar ea wer e
further subj ected to bench-

mcrons. Also, for theflotationstudies, a
surfactant concentration of 240 gr/ton and a
nat ural | y-occurring pHw th pretreat nent by
attrition scrubbi ng woul d provi de t he best
flotationresults. For the gravity separation
tests, theresultsindicatedthat gravity separa
tionwoul d not be effectivefor treatnent of
KCP soi | s, because poor separation occurred

agoon 4 consi st ed

scal etesting. [5] 1000 100
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Bench- Scal e Testi ng: The

resul ts fromt he bench-scal e

 Lagoon 1 ® Lagoond & Lagoon B vsmmsar:’

test indicatedthat, for the
hydr ocycl oni ng operation, acut point for the
KQP soi | washi ng unit woul d be set at 40

Figure A1. Particle Sze Dstribution Qurves

and no shifts i ncontamnant concentrations

wer e observed. A so, for the sl udge

Table A-1. Particle Size Dstribution and Contam nant Goncentrations [5] oper at ion, MJgUl FL- 5009 woul d | ead

Lagoon Conposite Sanple

to the best pre-settling perfornmance

and Mogul XH 1990 woul d | ead to t he

best dewat eri ng perfornance. Afilter

cakewth adry solids concentration of
52%was produced with a pl ate and
frane filter press during the bench-
sca etest. [5

Pi | ot - Scal e Testi ng: The nass bal ance/
recovery resul ts fromthe pil ot-scal e
testingindi catethat the process

si mul ati on equi pnent treated the KCP
soilstoneet the target cl eanup goal s.
The sl udge fromeach process si mul a-
tion run did not exceed the chron um
TAPIlinit; therefore, the sl udge woul d
not be consi dered a RCRA hazar dous
waste. [5]

U.S. ENVIRONMENTAL PROTECTION AGENCY

Size  Fractions Distribution Concentration (ppm)
(microns) (%) Cu Ni Cln
>40,000 0.7

10,000 to 40,000 3.8 18,000 3,900 1,600

4,000 to 10,000 2.4 18,000 3,200 1,700

2,000 to 4,000 2.5 9,400 1,700 1,300

1,000 to 2,000 7.4 6,100 1,300 1,500

500 to 1,000 12.3 2,200 450 560

250 to 500 12.7 2,600 560 710

125 to 250 7.8 7,600 1,600 1,700

63 to 125 7.1 13,000 2,900 2,500

38 to 63 10.8 12,000 2,700 2,500

20 to 38 2.5 16,000 3,800 4,200

<20 29.9 12,000 3,400 4,400
TOTAL 100 9,215* 2,227* 2,407*

*Cal cul at ed
S g,
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Il APPENDI X A-TREATABI LI TY STUDY RESULTS (CONT.) NN

Treatability Study Cbservations and Lessons Lear ned

B The concentrations of netalsinsoils | agoon 4 di d not contai n native soi |
treated during the pil ot-scal e (process nmaterial and woul d not be amenabl e
simul ation) runs ranged fromeé2 to to soi | washi ng.

1, 500 ppmfor copper; 18 to 86 ppm

for nickel: and 13 to 130 ppmfor B Fomthe bench-scal e fl otation step,

the aci d consunpti on was very hi gh

chrom um )
so pH adj ust nent woul d not be
B Fomthelaboratory screening step, it perfornedinthe pilot-scal etests.
was concl uded that material from Aso, noflotationoccurred after 10
| agoons 1 and 6 cont ai ned nati ve soi | mnutes, even though retentiontines
naterial that mght be anenabl e to wer e vari ed.

soi | washing treat nent, but that

S g,
. . U.S.ENVIRONMENTAL PROTECTION AGENCY
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Il APPENDI X B—DEMONSTRATI ON RUN RESULTS I

Denonstration Run Objectives

Adenonstration run usi ng soi | fromthe K ng
of Prussia (K@ Techni cal Qorporation Super-
fund site was perforned to confirmthe
findings of thetreatability study andto expand
upon the operating paranetersrelatingto full -
scal e operations. A so, a successful denon-

Denonstrati on Run Descri ption

strationrunwoul d rei nforce the sel ecti on and
appl i cation of the RCD specifi ed renedy, and
thereby potential |y streanhi ne the revi ewby
BPA and hast en act ual constructionof the full-
scaeunit. [6

Soi | was sel ectivel y excavat ed fromt he KCGP
sitein My 1992, in accordance with an BPA
approved excavati on pl an. The goal of the

sel ecti ve excavati on was t o excavat e soi | s for
the denonstration run that were represent a-
tive of siteconditions and a so be bi ased hi gh,
wthrespect tothelevel of contamination, to
confirmthe ability of the treatnent systemto
achi eve the treat nent standards. Approxi -

nat el y 164 short tons of soil were excavat ed
fromareas i n and around | agoons 1 and 6, the
swal e and sl udge band. Anon-site x-ray

fl uorescence (XRF) instrunent was used to
screentargeted soil s for excavati onand to
quantitatively deterninethe concentrations of
copper, chronium and ni ckel inthe excavated

sl. [6]

The excavat ed soi | was pl aced i nt o 200 1-ton
super sacks. A conposite sanpl e of soil from
each sack was anal yzed with the XRFto
ensurethat the soil contai ned at | east one
netal above t he RCD cl eanup requi renent s.
The sacks were then properly | abel | ed for

shi pnent of hazar dous wast e and transport ed
tothe Port of Newark, NewJersey. The sacks
wer e | oaded ont o a ship of the Mediterranean
Lines, transported to the Port of Rotterdam
and ultinatel y trucked to the Hei demj
Rest of fendi ensten soi | washingfacilityin
Mber di j k, Netherlands for the denonstration
run. The soi|l was screened and bl ended at t he
facility on July 18, 1992 and processed
through the unit on July 22, 1992. The dura-
tion of the demonstration run was seven
hours. The process residual s were returned to
the Lhited Sates on Qct ober 20, 1994, again
through the Port of Newark. The oversi ze and
product werereturnedtothe KOPsite as
clean naterial and staged for restoration of
the site, while the sl udge cake was di sposed

at the GSX P newood Treat ment, St orage, and
D sposal Fecility.

Pre-Processing Activities: The contents of each
of the 200 super sacks were screened at 4 cm
using a GQizzly vibrating bar to renove t he gross
over si ze, whi ch was wei ghed, conbi ned, staged,
and bagged for transport back tothe U S The
screened naterial was careful |y bl ended and
mxedtocreate asinglefeed pil e.

Feedi ng: The feed pil e was | oaded i nt o an apron
feeder using afront-end | oader. The feed rate was
controlledas the naterial was fedto the feeder
conveyor andintothefirst process unit.

Screeni ng: The feed soil s were screened to 2 nim
using avi brati ng wet screen. Orersize naterial

was renoved vi a conveyor, staged, and r ebagged
for returntothesite. The soil/sl urry underfl ow
fromthe wet screeni ng was then punped to
separationunit.

Separ ati on: The underfl owwas processed

t hrough a 10" Mbzl ey hydrocycl one, w th subse-
guent processing of the fines and water and t he
coarse-grai ned nateri al through separate 5"
Mzl ey hydrocycl ones. Al | three hydrocycl ones
were adj usted at a cut point of 40 microns. The
under f | ow (coar se-grai ned naterial) fromthe
separation unit was further processed t hrough a
frothflotation device while thefines were nan-
aged t hrough a sl udge dewat ering unit.

Froth Hotation: The sand treat nent trai n consists
of acontact scrubber, wherethe surfactant is
added, afrothflotationcell where treat nent
occurs, and a sand dewat eri ng screen. The froth
vas further directedtothe Lanel laclarifiers. The
sand was dewat ered on an osci l | ati ng sand

dewat eri ng screen. The dewat er ed sand was
noved by conveyor belt to a staging area where it
was wei ghed and bagged.

S g,
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Il APPENDI X B—DEMONSTRATI ON RUN RESULTS (CONT.) IHNIIIINENEGEGE

Denonstrati on Run Description (cont.)

Sl udge Dewat ering: The fines and water from feed pil e sanpl es, 6 process oversi ze sanpl es, 1

the separation unit are processed t hrough a pre-flotation product sanpl e, 22 sand product
floccul ati on unit, where coagul ant was added sanpl es, 6 sl udge cake sanpl es (for total netal s)
and thickened onthe Lanel la clarifiers. The and 2 sl udge cake sanpl es (for TOLP netal s) were
sol i ds wer e dropped i nto t he bott omhopper col l ected. The sanpl es and split sanpl es were
and t he sl udge was punped to a belt filter anal yzed prinarily for chrom um copper, and
press. The sl udge was dewat er ed and noved ni ckel using APprotocolsby DC Giffithlabora
to a staging area where it was wei ghed and tory located i n the Netherl ands, and by | EA
bagged. During this denonstrationrun, 14 laboratory inNorth Grolina

Denpbnstrati on Run Results

Theresults of thefeed pile are presentedin successful inneetingthe stated objectives of
Tabl e B-1; those of the cl ean sand product in treatingthe KIPsoilsto RDrequired | evel s
Tabl e B-2; and the sl udge cake resul ts are wththe soil washing unit configurationas

presented in Tables B-3 and B-4. These results recomrmended inthe treatability study report.
i ndi cate that the denonstrati on run was

Tabl e B-1. Process Feed Material [6]
Ki ng of Prussia Technical Site Denonstration Run
Moer di j k, The Net her| ands

July 22, 1992
(all ny/ kg)
cr cu Ni Dry Solids
Sample DCG IEA DCG IEA DCG IEA (%)
1 790 872 1,600 1,470 433 409 83.5
2 745 1,600 415 83
3 705 759 1,300 1,080 408 357 85.5
4 705 1,400 420 85
5 910 982 1,850 2,170 660 639 82
6 815 1,900 473 85
7 855 1,080 1,500 1,310 460 368 83.5
8 710 1,250 393 86
9 735 675 1,250 1,110 435 378 86
Average 770 870 1,500 1,430 460 430 84.4

Per the agreed plan, all discrete process naterials were mixedintoafeedblend pile. Results of this
activity were captured on vi deo t ape.

Ef ficiency of the bl endi ng operation and feed to the pl ant was neasured vi a a series of nine (9) radial

hol | ow st emauger borings, anal yzed for contaninant metal s chrom um copper, and nickel. In addition,
five (5) sanples were split for OLP anal ysi s by | EA Laboratories inthe Uhited States.

Anal ysis of the nine sanples by D.C. Giffith (DOG showed good consi stency with averages and ranges for
each netal . CLP anal ysis by |EAon five split sanpl es showed sim|ar consi stency and cl ose agreenent to
the results generated by the Dutch | aboratory. Fromthese data, it was concl uded that the feed pil e was
sufficiently bl ended to introduce a consi stent feed to the process.

S g,
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Il APPENDI X B—DEMONSTRATI ON RUN RESULTS (CONT.) NG

Tabl e B-2. Product Sand [ 6]
Ki ng of Prussia Technical Site Denonstration Run
Moer di j k, The Net her| ands

July 22, 1992
(all my/ kg)
cr cu Ni Dry Solids
Sample DCG IEA DCG IEA DCG IEA (%)
1 - 0900 No sample taken, sand not discharging
2 - 0930 98 195 41 90
3 - 1000 250 266 465 668 105 119 81
4 - 1030 185 370 73 83
5-1100 130 97 270 187 53 43 84
6 - 1130 115 240 46 84
7 - 1200 155 161 315 353 67 77 83
8 - 1230 76 145 33 84
9 - 1300 150 129 305 258 63 66 84
10 - 1330 140 280 54 84
11 - 1400 140 183 310 428 65 98 84
12 - 1430 235 520 120 81
13 - 1500 185 455 87 83
14 - 1530 205 465 97 86
15 - 1600 220 195 445 429 91 99 83
16 - 1630 205 430 89 83
Average 170 170 350 390 70 80 84
Treatment
R 483 3,571 1,935
Tabl e B-3. Sl udge Cake Results [ 6]
Ki ng of Prussia Technical Site Denonstration Run
Moer di j k, The Net her| ands
July 22, 1992
(all my/ kg)
cr cu Ni Dry Solids
Sample DCG IEA DCG IEA DCG IEA (%)
1 4,400 7,300 2,300 44
2 4,400 4,470 7,400 7,330 2,300 2,360 46
3 4,700 4,760 8,100 7,950 2,700 2,670 46
4 5,500 9,300 3,200 44
Average 4,750 4,615 8,030 7,640 2,630 2,515 45

Thi s tabl e tabul ates the results of the produced sl udge cake. The sl udge cake contai ns the treated
contamnants and wi || be di sposed at an appropriate off-site facility.
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Il APPENDI X B—DEMONSTRATI ON RUN RESULTS (CONT.) NG

Tabl e B-4. Sl udge Cake Resul t s—¥CLP Metal s [ 6]
Ki ng of Prussia Technical Site Denonstration Run
Moer di j k, The Net her| ands
July 22, 1992

| EA Anal yses Only

Results
Regulatory
Sample Number (mg/L)

Standard
TCLP Metal (mg/L) 1 2 3 4
Arsenic 5 <0.61 <0.61 <0.62 <0.63
Barium 100 <14 <17 <48 <37
Cadmium 1 <0.12 <0.12 <0.12 <0.12
Chromium 5 21 1.8 <0.65 <0.67
Mercury 0.2 <0.02 <0.03 <0.02 <0.02
Lead 5 <0.65 <0.71 <1.0 <0.96
Selenium 1 <0.11 <0.11 <0.11 <0.11
Silver 5 <0.60 <0.60 <0.60 <0.63

The TCLP Metal Anal yses confirmthat the produced sl udge cake does not exceed TCLP regul atory
standards. The sl udge cake i s not the product of the treatnent of any |isted RCRA hazardous waste
and does not denonstrate any hazardous characteristics.

Denpnstrati on Run Observati ons and Lessons Lear ned

B The product sand fromt he denon-

stration run showed | evel s of 76 to
266 my/ kg for chronmium 145 to 668
ny/ kg for copper, and 33 to 120 my/
kg for nickel .

The sl udge cake was anal yzed by
TAPand theresults were |l ess than
theregul atory standards for identifica-
tion as a RCRA hazar dous wast e.

The spray headers di d not adequat el y
contact all of the soil nass inthe wet
screeni ng of the feed and bypassi ng
(short-circuiting) of sonesoil oc-
curred. The full-scal e unit was nodi -
fied by i ncreasing t he bed | engt h and
by redesi gni ng t he header bars.

The froth flotation unit devel oped an
excessi ve froth | ayer usi ng the recom

nended surfactant. The surfactant for
thefull-scaleunit was nodifiedto
reduce the frother strength of the
surfactant.

The average dry sol i ds content of the
sl udge cake was 45% | ess than the
desired 55 percent. Theidentification
of afiltrati on-aidi ng pol yner was
investigatedfor thefull-scaleunit.

The denonstration run was com

pl et ed usi ng hazar dous wast e t r ans-
ported fromthe US tothe Nether-

| ands. The |l ogi stics of inporting and
exporti ng hazar dous wast e bet ween
the U S and t he Net her| ands was
coordinated throughthe US BPA's
RCRA Enf or cenent Di vi si on and t he
Dut ch equi val ent, VRCM
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Il APPENDI X C—FULL- SCALE ANALYTI CAL RESULTS I

Tabl e C-1. KOP Production Conposites
Process Oversize [12]

Date Sampled (week of) (mg/kg)
ROD Cleanup * ox wak
Constituent Level (mg/kg) 712 718 7116 7123 7130 8/6 8/13 8127 9/10 9/24 10/8 10/11
Arsenic 190 043B 034U 032U 036U 039U 045B 082B 0508 0.98 14 B 0.76 B 0.66 B
Beryllium 485 5.3 3 3.1 2.7 2.7 6.8 7.4 7.2 9.6 11 7.3 4.5
Cadmium 107 036U 036U 057U 047U 045U 059U 057B 08U 08U 08U 08U 0978
Chromium 483 120 98 110 81 92 210 210 220 280 310 200 130
Copper 3,571 230 190 250 180 170 380 330 420 520 545 580 320
Lead 500 9.6 3.1 3.4 3.5 3.1 6.2 4.5 6.9 14 12 8.3 5.6
Mercury 1 009U 010U 009U 010U 010U 009U 010U 008U 010U 010U 010U 010U
Nickel 1,935 72 72 79 58 58 120 97 120 150 150 110 7
Selenium 4 03U 03U 032U 036U 039U 039U 020U 020U 040U 040U 040U 040U
Silver 5 072U 072U 076U 063U 060U 079U 060U 060U 060U 060U 080U 060U
Zinc 3,800 29 28 34 26 27 69 50 71 76 68 59 39

*Last | EAResul t
**F rst | TCorp Resul t
***Begi nni ng of Two Week Conposite

Tabl e C-2. KOP Production Conposites
C ean Sand [ 12]

Date Sampled (week of) (mg/kg)
ROD Cleanup * ox wak
Constituent Level (mg/kg) 712 718 7116 7123 7130 8/6 8/13 8127 9/10 9/24 10/8 10/11
Arsenic 190 03U 037U 034U 033U 036U 036U 039B 020U 022B 036B 024B 028
Beryllium 485 2.8 1.8 iLl5 0.93 0.96 1.7 3.1 2.1 2.6 2.3 1.9 1.8
Cadmium 107 036U 034U 049U 053U 055U 054U 076U 08U 08U 095B 08U 080U
Chromium 483 73 58 63 38 37 62 94 61 70 63 57 44
Copper 3,571 150 100 100 61 52 85 140 110 158 150 150 100
Lead 500 6.1 3.9 3.3 3.3 2.6 2.6 3.4 3.5 4.3 3.4 3.4 3.6
Mercury 1 008U 009U 009U 008U 009U 010U O0O10U 010U 010U 010U 010U 010U
Nickel 1,935 32 28 30 20 18 27 36 32 38 27 23 21
Selenium 4 03U 037U 034U 033U 036U 036U 020U 020U 0.2 040U 040U 040U
Silver 5 073U 008U o065U 071U 073U 071U 057U 060U 060U 059U 060U 060U
Zinc 3,800 16 15 17 11 9.4 17 23 18 22 19 15 12

*Last | EAResul t
**F rst | TCorp Resul t
***Begi nni ng of Two Week Conposite
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