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f_  Proceedings: Fifth International Conference on Case Histories in Geotechnical Engineering

i New York, NY. April 13-17, 2004

GEOENVIRONMENTAL SITE CHARACTERIZATION TO TREATMENT: LEAD CONTAMINATED FIRING RANGE CASE

Dimitris Dermatas
Stevens Inditute of Technology
Hoboken, New Jersey-USA-07030

ABSTRACT

Mike Dadachov
Stevens Inditute of Technology
Hoboken, New Jersey-USA-07030

Paul Dutko
Stevens Inditute of Technology
Hoboken, New Jersey-USA-07030

The methodol ogies employed and the results obtained during the performance of acomprehensive geoenvironmentd site characterization case study are
presented. The study demonsgtrates the need to integrate research tools from various disciplines including geotechnicd, andlytica and minerdogica

specidtiesin order to develop athorough understanding of both the nature and extent of the environmentd issues associated with the Site and the most
viable dternatives for its remediation. Particle Sze digtribution coupled with contaminant fractionation studies and minerdogica and micromorphologica

andyseswere performed on the soil samples collected onsitetoidentify the metds present, their concentrations and the mechanisms of transformation. Lead
fragments found in the soil samples were andyzed by means of X-ray diffraction (XRD) and scanning e ectron microscopy (SEM). Quantitative phase
andysis studies showed that the fine soil fractions contained considerable amounts of lead carbonates, which owing to their colloida nature could not be
reedily removed using gravitational methods. To mitigate this deficiency, a bench- scae chemicd trestment experiment based on dissolution of the Pbwas
performed. Although the study is il in progress, the benefits derived from using the multi- disciplinary approach for site characterization described herein

warrant consideration by others who may face similar chalengesin the future.

INTRODUCTION

Site characterization studiesfor smdl armsfiring rangesare performed to
identify whether the fadlity is in compliance with environmenta
regulations and/or if the facility poses an environmentad hazard to its
users or those who live or work nearby. In many cases the ste
characterization, while compliant with U S Environmenta Protection
Agency (EPA) requirements, is conducted from a limited perspective.
The performance and interpretation of a series of regulatory analytica
teststhat measuretota metals concentrationsand Toxicity Characterigtic
Leaching Procedure (TCLP) leves, using samples collected at selected
locations acrossthe site, will identify whether an environmenta problem
exigs. However, without benefit of additiond data necessary to
characterize the soil, groundwater and overall Ste conditions, neither the
source nor the extent of the problem or the viability of various remedia
aternatives can be rdiably addressed.

This paper presents acase higtory involving asite characterization of the
soil projectile impact berms a the Armaments Technology Fecility

(ATF) a PFicainny Arsend, New Jersey. The integration of data
collected from geotechnicd,, andytica and mineraogicd studieswasvitd

in both theidentification of the environmentd issuesrdated to the Steas
well as providing afocused coherent gpproach to their mitigation. While
the authors do not believethat dl steswarrant thelevel of investigation,
testing and analysis presented below, the recognition that such options
are available and can be gpplied when circumstances dictate will benefit
those responsible for the performance of such efforts.
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BACKGROUND

The dte characterization methodology presented in this paper was
devel oped during theimplementation of aresearch effort a the Ficatinny
Arsend (Picatinny) in New Jersey. Picatinny is part of the US Army
Research, Development and Engineering Command (ARDEC) whose
mission includes the design of new weaponry and the improvement of
exiging wegpons used by the Army. An integrd eement used in this
effort isthe Armaments Technology Facility (ATF) located at Picatinny.
The ATF congists of two indoor firing ranges, one a 100-m long facility
and the other a 300-m long fadility. Therangesarelocated immediately
adjacent to each other and are used in the testing and eval uation of small
arms designs and/or modifications.

Soil bermsarelocated at the extremefar end of each range and are used
to control and collect the projectiles fired within the ranges. Due to the
high usagerate of thefacility, the soil contained withinthefirst fivefest of
the impact face of the berm had become significantly pulverized and
laden with heavy metd fragments. These conditions posed serious safty
problems dueto theincreased level of dust emitted from the face during
firing as well as the greater tendency for uncontrolled ricochet of the
projectiles upon impact with the metd fragments.

To mitigate the problem, it was decided that the soil comprising thefirst
fivefeet of the berm would be removed and replaced with fresh materid.
However, the only option avalable for find dispostion of the
contaminated soil gppeared to be landfill disposd. This problem was



brought to the attention of the RangeSafe group located at Picatinny
whosemissionistheidentification, testing, validation and implementation
of new technologies that enhance the safety, functiondity and economic
agpects of firing range operations. Following an evdudion of the
problem and its potentia solutions, RangeSafe personnel redized that
from an economica perspective, landfill disposd was the most cost-
effective means of for find dispogtion of the contaminated soil.
However, condgtent with their mission, it was decided to initiate a
research effort intended to identify aternate optionsthat both minimized
cogts and at the same time were more environmentally compliant.

To thisend, Stevens Indtitute of Technology was awarded a research
contract by ARDEC to conduct such astudy. The method of identifying
and integrating rdlevant aspects of the geotechnicd, andyticd and

minerdogicd disciplines forms the bass of what the authors believe to
be an effective gpproach for use when implementing environmentd ste
characterizations.

EXPERIMENTAL METHODOLOGY

The methods used to collect and test the soil and metals samples are
discussed below.

Sample Collection

The s0il samples used in this study were collected prior to, during and
subsequent to the soil remova effort conducted at both the 200-m and
300-m firing ranges at the ATF. Asindicated above, the remova and
replacement of the soil located in the fird five feet of each berm was
necessary due to the pulverization of the soil that had resulted from
repeated projectile impacts and the accumulaion of numerous
projectiles at and near the impact faces. The pulverization was causing
an unacceptable quantity of dust to be released during firing activities
and the buildup of projectiles was increasing the likelihood of ricochet.

Theinitid sampling effort involved the callection of oil samples(in5-gd
plagtic containers) directly from the surface of each range and asample
of virgin sail (not previoudy fired upon) that had been stored in asupply
hopper located on the roof of the range. Information provided by the
ATF operations personnd indicated that soil used to congtruct both
berms had been supplied from a single source and over the same time
period and should be essentidly the same for each range.

A second sampling effort was performed during soil removd activitiesat
each berm. In order to determine the variation in the soil conditionsasa
function of the depth into the berms; it was decided that the soil would
be removed in successive 1-ft. thick layers pardld to the face of the
berm. A schematic of the remova processis shown in Fig. 1.

During berm excavation, individua stockpiles of the soil in each layer
were created. The materia wasthen screened to remove oversized soil
particles, projectilesand any undetonated rounds that may have existed
withinthe soil. The screening processwasinitiated using two screens. A
1/8-in. upper screen was used to remove the larger materialsand reduce
the loading imposed on the lower, finer #10 (2.36-mm) screen.
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Picatinny Arsenal - Armaments Technology Facility
100 Meter and 300 Meter Indoor Ranges
Soil Removal Schematic Layout

Impact Berm SNA N3 N2\

<>
Layer (Pile) Identification Number Typical 1. Interval

Fig. 1 — Materid Remova Schematic for ATF Soil Impact Berms

At the outset of work on at the 300-m range, excessive clogging of both
screens occurred and was caused by the presence of moisturewithin the
soil. Themaisture existed as aresult of range maintenance activitiesthat
involved the use of awater spray applied to the surface of theberm to
provide dust control during test firing operations. Attempts to mitigate
the problem using a¥-in. upper screen and a1/8-in. lower screen were
likewise unsuccessful. Following a review of the historica usage of the
range, it was decided that munitions fired at this location that posed a
potentid safety issue could be removed by using a 3/8-in. by 4in.
dotted screen. This screen was then used to process the remainder of
materia from thisrange. However, goproximately 3-tonsof soil that had
been successfully screened over the #10 sieve prior to changing the
screening method were stored separately from the remainder of the
processed material. The over-szed soil and projectile particles collected
onthe 3/8-in. by 4-in. dotted screen were stored in 90-ga meta drums.
A photograph showing the typica contents of the drumsis presented in
Fig. 2.

Fig. 2 — Oversized Projectile Fragments Removed From ATF Soil
Impact Berms

After screening, the soil was loaded into 20-CY waste containers, with
each layer being placed in separate containers, to the extent practical.
One soil sample of the contents of each container was collectedina5-
gd. pladtic bucket during loading by periodicdly obtaining smdl portions
of materid from the bucket of the loader asthe soil wasbeing placed in
the container.

Essentidly the same procedures were used for theremova and sampling
of the soil located at the face of the 100-m range. However, dueto the
drier condition of the soil found in this range, it was possible to use a
standard 3/8-in. square screen ingtead of the 3/8-in dotted screen used
in the 300-m range. This changeis beieved to berdatively inagnificant
since the overd| quantity of materia coarser than the 3/8-in. Seve was



less than 5% by dry weight.

Additiond sampling of the containers for both ranges was dso
conducted later in the research program. In this case the sampleswere
callected by usng ahand auger to retrieve materid over the entire depth
of the soil present in each container a 4-6 locations equdly spaced
aong the centerline of the container.

Testing Procedures

In order to properly characterize the various materids (soil and metals)
present in the berms, a comprehensive testing program was performed
involving the collection of geotechnicd, andyticad and mineraogicd data
The types of tests performed in each category are listed below aong
with a brief description of any modifications/deviations that may have
been employed during implementation of standardized procedures.

Geotechnicd Teding.

Water Content — ASTM D2216-92: No deviations from the
standard method were required.

Liquid Limit, Plastic Limit and Plasticity Index — ASTM
D4318-84: No deviations from the standard method were required.
However, it should be noted that the liquid limit (“LL") and plastic limit
(“PL") testswere conducted on samplesthat were prepared in their “as-
sampled” date; i.e. not air-dried.

Particle Sze Analysis — ASTM C136-96a: No deviaionsfrom
standard method were required.

pH — ASTM D4972-95: Five deviations from the standard were
employed. These were:

a. Themaximum particle size of the test specimens was finer than
the 3/8-in. Seve and not the #10 Sieve;

b. Thesoil wastetedinits“assampled”’ condition and wasnot air
dried prior to testing;

c. Deonized water was used instead of didtilled water;

d. A second pH measurement using 0.01 M CaCl, was not
performed;

e. pH measurements were dso made a a 2:1 deionized water to
soil (by dry weight) ratio in addition to the 1.1 ratio pecified in
the test procedure.

Andyticd Teding.

Total Digestion Test—EPA Method 3050B: No deviationsinthe
test procedure were made.

Toxicity Characteristic Leaching Procedure (TCLP)Test —
EPA Method 1311: No deviations in the test procedure were made.

For both of the andyticd tests indicated above, concentrations of the
soluble lead were determined using an inductively coupled plasma
optical emission spectrometer (ICP-OES) (Varian VisgaMPX, Pdo
Alto, CA)

Paper No. 8.06

Minerdogicd Tedting. Themineraogica testing performed for thisstudy
involved both X-Ray Diffraction (XRD) Andyss and opticd and
Scanning Electron Microscopy. (SEM). The procedures used in the
execution of these andyses are as follows:

X-Ray Diffraction Andysis. The XRD analyses of the ATF soil were
performed on materia obtained within the first two feet of the 100-m
rangeimpact surface. Sample preparation involved aninitid screening of
the materid through a#4 (4.76-mm) seve, sincethe materid presentin
thefraction coarser than #4 sieve consisted predominately of projectiles,
projectile jackets and various other metdlic fragments associated with
test firing. The —#4 mesh soil materids (soil that passes the #4 seve)
wereweighed and fractionated in accordance with the method described
below.

Duplicate sub-samples (Sample A and Sample B) of about one hundred
gramsof the soil were obtained using asample splitter. Each sub-sample
serieswas mixed with 250 ml of deionized (DI) water and stirred using a
magnetic stirrer. The magnetic materias collected on the dirring bar
were removed in order to form a separate fraction, identified as the
“Magnetics Fraction”. After mixing, the suspension containing the finer
fractionswas collected in aseparate beaker. The coarsefractionswere
washed ultrasonicdly to achieve a thorough separation of the finer
particles from the coarse fractions. Subsequently, the water used for
fractionation was combined with the water and soil collected from the
ultrasonic trestment. Thetota volume of water used during fractionation
was approximately 1+0.1L. This processled to separation of each soil
aub-sample (Samples A and B) into nine fractions identified in
accordancewith the range of particle sizes (based upon ASTM standard
sieve mesh numbers) that they represented. The magnetic fraction was
not separated on asize-basis. Theninefractionsareidentified asfollows:
magnetic, +4, -4+10, -10+40, -40+100, -100+200, -200+325, -325
down, -325 up. Fractions-325 down and-325 up were obtained from
the materia which passed through a #325 mesh seve in the following
manner: the—#325 mesh suspension (~ 1000ml) was|eft to settlefor 16
hours, then the settled materids (- 325 down) were separated from the
partides ill in suspension (-325 up fractions). Each fraction was then
collected on a 0.45nm membrane filter under suction, washed with a
smdl amount of acetone and ar dried at room temperature. Soil
fractions of Sample A were used for opticd, SEM and XRD studies,
while Sample B fractions were used for chemicd andyses
Independently prepared samples were dso chemically andyzed for
quality assurance purposes and were designated as Sample C.

The XRD analyses of the soils conducted as part of this study were
performed using a computer-automated diffractometer (Rigaku DXR-
3000) that uses Bragg-Brentano geometry. The X-ray sourcewasaCu
anode operating at 40 kV and 40 mA with grgphite-monochromated
CuKa radiation. Datawere collected between 3 and 70° in 2 theta (Q)
with a step size of 0.05° and count time of 5 sec per step. Silicon
powder (NBS 640 a = 5.43088 A) was used to correct 2Q vaues.

Scanning Electron Microscopy. Andyses of the soil particlesand metdl
fragments were made using a Karl Zeiss Model LEO890 Scanning
Electron Microscope with Energy Dispersive X-ray Andysis (EDAX)
cgpability for compositiona andysis of the gpecimen being analyzed.




Physical Separation Testing

Thephysica separation testing phase of the sudy wasinitiated following
acomprehensve review and anadysis of the geotechnicd, andytica and
minerdogica characterization data. One of thekey itemsidentifiedinthe
review wasthat 71%to 86% of the total amount of lead containedinthe
s0il exigs in the gravel and sand sized soil fraction. Based upon this
factor, a broad review of exigting literature and discussions with
treatment equipment manufacturers, it was decided that an investigation
as to the viability of removing the lead and other heavy metds using
physica separation techniquescommon to the* soil washing” technology
wasjudtified. Given that the degree of difficulty for effective separation
typicaly increaseswith decreasing particle size, it wasfurther decided to
initiate work using materid finer than the #10 sieve and larger than the
#200 seve (medium to fine sand size range). Furthermore, consistent
with theintent of the study to identify cost- effective dternativestolandfill
disposd, a spiral concentrator was sdected to be the firgt of the
candidate componentsto be eva uated since thistype of deviceisone of
the least expensive separation mechanisms to purchase and operate.
This choice was ds0 in line with the -#10 +#200 particle size range
sdlected for investigation, because thisrangeis at the lower end of the
operationa range of conventiond concentrators.

Spird concentrators are common to the mining industry and are used
routindly to fractionate materids containing particles of different
dengties. Basicdly, the spird concentrator is a continuous helicdly-
shaped channd located around a centra axis. The configuration and
number of flights or “turns’ incorporated into the system is dependent
upon the specific gpplication for which the concentrator will be used. A
typicd five-turn unitisshownin Fig. 3. During operation, the materid is
discharged in durry form at the top of the spird and in the course of the
downward travel through the spird the denser, larger particles tend to
callect dong theinterior of the channel while, due to centrifugd forces,
the lighter particles report to the outer edges of the channdl. A series of
finger leversislocated at the bottom of the device and the segregation of
the discharged materids is done manudly using these levers. The
sdlection of thelever sattingsor “ cut points’ ismade by the operator and
isbased upon both the visua inspection of the discharge and experience
gained following analys s of post-treated materid. While gppeering crude
initsleve of sophidtication, this equipment has been proven to provide
an effective, low-cost means of materid separation.

Whilethe deviceissimplein gppearance, its performanceisbased upon
numerous parameters such as the “pitch” or angular orientation of the
flights, the number of flights, the size didribution and shape of the
particles being separated, the magnitude of the dendty differences
between components, and the solids concentration and flow rate during
operation. Other, less obvious but much more complex phenomenacited
in the literature (Atasoy and Spottiswood, 1995; Davies et. d., 1991;
Holtham, 1992; ) such as hindered sttling, Bagnold forces, and
exisence of various flow regimes withinthedurry asit travelsdown the
spird dl but diminate atheoreticd prediction of the effectiveness of the
separation process. As such, pilot-scae tests are usudly necessary to
reliably evaluate the performance of aspecific spira concentrator for the
s0il under consideration.

Theinitid round of spird concentration testing was performed using a
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Linatex five-turn spird concentrator with amedium pitch orientation. A
composite sample created by combining equa masses of materia from
the Layers 1& 2 container of the 100-mrange and the Layer 1 soil from
the 300-m range was used in the evauation. The soil was prepared for
testing by first removing thematerid coarser than the#10 seveand finer
than the #200 sieve since this was reported by the manufacturer to be
the particle Sze range over which this unit was to be most effective.

Fig. 3—Fve-Turn Spira Concentrator

A second series of testswas performed following analysis of the results
obtained during theinitia evauation. For thiswork, aLinatex seven-tum
spira concentrator was used in place of the five-turn unit. The change
was made to determine if the increased length of travel provided in the
seven-turn system would enhance the efficiency of the metdls removal.
Further, the basic -#10 +#200 feed materia was separated into two
particle size ranges ingtead of one. This was done to establish if the
degree of the metals segregation could be enhanced if the soil feed was
composed of particles having agreater uniformity insize. Therefore, the
basi ¢ feed was separated into one size range consisting of -#10 to +#50
materid and a second containing the -#50 to +#200 particles. The
material separations at the #10 and #200 sizes were made using Seves,
however an e utriation system was used to effect the separation at about
the #50 Seve size. Therefore, it is likely that finer lead particles were
present in the coarser sizefraction since being denser, they would report
with the coarser soil particles.



Chemicd Extraction Tedting.

A bench-scde testing program to assess the efficacy of chemica
extraction of the heavy metds, particularly lead, wasinitiated as aresult
of, and subsequent to, areview of the findings provided in the physica
separation studies. The initid spird concentrator results reveded that
only two of the 19 trested soil fractions contained tota lead
concentrations below the target value for the program of 600-mg/kg.
Therefore, while additional study options were being considered
regarding the spiral concentrator and other physical separation
processes, it was decided to initiate studies aimed at identifying the
optima conditions for chemica extraction of the lead should further
reduction by a means other than physica separation be required.

Aninitid investigation using both acetic and nitric acids was performed
to assess the lead solubilization capacity for each. While it would be
expected that thenitric acid, at the same molarity, would provideamore
thorough dissolution and reach thermodynamic equilibrium in a shorter
time than acetic acid, the latter wasincluded in the study based upon a
number of other considerations including:

lons (acetate) are nor-hazardous.

Acedic acid ismore sdective in the dissol ution process of the soil —

lead carbonate (cerrussite) matrix.

Acedic acid is weaker than either nitric or hydrochloric acid and

would be less hazardous to personnd and less corrosive to

equipment.

Lead complexes generated during solution are strong with high

solubility in water.

The experiment involved firg the preparation of individud sample
diquots 10-g to 12-g in weight which were obtained using a riffle
splitter. The soil used in the testing was taken from the 100-m range
(Layers 1 & 2 sample) and was representetive of the entire distribution
of particle sizes present in the sample. The acid solutionswere prepared
at molecular concentrations and resulting pH values required to cover
the range of interest for the study. For the acetic acid the pH of the
solutions ranged from gpproximately 5.0 to 2.6, while for the nitric acid
the pH range was from about 4.5 to vaues too low for reliable pH
measurements to be obtained (<0.9).

The soil diquots were then placed in 125-ml capacity polyethylene
bottles and the test solution was added using a10:1 liquid to solid retio
in al cases. Each bottle was mixed over a 24-hr. period using the same
rotating tumbler used in TCLP testing. Mixing by means of the tumbler
was selected in lieu of aglassbesker-magnetic dtirrer dternativeso asto
minimize the potentia for breakdown of the particles. Such areduction
in particle size could lead to erroneous results (e.g., a higher solubility
potentid of the finer particles that could result from girrer-induced
grinding during the mixing process). At the concluson of the mixing

period, the samples were vacuum-filtered over a 0.45 pum glass fiber
filter. Aliquots of the aqueous extract weretaken for both measurements
of the pogt-treatment pH and thelead concentration in solution. Thelead
concentration measurements were obtained using an ICP-OES.
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RESULTS AND DISCUSSION
The following sections present the various test results obtained from the

geotechnicd, andyticd and minerdogicd andyses performed for this
study and discuss their significance.

Geotechnicd Test Results

The results from the geotechnicd andyses are summarized in Table 1,
with graphicd presentationsof the particle-sizedatain Figs. 4 through 7.

Water Content. The water content of the soil removed from the impact
berm at the 100-m range varied from 0.8% to 4.0% while the range of
water content at the 300-m impact berm was from 1.0% to 12.1%.
Water content variability can be attributed to range maintenance
operations. More specifically, standard operating procedures a each
range required that a continuous water spray be applied to the soil

located at the face of the berm, in essentidly Layer 1, whilefiring wasin
progress to control dust emitted as aresult of projectileimpact. Thisis
reflected in the water content datawith the Layer 1 values being larger
than the values for other layersfor both ranges. Given the relative ease
with which water can flow through the sandy soil comprising each berm,
itislikely that theinterior areas of the berms becomewetted and remain
0, paticularly since the ranges are both indoors and not subject to
conventional evapo-transpiration cycles asin the case of soilsfound in
outdoor ranges. The presence of water within the soil aong with the
isolaion of the wetted soil within an enclosed area having limited

vertilaion and climate control essentidly creates an incubator within
which trandformation of the heavy metds into various species is
facilitated and accelerated. It should be noted however, that due to the
need to combine various layers within a given storage container, a
conclusive satement asto the variation of water content asafunction of
the distance into berm cannot be reliably made.

Patice-Sze Andyss. The results of the paticle-sze andyses
performed for this study are presented in Figs. 4 through 7. Figure 4
presentsthe grain size distribution of soil samples collected at theface of
the impact berm a each range in their pre-remova condition. Also
shownin thisfigureisthe grain size didtribution of soil used to construct
the berms prior to its being fired upon. Examination of this datareveds
the fallowing:

The sail prior to use in the berm (virgin soil) is a medium to fine
sand containing mica and occasiond sea-shell fragments. No meta
fragments or other deleterious materias were observed.

A dgnificant quantity of materid larger thanthe#10 Seveis present
in the soil samples collected a the face of both berms. Thisis attributed
to the projectile fragments that collect on the berm surface after firing.
Visud examination reveded that essentidly dl of this materid is heavy
metd fragments.



Table 1. Geotechnica Index Property Test Summary for ATF Impact Berm Soils from 100-m and 300-m Ranges

Range Layer Storage Scalping Water Gradation Data USCS
No. Container Screen Content Water to Solids Ratio Per cent Passing Svymbol
No. Size (as-sampled) 1:1 2:1 Sieve Size Designation for Total
% 3/4in _ 3iB-in  #4 #10 #40 #200 #400  Sample
PRE-REMOVAL DATA
—___Virgin Soil 7.64 7.87 100.0 1000 1000 99.8 842 08 - sp
100-M-1 _1-Face N/A Pre-scalp 1000 975 953 917 808 341 - SM
100-M -2 1- Face N/A Pre-scalp 100.0 98.9 923 883 781 243  --- SM
300-M 1-Face N/A Pre-scalp 100.0 86.0 811 758 643 289 SM
POST-REMOVAL DATA
100-M 1&2 9697 3/8-in. 4.0 8.72 8.90 100.0 100.0 933 90.7 774 19.0 155 SM
100M  2&3 9891 3/g-in. 0.8 8.90 8.99 1000 1000 983 971 816 86 60  SP-SM
100-M 4 9715 3/g-in. 29 8.83 8.98 1000 1000 99.7 994 843 26 17 P
100-M 5 9939 3/g-in. 09 8.48 8.40 1000 1000 99.8 998 837 18 13 P
300-M 1 8841  3/8in.x4in. 12.1 8.59 8.76 1000 962 921 893 753 163 150 SM
300-M 2 9872 3/8-in. x 4-in. 35 8.61 8.85 100.0 97.1 959 948 806 9.9 7.2 SP-SM
300-M 2& 4 0038 3/8-in. x 4-in. 2.2 8.63 8.78 100.0 99.1 958 945 801 65 4.4 SP-SM
300-M 3 9114 3/8-in. x 4-in. 3.7 8.58 8.65 100.0 99.6 981 977 834 81 5.8 SP-SM
300-M 4 9112 3/8-in. x 4-in. 1.0 8.66 8.91 100.0 988 974 968 814 34 2.3 SP
300M 345 9814 3/8in.x 4in. 18 8.67 8.81 1000 1000 995 992 836 29 2.1 P
300-M 5 9470 #10 1.0 8.56 8.80 100.0 1000 1000 977 834 81 58 P
The soil collected at the face of the berms has undergone a PARTICLE-SIZE DISTRIBUTION
significant degree of particle breskdown resulting from numerous coones B L L WL
projectile impacts. Thiseffect is shown clearly in Fig. 5, which presents o 3t I 9 20 40 0 100 2025 US, Siandard Sieve Size
. . .. . . =
the particle-size digtribution of the same samplesasshownin Fig. 4, but o0
without the +#10 size metd and projectile fragments. As can be seen g \
. . . L . < WL
from this comparison, thereis a substantid increasein the percentage of & w0 \
. . . . . oo A *
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than the #200 sieve (0.074-mm) increased from 0.8% in the origind soil g \
to asmuch as 35.8% for the 100-m- 1 sample and 35.6% for the 300-m £ =
| e 0100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
v ~SZEDISTRIBUTION SAMPLE| D (FT) | SYMBOL | DESCRIPTION wEo] LA
coeles | coARE | AN Joowes | wMEDM | ANE | SLTORCLAY Virgin ISP, gray-brown f. SAND, some m. sand; mica and occasional sea shell frags.
Soil Inoted; sample from range soil supply hopper and was not fired upon
; 1001 4 S, It brown silty f. SAND, trace (+) m. send; 3 40-mm projectiles + J4-in.
100 3 1 34" 3 4 1_l|). 20 |4\0 60 100 200 325 U.S. Standard Sieve Size = |size removed prior to sieving; occ. wood frags. noted in specimen
100-2 |SM, It. brown f. SAND, some silt, trace (+) m. sand; occ. metal strips and
%0 SN 9-mm projectiles removed prior to sievi
% 80 ™ E&: 300-1 [ SM, \LperDNrt\SI"y f. SANIS, sun‘m m. Snr?d; occ. metal strips and splayed
w frags. and significant wood frags. noted; metal removed prior to sieving
2 70 N
5 50 X Fig. 5. Particle Size Digtribution of ATF Impact Berm Soil From Face of
< % . . !
z 4 LE 3 100-m and 300-m Berms (Maerid Passing #10 Sieve Only)
E 30
g o 1 5 S 1 S N i%,fi AR —
* 10 N The reaults of the seve andyses performed using the post-removd
% o i o o1 oo screened material stored in the 20-CY waste containers are shown in
GRAIN SIZE INMILLIMETERS Figs. 6 and 7 for the 100-m and 300-m ranges, respectively. A review
SAMPLE | D(FT) | SymBOL DESCRIPTION woo | o [ m of these data reved s the following:
Virgin P arav | mi i -
Sl noted: samplefrom range soil Supply hopper and was not fired upon
101 £ S bownsin( SAND. e st omousiegend = |- |- The soil nearest the impact surface of each berm has sustained the
removed prior to sieving: occ. wood frags. | A
1002 4 |SW.It brownf. SAND, somesilt, trace(+) m. sandt occ. metd stripsand | - | - f — greatest amount of particle breskdown as is shown by the gradua
9-mm projeciiles removed prior to Seving . . . . . -
Evel @ [S\.It brown({ SAND somesilt e srd o et sipsand | — | — | — decrease in the fineness of the soil gradation as a function of distance
solaved metdl frans removed orior to sevina: fren. wood fraomentsincd

Fig. 4. Particle Size Distribution of ATF Impact Berm Soil From Face of
100-m and 300-m Berms
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into the berm (increasing layer number). Since some storage containers
have amixture of variouslayers, the magnitude of the breskdown versus
depth from the impact face cannot be reliably assessed, however the
trend isvalid.
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GRAIN SIZE IN MILLIMETERS

RANGE | LAYER | CONT.# | _SYMBOL DESCRIPTION W) | L | PL
100-M | 1&2 9697 ATF Impact Berm Soil 4.0 |Non-plastic
100-M | 2&3 9891 A ATF Impact Berm Soil 0.8 |Non-plastic
100-M 4 9715 [ ATF Impact Berm Soil 2.9 |Non-plastic
100-M 5 9939 a ATF Impact Berm Soil 0.9 _|Non-plastic

Fig. 6. Post-Remova Particle-size Digribution of Impact Berm Soil
from 100-m ATF Range

The quantity of projectile fragments coarser than the #10 seve
decreaseswith distanceinto theimpact surface for both bermsindicating
a reduction in the number of projectiles that were present at these
depths. It must be noted that some varidion in the projectile
concentretions is dso likely since different screens having different
opening sizes were used during the remova and screening process for
each range. However, since the same type of screen was used during
removal within agiven range, comparisonsof datafor samples collected
within a range are bdieved to more reliable than comparisons made
between ranges.
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GRAIN SIZE INMILLIMETERS

RANGE | LAYER | CONT. # SYMBOL DESCRIPTION we) | L | pL
300-M 1 8841 ATF Impact Berm Soil 12.1 | Non-plastic
300-M 2 9872 A ATF Impact Berm Soil 35 | Non-plastic
300-M 3 9114 . ATF Impact Berm Soil 37 Non-plastic
300-M | 2&4 0038 - ATF Impact Berm Soil 22 Non-plastic
300-M 4 9112 a ATF Impact Berm Soil 1.0 | Non-plastic
300-M 5 9470 X ATF Impact Berm Soil 10 Non-plastic
300-M_13.4&5 9814 [=] ATE |mpact Berm Soil 18 Non-plastic

Fig. 7. Post-Remova Particle-sze Didtribution of Impact Berm Sail
from 300-m ATF Range

Liquid Limit, Pladtic Limit and Pladicity Index. The liquid limit, plastic
limit and plasticity index are geotechnica index properties that are
indicative of the clay content of asoil. In al cases the soil samples did
not contain sufficient quantities of clay particles to exhibit plagticity and
are therefore dassified as non-plagtic. The absence of clay particlesin
the samples, asinferred by the absence of plasticity, iscorroborated by
results obtained from the XRD anayses, which indicated the same
finding.
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Soil pH — The soil pH test results are summarized in Table 1. A review
of thisinformation indicatesthe pH of theorigind soil inits unused state
when measured a aratio of 1:1 (water:solids) is 7.6 while valuesfor the
same soil following use in the impact berms range from 85 to 89
indicating an increasein the dkdinity of the soil. Thisisbdieved to have
occurred as a result of the prolonged exposure to moisture and the
subsequent  physicochemica  transformation of the various metd
fragmentsthat were deposited in the soil during firing operations A dight
increaseinthe pH wasmeasured for al samplesat an increased water to
soil retio of 2:1. This could be explained by the reduction of the
hydrogen ion concentration due to the introduction of the additiona

water.

Andyticd Test Realts

The results of the andyticd tests peformed during the ste
characterization phase of this study are presented Table 2. Tota lead
concentrations measured using subsamples representative of the entire
range of particle sizes contained in the respective samplesrange from
20,000 mg/kg to 480 mg/kg and generally decrease with increasing
distance from the face of each berm.

Totd lead concentration data are also presented for selected particle
size ranges and vary from 132,000 mg/kg to 6,510 mg/kg. While the
magnitude of the values varies between the two range berms, the
concentration trends are smilar with highly elevated lead concentrations
inthefine grave to medium sand partidle szes (- 3/8-in. to +#40) where
the materid found is primarily metdlic projectile fragments. Lower lead
concentrations are found in the fine sand particle Sze but increase
subgtantidly with decressing particle size. However, given that the
quantity of soil comprising each particleszerangevaries, it is necessary
to determine not only the concentration of lead in each sizefraction, but
the percentage of thetota quantity of lead contained in each fractionated
range. Thesevauesare presented in Fig. 8 and reved asimilar trend for
both soils. However, a dightly greater quantity of lead is found in the
coarser size fractions at the 300-m range and the finer lead fraction is
subgtantidly higher in the 100-m range. One explanation for this
behavior may be that the projectiles undergo a greater degree of
fragmentation in the 200-m range due to a higher impact velocity given
the shorter distance traveled and lesser energy lost prior to impact.
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Fig. 8 — Percentage of Total Lead in Size Fraction for ATF Impact
Berm Soil From 100-m and 300-m Ranges



Table2. Andyticd Datafor ATF Soil Impact Berms 100-m and 300-m Ranges

RangeNo. Layer No.  Entire Sample

Total Pb Concentration by Particle Size Range

(mg/kg)

Total Pb TCLPPb -3/8-in. -#10 -#40  -#200

mgkg  mgkg

-#400

+#10 +#40  +#200 +#400

100-M 1& 2 20,000 880

132,000 47,200 6,510 33,200 54,000

100-M 2&3 12,000 1300

100-M 4 570 40
100-M 5 840 120
300-M 1 11,000 690 129,300 84,100 7,060 19,000 25,300
300-M 2 2,200 400
300-M 2& 4 1,700 130
300-M 3 820 120
300-M 4 1,800 170
300-M 3,45 480 50
300-M 5 780 54
1400 XRD Resaults. X-ray diffraction dataof the various particle szefractions
of the materid contained in the firgt two feet of the 100-m range are
~ 1200 >z illugtrated in Fig. 10.
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Fig. 9 — Totd Lead Concentration versus TCLP Lead Extraction for
ATF Impact Berm Soil at 100-m and 300-m Ranges

The TCLP datafrom the berm soilsrangefrom 1,300 mg/L to 40 mg/L.
Linear correlations of the these data with corresponding total lead
concentrations are shown in Fig. 9 which shows corrdlation coefficients
(R? of 0.642 and 0.852 for the 100-m and 300-m range data,
respectively. Given the limited number of tests performed and the
potentia for sample variation caused by the presence of larger szed
metd fragments, the rdiability of these corrdations is deemed
reasonable. In al cases, these results exceed the EPA TCL P regulatory
limit for leed of 5-mg/L and the soil therefore would be classified asa
hazardous waste.

Minerdogicd Test Results

During theinitid characterization phase of thiswork, the composition of
both the soil and meta fragmentswas determined using XRD and SEM
anadyses. The results for each are discussed below.
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Fig. 10. XRD powder diffraction pattern for various size fractions of
ATF soil; from bottom to top +4, -4+10, —10+40, -40+100, -
100+200, -200+325, -325down, -325up, and Magnetic phases.

The minerd assemblage conssted primarily of granite origin quartz,
feldspar, muscovite and typica granite accessory minerds (mineralsin
granites that undergo wegthering a different rates and form westhering
products consistent with their chemica composition). The soil dso
contains a smal amount of magnetic materid (1.5 wt %), which was
later found to be a magnetite- hematite mixture. Quartz, one of the most
stable minerds, is known for its high resistance to wesathering. Mica
minerds may adso reman reaively unwegthered in many granite
residues. Feldspar, on the other hand, wesathers quite rapidly forming
clay minerdslike kaolinite. Ferromagnesian minerds (most of the black
minerasrich iniron and magnesum) aso weather rapidly to form clays
and iron oxides. However, because of the soil origin (dredged sand)
most of the clay minerals that may have formed had been subsequently
washed away. No sgnificant organic fraction was identified.



Table 3. Rietveld-based minerdogicd compaostion of the ATF soil
fractions

Fractions +4 -4+10 -10+40 -40+100 -100+ -200+ -325down -325 Magnetic
200 325 up

Fraction, wt% 094 286 16.48 3669 2227 529 14.62 0.69 0.16
Albite 0 0 01 0 27 34 0.7 25 0
Quartz 939 %62 %8 783 R2 83 88 67.9 368
Cerussite 0 0 13 0 0.8 25 6.3 154 0.3
Anorthoclase 61 38 28 217 43 89 4.9 142 263
Hametite 0 0 0 0 0 0 0 0 15
Magnetite 0 0 0 0 0 0 0 0 352

Table 3 presents the results of the Rietveld-based minerdogica
quantification of the various particle sze fractions. Thefirst row in this
table shows the percent of total sample (wt %) represented by each
fraction. The subsequent rows show the percent content (wt %) of each
individual minerd identified within theindividua fractions. Moreover, as
shownin Fig. 11, comparison of thetota lead quantities measured using
the andyticd (ICP-OES) method with the lead quantities computed
based on the cerusste contents (determined by the Rietveld
quantification method) correlated well for al of thefiner fractions (-40to
-325 up). Thisisanindication that in the finer fractions most of the lead
exigts in the form of cerussite. Lead concentrations obtained by 1CP-
OES using independently prepared ssmples (shown asa“ Sample C” in
the figure) were dso in good agreement. The curve of lead
concentrations based on cerussite contents does not agree well with the
analyticd lead curves (Samples B and C) for the coarser fractions (-4 to
+40). Thisis attributed to the fact that in the ATF soil coarser fractions
Pb primarily exigsin metdlic fragment formswith only alimited amount
of cerussite present.

—&— Pb concentration by Rietveld method , wt %
(Sample A)
—&— Pb concentration by ICP, wt% (Sample B)

—&— Ph concentration by ICP, wt% (Sample C)

Pb concentration, wt%
©

#4t0+#104
-#10 to +#40
-#100 to +#200
-#200 to +#325
-#325d
2500

Fractions

Fig. 11. Plot of total Pb concentration versus size-fractions. Pb
concentrations are either caculated based on the cerussite content as
determined by the Rietveld method (Sample A) or measured by |CP-
OES (Samples B and C)

Scanning Electron Microscopy. In this phase of the study, severd lead
fragments were collected during andyss of the soil usng the optica
microscope and then examined using the SEM. Overdl, SEM ardyses
reveded that the metallic leed fragmentswere mogtly covered by awhite
surface layer of cerussite. Figures 12 and 13 show SEM pictures of
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sdected Pb fragments and associated cerussite formations.  The
identification of the presence of cerussite had a profound impact on the
results of the lead remova studies as will be subsequently discussed.

Fig. 12. ATF soil SEM picture of Pb fragments. White surface layer
covering the Pb fragmentsis cerussite.

Sl

HIKED

Fig. 13. ATF soil SEM picture close-up showing cerussite crystas
forming on Pb fragment surfaces.

Physica Separation Test Results. Theresults of the physical separation
testing associated with this study are presented in Tables4 and 5 for the
first and second pilot-scale evauations, respectively.




Table 4. Post-Treatment Tota Lead Concentration Using Five-Turn
Spira Concentrator

Middlings (2) Heavies(3) Lights(4) Solids L oading (%)

1670 122400 8760 5% Solids L oading

2590 153100 4800  10% Solids Loading

7180 110600 4240  15% Solids Loading

9130 149900 6300 17.5% Solids Loading
Notes:

1) Initial lead concentration of -#10 +#200 feed material = 18,600 mg/kg
2) "Middlings" represent Treated Soil

3) "Heavies" represent waste metal stream

4) "Lights" represent predominantly -200 fine materials

Inthe first test series, performed using a 5-turn medium pitch spird and
a materid feed condggting d the entire -#10 +#200 fraction of the
composite sample, the tota lead concentration of the trested soil

(middlings) was reduced from aninitia vaue of about 18,600 mg/kg to
aslow as 1670 mg/kg. The dataaso indicated that the effectiveness of
thelead remova decreaseswithincreasing solids concentration. Whilea
meass baance was not performed during this initia assessment, visud

observations of the “heavies’” or concentrated metals stream indicated
the quantity of sand reporting to this stream did not appear to be
substantid.

Table 5. Post- Trestment Tota Lead Concentration Using Seven-Turn
Spira Concentrator

Feed Size Solids Flew Rate, Post-Treatment Ph
Concentration, %o apm inmg/keg
-#10+ #3530 8% a0 1175
5 1078
30 f98
35 554
305 1885
50 +#200 5% a0 1121
T 735
30 533
35 £70
40 1456
<50 +#200 10% a0 935
5 a4
30 77
35 a6l
40 858
50 +#200 0% a0 a873
5 837
30 934
35 812
Mote:

-#10 +#50 Initial Pb Concentration = 25300 mg/kg
-#50 +#200 initial Pb Concentration = 10900 mg/lg

Theresults obtained in the second test series, performed using asevent
turn medium pitch spira and two hydraulicaly separated particle Sze
fractions for the system feed, are presented in Table 5. These results
show that for the singletest series conducted using the coarser sizefeed,
aoproximating a -#10 +#50 particle sze range, the tota lead
concentration was reduced from 25,300 mg/kg to aslow as584 mg/kg
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with the unit operating at asolids concentration of 5% and aflow rate of
gpproximately 35 gpm.

Using the same seven-turn device, amore detailed eval uation of thefiner
fraction approximating the -#50 to +#200 particle size range was
performed. These data reved that the total lead concentration was
reduced from apre-trestment level of gpproximately 10,900 mg/kgtoas
levelsaslow as 533 mg/kg. The dataaso indicate that lower lead levels
are achieved at lower solids concentrations as was observed for the
coarser feed. In addition, a solids concentrations of 7.8% for the
coarser feed and 5% for the finer feed, there appearsto be an optimum
flow rate in the 30-gpm to 35-gpm range outside of which remova

efficiency decreases at both lower and higher flow rates. This effect is
not observed at the higher solids concentrations of 10% or 20% where
the data indicate that remova efficiency gppears to be reatively
insengtiveto flow rate.

Thedatashow that the removd efficiency obtained using the seven-turn
spird with agreater particle Sze uniformity of the feed materid exceeds
the removd efficiency obtained using the five-turn unit and a wider
particle size feed range. However, because both the test apparatus and
feed conditions were changed concurrently it is not possible to identify
the extent to which either or both were responsiblefor thisimprovement.

Since lead concentrations in the treated soil revedled that the removal
god had not been relidbly attained, SEM and XRD andyses of these
materials were made in order to identify the source of the devated lead
concentrations in the soil. These andyses reveded the presence of
cerrussite. Since this compound has adensity of only 6.6 g/ent versus
11.3 glent for dementd lead, it is possible that surface formations of
this materia could be daking from the wesathered lead particles during
the treatment process (trangport pumping and travel over the spird
concentrator) and being smdler and lighter than the lementd lead, may
be reporting with the treated soil. Additiond testing is planned to assess
the effects of using an attrition scrubber to remove the looser cerrussite
materias as part of the feed preparation step and thereby reduce the
potentia for release during treatment.

Chemica Extraction Test Resullts. The findings obtained in the bench
scdechemicd extraction study are presented graphicdly inFig. 14. This
figure contains a summary of the quantity of lead removed per quantity
of soil treated as afunction of the molarities of both the nitric and acetic
acids. The resultsindicate that & Smilar molarities, the nitric acid hasa
significantly grester capacity for solubilizing the particles of lead and/or
lead species. Furthermore, the quantity of lead removed using the nitric
acid approaches the tota lead concentration level of approximately

50,000 mg/kg contained in the soil prepared for this experiment. It
should be noted that this concentration is grester than the vaues

obtained in both the initid characterization phase and mineraogica

andyses presented above. It isbelieved that thisdifferenceaswell asthe
scatter in the data shown are duein large part to experimenta variation
resulting from the indusion of the -3/8-in. +#4 portion of themaerid in
the limited-sized (10-g to 12-g) test specimens used in this study.

Vadidation of these results will be addressed in subsequent analyses yet
to be conducted. However, it is clear that acetic acid must be tested at
higher molaritiessuch that sufficient hydrogenionsare made availableto
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overcome the buffering capacity of the soil and bring about additiond
dissolution of the lead.
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Fig. 14. Tota Lead Extraction Results Using Nitric and Acetic Acids

CONCLUSIONS

The integration of geotechnicd, anaytical and minerdogicd research
toolsinthe ste characterization study presented herein provided thedata
necessary to develop a comprehensve understanding of the
environmenta conditions that exist within the soil a the subject Ste as
well as invauable guidance in the sdlection of vigble dternatives for
remedying them. While important data were provided from each
discipline individudly, it was the manner in which the data sources
complemented each other that was of greatest Sgnificance. The
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quantification of the lead distribution throughout the soil as afunction of
paticle size was determined usng procedures founded in the
geotechnica and andytica disciplines. However, theimpact of thisdata
on the overal project, specificdly on the assessment of remediation
options, was greatly enhanced by the understanding of the lead
speciation provided by the minerdogica anayses. Continuation of this
multi-disciplinary gpproach in the evauation of potentid remedies dso
provided insght as to possible explanations for the performance of the
components and/or processes and readily identified aternatives that
warranted investigation. While much work in the areas of physicd
separation and chemica extraction isyet to be performed in the pursuit
of acodt-effectiveand practicd dternativeto landfill disposd for thisand
other firing range soils, the continuation of such an integrated multi-
disciplinary gpproach will ensure that such efforts are effective and
focused on attaining the desired godl.
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