In Situ Case History:

Leachable Lead Required Precipitation Immobilization

BY JOHN A. MUNDELL, KENNETH R. HILL, AND JOHN W. WEAVER II

he former A'Y. McDonald
foundry site in Dubuque,
Towa, was initially placed on
the NPL in early 1985 after the dis-
closure by the company in mid-1983
that foundry sand wastes from cast-
ing operations and Pangborn dust
from air pollution control equip-
ment had been deposited across the
eastern portion of the site during the
operating history of the foundry. As
a result of operational waste stream
classification, these wastes had been
determined to be hazardous under
RCRA since they exhibited the
characteristic of EP toxicity due to
high leachable levels of lead.
The site is located about a quarter-
mile east of Dubuque. AY. Mc-
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Donald had originally developed an
iron foundry at the site in 1896, con-
verting to a brass foundry in 1951
until closing in 1983. The Iowa
Department of Transportation sub-
sequently purchased the site for
highway relocation.

The eastern area of the site en-
compasses about 5.5 acres and con-
tains approximately 5,000 cubic
yards of lead-containing foundry
wastes. The potential pathways for
migration of lead off-site include air-
borne dispersion, surface water
runoff, or leakage into subsurface
groundwaters,

The data gathered during site
characterization and analysis indi-
cated that natural solubility controls

were in process beneath the site and
that enhanced in-place precipitation
immobilization should be given
serious consideration as the per-
manent means of controlling long-
term lead release.

Subsurface Conditions

The site is located on the alluvial
plain of the Mississippi River with
natural subsurface soil deposits con-
sisting of unconsolidated gravels,
sands, silts, and clays horizontally
stratified in layers, lenses, and chan-
nels characteristic of alluvial deposi-
tion. A carbonate bedrock of the
Platteville formation underlies the
site at depths ranging from ap-
proximately 40 feet on the western
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Platteville formation underlies the
site at depths ranging from ap-
proximately 40 feet on the western
edge to greater than 50 feet along
the eastern border.

The vertical and horizontal dis-
tribution of subsurface materials
and groundwater conditions was
determined  from  information
gathered from 32 exploratory
borings, 12 monitoring well installa-
tions, test pits, and surface material
sampling. The site generally is
covered by approximately 10-to-14
feet of miscellaneous black slag,
sand, building rubble and rubbish
fill materials. Over much of the
eastern portion, approximately 1-to-
3 feet of relatively homogeneous,
black to light tan foundry sand is
encountered at the surface.

In peneral, these upper fill
materials are separated from deeper
interstratified natural granular layers
by a relatively low permeability
black to gray silty clay. This silty
clay layer acts as a hydrologic
separator at the site, creating two
distinct groundwater systems. The
upper water table system within the
miscellaneous fill is perched on the
natural clay confining layer, result-
ing in a somewhat irregular poten-
tiometric  surface through the
heterogeneous fill. The lower
groundwater system in the underly-
ing natural sands is confined, with
the potentiometric surface indicating
that discharge is directly eastward
towards the Mississippi.

The drinking water is supplied
through municipal sources which in
turn get their water from a well field
approximately one mile northwest
of the site. The municipal wells
draw their water from the alluvial
aquifer system at a depth of 150-to-
200 feet. There are no known down
gradient wells screened in the al-
luvial sand system due to the site's
close proximity to the Mississippi
River. Groundwater discharge from
the former AY. McDonald site has
been calculated to be on the order
of 0.25 cubic feet per minute.

Waste Characterization

Exactly 105 material samples have
been collected at the site by four
separate  organizations for the
specific purpose of determining the
extent and severity of lead con-
tamination. Geophysical electro-
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magnetic conductivity and resistivity
surveys were performed across the
site prior to the bulk of the sam-
pling effort to gain preliminary in-
formation on areas of high conduc-
tivity indicative of buried foundry-
type materials. This information
was used to select test pit locations
more efficiently, particularly in the
western one-half of the site, where
surface evidence of foundry waste
deposition had been obscured by
past operations.

Ninety-seven of the samples taken
have been analyzed for EP toxic
concentrations of lead, while eight
were analyzed for total composition-
al lead only. Of these test results, 30
samples had lead concentrations
equal to or greater than the
regulatory threshold of 5.0 mg/l. Of
these materials that classified as
hazardous, all were obtained from
the eastern portion of the site and
about two-thirds were collected from
depths less than 2.5 feet below the
ground surface. These test results
support the conclusion that the bulk
of site materials containing the
characteristic EP  toxicity are
restricted to the thin surficial layer
or discrete piles of foundry sand
present over the eastern portion of
the site.

These surficial foundry sands
were used in the molding and cast-
ing operations for the production of
brass products. Due to bentonite
clay and chemical additives mixed
with the sand to enhance mold for-
mation during the casting process,
these materials exhibit a higher than
expected cation exchange capacity
and are generally well buffered, with
an acid neutralizing capacity (ANC)
ranging from 18-0-33 meq/100gr

and an aqueous pH typically be-
tween 7.5 and 8.5.

The distribution of total composi-
tional lead measured across the
eastern portion of the site indicates
that total lead concentrations as
high as 4890 mg/kg were found in
the surficial sand. However, it is ap-
parent from the scattered relation-
ship between measured total com-
positional lead concentrations in the
waste and the relative leaching
potential of lead as measured by the
EP toxicity test, that variations in
existing foundry sand composition
as reflected in the measured pH,
ANC and percent clay can sig-
nificantly influence lead leaching
characteristics.

Resuit Not Surprising

The control of lead solubility
through high alkalinity levels is not
a surprising result, considering that
the city of Dubuque, located in the
center of one of the richest land-
bearing regions of the United States,
is not plagued with high levels of
lead in its drinking water due to the
location of the lead deposits within
carbonate bedrock sequences. Test-
ing of city supply wells near the site
by the US. EPA indicated there
were no metals that exceeded the
U.S. EPA Primary Drinking Water
Standards.

Lab Treatability Studies

Laboratory treatability studies
were performed to quantify the
leaching behavior of treated and un-
treated foundry sand wastes at vary-
ing pHs. Both batch-type and
column-type leaching tests were
conducted on a composite foundry
sand sample containing 2400 mg/kg
of total lead judged to be repre-
sentative of expected overall worst
case site conditions.

A series of 24-hour batch tests was
performed to quantify further the
relative effect of the leaching pH on
the concentration of lead released
from the sand. In these tests, the
adjustment of the untreated foundry
sand pH between values of 3-to-12
using either acetic acid (to decrease
pH) or sodium hydroxide (to in-
crease pH) indicated again that
maintaining the pH in the range of
8-to-10 minimizes the amount of
soluble lead released.
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solubility line that shows minimum
solubility for the lead carbonate oc-
curs at a pH of about 853. Al-
though useful for providing an in-
dication of relative reductions in
leachable metal concentration under
specific test conditions, batch tests
results, including EP toxicity, are af-
fected by many variables and can-
not be used for predicting in situ
leaching concentrations, because
they fail to duplicate the actual in-
place transient geochemical and
groundwater  flow  conditions.
Column leaching studies were per-
formed to more closely duplicate in-
place influent geochemistry, material
soil/solution ratio, and flow condi-
tions.

A simulated acidic rainwater with
a pH of 46 and a chemical com-
position based upon data developed
by the National Atmospheric
Deposition Program considered rep-
resentative of acidic precipitation
falling on eastern Towa was used as
the permeant. In general, the results
indicated that the inherent acid
neutralizing capacity present in un-
treated foundry sand due to the ad-
dition of alkaline materials during
casting processes was able to buffer
the flowing permeant for many
thousand pore volumes in a pH
range that yielded total aqueous lead
concentrations near the proposed
US. EPA PDWS for lead. Raising
the leaching pH above the optimum
range by adding lime resulted in
higher lead levels in the column ef-
fluent. Total alkalinity measure-
ments of the effluent samples indi-
cated flow rates were such that lead
was at its equilibrium solubility limit
with respect to the lead carbonate
mineral. This indicated that reac-
tion kinetic contraints had not in-
fluenced the measured lead con-
centrations.

Alternative Evaluation

The NCP 40 CFR 300.68 (i) re-
quires the selection of the cost-effec-
tive remedial action that effectively
mitigates and minimizes threats to
and provides adequate protection of
public health, welfare and the en-
vironment. Based on the previously
discussed site characterization and
the associated health effects con-
cerns, it is apparent that it is
desirable to take response actions
that will reduce the potential for

contamination migration from the
site, enhance site appearance and
stability and reduce future main-
tenance.

The principal concerns regarding
the site are:

—The prevention of ground

water contamination by lead in
excess of drinking water standards

~—-The prevention of direct recep-
tor contact with the foundry sands

—-The prevention of dust
transport and erosional surface
runoff into the adjacent storm water
retention basin.

Various response action alterna-
tives were chosen based upon their

applicability to the site conditions,
contaminant characteristics and
health endangerment considerations.
These alternatives were then as-
sessed and compared with regard to
their performance, reliability, con-
structability, short and long-term en-
vironmental and safety impacts and
other relevant considerations in
compliance with section 121(a) and
121(b) of SARA. The alternatives
were developed to cover the full
range of options at the site, even
though extreme options (e.g “No
Action” and “Clean Closure and
RCRA Cap” alternatives) are not
considered viable, but only establish
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boundaries for the discussion of
more viable options.

The first alternative evaluated was
"No Action.” While there have been
no measurable adverse impacts on
public health from the site, the no
action alternative is ineffective in
preventing direct receptor contact
and future contaminant migration
via the runoff, erosion or air path-
ways. In addition, there would be
no monitoring over the long term to
check for possible unexpected con-
ditions which are not evident at this
time. This alternative is therefore
considered inappropriate.

The second alternative considered
requiring contouring the foundry
sand surface to enhance drainage,
in-place compaction, establishing a
vegetative cover and a post response
maintenance and  groundwater
monitoring program. This alterna-

tive takes advantage of the existing.

acid neutralizing capacity of the
foundry sand to restrict subsurface
migration, minimizes direct receptor
contact, and provides for a post-
response program. This alternative
merited serious consideration, be-
cause it was the most cost-effective
required under SARA and was

Table 1
Results of Columns Testing at pH 4.6 on
Leachate Composition

Test % Lime Addition = Sampling Sample Total Aqueous
No. by Weight Pore Volume pH Lead Concentration
mg/iiter
1a 0.0 1 10.68 0.039
1a 0.0 30 7.79 0.006
1a 0.0 4000 7.23 0.019
2b 0.0 5 8.28 0.015
3¢ 1.0 5 12.47 4.35
3¢ 1.0 1000 8.35 0.011
2 sample length 1.0 in,
b sample length 5.0 in.
C sample length 2.0 in.
Table 2:
Economic Analysis of Potential Remediation Processes
Alternative Capital Annual O & M
Cost Cost
$ $
1. No action 0 0
2. Contour, topsoil 200,400 7,100
3.1PI, clay cap, and 781,000 7.100
monitor
4. |Pl, RCRA cap and 1,423,000 7,100
maonitor
5. Partial off-site 2,760,000 7,100
removal, clay cap
and monilar
6. Clean closure 35,912,000 7,100
RCRA cap and
monitor
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compatible with future site use. The
US. EPA Region VII, however,
rejected this alternative based upon
their concern for long-term stability
of the cover and potential variation
of ANC within the foundry sand.

The third alternative required
recontouring the foundry sand sur-
face followed by in-place precipita-
tion immobilization (IPI) of lead by
addition of a suitable fixing agent
into the top 8-to-12 inches of
foundry sand. The sife then would
be covered with a 2-foot compacted
clay cap and a two-foot vegetative
drainage layer to reduce infiltration
throngh the foundry sand and
restrict the waste exposure to wind,
surface water erosion and direct
contact. This action is comple-
mented by a post-response main-
tenance and groundwater monitor-
ing program. This option sig-
nificantly enhances the protective
level of the second alternative by in-
creasing the acid neutralizing
capacity of the foundry sand
materials. In addition, the clay cap
and vegetative cover provide sub-
stantial increased protection from
direct contact with the foundry
sand, increased erosional protection,
and significantly reduced percola-
tion through the underlying waste
materials. This alternative also is
compatible with future site use and
is the response action that has been
selected.

The fourth alternative considered
parallels the action required by al-
ternative three—-augmented by a full
RCRA cap as prescribed by current
U.S. EPA puidance. This guidance
includes a synthetic liner to further
minimize percolation through the
underlying waste materials. Be-
cause of the substantial acid
neutralizing capacity of the foundry
sand and the use of IPL, the com-
plete prevention of infiltration is not
necessary at this site. Therefore, the
increased costs associated with this
alternative are not warranted.

Other alternatives evaluated in-
clude partial (waste above 500
mg/kg total lead) or total off-site
removal of the foundry sand fol-
lowed by the capping of the site.
These alternatives rtesult in in-
creased potential for receptor con-
tact with the waste due to material
handling, transportation, and dis-
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posal. In addition, it exposes the
owner to potential future CERCLA
liability associated with off-site dis-
posal. Finally, these alternatives are
many times more costly than other
assembled alternatives providing
equivalent environmental benefit.
Metal reclamation has been
evaluated at this site by both the
owner and the Jowa State University
Center for Industrial Research and
Services. Studies have focused on
the quantity of metals present in the
foundry sand and surficial waste
materials as well as the ability to
segregate and recover these metals.
These studies have concluded that
metal reclamation is not economi-
cally feasible at this site.

The results obtained from the
geochemical assessment and
laboratory treatability studies under-
taken in the development of alterna-
tives three and four support the con-
clusion that the maintenance of
leaching pH in the range of 8-to-10
with high alkalinity levels should
limit the long-term release of soluble

lead to near or below the proposed
U.S. EPA PDWS. Based on this, in-
place precipitation immobilization
alternatives were developed consist-
ing of the addition of five percent by
weight calcium carbonate in the
form of crushed limestone into the
upper 1.0 foot of the surficial
foundry sand.  Economic com-
parisons (Table 2) between the IPI
alternatives and standard remedial
action options involving partial or
complete off-site removal indicated
that the use of IPI would substan-
tially reduce the cost of site cleanup.

Conclusions

Site groundwater data suggest that
there has been no significant lead
migration into the groundwater
beneath the former AY. McDonald
foundry site since the presence of
the mineral cerrusite is currently
controlling the dissolved lead con-
centration to levels near or below
the proposed US. EPA Primary
Drinking Water Standards. The
evaluation of an in-place precipita-
tion immobilization alternative that

requires carbonate addition to the
lead-containing surficial foundry
sands indicates that the use of TPI is
significantly more cost-effective than
either partial or complete removal
alternatives at the site. The IPI tech-
nique also should provide a techni-
cally sound permanent solution for
controlling lead release from the site
to acceptable levels. This case his-
tory documents the first use of
precipitation  immobilization to
remediate an NPL site. The addi-
tion of fixing agents allowed the lead
contaminated soils to be left in place
rather than excavated and relocated
to a hazardous waste landfill. Cost
savings using this new technology
were estimated at over $35 million.
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