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Chapter 1

1 Introduction

The primary goal of the U.S. Military is to train and equip troops to maintain
military readiness. Training range areas represent a major element in keeping the
Army ready to accomplish this mission. Training ranges represent considerable
investments in time, land, money, and other resources (U.S. Army 1992). It is
critical for the Army to maintain and operate such training ranges. Training
range activities have negatively impacted the environment; thus, it is necessary to
conduct research and development to minimize any environmental impact while
meeting Army training requirements.

A wide variety of training ranges are currently owned and/or operated by the
Army. Such ranges include (but are not limited to) small arms ranges, gunnery
ranges, hand grenade ranges, mortar ranges, and large impact training ranges.
Operations at each of these ranges are widely varied, as are the types of weapons
and projectiles used during training exercises.

Of recent concern is the impact of training activities on the environment.
Military training activities, and spent munitions remaining after the conclusion of
training activities, have come under recent review. There is a concern that these
activities result in long-term environmental degradation. Regulations are cur-
rently being drafted (U.S. Environmental Protection Agency (USEPA) 1995) to
regulate such activities.

Small Arms Ranges

Small arms ranges (SAR) include a vast array of ranges. Specifically excluded
from the SAR category are impact areas. While SAR may include mortar ranges
and grenade ranges, in this report SAR will only refer to outdoor pistol and rifle
training ranges.

A typical SAR consists of a firing position (the point of weapon firing), a
cleared down range area, a target position, and an impact berm, as shown in
Figure 1. The Army has a variety of SAR as listed in Table 1 (U.S. Army
1992), but generally these ranges can be grouped into the following three classes:
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TARGETS, MOVEABLE
OR FIXED

Figure 1.

Typical small arms range

Table 1

Types of Small Arms Training Ranges Utilized by the Army

Range/Facility

Type

Combat Pistol Qualification Course/Military Police
Firearms Qualification Course (MPFQC)

M

Multipurpose Indoor Range (Small Arms)

Basic 25-m (82-ft) Range (Zero)

Automated Field-Fire Range

Automated Record-Fire Range

Modified Record-Fire Range

Sniper Field-Fire Range

Night-Fire {Small-Arms} Range

Known-Distance (KD) Range

Machine Gun 10-m (32.8-ft) Range

R L 2 2 - - - - 4

Note: S = Armywide Standard, M = Modernized Armywide Standard.

Chapter 1
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a. Zeroing ranges.
b. Famaliarization ranges.
¢. Qualification ranges.

Typically the weapons utilized at these SAR are 50-caliber or smaller munitions
with the largest percentage currently utilized at these ranges consisting of 9-mm
pistol rounds, M16-5.56-mm machine gun rounds, and M60-7.62 machine gun
rounds. Historically, 45-caliber pistol and M1 carbine rounds have also been
extensively used. A schematic of a typical 25-m (82-ft) zeroing range is presented
in Figure 2, and while a distinction was previously made between familiarization
and qualification ranges, these typically have the same general configuration, as
shown in Figure 3.

LEGEND

€3 SAND BAG FOR PRONE
SUPPORT
£ FOXHOLE (2 POSITION,
IF 10 M MACHINE GUN
RANGE IS OVERLAYED)
O NUMBERED STUMP 50 CM
HIGH FROM GROUND

E-TYPE ZERO TARGET

15M

2M
=

1.22M

10M

3M BETWEEN
FIRING LINE —\ FOXHOLES i

OES o&s3 Bl e ) 5 s B3 o [ fomn J
=
N
440M
O O

[ 5 110 FIRING LANES ., |

Figure 2. A 25-m (82-ft) zeroing range
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Chapter 1

Environmental Issues at SAR

The main environmental concern associated with SAR involves spent munitions.
Typically projectiles are fired at a target and after passing through the target, pro-
jectiles are stopped in a berm or the soil located behind the targets. After years of
use, the projectiles from the small arms activities build up in the soil. The projectile
rounds utilized at SAR typically consist of a copper-jacketed bullet and a lead core.
As shown in Table 2 and Figure 4, the majority of the projectiles are comprised of a
lead (Pb) antimony (Sb) alloy, and copper (Cu) metal. Military specifications for
the rifle projectiles are provided in Appendix A. As illustrated in Table 2, lead
accounts for up to 75 percent of the weight of the projectile and constitutes the
greatest environmental concern.

Table 2
Typical Metal Composition of 5.56-mm and 7.62-mm Projectiles

Metal Concentration in Weight Percent

Ball Type Weapon Antimony Copper Iron Lead
5.56 mm M16 1.4 31.3 - 67.3
7.62 mm M60 1.5 23.2 -~ 75.3
5.56 mm M16 1.0 35.4 12.7 50.9
{Hardened Tip)

The quantity of lead and copper which can accumulate in an SAR berm is mas-
sive. Based on conservative estimates and assuming only weekend training at
CEMR, it is estimated that approximately 12,000 Ib of Pb will accumulate in the
berm of a single SAR on an annual basis (calculations are provided in Appendix B).
At active duty, SAR lead accumulation is expected to be higher due to higher usage.

Summary of Metal Toxicity

Over the years, a large number of studies have been conducted investigating lead
and its health consequences. One popular belief is that the fall of the Roman
Empire, in part, may have been caused by the use of Pb alloys for drinking vessels
and aqueducts. The ingestion of lead-contaminated wine and drinking water
resulted in health problems and mental impairment of the society. Regardless of the
Roman history, modern medicine identifies Pb as having major impacts on human
health, particularly for children (Sax 1984).

The Safe Drinking Water Act passed by Congress sets the U.S. public drinking
water action level to a stringent 15 pg/¢ of (USEPA 1996) and the Clean Water Act
sets the standard for Pb at 50 pg/t (USEPA 1986b). Lead blood levels of
>0.05 mg/kg or urine levels >0.08 pg/t are associated with lead poisoning. Serious
brain, kidney, and nervous system damage has been documented even at levels in
drinking water below the maximum contaminant level goal of 50 ppb (Gale, Liu,
and Bricka 1994).
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PROJECTILES

7.62 MM

LEAD SLUG

LEAD SLUG S
STEEL TIP COPPEF

LEAD SLUG, 32 GR LEAD SLUG, 1145 GR
=52 % OF BULLET =77 % OF BULLET

0.50 CALIBER

LEAD SLUG

STEEL SLUG —/

LEAD FILLER, 11.5GR
=1% OF BULLET

Figure 4. Drawing showing cross sections of bullets

Copper, in contrast, has little or no human toxicity. Cu is known to have effects
on the biotia and has been used as a fungalcide in many industrial and agricultural
applications (Gale, Liu, and Bricka 1994). The drinking water standard for Cu is

1 part per million (ppm).

Metals Migration at SAR

Metals have two primary mechanisms of transport from an SAR. They can be
transported from the range via horizontal migration, resulting in surface water
contamination, and they can migrate vertically, potentially impacting the
groundwater.

Horizontal transport

Horizontal migration generally occurs during heavy precipitation events where
particulate metals are transported through quick-moving surface runoff to nearby
streams. Metal particulates transported though this type of migration generally

6 Chapter 1 Introduction




Chapter 1

result in localized contamination since the density of the metals exceeds that of
water. As the velocity of the transporting water slows, the metal particles originally
suspended drop from solution and are deposited on the surface. Horizontal metal
migration also occurs via sediment transport. Dissolved metal ions tend to sorb to
the fine material in the soil. Lab tests indicate (Bricka 1996a) that in many
instances metals concentrate in the fine fraction of the soils (less than 63 pm).
Small soil particles heavily contaminated with metals are easily transported in the
suspended and dissolved solid fraction of the water. Colloidal materials, having
electrostatic charge and containing large concentrations of heavy metals, may
remain suspended indefinitely in the water column. This allows the metals to be
transported long distances in the surface water. Suspended matter containing metal
contamination may settle from the water column far from the range resulting in
substantial accumulation of metals in the sediment of local streams near SAR.

Vertical transport

Metals also have the potential to migrate from the SAR to groundwater via
vertical transport. This occurs because the metals are in constant contact with the
soil pore water, which can become saturated with dissolved metals. The infiltration
of rainwater can flush the pore water and carry contamination to the groundwater.
However, the capillary action of the soil and evapotranspiration may mitigate down-
ward contaminant migration. During this vertical migration, the contaminants pass
through the vadose zone to groundwater; thus, the metals must move through an
unsaturated condition prior to impacting the groundwater. After the contaminant
enters the groundwater, subsurface horizontal transport in the groundwater will be
the predominant transport mechanism, disseminating the contaminant from the
source.

Many factors influence the rate of vertical transport of the metal contaminants:
soil chemistry, water chemistry, metal speciation, atmospheric precipitation, site
topography, wetting and drying cycles, freezing and thawing cycles, groundwater
depth and velocity, and projectile type. Water chemistry effects including pH, redox
potential (Eh), and the presence of complex-forming ligands (carbonates, sulfates,
and various organic acids, etc.) will also affect the metal migration. Soil chemistry,
water chemistry, and metal speciation are closely intertwined. As shown in Fig-
ure 5, once the metal is dissolved, factors such as the soil organic content, presence
of metal oxides, carbonates, sulphide, soil clay content, and soil cation exchange
capacity can affect metal solution chemistry.

In general, soil chemistry will affect the sorption behavior of the metal. For
example, soils with high clay contents or containing large fractions of organic
matter will exhibit high sorption capacity for the metals. Water chemistry, on the
other hand, governs metal solubility and coprecipitation. In addition, water
chemistry will affect the redox potential and the metal speciation. Each of these
factors contributes to the retention or release of the metals by the soils. In summary,
vertical transport of metal contaminants is a complicated process involving many
soil and pore water interactions. A detailed discussion of soil and pore water
interactions is provided in Chapter 6, “Theory of Metal Migration at CEMR.”

Introduction
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2 Objective of This Report

The objective of this report is to determine the potential impact of the vertical
migration of metals from SAR located at Camp Edwards Military Reservation
(CEMR). This report attempts to combine theory, site sampling data, and two
modeling efforts to support this objective. In addition to supporting the issues at
CEMR, results of this study will serve as a basis to support prediction of contami-
nant migration potentials at active duty ranges. Answers to basic questions in this
study will provide a basis for additional research.

Chapter 2 Objective of This Report
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3 Site Location and
Description

CEMR is located on upper Cape Cod about 60 miles southeast of Boston
(Figure 6). CEMR consists of about 22,000 acres. Approximately 14,000 acres,
occupying the northern 70 percent of CEMR, make up the Camp Edwards range,
maneuver, and impact areas. Camp Edwards is primarily utilized as a training area
for National Guard troops.

The sites selected in this study are located approximately 0.8 m (1/2 mile) south
of the impact area just off of Pocasset Forestdale Road. The SARs investigated in
this study include Range G (southwest of Opening Pond), Range H, and Range K
(as shown in Figure 7).

Range G is a 25-m (82-ft) zeroing range consisting of approximately 27 firing
points. Range G measures approximately 60 m (196.9 ft) wide by approximately
35m (114.8 ft) long. A large berm is located approximately 6 m (19.7 ft) behind
the targeting area. This berm collects the majority of the projectiles fired, although
some projectiles are observed behind the berm area. It appears as though this range
is used mostly for training involving M-16 rifles, using the 5.56-mm jacketed ball
projectile, although some ball projectiles from 9-mm pistol training were observed
in the impact berm.

Range H is a 25-m (82-ft) zeroing range located just east of Range G. Range H
1s a 25-m (82-ft) zeroing range, which is similar in design to Range G and is used
for similar training activities.

Range K appears to be a modified record-fire range located approximately 1 mile
southeast of Range G. Range K is approximately 50 m (164 ft) wide and 125 to
150 m (410 to 492 ft) long and has approximately 30 firing points. Fewer pro-
jectiles were observed in the berm of Range K than Range G or H. Most of the
projectiles found at Range K appeared to be of the 5.56-mm jacket ball type. No
pistol rounds were observed at this range. It should also be noted that there was a
berm located at this site, but range control personnel indicated that this berm may
have only been in place for a short period. Site personnel were unsure of the berm’s
age, but it appeared that some recent earthwork had been performed on the berm.
The berm was located approximately 10 to 15 m (32.8 to 49.2 ft) behind the target
area. It should also be noted that the berm appeared to be eroded. The toe of the

Chapter 3 Site Location and Description
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Figure 6. Location of Camp Edwards Military Reservation (CEMR)
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berm had a fine sediment buildup typical of ranges where rain events have washed
the fines from the slope to the toe of the berm.

The ranges at CEMR were selected for testing because it was expected that the
berms at Ranges G, H, and K would serve to concentrate the projectiles. If vertical
migration of the metals is occurring, the berms at these ranges would act as a point
source. Vertical contaminant migration near the berms constitutes a worst-case
scenario for transport of the metals into the soil. Sample borings were collected
approximately in the middle of the ranges at the toe of the berms. Figures 8-10
indicate the sampling locations at Ranges G, H, and K, respectively.

Chapter 3 Site Location and Description
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4 CEMR SAR Site Information

Site Hydrology

Little information regarding site hydrology was available at the time this report
was prepared. Based on limited information provided by CEMR personnel, it
appears that there is a perched water table located under CEMR, which flows
radially from CEMR to the shoreline surrounding the Cape. Figure 11 illustrates
this regional groundwater flow (Martin Marietta 1992). This is further supported
by other reports showing local groundwater flow. Groundwater at site CS-19 flows
in a westerly direction (Figure 13). This report also indicates that the groundwater
was encountered at depths ranging from 35.4 to 35.7 m (116-117 £t) or elevations
of 23.2 m (76 ft) mean sea level (msl) (U.S. Army 1994b). Groundwater flow from
site GP-9 (Figure 14) is almost directly west (Figure 15) (U.S. Army 1994a). Using
this information, it appears that various sources are in agreement regarding the
groundwater flow direction. Combining information from the topographic map
prepared by the 175th Engineering Company and data from site CS-19, it is esti-
mated that the groundwater at sites G, H, and K is encountered at 27.4 m (90 ft),
25.9m (85 ft), and 18.3 m (60 ft), respectively. Using a hydraulic conductivity of
1.4 x 10 ft/hr (estimated for a sand material), and the information provided in
Figure 11, it is estimated that the approximate groundwater velocity at SAR Sites G,
H, and K is 0.08 cm/sec (9.5 ft/hr).

Soil Description

Based on information provided in the Soil Survey of Barnstable County,
Massachusetts (Fletcher 1993), the soils at the range arca are described as follows:

Range G

This soil is described as a Merrimac Sandy Loam (MeB). It is classified using
the Unified Soil Classification System as an SM to a GP (Appendix C). The soil 1s
generally described as “very friable,” containing leaf and pine litter in the top
7.6-cm (3-in.) layer. From a depth of 7.6 to 53.3 cm (3 in. to 21 in.), the soil is
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Figure 15. Groundwater table map indicating groundwater flow at Site GP-9

described as a sandy loam, and from 53.3 to 165.1 ¢cm (21 to 65 in.), a loose coarse
sand. Table 3 lists some properties of Range G soil.

Table 3

Soil Properties for Range G

Soil Property Value

Clay content 1-4%

Bulk density 1.2-1.4 g/cc

Permeability 2.0-6.0 in./hr 1.4 x 10°® 4.2 x 10° em/sec
Soil pH 3.6-6.0

QOrganic content 1-5%

Corrosion risk High

Source: Fletcher (1993).
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Range H

Range H soil is described as an Enfield Silt Loam (EnB). It is classified using
the Unified Soil Classification System as an SM (Appendix C). The soil is gen-
erally described as having a 2.5-cm (1-in.) layer of organic matter. From a depth of
2.5t0 165.1 cm (1 to 65 in.) the soil is described as a friable silty loam. Table 4
lists some properties of this soil.

Table 4

Soil Properties for Range H

Soil Property Value

Clay content 3-6%

Bulk density 1.3-1.5 g/cc

Permeability 6.0-20 in./hr (1.4 x 10%-4.2 x 10° cm/sec)
Soil pH 3.6-5.5

Organic content 1-2%

Corrosion risk High

Source: Fletcher {1993).

Range K

Range K soil is described as an Eastchop Loamy Fine Sand (EnA). It is classi-
fied using the Unified Soil Classification System as an ML to an SP (Appendix C).
The soil is described as having a 2.5-cm (1-in.) top layer of organic matter. From a
depth of 2.5 to 48.3 cm (1 to 19 in.), the soil is described as a friable loamy fine
sand, and from 48.3 to 165.1 cm (19 to 65 in.) the soil is a loose, very fine sand.
Properties for this soil are the same as presented in Table 4 for Range H.

First Sampling Activity at CEMR

During the time period of 06 Nov 95 - 11 Nov 95, samples were collected at
CEMR from Ranges G, H, and K. These samples were collected using a drill rig
and a 6.4-cm-diam (2.5-in.-diam) drive tube and/or a split spoon sampler. The drill-
ing hole was uncased and core samples were placed in plastic sampling vessels as
withdrawn from the borehole. Samples were collected and prepared for shipment to
WES for analyses. Samples were collected continuously (every 15.2 cm (6 in.)) the
entire depth of the bore hole, except where site conditions prevented sample
collection.

The original intent of this effort was to collect a minimum of two cores (sam-
pling continuously every 15.2 cm (6 in.)) to a depth of 27.4 m (90 ft). But, large
rocks prevented the drive tube from being driven into the soil, and small rocks
plugged the split spoon sampler. Thus, procedural modifications were required to
collect valid samples. As a result, three types of samples were collected. These
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included the drive tube samples, split spoon samples, and samples collected at the
surface using a hand-driven sampler 3.6 cm (1.4 in.) in diameter.

A total of three attempts were made to collect the deep core from Range G. Two
attempts only penetrated to depths of 66 and 96.5 cm (26 and 38 in.) prior to
encountering resistance to drilling. A third attempt to sample Range G was con-
ducted using a backhoe to excavate the soil as the samples were collected. A total
of seven hand core samples were also collected at Range G at depths up to 1.1 m
(3.5 ft). A single core sample was collected at Range H to a depth of 137.2 cm
(54 1n.). A single deep sample was collected at Range K to a depth of 17.2 m
(56.5 ft) as well as six hand core samples at depths up to 0.9 m (3 ft).

Selected samples were analyzed. Several samples were suspected to have been
Jeopardized due to the rigorous drilling means required. More samples were col-
lected than could be analyzed due to time or project fund constraints. These addi-
tional samples were archived for later research purposes.

All sample results that are presented as part of this effort were submitted to the
U.S. Army Engineer Waterways Experiment Station (WES’s) analytical lab and
analyzed for Pb, Cu, Zn, Ba, and Sb according to EPA SW846 (USEPA 1986a)
methods. While all the metals were analyzed, the concentration of the Zn or Ba
analyses are not presented here due to the low concentration of these contaminants.
Results of the analysis are presented in Figures 16-24.

Discussion—First Sampling Activity

Range G

Analyses of the three cores collected at Range G are presented in Figures 16-18.
These cores are labeled:

CS-G-1
CS-G-2
ERB-3

Samples CS-G-1 and CS-G-2 were collected with the drilling rig using the drive
tube. For those samples collected with the drill rig the soil surface was removed
prior to drilling to provide a flat surface for the drilling rig. Thus, as shown in
Figures 16-17, analytical data are not available for the 0- to 20.32-cm (0- to 8-in.)
depths. The sample is highly contaminated to a depth of approximately 50.8 cm
(20 in.), but contamination “falls off” at depths below 50.8 cm (20 in.).

Sample ERB-G-3 was collected high upon the berm. As expected, the berm
“wall” is contaminated at greater depths than the berm’s toe due to projectile pene-
tration. It is suspected that the high value at 48.3-63.5 cm (19-25in.) is due to a
bullet particulate in the sample.

Chapter 4 CEMR SAR Site Information
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Range H

Sample CS-H-1 was a high-integrity core collected with the drill rig. As shown
in Figure 19, sample contamination was not found below 106.7 cm (42 in.). Only
minor amounts of lead were detected below 61 cm (24 in.).

Range K

Sample CS-K-1 (a,b,c) (Figures 20-22) is a single sample of high integrity col-
lected with the drill rig. As with samples collected at Range H, contamination at
Range K quickly falls off below 50.8 cm (20 in.). At 121.9 cm (48 in.), no detect-
able lead concentration was measured in the sample. At 152.4-200.7 cm (60-79 in.)
and also at 246.4 cm (97 in.), small amounts of lead were measured in the sample.
It is suspected that these samples had slightly elevated lead levels as a result of the
sampler striking the sides of the hole on descent, meaning that lead from the top of
the boring possibly contaminated the lower samples. Note that only small concen-
trations of lead are found below 170.2 cm (67 in.).

Sample ERB-K-2 (Figure 23) was collected using a hand coring method high
upon the berm at Range K. As observed in the sample from range G, this sample is
also highly contaminated. Sample ERB-K-6 (Figure 24) was also taken using the
hand coring method at the toe of the berm. Note that the lead concentration is very
close to the detection limit at 68.6 cm (27 in.).

Second Sampling Activity at CEMR

Due to the problems associated with the first sampling activity, a second sam-
pling effort was attempted. This second sampling effort was attempted to obtain
deeper samples at Ranges G, H, and K and to verify the results of the first sampling
activity. Results of the second activity are as follows.

During the time period 08 - 12 April 1996, additional samples were collected at
CEMR from Ranges G, H, and K. These samples were collected using a hollow
stem auger (HSA) drill rig and a split spoon sampler. Core samples were collected
with a split spoon sampler and placed in plastic sampling vessels as they were
withdrawn from the borehole. The 15.2-cm (6-in.) samples were homogenized in
the field and shipped to WES for laboratory analysis. Attempts were made to
collect samples continuously (every 15.2 cm (6 in.)) the entire depth of the borehole,
except where site conditions prevented sample collection.

In contrast to the first sampling effort, investigatory boreholes were prepared at
each range, which assisted in sample collection with the HSA. Once the HSA was
placed to sample depth, the chance of sample fallback was greatly reduced by this
drilling method. A total of three borings were performed (one from each range).
Cores were collected to a depth of 6.1 m (20 ft) at Ranges G and H, and to a depth
of 27.4 m (90 ft) at Range K. The boring for Range G was labeled CE-RG-B,
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Range H was labeled CE-RH-B, and Range K was labeled CE-RK-B. Sample
locations at each range are shown in Figures 8-10.

As with the first sampling effort, all samples were submitted to WES’s
analytical lab and analyzed for Pb, Cu, Zn, Ba, and Sb according to EPA SW846
(USEPA 1986a) methods. While all the metals were analyzed, results of the Zn and
Ba analyses are not presented here due to the low concentration of these contami-
nants. The maximum concentrations of Zn and Ba were 30.3 ppm and 25.8 ppm,
respectively. Results of the analysis are presented graphically in Figures 25-36.

Discussion—Second Sampling Activity

Range G

Results of chemical analysis of the core collected from Range G during the
second sampling are presented in Figures 25-27. This core was labeled CE-RG-B.
As observed in the first sampling effort, high levels of contamination were measured
in the upper layers of the soil near the surface. In the first sampling effort, elevated
contamination was detected only to a depth of 0.9 m (3.1 ft). In contrast, during the
second sampling effort, contamination was detected at a depth of 1.8 m (6 ft). It
should be noted that several samples at depth are missing from this core. Where the
data are missing, large rocks were encountered which prevented drilling and would
have affected the results. While the rock was removed via an alternative drilling
method, no samples were available for chemical analysis at these depths.

Range H

Results of chemical analysis of the core collected from Range H during the
second sampling are presented in Figures 28-29. This core is labeled CE-RH-B. In
contrast to the first sampling effort, contamination in this core was measured at
much lower concentrations. In the first sampling effort, lead contamination was
measured in excess of 1,800 mg/kg in the first 30.5 cm (12 in.). The highest con-
centration measured during the second sampling effort at Range H was 123 mg/kg.
While sample drilling methods differ among the first and second sampling effort,
both samples were of high quality. The variations between the soil contamination
measured during the different sampling efforts cannot be accounted for as a result of
the different sampling methods. While the first sampling effort and the second
sampling effort are only separated by a linear distance of 3.7 m (12 ft) (as shown in
Figure 9), it is suspected that the soil heterogeneities account for the variation in soil
contaminant concentration measured at Range H.

Range K

Chemical analyses of the core collected from Range K during the second sam-
pling are presented in Figures 30-36. This core is labeled CE-RK-B. As observed

Chapter 4 CEMR SAR Site Information

35



uoyo Budwes puooss

8y} Jo} elep (1-G°G 0} -0) W/’ | O} -0 8y} syussaud ainby siy| "5 ebuey YWD woly g-HH-30) s|dwes 2109 10} Synsal Bundwesg ‘gz aunbi4

ardureg oN
MO
PeIN
Yo

Aoy

22elNg punolis

ordweg oN

A2
IV
e

I~

srdwreg oN

] 0
1) ]
N' c

) I
— EC
N

¥

-~

na
—
<t
-
[T?]
-—
]
-~

2
N
Z
El

| gL'L I vcc I 00SC |
(wdd)ny (wdd)gqs (wdd)ad

g8-94-30 9iduesg

() yidag
© abuey woi4 buuog 108

Chapter 4 CEMR SAR Site Information

36




uoya Bundwes puodss auyl | ~
10} Blep (Y-0'L | 01 -G'G) W-p'E O} -2°| 8y} sjuesaid ainby sy "o ebuey HNID woly g-H4-30 ejdwes 8109 1o} s)insai pudwes -9z aInbi4 @

ojdwreg oN -

< BEECE el

ardureg oN 2&&&@ ON
MO
oW

y31H

Aoy BRI R B

By e
R (wdd)no (wdd)qs (wdd)ad () yydeq
ERAMIELOILIE g-94-39 o|dwes 6 abuey woiq buuog |10

Chapter 4 CEMR SAR Site Information




uoye Buiidwes puoodss ayl
10} Elep (J-0'61 O} -0'¢|) W-8'G O} -g' 8y sjuesaid ainbly siy| 5 abuey HINID woyy g-9Yy-30 ejdwes 8109 10} synsal budweg -7z ainbiy

Buuoq jo pug

Chapter 4 CEMR SAR Site Information

m
oEEum ON -

ardureg oN
MO

PeIN
Y31y

Aoy srdweg oN -

> (wddnd (wdd)gs (wdd)ad () yydaq
30eUNG punol EE-EHYEE ] LTS © abuey woi4 buuog |l108

38




lo} erep(y-

G 0} -0) W-'} O}

yoye Buydwes puooss sy}
-0 @y} syuesaud ainby siyL "H abuey YNTD wol g-HY-3) ajdwes 8109 Joj synsai Sulidwes ‘gg ainbiy

ardureg oN
MO
P
YsTH

oSOl
Bz EECEE o
EEAE B A

ojdweg oN -

ErEE B
BErEE B AR
EAZE BEIEE  EAEE

— STIS N R

(wdd)ny (wdd)as (wdd)ad (3)) yydag

&-Hy-39 aiduwres H abuey woi4 Buuog |10S

o)
™

Chapter 4 CEMR SAR Site Information




. . Hoye Bujdwes puoass ay)
10} Blep (J-0°02 0} -0°S) W-1"9 0} -G | ay) syuasaid aunby siy] “H abuey YWID woy g-HY-30 ojdwes 8109 1o} SYNsal Bundwesg -z ainbiy

ardureg oN
MO
PaIN
YsTH

Aoy

o~ (wdd)ny (wdd)qs (wdd)ad

(1) yidag
SEL SRS DI g-Hy-39 ojdwes H abuey woi4 Buuog |08

Chapter 4 CEMR SAR Site Information

40




uoye Buydwes puodses sy}

10} Blep (4-S°G 01 -0) W-/"| 0} -0 8y} sjuasaid ainby siy| -y abuey YNTO woly g-3y-30 ojdwes 8109 Joj synsal bujdwes  -0g 81nbi4

adureg ON  w—

MO
PIN
Yoty

KoYy

29eLNg pUNoIo

sjdweg oN -

oidwreg ON -
EACE EECEE EEch

E
-
5

(wdd)qs (wdd)ad (4) ydaq
S-Wy-39 a|dwieg ) ahuey woi4 buuog |l10S

1
<

Chapter 4 CEMR SAR Site Information




. . . uoys Buiidwies puoodss ayy
10§ BlEp (J-0'2l 0} -G'G) W-/'¢ 0} =" | 8y} syuasesd ainby siy| -y ebuey HNTD woy g-3y-30 8|dweg 2100 10} synsau Bujdwes °|¢ ainbiy

Chapter 4 CEMR SAR Site Information

ojdweg oN

ardureg oN
MO
PaN
Yo1H

Koy

o (wddjno  (wdd)gs  (wdd)ad  (yy) F_E,...wo

g-Md-39 sjdwies M 9abuey woi4 buuog |108

22eLNg punois




uHoye Huidwes puodes ay)
10} €1Ep (-0'2€ 01 -0°6 1) W-/"6 0} -g°G 8y} sjuesaid aunby sy )y abuey HNID wouy g-1y-3D sidwes 8109 1o} synsel Buydwes  -zg ainbiy

sidweg oN

cZ> co> £

sjdweg ON

s N
ardureg oN
MO
PN
U3t
31H _ cz> Ml co- B /o0
Ao
L
- (wdd)no (wdd)gs (wdd)ad () yydaq

g-My-39 9jdwies )| abuey wol4 buuog |10S

32eLINS punols

(s}
<

Chapter 4 CEMR SAR Site Information




uoye Bulduwies puodss ay} 10}
EIep (J-0'8 O} -0'HE) W-9'v| O} -0} Y1 sluasald ainby siy] ") ebuey YN wol g-My- 30 8jdweg 2109 Joj} s)nsai Buydwes "gg ainbi4

Chapter 4 CEMR SAR Site Information

sjdweg oN -

sjdweg oN -
PeIN -
ﬂbﬁm Oﬁmaﬁwm OZ -

ajdureg oN
Mo

Ao
EISE B EGCE .
(wdd)no (wdd)as (wdd)ad () yydag

9JELUNS PUNOID I o LT M abuey woi4 buuog 108

44




Yoy Buldwes puooss ayj 1oy

[ Te]
BIep (4-0"99 O} -0°0G) W-1"0Z O} -2'G} oy} sjussaid aunbyy siyl "y sbuey HINIO woy g-MH-30 ejdwes 8100 oy siinses Bujdwes  yg anbiy M

sidwreg oN -

BEEE BEECEE EEGE

ordweg oN -

B EEE

ardureg oN
MO ojdureg oN
PPN

USTH
EV
Ao
O

| 50> 60 |
EESE EEN

o (wdd)np  (wdd)qs (wdd)ad () yydag
S8 R  g-\ -39 ajdwes ) abuey woi4 buuog |10§

Chapter 4 CEMR SAR Site information




| . . uoye Bujidwes puooss ay; 1o}
®lep (4-0°28 O} -0'89) W-Sg 0} -2"0g du} spuesaid ainby siy1 )y ebuey HWID woly g-3y-30 ajdwes 8100 1o} synsal Bulduies  “gg ainbiq

Chapter 4 CEMR SAR Site Information

srdweg oN -

ojdweg oN -
ardureg oN
MOT
P sjdweg oN -
[oTH

Ao EESE RS EEan

7 (wdd)nd  (wdd)as (wdd)ad () y3daq

S0ELUNG PUNOID I e Tt ) abuey woi4 buuog |08

46




elep (4-0°06 O} -0'+8) W-4"22 0} -9°Gg oy} sluasaid aunby siy1 ") ebuey HNTO wol g-4-30 sidwes 2100 Joj s)insal bujidwes  "9¢ ainbiy

uoye Buidwes puodss ay} Jo}

adureg oN
MO
PN
UorIH

Koy

v

Buuioq jo pu3zy

KX EUE K

srdweg oN -

E<E ESE KO
(wdd)ny (wdd)gs (wdd)ad () ypdaq

22eLNg punolo -Wy-39 9|dwes ) abuey woi4 buuog |10S

~
<

Chapter 4 CEMR SAR Site Information




when comparing the first and second sampling efforts for Range H, lower con-
taminant concentrations were observed among the first and second sampling efforts
for Range K. Data collected for the second sampling effort indicate high contami-
nant concentrations measured from the surface to a depth of 0.3 m (1 ft), and only
minor contaminant levels measured below 0.3 m (1 ft) at Range K. In contrast, con-
tamination at Range K was measured consistently at elevated concentrations to a
depth of 1.2 m (4 ft) at Range K during the first sampling effort. As discussed for
the Range H sampling activity, not all variations between the soil contamination
measured during the different sampling efforts can be attributed to the difference in
the sampling methods.

It is possible that contamination measured below 0.9 m (3 ft) during the first
sampling effort could be attributed to the sampling method, but this is unlikely. The
0- to 0.9-m (0- to 3-ft) sample was removed as a single sample during the first
sampling effort. Thus, contamination from fallback is not possible. Below 0.9 m
(3 ft) in depth, a consistent pattern of decreasing concentration is observed up to a
depth of 1.5 m (5 ft) (Figure 20). At 1.5 m (5 ft) in depth, a rock was encountered
which prevented the Shelby tube from being pushed and sampling methodologies
were modified. As a result (as stated previously) the elevated lead levels measured
below 1.5 m (5 ft) in depth could possibly be attributed to the sampling
methodology for the first sampling effort.

The samples collected from Range K during the second sampling effort were
near the sampling location for the first sampling effort (only 4.6 m (15 ft) to the
east, Figure 10). The only explanation offered that could account for the variation
in the contaminant levels measured in the soils from 0 to 0.9 m (0 to 3 ft) between
the first and second sampling efforts are soil heterogeneities.

Discussion of CEMR Sampling Efforts

Comparing the data from first and second sampling efforts proved to be
interesting. Range G had higher and deeper lead levels in the second sampling
effort than the first sampling effort. In contrast, Ranges H and K had lower levels
of contaminants measured at shallower depths. Combining the information from the
three ranges and both sampling efforts, it can be stated with a great deal of confi-
dence based on the sampling results that it is unlikely that any of the metal contami-
nants have vertically migrated more than 1.8 to 2.1 m (6 to 7 ft) in depth. While
vertical metal migration is occurring from the SAR at CEMR, it is occurring at a
slow rate. As a result, the lead has not migrated deep into the soil. All deep cores
that were collected using the drill rig were collected at the toe of the berms. For
these samples, projectile penetration in the soil cannot account for the elevated
metal concentrations. These sampling efforts provide information that demonstrates
that a more in-depth investigation into the vertical migration issue is warranted.
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Historical Well Analysis

A single well was located in the vicinity and down gradient of the SAR where
soil sampling took place. This is well AEHA-1A, which is located approximately
304.8 m (1,000 ft) southwest of Range K. Personnel at CEMR provided historical
sampling records that were collected for this well in September 1994. Analytical
results collected from this well indicate lead concentrations <0.0105 mg/¢ and
copper concentrations < 0.025 mg/(.
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5 Results of Other SAR
Sampling Activities

Several other SAR have been investigated to determine the extent and depth of
migration of the contaminants. During March 1995, three SAR were sampled at
Fort Benjamin Harrison located in Indianapolis, Indiana. These ranges consisted of
a 25-m (82-ft) zeroing range, an old modified record fire range now used as a skeet
range, and a Police Training Range. Results of this sampling activity indicate that
Pb and Cu contamination were widespread at the surface but no elevated concen-
tration of Pb and Cu were found below 0.9 m (3 ft) in depth (Bricka 1996a). This
soil had a higher clay content than soils from CEMR.

Sampling has also been conducted at a southern Army base located in Louisiana.
This sampling activity focused on two zeroing ranges. Results from this sampling
indicate that while vast areas of the range demonstrated elevated Pb and Cu levels at
the surface, no elevated Pb and Cu levels have been detected below approximately
1.2 m (4 ft) in depth. The two ranges sampled at the southern Army base have the
unique feature of a naturally occurring clay layer at approximately 0.9 m (3 ft) in
depth. This clay layer has a permeability of less than 1 x 107 cm/sec (3.9 x
108 in/sec). It is suspected that this clay layer prevents vertical migration of the
metals (Bricka 1996b).

Karr, Flynn, and Smith-Rawecki (1990) and Heath et al. (1991) studied an
impact berm at the Naval Amphibious Base, Little Creek, Virginia, and an impact
berm at the Marine Corps Combat Development Center, Quantico, Virginia. Soil
samples were collected to depths of 6 in., and vegetation samples were also col-
lected. Results from these studies indicate that concentrations of Pb and Cu at 6 in.
in depth were as high as 23,000 ppm. Levels of Pb and Cu as high as 265 ppm
were also measured in the vegetation samples. Heath et al. (1991) state that “results
of groundwater sampling and geochemical modeling indicate that lead may cause
groundwater pollution at sites with sandy soil, a soil pH less than seven, and
shallow groundwater (less than about 10 feet).” This report also states *“ground-
water modeling indicates that copper or zinc can cause groundwater pollution at
sites where the soil pH is less that six, and groundwater is shallow.”

Peters (1993) conducted sampling activities at an SAR at the training grounds
located at Grafenwohr, Germany. In this study, samples were only collected to a
depth of 30.5 cm (12 in.). Results of this sampling activity indicate lead and copper
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levels that were measured in the soil at a depth to 30.5 cm (12 in.) in excess of
300 ppm.

In summary, results of these studies indicate that lead and copper levels at SAR
will be highly elevated at the surface but will quickly drop as depth increases. The
majority of these studies have only been conducted at shallow sampling depths (less
than 0.9 m (3 ft), but, when samples were collected at depths of 0.9 m (3 ft) or
more, no elevated lead levels were detected.
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6 Theory of Metal Migration
at CEMR

For metals to migrate vertically from an SAR, two things must occur; first, the
metals must be dissolved in the pore water, and secondly, these dissolved metals
must migrate via bulk transport. Bulk transport involves the movement of the con-
taminants from the pore water into the groundwater flowing vertically and horizon-
tally. Soil chemistry, water chemistry, metal speciation, and projectile type will be
the main variables affecting the dissolution of the metals. Bulk transport will be
influenced by atmospheric precipitation, site topography, wetting and drying cycles,
and depth to groundwater.

While SAR projectiles primarily contain lead, copper, and antimony, lead is by
far the most toxic and is the greatest environmental concern. Thus, this chapter will
focus primarily on lead.

Factors Affecting Pore Water Concentration

One major factor affecting pore water concentration is metal speciation. Metal
speciation is influenced by pH and redox potential (Eh) within the soil. Many metal
species of lead consist of salt complexes. Most common salts of Pb are relatively
nsoluble or only sparing soluble, with the notable exceptions of lead nitrate and
lead acetate (Table 5). Lead generally occurs in three oxidation states: elemental
lead having a valence of “0,” divalent lead (+2), and tetravalent lead (+4). Using a
Pourbaix diagram (also known as a potential-pH diagram) the various states of lead
can be visualized (Figure 37). From Figure 37, it is evident that at natural water pH
(3-9) and Eh (0.6-(-0.6)), divalent lead is the predominate valence. (Care must be
utilized when interpreting Pourbaix diagrams because these diagrams only consider
specific cations and anions at specific concentrations. These diagrams also assume
thermodynamic equilibrium). Observing another Pourbaix diagram under similar
conditions (Figure 38), but including additional ions (sodium, nitrogen, magnesium,
calcium, and chloride ions), we see the vast change in the metal species. Due to the
complexity of natural groundwater, it is difficult to apply these simplified drawings
directly to SAR; but these diagrams do provide an overview of what may occur, and
the variables affecting pore water chemistry.

b2
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Figure 37. Eh-pH diagram for the Pb-S-OH system (Pb=10%, S=10%, and C=10") (source: Heath

et al. 1991)
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Figure 38. Eh-pH diagram for the Pb-Ca-CIl-Mg-N-Na-S-H20 system at 25 °C (source: Bundy, Bricka,
and Morales (1995))

Soil chemistry can also affect lead pore water concentrations. Materials such as
complex-forming ligands and chelating agents may increase or decrease the solu-
bility of lead. The effects of dissolved organic matter (represented by fulvic acid)
serve to increase the solubility of lead in the pH range of 4 to 6. Figure 39 illus-
trates how fulvic acid and lead species affect the solubility of lead in groundwaters.
Soil organic matter and clays which are insoluble can also serve to complex or sorb
lead, lowering the solubility (Allen, Perdue, and Brown 1993; Drever 1988). Soil
cation exchange capacity (typically contributed by the clay or organic soil fraction)
also significantly influences pore water lead solubility (Figure 40). The decay of
soil organic matter such as pine litter may also produce organic acids. These acids
will lower soil pH and increase the solubility of lead. Ionic concentration influenced
by soil chemistry may also have significant effects on lead solubility (Allen, Perdue,
and Brown 1993) as illustrated in Figures 41 and 42.

The type of projectile will also have a significant effect on pore water lead con-
centration. Generally there are two theories on how the lead is transported from
projectiles to pore water. Johnson et al. (1993) report that as the bullet enters the
soil, “the lead is molten and soft and sticks to the silicate grains of the soil, thus
smearing on the soil surface.” The lead in the soil is solubilized from the soil’s
surface to the pore water. The other theory involves galvanic corrosion effects.
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Table 5

Solubilities of Some Common Salts of Lead

Compound Symbol Ksp Sol., glce Color
Lead acetate Pb(C,H.0,} 10.1 -- White
Lead carbonate PbCO, 3.3 x 10 0.0011 White
Lead chloride PbCl, 1.6 x 10° 0.99 White
Lead chromate PbCrO, 1.8 x 10™ 5.8 x 10° Orange
Lead fluoride PbF, 3.7 x 108 -- White
Lead hydroxide Pb{OH), 1.42 x 10% 0.0155 White
Lead nitrate Pb(NO,) 5.88 56.0 White
Lead orthophosphate PB(PO,}, 3 x 10 1.4 x 10° White
Lead di-orthosilicate Pb,Si,0, insol. -- White
Lead oxide PbO 1.2 x 10" 0.0017 Yellow-red
Lead oxide (di) PbO, insol. - Black, dark br.
Triplumbictetroxide PB.O, insol. -- Red

Lead sulfate PbSO, 1.6 x 108 0.00425 White
Lead sulfide PbS 8 x 10 0.0006 Biack
Source: Peters et al. (1976), West and Astle {1978}, Dean (1992).

Most military projectiles are copper jacketed as discussed in Chapter 1. As the
projectile enters the soil, the jacket is fractured. The copper in the jacket either
remains in contact with the lead core or is separated. Whether or not separation
occurs, lead and copper build up in the soil at the SAR after some period of time.
When the metals are exposed to moisture through a rain event, an electrical con-
nection in the environment between two dissimilar metals is established, and
electron flow occurs between the metals, resulting in galvanic corrosion. With
galvanic corrosion, dissolution of the least-resistant metal is increased, and dis-
solution of the more resistant metal is decreased (Fontana and Greene 1978). As
illustrated in Table 6, copper has a higher electromotive force (EMF) (+0.337) than
lead (-0.126) and thus is more noble, implying that the dissolution of lead into the
pore water would be accelerated.

Little information regarding the corrosion possibility for bullet projectiles at
SAR was available when this theory was first considered. To investigate this
theory, a study was initiated in the summer of 1995 by WES to examine the
corrosion effects of bullets. Preliminary results of this study were released in an
internal report, which is attached in its entirety as Appendix D. Results of this study
indicate, that as theorized, corrosion is a major factor contributing to the lead pore
water concentration.
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Figure 39. Solubility of lead in three different groundwaters (source: Heath et al. 1991)

Factors Affecting Bulk Transport

Atmospheric precipitation (rainfall) greatly influences the bulk transport of lead,
as does site topography. Water must flow through the vadose zone to the aquifer
for groundwater contamination to occur. If there is little or no precipitation, there
will be no vertical bulk transport of the contaminants. If precipitation is excessive,
and this water travels through the vadose zone, contaminants in the pore water will
be diluted by the water flow. Site topography affects bulk transport by increasing or
decreasing water infiltration to the vadose zone. If the site is significantly sloping,
most of the surface water will run off and little infiltration will occur. In contrast, if
the site is relatively flat, higher water infiltration will occur.

Wetting and drying cycles of the soil will also affect bulk transport. As the soil
dries, an increase in the concentration of the lead in the pore water will occur,
increasing metal precipitation and sorption. If the soil becomes completely dry, the
lead will be in a solid form, resulting in a change in the metal species. As the soil is
re-wettedyadditional species transformation will occur which may increase (or
decreasi?the bulk transport of the lead.

56

Chapter 6 Theory of Metal Migration at CEMR




S -
40 |- SN —

LOG TOTAL DISSOLVED LEAD, MOLES/ §
T

Figure 40. Effects of adsorption by halloysite (a clay) on lead concentration in solution. Contours are
equilibrium lead concentrations at different clay concentrations. Clay concentrations are
drawn in units of cation exchange capacity (moles of CEC per liter of solution). Dashed
line is solubility of PbCO3 (source: Drever 1988)

Depth to groundwater is also a key factor influencing the potential environmental
impact of SAR. If groundwater is shallow, the metals have a short travel path to
groundwater. Effects of the metals on the groundwater will be observed quickly.

Summary of Theory

Several facts should be highlighted regarding SAR based on the review of the
theory:

a. Bulk metal concentrations in the groundwater will never exceed equilibrium
pore water concentrations.

b. Low-pH, high-Eh (oxidizing) soils will have high pore water metal
concentration.

¢. Soils having high solution activities (dissolved mineral or salt concentrations)
will have high pore water metal concentrations.
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Figure 41. Solubility of lead carbonate as a function of pH for a total activity aH,CO, + aHCO, +
aCO; varying from 1 to 10° (source: Gale, Liu, and Bricka 1994)

d. Soils with high clay content are expected to have lower pore water metal
concentrations.

e. Metal species have a significant effect on pore water concentrations.
f. Soil containing high organic matter may have elevated pore water metal con-

centration if the soil pH is low. If the pH is 6 or above, high soil organic
matter will decrease pore water metal concentrations.
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Figure 42. Species distribution of lead in an aqueous Pb(ll) solution (source: Snoeyink and Jenkins
(1280))

g. High dissolved organic matter will increase pore water metal concentration.

h. Corrosion, occurring with jacketed bullets, will increase pore water metal
concentration.

i. It is difficult to predict the effect of wet/dry cycles on pore water metal
concentrations.

J. Water infiltration through the vadose zone to groundwater increases metal
concentration being transported via bulk transport.

k. Shallow groundwater will be impacted by SAR activities more quickly than
deep groundwater.
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Table 6

Standard EMF Series of Metals

Metal-Metal lon Equilibrium
Unit Activity

Electrode Potential Versus
Normal Hydrogen Electrode
at 25 °C, volts

Au-Au* +1.498
Pt-Pt? +1.2
Pd-Pd-? +0.987
Ag-Ag’ +0.799
Hg-Hg,* +0.788
Cu-Cu*? +0.337
Noble or Cathodic
H,-H* 0.000
Active or Anodic

Pb-Pb*? -0.126
Sn-Sn*? -0.136
Ni-Ni*? -0.250
Co-Co* -0.277
Cd-Cd** -0.403
Fe-Fe*? -0.440
Cr-Cr? -0.744
Zn-Zn* -0.763
Al-AI*? -1.662
Mg-Mg*? -2.363
Na-Na* -2.714
K-K* -2.925

Source: Fontana and Greene (1978).
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7 Data Collected for Camp

Edwards Small Arms

Range Soils

Laboratory analysis was conducted on the soil collected during the first sampling

effort to provide some insight on the soil characteristics. Tests were limited to

particle size analysis (PSA) and the determination of soil buffering capacity (SBC).

PSA testing provides insight into the quantity of fines, sands, and coarse materials
in the soil with depth. The SBC test provides information regarding the amount of

acidity the soil will be able to buffer.

Particle Size Analysis

Soil particle size analysis consists of dry sieving the soil
through a series of U.S. standard sieves ranging in size as listed
below. A total of nine soil fractions were generated.

Selected soil samples were tested from the three ranges.
Resuits of this PSA test are presented for Range G in Figure 43,
Range H in Figures 44-45, and for Range K in Figures 46-48.
Results of this test indicate that for range G material, the soil is
very sandy. The top portion of the soil, down 50.8-cm (20 in.)
in depth, has more fine material than that below the 50.8 cm
(20-in.) depth. Typically, Range G soils contain 14-15 percent
fine material as measured by the <0.063-mm fraction in the
upper 50.8-cm (20 in.) of soil. Below 50.8 (20 in.), less than
3 percent fines were measured in this fraction. In contrast,
Ranges H and K had higher concentrations of fines in the soil.

Range H had between 20 and 40 percent fines (<0.063 mm) in all the samples tested

Sieve Size, mm

12.50

6.70

2.00

1.00

0.05

0.25

0.125

0.63

down to 160 cm (63 in.) in depth. Range K was a mixture of more coarse and fine
material. The Range K soil also contained fines down to about 26 in., but below

this depth the soil was relatively coarse.
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Figure 43. Particle size analysis for core sample CS-G-1 from Range G. This figure presents the
20.3- to 96.5-cm (8- to 38-in.) data
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Range H Core Samples
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Figure 44. Particle size analysis for core sample CS-H-1 from Range H. This figure presents the 0- to
91.4-cm (0- to 36-in.) data
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Range H Core Samples
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Figure 45. Particle size analysis for core sample CS-H-1 from Range H. This figure presents the 91.4- to
182.9-cm (36- to 72-in.) data

Range K Core Samples
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Figure 46. Particle size analysis for core sample CS-K-1 from Range H. This figure presents the 0- to
91.4-cm (0- to 36-in.) data
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Range K Core Samples
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Figure 47. Particle size analysis for core sample CS-K-1 from Range K. This figure presents the 91.4- to

171.5-cm (36- to 67.5-in.) data
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Range K Core Samples

100 10 1 0.1 0.01

Particle Diameter (mm)
73.5-79.5 inches ~*~ 67.5-73.5 inches ~™—

Figure 48. Particle size analysis for core sample CS-K-1 from Range K. This figure presents the 171.5-
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to 201.9-cm (67.5- to 79.5-in.) data
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Soil Buffering Capacity

Soil buffering capacity tests were conducted only on the CS1 and CS2 core
samples from Range G during the first sampling effort. The cores were divided into
6-in. sections and SBC tests were conducted on each section of the core. The
deepest sample analyzed was the 81.3- to 96.5-cm (32- to 38-in.) CS2 sample. A
Metrohm™ 670 Titroprocessor was used to conduct buffering capacity determina-
tion for the soil sample using an acid-base addition procedure following the manu-
facturer’s guidelines, briefly described as follows. First, 3-5 g of oven-dried soil
was weighed and slurried with 100 ml of water. Then, using a known normality
solution of nitric acid, acid was added to the soil slurry at a rate of 0.2 ml/min and
the pH of the slurry was recorded. The data reported was the pH versus the moles
of acid per gram of soil added.

Figures 49 and 50 present the results for the CS1 and CS2 samples, respectively.
1t is clear from these figures that there is very little soil buffering capacity until the
soil reaches a pH of 4.5 or below. These figures also illustrate that the SBC
changes little over the depths tested. Figure 51 presents a comparison of the SBC of
soil from the CS1 sample and SBC of soil collected from an SAR at Fort Benjamin
Harrison (FBH). The FBH soil has a much higher clay content than the CEMR
SAR soils. The FBH soil is more typical of Army SAR soils. Comparing the FBH
soil to the CEMR soil, it is evident that CEMR soil has little buffering capacity.

65




ejep (Wo-gg 0} -¢'0Z) "Ul-9Z 0} -g oY} sjussaid aInby sy ‘9 abuey woiy L80-40-09 sjdwes 8109 o} sanno Ayoedeo Bupeyng 1o “6¥ ainbiyg

Aun|S [0S jo Hd

]
o
o
o
e[ed

!

-
<
o

(6/1oww) Ajioeden Buueyng |10S oAl

Chapter 7 Data Collected for Camp Edwards SAR Soils

L

AN
<
o

|

™
<
o

:@NION +
:ON...VF + 7]
Jw1-8 +

q-
<
o

- G0°0

66




ejep (Wwo-g'g6 0} -¢°0Z) "UI-gE 0} -g ay) sjuasald ainby siyl " abuey woly zg0-4O-00 ajduies 8109 10} sonnd Ayoedes Buleyng (105 °0S a4nbiy

Aun|s Ji0g jo Hd

w1-8

000

100

200

™
Q
o

q—
<
o

o)
<
o

(6/joww) Ayoedes Buuayng |10 aAneey

~
(o]

Chapter 7 Data Collected for Camp Edwards SAR Soils




[los uosieH ulwefuag o4 ay) pue 5 abuey woiy 1SO-40-00 o|dwes 81090 10 sanno Ayoedes Bupayng j10g  *1Lg ainbi4 2
Aun|s jl0g jo Hd
8 L 9 S ¥ € 4 8
_ _ _ _ _ _ T T . T _ = A 5
® 3
....... - . 100 ®
e e T TS, = |
’3/& - o) .DM
410 D ~
w» o &
% | @
* wy] S
(Y 120 €
. 5}
“’ 7] w.
R 1¢€0 @
L
., - muu
_ ©
% Vo 3
M« | 0,
<
H8d --@--- _
9202 —ill— S0 \W/
0Tyl —W— i 3
:.V_‘..w I"l O
190 =
Q
N’
2]
©




8 Modeling Efforts

Chapter 8 Modeling Efforts

First Modeling Effort

To better understand the potential for vertical migration at the SAR at CEMR, a
simple model was used. A one-dimensional form of the advection-dispersion
equation for nonreactive dissolved constituents was determined to fit the conditions
exhibited at the SARs. Equation 1 was the model chosen to represent site condi-
tions. This model represents the conditions of saturated, homogeneous, isotropic
materials under steady-state uniform flow conditions (Freeze and Cherry 1979).

c 1 1-vt vl l+vt
— ==lerfc +exp| —| erfc (1)
G 2 2,/Dy D, 2,/Dy

where

I = distance along the flow path
Vv = average linear water velocity
D, = coefficient of hydrodynamic dispersion in the longitudinal direction
C = contaminant concentration at time t
t =time
C, = source concentration

The majority of fluid flow at the SAR at CEMR is in the vadose zone and not under
saturated conditions. Recognizing this fact, the model will “overpredict” the
transport of the contaminants with time. Unsaturated flow models are very
complicated and beyond the scope of this first effort. Therefore, it was decided to
adjust this model to fit the known site conditions. For this first estimate, it was
determined that this model could be used to predict the time required for the con-
taminants to migrate to the groundwater if corrections were applied to the model
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results. Solving Equation 1, without corrections, provides the solution shown by
Equation 2 (van Genuchten and Alves 1982).

+ 1 exp (vx/D)erfc [MJ )

2 2(DRH)?

Clxf) = lerfc Re-vt
2 2(DRf)V?

where
C = concentration
R = retardation factor
R =1+ (({/6)Kd ¢ = bulk density of the soil, 6 = porosity of the soil
x = length of groundwater travel
v = hydraulic conductivity
t = time
D = dispersion coefficient
and the boundary conditions of:
C,0)=0 1>=0
C(0,t)=Co t>=0
C(eot) =0 t>=0

As shown in Appendix E, the rate of contaminant transport was predicted using two
corrections. The first assumed that the contaminant would only migrate vertically if
water was present. Using an estimate of 12 days for rain events greater than or
equal to 1 in. (Fletcher 1993) and applying this correction to the model, it is esti-
mated that vertical lead migration will take a period in excess of 125 years to impact
groundwater at CEMR at 90 ft in depth. This calculation is based on several
assumptions. A more accurate method of contaminant migration prediction involves
“tuning” the model. Using the fact that after 40 to 50 years, the contamination at
the SAR had migrated no deeper than 10 ft and using a reasonable estimate of
dispersion and hydraulic conductivity, we calculated that R = 50, as illustrated by
the curve shown in Figure 52. Substituting these values into the model and predict-
ing migration to 90 ft (groundwater) we see that breakthrough will not occur for
approximately 300 years (Figure 53). While predictions from the two models vary
from 125 to 300 years, they both indicate that the lead will migrate to groundwater.
Both modeling efforts predict that SAR activities at CEMR will provide a source of
lead groundwater contamination in the near term (< 500 years) if no action is taken
at the SAR to reduce the lead migration and use of these SAR is continued.
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Figure 52. Model prediction of Pb migration at CEMR. This figure was used to “tune the model.” Solution
variables were D = 0.028 ft¥day, v = 0.08 ft/day, t = 50 years, and R = 50. The model was run
using trial and error to provide the conditions of C/Co = 0 at 3 m (10 ff) of depth (x)

Second Modeling Effort

The result of the first modeling effort was presented to project personnel at
CEMR in a briefing held on 26 March 1996. As a result of this meeting, WES was
tasked to conduct a more in-depth modeling investigation to provide a more repre-
sentative prediction of the vertical migration rate of the contaminants and the
potential for groundwater impact. The Water Quality and Contaminant Modeling
Branch at WES was tasked with this effort, results of which are presented in this
chapter.

Model Selection

Existing groundwater models were reviewed to determine the most appropriate
model for modeling the vertical contamination from the SAR at CEMR. Limited
site data regarding groundwater flow characteristics were available from CEMR in

. the area around the SAR, and this weighed strongly in model selection. Based on
the data provided to WES by the CEMR and the object of this modeling effort, the
Multimedia Environmental Pollutant Assessment System (MEPAS) model was
selected for use in the second modeling effort.
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Figure 53. Model prediction of Pb migration at CEMR. This figure uses the solution variables shown in
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Figure 31 by x = 27.4 m (90 ft) (groundwater depth). The model predicts that it will take
300 years for the Pb to migrate the 27.4 (90 ft)

MEPAS is a physics-based risk computation code that integrates source-term,
transport, and exposure models. This model is primarily a screening level model
which has been used for the evaluation and ranking of environmental problems for
the USEPA (Whelan et al. 1992). The multimedia MEPAS model was developed at
the Pacific Northwest Laboratory and can be used to evaluate air, groundwater,
surface-water, and overland flow transport pathways. For the CEMR, the primary
focus of this second modeling effort was on groundwater contamination.

Objective

The objective of this second modeling effort was to investigate the potential
migration of lead to groundwater resources from three SARs at CEMR. Lead was
selected as an indication of contaminant migration because it was measured at the
greatest levels in the soils and, based on the soil boring, it had the highest rate of
migration. Both concentrations and time of arrival were determined for the vertical
migration through the vadose (or unsaturated) zone and the transport of the lead in
the groundwater to fixed locations at known distances from the SAR.
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Background

Utilizing the field data collected during the first and second sampling efforts, the
MEPAS model was calibrated and the screening level model was used to determine
the degree of groundwater contamination that would occur from the ranges. Input
data to the model were purposely held conservative so that the worst-case scenarios
could be evaluated.

Due to the fact that firing Range G appeared to have the deepest contaminant
migration, this range was modeled in this study. Based on data gathered by the
U.S. Army Center for Health Promotion and Preventive Medicine (1994), the
conceptional soil structure at Range G used as input to the model is sh