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ABSTRACT

This document presents a refinement of the site conceptual model with respect to dense
non-aqueous phase liquid (DNAPL) at the U.S. Department of Energy Kansas City Plant
(KCP). This refinement was prompted by a review of the literature and the resuits of a
limited study that was conducted to evaluate whether pools of DNAPL were present in
contaminated locations at the KCP. The field study relied on the micropurge method of
sample collection. This method has been demonstrated as a successful approach for ob-
taining discrete samples within a limited aquifer zone.

Samples were collected at five locations across 5-ft well screens located at the base of the
alluvial aquifer at the KCP. The hypothesis was that if pools of DNAPL were present, the
dissolved concentration would increase with depth. Four wells with highly contaminated
groundwater were selected for the test. Three of the wells were located in areas where
DNAPL was suspected, and one where no DNAPL was believed to be present. The re-
sults demonstrated no discernible pattern with depth for the four wells tested.

A review of the data in light of the available technical literature suggests that the fine-
grained nature of the aquifer materials precludes the formation of pools. Instead, DNAPL
is trapped as discontinuous ganglia that are probably widespread throughout the aquifer.
The discontinuous nature of the DNAPL distribution prevents the collection of ground-
water samples with concentrations approaching saturation. Furthermore, the results indi-
cate that attempts to remediate the aquifer with conventional approaches will not result in
restoration to pristine conditions because the tortuous groundwater flow paths will inhibit
the efficiency of fluid-flow-based treatments.

vii







1. INTRODUCTION

This report describes a refinement of the site conceptual model with respect to the pre-
sence and distribution of dense non-aqueous phase liquids (DNAPL) at the U.S. Depart-
ment of Energy (DOE) Kansas City Plant (KCP). The refined model is based both on a
review of the technical literature and on experimental data acquired from subsurface soil
at the KCP. The KCP is operated by AlliedSignal Corporation for DOE Albuquerque
Operations. This work was performed by personnel from the Oak Ridge National Labor-
atory/Grand Junction office (ORNL/GJ) with the assistance and oversight of AlliedSignal
personnel in Kansas City.

The KCP has manufactured non-nuclear components of nuclear weapons for more than
thirty years. The various manufacturing operations have involved considerable machining
of metal parts and subsequent degreasing operations. Formerly used degreasing solvents,
primarily trichloroethene (TCE), have been spilled or disposed of on site and have caused
contamination of the groundwater (U.S. DOE 1994, 1993a).

Although contaminated groundwater at the KCP is being contained by a pump-and-treat
system (U.S. DOE 1992a), it is well known that such treatment is not capable of restoring
the contaminated aquifer to the standards required by the Resource Conservation and
Recovery Act (RCRA), which are applicable to the KCP (U.S. DOE 1994, 1993b). Pre-
dicting the ultimate efficiency of the KCP pump-and-treat system and the time required to
achieve a specified level of remediation has not been possible because the nature and
actual amounts of the contaminant sources are not known. Because records regarding the
size of spills or leaks are insufficient, the quantity of chlorinated solvent potentially avail-
able for groundwater contamination is unknown. Moreover, there are no data that permit
an evaluation of whether there is a source consisting of DNAPL or whether the observed
contamination is primarily in the dissolved phase. As will be described, DNAPL is believed
to be present based on several lines of indirect evidence. Consequently, this study was
undertaken in order to assess the manner in which DNAPL at the base of the aquifer is
distributed.

1.1 Hydrogeologic Setting

The hydrostratigraphy at the KCP can be divided into two major units: the unconsolidat-
ed alluvium and the underlying bedrock. The regional and local stratigraphic relationships
between the alluvium and the consolidated sequence at the KCP site have been previously
documented (Kearl et al. 1984; Korte et al. 1985; Fleischhauer et al. 1986; Madril et al.
1986; Fleischhauer et al. 1987; U.S. DOE 1990, 1992b). For the purposes of this report,
only the alluvium will be addressed because studies have shown that the bedrock is an
effective barrier to contaminant migration (U.S. DOE 1993c).




Cycles of deposition and erosion have resulted in the alluvial facies distribution shown in
Fig. 1, the alluvial fence diagram for the Northeast Area/001 QOutfall (U.S. DOE 1993b).

This figure exhibits all of the features found in the alluvium at the site. The stratigraphy,
however, is not uniform across the KCP because of the presence of fill and the effects of
erosional processes.

In general, the alluvium consists of continuous and discontinuous zones of clayey silt, sand,
and gravel. Two more-permeable, water-bearing zones are present within the alluvium: an
upper sand-clay-silt and a basal gravel with a sand-silt-clay matrix. The two zones are separ-
ated in certain areas by a layer of olive to blue-green clayey silt. The two more-permeable
zones and the intervening blue-green clayey silt all transmit water and constitute the alluvial
aquifer.

The upper zone consists of thin-bedded sequences of clayey silt, with minor amounts of sand.
These features, however, do not extend to significant depths within the aquifer. The olive to
blue-green clayey silt separates the upper and basal zones in some areas. Generally, this lay-
er appears to have a lower moisture content than the adjacent zones and when encountered
during drilling, required a slower drilling rate, indicating a relatively high density. It is impor-
tant to note that water does flow through this clayey-silt layer, but at a reduced rate (U.S.
DOE 1992a).

The basal gravel is continuous throughout the site and ranges in thickness from a few inches
to 8 ft. It consists of angular limestone and sandstone gravel with a sand-silt-clay matrix.

Grain-size analyses were conducted on several soil samples collected at various depth intervals
from KC84-08, a groundwater monitoring well located in the central portion of the facility.
The results indicated only minor differences in grain-size distribution with depth and that the
aquifer is composed of grains in the clayey-silt size range (Korte et al. 1985).

1.2 Hydraulic Properties of the Alluvial Aquifer

Five pumping tests, with pumping wells that fully penetrated the alluvial aquifer, have been
performed at the KCP to determine the hydraulic properties of the alluvium. These tests
indicate that the vertically averaged hydraulic conductivity at the KCP ranges from 1.1 ft/d
(3.9 x 10™ cm/s) to 3.0 ft/d (1.1 x 10 cm/s). In addition, numerous slug and bail tests have
been conducted at the KCP since 1984. Results and recovery plots of the slug tests are pre-
sented in the TCE Still Area RFI report (U.S. DOE 1994, Appendix D). Hydraulic conduc-
tivities as calculated from these slug and bail tests are consistent with the pumping test results
described above.

In summary, the alluvial system under study consists primarily of a clayey silt in which ground-
water flow rates have been estimated at no more than a few 100’s of cm/year.
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1.3 DNAPL Characteristics and their Implication at the KCP

When groundwater contamination with chlorinated solvents was initially investigated, many
believed that pump-and-treat would eventually restore an aquifer. Since then, many inves-
tigators have demonstrated that chlorinated solvents may form pools of pure DNAPL that
can be sources of contamination for decades and possibly centuries (Wilson and Conrad
1984; Schwille 1988). The recognition of this problem has led to a need to develop new
strategies that address the fact that treatment of the entire aquifer is not realistic (Korte
and Kearl 1990; Wilson 1992; Johnson and Pankow 1992). Some of these strategies are
containment by hydraulic means, possibly in conjunction with slurry walls, and the applica-
tion of passive technology such as reactive gates (Gillham and O’Hannesin 1992). Direct
knowledge of DNAPL presence is not essential for applying some of these innovative
technologies. However, uncertainties regarding their potential efficiency and placement
would be reduced if more precise information were available. Moreover, an enhanced
knowledge of how DNAPL is distributed would be useful in evaluating the potential
application of source treatment measures-or in justifying cessation of pump-and-treat
operations that are proving ineffective in reducing contaminant concentrations.

Why DNAPL is Believed Present at the KCP

The general theory of DNAPL movement has been provided by Schwille (1988). DNAPL
spilled or leaked to the ground above the water table moves under the force of gravity to
the capillary fringe (Fig. 2a). At first, surface tension between the water and the DNAPL is
sufficient to prevent penetration of the water table. As more DNAPL is added, eventually
enough reaches the water table to overcome the water capillary pressure at the capillary
fringe, and the solvent penetrates the water table (Fig. 2b). Under the force of gravity, the
solvent migrates rapidly until it encounters a layer of lower permeability. This scenario was
suspected at the KCP at some of the sources within a general location known as the TCE
Still Area (Fig. 3).

A review of the literature, however, shows that the idealized circumstances presented in

Fig. 2 present an oversimplification for a site such as the KCP. Figure 2 is based on models
using glass beads, which can only simulate the circumstances for very coarse soil conditions.
In contrast, the alluvium at the KCP site is two to four orders of magnitude less-permeable.
The actual distribution of DNAPL in such a low-permeable system requires additional consi-
deration.

Figure 4 shows the heterogeneous nature of DNAPL distribution (at the microscale) such as

might be encountered in subsurface soils. The system depicted in the figure is coarser than

what is present at the KCP but it illustrates how DNAPL is trapped as ganglia in discontinu-

ous phases. Indeed, in a finer-grained system where the capillary entry pressure is significant-

ly higher, a "pool” such as is shown in Fig. 2, cannot form and the overall distribution will look

more like that shown in Fig. 5. Figure 5 presents a DNAPL distribution developed for a fine-

grained system in the laboratory (Wilson et al. 1989; Conrad et al. 1988; Conrad et al. 1992).

A field-scale conceptual drawing of such a distribution is shown in Fig. 6. The figures show .
that "pools" are not formed and that DNAPL distribution is highly discontinuous. The figure
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EXPLANATION

AS A FLUID PHASE WITH HIGHER DEGREE OF SATURATION
AS A FLUID PHASE WITH LOWER DEGREE OF SATURATION

V777 N AQUEQUS SOLUTION WITH HIGHER DEGREE OF SATURATION

IN AQUEQUS SOLUTION WITH LOWER DEGREE OF SATURATION

Ref: Schwille, 1988 SCHWILLE

Fig. 2. Migration of chlorinated solvents. Grain size at right. Adapted with
permission from F. Schwille, Dense Chlorinated Solvents in Porous and Fractured Media,
Lewis Publishers, Chelsea, Michigan, 1988.
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suggests that, especially in heterogeneous field systems, there are dead-end and even closed-
off pores where water or DNAPL can accumulate and be virtually impossible to displace. In
a sense, the circumstances can be thought of as resulting in many "micropools" of DNAPL
interspersed with some water-filled pores as well. In this case, discrete sampling over a 5-ft
zone, is unlikely to show large variations in contaminant concentrations. DNAPL ganglia
will be dispersed throughout the zone, and even though films of water surrounding the gan-
glia may contain saturated concentrations of the solvent, bulk samples, even from a very
small area, will show significantly lower concentrations. Consequently, the brief field study
reported in this document was designed to determine whether the idealized conceptual
model for DNAPL in Fig. 2 or the discontinuous distribution shown in Figs. 5 and 6 is
more applicable to the KCP.

Sité—Speciﬁc Data

The alluvial system at the KCP is generally referred to as homogenous in a hydraulic sense.
The entire alluvium transmits water, and while the hydraulic conductivity from top to bottom
shows some differences, the alluvium can universally be characterized as not very permeable.
The basal unit of the alluvium does contain gravel, but the clayey-silt matrix, although there
are localized exceptions, dominates the hydraulic characteristics of the unit. However, to
describe the alluvium at the KCP as homogenous is not accurate when considering a micro-
scale process such as the movement and distribution of DNAPL. Even the studies with uni-
form glass beads showed marked fingering and spreading when a uniform fine-grained layer
was encountered (Schwille 1988).

Many of the monitoring wells at the KCP were installed as multiple completions in the same
borehole. The technique has permitted, in some cases, determination of the location of a
spill (Korte and Kearl 1991). For example, in a contaminated area known as the Northeast
Area, a well (KC85-37) located within the suspected source area showed high levels of con-
tamination in the upper portion of the aquifer, moderate levels in the middle portion, and
much less contamination at depth. Referring again to Fig. 2a, the data at Northeast Area
well KC85-37 generally fit this model, suggesting that the DNAPL spill was barely sufficient
to overcome the repulsive forces at the capillary fringe. It is clear from the contamination
pattern that a spill probably occurred near the well and that a significant DNAPL pool is
unlikely to be present at the bedrock in this location.

In contrast, well KC87-69, which is within the TCE Still Area (Fig. 3), shows the opposite
pattern to the well described in the preceding paragraph. Contamination in the lower zone
of the aquifer is much greater than in the upper zone (this well does not have a middle com-
pletion), suggesting that an accumulation of DNAPL may exist at depth at this location. It
should be noted that hydrologic data for this location indicate that there is not a significant
vertical hydraulic gradient in this portion of the site.
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In addition, samples of soil collected below the water table as part of various site inves-
tigations have also provided data that suggest the presence of DNAPL. An example is
shown in Fig. 7 for samples collected as part of the investigation for a site known as the
Plating Building (U.S. DOE 1993d). The maximum results for total VOC concentrations
were found at or near the contact of the alluvium with the less-permeable bedrock (sam-
ples were collected at 5-ft intervals). Such data are consistent with the scenario for con-
taminant distribution illustrated in Fig. 2b.

Although contamination patterns suggest the presence of DNAPL, there has been no con-
firmation because the maximum concentrations found in wells in the area are far less than
the concentration at saturation. In other words, if a well were located within a DNAPL
pool that formed as shown in Fig. 2b, water at that location should have concentrations of
the liquid near saturation (maximum solubility) — circumstances that have been observed
at the DOE Paducah Gaseous Diffusion Plant (PGDP), a site where the soil is very coarse
grained (J. Douthitt, PGDP, personal communication to Nic Korte, ORNL, March 1993).
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2. U.S. ENVIRONMENTAL PROTECTION AGENCY (EPA) GUIDANCE
REGARDING THE INVESTIGATION OF DNAPL

The observation that contaminant concentrations are significantly less than saturation, as
at the KCP, is typical according to DNAPL guidance provided by the EPA (U.S. EPA
1992). The EPA guidance includes certain recommendations for inferring the presence of
nonaqueous phase liquids. A review of that guidance, with respect to the KCP, indicates
that DNAPL is likely to be present. The following are the itemized EPA
recommendations and the circumstances at the KCP,

DNAPL may be inferred tc be present if:

1.

DNAPL concentration in groundwater > 1% of pure phase or the effective solubility
limit.

The solubility of TCE is approximately 1100 mg/L.. Concentrations greater than
10 mg/LL (> 1% of the solubility limit) are common at the KCP and range to nearly
40% at well KC94-1921..

DNAPL concentration in soil > 10,000 mg/kg (1% of soil mass).

The concentration of TCE in soil samples from the KCP has exceeded 10,000 mg/kg
in only one sample so far. The highest concentrations are from two locations:
14,000 mg/kg at the Plating Building (U.S. DOE 1993d) and 2,500 mg/kg within the
TCE Still Area (U.S. DOE 1994).

DNAPL concentrations in groundwater as calculated from soil-water partitioning
relationships and from soil analyses are greater than the effective solubility.

This condition is not closely approached at the KCP. Site soils have low organic
contents and are believed to show little affinity for adsorption of chlorinated solvents.

Maximum groundwater concentrations are typically 3% or less of the solubility. In a
few rare cases, values as high as nearly 40% have been reported.

DNAPL chemical concentrations increase with depth in a pattern that is inconsistent
with advective transport.

This condition has been noted as described in the site investigation reports for the
Plating Building and Department 26 (D/26) (U.S. DOE 1993c, 1993d) (see previous
discussion regarding well KC87-69).

Erratic concentrations of DNAPL chemicals are found in groundwater, soil and soil gas.

Wells in suspected DNAPL areas have shown the most erratic results. An example is

well KC87-69. Contaminant trends, as shown in Fig. 8, have often been erratic and may

be due to the presence of DNAPL.
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6.. DNAPL chemicals are present in groundwater that is older than potential release
dates.

A limited amount of information regarding groundwater age has been obtained, but
no measurements are available from the base of the aquifer. One water sample, col-
lected at 21 ft below land surface, was estimated to be approximately 20 years old (A.
D. Laase, ORNL/G]J, letter to J. Baker, AlliedSignal, Inc., June 10, 1994). Consider-
ing that the depth to the base of the aquifer is nominally 40 ft, that the spills were 30
to 40 years old when contaminants were first noted in the groundwater, and that the
recharge rate typically decreases with depth, it is probable that the DNAPL is present
in groundwater older than the potential release dates. The latter statement, however,
cannot be considered as confirmed without obtaining additional data.

There are other potential methods for inferring DNAPL presence, but these are
believed unlikely to be successful (e.g., transparent bailers) based on previous experience
at the site. '
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3. EXPERIMENTAL DESIGN

The preceding discussion shows that the presence of DNAPL may be inferred based on sev-
eral lines of evidence at the KCP. The next question was whether the presence of DNAPL
could be evaluated in a more direct manner. The method chosen, based both on cost and
potential applicability to the site, was depth-discrete water sampling. This technique was
among the fluid measurement methods recommended by the EPA for determining the pre-
sence of DNAPL (U.S. EPA 1992).

The selected approach was to collect samples at five distinct depth intervals across the 5-ft
well screen at the bottom of the aquifer. Four wells were chosen as representing varying
conditions and locations at the KCP. If DNAPL pools were present, results would be as
shown in Fig. 2b. Maximum concentrations, approaching the solubility limit, would be found
in the deepest sample. Concentrations would decrease as the height above the bedrock in-
creased.

3.1 Wells Selected

Four monitoring wells were selected for the study: KC84-18, KC87-69, KC92-184, and
KC94-192. The latter three wells were chosen because they are located within or near
source areas suspected of containing DNAPL. KC84-18 was included because it contains
very high concentrations of contaminants and yet is believed to be downgradient from sus-
pected DNAPL locations. The well locations are shown in Fig. 3.

3.2 Materials and Methods

Two sets of samples were collected from each well with the device shown in Fig. 9. Teflon™
tubing was attached to a rigid pole so that the tubing intake would be positioned at discrete
depths. This approach was based on the micropurge sampling technique developed by direct
observation of colloid transport in groundwater (Kearl et al. 1992; Kearl et al. 1994). That
work showed that insertion of the sampling device causes extreme disturbance within the
well bore, but that with dedicated sampling devices and low flow rates (< 100 mL/min), flow
to the pump is laminar, with minimal mixing. The device shown in Fig. 9 was lowered into
the wells to be sampled and then left for a minimum of 24 h to ensure that the disturbance
caused by the insertion had subsided (Kearl et al. 1992). A peristaltic pump was used at the
surface because the depth to water was approximately 10 ft or less for each well.

Samples were then collected at a low flow rate. Recent work at the KCP has shown that
the low flow rate/micropurge groundwater sampling method provides results for organic con-
taminants that are not statistically different from the results of traditional sampling methods
(Kearl et al. 1994). Except for samples 001 through 0006, samples were collected at a flow
rate of 100 mE/min. The other six were collected at flow rates of 150 or 250 mL/min. A
review of the results (see next section) does not indicate any unique effects because of the
higher flow rates.
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Samples from the bottom depth were collected first from each well. After a minimum of
one hour, samples were collected from the second depth and so on. In each case, only
the volume of tubing was purged (118 to 156 mL depending on the depth of the tubing).
Then two 40-mL sample vials were filled. Samples were collected in this manner to mini-
mize disturbance in the wells. Once a complete set of samples was collected from each
well, the process was repeated after a 24-h interval. Samples were sent to Pace Labora-
tories, Inc., in Lenexa, Kansas, for the analysis of volatile organic compounds (VOCs).
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4. RESULTS

4.1 KC84-18

This well is located in the Northeast Area downgradient from the location believed to be
the primary source of contamination. Contaminant levels are typically high in the lower
zone of this well due to the influence of a downward hydraulic vertical gradient. As shown
by Fig. 10, the well is screened across 5 ft of clayey gravel and silt above the sandstone
bedrock.

Despite the high concentrations of contaminants, DNAPL was not expected in well KC84-18
for several reasons. As noted previously, the source area wells for this contaminant plume
did not indicate the presence of DNAPL at depth and the presence of dissolved contamina-
tion at depth in well KC84-18 could be explained based on the site’s hydrologic conditions
and simple advective transport. Another reason that DNAPL was not expected is that well
KC84-18 is primarily contaminated with 1,2-dichloroethene (1,2-DCE), which is believed to
be present at the KCP only as a biodegradation product of TCE. Because TCE is biode-
graded only when in the dissolved phase, it follows that 1,2-DCE must also be in the dis-
solved phase (Alvarez et al. 1989). The results shown in Table 1 and Fig. 11 (only TCE

is graphed because only it would be in a DNAPL phase) demonstrate that there is no signi-
ficant contaminant pattern with depth for this well. In addition, TCE levels are well below
the 1% of solubility limit cited above as representative of DNAPL.

4.2 KC87-69

This well (Fig. 12) is located in the TCE Still Area near the location of a former still that is
believed to be a primary source of contamination in the area. This is one of two monitoring
wells at the KCP where contaminant levels above 100 mg/L (100,000 wg/L) of total VOCs
have been reported. Analytical data are presented in Table 2 and graphed on Fig. 13. The
TCE results for the first round of sampling show a maximum at 34.75 ft below ground sur-
face or 1.5 ft above the bedrock contact. A maximum at 1 ft above the bedrock contact is
shown in the second round sample. The comparison between the two rounds is not ade-
quate, however, to draw a conclusive interpretation from the data. The prudent approach

is to assume that there are no significant differences with depth.

43 KC92-184

This well (Fig. 14) is located within the main plant near the former Plating Building, where
degreasing operations resulted in significant TCE spills. Contaminant distribution patterns in
soil near this location (Fig. 7) were such that DNAPL was suspected in the area. The loca-
tion of KC92-184 as it relates to the sampling locations on Fig. 7 is shown on Fig. 3. The
data obtained in this study are shown in Table 3, and the TCE results are plotted on Fig. 15.

The results do not indicate the idealized pattern shown in Fig. 2, and except for two of the
results (first round TCE data at 36.35 and 39.85 ft) are relatively uniform.
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Well Summary Information

OAK RIDGE NATIONAL LABORATORY

Prepared By J. DEXTER (BENDIX} Dote __10/15/84 Page ! of 1.
Hole No._KCB84-D18 CASING ELEVATION: _L—798.41°, M—79B.37", U-798.40" GROUND ELEVATION: .795.60"
Total Depth _44'____ Number of Completions .3 Rig Type _PAUGER Locoti SEE MAP
Auger Size _UNKNOWN ___  Sample Type UNKNOWN
Project _ KANSAS CITY DOE Dato_Verified 8y NA Date NA
e P i | conestanon | Lmoroar DESCRIPTION
+67
1
+43
+23 — F 5
oL Lk
1 X
k H B &
2":_ TR %ft FILL: cloyey silt, organics.
1 4 11 b e 0 0:5%
1 SRR el
4 'q 4 v‘i s’f"o
T 83 vl & [{ IS "‘0’
61 < bl = &;I‘o,‘.
] 5 [ ] R
+ | HERB-I-
+ - =] CL CLAYEY SILT: dark gray, organics.
101 g =
] ToI]
14 ==
145 -7
167 ) B,
183 : % GRAVEL: clay rich matrix, water encountered.
20 _:_ 28 g -
223 5 m-z CL CLAYEY SiLT: olive groy.
28] 5o ' R
s ~T = WATER AT 23"
261 =T
1 <]
287 o= -1
301, =--]
7 o] P~ -]
321 g
sal CL CLAYEY SWUT: blue gray.
320
361
381
401
T2
423 GC GRAVEL: blue groy, cloyey siit.
“‘_Loo T BEDROCK: sondstone, Knobtown {?),
46
el
s0]

Fig. 10. Lithologic log and completion diagram for well KC84-18.
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Table 1. TCE, 1,2-DCE, chloroethene, and total VOC concentrations
with depth in KC84-18-L

} Well number

KC84-018L

Concentration, ug/L.

e s

Depth, | Sample T
ft number TCE 1,2-DCE I Chloroethene l Total VOC

46.65 0001 ND 13,000 1,000 14,000
0021 ND 11,000 650 11,650
46.15 0004 300 9,200 450 9,950
0024 ND 5,800 500 6,300
45.65 0007 ND 11,000 510 11,510
0027 360 13,000 590 13,950
45.15 0010 2,700 ND ND 2,700
0030 300 13,000 600 13,900
44.15 0013 ND 8,200 ND 8,200
0033 320 11,000 ND 11,320
43.15 0016 ND 18,000 ND 18,000
0036 ND 10,000 ND 10,000

ND = not detected
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GC GRAVEL: in blue-gray clayey silt.

LITHOLOGY
CL CLAYEY SILT: blue gray.
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Well Summary Information
0""1 OAK RIDGE NATIONAL LABORATORY

CONCH%{E: 1 ft concrete surface underlain by
ill.

FIi.L: dark-brown clay, dry, soft.

CL SI%TY CLAY: grayish-brown (SYR 3/2), moist
soft.

sP

>

CL. SILTY CLAY: as above.

CL. CLAYEY SILT: grayish-brown (5YR 3/2). trace of
brown sand., wet, soft.

sp
18+ CL CLAYEY SILT: dark yellowish-brown (10YR 2/2)
. trace brown, moist, soft.
20 A
22 ¢ WELL COMPLETICON INFORMATION:
4 bentonite and natural i1l from 19 to 29 ft.
24~ CL CLAYEY SILT: dark yellowish~-brown (10YR 2/2).
4 underlain by greenish-gray, minor and or iron
264 stained, limanite~rich material in green silt
wet, hard.
T sP
28 .
30 - CL CLAYEY SILT: green-gray (56 4/1), underlain by
i brown (10YR B/2), clayey gravel. minor brown
;%; fine sand, wet, saturated, hard.
21sp
34 4
b BC CLAYEY GRAVEL: brown {10YR 5/2), with large
956 - {up to 1in) limestone and sandstone pebbles,
hard, ssaturated. trace brown fine sand in
381 gravel.
| BEDROCK: weathered Knobtown Sandstone Fm.
40 -
42
44

Prepared B8y:_F . MIGNARDOT (WESTON) Date:_ 12/10/87 _____Page:__1 OF 1 ]
Hole No.: _KCB7-069 Casing Elevation: _.-796.86°,_ U-786.87" Ground Elevation:_786.92"
Tatal Oepth:_37.8'MNo. of Campl.. 2 Rig Type: _AUGER Locasticn: _SEE MAP
Auger Size: UNKNOWN  Sample Type:_2.5° SPtIT SPOON
Project: _KANSAS CITY DOE Data verified By:_NA Date:_NA
ms:::;! xu::;{ cuus::tzw ow fLITRNOSYY DESCRIPTION
[

Fig. 12. Lithologic log and completion diagram for well KC87-69.
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Table 2. TCE, 1,2-DCE, chlorocthene, and total VOC concentrations

with depth in KC87-69-L
Concentration, pg/L
. Depth, | Sample
Well number fit number TCE 1,2-DCE | Chloroethene | Total VOC
T""—_‘_r" N R

KC87-069L 36.25 0002 8,300 53,000 7,900 69,200

0022 6,800 49,000 ND 55,800

3575 | 0005 5,000 54,000 ND - 59,000

0025 12,000 44,000 6,000 62,000

35.25 0008 6,100 40,000 3,600 49,700

0028 14,000 47,000 5,700 66,700

3475 | 0011 | 18,000 35,000 4,600 57,600

0031 4,600 44,000 4,400 53,000

33.75 0014 7,800 29,000 3,700 40,500

0034 5,200 29,000 3,300 37,500

32.75 0017 14,000 59,000 7,300 80,300

0037 4,600 46,000 4,800 55,400

ND = not detected
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Well Summary Information

- 0"“1 UAK RIDGE NATIONAL LABORATOBY
| Preparec By:_S.R. Sturm/D.3. Frtel Date:_3/23/92 Page:_1 QF 1 "
Hole No.: _KC82-184 Casing Elevation: NOT AVATLABLE Ground Elevation:_8CC Q2"
- Total Depth:_ 41" No. of Compl.; 2 Rig Type: _Skig Location: _0/95 COLUMN-J—-48
Auger Size: 8" 0.0, Sample Type:_2" X S° CONTINUCUS SPLIT SPOON
Project: _TCE STILL AREA Date verified By:_A.D. taase Date:_8/30/92
A e e ol DESCAIPTION

CONCRETE FLOOR: (1.17) .

CL CLAYEY SILT: gray-brown [(2.3Y 5/2), mottled
very gark gray, occasicnal Fe nodules, root
pores, high plastic fine content, Bgcoming
very dark gray (2.5Y 3/0) with increasing depth
mottled by grayish-porown {2.3Y 5/2). wavy

bedding, aintact roots, high organic content
and "swamp odor”, slightly moist.

Cl. CLAYEY SILT: gray-brown {2.3Y 5/2). abundant
root pores with black argillans, warm burrows,
siltier than previous unit— pores becoming
larger to 3 mm with greater argilland
thickness, increasing moisture.

CL CLAYEY SILT: dark gray brown (2.5Y 3/2), as
above, siltier than previous sample, wet,
abundant black, <1 mm Fe oxide at 18'- 20’ .

CL CLAYEY SILT: dark gray (2.5Y 4/0), very
homogeneous, few roots, few pores, increased
clay content from previous sample, wet.

LOST CORE: no sample recovery.

CL CLAYEY SILT: very dark gray {2.5Y 3/0). very
homogeneous, scattered blue-gray mudstone
inglusions (1 to 3 mm) at 30'-31°'.

CL CLAYEY SILT: bluish-gray (98 5/1}.
homogenegous, moderately dense, drier than
previous unit, scattered Fe oxide.

CL CLAYEY SILT: as above, increasing Fe nodules,
limonite staining.

GC CLAYEY GRAVEL: limestone gravel with some
chert, angular fragments in a blue-gray clay/
silt matrix.

BEDROCK: sandstone dark blue gray (8B 4/1)

244 very fine grain (lower), subrounded, thin
R laminar bedding., some Fe Oxide, micaceous
. 264 Top of the bedrock at 40.8°.

Fig. 14. Lithologic log and completion diagram for well KC92-184.
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Table 3. TCE, 1,2-DCE, chloroethene, and total VOC concentrations
with depth in KC92-184-L

Concentrations, rg/L I
Depth, | Sample
Well number number TCE 1,2-DCE | Chloroethene | Total VOC I
T_—___—_-—-—_=——_——-—__
KC92-184L | 39.85 0003 33,000 1,200 ND 34,200
0023 12,000 650 ND 12,650
39.35 0006 13,000 660 ND 13,660
0026 24,000 740 ND 24,740
38.85 0009 24,000 1,300 ND 25,300
0029 27,000 920 ND 27,920
38.35 0012 24,000 1,800 ND 25,800
0032 24,000 1,000 ND 25,000
37.35 0015 28,000 1,200 ND 29,200
0035 22,000 1,000 ND 23,000
36.35 0018 4,100 250 330 4,680
0038 26,000 1,000 ND 27,000

ND = not detected
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4.4 KC94-192

This well (Fig. 16) is located in the TCE Still Area between a groundwater interceptor
well (KC88-87) and the Main Manufacturing Building. Well KC88-87 consistently shows
the highest contaminant concentrations of the interceptor wells. Of the four monitoring
wells in this study, KC94-192 has the highest TCE results, with concentrations ranging to
nearly 40% of saturation. Those concentrations, as discussed in Sect. 2, are indicative of
the presence of DNAPL. The source of contamination is believed to be a degreaser that
had been located in the former Plating Building. Consequently, KC94-192 is located in an
area where DNAPL is likely. This is one of two monitoring wells on site where contami-
nant levels above 100,000 ug/L of total VOCs have been reported. Analytical data are
presented in Table 4 and graphed in Fig. 17. The TCE results for the first round of sam-
pling indicate a maximum at approximately 42 ft below ground surface or 1 ft above the
bedrock contact.

This result is not as apparent in the second round of sampling. It is interesting to note,
however, that these zones showed the poorest reproducibility and that the initial concen-
tration, being over 200,000 ng/L, as well as the lack of reproducibility, are indications, of
themselves, of the presence of DNAPL (see Sect. 2).
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well Summary Information

Or‘nl OAK RIDGE NATIONAL LABORATORY

Preparec By:_iayne Western/KCP Date:_&6/8/34 Page: _1 OF 1
Hole No.:_KCS4-182 Casing Elevation: 4 789.59° U 798.51° Ground Elevation:_796.83°
Total Depth:__42.5'No. of Compl.. 2 Rig Type: _Unkngwn Location: _Plating Building Ares
Auger Size:_7 58" x 4" Sample Type:_5° Cegntinuous Barrel
Project: Dats verified 8y:_Joe Baker Date:_6/7/34
s o e B DESCRIPTION
o Asphalt: 0.3°.
.24 cs CL CLAY: brown, damp, common gravel ang sand
i fi
44
&
jes
8
]
10 CL SILTY CLAY:  brown, damp, firm.
158
144
161 s
b CL SILTY CLAY:; brown, moist, medium.
18+
20 4
25 S
4
24 4
b CL SILTY CLAY: brown, wet. highly plastic, soft.
26: cs
28
30 4
22 C8
1 CL CLAY: brown, wet, very soft, trace silt.
34 |
36: cs
38 GC CLAYEY GRAVEL: wet., medium.
404 ¢s
. T.D. auger refusal at shale bedrock.
)
46
48 -}
50 |

Fig. 16. Lithologic log and completion diagram for well KC94-192.
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Table 4. TCE, 1,2-DCE, chloroethene, and total VOC concentrations

with depth in KC94-192
Concentration, pg/L |
Well Depth, | Sample

number ft number TCE 1,2-DCE | Chloroethene | Total VOC I

KC94-192 42.6 0039 69,000 5,000 ND 74,000

0045 74,000 6,500 ND 80,500

42.1 0040 220,000 14,000 ND 234,000

0046 95,000 11,000 ND 106,000

41.6 0041 230,000 10,000 ND 240,000

0047 82,000 6,300 ND 88,300

41.1 0042 50,000 4,400 ND 54,400

0048 94,000 7,200 ND 101,200

40.1 0043 69,000 6,200 ND 75,200

0049 77,000 5,600 ND 82,600

39.1 0044 61,000 11,000 ND 72,000

0050 66,000 15,000 ND 81,000

ND = not detected
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5. DISCUSSION AND CONCLUSION

The interpretation of these data is not straightforward because of the apparent analytical
variability. However, a separate study at the KCP has shown that low-flow sampling pro-
vides reproducible results (Kearl et al. 1994). Thus, the primary conclusion to be drawn, as
discussed in Sect. 2, is that the variability observed is due to the presence of DNAPL and
that the DNAPL is distributed heterogencously. In other words, the results of this experi-
ment suggest that idealized pools of DNAPL do not exist at the KCP and that DNAPL is
not migrating as a separate phase, at least in the vicinity of the wells that

were tested.

It must be noted that there are at least three phenomena that could confound the contami-
nant distribution and subsequent data interpretation. First is that TCE degradation is not
uniform in the subsurface. Site-specific data have shown that microbial populations in the
KCP subsurface are highly variable (T. J. Phelps and N. E. Korte, ORNL, unpublished data,
1991). Thus, in some locations TCE may be quickly degraded, and in others, it may migrate
some distance before degradation occurs. A second potentially confounding factor is the
presence of multiple sources or spill events. For example, the former still located near well
KCB87-69 may have leaked continuously or been subject to spills of different magnitudes
several years apart. Spills of different magnitudes would penetrate to different depths in
the fine-grained saturated zone. Finally, it is possible that the DNAPL is too dispersed to
be detected by the method used in this study.

Nevertheless, while conclusive evidence of DNAPL was not obtained, interpretation of
these data in conjunction with historical data is consistent with the hypothesis that DNAPL
is trapped as discontinuous ganglia throughout several feet of the soil at the base of the
aquifer within the TCE Still Area and within the main building near wells KC92-184 and
KC94-192. Consequently, the KCP site conceptual model, with respect to DNAPL, has
been refined. The model depicting idealized pools has been replaced to more clearly show
the conditions believed to exist, that of discontinuous ganglia that will be sources of con-
tamination to the groundwater for a considerable period of time (Figs. 5 and 6). It is also
concluded, because of the likely presence of DNAPL and the tortuous flow path for ground-
water at the KCP, that pump-and-treat is unlikely to significantly alter groundwater contami-
nant concentrations for an extensive period of time.
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