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HYDROLOGICAL CONDITIONS AT THE 800 AREA
AT ARGONNE NATIONAL LABORATORY

by
T.L. Patton, R.H. Pearl, and S.Y. Tsai

SUMMARY

This study examined the hydrological conditions of the glacial till underlying the
800 Area sanitary landfill at Argonne National Laboratory (ANL) near Lemont, [linois.
The study's purpose was to review and summarize hydrological data collected by ANL's
Environment, Safety, and -Health Department and to characterize, on the basis of thei:
data, the groundwater movement and migration of potential contaminants in the area.
Recommendations for further study have been made based on the findings of this review.

The 800 Area landfill is located on the western edge of ANL, just south of
Westgate Road. It has been in operation since 1966 and has been used for the disposal of
sanitary, general refuse. From 1969 through 1978, however, substantial quantities of
liquid organic and inorganic wastes were disposed of in a "French drain" at the northeast
corner of the landfill.

The 800 Area landfill is underlain by a silty clay glacial till. Dolomite bedrock
underlies the till at an average depth of about 45.6 m (149.5 ft). Trace levels of organic
~contaminants and radionuclides have been detected in groundwater samples from wells
completed in the till. Fractures in the clay as well as sand and gravel lenses present in
the till ecould permit these contaminants to migrate downward to the dolomite aquifer.
When this report was prepared, no chemical quality analyses have been made on
groundwater samples from the dolomite.

Water levels measured in monitoring wells completed in the till indicate that the
predominant direction of groundwater flow is to the southeast. The horizontal
groundwater velocity was estimated to range from 1.4 to 6.0 cm/yr. Water levels in the
dolomite wells were not available when this report was prepared.

The study found that existing information about subsurface characteristies at the
site is inadequate to identify potential pathways for contaminant migration. Recom-
mended actions include installation of five new well clusters and one background well,
thorough record-keeping, sample collection and anelysis during borehole drilling, slug
testing to measure hydraulic conductivity, topographic mapping, continued monitoring of
groundwater levels and quality, and monitoring of the unsaturated zone.



1 INTRODUCTION

This report presents the results of a study of the hydrology of the glacial till
underlying the 800 Area sanitary landfill at Argonne National Laboratory (ANL) near
Lemont, Illinois. The study was conducted by the Environmental Assessment and
Information Systems Division at the request of the Environment, Safety, and Health
Department (ESH) of ANL's Support Services Division. The study's objective is to
characterize the movement of groundwater and potential contaminants based on a review
of data collected by ESH. This report presents a summary of the groundwater monitoring
program through the second quarter of 1989. Recommendations for further study have
been made on the basis of this review.

This section briefly describes the hxstory and physical setting of the 800 Area
landfill, Sec. 2 describes the area's geology and hydrology, Sec. 3 reviews previous
groundwater monitoring activities at the site, and Sec. 4 recommends actions to acquire
additional data. Supplemental information is provided in the appendixes: App. A
provides records of well installation and logging, App. B contains water levels measured
in the wells since 1980, App. C contains well hydrographs, App. D contains analytic
results for groundwater samples, App. E summarizes draft groundwater monitoring
guidance from the Illinois Environmental Protection Agency (lllinois EPA), and App. F
summarizes the monitoring well design and construction practices recommended by the

U.S. Environmental Protection Agency (U.S. EPA).

1.1 SITE HISTORY

Figure 1 shows the location of ANL, which is in T37N, R11E, Sections 3, 4, 8, 9,
10, 15, 16, and 17, DuPage County, Illinois. The 8.8-ha (21.78-acre) landfill (in Section 8)
is located just south of Westgate Road on the western edge of ANL (Fig. 2). The landfill
has received waste continuously since July 1966 and operates under Illinois EPA Permit
No. 1981-29-OP, issued September 17, 1981. [t has been used for the disposal of sanitary
general refuse, demolition debris, boiler-house ash, and other nonradioactive waste.
- From 1969 through 1978, substantial quantities of liquid organic and inorganic wastes,
some of which would be classified as hazardous under current U.S. EPA regulations, were
disposed of in a "French drain" at the northeast corner of the landfill (Golchert and Duffy
1988). The presence of low levels of tritium in some of the monitoring wells indicates
that radioactive waste may have been disposed of in the landfill." |

Since 1979, ESH, Plant Facilities and Services (PF8), and the U.S. Department of
Energy (DOE) Environmental Survey Team have drilled 16 monitoring wells along the
perimeter of the landfill to determine the local groundwater elevations and to monitor
possible organie, inorganie, and radioactive contaminants in the groundwater beneath the
landfill.
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1.2 TOPOGRAPHY

The surface of the land surrounding the 800 Area has been dissected into gently
rolling hills by streams and creeks flowing to the Des Plaines River to the south. The
major topographic feature of the region is the deeply ineised Des Plaines River valley at
an elevation of 183 m (600 ft) above mean sea level (MSL), about 49 m (160 ft) below that
at the landfill (Fig. 3).

The land surface at the 800 Area landfill generally slopes to the south from an
elevation of about 232 m (760 ft) above MSL at the north end to about 229 m (751 ft)
above MSL at the south end (Soil Testing Services, Inc. 1980b).
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2 GEOLOGY

ANL is located on a glacial till plateau that forms a complex arrangement of
hills and depressions forming the Valparaiso Morraine, which has a northwest-southeast
trend. The glacial till covering the area consists of a heterogeneous mixture of silt, clay,
and sand. Deposits of sand and gravel occur as discontinuous lenses throughout the till.
Silurian-age dolomite forms the bedrock surface beneath the glacial till and erops out
along the bluffs adjacent to the Des Plaines River valley and Sawmill Creek.

2.1 STRATIGRAPHY

The stratigraphic‘column in Fig. 4 shows the sequence of lithologic units in
DuPage County. '

2.1.1 Bedrock Geology

Silurian-age dolomite bedrock beneath the 800 Area laudfill occurs at an average
depth of 43.5 m (143 ft) below the land surface (Will County Well & Pump Co. 1988). The
dolomite is underlain by the Ordovician-age Maquoketa shale group and the Galena-
Platteville cherty dolomite. The Maquoketa shale group functions as a confining stratum
- that separates the Niagaran and Alexandrian aquifers of the Silurian dolomite and the
underlying Ordovician-age Galena-Platteville dolomite, Glenwood-St. Peter sandstone,
and Prairie du Chien dolomite.

2.1.2 Unconsolidated Deposits

The glacial drift underlying the 800 Area landfill consists of two units: the
Lemont drift (till) and the overlying silty clay. The Lemont drift consists of a silty clay
loam to silt loam and has an average fine-grained matrix (less than 2 mm) of 16% sand,
64% silt, and 20% clay; the drift was identified by the Illinois State Geological Survey
(ISGS) in a study conducted at the Advanced Photon Source (APS) site, located about
1.1 km (3,600 ft) scutheast of the landfill (Fig. 2) (Killey and Trask 1989). The base of
the Lemont drift consists of dolomite boulders, gravel, and rock fragments (shale and
dolomite) that overly the dolomite bedrock.

The overlying glacial till unit consists of a silty eclay matrix intermixed with
sand, gravel, pebbles, and rock fragments (shale and dolomite). At the APS site, the
average till thickness is about 43.5 m (143 ft). Analyses performed by ISGS show that the
average fine-grained matrix (less than 2 mm) consists of 16% sand, 45% silt, and 39%
clay (Killey and Trask 1989). Pebble content (greater than 2 mm) was estimated to be 1-
7%. The till contains lenses consisting of sand, sand and gravel, and silt that range in
thickness from less than 0.3 m (1 ft) to about 1.2 m (4 ft).

In the drillers' logs for the 800 Area landfill, no distinction was made between
the Lemont drift and the clay till. Since the two tills are mainly distinguished by the
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FIGURE 4 Stratigraphy and Geohydrology of DuPage County (Source:
Zeizel et al. 1962)



relative amount of silt and clay, they cannot be differentiated without the aid of
laboratory analysis. Thus, no attempt is made here to differentiate thera at the 800 Area
landfill. ‘ ‘ ‘

2.1.3 Site Stratigraphy

Drillers' or geologists' logs describing the geoclogic materials encountered during
drilling are available for 13 of the 16 monitoring wells installed around the landfill (see
Fig. 5 and App. A). The logs, which record textural and color criteria, allow the
sedimentaryv units to be correlated from well to well. Cross sections based on the drillers
logs are shown in Figs. 6-8 (see Fig. 5 for cross section locations). Logs for wells 11 and
13 did not contain enough detail to be useful in this endeavor. No boring data were
recorded for wells 8, 9, and 12. :

The cross sections show that the 800 Area is characterized by a silty clay till
that is brown near the surface and grades with depth to a gray silty clay with intermixed
coarse sand and fine gravel. Two sand lenses are present at depths of about 9.4 m (31 ft)
and 12.2 m (40 ft) at wells 6 and 7b. These sand lenses do not appear to have wide lateral
extent because they do not extend much farther north than well 6, and they do not
extend to western well 3 or eastern well 5. Their southern extent beyond well 7b has not
been determined. ”

Two wells (DH-1 and DH-2 -- see Fig.5) have been drilled into the Silurian
dolomite bedrock. Depths to bedrock at wells DH-1 and DH-2 were 45 m (148 ft) and
42 m (138 ft), respectively (Will County Well & Pump Co. 1988). At well DH-1, the
drillers' log records three gravel beds at depths of 3.0-6.1 m (10-20 ft), 18.3-24.4 m
(60-80 ft), and 31.1-44.5 m (102-146 ft). At DH-2, two sand and gravel beds were
encountered at 30.5-33.5 m (100-110 ft) and 38.1-42.1 m (125-138 ft).

2.2 HYDROLOGY

2.2.1 Surface Water

Directly west of the 800 Area landfill is an off-site wetland, through which a
small north-south flowing stream runs. Storm-water runoff from the 800 Area landfill is
collected in a shallow ditch that empties into a marshy area in the southwest corner of
the landfill site. From there it flows under the perimeter road and then off site into the
small creek that drains the wetland area. This creek eventually enters ANL property
from the west, where it flows through a large wetland and then into the Freund pond
system (Fig. 2). Storm-water runoff from the rest of the ANL site flows primarily
through the Freund ponds, which discharge through National Pollutant Discharge
Elimination System (NPDES) Outfall 003 and then into Sawmill Creek. Sawmill Creek
empties into the Des Plaines River located about 2.9 km (1.8 mi) to the south.



10

T 0 150 300 Feet

N 0 100 Meters

X
-
-l
~
—h
*
n
3
&
lie}
B
[ ]
P
8
a

--4—%F
4

X
x

;%L
N[ E%g
B

‘ x g13AZZD
_r"";"‘"“‘:""‘"T“J 2/2-2 827A BM%
j €13 8 & 827
9
o : ‘ J
| ]

J
peoy A%Ulaa)q IR :"‘7/ —] /h

—7"
>P>om
3O
oo

S
J

X.
Za)

3
X

2 | "
0¥
g

X

e o« e BOUNdary
H——3 Fence
FZZ3  Building
¢ Well Locatuon

Approximate Location
® ongrench Drain

e3> e e o i = 4 — o — -
fva
s X 7

FIGURE 5 Locations of Monitoring Wells and Subsurface Cross Sections
in the 800 Area Landfill ‘

2.2.2 Groundwater

Groundwater under ANL and the 800 Area landfill is found in the Silurian
dolomite bedrock and in the overlying glacial till. The Silurian dolomite consists of two
aquifers: the Niagaran Series and the underlying Alexandrian Series (Fig.4). The
Niagaran dolomite ocecurs at depths of greater than 30 m (100 ft) in the 800 Area.
Figure 9 shows the topographic features of the Niagaran dolomite surface under ANL.
The unit may be greater than 61 m (200 ft) in thickness. The Niagaran Series dolomite is
a zone of relatively high permeability and is the most productive of the Silurian dolomite
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aquifers (Zeizel et al. 1962). Groundwater occurs in openings in the dolomite and moves
through a complex network of interconnected joints, fractures, and solution cavities
(Zeizel et al. 1962). Recharge is from vertical leakage’through the glacial till.

Groundwater ocecurs in the till at shallow depths where recharge (precipitation) is
able to migrate through small fractures in the weathered portions of the elay and in the
small sand and gravel lenses distributed throughout the till.

2.2.3 Contaminant Migration Potential

Potential contaminants from the 800 Area landfill migrating downward in
groundwater may be greatly retarded by the slow rate of percolation through the rearly
imperm 2able clay of the glacial till; however, contaminants could migrate via fractures
and the sand and gravel lenses in the clay till and reach the dolomite. This is of concern
since the dolomite aquifer provides much of the groundwater used in southern DuPage
County and at ANL. The groundwater in the dolomite aquifer flows southeast,’
discharging into the Des Plaines River about 2.9 km (1.8 mi) south of the landfill. Since
no drinking water supplies are located between the 800 Area and the river (the area is
the ANL site and a forest preserve); the potential for human consumption is considered
to be low. Figure 10 shows a 1960 illustration of the piezometrie surface of groundwater
in the Silurian (Niagaran) dolomite at ANL.
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3 GROUNDWATER CONDITIONS AT THE 800 AREA

3.1 EXISTING WELL NETWORK

As part of the environmental monitoring program at ANL, ESH and PFS have
installed 13 groundwater wells around the landfill since 1979. Three wells were installed
by the DOE Environmental Survey Team. See Fig. 5 for their locations and App. A for all
available construction diagrams and drillers' and geologists' logs.

Wells 1 through 5 were installed in October 1979. Because the general gronund-
water flow was assumed to be to the south, wells 1 and 2 were placed upgradient tc serve
- as background wells. Wells 3, 4, and 5 were located downgradient to intercept

groundwater leaving the site. Depths of these wells range from 12.2-15.2 m (40-50 ft)
(Walter H. Flood & Co. 1979). | ,

In April 1980, three additional wells were installed along the perimeter of the
lancfill. Well 6 was drilled to a depth of 13.4 m (44 ft) in the east section to sample
groundwater flowing in a southeasterly direction; nested wells 7a and 7b were placed
along the south side of the landfill. Wells 7a and 7b were installed to measure vertical
water movement and to provide monitoring data for water at two depths: 7.6 and 13.7 m
(25 and 45 ft), respectively; well 7b, however, has been dry since its emplacenient (Soil
Testing Services 1980a; Golchert and Duffy 1988).

Six additional wells were installed in September 1986. Wells 8, 9, and 10 were
added to improve peripheral monitoring and were drilled to depths ranging from 6.1 to
9.1 m (20 to 30 ft). Original wells 1, 2, and 4 were suspected of being poorly sealed and
were abandened by pulling the casing and filling the holes with grout (App. A).
Replacement wells were located within 1.5 m (5 ft) of the original wells and were
designated 1-2, 2-2, and 4-2, respectively. The new wells were drilled to depths of 7.6 m
(25 ft, wells 1-2 and 2-2) and 16.8 m (55 ft, well 4-2).

Wells 11, 12, and 13 were installed by the DOE Environmental Survey Team.
Well 12 was installed in November 1987 at a depth of 10.1 m (33 ft). Wells 11 and 13
were installed in December 1987 at a depth of 23.8 m (78 ft). These wells were installed
close to existing wells to gain information about vertical movement of groundwater in
the till.

In September 1988, wells DH-1 and DH-2 were drilled into the dolomite at total
depths of 46.0 m (151 ft) and 45.1 m (148 ft), respectively, in the coutheast corner of the
landfill (Will County Well & Pump Co. 1988).

The total depths of the monitoring wells drilled into the glacial till range from
6.1-23.8 m (20-78 ft). Polyvinyl chloride (PVC) casing and screens were used in all of the
glacial till monitoring wells except for wells 11, 12, and 13, which were cased and
screened with stainless steel. The wells were screened at the bottom with 1.5-m (5-ft)
screens and packed with pea-sized gravel over intervals ranging from 1.5-10.7 m
(5-35 ft). Only wells 6, 7a, and 7b have short gravel-packed intervals (1.5 m). Table 1
provides a summary of the design and construction of monitoring wells at the 800 Area
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landfill.‘ Figure 11 is a schematic vdiagram comparing the monitoring intervals of all
wells completed in the till.

3.2 DIRECTION O GROUNDWATER FLOW

Groundwater in the glacial till is unconfined and generally occurs at shallow
depths. Static water levels in the monitoring wells have been measured quarterly by ESH
since 1980 and are summarized in Tables B.1-B.9 in App. B. Sampling and water-level
measurement of the two dolomite wells was begun in late 1989; however, these data were
not available when this report was prepared.

Table 2 gives water table elevations for four recent quarters (5/89, 3/89, 11/88,
and 9/88), and Fig. 12 shows the elevation contours, based on May 1989 data, for all wells
completed in the till. The direction of groundwater movement is at right angles to the
contours. The figure indicates that the predominant direction of groundwater flow is
south-southeast, with a hydraulic gradient that ranges from 0.007 to 0.023. The high
water levels measured along the west boundary (wells 8 and 9) are most likely due to
recharge from the adjacent wetlands. ‘

3.3 RATE OF GROUNDWATER FLOW

3.3.1 Horizontal Flow

If it is assumed that groundwater flow is predominantly horizontal, the rate of
horizontal groundwater flow in an aquifer is determined by its hydraulic gradient,
hydraulic conduectivity, and porosity. The velocity magnitude may be calculated using
the following equation:

v = =(K/n) x (dh/dl)

where:
v = average linear velocity,
K = hydraulie conductivity,
n = volumetrie porosity, and
dh/dl = hydraulic gradient (Freeze and Cherry 1979).

The negative sign indicates that the flow is in the direction of decreasing hydraulic head.

Hydraulic conductivity values have been determined by the ISGS for the till
underlying the APS site, about 1.1 km (3,600 ft) southeast of the landfill (Killey and
Trask 1989). The values, which were derived by slug testing, range from 3.2 x 10" em/s
(2.8 x 1074 m/d) to 4.2 « 1078 em/s (3.6 x 1073 m/d). These values are greater than the
range of 1079 to 1077 em/s reported by Berg et al. (1984) for Illinois till containing
greater than 25% clay.
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TABLE 2 Well Point and Water Elevations of Monitoring Wells Completed in
the Till at the 800 Area Landflll, 1988-1989 (m above MSL)

Quarterly Groundwater

Ground ‘ Well : Elevations?
~ Surface Point

Well - Elevation Depth Elevation 9/88 11/88 3/89 5/89
1-2 227.69 7.62 220.00  221.53  221.44  222.26  225.64
2-2 230.83  16.46 215.01 224,12 224.36  225.37  225.43
3 226.77 . 8.23 218.11  222.81  223.02  224.00 224.27
4=2 227.23 7.01 220.10  222.56  223.66 225.67  225.83
5 227.53  13.56  215.40 dry dry 221.07  218.05
6 229.91  15.15 215.07  217.81  218.51 219.46 219.40
7a 227.81 7.62 220.22  223.75  224.88  227.05 226.47
7b 227.81 13.72 214.09 dry dry - dry dry

8 231.53 8.53 222.84 ©  226.01  225.86  227.99  228.23
9 230.00 5.79 224.09  224.82  226.34  227.78 227.44
10 229.15 6.04 222.60  226.44  226.31 228.84  228.14
11 229.91°  24.42 205.49 c c c c
12 229.91%  10.74 219.17 c c c 221.56
13 230.00°  24.20 205.80 c c c 217 .44

8Water-equivalent precipitation for the 30-day periods prior to the
measurements was 96,3 mL for 9/88, 110.2 mm for 11/85, 30.2 mm for
3/89, and 47.0 mm for 5/89. The 1988 values are from the meteoro-
logical station at O'Hare International Airport; the 1989 values are
from the station at ANL.

bwells 11 and 12 are estimated to have the same ground surface elevation
as well 63 well 13 is estimated to have the same ground surface eleva-
tion as well 9.

CNot measured.

By using the APS site values for hydraulic conductivity, the horizontal ground-
water velocity at the 800 Area landfill was estimated to range from 1.4 x 1073 to
6.0 « 1072 m/yr (1.4 to 6.0 cm/yr). For the calculation, the hydraulic gradient was
assumed to range from 0.007 to 0.023 and the volumetric porosity (for clay) was assumed
to be 50% (U.S. EPA 1989).

3.3.2 Vertical Flow

Although it is not possible to calculate the vertical gradient based on the
available information, a plot of water levels against well depth indicates that there may
be a significant component of downward groundwater flow. Nested wells are needed to
quantify this downward component. -
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3.4 GROUNDWATER LEVEL FLUCTUATIONS

Hydrographs showing water level variations for all monitoring wells since 1980
are given in App. C. These figures indicate that the water levels in wells 1 through 4
have remained fairly stable over time. Replacement well 1-2 showed a decrease in water
levels of about 3 m (10 ft) relative to well 1, which was suspected of being poorly
sealed. Wells 5, 6, and 7a exhibited significant fluctuations that do not appear to be
attributable simply to seasonal variation. The hydrographs indicate that the water levels
for wells 8, 9, and 10, which were installed in 1984, are also fairly stable. The lowest
water levels generally occurred in the third quarter of each year as a result of seasonal
~ changes in precipitation (and evapotranspiration). Water levels did not decline
significantly in response to the 1988 summer drought (relative to other summers).
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3.5 GROUNDWATER QUALITY

ESH has conducted a groundwater monitoring program in the glacial till at the
~ 800 Area since 1979 and has compiled the data in Annual Site Environmental Reports for
ANL (e.g., Golchert and Duffy 1989). A summary of groundwater analyses for each
monitoring well is given in App. D.. When this report was prepared, no chemical data
were available for the dolomite wells.

3.5.1 Inorganic Constituents

Levels of iron, mangahese, and sulfates vary significantly with depth. Table 3
lists average chemical concentrations for wells classified by well point elevation into
groups I, II, and [II.' (See Fig. 11 for well point elevations.)

Group [ Wells

Group I includes wells 8, 9, and 10, with respective well point elevations of
222.84, 224.09, and 222.60 m." The variation of chemical levels with depth (in this case, a
difference in depth of 1.5 m) is readily apparent when results for these three wells are
compared. Wells 8 and 10, drilled to the same depths, have comparable concentrations of
iron, manganese, sulfate, and barium (Table 3). Well 9, 125 m (410 ft) west of well 8, has
average iron and manganese concentrations, which are much higher than concentrations
in wells 8 and 10. Sulfate concentrations in wells 8 and 10 are 10 times those found in

well 9. :

Chloride concentrations are higher in wells 8 (79 mg/L) and 9 (108 mg/L) than in
well 10 (5 mg/L) located near the southern boundary of the landfill. This is most likely
because wells 8 and 9 are much closer to Westgate Road, which is salted in the winter.

Group 11 Wells

Group II consists of wells 1-2, 4-2, and 7a, with respective well point elevations
of 220.00, 220.10, and 220.22 m. Average iron concentrations range from 1.47 mg/L
(well 7a) to 7.20 mg/L (well 1-2). Manganese concentrations range from 0.084 mg/L
(well 4) to 0.536 mg/L (well 1-2); sulfate ranges from 34 mg/L (well 4) to 178 mg/L
(well 7a).

Significant variations in chloride concentrations have been detected: well 1-2,
used as a control well, has chloride concentrations on the order of 20 times greater than
most other wells. This is most likely due to its proximity to Westgate Road, which is
salted in the winter. Thus, groundwater samples obtained from control well 1-2 are not
truly representative of background conditions.
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TABLE 3 Average Concentrations of Inorganic Analytes in Samples
from Well Groups I, I, and I (mg/L)2

Groupb Wélla Iron Manganese Barium Sulfate Chloride
I 8 0.575 0.168 0.058 189 79
9 52.8 2.76 0.367 11 108
10 2.82 0.196 0.096 195 5
IT 1-2 7.20 0.536  0.221 136 768
4=2 2.50 0.084 0.449 34 2
7a 1.47 0.297 0.091 178 29
IIT 2-2 1.18 0.459 1.23 81 16
5 13,51 0.553 - 38 6
6 16.0 1.77 0.123 65 234

8Results are averages of 1985-1988 sampling.

bCclassification of Groups I, II, and III is based on the well
point elevation for each monitoring well.

Group III Wells

Wells 2-2, 5, and 6 make up Group lII, with respective well point elevations of
215,01, 215.40, and 215.07 m. Although these wells are drilled to similar depths, their
chemistry is significantly different: average concentrations of iron, manganese, and
chloride are much higher in well 6 than in wells 2-2 and 5. These differences may be
attributed to a dilution effect; wells 2-2 and 5 monitor a zone about 9 m (30 ft) in length,
while well 6 only monitors 3 m (10 ft) (see Fig. 11). Sulfate concentrations, however, do
not appear to be diluted and range from 38 mg/L (well 5) to 81 mg/L (well 2-2).

3.5.2 Detected Contaminants

Groundwater samples collected from the till wells in 1988 were analyzed for
metals and organic compouunds on the U.S. EPA Target Compound List. Arsenic
concentrations ranged from <5 ug/L in most wells to 86 ug/L in well 9. Lead levels
varied between 6 ug/L (well 2-2) and 145 ug/L (well 9). Most organics were not
detected. However, in 1988 well 6 contained trace levels of acetone and tetrahydro-
furan* slightly above the detection limit of 30 ug/L. Trace levels of acetone were also

*Tetrahydrofuran is a constituent of adhesives for PVC, which is used in well construec-
tion.
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found in well 10 (Golchert and Duffy 1989). In 1987, samples were analyzed for volatile
organics and polychlorinated biphenyls; none were detected (Golchert and Duffy 1988).

Tritium concentrations have been measured since October 1986. The highest
levels were detected in well 9, which had a concentration of 1,048 pCi/L in January 1988,
and in well 7a, which had a concentration of 1,070 pCi/L in November 1988. A summary
of these analyses can be found in Golchert and Duffy (1989). Appendix D presents
concentration ranges for chemical species detected in wells from 1985 to 1988.

3.5.3 Rate of Solute Transport

To estimate the transport rate for specific contaminants in groundwater, soil
information such as bulk density, particle density, total organic content, and porosity
must be known. Currently, this information is not available.



26
4 CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER STUDY

4.1 CONCLUSIONS

To date, the groundwater monitoring program conducted by ESH has yielded
useful information on the direction of groundwater flow and contaminants in the
groundwater. The next phase in assessing the hydrological conditions at the 800 Area
landfill should answer questions regarding the physical characteristics (bulk density,

particle density, organic content, porosity, and hydraulic conductivity) of the glacial till
and dolomite bedrock. This information is needed to make reliable geologic cross
sections across all portions of the site, to identify potential pathways for contaminant
migration, and to estimate rates of groundwater movement (vertical and horizontal flow
directions) and contaminant migration.

The review of the monitoring program reveals that there is little or no -
information on the groundwater levels or chemical quality of the dolomite aquifer
beneath the site. It is very important to characterize the dolomite aquifer since it is a
major drinking water source in DuPage County.

Wells installed before 1982 (1 through 5 [1979]; 6, 7a, and 7b [1980]) may not be
reliable wells since they were nconstructed prior to the implementation of EPA well
design and construction standards. The questionable quality of at least some of these
wells is demonstrated by the detection in well 6 of tetrahydrofuran, a constituent of
adhesive once used in PVC-cased wells. Weall 7b has been dry since its emplacement.
These wells should be decommissioned and sealed.

A study of the spatial variation of groundwater chemistry may be useful in
identifying sources of organic contamination Presently, the source of tritium is
unknown.

Fihally, a provision should be added to the current standard operating procedures
manual to ensure that field personnel docuinent all field activities and that thorough
records are kept during the drilling of well bores and installation of wells (see Table 4).

4.2 RECOMMENDATIONS

4.2.1 Definition of Subsurface Geology

In order to identify potential pathways of contamination, it is necessary to more
completely understand the subsurface geology beneath the landfill. Additional data
needs are discussed in the following sections.

4.2.1.1 Soil Borings

Soil borings should be drilled at discrete locations near the French drain
(Fig. 13). These will provide information about subsurface characteristics as well as data
on the vertical extent of contamination near the drain.
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TABLE 4 Information That Should Be Logged in the Field during the

Drilling of Well Bores

General

Project name

" Hole name/number

Date started/finished
Geologist's name
Driller's name

Sheet number (e.g., "2 of 3")

Hole location (map)

Information Columns

Depth
Sample location/number

Blow counts and advance rate

Narrative Description

Geologic observations

- Soil/rock type

- Color and staining

- Gross petrology '

- Friability

- Moisture content

- Degree of weathering
- Presence of carbonate

Drilling observations

- Loss of circulation

- Advance rates

- Rig chatter

- Water levels

- Air volume/pressure

- Drilling difficulties
at different depths

Ground surface elevation at hole

Rig type, bit/auger size

Petrologic/lithologic classification
system used (e.g., Wentworth or

‘unified soil)
Weather

Percentage of sample recovered

Narrative description

Depth to saturation

Fractures

Solution cavities

Bedding

Discontinuities
(foliation)

Water-bearing zones

Formational strike and
dip ‘

Changes in drilling
methods or equipment
Readings from detection
equipment, if any
Amount of water yield/

loss during drilling

Depositional
structures
Organic content

Odor

Sugspected con-
taminant (s)

Fosgils

Amounts and
types of any
liquids used

Running sands

Caving/hole
stability

Source: National Well Water Association 1986.
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FIGURE 13 Locations of Proposed Monitoring Wells at the 800 Area Landfill

To define the lithologic conditions and all water-bearing zones, one or more
borings should be drilled to the dolomite bedrock using & hollow-stem auger or an air
rotary drill rig. To prevent cross contamination, continuous casing should be used during
all drilling. Split-spoon samples should be taken during drilling and analyzed for all
chemical parameters of interest (including soil characteristics and suspected
contaminants) to develop a profile of chemical variation with depth.

For many of the existing wells, the boring logs lack the information needed to
adequately depict significant subsurface characteristics, such as the precise depth of
small- and large-scale permeable layers (sand and gravel lenses) and the depth at which
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water i{s first encountered. During the drilling of new wells in the 800 Area, continuous
core samples should always be collected with a split-spoon sampler and recorded by a
geologist in the field. Table 4 lists information that should be obtalned during the
drilling of well borings. ‘ :

To reduce the number of potential contaminant pathways, the boreholes in which
permanent wells are not constructed should be sealed with material at least 10 times less
permeable than the surrounding media, in accordance with U.S. EPA and Illinois EPA
guidelines.

4.2.1.2 Physical Laboratory Analyses

Laboratory analyses should be performed on soil samples to provide information
on petrologie variation (i.e., grain size distribution, sorting, and cementation), molsture
content, and hydraulic conductivity for the till. These data will provide a basis for
correlating the stratigraphy of individual borings, identifying zones of potentially high
hydraulie conduetivity, and determining the continuity of petrologic ¢haracteristics. Soil
characteristies -- bulk density, particle density, total organic content, and porosity --
should be measured to determine the potential for contaminant migration in the glacial
till groundwater. Bulk density and porosity may be measured in situ using well logging
techniques. Cementation, moisture content, and hydraulic conductivity values should be
determined for the dolomite.

4.2.1.3 Field Measurements

A total of five monitoring well clusters should be installed on the perimeter of
the 800 Area to more accurately define the vertical hydraulic gradient in each of the
areas and to obtain discrete water samples from at least two depths in each location.
Because little is known about the dolomite aquifer in this area, wells should also be
drilled In the dolomite bedrock at these locations to monitor water levels and potential
contaminants. At each location, wells should be placed in closely spaced but separate
boreholes. Wells should not be located within the landfill, but rather on its perimeter,

Figure 13 shows the proposed locations of the nested wells. New wells may be
coupled with existing wells 9, 4-2, and 10 to form well nests. However, new wells packed
with gravel over shorter intervals may be preferable. Wells 6 and 12 may be considered
nested wells. Once the depth and thickness of the permeable zone has been defined,
other wells may be needed to complete the characterization. Since well 7Tb has been
consistently dry, it should be decommissioned and sealed.

Hydraulie conductivity should be measured in the field by slug testing. This
involves measuring water level changes after a solid teflon "slug" has been dropped into
or removed from a well. A pressure transducer ls placed into the well to sense changes
in water level. Slug tests could be conducted in existing monitoring wells.
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4.2.1.4 Topographic Mapping

The topography of the 800 Area landfill should be surveyed by a licensed
surveyor. This survey should provide a map that shows elevation contours with 2-ft
contour intervals, man-made features, well and boring locations, and any nearby water
bodies. During this survey, the casing height of each monitoring well should be measured
to an accuracy of 0.01 ft.

4.2.2 Monitoring Program

4.2.2.1 Groundwater Monitoring

To accurately define the shallow water table, new wells should L ' constructed In
the first permeable water-bearing zone encountered during drilling. The bottom of the
well should extend no more than 1.5 m (5 ft) below the water-bearing zone. To obtain
useful, correlative data, it is important that water levels be measured for all wells within
a 24-hour period (National Well Water Association 1986). For the monitoring of chemical
species in the groundwater, it is desirable to semple discrete portions of a water-bearing
formation. This can be accomplished by screening the well with screens 0.3-1.5 m
(1-5 ft) long and extending the gravel pack no more than 0.3-0.6 m (1-2 ft) above the
screen,

Because of the low hydraulic conductivity of the till in the 800 Area, the zone of
contamination, if present, is likely to be shallow and no greater than a few feet thick.
The U.S. EFA recommends limiting the screen length to 0.3-0.6 m (1-2 ft) in areas with
low conductivity to minimize siltation problems as well as to eliminate possible dilution
effects from water contributed by uncontaminated zones. The gravel pack should extend
no more than a few feet above the screen. A quick sieve analysis in the field can be used
to determine the correct screen and gravel-pack sizes to minimize siltation. Bentonite
clay can then-be extended from the gravel pack to within 0.6 m (2 ft) of the gr~und
surface and a shrink-resistant, cement-grout seal extended to the ground suiface.
Appendixes E and F provide guidance on well design and construction.

Split-spoon samples should always be collected and logged by a geologist when a
new well is drilled. Selected samples snould be collected at specific intervals (depending
on the well depth) and analyzed for suspected contaminants.

Most of the existing monitoring wells in the 800 Area are cased with PVC. The
lllinois EPA (1987) recommends that stainless steel or teflon be used for the casing of
wells used to monitor organic compounds (see App. E). Additionally, Illinois EPA (1987)
regulations must be complied with to ensure that data collected from monitoring wells
will be considered valid. Wells that do not conform to the state and federal protocols
outlined in Apps. E and F, respectively, may be used during exploratory programs but not
monitoring programs.
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 4.2,2.2 Background Monitoring

Figure 13 also shows the location of a proposed new control well north of the 800
Area landfill, Since the groundwater flow is predominantly to the south-southeast, this
well should yield data representative of upgradient (background) conditions. Since this
area s located off site, it will be necessary to obtain permission to drill this well. Under
U.S. EPA regulations [40 CFR 265.92(a)(1)], upgradient wells must be located and
constructed in the same portion of the aquifer that is being monitored by downgradient
wells. Therefore, background wells should be completed in both the glacial till and
dolomite bedrock. Since the direction of groundwater flow in the dolomite has not yet
been established, it is recommended that the dolomite background well be installed after
the monitoring wells are installed in the dolomite and wate: levels have been measured.
Water levels from all wells should be monitored after new wells are installed prior to
installing the background well to confirm that the proposed location is truly upgradient.
It 1s recommended that use of well 1-2 as a control well be discontinued because it
receives contamination from activities (salting and oiling) associated with Westgate
Rosad.

4.2.2.3 Vadose Zone Monitoring

To characterize the areal extent of VOC contamination in the vadose
(unsaturated) zone at the 800 Area, discrete soil and soil-gas samples should be taken at
5-ft intervals radiating away from the French drain (Fig. 13). Soil can be sampled
directly using the core sampling method described in Dunlap et al. (1977). A soil gas
survey can be conducted using gas probes that pump soil gas through an activated
charcoal trap; gas is later degorbed from the trap for analysis by gas chromatography.
Gas monitoring wells completed In the vadose zone can detect VOC vapors migrating
from the landfill. These wells should be placed along the perimeter of the landfill, not
within its boundaries.
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APPENDIX A:

AVAILABLE WELL INSTALLATION DIAGRAMS, DRILLERS' LOGS,
AND GEOLOGISTS' LOGS FOR BORINGS IN THE 800 AREA

This appendix presents all available records for monitoring wells and boreholes
drilled in the 800 Area. These records provided the basis for the analysis of the
subsurface geology at the area. Table A.1 lists the contents of this appendix., All well
and borehole records were provided by ESH.
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TABLE A.1 Boring Diagrams and Logs Presented in Appendix A

Well Geologist? Item Page
1 Unknown Installation diagram vcoeessessceocs 37

‘ Boring lOg seveseccvovevoscasacnnns 38

2 Unknown Installation diagram sescececcessos 39
Boring log seesceesevcserssesancnns 40

3 Unknown Installation diagram ..eveeencacnns 41
Boring lOE ceeecceccncsosancassncons 42

4 Unknown Installation diagram ceeeecescsceass 43
BOoring 1OgZ seeeveessoceosscenansons 44

1-2 R, Pearl, ANL ' Installation d1agram .veceeescccens 45
‘ Completion record eeeeecesenssscens - 48
2-2° R, Pearl, ANL ‘Installation diagram eeecesensoccas 46
' Completion record ceoesevecenscccss 48

4-2b R, Pearl, ANL Installation diagram s.eeeenccescas 47
‘ ‘ Completion record ceeececosscssscssn 48

5 Unknown Installation diagram s.eeeveceoases 49

. Boring log seoeseessvonccavecavcses 50

6 Unknown Installation diagram seeeeeesencaas 51
Lo COTe LlOE ceescencaceonassnnnsconeos 52

7a  Unknown Installation diagram ceececececsseas 53

, Core 108 svecececosaoscsancosonnnas 54
76  Unknown Installation diagram .s.eececoescocs 53
Core 10 cieenvssassosssncsacvannas 55

8 R. Pearl, ANL Installation diagram ceeeececeeeesss 56
] Completion record svecscescsseosocsan 58

9 R. Pearl, ANL Installation diagram ... eeeececeess 57
Completion record seeeecsceecencnns 58

10 R. Pearl, ANL Installation diagram coeeeecesscooas 59

- Core 108 cesvrennisceccanssnssanans 60

11 M. Hampton, DOE Installation diagram seseeeecssencas 61
Subsurface exploration record ..... 62-63

12 M. Hampton, DOE Installation diagram ....ceesececeeas 64
13 M. Hampton, DOE Installation diagram ...ceoeeesvecss 65
Subsurface exploration record ..... 66=67

DH-1  unknown Completion record and core log .... 68
DH-2  unknown Completion record and core log .... 68

8M, Hampton is affiliated with the U.S. Department of Energy,
Environmental Survey Team, and R. Pearl, currently affiliated

with Eder and Associates, was affiliated with ANL's Environmental
Assessment and Information Sciences Division.

bReplacement wells.
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Walter H. Flood SOIL BORING LOG No.[ 1]

& Co,, Inc. ‘
ENGINEERS : . FOR: Argonne Mational Labgratory

4421 HARRISON STREET

HILLSIBE, NLINOIS 20182 ' :
\ |
7509 S. WESTNEDGE AVENUE ) PROJECT Land.lFLlL Mounitoring Well
PORTAGE, MICHIGAN 43081
LOCATION: Argonne, Illinois
METAOD OF BORING HS WATER LEVEL NEADINGS DRILLING DATA BACKFILLING DATA
4.5, 0.0, 2% 140# KAMMER 30° DROP 4,3',24.5" wo. DATE 10/19/79 DAtTZ
SHELIY TUSE SIZT 11.0'8.cR. FOREMAN C(CE :34
CASING 5128 50'-3 3/4" IDHF 9.0' ACR CREW NO. 3 METHOD
CORE Si2E . . 1.5'02.5 HRS. AD. | JOB NO. 7905Q0173=3 GAouT
: HAS. AD. | VERT.SCALY ("=10' QUANTTTY
QU® LASORATQR ] ETES
DEPTM | S| T L L2 B ) . DESCRIPTION 1 X 1000 pas QRY O PENETROMETER
i : 2 4 8 3 10
' 1 EINEIES RTAARNAR ST RIS .
] ST IN SNV RN KNI RN ENEN]
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Waiter H. Flood
- & Ca., Inc.
ENGINEERS

" 4421 HARRISON STREET
HILLSIDE, ILLINGIS 80182

7509 S. WESTNEDGE AVENUE
POATAGE, MICHIGAN 45081

40

SOIL BORING LOG NO.! 2 l ‘

FOR: Argonne National Laboratory

PROJECT:

LOCATION:

Laad Fill Moaizoring Wells

‘ Argonne, I[llinois
METHOD OF BORING ({5 WATER LEVEL READINGS DRILLING DATA BACKFILLING DATA
8.8, 0.D. 2 140# HAMMER 30° DROP 30.5w.0. paTe 10/17/79 pate
SHELBY TIBE SiZ8 ' 51' s.cA. FOREMAN CE BY
CASING SIZE 55'-3 3/4" TDHUS S1' aca. CREW NO. 3 METHOD
' CORE SizX : 48.0' @L.5 HAS.AD. | JoB No. 79050173=3 GROUT
, HRS. AD. | vERT. scaLg L™=y GUANTTTY
' QU® LAGQRATORY O PENETROMETER
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SOIL BORING LOG NO.

& Co,, Inc. :
ENGINEERS FOR: Argonne Natlonal Laboracocy
NILLSIoR, 1N sertz
1
4 T€09 8, WESTNEUGE AVENUE PROJECT! Land rill Mon i.t:o:‘i_ng Wall

LOCATION: Arzonne, Tllinois

MZTHOD OF aoRING 15 WATER LEVEL READINGS | DRILLING DATA BACKFILLING DATA
$.4. 0.0. 2° 140# HAMMER 30~ DROP L&é.5',23.0' wo. OATE 10/18/79 DATE
snmvmusmu' " 38.0' mca FOREMAN CE ay
]

CASING sizx 40'-3 3/4" IDHS 15.0' aca. CREW No., 3 METHOD
CORR 81Z% ‘ 15.0'a26 HRS. A.D. | JoB NO, 79050173-3 GAROUT

‘ HRS. A.D. | VERT. scalel"={Q" ‘QUANTTTY

[

DEBFYH | S | T| N L.H oo DEBCRIPTION EL{ONLAB‘IOS%ATO:W so PENET:!OMETE:;
] LT o e T T RN
| l§ N0 AR R RO AT KRR

0.0 Ground Surface ' HH e

TS5 1 26 o Black sllcy clay T e e R LALLAIL I TTRTLLY
| AN NS OERR NN Oy

4.5= 3 s [ 11 7 \ HH e

Brown to gray silty clay, tough e L LT T

N TN s U G [

3‘0 I} R I A I e

T Gray silcy clay, trace of small : bttt L
¢o medium gravel, very tough to A P RO Rr Y KNI
| KRS RS B
» hard | RN R -u:.: :
[EXEE TR MRS
"R T T
cg A % 111 N 1) {lnlflllu:tlztlv l::\
[RLION] L Ty ey
l s g s I N \
PSS T [TEEVR AN ! (IR SRS ST
~ ;‘11 1l (e iy nl ) ,‘:vu ]
t | (S8 NEEDEER RERR) NIRRT
] I NN RN N | Ty
- Coflbirdaset R LN
7183 24 ¢ HAEEARE RS AU L R
I YN RN PRI
RN I R Tl
: L I AN RN |
ININN R EAEEEL (XN T
g legs | 929 WA TV I 1 }:u- w: -f<lf' T :.m T
1]} [ KR I SR
i liy Lhaat i ity gy iy
1 11ty Cod bbb o by h
i R t Y R AR AR 7|
[+] Ss 20 p [FDREEEEE KL [ |
TN T IR
| K I e
. ] ] S e L T ]
AD 0 LO Ss 32 7 :; ; L ) e : NN RN 1 :
. - NI R R
End of Boring III F3 Ol il vt Ve 1
1§ [T [IARN) l
T KN L ARER, TN
1 : [ i ) m:‘ :‘
X R EARYAR AR N R T IR
' 1 | [0 (NN IR N A KRN RN
[l v ] K K I [REERE
] ‘ R tiidb oo
! | [ T I R L e
[N VT g ) ]
| | [XH) NI NIERR |
NI IR PR ST TR
VPN et e g
I N bl e e,y
(NI EYIEYE BT TIly e
Note: 2" PVC Monitoring Wall e R T T T
[ . BT ! LR
installed this bore hole, T AN REARE] AR
i T bt g i
see Well Inszallacion Data Ll T J;u: IEETHE
: A ARE RaeE AT AT,
||L T .|," VIT] QI LIL Ti gt
L Soded i o gripirigl, el !
OEFTH | s | T| N LA oo DESCAIPTION 10 0 N o :
oz | WC A NATURAL %
MND: A--alaan Q0—OAY OENSITY, (3, N
ACA—AFTER CA31MG AEVOVAL oum-—ur?’nm:‘ PeR cu. m:::‘i::ﬁmr"-aaw: nen ry :?::m’l?'m:
AG—AFTER ORILLING GAOUMND SuAraCY QUaUNCON. COMP, STRENGIH T—TYPe OF JAMSLE
Coiong Ont CAdiua AEmavaL sl T LD4. PEN sQ, AT, WCm JATUR COMTENT ¥,
AND A e L)
CCI—0RY CAVE (¥ HB~HOLLOW IVEM AUGER STEANATE Soa sy hacovento eIl SmLLing

WO WA SHOUT
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RFOR!Y
PROJECT!

LOCATION!

Araonne,

SOIL BORING LOG NO.

(llinois

Argonne Naclonal Laboratury

Land FLll Monltoring Well

METHOD OF BORING HS

9.3, 0.0. 2" 1409 HAMMSEA 10~ DROP
SHELBY TUBE SIZ8

CASING 3iZ8 45' - 3 3/4" 1DHS
CORE SiZx

WATER LEVEL READINGS
9.5 'W.0.
414 ' B.C.R,
36 'ACA.
11:30 L1 'HAS AD.
11.0'@ 21 HRY. AD,

ORILLING DATA

DATE L0/ 18/79
FOREMAN CE

CRE'W NO. 3

JOB HO., 79050L171=3
VERT. SCALE L"=10'

BACKPILLING DATA
DATE

ay

METHOD

GROUT

QUANTITY

DEPTH oo

BESCAIPTION

X 1000 s

QU LABORATORY

Q PENETROMETER

10

Ground surface (grass)

141 RN EEINY!

[EEANARE Y ERRTRERE

X [ NI

] I I EEEEKET

0.0

3.5

Black Clav loanm

- ] »

ORI I RN I

LR NNTEN

NS TSRV I EN RN R

$9.1. 10

Brown to black

siley clav,

[EXNE R WA

tough 4

|
]
1
I by Vi
SR BRI KR EIY

IR RITEEE

AU

il bl gttty

9.5 2 14

L1

22

6. 1ss | 23 AN

sl 27 BN

Gray silsv clay, trace of small
gravel,

vary tough

231 1-FI-F

INEEE ETVERE R T S LA

I I ST
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RN ETER AN N

EEETEE IR R AL
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IR T
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SRR
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(
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31

SS

{28 ]

42.0

Gray silev clay,
fine sand, very tough

trace of plnk
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DESCRIPTION
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AGA—2FTLH CASING nuuovn
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0CA-BHFORL CASING u»c\m.
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oo Projessional Service Inclusines e — =} e

Cap=———_,

\"M'__-

Lockable Metal—_ |

Cover No stickup

Y <
U e
Qe
D

. 9

Concrete Pad-—"J

Non-shrink g'

7///

[/ /117
/11111171717

o
3
Q
[
ot

Threaded 2 Dia. Sche—"" |

40 PVC Pipe

25!

Bentonite Seal —————m—1tx 1 2!

Pea Gravel-~_.-~‘.--,w :

5 Threaded 2" Dia. #10 — [
Sch. 40 PVC Screen

14!

Cap

|

PROJLCT “AME

Monitaorwell Installation REPLACEMENT WELL #1 DETAIL

Argonne Nat1qna} Laboratory s T
Argonne, 111inois 152465138 September 10, 1986

reoeee———— e e
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e Projssional Service Industries ST e e
Cap -
Lockable Metal—"1 1
Cover
\
Concrete~—-—~—«§,-; r
Pad
ol \
Non~Shrink ———-—*"\ 21"
Grout \‘\~
N
Threaded 2" Dia. Sch.————-——;zf:
40 PVC Pipe
N 55
N
Bentonite Seal ._% ‘2'
! |
Pea Gravel ;¢5?
i
5' Threaded 2" Dia. $§§ 3"
#10 Sch. 40 PVC Screen ﬁﬁt
Wi
SORY
it
Cep i
S ‘

PACJECT NAME

Monitorwell Installation
Argonne National Laboratory

REPLACEMENT WELL #2 DETAIL

Argonne, I11inois

s g a————

e e et e e e S o e S
oo —m———

PAQJECT NQ OALE

152-65138 September 12, 1986
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Cap >
llockable Metal—s 2!
Cover
\
(RE N i
Concrete AL sals
Pad \\\N “‘-
\ \ |
Non=shrink — Ty N 10
Grout Y N
N Q
Threaded 2" Dia. Sch,.———~—ﬂ:zzf ~\‘- 2!
40 PVC Pipe N Q
N l\
(N
Bentonite Seal Forg 2
T .
L.‘
Pea Gravel ALY
Wy
5' Threaded 2" Dia, ——e———pbi ‘*’%ﬁ 13
#10 Sch. 40 PVC Screen }43!."‘,; N
b
Cap
) e
PROJECT NAME
Moritorwell Installation REPLACEMENT WELL #4 DETAIL
Argonne Nm?na} Laboratory e —
Argonne nois
; ’ 152-65138 September 18, 1986




48

REPLACEMENT WELL NO. 1 (WEST GATE)

Location: By west gate, approx. 5 ft. north of original well No. 1
Date Drilled! Sept, 10, 1986
Total Deptht 25 ft.
Water level while drilling: 13 ft.

10/8/86¢ 20.64 ft. below land surface
Completion: Schedule 40 PVC blank casing and screen

0 -~ 20 ft. blank casing 0 - 11 ft. grout

20 - 25 ft sgcraen 11 = 13 fe. bentonite

13 - 25 ft. pea gravel

Geologists: R. H. Pearl, ANL

REPLACEMENT WELL NO. 2 (800 Area)

Locationt Approx. 4 ft. north of original well no. 2 at east gate to

sanitary landfill, 800 area

Date Drilled: Sept. 12, 1986

Total Deptht 55 ft, f

Water level while drillingt! 28,5 ft. approx.

10/8/86¢ 16.51 fr. below land surface
Completion! Schedule 40 PVC blank casing and screen
0 -~ 50 ft. blink casing 0 - 24 ft. grout
50 = 55 ft screen 24 - 26 fr. bentonite
26 - 55 ft. pea gravel

Old casing: Attempted to pull, broke at first joint. Rest of hole filled in

with grout.

Remarks: There was some question whether or not ground water was encountered
at 28 ft. The auger cuttings never became real wet. Reason for great
depth. ‘

Geclogistt R, H. Pearl, ANL

REPLACEMENT WELL NO. 4 (800 Area)

Location! Approx. 3 ft north, northwest of original well no. 4, southwest
corner of sanitary landfill, 800 area.
Date Drilled: Sept. 18, 1986 ‘
Total Deptht 25 ft.
Water level while drilling: 9 ft.? Never any real water like other holes.
10/8/86t 17.79 ft. below land surface
Completion: Schedule 40 PVC blank casing and screen
0 - 20 ft blank casing 0 - 7 fr. grout
20 - 25 ft screen 7 - 9 ft bentonite
9 - 25 ft. pea gravel
Old casing: Pulled and hole filled with grout,
Geologist! R. H. Pearl, ANL
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Walter H. Flood ’ - SOIL BORING LOG NO.[ 5 |

A & Co, Inc. ‘
ENGINEERS FOR: Argonne National Laboratory

4421 HARRISON STREET
HILLSIOE. ILLINQIS 60182

T209 8. WESTNEDGE AVENUE
PORTAGE, MICHIGAN 49081

PROJECT: Lund Fill Monitoring Well

LOCATION: Argonne, Illinois
METHQD OF BORING HS WATER LEVE! READINGS ORILLING DATA BACXFILLING DATA
$.3. 0.0, 1 1404 HAMMER 30- DROP ' Jry W.O. DATE 10/19/79 - . | oaTE
SHELSY TUSE SIZE Hey B.GA. FOREMAN (- ay
CASING SIZE  45"-3 3/4" IDHS 'y ACR. CAEW NO. 3 METHCD
CORE SIZE HRS. AD. | JOB NO.7305Q1L73-3 GROUT
HRAS. AD. | VERT. SCALE 1"=14 ¢ QUANTTTY ‘
FJ . j ‘ QU ® LABQRATORY Q PENETAOMETER
pEFTH | S| T{ N F ©O DESCRIFTION X 1060 PSP
2 4 [ s 10
LT iy IR I AR RN e 1
| 1] RN [NECR NN YT A
0.0 Grouand surface (grass) - o Sy ]
1.5 11 les! o A dlack Silty loam till L Ll
Jl Brown and grav silecy clav ) ‘Y I i)
‘ : 1 AN
. [l KRR ]
53] <U T T LT n
14 [RRK ETAENER T
LN} [T TR Y KR
[y ool [IAEAEE EARXEEYEN ot bl
J ) J= 7 RN ETLL .:. n:;;l NS RN y
1.2-0 :' " :l l::: IR R
. ! : TR KSR EREN]
1 1< | [} ATERE SRR EERA]
CEERNEEIA Gray silcy clay o TETENIR SICRTPRYY EAEIR TN
| ] Arbe b b a bt RN IR
trinniped b oind CRA NP IANY et badfoer 411 o1
TN [N RN R AR
—=id= 133 | L4 N - - ~ - — S T TR S R R AR S SO Tt e e e e
20.0 ‘ Gray silcy clayv, trace of piak RSTEEVY N NIVOTEN S RA I AN SRR LY S
fine sand, small gravel AL L T S R
1 || [N TN
"z -—f i8S | 22 . (XTI ! P SN RN SRR
25.07 Gray silty clay, trace of small il D LR e
to medium gravel TIe) NLFYETXN PSRN R AT PRATRRLK
. RN f. IR RN i
I 55133 7 e
!":nnqi | ESEENETE R
t Vo) [ IR TS AR T
H_l__._‘r'l'l ety :l Pyt "“”'..'_._
) o v | C | KN KRN
i 23 L2 [NXENERTE N nn:u: [EEEN .:::
i b . ] TSR '1~A\lllll
10910 1 | [TIEENEE Loy ) DT
A | [ITEEREEY [N
Q M NI T NSRS SN EEREREN
2 SSlal o™ Tivl 1 X% I A N R,
(IR [T AR e
i ] N : . K
43 . O - - Ll :I L
Ead of Boring EILETTYE R -
' [Ki] NI I
' 1 K3 ] T B )
TOUNNEY 1 e
[ETER SR Bl ) m .
e 7 YR EET NN IO T
JEENY ! N LT A
1D K IR I
TN [N SR EE T [Nl
pile 1h:rt LAY SRR
100 LIRS EREEEN AT |
[BREERE [IEEARNE boit vty
TR IR TN R ST :
[REY) . + . H MK I BN N
Note : 2" PVC Monictoring Well RIITE N SN T T A R T ‘.um»:
installed this bore hole, fLiUL DU
J, s [l 1 IAEEN] [REER EXE [ RN
see Well Installacion Dacr TIPSR TTEAN S (I SA R RS EXTrErm s BTN
ST TS KNI NS EA RN I3RS SRR
X . $0
oerM|{siT| N oo DESCAIPTION v 30 “
\ WC A NATURAL %
LEGEND: A—avaan DO-—CAY DENSITY, LA PRA CU. FY. s $3-SPLIT SAOON
ACA~—4F/TER CASING REMOVAL ORPTI-sERT 20L0w 'C.‘-‘-‘.-‘.G.."%’é‘.’.‘f"mm PR FT. . 3T—twiLas Tuas
AC-~AFTER GAILLING GAQUND sunrFact OUeNCON. COMP, STRENG TN T TYPL OF SAMPLE
oA Er0TT CAIING RENOVAL s LAL, 2¢R 3Q. FY. ""’""”Ef&"fiu ~
e — WCr—w ST
DCI~QRAY Zavd IN n::sfl.o:v ATEM AUGEA Lﬁi'&“ﬂ :3::::: necaveneo mm-:.-xu DAILLING

WO NAIROUT
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glev. 75Q.5

Elev.748.5.

44'

X

Metal Protector Pipe & Cap

2" 1.D. PVYC Stick-up

Ground Surfacs

~ Cement

Bentonite‘Sea1

Earth Backfill
2" I.D. PYC Riser Pipe .

Bentonite Seal

Pea Gravel Backfill

3!

Well Installation Diagram
ANL Landfill

Argonne, I1linois

8oring B-3

RN g

2" I.D. Slotted PYC
Wellpaoint

SOIL TESTING SERVICES, INC.
111 PFINGSTEN ROAD
NOQRTHBROOK ILLINOIS 60062

Mo Scale | 14236-P |

rFoww LBt O
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OWNER LOG OF BORING NUMBER ) wel No
Argonne National Laboratory B8-3 (6 ML
PROJECT NAME ) ARCHITECT-ENGINEER
ANL Sanitary Landfill
SITE LOCATION -O-n :NCQN"N‘D COMPRESNIVE STRR! GTH
. } one/ry, 3
Argonne, Il1linois — ‘ H 3 — .
‘ g rastic waTEn Uauio
z e | CONTENT®, Umrr T
: | |elg T - A—
g ‘g > 31z DESCRIFTION OF MATERIAL >-L': 0 10 s0 ‘o ‘o
< £ gl xS M
5 Eld|dYs Gq
[ . |ajalo ) @ ‘
d ‘g x(xlzl0 =3 ® fTAnDARs :
5 | & | S| 2| surracE eLEvATION 7485 z o TTrATen feowar
1 1 sd 11T 6"dcr§1shedb1igesto?g gr?velf&ﬁanda 1051 o » _
undertain by 6" silty clay fill an < -
2 sﬂ ﬂl' bla‘\tckd&o%soﬂ & cin%ef:'fm -1t. | 118 \/* IR
35T T{\gray _to dk. gray- mois 1 ? /*,)__C*
Yoo a <t upn *o—cq. |
Al e T . 7
5 Ef : 124 » PCr
Silty clay, trace gravel, sand and | .
Tl shale -gray- very stiff to hard (CL] ! /|
6 | ST| | |L{Sample 8: horizontal-_sand seams 124 T tP—ox
Sample 9: disturbed side
T FT]
o] s
FT | .
g lsri | A 123 ‘{ A Saoas
S0~0- 11t, littie clay & sand, trace - \ O{/
=G —-1—+ ravel -gray- moist (ML) Large o.
FT imestone aravel Vo
Ll Silty clay, trace gravel, sand and \ N~
10 |57} | gha];e -gray- very stiff to hard (CL) T :k(ﬁ\@x
. |Sample 10: diagonal silt seams
0 I F;J LSamp”le 11: hori. silt & sand seams, ' YO— \ o
43 - thin layers of reddish brown clay ? N
ET Sample %2: disturbed tip, top of \\ R
Y x .
o] 12 1ST[] sample gravelly clay ] 5Ly
END OF BORING *CALIBRATED Pt NETRTMETEQ
"A" - Silty clay, trace sand -brown & grdy- vdry stiff to hapd (@)
Sampje 2: trace gravel & roots :
Sample 4: trace gravel, partly] disturbed
Sample 3: horizontal seams of [fine [sand
Casing used: 10' of 4"
Well point installed, tip of wellsgreen [at 44"
o
T™E ATNATIAICATION LINKS T ™K e UNKE BETWERN SO, TYrgs: (MGITU, THE TRANSITION MAY @& GRAGUAL.
BORING STARTED 4/22/80 SOIL TESTING
" - 11 PFINGSTEN ROAD
wL 8CR ACR | BORING COMPLETED &/ZB/BOIL NORTHBROOK ILLINOIS 60062
wL ‘ RIG Rotary FOREMAN Leghtq nén\m-'u 8y SDM |sTs Joae no. 14236-P
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Elev. 749.4 -T— M

2‘

Elev.
747 .4

el

45"

5!

=i

2!

) _iA

3!

UTH T T ]

Metal Protector _____ |
Pipe & Cap ' m | e

2 [.D. PVC
Stick-up ‘ N
: /
1
Bentonice Seal -
‘ Y
garth Backrill
2" 1.D. PYC _ ]
Riser Pipe
Bentanita Seal -
)
™~N
Y
3
~
1
rv——————
Pea Gravel Backfill
2" 1.D. Slotted PVC i
Wellpoint
\

Well Installation Diagram
ANL Landfill

Acgonne, I11inais

Borings B-4 and B-4A

SOIL TESTING SERVICES, INC.

111 PFINGSTEN ROAD
NORTHBROOK ILLINCGIS 60062

SoHd 13 N
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OWNER | LoG OF BORING Nu/n / P-f*\(a e oot
Argonne National Laboratory B-4A N -
PROJECT NAME ARCHITECT- ensmw
ANL Sanitary Landfill
SITE LOCATION MO~ ::::':_mln COMPREIRIVE STRENGTH
Argonne., [1l1inois ) 33 s ;
S PLASTIC warteEn Liouto
5 LMY % CONTENT Y, [SL 1A
z |l wlE - i o s s e ) st e
<] 0 z al. DESCRIPTION OF MATERIAL 3" @ ‘
s 2z ol @ . ’_E ::' Jj0 40 sq
< T w|w]y|lw ®S
> - ) -l gl 2 Qpn
w Gy xlefzifo a
d al £ 2|2}V 3 ® STANOARD
a | #|&| & surrace eLEvaTiOn  747.4 S 0 | Maomen, sawse
FT Black clayey topsoil - dr‘ﬂ]er s
, observation
FT
Light brown silty c]a_/ - dr111er s
— observation
AU
Gray silty clay - dr*iﬂer 5
observation
FT
28--4
4o
END OF BORING
fam— NOTE: Drilled without sampling
Well point installed, tip of wellscieen 4t 25|t
'-l==..'—_-== C— —
THE ITRHATIFICATION LiNKS AUPREILNT THE ASPRQNINATE DOUKOAY (INKD SATWEEN HAIL TYREDE INIITU. THE TRAMSITION #AY 0K GRAGUAL.
WLAL o ws HUORING STARTED SOIL TESTING SERVIGES. INC.
£ surface 2100 * 4/24/80 111 PFINGSTEN ROAD
we Bcr ACR | BORING COMPLETED 4/24/80 " NORTHBROOK ILLINOIS 60062
WL At syrface AB RIG patary '°RE"“'\'.eht1'nerl APP'D BY  ony |STS JOB NO. 19760
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QWNER

. ~
LOG OF BORING NUME N
wedl N
Argonne National Laboratory B-4 ;?( ”)&9 AL 1b
PROJECT NAME ARCH(T!CT-ENGINE!R\—‘//
ANL Sanitary Landfill
SITE LOCATION FCm u:co';:mlto COMPRESSIVE STRENGTN
TONA/FY,
Argonne, [11inois ) 2 3 43
s mazhC WATER tiavle
z T COMTRNT % LiMiT
z fwlE g D bt T AN
Q g : g ; DESCRIPTION QF MATERIAL E’; o ‘10 10 w 0
<z "EERIMIE zt . ’
2EE|z]d|3 e
] g |3 ; Q :3 sTamoanro
u1>< o | &|&| 2] surrace enevaTion  T47.4 z o TIneThamon | acowsr
[ EL )
5 | sd ] P/ 5andy clay, Titcie siTt, trace .\ 0ol o
ravel -Jt. brown & sl. gray- mediu - Y
3 [sTl[]]% soft (CL) Hori. sand seams 1Q-p »
3 ‘4 [STI11]S1ity fine to med. sand, l1ttle T_t
2 = —clay, trace gravel -1t. brown- o
5 157 saturated (Si-SC) | e ”*\\\\\\
FT Si]%y clay, trace aravel, s?nd)and f "‘-\\\\\ <
shale -gray- stiff to hard (CL ‘ 2 s : -
6 15T "L'Samp1e 5: hori. silt seams 128 | -
252 i Sample 7: disturbed tiu | ;e
sample 8: hori. silt sezms ' 27 ' L
7157 [’L‘Samp1e 9: large sand pocket, silt ! T K;/ -
T seams | : L
8 |s7{]|1|Sample 10: diagonal silt seams ’ P
S5 £T B%u.]]rslfrog 23 to 23.5 ft [ S
po riller's observation ~ %
3 [sT L s ) ° | ex
FT \ N
Y0 [ ST L] , ‘ \ pow
- Fine to medium sand, little siit, f |
g5~ et trace gravel, coarse sand & clay /L
ST Tumps -gray- moist (SP-SM) .
FT ilty clay, 1ittle gravel, trace N N
~ sand -gray~ hard (CL) Disturbed tip . ~1
-y 12 [STI|[1]- large Vimestone gravel 133 ° Fec-
ENC OF BORING ‘ ‘ *TALIBRATED] PENE[TROMETER
"AY - ((21a:)/ey topsoil, little silt, {race{sand|{& ropts -placq- mojst
OH
"8" - Silty clay, trace gravel, sand and{shale -brpwn & aray- st{ff
to very stiff (CL-CH) Top 2" |topsqil apd clpy
Casing used: 25' of 4"
| Well point installed, tip of wellscqeen 4t 45| ft
THE ITHATIPICATION LN NEPRESENT THE APPRQRIMATE ::v-‘-v Lings SETWEEN SO, TYPCS N4y THE TRANSITION wa? OC GRADUAL
5.5 BORING STARTED 4/23/80
p 111 PPINGITEN ROAD
wt. BCR ACR | BORING ¢OMPLETED 4/23/80 " NORTHBROGOK ILLINOIS 80082
wL . RIG Rotar*/°"‘“"’_ahtine}1""° BY cgq | STS JOB NO.14035.0
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[E====== Protessional Service Industries Ll —
Cap »>
Lockable Metal —=
Cover 2!
Concrete ———=|4l (5,17
Pad —
Non-Shrink-—--—-—"'Q Q 12"
Grout ~\\~‘ “~\~
Threaded 2" Dia. sm.-‘--——g N
40 PVC Pipe N \\\
\ 301
N ~
Y N
Bentonite Seal }.
Pea Gravel 5 ?'
5' Threaded 2" Dia. 16"
#10 Sch. 40 PVC Screen
Cap
\
| PROJECT NAME
Monitorwell Installation MW-8 DETAIL
grgonne N?%:ona1‘Laboratory
rgonne, inois PROJECT NO o
‘ 152-65138 : Aé;ptember 28, 1986
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== Protessional Service Industries =mme——m— e

Cﬂp\

iand
Lockable Metal—] 2'
Cover
S I P
Concrete Pad — 1 . ‘L
N nY
Non-shrink \\\~ ~\\\~
" Grout “"—'_—5\\‘\ Q
Ny
Threaded 2* Dfa. Sch—"" | ::::: )
40 PVC Pipe N\\\N
S
< 20"
N
Bentonite Sea) ?ﬁ ‘3.
di?h? \
Pea Gravel~.._‘__‘-__‘~i
5' Threaded 2" Dia. 410 — | =
Sch. 40 PVYC Screen 1
C
P ! }

PROJECT MNAME

Monitorwell stallation M- -9 DETAIL

Argonne National Laboratory preyrpRwS =
Argonne, I111 0is
9 | 162-65138 September 25, 1986

et eve—

|
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NEW, WELL NO. 8 (800 Area)

Location: 407 ft. west of east gate to the 800 area land fill. Approximately
~in the middle of the north boundary.

Date Drilled: Sept. 18, 1986
Total Depth: 30 ft
Water level while drilling: 7 at 8 ft cutting were damp, at 18 ft they became
: very wet

10/8/86: 18.64 ft. below land surface.
Completxon‘ Schedule 40 PVC blank casing and screen

0 - 25 ft. blank casing 0 - 10 ft. grout

25 - 30 ft screen 10 = 12 ft. bentonite

12 - 30 ft. pea gravel

Geologist: R. H., Pearl, ANL

‘

NEW WELL NO. 9 (800 Area)

Location: Northwest corner of sanitary landfill B00 area
Date Drilled: Sept. 25, 1986
Total Depth: 20 ft
Water level while drilling: 10 ft
10/8/86: 9.93 ft below lLand surface
Completiont Schedule 40 PVC blank casing and screen
0 - 15 ft. blank casing 0 - 06 ft. grout
15 - 20 ft screen 6 - 9 ft. bentonite
9 - 20 ft. pea gravel
Note: Cuttings were a very black color (appearance of high organic content)
Driller said he noted gas odor.
Geologist: R. H. Pearl, ANL
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r===== Prolessional Service Industnes —=——m—— o

Cap~
Lockable Metale— | R'
Cover
A
‘ JT; 2417 )
Concrete Pad—f= —
ENEN
on-shrin
Grout /\4\ Q 9!
NEWN
Threaded 2" Dia. Sch.«”"”"'~‘- :::::
40 PVC Pipe N ~\\\~
N N
N \\\\ 22!
Rt
Bentonite Seal 2
| ":5{':‘.~‘
Pea Gravel o
\.ﬁlf‘
5' Threaded 2" Dia. =10 — [ 11'
Sch. 40 PVC Screen
Cap
PAOJECT NAME
Monitorwell Installation MW-10 DETAIL
Argonne National Laboratory
Argonne, I1linois PAOJECT O PATE
152-65138 September 29, 1986
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NEW WELL NO. 10 (800 Area)
SPLIT 9POON CORE LOC

Locationt 77 ft. north and 10 ft west of southeast corner of sanitary
landfill, 800 area.
Date Drilled! Sept. 29, 1986
Total Deptht 22 ft.
Water level while drilling! 10?7 approx.
10/8/86% 4.32 fr. below land surface.
Completiont Schedule 40 PVC blank casing and screen
0 - 17 ft. blank casing 0 - 5 ft. grout
17 - 22 ft screen 5 - 7 ft., bentonite
7 - 22 fr., pea gravel
Gaologistt R, H. Pearl, ANL

Depth Degcription
(ft)
0 - 2 Soil, clay, roots, with some fine gravel
2 - 3 C(Clay, gray,
3 - & As above with very coarse sand and fine gravel.
4 - 6 Clay, brown, with vary coarse sand and fine gravel.
6 =~ 8 As above, very poor return (3") Drilled hard. ‘
8 =10 Clay, black, plastic, with some sand and fine gravel. Was wet at
one time.
10 =12 Hit a rock, poor return (2")
12 - 14 Clay, gray, very sandy and fine gravel. WATER
l4 - 16 Clay, gray, plastic, with silt-fine gravel. Bottom part dry. Wet
zone was only about 1 ft thlck.
l6 =~ 18 Ag above
18 - 20 As above, very dry.
20 - 22 As above, Total Depth.



DOE CXVIRCURENTAL SURVEY

—
WELL COMPLETION Rectn

DOE SITE WANE: f{thwL |\

L mm:/!r #‘\\b ﬂ'ﬁ I
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a é!‘w [NTTRPIN(A E L
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DOE ENVIRONMENTAL

SURVEY

——

RECORD OF SUBSURFACE EXPLORATIgy

It ‘
DOE SITE NAME: 4L judus=

WELL ID NUMBER:

= |\

PAGE z af < .
DATE (dd/mmm/yy)s O

2

WELL COURDINATES or DRILLING LOCATION: (04 T¥ 4 T et

,‘4 !-«

T

—_—

¢
=«

—
GROUND WATER FIRST ENCOUNTERED AT -~ ﬂ:.
“SAMPLE . Ep—
= ,,_% I} DESCRIPTION OF MATERIALS
; ' gg § - {indicate zones of last circulation
= and water bearing zones) )
& E 55 ié g - ™
ey
e 5-
f“th’,// -
S5 IR XU YA ﬁ’)t.'ﬂ. 7T Gfn ¢ latic feui APanial}  tole
- 5,..
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<t ENVIRONMENTAL SURVEY RECORD OF SUBSURFACE EXPLORATION
7 GITE NAME: doq wug PaGE L of _J.

D WATER FIRST ENCOUNTERED AT

e 10 womeems _ A\

1]
.L COORDINATES ar DRILLING LOCATION: /2 Adweiv «-/‘ Fy,flive oo (1 7,
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; .
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DOE ENVIRDMRENTAL SURVEY

UELL CONPLETION RECORD

#mm:mc \Z

Wil ID MMSER: k#\kbv

@ELL COORDINATES or mm" M
@’M”/z ¢ Sl s
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MOITIONAL COMMENTS: e VLA

/
' .
-l e et L
water  in well
——
e —— ya

&:ﬂlna By 4’

(Sigrature)

A\

NN NN AL W . W W W W N \\

SNANNN

UELL ! 10N SUMHARY.

UELL CAP ELEVATION: f.
RONO SRFAE

ELEVATION: ft.
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DOF ENVIROMMENTAL SURVEY : ' YELL COMPLETION RECORS

0E SITE WARE: o
VELL 10 mmgER: _ H—— ANL # 1D

WELL mﬁ}RMMTES sr HELL LOCATION:
") , o RS

UELL COWSTRUCTION SURRARY

WELL CAP ELEVATION: ft.
' ‘
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DEVELOPRENT $a eas el ‘
Bt 421
eman: __/ i
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' DOE ENVIRONMENTAL SURVEY ' RECORD OF SUBSURFACE EXPLORAT oy
DOE SITE NAME: Afrpuves ‘ eaGE / _of 2

WELL ID NUMBER: —H"" >
WELL COORDINATES or DRILLING LOCATION: A'L/ [4und AU ANy /u:// rq
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[t ENVIRONMENTAL SURVEY RECORD OF SUB‘SURF“CE EXPLORATION
[ SITE NAME: 4&(.'&4.«/.#" ‘ . PGE _/__of =X -Q
DATE (cu/maa/yy)s () 2= /é*
ID NUMBER: _.:tt“_‘L &<
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Will County Well & Pump Co., Inc.

PUMP SALES & SERVICE
1200 SOUTH CEDAR ROQOAD
NEW LENOX, ILLINOIS 60451
(815) 485-2413 (815) 727-2322

September 30, 1988

Job #1 (South of dump) 300 hArea *QI"!")'U"[ Land 74//
Total Depth of Well - 148"
‘Cased to - 139" with one foot of casing above ground.
Water Level - 146' Producing 5 G.P.M.
Formations:

0' to 100' Clay

100' to 110' Sand & Gravel

110" to 125' Clay

125" to 138' Gravel

138" to 148' Limestone

Job #2 (S.E of Dump) £OO Aneq SEY"!““/ L‘”’d”["//
Total Depth of Well - 151°'
Cased to - 147' with one foot of casing above ground.

Water Level - 148' Producing 20 G.P.M.
Formations:

0' to 10' Clay

10" to 20' Gravel

20' to 60' Clay

60' to 80' Gravel

80' to 120' Clay

102" to 146' Gravel
146' to 151' Limestone
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APPENDIX B:

STATIC WATER LEVELS MEASURED IN
MONITORING WELLS SINCE 1980

Tables B.1-B-9 present quarterly water level measurements for wells in the
800 Area. Table B.1 gives quarterly and annual average water levels for 1988, Table B.2
gives quarterly and annual average water levels for 1987, Table B.3 gives quarterly and
annual average water levels for 1986, and so on. The tables are based on information
provided by ESH.

TABLE B.1 Well Point and Water Elevations of Menitoring Wells at the
800 Area Landfill, 1988 (m above MSL) '

Ground Well Quarterly Elevations?
‘ Surface Point , '

Well Elevation Elevation lst © 2nd 3rd 4th 1988 Avg.
1-2 227.69 220.00 -+ 222.83 222.47 221.53 221.44 222.07
2-2 230.83 215,01 226.07  225.28 224,12 224,36 224,96
3 226.77 - 218,11 224,88 224.27 222.81 223.02 223.75
4-2 227.23 220.10 225.74 225.55 222.56 223.66 224,38
5 227.53 215.40 ‘ b 220.86 dry dry 220.86
6 229.91 215.07 219.64  219.52 217.81 218.51 218.87
Ta 227.81 220.22 226.53. 224.91 223,75 224.88 225.02
b 227.81 214.09 dry S dry dry dry -

8 231.53 222.84 229.45  227.66  226.01 225.86 227.25
9 230.00 224.09 227.90 226.83 224,82 226.34 226.47

10 229.15 222,60 228.75  227.84  226.44  226.31 227.34

11 229.91¢ 205.49 b b b b -

12 229.91°¢ 219.17 b b b b -

13 230.00¢ 205.80 b b b b -

8Water-equivalent precipitation for the 30-day periods preceding the
meagsurements was 43.4 mm for the lst quarter, 24.6 mm for the 2nd, 96.3 mm
for the 3rd, and 110,2 mm for the 4th, Precipitation was measured at
0'Hare International Airport.

bNot measured.
CGround surface elevations for wells 1l and 12 are estimated to be the same

as that for well 6. Well 13 is estimated to have the same ground surface
elevation as well 9.



TABLE B.2 Well Point and Water Elevations of Monitoring Wells at the

800 Area Landfill, 1987 (m above MSL)

70

Ground Well Quarterly Elevations®
Surface , Point
Well Elevation Elevation  lst. 2nd 3rd ¢ 4th 1987 Avg.
1-2 227.69 220,00 222,47 b b b 222,47
2-2 230.83 215.01 226.80 b b b 226.80
3 226,77 218.11 224,24 b 224,09 b 224,16
4=2 227.23 220.10 224.64 b b b 224 .64
5 227.53 215.40 222.29 b b b 222.29
6 229.91 215.07 225.10 b 219.46 b 222.28
7a 227.81 220,22 226.31 b 224,67  226.95 225,98
b 227.81 214.09 dry dry dry dry -
8 231.53 222,84 228.91 b 226.86 229,09 228.29
9 230.00 224,09 227.56 b 226,68 227.96 227.40
10 229.15 222,60 229.03 b 227.87 b 228.45
11 229.91°¢ 205.49 - - - b -
12 229.91°¢ 219.17 - - - b -
13 230.00¢ 205.80 - - - b -

8Water-equivalent precipitation for the 30-day period preceding the
measurements was 27.7 mm for the lst quarter, 188.2 mm for the 3rd, and

50.8 mm for the 4th.

Airport.

bNot measured.

Precipitation was measured at O'Hare International

CGround surface elevations for wells 11 and 12 are estimated to be the

same as that for well 6.
surface elevation as well 9.

Well 13 is estimated to have the same ground
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TABLE B.3 Well Point and Water Elevations of Monitoring Wells at the
800 Area Landfill, 1986 (m above MSL)

Ground Well Quarterly Elevations?
Surface Point
Well® Elevation Elevation lst . 2nd 3rd 4th 1986 Avg.
1-2 227.69 220,00 227.09 226,15 ~ 221.53 222,11 224 .22
2-2 230.83 215.01 225.64 224,24 225.31  226.22 225.60
3 226.77 218.11 224,31 224,17 223.85 224,09 224,11
4-2 227,23 220,10 225,37 225.14 222,20 224,49 224,30
5 227.53 215.40 ‘ c c 217,17 221.71 219.44
6 229.91 215.07 220.87 225,18 224.73 224.70 223.87
7a 227.81 220,22 0226.51 223,96  225.61 226,28 225.59
7b 227.81 1 214.09 dry dry dry dry -
-8 231.53 222,84 - - 226.50 227.02 226.76
9 230.00 224,09 - - 226,74 227.17 226.96
10 229.15 222,60 - - 227.59  228.66 228.13

4Replacement wells 1-2, 2-2, and 4-2 and wells 8, 9, and 10 installed 9/86.

bWater~equivalent precipitation for the 30-day periods preceding the
measurements was 37,9 mm for the lst quarter, 83.6 mm for the 2nd,

for the 3rd, and 38.6 mm for the 4th.
International Airport.

CNot measured.

173.5 mm

Precipitation was measured at O'Hare
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TABLE B.4 Well Point and Water Elevations of Monitoring Wells at the
800 Area Landfill, 1985 (m above MSL)

Ground Well Quarterly Elevations?
Surface Point ‘

Well Elevation Elevation lst 2nd 3rd 4th 1985 Avg.
1 227,53 218,23 227.17 226.07 225,03 226,86 226,28
2 230,58 220,83 226.04  225.31 224,39 225.61 225,34
3 226,17 218,08 224,67 224,27 223,33 224,24 224,13
4 227.23 221,13 225.37 225,19 224,42 225.31 225,07
5 227.53 215,34 b b dry b -

6 229,91 215,13 223.81 224,15 220.80 224,70 223,37
7a 227,81 220.19 226.28 225,77 222,78 226,50 225.33
7b 227.81 214,09 dry dry dry dry -

8Water-equivalent precipitation for the 30-day periods preceding the
measurements was 127.8 mm for the lst quarter, 63.5 mm for the 2nd, 46.2 mm
for the 3rd, and 89.9 mm for the 4th. Precipitation was measured at O'Hare
International Airport.

bNot measured.

TABLE B.5 Well Point and Water Elevations of Monitoring Wells at the
800 Area Landfill, 1984 (m above MSL)

Ground Well Quarterly Elevations?
Surface Point
Well Elevation Elevation  lst 2nd 3rd 4th 1984 Avg.
1 227.53 218.23 227.38 226.28 225,28 226.47 226,35
2 230,58 220,83 226.16 225,70 224,70 225.22 225,44
3 226,77 218,08 224,82 224,67 223,54 224,03 224,27
4 227.23 221,13 225.43 225.09 222.63 225.43 224,64
5 227.53 215.34 b 221.86 216,71 b 219,28
6 229.91 215,13 223.69 224,18 222,96 b 223,61
la 227.81 220,19 225.55 224.91 224,73 225.86 225,26
b 227.81 214.09 dry dry dry dry -

dWater-equivalent precipitation for the 30-day periods preceding the
measurementg was 87.9 mm for the lst quarter, 111.8 mm for the 2nd, 56.1 mm
for the 3rd, and 96.0 mm for the 4th. Precipitation was measured at O'Hare
International Airport.

_ bNot measured.
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TABLE B.6 Well Point and Water Elevations of Monitoring Wells at the
800 Area Landfill, 1983 (m above MSL)

Ground Well Quarterly Elevations®
Surface Point
Well Elevation Elevation lst 2nd Jrd  4th 1983 Avg.
1 227.53 218.23 . 226,98 226.41 b b 226.70
2 230,58 220.83 226.07 225.77 b b 225.92
3 226,77 218,08 224,76 224.73 b b 224.,7¢
4 227.23 221.13 225.28 224.88 b b 225.08
5 227,53 215.34 222.32 221.80 b b 222,06
6 229.91 215,13 224,39 224,76 b b 224,58
7a 227,81 220.19 222,60 223.72 b b 223.16
7b 227.81 214.09 dry dry dry  dry -

8Water-equivalent precipitation for the 30-day periods preceding the
measurements was 17.0 mm for the lst quarter and 36.3 mm for the
2nd. Precipitation was measured at O'Hare International Airport.

bNot measured.

TABLE B.7T Well Point and Water Elevations of Monitoring Wells at the
800 Area Landfill, 1982 {(m above MSL‘)

Ground Well Quarterly Elevations®
Surface Point
Well Elevation Elevation lst 2nd 3rd 4th 1982 Avg.
1 227.53 218.23 227.35 226.41 226,50 225,73 226,50
2 230.58 220.83 226,28 b b b 226,28
3 226.7 218.08 224,61 224,55 224,49 223,85 224,38
4 227,23 221.13 225,52 225,28 225,25 224,79 225,21
5 227,53 215.34 b b b b -
6 229,91 215.13 220,86 220.64 222,69  221.80 221,50
7a 227.81 220.19 222,63 221.38 221.59 221,22 221,71
7b 227.81 214.09 dry dry dry dry -

8Water-equivalent precipitation for the 30-day periods preceding the
measurements was 104.3 mm for the lst quarter, 16.0 mm for the 2nd,

139.4 mm for the 3rd, and 41.9 mm for the 4th. Precipitation was measured
at O'Hare International Airport.

bNot: measured.

A B T A
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TABLE B.8 Well Point and Water Elevations of Monitoring Wells at the
800 Area Landfill, 1981 (m above MSL)

Ground Well Quarterly Elevations?

Surface Point
Well Elevation FElevation lst 2nd Ird 4th 1981 Avg.

1 227,53 218,23 226.41 227.35 226,22 226.16 226,54
2 230.58 220.83 b 225,70 b ‘ b 225.70
3 226,77 218.08 224,24 224,30 224,42 224.30 224,32
4 227,23 221.13 225.49 225,67 225.07 225,31 225.39
5 227,53 215.34 b b b b -

6 229.91° 215.13 215.89 216.07 215.52 218.66 216,54
la 227.81 220.19 221.44 222.69 221.71 220.83 221 .67
7b 227,81 214,09 dry dry dry dey -

8Water-equivalent precipitation for the 30-day periods preceding the
measurements was 19,1 mm for the lst quarter, 96.8 mm for the 2nd, 41.2 mm
for the 3rd, and 14.7 mm for the 4th. Precipitation was measured at O'Hare
International Airport,

bNot measured.

®Ground surface rose 1.77 m after 3rd quarter measurement.
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TABLE B.9 Well Point and Water Elevations of Monitoring Wells at the
800 Area Landfill, 1980 (m above MSL)

Ground Well Quarterly Elevations?
Surface Point
Well Elevation Elevation 1lst 2nd 3rd 4th 1980 Avg.
1 227.53 218.23 b 227.17 225.95 226,31 226.48
2 230.58 220.83 b 226,10 224.85 225.58 225.51
3 226,77 218.08 b 224,64 224,03 224,55 224,41
4 227,23 221.13 b 225.34 224,64 225,31 225.10
5 227.53 215.34 b 223,94 219.88 217.99 220.60
6 229,91 215,13 - 215.68¢ b b 215.68
7a 227.81 220.19 - 221.35¢ b b 221.35
7b 227.81 214.09 - 216.29¢ b b 216.29

8Water-equivalent precipitation for the 30-day periods preceding the
measurements was 69.3 mm for the 2nd quarter, 91.2 mm for the 3rd, and
63.3 mm for the 4th. Precipitation was measured at O'Hare International

Alrport,

bNot measured.

‘Water level measured about one week after drillingj value may not

represent equilibrium conditions.
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APPENDIX C:

MONITORING WELL HYDROGRAPHS

Figures C.1-C.10 are hydrographs for ten wells at the 800 Area (Nos. 1 and 1-2, 2
and 2-2, 3, 4 and 4-2, 5, 8, 7a, 8, 9, and 10). Each hydrograph shows the elevations of the
ground surface, the well point, and avallable quarterly water levels. The absence of a
point on the water-level curves indicates a quarter for which no measuraments were
made. The data used for the plots are given in App. B and were provided by ESH.
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APPENDIX D:

 ANALYTIC RESULTS FOR GROUNDWATER SAMPLES
COLLECTED FROM 1985 TO 1988

Tables D.1-D.13 present analytic results of the monitoring of 10 wells in the
800 Area (no monitoring data are available for wells 7b, 11, 12, 13, DH-1, and DH-2).
Two tables each are presented for wells 1, 2, and 4 to present results both before and
after their replacement. The tables list annual concentration ranges for inorganic
analytes, tritium, and organic analytes. Organic analytic data for 1987 and 1988 are not
available; most analyses during this time did not detect organic contaminants (see
Sec. 3.5). All data were provided by ESH.
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TABLE D.1 Concentrations of Chemical Species in Samples
from Well 1, 1985-1986

1986

benzene

Analyte Unit 1985

Argenic ug/L <5 <5
Barium ug/L 134-375 49-277
Beryllium. ug/L - ‘ =
Cadmium ug/L ~ -
‘Chloride mg/L 848-1,210 1,020~1,110
Chromium ug/L - -
Cobalt ng/L - -
Copper ug/L . - -
Dissolved - mg/L  1,820-2,910  2,410-2,740

solids
Fluoride ug/L 138-160 148-162
Iron ug/L 160-1,610 659-840
Lead ug/L _— -
Manganese ug/L 177-266 157-184
Mercury ug/L <0.05 <0.05
pH - 7.0-7.1 7.0-7.1
Selenium ug/L <5 <5
Sulfate mg/L © 105-191 121~-168
Temperature °C 10.0-14.7 9.8~12.7
Zinc ug/L - -
Tritium pCi/L - -
Benzene ug/L <10 <5
Toluene ug/L <10 <5
Ethylbenzene ug/L <10 <5
Xylene ug/L <10 <5
Trichloroethylene ug/L <20 <10
Perchloroethylene ug/L <20 <10
Dichlorobenzene ug/L - <5
Monochlorobenzene ug/L - <5
1,2,4-Trichloro- ug/L - <
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TABLE D.2 Concentrations of Chemical Species in Samples from -

Well 1-2, 1986-1988

Analyte Unit 1986 1987 1988
Arsenic ug/L <5 <10 <5
Barium ‘ ug/L 99-262 337 134-302
Beryllium ug/L - - 0.1
Cadmium ug/L 1.80-4.40 - 0.7~1.2
Chloride - mg/L 650-667 833 719-862
Chromium ug/L - - 6~9
Cobalt ug/L - - <40
Copper pg/L 20-22 - 10-13
Dissolved mg/L 1,780-1,970 1,960 1,770-2,010

solids ‘ ‘
Fluoride ug/L 172 168 172-248
Iron ug/L <100 <100 2,230-10,800
Lead ug/L 1-3 - ‘ 9-12
Manganese ug/L 250-424 368 504=554
Mercury ug/L <0.05 <0.10 <0.05
Nickel ug/L 114-161 L= <40
pH - 7.6-7.8 7.5 7.3=7.5
Selenium ug/L <5 <10 <5
Silver ug/L 0.40-2.60 - 0.2-38.5
Sulfate mg/L . 126-148 151 132-143
Temperature °C 11.4-13.,2 12,0 5-46
Zinc ug/L 20 - 5-46
Tritium pCi/L 234-267 189 <100-171
Benzene ug/L <5
Toluene ug/L <5
Ethylbenzene ug/L <5
Xylene ug/L <5
Trichloroethylene ug/L <10
Perchloroethylene ug/L <10
Dichlorobenzene pg/L <5
Monochlorobenzene  ug/L <5
1,2,4=Trichloro- ug/L <5

benzene
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" TABLE D.3 Concentrations of Chemical Species in
Samples from Well 2, 1985-1986

benzene

Analyte Unit 1985 1986
Arsenic ug/L <5 <5
Barium ug/L 111-243 240-269
Beryllium ug/L - -
Cadmium ug/L - -

" Chloride mg/L 21-25 26-27
Chromium ug/L - -
Cobalt ug/L - -
Copper ug/L - -
Dissolved mg/L 252-353 360-366

solids

Fluoride ug/L 112-132 146-154
Iron ug/L <100 <100
Lead ug/L - -
Manganese ug/L 6-28 28-34
Mercury ng/L <0,05-0.10 <0.05
Nickel ug/L - -

pH - 7.6-8.8 7.8-7.9
Selenium ng/L <5 <5
Silver ug/L - -
Sulfate ‘ mg/L 71-86 75
Temperature °C 9.9-13.2 11.6-12.3

Zinc ug/L - -
Tritium pCi/L - -
Benzene ug/L <10 <5
Toluene ug/L <10 <5
Ethylbenzene ng/L <10 <5
Xylene ng/L <10 <5
Trichloroethylene ug/L <20 <10
Perchloroethylene ug/L <20 <10
Dichlorobenzene ng/L - <5
Monochlorobenzene ug/L - <5
1,2,4-Trichloro- ug/L - <5
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TABLE D.4 Concentrations of Chemical Species in Samples
from Well 2-2, 1986-1988

"benzene

Analyte Unit 1986 1987 1988
Arsenic Hg/L <5 <10 <5
Barium ug/L 510~628 .0 230-2,500
Beryllium ug/L - - <0.05
Cadmium ug/L <0,20-0.30 - 0.3-0.5
Chloride mg/L 34-82 83 4-2¢4

~ Chromium ug/L - - 1-2
Cobalt pg/L - - <40
Copper ug/L 3-10 - <10
Dissolved mg/L 642-739 415 421-520

solids ‘ :
Fluoride ug/L 282 276 166344
Iron ug/L 100-196 <100 640-1,540
Lead ug/L 1-2 - 3-6
Manganese ug/L 3-3 1 372-521
Mercury ug/L <0.05 <0.10 <0.05
Nickel ug/L - - <40
pH - 12.0 11 7.5
Selenium pg/L <5 - <10 <5
Silver ug/L - - <0.2
Sulfate mg/L 25-31 88 65-93
Temperature °C 11.0-13.2 11.2 11.9-13.4
Zinc ug/L 20 - 5-27
Tritium pCi/L 201-323 268 <100
Benzene ug/L <5
Toluene ug/L <5
Ethylbenzene ug/L <5
Xylene ug/L <5
Trichloroethylene ug/L <10
Perchloroethylene ug/L <10
Dichlorobenzene ug/L <5
Monochlorobenzene ug/L <5
1,2,4=Trichloro- ug/L <5




TABLE D.5 Concentrations of Chemical Species in Samples from Well 3, 1985-1988

benzene

‘Analyte Unit 1985 1986 1987 1988
Arsenic ng/L <5-10 <5~13,0 <10 <5
Barium Hg/L 229-353 94-367 207 153-315

‘Beryllium ug/L - - - <0.05

Cadmium Hg/L - - - 0.9-1.0

Chloride mg/L 1-6 1-12 1-5 1-3

Chromium Hg/L - - - 2-3

Cobalt ug/L - - - <40

Copper g/ L - - - 10-49

Digsolved mg/L 721=704 766-852 714-793 674~762
solids

Fluoride Hg/L 106-144 136-150 110-128 68-172

Iron ug/L  128-1,600 ° 50-3,780 1,350-3,360 1,910-3,480

Lead. Hg/L - - - 10-13

Manganese g/ L 168~196 174-224 72-178 74-94

‘Mercury Hg/L <0.05 <0.05 <0.10 <0.05

Nickel pg/L - - - <40

pH - 6.7-6.9 6.7-6.9 6.8-6.9 6.8~7.0

Selenium ng/L <5 <5 <10 <5

Silver ug/L - - - <0.02

Sulfate mg/L 28-48 42-139 19-61 25-53

Temperature °C 9.9-13.0 10.8-12.5 10.0~-14.3 11.8-13.8

Zinc Hg/L - - - 5-50

Tritiumd pCi/L - <100 <100 <100

Benzene pg/L <10 <5

Toluene ug/L <19 <5

Ethylbenzene ug/L <10 <5

Xylene ug/L <10 <5

Trichloroethylene ug/L <20 <10

Perchloroethylene ug/L <20 <10

Dichlorobenzene ug /L - <5

Monochlorobenzene ng/L - <5

1,2,4=Trichloro- pg/L - <5
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TABLE D.6 Concentrations of Chemical Species in

Samples from Well 4, 1985-1986

Analyte Unit 1985 1986
Arsenic ug/L <5 <5
Barium ug/L 86-301 64~179
Beryllium ug/L - -
Cadmium ng/L 0.80 0.80
Chloride mg/L  129-533 185355
Chromium ug/L - -
Cobalt ug/L - -
Copper ug/L 8 6
Dissolved mg/l.  910-2,190  1,090~1,320

solids
Fluoride ng/L 168-206 1200-212
Iron ug/L 100-493 479-538
Lead ug/L 2 4
Manganese ug/L 653-1,200 1,020-1,670
Mercury ug/L <0.05 <0.05
Nickel ug/L - 35
pH - 6.7-6.9 6.8-6.9
Selenium ug/L <5 <5
Silver ng/L 0.30 0.50
Sulfate mg/L 219-722 149-274
Temperature °C 8.7-15.2 8.0-12.7
Zinc vg/L 20 20
Tritium pCi/L - -
Benzere ug/L <10 <5
Toluene ug/L <10 <5
Ethylbenzene ug/L <10 <5
Xylene ug/L <10 <5
Trichloroethylene ng/L <20 <10
Perchloroethylene ve/L <20 <10
Dichlorobenzene ng/L - <5
Monochlorobenzene pg/L - <5
1,2,4=Trichloro~ ug/L - <5

benzene
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TABLE D.7 Concentrations of Chemical Species in Samples
from Well 4-2, 1986-1988

benzene

Analyte Unit 1986 1987 1988
Arsenic ug/L <5 <10 <5
Barium Hg/L 32-62 96 198-609
Beryllium pg/L - - 0.05~0,25

. Cadmium pg/L  0.30-0.60 - 0.60-0,70
Chloride mg/L ~  37-53 61 144-150
Chromium ug/L - - 2-13
Cobalt ug/L - - <40
Copper ug/L 8-18 - 10-41
Dissolved mg/L 775-986 657 766-881

solids
Fluoride ug/L 304 212 16-164
Iron ug/L <100 <100 610-17,500
Lead ug/L 1 - 7-18
Manganese ug/L 6-13 12 160~764
Mercury ug/L <0.05 <0.10 <0.05
Nickel ug/L 28-52 - <40
pH - 8.0-9.0 9.0 7.2-8.4
Selenium ug/L <5 <10 <5
Silver ug/L 0.90-1.10 - <0.2
Sulfate mg/L 116~-175 122 62~150
Temperature °C 10.2-11.8 9.3 11.5-11.8

- Zinc ug/L 20 - 5-69
Tritium pCi /L <100-163 <100 <100-118
Benzene ug/L <5
Toluene ug/L <5
Ethylbenzene ug/L <5
Xylene ug/L <5
Trichloroethylene ug/L <10
Perchloroethylene ug/L <10
Dichlorobenzene ug/L <5
Monochlorobenzene ug/L <5
1,2,4-Trichloro~ ug/L <5
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TABLE D.8 Concentrations of Chemical Species in
Samples from Well 5, 1986-1988

Analyte Unit 1986 1987 1988
Arsenic ug/L <5 <10 <5
Barium ug/L 61-86 95 124
Beryllium ug/L - - -
Cadmium ug/L - - -
Chloride mg/L 8~10 7
Chromium ug/L - -

Cobalt ug/L - - -
Copper ug/L - - -
Dissolved mg/L 297-403 366 397

golids

Fluoride ug/L 158 144 218
Iron ug/L <100 <100 3,510
Lead ug/L - - -
Manganese ug/L 26-285 13 553
Mercury ug/L <0.05 <0.05 <0.05
pH - 7.6-7.9 7.8 7.5
Selenium ng/L <5 <10 <5
Sulfate mg/L 91-147 103 38
Temperature °C 9.7-10,9 9.2 11.3
Zinc ng/L - - 14
Tritium pCi/L 486-592 622 304
Benzene ug/L <5

Toluene ug/L <5

Ethylbenzene ug/L <5

Xylene ug/L <5
Trichloroethylene pg/L <10
Perchloroethylene ug/L <10

Dichlorobenzene ug/L <5
Monochlorcbenzene ug/L <5

1,2,4=Trichloro- ug/L <5

benzene




92

TABLE D.9 Concentrations of Chemical Species in Samples from Well 6, 1985-1988

Analyte Unit 1985 1986 1987 1988
Arsenic ug/L <5 <5 <10 <5-13
Barium ug/L 149-324 61-256 151 91-160
Beryllium ug/L - - - 0.05-0.54
Cadmium ug/L - - ~ 1.2-3.9
Chloride mg/L 134-204 215-294 272-292 198~272
Chromium ug/L - - - <3-28
Cobalt wg/L - - - : 40-41
Copper ug/L - - - 10-80
Dissolved mg/L  1,080-1,320 1,280-1,350  970-1,330 1,170-1,200

solids
Fluoride ug/L 100~130 114-154 12-88 48-181
Iron wg/L  4,150-17,900  50-15,100  6,090-8,210  4,700-45,900
Lead ‘ ug/L - - - 5-38 ‘
Manganese yg/L  2,880-5,570  2,490-3,230  1,730-2,990  1,450-2,430
Metrcury ug/L <0.05 <0.08 <0.10 <0.05
Nickel : wg/L - - - 40-71
pH - 6.5-6.6 6.4-6.6 6.6-6.7 6.6-6.8
Selenium _ ug/L <5 <5 <10 <5
Silver ug/L - - - <0.2
Sulfate mg/L 123~225 81-137 48-89 40-103
Temperature °C 10.4-12.8 10.0-13.2 11.1-14.7 10.2-14.0
Zinc ug/L - - - 5-130
Tritium pCi/L ~ 517-557 393-490 380-542
Benzene ug/L <10 <5
Toluene ug/L <10 <5
Ethylbenzene ug/L <10 <5
Xylene ug/L <10 <5
Trichloroethylene ug/L <20 <10
Perchloroethylene ug/L <20 <10
Dichlorobenzene ug/L - <5
Monochlorobenzene ug/L - <5
1,2,4-Trichloro- ug/L - <5

benzene
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TABLE D.10 Concentrations of Chemical Species in Samples from Well 7a,

1985-1988

Analyte Unit ~1985 1986 1987 1988
Arsenic ug/L <5 <5 <10 . <5
Barium . ug/L 115-203 72-225 182 60-123.
Beryllium ug/L - - - <0.05
Cadmium ug/L - - - 0.3-0.7
Chloride mg/L 6-30 18-49 41-47 12-43
Chromium pg/L - - - <1=2.4
Cobalt ug/L - - - <40
Copper ug/L - - : - <10
Dissolved mg/L 462-620 589-829 811-870 554-835

solids

Fluoride ug/L 120-138 108-138 80-124 64-162
Iron ug/L <100 100-598 100-1,700  930-2,450
Lead ug/L - - - 5-7
Manganese ug/L 247-372 299-400 294-576 188-375
Mercury pg/L <0.05 <0.05 <0.10 <0.05
Nickel ug/L - - - <40
pH - 7.2-7.3 7.0-7.2 7.0-7.2 7.0-7.1
Seleniu pg/L <5 <5 <10 <5
Silver ug/L - - - <0,2
Sulfate mg/L 93-150 114-165 189-199 ~105-227
Teuaperature °C 8.8-12.6 10.0-14.,1 9.2-15.8 10.8-13.3
Zinc ug/L - - - 5~41
Tritium pCi/L - 759-817 593-906  108-1,070
Benzene ug/L <10 <5
Toluene ug/L <10 <5
Ethylbenzene ug/L <10 <5
Xylene ug/L <10 <5
Trichloroethylene ug/L <20 <10
Perchloroethylene ug/L <20 <10
Dichlorobenzene ug/L - <5
Monochlorobenzene ug/L - <5
1,2,4=-Trichloro- ug/L - <5

benzene
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TABLE D.11 Concentrations of Chemical Species in Samples from

Well 8, 1986-1988

1987

benzene

Analyte Unit 1986 1988
Arsenic ug/L . <5 <10 <5
Barium ug/L 86-128" 98" 45-71
Beryllium ug/L - - - <0.05
Cadmium ug/L 0.30-0.70 - 0.9-1.0
Chloride - mg/L 52-65 76-134 58-100
Chromium ug/L - - <3
Cobalt ug/L - - <40
Copper ug/L 4-12 - <10
Dissolved mg/L 127-745 583-605 713-1,070

solids ‘

Fluoride ug/L 210 - 100-112 90-221
Iron ug/L <100 100~397 123-1,170
Lead . ug/L 1 - 6-14
‘Manganese ug/L 91-93 118-155 122-229
Mercury ug/L <0.05 0.10-0.13 <0.065
Nickel ug/L 22-29 - <40
pH - 7.3 7.1 7.0-7.1
Selenium ug/L <5 <10 <5
Silver ug/L <0.,20 - <0,2
Sulfate mg/L 121-136 176-202 177-202
Temperature R 10.8-12.3 10.2-13.8 11.7-11.9
Zinc ‘ ug/L 10-20 5~26
Tritium pCi/L 168-181 191-399 <100-233
Benzene ug/L <5

Toluene ug/L <5

Ethylbenzene ug/L <5

Xylene ug/L <5

Trichloroethylene ug/L <10

Perchloroethylene ug/L <10
‘Dichlorobenzene ug/L <5

Monochlorobenzene ug/L <5

1,2,4=-Trichloro- ug/L <5
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TABLE D.12 Concentrations of Chemical Species in Samples from

Well 9, 1986-1988

benzene

Analyte Unit 1986 1987 1988
Arsenic ug/L <5~-14.0 <10 <5-86
Barium pg/L 116-338 288 203-768
Beryllium ug/L - - 0.14-2.26
Cadmium ug/L 0.60-0.70 - 0.4-3.1
Chloride mg/L 155-175 112-133 64-146
Chromium ug/L - - 6~108
Cobalt ug/L - - 40-63
Copper . ug/L 10-11 - 28-178
Dissolved mg/L 1,070-1,120 961-1,040 772-1,020

solids ‘
Fluoride ug/L 212 134-141 106-230
Iron ug/L 730-2,060  3,390-37,300  18,000-151,000
Lead ug/L 1 - 27-145
Manganese ug/L 2,650-3,840 1,120-2,300 920-5,890
Mercury ng/L <0.05-0.15 0.10-0.20 <0.05
Nickel ug/L - - 40-157
pH - 6.6-6.7 6.7-6.8 6.7-7.0
Selenium ug/L <5 <10 <5
Silver ug/L <0.20-0.30 - 0.2-10.8
Sulfate mg/L 28-53 22-382 2-30
Temperature °C 11.2-13.5 10.5-14.9 11.8-13.1
Zinc ug/L 10~20 L= 27-502
Tritium pCi/L 711-950 638-792 603-1,048
Benzene ug/L <5
Toluene ug/L <5
Ethylbenzere ug/L <5
Xylene ug/L <5
Trichloroethylene ug/L - <10
Perchloroethylene ug/L <10
Di :hlorobenzene ug/L <5
Monochlorobenzene ug/L <5
1,2,4-Trichloro- uz/L <5
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TABLE D.13 Concentrations of Chemical Species in Samples from

Well 10, 1986-1988

Unit

benzene

Analyte 1986 1987 1988
“Arsenic ug/L <5 <10 <5
Barium ug/L 83 146 72-115
Beryllium ug/L - - <0.05
Cadmium ug/L <0.20 - 0.6-1.4"
Chloride mg/L 18-22 1-9 4=1
Chromium ug/L - - <3
Cobalt ug/L - - <40
Copper ug/L 1-7 - <10
Dissolved mg/L 494-656 580-630 622-714
solids ‘ ‘
Fluoride ug/L 248 172-178 204-314
Iron ug/L <100 190-2,010 2,110-3,840
Lead ug/L 1 - 8-12
Manganese ug/L 540-595 230-543 174-240
Mercury ug/L <0.05 <0.10 <0.05
Nickel ug/L - - <40
pH - 7.4 . 7.1-7.4
Selenium. ug/L <5 <10 <5
Silver ug/L - .<0.20 - <0.,2
Sulfate mg/L 138-147 75-193 187-205
Temperature °c 10.1-13.5 9.3-16.6 11.9-14.8
Zinc ug/L 10-20 - 5-34
Tritium pCi/L <100-823 <100-140 <100~152
Benzene veg/L <5
Toluene ug/L <5
Ethylbenzene ug/L <5
Xylene ug/L <5
- Trichloroethylene ug/L <10
Perchloroethylene ug/L <10
Dichlorobenzene ug/L <5
Monochlorobenzene ug/L <5
1,2,4=Trichloro~- ug/L <5
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APPENDIX E:

DRAFT GROUNDWATER MONITORING NETWORK GUIDANCE FROM
THE ILLINOIS ENVIRONMENTAL PROTECTION AGENCY,
DIVISION OF LAND POLLUTION CONTROL*

The following outlines the general requirements for a groundwater monitoring
network for an existing state-permitted facility. = Facilities applying for horizontal
expansions or for developmental permits are subject to Section 807.316 of Title 35:
Subtitle G reqmrements and should refer to the Agencys Waste Management Facilities
Design Criteria.

!
A

A. When proposing a groundwater monitoring network, the facility must be able
to justify the proposed network by preparing a site-specific geological and
hydrogeolegical report. The preparation of this report may necessitate a substantial
amount of field work. This report must be prepared by a qualified geologist or
geotechnical engineer and should include, at a minimum, the following: ‘

1. A sufficient number of borings located in a manner that
accurately represents the geological variations of the site. All test
borings must be properly plugged and documented. Instructional
information on test boring and monitoring well abandonment is
included in the attachment [Table E.1]. Test borings should be
continuously sampled and extend 30 ft below the bottom of the
maximum depth of the landfill invert and include where water was

- first encountered during the test boring, the water levels after the
test boring was completed and allowed to stabilize for 24 hours,
geologic descriptions of the units encountered, the surveyed land
surface elevation, and the test boring location. Sieve analysis should
be performed on samples from the units proposed for monitoring.
This will aid in approximating permeability and porosity values and in
determining a proper screen and gravel/sand pack size before well
installation. Textural classifications, particle size distribution
curves, hydraulic conduectivity, and ion-exchange capacities shall be
determined for all unconsolidated material types present at the
facility.

2. Cross sections depicting the stratigraphic relationships
between the facility and the subsurface materials. The minimum
number of cross sections at a site is two. The cross sections should
intersect with the smallest angle of mtersectlon of no less than 45°
and extend up to the borders of the sxte

*This appendix presents draft guidance (dated Feb. 2, 1987) received from the Illinois
EPA. Except for reformatting and changes in punctuation and spelling, it is presented
essentially as received.
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3. A detailed description of all water-bearing units presently
used or potentially usable as a source of water, including depth to and
the areal extent of the aquifer(s),. dlrectlon of flow, and the
importance as a water supply.

4. A determination of groundwater fluctuations and aquifer
characteristies, inciuding flow directions, gradients, and hydraulie
conductivities of water-bearing units beneath the site. In addition,
seepage velocities of the groundwater through the aquifer(s) should be
approximated based upon the preceding information.

5. Regional and local sources affecting groundwater flow at
the site. Examples include recharge and depletion sources w1thm one
mxle, such as lagoons, lakes, and wells. '

6. Present groundwater surface map of the site in the form
of a groundwater piezometric contour map. Datum should be
referenced to mean sea level.

7. An assessment of the current groundwater quality at the
site, including the facility's impact on groundwater quallty, if
applicable.

B. The groundwater system shall include:

1. Monitoring well(s) that yield groundWatér samples that
best represent the quality of ambient groundwater unaffected by the
monitored facility.

2. Monitoring wells that yield groundwater samples that best
represent the quality of groundwater passing beneath/through the
facility.

3. An assessment of the proposed groundwater monitoring
network based upon the geologic and hydrogealogic report required
for paragraph A above. The assessment shall demonstrate that the
proposed number, locations, and screening intervals of the monitoring
wells are adequate to show background water quality and
"immediately" (during the next scheduled sampling event) detect any
point source release into the groundwaters of the state.

4, The above installed wells must be able to yield
groundwater samples of a significant quantity for the completion of
the required analyses within 24 hours after removing the appropriate
volumes of water in the well casing from the wells (1 to 3 volumes,
depending upon well recharge).



100

C. If a facility contains more than one regulated unit (individually permitted

areas), separate groundwater monitoring systems are not required. The only additional‘
requirement is that the monitoring program should be able to determine which area is
responsible for the potential contaminant release and determine the characteristics of

such a release at the waste boundary(ies).

D. Mornitoring well construction:

1. The casing material(s) used must be such that it minimizes
the well casing's effect on the analytical tests conducted on the water
sample (any type of casing requiring solvent-cement type couplings
may not be used). When organics are the contaminant of concern, the
well casing material, as well as the well screen material, must be
stainless steel (SS 316 or 304) or teflon. This casing must have an
inside diameter of not less than 2 in. or more than 4 in.

2. The well must be screened at an appropriate interval to
include relatively permeable zones encountered. The well screen
must be of a manufactured type and not less than 2 ft or more than
10 ft in length.

‘3. The annular space (i.e., the space between the bore hole
and the well casing) along the screened section must be packed with
silica sand or gravel 2.5-3 times larger than the 50% grain size of the
zone being monitored. The top of the sand- or gravel-packed zone
shall not extend past 2 ft above or below the well screen.

Note: In settings where the native materials are sand and
gravel and will readily cave around the well screen, an artificial
gravel pack may not be necessary.

4. The annular space above the screened section must be
sealed with hydrated bentonite to prevent the contamination of
samples and the groundwater. This seal must be properly located and
be at least 2 ft thick.

5. The annular space above the seal should be backfilled with
expanding cement grout with 1% bentonite, by weight, added to the
appropriate amount of water before being added to the cement or 5%
bentonite, by volume, added to the cement before mixing with water.

6. All wells must be vented. The portion of the well casing
extending above the ground surface must be protected to minimize
damage or tampering. These precautions should include a protective
casing with a locking cap and a concrete seal extending above the
ground surface which is sloped away from the well casing so that
surface water will be diverted away from the well casing and bore
hole. The concrete cap shall extend down below the frostline (per
diagram) [see Fig. E.1]. :
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. : «—— Locking well protector
E .~ Woell cap (vented)

e
VN L\ Concrete cap
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A I
<4 Annular space backfilled
with cement/bentonite slurry
—— Waell casing of Teflon, PVC,*
S8 316, steel, etc.
— u4~———-—— Threaded jointed sealed
f with Teflon tape, inert gaskets, or both
25 ] Well casing of Teflon or
S€ 316 extending 5 ft
above groundwater elevation
to allow for sessonal fluctuations
v | ,
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2 2 ft Bentonite seal
¢ ?
<ot Filter pack of clean quartz
— sand or silica beads
' fre——
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2-10 ft 1 ( )
l
_v_ el 4——— End cap

* PVC should be used only if samples
are for specific inorganic parameters

FIGURE E.1 Diagram of a Monitoring Well for a
State-Permitted Facility (Source: Modified from
inois EPA 1987)
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7. After the monitoring well has been constructed and
allowed to sit for 24 hours (this allows the cement grout to set
properly before development), the well must be adequately developed
to minimize turbidity within the well and increase flow into the
well.. To establish proper groundwater sampling protocol, a test must
be conducted at each monitoring well to determine hydraulic condue-
tivity near the well. The test method (i.e., slug tests, pumping tests)
used and results must be submitted to the Agency. This test should be
conducted after the well is developed. ‘

8. All monitoring wells must have boring logs and well com-
pletion (as built) diagrams that have been surveyed by a registered
surveyor and reported to the Agency in MSL. [See Fig. E.2.] Also, all
test borings should have the elevations surveyed and reported in MSL
(£0.01 ft).

9. A scale drawing showing monitoring well and test boring
locations. The drawing should also show buildings, roads, the site's -
property boundaries, areas permitted for waste disposal, and currently
filled areas. In addition, a cartesian coordinate grid for the site
should be established and shown on the map, and all test borings and
monitoring wells should have coordinates surveyed and reported (i.e.,
establish a grid system).

E. Reports on the proposed groundwater momtomng pz‘ogram and site
hydrogeology should be prepared and submitted:

‘ 1. The proposed groundwater monitoring program and
hydrogeologic report should be submitted to the Agency with a
supplemental permit application.

2. The monitoring program must include quarterly sampling
(four times a year) of the monitor wells. Four quarters {(one year) of
background (initial water quality) parameters are required for new
monitoring points. When a monitoring well is being replaced, the
replacement well may not be required to sample background para-
meters if the construction details of the old well are known and the
new well is screened in the same stratigraphic unit and is installed
next to the old well's previous location. If the replacement well does
not meet the requirements that may exempt it from background
parameter sampling, one quarter of background parameters may be
adequate to establish initial groundwater quality for the well.

After background parameters (initial groundwater quality) for the monitoring wells have
been established, the monitoring program should call for quarterly sampling of routine
parameters. The Agency reserves the right to add additional parameters for routine or
background sampling., The lists of routine and background parameters for groundwater
monitoring are included in the attachment [see Table E.2].
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{llinois Environmental Protection Agency Well Completion Report
Site #: ‘ County Well « }
Sita Name: Geid Coordinate: Northing Easting e
Drilling Contractor: . Date Drilled Start:
Driller: | Gealogiat: Date Completed:
Driiling Method: ‘ Drilling Fluids (typer:
Aﬁnular Space Details ‘ 'Elevations' — .01 ft.

MSL Top of Pratective Cauning
MSL Top of Riser Pipe
t. Casing Stickup

Type of Surt‘ac; Seal:

Type of Annular Sealant:

MSL Ground Surface

; —eee b8, bi
Amount of cement: # of bags {bs. per bag .6t Top of annular sealant

11

Amount of bentonite: » of bags |ba. per bag ———

Type of Bentonite Seal /Granular. Pellet):

Amount of bentonite: 2 of Bags ——— . lbs, per bag .

T);po of Sand Pack:

Source of Sand:

Ibs. per bag

Amount of Sand: » of bags .

Well Construction Materials . |

Stainless
Steel
Specify Type
Teflon
Specify Type
PVC

Specily Type
Ciher
Specify Type

Riser coupling joint

Riser pipe above w .

Riser pipe below w.t,

Screen

Coupling joint screen to riser

Protective casing {

Mensuremernts to .0l ft. {where applicablel e e (L. Top uf Seal

X e —. [t Total Seal Interval

Riser pipe length

; e e[t Top of Sand
Protective casing length . B ‘

Screen length ‘ W0 o
K *o e e [t. Top of Screen

Bottom of screen to end cap

Top of screen to first joint

Total length of casing o . ft. Total Screen [nterval

Screen siot size "

‘% of openings in screen

Diameter of borehole fin) e

g — . [t Battom af Screen
b (t. Bottom of Borehole

{D of riser pipe 'in}

Completed by: Surveyed by. {Il. registration «

FIGURE E.2 Example of an [linois Well Completion Report (Source: [linois EPA 1987)
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TABLE E.2 Routine and Backgroumd Analy‘cxc Parameters for Groundwater

Monitoring in linois

Barium, dissolved

Parameter Symbol Unit
Routine
Temperature of water sample, - °F
field-measured and unfiltered
Specific conductance, field=- sC umho
measured and unfiltered
pH, field-measured and - standard unit
unfiltered '
‘Elevation of groundwater surface - ft above or below MSL
Depth to water - ft below land surface
Well depth elevation? - ft above or below MSL
Depth to water - ft below measuring point
Alkalinity, total lab~measured - mg/L as CaCO
Total organic carbon TOC mg/L as carbon
Chloride, dissolved c1 mg /L
Sulfate, dissolved 80 mg /L
Residue on: evaporation at 180 c RO mg/L
Background
Temperature of water sample, - °F
field-measured and unfiltered :
Specific conductance, field- sC umho
measured and unfiltered
pH, field-measured and - standard unit
unfiltered
Elevation of groundwater surface - ft above or below MSL
Depth to water - ft below land surface
Well depth elevation - ft above or below MSL
Depth to water - . ft below measuring point
Alkalinity, total lab-measured. - mg/L as CaCOq
Ammonia, dissolved NH;+NH, mg/L as nitrogen
Nitrate-nitrite, dissolved N mg/L
Phosphorus, dissolved p mg/L
Total organic carbon TOC mg/L as carbon
Cyanide, total unfiltered Cn mg/L
Calcium, dissolved Ca mg/L
Magnesium, dissolved Mg mg/L
Sodium, dissolved Na mg/L
Potassium, dissolved K mg/L
Chloride, dissolved cl mg/L
Sulfate, dissolved S0, mg/L
Fluoride, dissolved F mg/L
Arsenic, dissolved As ug/L
Ba ug/L
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TABLE E.2 (Cont'd)

Parameter Symbol ‘ Unit

Background (cont'd)

Boron, dissolved B ug/L
Cadmium, dissolved cd . ug/L
Chromium, dissolved Cr ug/L
Iron, dissolved Fe ug/L
Lead, dissolved Pb ug/L
Manganese, dissolved Mn ug/L
Nickel, disso.ved Ni ug/L
Silver, dissolved ‘ Ag ug/L
- Zinc, dissolved ‘ Zn ug/L
Selenium, dissolved Se ug/L
Phenols, total unfiltered - ug/L
Residue on evaporation at 180°C ROE mg/L
Mercury, dissolved ‘ Hg ug/L

8Should be reported annually.

Source: Illinois EPA 1987,
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APPENDIX F:

MONITORING WELL DESIGN AND CONSTRUCTION RECOMMENDATIONS
OF THE U.S. ENVIRONMENTAL PROTECTION AGENCY

In this time of environmental awareness, appropriate design and construction of
environmental monitering wells is critical. If the wells do not meet accepted regulatory
standards, data obtained from them may be declared invalid by a regulatory agenecy. To
avoid this possibility, all monitoring wells installed at ANL should meet minimum
regulatory requirements. The following summary of monitoring well design and construc-
~ tion protocol is based on U.S. EPA (1989) recommendations and meets both federal and
state of Illinois regulatory requirements. ’

F.1 DRILLING METHODS .

A number of methods can be used to drill and install groundwater monitoring
wells. The method employed should be selected to minimize the disturbance of
subsurface materials and avoid inadvertent contamination of the subsurface and
~ groundwater. The five most commonly used methods for drilling and installing
groundwater monitoring wells are: (1) air rotary, (2) water rotary, (3) cable tool,
(4) hollow-stem continuous auger, and (5) solid-stem continuous flight auger. Each of
these drilling methods has its advantages and disadvantages. Hollow-stem augers are
preferable for drilling shallow monitoring wells at ANL because they allow collection of
* geologic cores from known depths. Solid-stem augers are a distant second choice.

Hollow-stem augers are most commonly used for construction of monitoring
wells in unconsolidated materials less than 150 ft thick. This method does not require
the use of drilling fluids (muds), which can plug up silty formations and affect water
sample analyses. Drilling fluids can also increase the disturbance of the geologic
material penetrated during drilling. The maximum diameter of a well that can be
constructed with a hollow-stem auger drill is 4 in.

Normal well drilling practices call for the well to be drilled to its designated
depth, which usually is the first permeable water-bearing zone encountered. The drilling
equipment is then removed from the well bore, and the well is completed by installing
the screen, blank casing, gravel filter pack, and annular sealant. The well should be
completed at a depth sufficient to allow for seasonal water-table fluctuations. In
formations where the borehole will stand open, the well is completed after the auger
flights are removed from the borehole. In formations where the borehole will not stand
open, the well is completed inside the hollow-stem auger prior to its removal from the
ground.

The well completion method often depends on the subsurface geologic conditions
and the amount of groundwater encountered. In some cases, a well bore can stay open,
especially when drilled in heavy clay soils where only a limited amount of groundwater is
encountered. However; when the clay becomes wet, it may collapse into the well bore,
causing the hole to close as soon as the augers are removed.
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A monitoring well is only as good as its completion. Therefore the driller must
be sure that the well is completed according to specifications. Pracautions have to be.
taken so as not to adversely affect the integrity of the well when it is being constructed,
especially when construeting the well inside the hollow-stem auger. If precautions are
not taken, the screen may accidentally be pulled up from its designated depth when the
auger flights are removed. If for this or any other reason the construction of the well is
suspected of being inadequate, the screen and casing will have to be reinstalled. This
may mean pulling and reinstalling the casing or redrilling the well and installing the
casing.

F.2 WELL CASING ANJ> SCREEN

A variety of construction materials are available for the casing and well screen, .
ineluding polytetrafluorethylene (teflon), steel (stainless, black, or galvanized), polyvinyl
chloride (PVC), polyethylene, epoxy biphenol, and polypropylene. Some of these mater-
ials'may affect the quality of groundwater samples. In addition, some may not have the
long-term structural characteristics required for monitoring wells. For example, steel
casing deteriorates in corrosive environments; PVC deteriorates when in contact with
ketones, esters, and aromatic hydrocarbons; and polyethylene deteriorates in contact
with oxidizing acids, aliphatic hydrocarbons, and aromatic hydrocarbons. ~Btudies have
shown ‘that deterioration of the screen and casing material may affect the quality of
groundwater samples collected. Therefore, it is very important that the casing and
screen are constructed of matemal compatxble with suspected chemicals in the
groundwater.

The U.S. EPA (1989) recommends that the monitoring well screen and those
nortions of the well casing in the saturated zone be constructed of materials that have
proven chemically and physically stable, such as teflon and stainless steel 316. Other
noninert material, such as steel, PVC, polyethylene, and polypropylene, may be used for
casing the well above the saturated zone.

The plastic pipe sections muSt be flush threaded or have the ability to be
connected by another method that will not introduce contaminants such as glue or
solvents into the well.

Normally, either 2- or 4-in.-interior-diameter well casing is used in monitoring
well construction. Larger casing diameters may be necessary where purging or sampling
equipment-is used or where the well is completed in a deep formation. Upon completion,
the casing should extend from 1 to 3 ft above the surface of the ground.

The size of the well screen must be adequate to allow sufficient quantities of
groundwater to flow into the well for sampling. It should be designed so as to minimize
the passage of formation materials (turbidity) into the well, and it should have sufficient
structural integrity to prevent the collapse of the screen.

For wells constructed in unconsolidated material, the intake of the monitoring
well should consist of a sereen or slotted casing with openings sized to ensure that the
surrounding geological material 'does not enter the well during development.



109

Commercially manufactured screens and slotted casing should be used. Secreens should -
not be slotted in the field. If the nature and particle size of the aquifer material is not
known before the drilling takes place, several sizes of slotted well screens should be on
site to ensure that the correct screen can be placed in the well.

At ANL, most of the shallow monitoring wells will be completed in silts and
clays. Therefore, a No. 10 sereen size should be used.

The U.S. EPA does not make any recommendations regarding well-screen length
except that it should depend on the variability of the subsurface formations and the -
contaminant being monitored. Highly variable formations require a shorter well sereen,
which allows sampling of discrete portions of the formation. Certain hydrogeological
settings -- for example, widely fluctuating water levels -- necessitate the use of longer
well screens. Formations with low hydraulic conductivities may also necessitate the use
of longer well screens to allow sufficient amounts of formation water to enter the well
for sampling. Normally, well screens no longer than 5-10 ft are installed.

The chemical processes of dispersion and sorption greatly influence the potential
contaminant migration pathways within an aquifer. To monitor for heavy metals, the
screened interval should be just above the confining layer. For moritoring of light
organics or hydrocarbons, the sereened interval should be at the water-table/capillary-
zone interface.

F.3 FILTER PACK AND ANNULAR SEALANT

To improve the performance of the monitoring well, the geological material
immediately around the well screen is removed and replaced by a chemically inert, well-
rounded, and dimensionally stable filter pack, such as clean quartz sand, silica, or glass
beads. The filter pack must be sized to prevent most of the surrounding geological
material from entering the well screen. The size of the screen opening is in turn
selected to prevent about 90% of the filter pack from entering the well casing after
development. Material used should be 2.5-3 times larger than 50% of the grain size of
the zone being monitored. The U.S. EPA also recommends that the filter pack not
extend more than 2 ft above the top or below the bottom of the base of the well screen.

Filter packing is especially advantageous when (1) the sediments are highly
uniform and fine-grained or are highly laminated or (2) ail the materials to be used in the
well construction must be on site before drilling begins.

To prevent the migration of contaminants from the surface or intermediate
zones to the sampling zone or prevent cross contamination between strata, the materials
used to seal the well bore above the filter pack must be che:nically resistant to ensure
seal integrity during the life of the monitoring well. These materials should also be
chemiecally inert so as not to affect the quality of the groundwater samples. ‘

Proper construction of the annular sealant is very important. At a minimum, 2 ft
of certified coarse-grit sodium bentonite should immediately overlie the filter pack.
Where the saturated zone extends above the well screen, only certified coarse-grit
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sodium bentonite should be used. Above the bentonite seal, a cement and bentonite
mixture, bentonite chips or pellets, or antishrink cement mixture should be used as the
annular sealant extending into the unsaturated zone to a point just below the frost line.
A cap of concrete should extend above the frost line and blend into a cement apron that
slopes away from the outer edge of the borehole.

" The untreated sodium bentonite seal should be placed around the casing either by
dropping it directly down the borehole, or, if a hollow-stem auger is used, putting the
bentcnite between the casing and the inside of the auger stem. Both of these methods
present a potential for bridging (the creation of air bubbles that prevent the formation of
a tight seal). In shallow monitoring wells, a tamping device should be used to reduce this
potential. In deeper wells it may be necessary to pour a small amount of fermation
water down the casing to wash the bentonite down the hole. ‘

The cement-bentonite grout should be prepared using formation water and placed
in the borehole using a tremie pipe. The cement-bentonite grout should extend to the
base of the frost zone. The tremie method ensures a good seal for the borehole from the

‘bottom. The cement-bentonite grout should be prepared using a mechanical mixing
device. ‘ ‘

The remainder of the well bore should be filled with a cement slurry. A cement
collar, at least 2-ft in radius and sloping away from the casing, should be emplaced
around the casing.

F.4 PROTECTIVE CASING

A steel protective casing should be installed around the well casing about 3 ft
down into the grout and cement mixture and should extend about 3 ft above the ground
surface. The aboveground portions of both the well casing and the protective casing
should be vented. The aboveground portion of the proteective casing should be painted a
bright color, clearly marked, and equipped with a padlock.

Two steel posts or railroad ties should be placed in the ground around the well.
These posts should extend a minimum of 4 ft above ground surface to protect the well
from damage (e.g., if it were struck by a vehiecle).

F.5 WELL DEVELOPMENT

After the well is constructed, it should be developed to remove fine particles to
allow freer entry of water into the well. A variety of techniques are available to
accomplish this. When flow is continuous in one direction, bridging of particles is
common. To be effective, these techniques require reversals or surges in flow to avoid
bridging by particles. Reversals and surges can be created by using surge blocks, bailers,
or pumps. Formation water should be used for surging the well. [t may be necessary to
use an outside source of water when developing a low-yielding water-bearing formation.
This water should be chemically analyzed to evaluate its potential impact on the in-situ
water quality. The driller should not use air to develop the well.
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A sufficient number of well volumes of water should be evacuated to ensure that
 the samples collected represent ambient conditions. If water is removed during the
development process, it should be discharged at a point downgradient to all sampling
points. Water levels should be measured after completion of well development and as
many times as is necessary thereafter to determine the static water level in each well.
All water level measurements should be documented. A well completion report (Fig. E.2)
should be made to include such pertinent information as well construction materials,
elevation of the protective casing and ground surface, annular sealant and filter pack
material, position of the well sereen, and any other measurements.

The elevation (above MSL) of the monitoring well casing should be surveyed by a
licensed professional surveyor to an accuracy of +0.01 ft. Spatial locations should be
surveyed to an accuracy of 1.0 ft. The designations of the well and the point on the"
casing from which its elevation was determined should be clearly marked on each casing.

F.6 QUALITY ASSURANCE/QUALITY CONTROL

To avoid introducing contamination into the subsurface or groundwater, it is
important that the drilling equipment be steam-cleaned before each use and between
borehole locations. The casing and screen should be steam-cleaned prior to emplacement
to ensure that all oils, grease, and waxes have been removed.









