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PREFACE
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at http://www.anl.gov/ESH/sitea/2001.
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SURVEILLANCE OF SITEA AND PLOT M
Report for 2001
by
Norbert W. Golchert

ABSTRACT

The results of the environmenta survelllance program conducted a Site A/Plot M in the
Palos Forest Preserve areafor Calendar Year 2001 are presented. Based on the results of the
1976-1978 radiologica characterization of the dte, a determination was made that a
surveillance program be established. The characterization study determined thet very low levels
of hydrogen-3 (as tritiated water) had migrated from the buria ground and were present in two
nearby hand-pumped picnic wells. The current surveillance program began in 1980 and
consgs of sample collection and analysis of surface and subsurface water. The results of the
andyses are used to 1) monitor the migration pathway of water from the buria ground (Plot M)
to the handpumped picnic wells, 2) establish if buried radionudlides other than hydrogen-3 have
migrated, and 3) monitor the presence of radioactive and chemicdly hazardous materids in the
environment of the area. Hydrogen-3 in the Red Gate Woods picnic wells was il detected this
year, but the average and maximum concentrations were significantly less than found earlier.
Hydrogen-3 continues to be detected in a number of wells, boreholes, dolomite holes, and a
surface stream.  Anayses since 1984 have indicated the presence of low leves of strontium-90
in water from a number of boreholes next to Plot M. The results of the surveillance program
continue to indicate that the radioactivity remaining & Site A/Plot M does not endanger the
hedth or safety of the public vigting the Site, usng the picnic area, or living in the vicinity.

X



INTRODUCTION

1.1 SiteHigory

This report presents and discusses the survelllance data obtained during 2001. The
aurvellance program is the ongoing activity that resulted from the 1976-1978 radiologica
characterization of the former site of Argonne Nationa Laboratory and its predecessor, the
Universty of Chicago's Metdlurgica Laboratory. This dte was part of the World War 1l
Manhattan Engineer District Project and was located in the Palos Forest Preserve southwest of
Chicago, IL. The Laboratory used two locations in the Palos Forest Preserve: Site A, a 19-acre
area that contained experimental laboratories and nuclear reactor facilities, and Plot M, a 150 ft x
140 ft area used for the burid of radioactive waste. These locations are shown in Figure 1.1 and
Figure 1.2. Previous comprehensive reports on this subject'? provide additiond detail and
illugrations on sampling locations and provide descriptive materia dong with the results through
1981. There are annua reports for 1982 through 2000.32* While earlier data will not be re-

pested in this report, reference is made to some of the results.

Operations at Site A began in 1943 and ceased in 1954. Among the research programs
caried out a Site A were reactor physics studies, fisson product separations, hydrogen-3
recovery fromirradiated lithium, and work related to the metabolism of radionuclides in laboratory
animas. Radioactive waste and radioactively-contaminated |aboratory articles from these studies
were buried at Plot M. At the termination of the programs, the reactor fuel and heavy water, used
for neutron moderation and reactor cooling, were removed and shipped to Oak Ridge National
Laboratory. The biologica shield for the CP-3 reactor located at Site A, together with various
pipes, vaves, and building debris, was buried in place in 1956.
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Burid of radioactive waste a Plot M began in 1944 and was discontinued in 1949. Waste
was buried in six-foot deep trenches and covered with soil until 1948, after which, buria took
place in sted bins. The sted bins were removed in 1949 and sent to Oak Ridge Nationa
Laboratory for disposd, but the waste buried in trenches was dlowed to remain in place.
Concrete sdewalls, eight feet deep, were poured around the perimeter of the burial area and a
one-foot thick reinforced concrete dab was poured over the top. The concrete dab was covered
with soil and seeded with grass. Both the Site A and Plot M areas were decommissioned in

1956.

In 1973, devated levels of hydrogen-3 (as tritiated water) were detected in two nearby
hand-pumped picnic wells (#5167 and #5159) and the hydrogen-3 was found to be migrating
from the burid plot into the surrounding soil and aquifers. As aresult, aradiologica survey of the
entire Palos Forest Preserve Ste was conducted with specia emphasis on the Site A and Plot M

areas!

In 1990, elevated levels of radioactivity were discovered outside the origina fenced area.
An expanded characterization and remediation program was conducted by DOE to remove

resdud radioactivity and document the remediation of the area. This was completed in 1997.

The terminology used in previous reports is continued in this report. A hole drilled and
completed into the glacid till is called a borehole. The soil samples obtained from the borehole
are called soil cores. Some boreholes have been cased and screened to form monitoring wells.
Water from such wells is caled groundwater. Test wells drilled into the dolomite bedrock are
cdled dolomite holes or degp holes. Water from such wells is called dolomite weater. The hand-
pumped picnic wells, which are completed into or close to the dolomite bedrock, are called water
wadls or picnic wells. They are identified by a location name or well number. Except for well
#5160, these were in existence before this radiological and hydrological study of the area was

begun.



The results of radioactivity measurements are expressed in this report in terms of picocuries
per liter (pCi/L) and nanocuries per liter (nCi/L) for water samples. Radiation effective dose
equivaent caculations are reported in units of millirem (mrem) or millirem per year (mrem/y). The
use of the term dose throughout this report means effective dose equivalent. Other abbreviations
of units are defined in the text.

1.2 Site Characterigtics

Geologicdly, Plot M is congtructed on a moraine upland which is dissected by two valeys,
the Des Plaines River valey to the north and the Caumet Sag valley to the south. The upland is
characterized by rolling terrain with poorly developed drainage. Streams are intermittent and
drain interndly or flow to one of the valeys. The areais underlain by glacid drift, dolomite, and
other sedimentary rocks. The uppermost bedrock is Silurian dolomite, into which both the picnic
wdls and some of the monitoring wells are placed, as described in the text. The dolomite
bedrock is about 200 feet thick. The overlying glacid drift has a thickness that ranges from 165
feet a Site A to zero at the Des Plaines River and Caumet Sag Candl, and some of the monitoring
wellsterminate in thislayer. The depth to bedrock at Plot M is about 130 feet.

Hydrologicaly, the surface water consists of ponds and intermittent streams. When there is
sufficient water, the intermittent stream that drains Plot M flows from the highest point near Site A,
past Plot M, then continues near the Red Gate Woods well (Figure 1.2) and discharges into the
Illinois and Michigan (I&M) Cand. The groundwater in the glacid drift and dolomite forms two
digtinct flow systems. The flow in the drift is controlled principaly by topography. The flow in the
dolomite, which is recharged by groundwater from the glacid drift, is controlled by two discharge
aress, the Des Plaines River to the north and the Calumet Sag Canal to the south. Water usage in
the area is confined to the hand-pumped picnic wells. These wells are open to the dolomite and

are principaly used in the warmer seasons.



The climate is that of the upper Missssppi valey, as moderated by Lake Michigan, and is
characterized by cold winters and hot summers. Precipitation averages about 33 inches annually.
The largest rainfals occur between April and September.  The average monthly temperature
ranges from 21°F in January to 73°F in July. Approximately 8.9 million people resde within 50
miles of the Ste; the population within afive-mile radius is aout 150,000. The only portion of the
Pdos Forest Preserve in the immediate area of Plot M and Site A that is developed for public use
is the Red Gate Woods picnic area (Figure 1.2), dthough smal numbers of individuas use the

more remote aress of the Palos Forest Presarve.



20 SUMMARY

The results of the ongoing environmental monitoring and survelllance program at the Paos
Forest Preserve ste for 2001 are presented in this report.  Sample collection and analyses for
radioactive substances were conducted on surface and subsurface water and for nonradioactive

substances in subsurface water.

Surface water samples collected from the stream that flows around Plot M showed the
same hydrogen-3 concentration pattern seen in the past. Concentrations were at the ambient level
of less than 0.1 nCi/L upstream of the Plot, increased up to 66.9 nCi/L at the seep adjacent to the
Mot, then decreased to less than 0.1 nCi/L further downstream.

The hydrogen-3 concentrations in the borehole and dolomite hole water follow a pattern
condgtent with that observed in the past. The hydrogen-3 concentration was highest in those
boreholes nearest Plot M and downgradient of the Plot. Water from five of 13 boreholes
andyzed for strontium-90 contained concentrations greater than the detection limit of 0.25 pCi/L.
The eevated strontium-90 levels (up to 1.98 pCi/L) found in some boreholes are probably from
the Plot, since concentrations above 0.25 pCi/L have not been observed in the groundwater due
to aimospheric falout from previous nuclear weapons testing, and no other source is known.
Strontium-90 is arelatively mobile radionuclide and its presence in the borehole water is not unex-
pected and is probably due to migration that occurred before the Plot was capped. The

strontium-90 results are consistent with those measured in the past.

Sampling of the forest preserve picnic wells shown in Figure 1.2 continued. 1n July 1988,
the Red Gate Woods North Well (#5160) was installed as a replacement drinking water supply
for the Red Gate Woods Well (#5167). The maximum and average hydrogen-3 concentrations
of well #5160 were 1.59 nCi/L and 1.49 nCi/L, respectively. The well opposite the entrance to
Red Gate Woods (#5159) had a maximum hydrogen-3 concentration of 0.27 nCi/L and an

2-1



annud average concentration of 0.16 nCi/L. The other wells al averaged less than 0.1 nCi/L,
except well #5158 which averaged 0.12 nCi/L. The previous pattern of relatively higher
hydrogen-3 concentrations in the winter and relaively lower concentrations (less than the
detection limit of 0.1 nCi/L) in the summer is not readily apparent for the wells due to the overal
low measured hydrogen-3 concentrations. For the calculation of annual averages, all data, as
measured, were retained in the data base and used to compute the average. Non-radiological
monitoring of well #5160 identified elevated levels of copper, iron, lead, and zinc which are
attributed to the decomposition of the well pump materias.

If water equa to the Red Gate Woods North Well (#5160) average concentration of
1.49 nCi/L was the sole source of water for an individua, the annua dose from hydrogen-3 would
be 0.069 mrem using the DOE dose conversion factor.?> Consumption of one liter of this water
would produce a dose of 9 x 10°°> mrem. Although the U. S. Environmental Protection Agency
(EPA) drinking water regulations®® are not applicable because the picnic wells do not meet the
EPA definition of apublic drinking water supply, this concentration is about 7% of the EPA annud
limit of 20 nCi/L. Table 4.3 provides a rdative comparison of this calculated dose to natura and

other sources of radiation.

The results of this program show that the radioactivity remaining at Site A, Plot M, and the
Red Gate Woods area does not endanger the hedth or safety of the public vigting the Site or
those living in the vicinity. The potentid radiation doses are very low compared to the relevant

standards.



3.0 MONITORING PROGRAM

The monitoring program is designed to assess the elevated hydrogen-3 (as tritiated water)
concentrations in some of the picnic wells in the Palos Forest Preserve. This is accomplished by
andyzing water from wells, deep holes, boreholes, and surface streams in the area. Samples are
collected with a frequency ranging from biweekly to annudly, depending on past results and
proximity to Plot M. During 2001, 340 samples were collected, 927 analyses were performed,
and 200 field measurements were conducted. For the most part, individua results are presented
in the tables and compared to control, off-gite, or upstream sample results. Where applicable,
results are compared to the U. S. Department of Energy Radiation Protection Standard of
100 mremy.??> The Site A/Plot M program follows the guidance for monitoring at DOE
fadilities®* Although it is recognized that Site A/Plot M is not a DOE fadility, the same monitoring
principles are gpplicable to this Site.

The uncertainties associated with individua concentrations given in the tables are the
datistical counting errors at the 95% confidence level. Because of the amount of hydrogen-3 data
presented on a few tables, the uncertainty values are not included.  In such cases, the following
uncertainties apply:

Concentration (nCi/L) Uncertainty (% of Conc.)
0.1-1.0 40-5%
1-10 5-1%
>10 1%

The sengtivity for the measurement of hydrogen-3 in water has been improved. The current
detection limitis0.1 nCi/L. The previous detection limit was 0.2 nCi/L.



3.1 Surface Water

Four sets of water samples were collected during 2001 from the stream that flows around
Plot M, primarily during the spring when the ground was no longer frozen but saturated. The
stream was dry during scheduled sampling in the summer. The sampling locations are shown in
Figure 3.1. Sample Location #10 is 100 yards north of Location #9 and sample Location #11 is
200 yards north of Location #9. The outfal into the &M Cand is gpproximately 600 yards north
of Plot M. The samples were analyzed for hydrogen-3 and the results are shown in Table 3.1.
The same concentration pattern in the water flowing around Plot M was observed this year asin
the past. Concentrations were low upstream of the Plot, increased as the stream flowed past the
Plot, where it received hydrogen-3 that leached out of the buria Site, then decreased downstream
dueto dilution by precipitation. The outfall sample was collected prior to discharge into the I&M
Candl.

Using the methodology prescribed in the DOE guidance,?? the committed effective dose
equivdent from consumption of water can be caculated. The total quantity of an ingested
radionuclide is obtained by multiplying the water concentration by the general public water
ingestion rate of 730 L/y.?®> This annud intake is then multiplied by the 50-year Committed
Effective Dose Equivaent (CEDE) factor.?® The CEDE for hydrogen-3 in water is 6.3 x 10°
rem/uCi. If ahypothetical individua used weater with the same hydrogen-3 concentration as found
in the seep (Location #6) as his sole source of water, the annua dose based on the maximum
2001 concentration of 66.9 nCi/L would be about 3.1 mrem/y and the dose based on the annua
average seep concentration of 20.5 nCi/L would be 0.9 mrem/y. The DOE dose limit for the
public is 100 mrem/y. Usng the same calculations for concentrations a Location #9, the
maximum concentration of 22.4 nCi/L would producel.0 mrem/y and the 2001 average concen-
tration of 11.2 nCi/L would give a dose of 0.5 mrem/y. Consumption of one liter of water with
the same annual average concentration as at Location #9 would produce a dose of 0.0007
mrem/y. In generd, the hydrogen-3 concentrations vary from year to year and are dependent on
the amount of precipitation.

3-2
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TABLE 3.1

Hydrogen-3 Content of Stream Next to Plot M, 2001

(Concentrations in nCi/L)
L ocation Date Collected
Number* March 15 May 21 October 5 December 6
1 <01 <01 <01 <01
2 <01 <01 <01 <01
3 <0.1 02+01 01+01 <0.1
4 20+01 63.7+0.3 56+0.1 16.2+0.1
5 22+01 Dry 45+01 159+0.1
6 (Seen) 2.6+0.1 8.2+0.1 41+0.1 66.9 + 0.3
7 42+0.1 26.3+0.2 3.3+01 20.2+01
8 27+01 41.7+0.2 0.3+0.1 145+01
9 47+01 224+0.2 23+0.1 150+01
10 46+01 7.7+0.1 16+0.1 6.1+0.1
11 42+0.1 18+0.1 12+0.1 35+0.1
Outfall** 30+£01 Dry 01+0.1 Dry
* SeeFigure 3.1
** | & M Cand



The annud collection of water samples from five surface water bodies in the vicinity of Site
A occurred on September 25, 2001. These are: the pond northwest of Site A; the pond
southeast of Site A; Horse Collar Sough; Tomahawk Slough; and Bull Frog Lake. Mogt of these
locations can be identified in Figure 1.2. These samples were dl andyzed for hydrogen-3 and the
concentrations were al less than the detection limit of 0.1 nCi/L. The results indicate that there

has been no surface migration of radioactive materids from Ste A.

3.2 Subsurface Water

3.2.1 Borehole Water - Plot M

A number of the boreholes drilled in the Plot M area (Figure 3.2) were cased with plagtic
pipe and screens were ingdled to serve as sampling points within the glacid drift. Water samples
were collected and water level measurements were made in the Plot M boreholes approximately
bimonthly, weather permitting. Each borehole was emptied of water and alowed to recharge
before sampling. The shdlow boreholes responded to the spring precipitation as indicated by an
increase in water levels followed by a drop during summer and fal when moisture was used for
plant growth. The water levels in the deegper boreholes (> 100 ft) were relatively constant
throughout the year. In July 2001, Boreholes 1, 11 (68 feet), 24, and 36 were closed in
accordance with gpplicable State of Illinois regulations. The wells were closed because they were
dry or not sedled properly and the remaining wells provide adequate coverage.

All the water samples were andyzed for hydrogen-3 and the results are collected in Table
3.2. The hydrogen-3 concentrations varied widely asin past years. The measured water levelsin
the boreholes are in Table 3.3. Since the measurement of the water levels is made relative to a
benchmark at the top of the well casing, a decrease in numerica vaue indicates arise in water
level and dilution of the hydrogen-3. Higher hydrogen-3 concentrations in borehole water
correlate with higher hydrogen-3 concentration in split-gpoon soil cores obtained when the
boreholes were congtructed. In genera, the magnitude of the hydrogen-3 concentrations are

smilar to those observed over the past severd years.
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TABLE 3.2

Hydrogen-3in Plot M Borehole Water, 2001
(Concentrations in nCi/L)

Date Collected
Borehole Depth
Number* (ft) February 20 March 19 May 22 July 19 September 12 November 26
2 39.41 4761.0 508.1 67.8 63.7 - 684.9
40.00 397.4 1089.0 961.2 979.7 987.8 962.1
4 36.05 755.1 751.5 736.2 722.3 703.8 675.5
5 40.20 68.7 67.7 64.2 64.4 64.7 64.1
6 40.30 103.4 88.8 73.4 80.5 92.8 83.2
8 40.00 <01 <01 <01 <01 <01 <01
9 40.00* 0.2 1041.0 DRY DRY DRY DRY
10 40.00* <0.1 0.3 3.2 148.0 238.5 34.2
11 39.30 219.2 2115 195.2 224.8 223.4 196.2
11 121.90 164 8.3 17.7 34.2 17.0 23.1
26 60.65 0.3 2.8 46.7 457.7 338.2 450.5
28 58.25 63.6 8.1 27.8 44.8 49.9 53.7
35 105.50 735.3 DRY 382.3 475.7 589.1 472.5

* Sant hole drilled a 45° to a depth of 40 ft below the surface.



TABLE 3.3

Water Level Measurements in Boreholes Near Plot M, 2000
(Units of feet below the benchmark at the top of the well)

Date Measured
Borehole Depth
Number (ft) February 28 April 28 June 29 August 29 December 7
1 39.46 39.16 Dry Dry 38.50 Dry
2 3941 29.00 24.55 2291 28.14 29.05
3 40 38.97 36.41 32.24 34.55 37.90
4 36.05 24.75 18.65 14.70 19.00 21.50
5 40.20 30.13 27.50 22.89 25.00 27.30
6 40.30 38.82 34.79 31.63 3347 36.78
8 40 35.17 35.52 35.65 37.05 35.60
11 39.30 26.39 20.86 21.14 26.60 27.75
11 67.45 Dry Dry Dry Dry Dry
11 121.90 106.15 105.70 105.95 107.90 105.75
24 11511 80.00 80.77 81.47 88.20 98.20
26 60.65 48.10 50.27 46.61 47.90 51.05
28 58.25 57.31 56.75 55.52 55.80 55.95
35 105.50 93.78 93.37 9348 93.45 Dry
36 120 10541 96.93 104.98 105.49 10547
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The EPA protocols suggest that a monitoring well be purged and a sample collected within
the first two hours or the sample may not be representative of the groundwater. Geological
conditions at Plot M make it very difficult to follow the EPA guidance. Many of the monitoring
wedls a Plot M have been placed in clay-rich units with very low permesbility. Recharge to these
monitoring wells over a two-hour period is insufficient to obtain an gppropriate volume (up to one
gdlon) of water to conduct the analytical tests. The EPA criteria gpplies to situations where
sengtive condtituents such as volatile organic chemicds are of concern. Groundwater andyses a
Plot M are for radioactive condituents, especidly hydrogen-3 which is less senstive to chemicd
or physicd loss from the groundwater than the volatile organic chemicas. However, the EPA

sampling protocol was applied for samples collected during 2001, where operationdly feasible.

As part of a search for radionuclides other than hydrogen-3 in the borehole monitoring
wells, sats of large volume water samples were collected to obtain greater sengtivity in the
andysgs One set of samples was collected on May 22, 2001, and another set was collected
November 26, 2001. Samples were collected from al boreholes that yielded sufficient water for
andyss. Currently, the samples are andyzed for strontium-90 and the results are shown in
Table 3.4. Strontium-90 concentrations greater than the detection limit of 0.25 pCi/L were found
in five of the 13 sampled boreholes. Leves above 0.25 pCi/L would not be expected in this
water from fallout, and no other source is known. The highest strontium-90 concentration in
2001 was 1.98 pCi/L in water from Borehole #11 (39 feet). Higtoricdly, the highest concen-
tration was found in 1991, 10.7 pCi/L in Borehole #11 (68 feet). In the past, Borehole #6,
which is between the buried waste and the stream that flows around Plot M, showed measurable
strontium-90 concentrations. The data suggest that small but measurable amounts of strontium-90
have migrated from the wagte into the surrounding glacid drift.

3-9



TABLE 3.4

Strontium-90 Content of Borehole Water Samples Near Plot M, 2001

(Concentrations in pCi/L)

Borehole Depth Date
Number* (ft) Collected Strontium-90
2 3941 May 22 0.28 + 0.03
November 26 040+ 0.04
3 40.00 May 22 <0.25
November 26 <0.25
4 36.05 May 22 <0.25
November 26 <0.25
5 40.20 May 22 <0.25
November 26 <0.25
6 40.30 May 22 0.46 + 0.03
November 26 0.39+0.04
8 40.00 May 22 <0.25
November 26 <0.25
9 40.00** May 22 Dry
November 26 Dry
10 40.00%* May 22 <0.25
November 26 <0.25
11 39.30 May 22 198+ 0.05
November 26 167+0.14
11 121.90 May 22 <0.25
November 26 <0.25
26 60.65 May 22 0.77 £ 0.03
November 26 <0.25
28 58.25 May 22 <0.25
November 26 <0.25
35 105.50 May 22 0.26 + 0.03
November 26 044 +0.04
*See Figure 3.2
**gant holes
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3.2.2 Borehole Water - Site A

In late 1993, four boreholes (BH-41, BH-42, BH-43, and BH-44), were ingtalled at Site A
(see Figure 3.3) to improve Site A perimeter monitoring. Borehole #43 has been dry since
condruction. In 1994, 12 monitoring wells were constructed at Site A to support the expanded
characterization of this area. With the characterization study completed in the spring of 1995, the
wells were transferred to the monitoring program for continued use as part of the surveillance
network. These wels are dso shown in Figure 3.3. Although il shown in the figure, the fence
was removed in April 1998. Dedicated pumps and associated equipment were ingtaled in July of
1995. In July 2001, Borehole #43 was closed because it was continudly dry. Also, Borehole
#42 was dry during both scheduled sampling times. The samples are collected semi-annudly and
andyzed for hydrogen-3, strontium 90, gammarray emitters, and metals.

Hydrogen-3 results for dl the Site A boreholes are shown in Table 3.5. Water levels were
also measured in these boreholes and these measurement results appear in Table 3.6. The
hydrogen-3 concentrations were al low, but the pattern throughout the year was consstent. The
elevated hydrogen-3 levelsin Borehole #41 is probably from the site landfill, while the hydrogen-
3 in Borehole #55 and Borehole #56 mogt likely is from the CP-3 buried biologicd shield. The
results of the strontium-90 analyses are shown in Table 3.7. The elevated strontium-90 results
appear to track with elevated hydrogen-3 results. For example, Boreholes #55 and #56 had
measurable levels of hydrogen-3 and strontium-90 throughout the year. All gammaray emitters
were below the detection limit of 1 pCi/L.

The Site A borehole water samples were dso andyzed for totd (unfiltered) metals. The
results are collected in Tables 3.8 to 3.21. The concentrations of the various metals are
compared to the State of 1llinois Class | Ground Water Quality Standards (GWQS)?’ which were
selected because they represent a conservative application of the standards. Some sampling
locations contained less than two results because a times the wells were dry or yielded insufficient
water for the metals analysis. Those locations that contain three values include the results of a

duplicate sample.
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TABLE 3.5

Hydrogen-3 in Site A Borehole Water, 2001
(Concentrations in nCi/L)

Borehole Depth Date Collected

Number (ft) March 20 October 25
41 25.83 <01 0.5
42 53.01 Dry Dry
44 31.02 <0.1 <0.1
45 166.50 <0.1 <0.1
46 190.80 <0.1 <0.1
47 44.30 <01 <01
48 192.20 <0.1 <0.1
49 45.60 <01 <01
50 162.80 0.1 <01
o1 116.40 <0.1 <0.1
52 165.00 0.1 0.1
53 177.30 <0.1 <0.1
94 63.40 0.2 0.2
55 87.20 1.7 7.5
56 102.40 4.3 4.4
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TABLE 3.6

Woater Leval Measurements in Boreholes Near Site A, 2001
(Unitsin feet below the benchmark a the top of the wdl)

Date Measured

Borehole Depth to

Number Bottom (ft) March 20 October 25
41 25.83 2.40 7.53
42 53.01 Dry Dry
44 31.02 2.60 7.10
45 166.50 142.00 141.76
46 190.80 156.45 156.31
47 44.30 8.90 12.37
48 192.20 158.95 158.75
49 45.60 12.65 13.45
50 162.80 107.15 107.15
51 116.40 102.05 102.17
52 165.00 131.61 131.37
53 177.30 149.41 149.21
54 63.40 55.42 55.56
55 87.20 79.52 82.65
56 102.40 88.60 87.98
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TABLE 3.7

Strontium-90 Content of Borehole Water Samples Near Site A, 2001
(Concentrations in pCi/L)

Borehole Depth Date Collected
Number* (ft) March 20 October 25
41 25 0.38 + 0.02 <0.25
42 53 Dry Dry
44 31 <0.25 <0.25
45 166 <0.25 <0.25
46 190 <0.25 <0.25
47 44 <0.25 <0.25
48 192 <0.25 <0.25
49 45 <0.25 <0.25
50 162 <0.25 <0.25
51 116 <0.25 <0.25
52 165 <0.25 <0.25
53 177 <0.25 <0.25
54 63 <0.25 <0.25

55 87 7.78 £ 0.08 6.71+0.53
56 102 2.30+ 0.05 3.63+0.29
* See Figure 3.9
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TABLE 3.8

Chemica Congtituentsin Site A Borehole 41, 2001
(Concentrationsin mg/L)

No. of Concentrations
Condtituent Samples Avg. Min. Max. GWQS
Antimony 2 - - < 0.0030 0.0060
Arsenic 2 0.0066 < 0.0015 0.0117 0.0500
Bayllium 2 0.0007 < 0.0002 0.0012 0.0040
Cadmium 2 0.0005 < 0.0001 0.0010 0.0050
Chromium 2 0.0652 0.0240 0.1065 0.1000
Copper 2 0.0560 < 0.0150 0.0970 0.6500
Lead 2 0.0281 0.0059 0.0503 0.0075
Mercury 2 - - < 0.0001 0.0020
Nickel 2 0.0627 < 0.0200 0.1055 0.1000
Sdenium 2 0.0025 < 0.0020 0.0030 0.0500
Slver 2 - - <0.0010 0.0500
Thdlium 2 0.0020 0.0018 0.0022 0.0020
Zinc 2 0.1879 0.0932 0.2826 5.0000
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TABLE 3.9

Chemicd Condtituentsin Site A Borehole 44, 2001
(Concentrationsin mg/L)

No. of Concentrations
Condtituent Samples Avg. Min. Max. GWQS
Antimony 2 - - <0.0030 0.0060
Arsenic 2 0.0022 < 0.0015 0.0030 0.0500
Beryllium 2 - - < 0.0002 0.0040
Cadmium 2 0.0001 < 0.0001 0.0002 0.0050
Chromium 2 0.0240 0.0240 0.0240 0.1000
Copper 2 - - < 0.0150 0.6500
Lead 2 0.0020 0.0020 0.0020 0.0075
Mercury 2 - - < 0.0001 0.0020
Nickel 2 - - < 0.0200 0.1000
Sdenium 2 0.0025 < 0.0020 0.0030 0.0500
Slver 2 - - <0.0010 0.0500
Thdlium 2 0.0019 0.0018 0.0020 0.0020
Zinc 2 0.0479 0.0431 0.0527 5.0000
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TABLE 3.10

Chemicd Condtituentsin Site A Borehole 45, 2001
(Concentrationsin mg/L)

No. of Concentrations
Condtituent Samples Avg. Min. Max. GWQS
Antimony 2 - - <0.0030 0.0060
Arsenic 2 0.0028 0.0027 0.0030 0.0500
Beryllium 2 - - < 0.0002 0.0040
Cadmium 2 0.0001 < 0.0001 0.0002 0.0050
Chromium 2 0.0245 0.0240 0.0250 0.1000
Copper 2 - - < 0.0150 0.6500
Lead 2 0.0020 0.0020 0.0021 0.0075
Mercury 2 - - < 0.0001 0.0020
Nickel 2 - - < 0.0200 0.1000
Sdenium 2 0.0025 < 0.0020 0.0030 0.0500
Slver 2 - - <0.0010 0.0500
Thdlium 2 0.0019 0.0018 0.0020 0.0020
Zinc 2 0.0219 0.0102 0.0336 5.0000
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TABLE 311

Chemicd Condtituentsin Site A Borehole 46, 2001
(Concentrationsin mg/L)

No. of Concentrations
Condtituent Samples Avg. Min. Max. GWQS
Antimony 2 - - <0.0030 0.0060
Arsenic 2 0.0022 <0.0015 0.0030 0.0500
Beryllium 2 - - < 0.0002 0.0040
Cadmium 2 0.0007 0.0002 0.0013 0.0050
Chromium 2 0.0240 0.0240 0.0240 0.1000
Copper 2 - - < 0.0150 0.6500
Lead 2 0.0031 0.0031 0.0032 0.0075
Mercury 2 - - < 0.0001 0.0020
Nickel 2 0.0278 < 0.0200 0.0357 0.1000
Sdenium 2 0.0025 < 0.0020 0.0030 0.0500
Siver 2 0.0016 <0.0010 0.0022 0.0500
Thdlium 2 0.0019 0.0018 0.0020 0.0020
Zinc 2 0.0793 0.0150 0.1437 5.0000
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TABLE 3.12

Chemicd Condtituentsin Site A Borehole 47, 2001
(Concentrationsin mg/L)

No. of Concentrations
Condtituent Samples Avg. Min. Max. GWQS
Antimony 2 - - <0.0030 0.0060
Arsenic 2 0.0022 <0.0015 0.0030 0.0500
Beryllium 2 - - < 0.0002 0.0040
Cadmium 2 0.0001 < 0.0001 0.0002 0.0050
Chromium 2 0.0240 0.0240 0.0240 0.1000
Copper 2 - - < 0.0150 0.6500
Lead 2 0.0020 0.0020 0.0020 0.0075
Mercury 2 - - < 0.0001 0.0020
Nickel 2 - - < 0.0200 0.1000
Sdenium 2 0.0025 < 0.0020 0.0030 0.0500
Slver 2 0.0010 < 0.0005 0.0016 0.0500
Thdlium 2 0.0019 0.0018 0.0020 0.0020
Zinc 2 0.0287 0.0206 0.0369 5.0000
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TABLE 3.13

Chemicd Condtituentsin Site A Borehole 48, 2001
(Concentrationsin mg/L)

No. of Concentrations
Condtituent Samples Avg. Min. Max. GWQS
Antimony 2 - - <0.0030 0.0060
Arsenic 2 0.0022 <0.0015 0.0030 0.0500
Beryllium 2 - - < 0.0002 0.0040
Cadmium 2 0.0001 < 0.0001 0.0002 0.0050
Chromium 2 0.0240 0.0240 0.0240 0.1000
Copper 2 - - < 0.0150 0.6500
Lead 2 0.0020 0.0020 0.0020 0.0075
Mercury 2 - - < 0.0001 0.0020
Nickel 2 - - < 0.0200 0.1000
Sdenium 2 0.0025 < 0.0020 0.0030 0.0500
Slver 2 0.0010 < 0.0005 0.0015 0.0500
Thdlium 2 0.0019 0.0018 0.0020 0.0020
Zinc 2 0.0090 < 0.0080 0.0100 5.0000
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TABLE 3.14

Chemicd Condtituentsin Site A Borehole 49, 2001
(Concentrationsin mg/L)

No. of Concentrations
Constituent Samples Avg. Min. Max. GWQS
Antimony 2 - - <0.0030 0.0060
Arsenic 2 0.0076 0.0059 0.0094 0.0500
Beryllium 2 - - < 0.0002 0.0040
Cadmium 2 0.0002 < 0.0001 0.0003 0.0050
Chromium 2 0.0263 0.0240 0.0286 0.1000
Copper 2 - - <0.0150 0.6500
Lead 2 0.0030 0.0020 0.0040 0.0075
Mercury 2 - - < 0.0001 0.0020
Nickel 2 0.0233 < 0.0200 0.0266 0.1000
Sdenium 2 0.0025 < 0.0020 0.0030 0.0500
Siver 2 0.0022 0.0018 0.0026 0.0500
Thdllium 2 0.0019 0.0018 0.0020 0.0020
Zinc 2 0.0524 0.0406 0.0643 5.0000
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TABLE 3.15

Chemicd Condtituentsin Site A Borehole 50, 2001
(Concentrationsin mg/L)

No. of Concentrations
Constituent Samples Avg. Min. Max. GWQS
Antimony 2 - - <0.0030 0.0060
Arsenic 2 0.0063 0.0044 0.0082 0.0500
Beryllium 2 0.0003 0.0003 0.0003 0.0040
Cadmium 2 0.0001 < 0.0001 0.0002 0.0050
Chromium 2 0.0412 0.0240 0.0584 0.1000
Copper 2 - - <0.0198 0.6500
Lead 2 0.0119 0.0083 0.0156 0.0075
Mercury 2 - - < 0.0001 0.0020
Nickel 2 0.0350 < 0.0200 0.0500 0.1000
Sdenium 2 0.0025 < 0.0020 0.0030 0.0500
Siver 2 0.0009 < 0.0005 0.0014 0.0500
Thdllium 2 0.0019 0.0018 0.0020 0.0020
Zinc 2 0.0857 0.0536 0.1178 5.0000
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TABLE 3.16

Chemicd Condtituentsin Site A Borehole 51, 2001
(Concentrationsin mg/L)

No. of Concentrations
Constituent Samples Avg. Min. Max. GWQS
Antimony 3 - - <0.0030 0.0060
Arsenic 3 0.0077 0.0066 0.0097 0.0500
Beryllium 3 - - < 0.0002 0.0040
Cadmium 3 0.0001 < 0.0001 0.0002 0.0050
Chromium 3 0.0240 0.0240 0.0240 0.1000
Copper 3 0.0170 < 0.0150 0.0210 0.6500
Lead 3 0.0020 0.0020 0.0020 0.0075
Mercury 3 - - < 0.0001 0.0020
Nickel 3 - - < 0.0200 0.1000
Sdenium 3 0.0023 < 0.0020 0.0030 0.0500
Siver 3 - - <0.0010 0.0500
Thelium 3 0.0018 0.0018 0.0020 0.0020
Zinc 3 0.0269 < 0.0097 0.0574 5.0000
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TABLE 3.17

Chemicad Condtituentsin Site A Borehole 52, 2001
(Concentrationsin mg/L)

No. of Concentrations
Constituent Samples Avg. Min. Max. GWQS
Antimony 2 - - <0.0030 0.0060
Arsenic 2 0.0022 < 0.0015 0.0030 0.0500
Beryllium 2 - - < 0.0002 0.0040
Cadmium 2 0.0001 < 0.0001 0.0002 0.0050
Chromium 2 0.0240 0.0240 0.0240 0.1000
Copper 2 - - <0.0150 0.6500
Lead 2 0.0020 0.0020 0.0020 0.0075
Mercury 2 - - < 0.0001 0.0020
Nickel 2 - - < 0.0200 0.1000
Sdenium 2 0.0025 < 0.0020 0.0030 0.0500
Siver 2 - - <0.0010 0.0500
Thdllium 2 0.0019 0.0018 0.0020 0.0020
Zinc 2 - - < 0.0096 5.0000
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TABLE 3.18

Chemicd Condtituentsin Site A Borehole 53, 2001
(Concentrationsin mg/L)

No. of Concentrations
Constituent Samples Avg. Min. Max. GWQS
Antimony 3 - - <0.0030 0.0060
Arsenic 3 0.0114 0.0090 0.0128 0.0500
Beryllium 3 - - < 0.0002 0.0040
Cadmium 3 0.0001 < 0.0001 0.0002 0.0050
Chromium 3 0.0240 0.0240 0.0240 0.1000
Copper 3 - - <0.0150 0.6500
Lead 3 0.0020 0.0020 0.0020 0.0075
Mercury 3 - - < 0.0001 0.0020
Nickel 3 - - < 0.0200 0.1000
Sdenium 3 0.0026 < 0.0020 0.0030 0.0500
Siver 3 0.0015 < 0.0005 0.0030 0.0500
Thelium 3 0.0019 0.0018 0.0020 0.0020
Zinc 3 0.0124 < 0.0080 0.0212 5.0000
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TABLE 3.19

Chemicd Condtituentsin Site A Borehole 54, 2001
(Concentrationsin mg/L)

No. of Concentrations
Constituent Samples Avg. Min. Max. GWQS
Antimony 2 - - <0.0030 0.0060
Arsenic 2 0.0279 0.0216 0.0343 0.0500
Beryllium 2 0.0004 < 0.0002 0.0006 0.0040
Cadmium 2 0.0004 0.0002 0.0006 0.0050
Chromium 2 0.0261 0.0240 0.0282 0.1000
Copper 2 0.0273 < 0.0150 0.0397 0.6500
Lead 2 0.0241 0.0098 0.0385 0.0075
Mercury 2 - - < 0.0001 0.0020
Nickel 2 0.0457 0.0272 0.0642 0.1000
Sdenium 2 0.0025 < 0.0020 0.0030 0.0500
Siver 2 - - <0.0010 0.0500
Thdllium 2 0.0019 0.0018 0.0020 0.0020
Zinc 2 0.1110 0.0522 0.1698 5.0000
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TABLE 3.20

Chemicd Condtituentsin Site A Borehole 55, 2001
(Concentrationsin mg/L)

No. of Concentrations
Constituent Samples Avg. Min. Max. GWQS
Antimony 2 - - <0.0030 0.0060
Arsenic 2 0.0483 0.0193 0.0774 0.0500
Beryllium 2 0.0006 0.0004 0.0009 0.0040
Cadmium 2 0.0007 0.0003 0.0012 0.0050
Chromium 2 0.0312 0.0240 0.0385 0.1000
Copper 2 0.0701 < 0.0150 0.1252 0.6500
Lead 2 0.0454 0.0169 0.0740 0.0075
Mercury 2 - - < 0.0001 0.0020
Nickel 2 0.0622 < 0.0208 0.1036 0.1000
Sdenium 2 0.0025 < 0.0020 0.0030 0.0500
Siver 2 - - <0.0010 0.0500
Thdllium 2 0.0019 0.0018 0.0020 0.0020
Zinc 2 0.2373 0.1179 0.3567 5.0000
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TABLE 3.21

Chemica Condtituentsin Site A Borehole 56, 2001
(Concentrationsin mg/L)

No. of Concentrations
Constituent Samples Avg. Min. Max. GWQS
Antimony 2 - - < 0.0030 0.0060
Arsenic 2 0.0349 0.0068 0.0630 0.0500
Beryllium 2 0.0004 < 0.0001 0.0008 0.0040
Cadmium 2 0.0004 < 0.0001 0.0008 0.0050
Chromium 2 0.1334 0.0240 0.2428 0.1000
Copper 2 0.0509 < 0.0150 0.0869 0.6500
Lead 2 0.0316 0.0020 0.0613 0.0075
Mercury 2 - - < 0.0001 0.0020
Nickel 2 0.1176 < 0.0200 0.2153 0.1000
Sdenium 2 0.0025 < 0.0020 0.0030 0.0500
Siver 2 0.0030 0.0013 0.0047 0.0500
Thdllium 2 0.0019 0.0018 0.0020 0.0020
Zinc 2 0.1353 0.0595 0.2112 5.0000
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The maximum concentrations of a number of metals exceeded the GWQS in some of the
monitoring wells. For a few parameters, the average concentrations also exceeded the GWQS.
The exceedances are bolded in the tables. Those borehole water samples that equal or exceed

the maximum GWQS are:

Arsenic Boreholes #55 and #56

Chromium Boreholes #41and #56

Lead Boreholes #41, #50, #54, #55, and #56
Nickel Boreholes #41, #55, and #56

Thelium Borehole #41

The average concentrations that exceeded the GWQS are:

Chromium Borehole #56
Lead Boreholes #41, #50, #54, #55, and #56
Nickel Borehole #56

Borehole #54 is a shdlow monitoring well near the former vehicle services buildings, while
Borehole #55 monitored the buried CP-3 biologica shield where building debris and other

materia were buried.

3.2.3 Dolomite Hole Water

At the present time, 14 wells are cased into the dolomite zone to monitor the movement of
any radionuclidesin thisaguifer. Mogt of the dolomite holes are located north of Plot M and east
of the Red Gate Woods North Well (#5160), as shown in Figure 1.2 and/or Figure 3.4. Water
was normaly collected from the dolomite holes quarterly. All samples were anadyzed for
hydrogen-3 and the results are in Table 3.22. Water levels were also measured in the dolomite

holes and these measurements are in Table 3.23.
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TABLE 3.22

Hydrogen-3 in Dolomite Holes, 2001
(Concentrationsin nCi/L)

Dolomite Date Collected
Hole

Number March 7 May 8 September 18 November 19
1 <01 <01 <01 <01
2 <01 <01 0.1 <01
3 16 14 14 16
4 01 01 0.1 0.2
5 <01 <01 <01 <01
9 0.8 0.7 12 14
10 21 21 2.0 18
11 24 24 2.3 24
12 25 25 2.8 2.2
13 1.8 18 18 18
14 3.0 2.9 2.7 2.7
15 17 2.0 18 2.2
17 0.3 04 0.3 04
18 <01 <01 <01 <01
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TABLE 3.23

Water Level Measurementsin Dolomite Holes 2001
(Unitsin feet below the benchmark at the top of the well)

Dolomite Date Measured

Hole

Number March 7 May 8 September 18 November 19
1 161.40 161.25 162.10 161.34
2 139.80 139.90 140.59 139.71
3 98.25 98.39 99.11 98.31
4 93.48 93.67 94.37 93.47
5 78.20 78.42 79.10 78.48
9 72.90 72.50 73.02 72.72
10 64.00 64.22 64.95 64.35
11 76.10 76.35 77.07 75.98
12 77.17 77.39 78.10 77.16
13 77.80 78.05 78.78 78.06
14 72.20 72.42 73.12 72.20
15 79.85 80.04 80.50 79.87
17 75.05 75.30 76.00 75.04
18 143.95 143.68 144.29 143.82
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In December 1993, DH 11 through DH 14 were grouted with cement to 535 ft MSL. The
purpose of the grouting was to sed off the lower dolomite fractures that are connected to the
hand-pumped picnic wells in the Red Gate Woods area. It is speculated that these lower
fractures alow devated levels of hydrogen-3in the dolomite holes to migrate to the picnic well. In

addition, coversto three of the dolomite holes were repaired in December 1993.

In September 1994, three of the dolomite holes, DH 6, DH 7, and DH 8, were abandoned
because the wells were not sealed into the dolomite, but were open to the glacid till. As such,
they were not sampling dolomite water. Borehole #40 was aso abandoned at the same time
because the well casing was probably compromised. In accordance with well seding procedures
established by the Illinois Environmenta Protection Agency, the casing was filled with clean grave
and sand, seded with bentonite, the casing removed to three feet below the ground level, and
backfilled with clean soil. In July 2001, DH 16 was closed because of an obstruction in the pipe
that prevented sampling

The reaults of the hydrogen-3 andyses of the dolomite holes are consgtent with
concentrations measured in the past. Nine of the dolomite holes had eevated hydrogen-3
concentrations.  The highest hydrogen-3 levels are in the eight dolomite holes, DH 9 to DH 15
and DH 17, which are the furthest north and near the surface stream that flows next to Plot M
(see Section 3.2). The distribution of hydrogen-3 in these wells supports the USGS interpreta-
tior?® that a large hydrogen-3 plume underlies the stream. The plume has spread downward as
well as downgradient resulting in the current configuration of the hydrogen-3 concentrations in the
dolomite. The other dolomite hole with devated hydrogen-3 is DH 3, which is immediately
downgradient from Plot M. Previous andyses of soil core samples indicated the presence of

hydrogen-3 down to the drift-dolomite interface at DH 3.

Past sampling practices indicate different hydrogen-3 results are obtained depending on
sampling methods.  Within the dolomite hole wdlls north of Plot M, collection of the sample near

the top of the water column (shdlow) will result in measurable hydrogen-3 concentrations.
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Sampling at the bottom of the water column (deep) will result in very low or non-detectable
hydrogen-3 concentrations. In addition, samples collected at any depth after purging, removing
up to 700 L of water before sampling, will result in samples with hydrogen-3 concentrations that
are very low or non-detectable.

The explanation for the differences in hydrogen-3 concentration is tha the hydrogen-3 is
moving horizontally in the uppermost fractures of the dolomite. The hydrogen-3 isin a narrow
band of the water column in the dolomite hole. Where a sample is collected with a bailer, this
hydrogen-3 zone is the area sampled resulting in measurable levels of hydrogen-3 in the sample.
However, when the dolomite hole is purged, the volume of recharge water from other fractures
that are free of hydrogen-3 is such that the hydrogen-3 concentration in the sample is generaly at
the detection limit. If the next quarter sample is collected without purging, the hydrogen-3
concentration is a the same level as earlier samples indicating that the fracture flow rapidly

reached an equilibrium condition.

3.24 Wdl Water

InJuly 1988, awell was ingtdled in the Red Gate Woods picnic area (#5160) to replace the
exising well (#5167) as a drinking water supply for vistors to thisarea. Thisis referred to as the
Red Gate Woods North Well (#5160). This well was to be cased 20 feet into the dolomite to
sed off fractures assumed to contain hydrogen-3. Previous experiments had indicated that the
hydrogen-3 moved at the drift-dolomite interface and in the uppermost fractures in the dolomite.
Extending the casing 20 feet into the dolomite and cementing the void between the casing and
dolomite was expected to prevent hydrogen-3 from entering the new well via these fractures. But
this was not successful.  In addition, placement of a new pump mechanism on the new well was
expected to diminate the devated lead concentrations found occasondly in the old well that
resulted from corrosion of the old pump mechanism. The pump mechanism was removed from
the old Red Gate Woods well to prevent its use by the public; however, the well was maintained
as asampling location for this monitoring program.  In addition, the lower portion of the Red Gate
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Woods Wdl (#5167) wasfilled with grout to sed the lower fractures and prevent communication
of water with the new well. Since 1989, iron, lead, manganese, and zinc have regularly exceeded

the GWQS at the Red Gate Woods North Well (#5160) in addition to hydrogen-3.

Sampling was conducted throughout the year at the forest preserve picnic wells located
north of Plot M and shown in Figure 1.2.  All the samples were analyzed for hydrogen-3 and the
resultsarelisted in Table 3.24. Well #5215 (Guard Post) became inoperative early in 1999, was
not repairable, and was removed from the monitoring program. In addition, the Red Gate Woods
North Well (#5160) has not been available to the public since 1999 because of high fecd coliform
levels. The hydrogen-3 concentrations in the wells have decreased to the level where the earlier
pattern of high concentrations in the winter and low concentrations in the summer is not reedily
detectable. The maximum and average hydrogen-3 concentrations since 1976 for wells #5160,
#5167, and #5159 are presented in Table 3.25. The hydrogen-3 concentration over the past few
yearsisillugrated in Figure 3.5, which is a plot of the hydrogen-3 concentrations in wells #5160,
#5167, and #5159 for the past ten years. The hydrogen-3 concentration in the Red Gate Woods
North Well (#5160) increased to about 2.2 nCi/L in November 1995 and has shown a gradua
decrease in concentration during 1996, 1997, and 1998, remained constant throughout al of
1999, but gradually increased in 2000 and 2001. This is contrary to past concentration behavior
of higher in the winter and lower in the summer. The concentration pattern acts as if there were a
locdized reservoir of hydrogen-3. Before the Red Gate Woods Well (#5167) was seded, the
hydrogen-3 concentrations had decreased to below the detection limit. The hydrogen-3
concentrations in the well opposite Red Gate Woods (#5159) are more irregular and may be
related to the amount of precipitation. The annua average hydrogen-3 concentrations are higher
in the new well (#5160) compared to the old well (#5167), see Table 3.25.
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TABLE 3.24

Hydrogen-3 Content of Wells Near Site A/Plot M, 2001

(Concentrationsin nCi/L)

Red Gate Opposite 300 yds. East

Date North Red Gate Red Gate
Collected 5160 5159 5158
January 3 1.52 0.20 <01
January 17 1.50 0.19 -
February 7 1.50 0.26 0.12
February 21 1.45 0.23 -
March 6 1.50 0.21 0.13
March 21 1.47 0.20 -
April 4 1.45 0.23 0.18
April 18 1.59 0.23 -
May 2 1.54 0.27 0.11
May 16 1.57 0.20 -
June 5 1.55 0.23 0.14
June 20 151 0.12 -
dly 3 1.50 0.15 <01
July 18 1.52 0.17 -
August 1 1.47 0.17 0.18
August 15 1.54 0.15 -
September 5 1.47 0.10 <0.1
September 19 1.36 0.15 -
October 3 1.38 <0.1 <0.1
October 17 1.54 <01 -
November 7 141 0.10 0.15
November 21 1.48 <0.1 -
December 5 1.46 0.11 0.13
December 19 1.44 <01 -
Average 1.49 0.16 0.12
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TABLE 325

Annual Maximum and Average Hydrogen-3 Concentrations
in the Red Gate Woods Wells

(Concentrationsin nCi/L)

Red Gate Woods North (#5160) Red Gate Woods (#5167) Opposite Red Gate Woods (#5159)
Y ear Maximum Annual Average Maximum Annual Average Maximum Annual Average
1976 11.0 6.1 44 190
1977 9.2 82 51 210
1978 122 75 24 130
1979 14 71 26 0.96
1980 838 70 16 102
1981 96 43 21 106
1982 11.0 48 32 0.79
1983 51 22 18 0.95
1984 2.7 12 170 0.70
1985 25 10 1.60 0.69
1986 34 13 0.4 0.60
1987 33 16 0.73 054
19838 0.30 0.19 048 0.18 191 132
1989 041 027 0.46 0.30 0.92 061
1990 0.52 0.22 0.25 0.12 207 114
1991 0.80 0.35 021 <01 226 143
1992 054 0.25 013 <01 2.29 115
1993 0.57 0.23 <01 <01 163 0.87
1994 040 0.31 <01 <01 0.46 0.30
1995 2.26 051 <01 <01 054 040
1996 219 156 Closed/Sealed November 1995 0.55 0.33
1997 126 1.00 113 0.35
1998 123 103 0.72 047
1999 122 107 214 045
2000 154 133 220 0.70
2001 159 149 0.27 0.16

*The replacement well (#5160) wasinstalled in July 1988.
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Figure 3.5 Hydrogen-3 Concentrations in Red Gate Woods (#5167), Opposite Red Gate Woods

(#5159), and Red Gate Woods North (#5160) Wells From 1992 Through 2001

3-39




The other wdlls, dthough dso downgradient from Plot M, are evidently too far from
the Plot to show measurable hydrogen-3 concentrations. Two of the picnic wells, #5159
and #5158, were not available to the public during the year. The Forest Preserve Didrict of
Cook County had removed the pump handles due to high fecd coliform concentrationsin the
well water. A set of picnic well water samples was collected on June 15, 2001, and another
set on October 1, 2001, from the wells on the east and south sides of the Palos Forest Pre-
serve. The sampled wells were #5021, #5031, #5149, #5153, #5154, #5162, #5188,
#5193, #5226, and #5232 in Figure 1.2. All the hydrogen-3 results were less than the
detection limit of 0.1 nCi/L.

If water equd to the Red Gate Woods North well average concentration of 1.49 nCi/L
was the sole source of water for an individud, the annud dose from the hydrogen-3
would be 0.069 mrem. If an individua consumed one liter of thiswater, the dose would

be 9 x 10° mrem.

Samples were collected quarterly from the Red Gate Woods North Well (#5160)
were andyzed unfiltered for a number of inorganic condituents. The results are found in
Table 3.26. If this picnic well was used as a drinking water supply, the limits used were the
State of I1linois concentrations of chemical congtituents in drinking water.?” The congtituents
in Table 3.26 that do not have a specific limit are provided for completeness. Elevated
levels of copper, iron, lead, and zinc were found, but their presence may be related to the
decomposition of the well pump materials. There is no evidence that the source of the
elevated inorganic condtituents is from Plot M, since these metds are not found in the
deepholes between Plot M and the Red Gate Woods wells.  Although the limits are
exceeded for manganese, this is due to naturd levels. These concentrations are not unusud

for dolomite water in northeast 11linois®®
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TABLE 3.26

Inorganic Congtituents in Red Gate Woods North Well Water (#5160), 2001

(Concentrations in mg/L)

Inorganic

Congtituent February May August November GWQSs*
Arsenic < 0.00030 < 0.0030 < 0.0030 <0.0030 0.05
Barium <0.010 <0.010 <0.010 <0.010 2.0
Beryllium < 0.0002 < 0.0002 < 0.0002 < 0.0002 0.004
Cadmium < 0.0002 < 0.0002 < 0.0002 0.0004 0.005
Chloride 21 22 21 20 200
Chromium <0.024 <0.024 <0.024 <0.024 0.1
Cobalt <0.016 <0.016 <0.016 <0.016 10
Copper <0.015 0.92 <0.015 0.17 0.65
Huoride 0.112 0.140 0.106 0134 4.0
Iron <0.020 83.9 <0.020 53.0 5.0
Lead < 0.002 0.160 < 0.002 0.084 0.0075
Manganese 0.018 0.634 <0.010 0.502 0.15
Mercury < 0.0001 < 0.0001 < 0.0001 < 0.0001 0.002
Nickel <0.02 <0.02 <0.02 <0.02 0.1
pH 9.31 8.74 8.57 9.30 6.5-9.0
Silver <0.001 <0.001 <0.001 <0.001 0.05
Sulfate 129 120 86 185 400
Thdlium <0.002 <0.002 <0.002 <0.002 0.002
Vanadium <0.032 <0.032 <0.032 <0.032 -
Zinc 0.036 41.40 0.032 18.55 5.0

*State of Illinois Class 1 Ground Water Qudity Standards (GWQS).2’
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Four wells in private homes near 107th and Archer Avenue were sampled on June 6,
2001, and andyzed for gross apha, gross beta, hydrogen-3, and gammaray-emitting
radionuclides. These wdls are in the same dolomite zone as the picnic wels. The gross dpha
and gross beta activities were in the normd range of naturaly-occurring radionuclides in
groundwater for this part of Illinois. The gross dpha activities ranged from 1.7 to 4.0 pCi/L and
the gross beta activities ranged from 6.4 to 12.8 pCi/L. All the hydrogen-3 results were less
than the detection limit of 0.1 nCi/L and gammearay spectrometric andysis of the water did not
detect any radionuclides associated with activities a Site A/Plot M above the detection limit of
1 pCi/L. These results indicate that no radioactivity used or generated at Site A/Plot M has
entered thiswater system.

3-42



40 SUMMARY OF POTENTIAL RADIATION DOSE AND RISK ESTIMATES

4.1 Dos Edimates

The dose from drinking water to an individua exposed to radionuclides associated with Plot
M can be estimated employing the DOE methodology. If a hypotheticd individua were exposed
continuoudy to hydrogen-3 a various locations near Plot M, the dose could be estimated.
Assuming a person drank water from Location #9 or the seep (Location #6), or drank water from
wdl #5160, the dose from exposure for al of 2001 a the maximum and annua average
concentrations is collected in Table 4.1. This scenario assumes that the individua's sole source of

water is at the identified location.

A more meaningful estimation is for the occasiona visitor to the Plot M area. Assuming a
vigtor drinks one liter of water from the surface stream or picnic wells, the dose from this
exposure is estimated and presented in Table 4.2. The maximum total dose received by an
occasional vigtor is the combinaion of surface water and drinking water from the Red Gate

Woods North Well (#5160). This maximum dose would be 0.0001 mrem per visit.

In order to put the doses into perspective, comparisons can be made to annua average
doses received by the public from natura or other generdly accepted sources of radiation. These
areligedin Table4.3. It is obvious tha the magnitude of the doses potentialy received near Plot
M from resdud radioactive substances remaining from work conducted in this area are

inggnificant compared to these sources.

4.2 Risk Edimates

Risk estimates of possible hedlth effects from radiation doses to the public from Plot M
have been made to provide another perspective in interpreting the radiation doses.
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TABLE 4.1

Dose From Continuous Exposure to Tritium at Selected Locations, 2001

Average
Maximum Annud Average Carcinogenic

Pathway Conc Dose Conc Dose Risk
Surface Water

Seep 66.9 nCi/L 31 mremly 205 nCi/L 0.9 mremly 6x 107

L ocation #9 225 nCi/L 1.0 mremly 11.2 nCi/L 05 mremly 4x 107
Well Water

Red Gate Woods

North (#5160) 159 nCi/L 0.073 mrem 149 nCi/lL 0.069 mrem/y 5x 10%




TABLE 4.2

Estimates of Tritium Exposuresto a Casud Vistor to Plot M, 2001

Average

Pathway Quantity Maximum Dose Annud Average Carcinogenic Risk
Surface Water

Seep OneLiter 0.004 mrem 0.001 mrem 7x10%

Location #9 One Liter 0.001 mrem 0.0007 mrem 5x 101
Wdl Water

Red Gate Woods

North (#5160) One Liter 0.00010 mrem 0.00009 mrem 6x 101
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TABLE 4.3

Annud Average Dose Equivaent
inthe U. S. Population*
Source (mrem)

Natural Sources

Radon 200

Internd (K and ?*°Ra) 39

Cosmic 28

Terredtrid 28
Medical

Diagnogtic X-rays 39

Nuclear Medicine 14

Consumer Products
Domestic Water Supplies, 10
Building Materids, €tc.

Occupationd (Medica 1
Radiology, Industrid
Radiography, Research, etc.)

Nuclear Fud Cycle <1
Falout <1
Other Miscellaneous sources <1

Totd 360

*NCRP report No. 93.%°



Edtimated for carcinogenic risk, the risk of contracting cancer from these exposures, is
included in Table4.1 and Table 4.2 for the average exposure scenario. Based on the BIER V
report,3! a dose of one mrem/y equates to an increased risk of 0.7 x 10°®. This conversion ratio
is used in these tables. The risks are estimated to be in addition to the normal incident rate of
cancer in the general population. For example, a carcinogenic risk of 107 would mean one
additional cancer to 10,000,000 people exposed under the prescribed conditions. The EPA
environmental protection standards are generally based on an acceptable risk between 10 and
106, This would imply thet arisk of grester than 10* would be unacceptable and a risk of
less than 10°® would be acceptable. Examination of Table 4.1 indicates that even under the very
consarvaive assumptions of sole source use of the water a Plot M annud average
concentrations, the risk is less than the EPA recommendation. For the Table 4.2 hypothetical
dose to an occasional visitor of 0.00001 mrem, the risk would be about 1011, The risk from
exposure to radionuclides at Plot M can be compared to the risk associated with natura events.
A few examples are collected in Table 4.4. The risk from the naturaly-occurring sources of
radioactivity listed in Table 4.3 is estimated to be about one additiona cancer in a population of
8,000. Therefore, the monitoring program results have established that radioactivity at Plot M is
very low and does not endanger the hedlth or safety of those living in the areaor visting the Site.



TABLE 44

Risk of Death From Natura Events

Cause Risk
Lightning Strike 5x 108
Tornado 1x 107
Flood 1x 107
Hurricane 25x 107
Drowning 8x 10°
Air Travel 3x10°
Firearms 2x10°
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6.0 APPENDICES

6.1 Quality Assurance Program

All nudear instrumentation is calibrated with standardized sources obtained from or tracesble
to the U. S. Nationd Indtitute of Standards and Technology (NIST). The equipment is checked
prior to the sample measurements with secondary counting standards to insure proper operation.
Samples were periodically analyzed in duplicate or with the addition of known amounts of aradio-
nudide to check precison and accuracy. Intercomparison samples distributed by the DOE
Environmenta M easurements Laboratory Quality Assurance Program, a semi-annua distribution
of three different sample matrices containing various combinations of radionuclides are andyzed.

The results of our participation in this program for 2000 are published in ANL-01/2.32

Many factors enter into an overal quality assurance program other than the andytica quaity
control discussed above. Representative sampling is of prime importance. Appropriate sampling
protocols are followed for each type of sampling being conducted. Water samples are pre-
treated in @ manner designed to maintain the integrity of the andytica congtituent. For example,
samples for trace radionuclide andyses are acidified immediatdly after collection to prevent

hydrolytic loss of metal ions and filtered to reduce leaching from suspended solids.

The monitoring wells are sampled using the protocols listed in the Resource Conservation
and Recovery Act (RCRA) Ground Water Monitoring Technica Enforcement Guidance
Document. The volume of water in the casng is determined by measuring the water depth from
the surface and the depth to the bottom of the well. This latter measurement also determines
whether sltation has occurred that might restrict water movement in the screen area.  For those
wdlsinthe glacid drift that do not recharge rapidly, the well is emptied and the volume removed is
compared to the caculated volume. In most cases, these volumes are nearly identica. The well
is then sampled by bailing with a Teflon bailer. If samples for parameters such as priority

6-1



pollutants are collected, field parameters for these samples (pH, specific conductance, redox
potentia, and temperature) are measured per well volume while purging. Most samples are
collected for radiologica analyses only. For samples in the porous, saturated zone which
recharge rapidly, three well volumes are purged using submersible pumps. If field parameters are
measured, samples are collected as soon as these readings stabilize. All samples are placed in
precleaned bottles, labeled, and preserved. All fidld measurement and sampling equipment is
cleaned by fidd ringng with Type Il deionized water. The samples are tranderred to the
andytica laboratory aong with a computer floppy disk which generates a one-page ligt of all
samples. Thisligt acts as the chain-of-custody transfer document.

6.2 Applicable Standards

The standard that is relevant to this study is the DOE Order 5400.5 which established a dose
limit of 100 mrem/y.?> The dose limit and dose calculation methodology are applicable to al
media: surface water, deep holes, boreholes, and drinking water. The EPA drinking water
standard®® is not applicable to the picnic wells since they do not meet the definition of a public
water system. However, the EPA standard of 20 nCi/L for hydrogen-3 may be useful for some

comparison purposes.

6.3 Anaytica Methods

The analytica methods used to obtain the data in this report are the same as those used in
ANL-01/2.32
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