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SURVEILLANCE OF SITEA AND PLOT M
Report for 1999

by
N. W. Golchert

ABSTRACT

Theresultsof theenvironmental surveillance program conducted at Site A/Plot M inthe
PalosForest Preserve areafor Calendar Y ear 1999 are presented. Based on theresultsof the
1976-1978 radiological characterization of the site, a determination was made that a
surveillance program be established. The characterization study determined that very low
levels of hydrogen-3 (as tritiated water) had migrated from the burial ground and were
present in two nearby hand-pumped picnic wells. The current surveillance program consists
of samplecollection and analysisof surfaceand subsurfacewater. Theresultsof theanalyses
are used to 1) monitor the migration pathway of water from the burial ground (Plot M) to the
handpumped picnic wells, 2) establish if buried radionuclides other than hydrogen-3 have
migrated, and 3) generally characterizetheradiol ogical environment of thearea. Hydrogen-3
in the Red Gate Woods picnic wells was still detected this year, but the average and
maximum concentrations were significantly less than found earlier.  Tritiated water
continues to be detected in a number of wells, boreholes, dolomite holes, and a surface
stream. For many years it was the only radionuclide found to have migrated in measurable
guantities. Analyses since 1984 have indicated the presence of low levels of strontium-90
in water from a number of boreholes next to Plot M. The available data does not alow a
firm conclusion as to whether the presence of this nuclide represents migration prior to the
installation of the boreholes or movement that may have occurred before Plot M was capped.
Theresults of the surveillance program continue to indicate that the radioactivity remaining
at Site A/Plot M does not endanger the health or safety of the public visiting the site, using

the picnic area, or living in the vicinity.
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1.0 INTRODUCTION

1.1 SiteHistory

This report presents and discusses the surveillance data obtained during 1999. The
surveillance program is the ongoing activity that resulted from the 1976-1978 radiol ogical
characterization of the former site of Argonne National Laboratory and its predecessor, the
University of Chicago'sMetallurgical Laboratory, which was part of theWorld War 11 Manhat-
tan Engineer District Project, in the Palos Forest Preserve southwest of Chicago, IL. TheLabo-
ratory 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, a150 ft x 140 ft areaused
for the burial of radioactivewaste. TheselocationsareshowninFigurel.1and Figurel1l.2. To
assist in understanding this report, reference should be made to the previous comprehensive
reports on this subj ect,"? which provide greater detail and illustrations on sampling locations
and descriptive material and give the results through 1981, and to the annual reports for 1982
through 1998.>° Earlier datawill not be repeated in thisreport, but reference will be madeto

some of the results.

Operations at Site A began in 1943 and ceased in 1954. Among the research programs
carried out at Site A werereactor physics studies, fission product separations, tritium recovery
from irradiated lithium, and studies of the metabolism of radionuclidesin laboratory animals.
Radioactive waste and radioactively-contaminated laboratory articles from these studieswere
buried in 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. Thebiological shield for the CP-3 reactor, together with various pipes, valves, and
building debris, was buried in place in 1956.

Burial of radioactivewasteat Plot M beganin 1944 and wasdiscontinuedin 1949. Waste

was buried in six-foot deep trenches and covered with soil until 1948, after which, burial took
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place in steel bins. The steel bins were removed in 1949 and sent to Oak Ridge National
Laboratory for disposal, but the waste buried in trenches was alowed to remain in place.
Concrete sidewalls, eight feet deep, were poured around the perimeter of the burial areaand a
one-foot thick reinforced concrete slab was poured over thetop. The concrete slab wascovered
with soil and seeded with grass. Both the Site A and Plot M areas were decommissioned in
1956.

In 1973, elevated 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 burial plot into the surrounding soil and aquifers. Asaresult, aradiological survey
of the entire Pal os Forest Preserve site was conducted with special emphasison the Site A and

Plot M aress.’

Theterminology used in previousreportsiscontinued. A holedrilled and completed into
theglaciad till iscalled aborehole. 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 called ground water. Test wells drilled into the dolomite bedrock are called
dolomite holes or deep holes. Water from such wells is called dolomite water. The hand-
pumped picnic wells, which are completed into or close to the dolomite bedrock, are called
water wellsor picnicwells. They areidentified by alocation 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 equivalent calculations 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 Characteristics

Geologically, Plot M is constructed on a moraine upland which is dissected by two
valleys, the Des Plaines River valley to the north and the Calumet Sag valley to the south. The
upland is characterized by rolling terrain with poorly developed drainage. Streams are
intermittent and drain internally or flow to one of the valleys. The areaisunderlain by glacial
till or drift, dolomite, and other sedimentary rocks. The uppermost bedrock is Silurian
dolomite, into which both the picnic wells and some of the monitoring wells are placed, as
described in the text. The dolomite bedrock isabout 200 feet thick. The overlying glacial till
has athicknessthat rangesfrom 165 feet at Site A to zero at the Des Plaines River and Calumet
Sag Canal, and some of the monitoring wells terminate in thislayer. The depth to bedrock at
Plot M isabout 130 feet.

Hydrologically, the surfacewater consistsof pondsand intermittent streams. When there
issufficient 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 Woodswell (Figure 1.2) and discharges
into the lllinois and Michigan (1&M) Canal. The ground water in the glacial till and dolomite
formstwo distinct flow systems. Theflow inthedrift is controlled principally by topography.
Theflow inthe dolomite, whichisrecharged by ground water fromtheglacia till, iscontrolled
by two discharge areas, the Des Plaines River to the north and the Calumet Sag Canal to the
south. Water usage in the areais confined to the hand-pumped picnic wells. These wells are

open to the dolomite and are principally used in the warmer seasons.

The climateisthat of the upper Mississippi Valley, asmoderated by L ake Michigan, and
is characterized by cold winters and hot summers. Precipitation averages about 33 inches
annually. The largest rainfalls occur between April and September. The average monthly
temperature ranges from 21°F in January to 73°F in July. Approximately 8.4 million people
reside within 50 miles of the site; the population within a five-mile radius is about 150,000.

The only portion of the Palos Forest Preserve in the immediate area of Plot M and Site A that
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is developed for public use is the Red Gate Woods picnic area (Figure |.2), although small

numbers of individuals use the more remote areas of the Palos Forest Preserve.



2.0 SUMMARY

The results of the ongoing environmental monitoring and surveillance program at the
PalosForest Preserve sitefor 1999 are presented in thisreport. 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
sametritiated water concentration pattern seen in the past. Concentrationswere at the ambient
level of less than 0.1 nCi/L upstream of the Plot, increased up to 135.5 nCi/L at the seep
adjacent to the Plot, then decreased to less than 0.1 nCi/L further downstream.

The tritiated water concentrations in the borehole and dolomite hole water follow a
pattern consistent with that observedinthepast. Thetritium concentration washighest inthose
boreholes nearest Plot M and downgradient of the Plot. Water from seven of 16 boreholes
analyzed for strontium-90 contained concentrations greater than the detection limit of
0.25 pCi/L. The elevated strontium-90 levels (up to 4.63 pCi/L) found in some boreholes are
probably from the Plot, since concentrations above 0.25 pCi/L have not been observed in the
ground water due to atmospheric fallout from previous nuclear weapons testing, and no other
source is known. Strontium-90 is a relatively mobile radionuclide and its presence in the
boreholewater isnot unexpected and is probably due to migration that occurred beforethe Plot

was capped. The strontium-90 results are consi stent with those measured in the past.

Sampling of theforest preserve picnic wellsshownin Figure 1.2 continued. InJuly 1988,
the Red Gate Woods North Well (#5160) wasinstalled as areplacement drinking water supply
for the Red Gate Woods Well (#5167). The maximum and average tritium concentrations of
well #5160 were 1.22 nCi/L and 1.07 nCi/L, respectively. The well opposite the entrance to
Red Gate Woods (#5159) had a maximum tritium concentration of 2.14 nCi/L and an annual
average concentration of 0.45 nCi/L. The other wellsall averaged lessthan 0.1 nCi/L, except
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well #5158 which averaged 0.12 nCi/L. The previous pattern of high tritium concentrations
in the winter and low concentrations (less than the detection limit of 0.1 nCi/L) in the summer
is not readily apparent for the wells because of the low tritium concentrations. In the
calculation of annual averages, all data as measured were retained in the data base and used to

compute the average.

If water equal to the Red Gate Woods North Well (#5160) average concentration of
1.07 nCi/L werethe sole source of water for an individual, the annual dose from tritium would
be 0.049 mrem using the DOE dose conversion factor.*® Consumption of oneliter of thiswater
would produce a dose of 6 x 10 mrem. Although not applicable, compared to the U. S.
Environmental Protection Agency (EPA) drinking water li mit, % thisconcentration isabout 5%
of the annual limit of 20 nCi/L. Table 4.3 provides a relative comparison of this calculated

dose to natural or accepted 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 health or safety of the public visiting the site
or those living in the vicinity. The potentia radiation doses are very low compared to the

relevant standards.
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3.0 MONITORING PROGRAM

The program is designed to monitor the elevated hydrogen-3 (as tritiated water)
concentrationsin some of the picnicwellsinthe PalosForest Preserve, determinethemigration
pathway of water from the burial ground to the wells, establish if other buried radionuclides or
waste constituents have migrated, and characterize the radiological and non-radiological
pollutant environment of the area. Thisisaccomplished by analyzing water from wells, deep
holes, boreholes, and surface streams in the area. Samples are collected from biweekly to
annually, depending on past results and proximity to Plot M. During 1999, 371 samples were
collected, 1,506 analyses were performed, and 200 field measurements conducted. For the
most part, individual results are presented in the tables, and compared to control, off-site, or
upstream results. Where applicable, results are compared to the U. S. Department of Energy
Radiation Protection Standard of 100 mrem/y.?® The Site A/Plot M program follows the
guidance for monitoring at DOE facilities.? Although it is recognized that Site A/Plot M is

not a DOE facility, the same monitoring principles are applicable to this site.

The uncertainties associated with individual concentrations given in the tables are the
statistical counting errors at the 95% confidence level. A few tables of tritium data do not

contain these uncertainties. 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 sensitivity for the measurement of tritium in water has been improved due to new

instrumentation. The current detection limitis0.1 nCi/L.
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3.1 Surface Water

Two sets of water sampleswere collected from the stream that flows around Plot M. The
stream was dry during scheduled sampling in the second half of the year. The sampling
locations are shown in Figure 3.1. Sample Location #10is 100 yards north of Location #9 and
sample Location #11 is 200 yards north of Location #9. The outfal into the I&M Canal is
approximately 600 yards north of Plot M. The samples were analyzed for tritiated water and
theresultsarein Table 3.1. The same concentration patterninthewater flowing around Plot M
was observed thisyear asin the past. Concentrationswere low upstream of the Plot, increased
asthe stream flowed past the Plot, whereit received tritiated water that |eached out of the burial
site, then decreased downstream due to dilution by precipitation. The outfall sample was

collected prior to discharge into the I&M Canal.

Using the methodol ogy prescribed in the DOE gui dance,?° the committed effective dose
equivalent from consumption of water can be calculated. 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.23 This annual intake is then multiplied by the 50-year Committed
Effective Dose Equivalent (CEDE) factor.?* The CEDE for tritium in water is 6.3 x 10°
rem/pCi. If ahypothetical individual used water with the same tritium concentration as found
in the seep (L ocation #6) as his sole source of water, the annual dose based on the maximum
1999 concentration of 135.5 nCi/L would be about 6.2 mrem/y and the dose based on the
annual average seep concentration of 73.2 nCi/L would be 3.4 mrem/y. The DOE dose limit
to thepublicis100 mrem/y. Using the same calculationsfor concentrationsat L ocation #9, the
maximum concentration of 21.2 nCi/L would produce 1.0 mrem/y and the 1999 average
concentration of 11.1 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 L ocation #9 would produce a dose of
0.0007 mrem/y. Ingenerd, thetritium concentrationsvary from year to year and are dependent

on the amount of precipitation.
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Figure 3.1 Surface Water Sampling Locations Near Plot M
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TABLE 3.1

Tritiated Water Content of Stream Next to Plot M, 1999

(Concentrations in nCi/L)

Location Date Collected
Number* February 26 April 27
<01 <0.1
2 0.7+0.1 <0.1
3 06+0.1 <01
4 13+£01 01x£0.1
5 21.3+0.1 05+0.1
6 (Seep) 1355+ 04 109+0.1
7 421 +0.2 11+£01
8 56.1+0.3 04+0.1
9 21.1+£0.1 1.0+0.1
10 223+0.1 1.3+0.1
11 6.8+0.1 14+01
Outfall** 03+0.1 1.1+0.1
* See Figure 3.1
** | & M Cand



The annual collection of water samples from five surface water bodies in the vicinity of
Site A occurred on December 2, 1999. These are: the pond northwest of Site A; the pond
southeast of Site A; Horse Collar Slough; Tomahawk Slough; and Bull Frog Lake. Most of
these locations can be identified in Figure 1.2. These samples were al analyzed for tritiated
water and the concentrations were all less than the detection limit of 0.1 nCi/L. The results

indicate that there has been no surface migration of radioactive materials from Site A.

3.2 Subsurface Water

3.2.1 Borehole Water - Plot M

A number of the boreholesdrilled inthe Plot M area (Figure 3.2) were cased with plastic
pipe and screens wereinstalled (piezometer) to serve as sampling pointswithin the glacial till.
Water samples were collected and water level measurements were made in the Plot M
borehol es approximately bimonthly, weather permitting. Each boreholewas emptied of water
and alowed to recharge before sampling. The shallow boreholes responded to the spring
precipitation asindicated by an increase in water levelsfollowed by adrop during summer and
fall when moisture was used for plant growth. The water levels in the deeper boreholes
(> 100 ft) wererelatively constant throughout theyear. Asin past years, some boreholeswere
occasionally dry. Borehole#11 contains anest of piezometers at three depths; 39 feet, 68 feet,
and 124 feet. Theprincipa purpose of thisarrangement isto obtain water level measurements
at different depths to determine the vertical gradient of the hydraulic head.

All the water samples were analyzed for tritiated water and the results are collected in
Table 3.2. The tritium concentrations varied widely as in past years. In the 40-foot deep
boreholes, low tritium concentrations correlate with high water levels, apparently a dilution
phenomenon. The measured water levels in the boreholes are in Table 3.3. Since the
measurement of the water levelsis made relative to abenchmark at the top of the well casing,

adecrease in numerical valueindicates arisein water level and dilution of the tritiated water.
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TABLE 3.2

Tritium in Plot M Borehole Water, 1999

(Concentrations in nCi/L)

Borehole Depth Date Collected

Number* (ft) February 25  April 20 June 24 August 31  October 21 November 30
1 39.46 1366.0 1359.0 1383.0 1382.0 1367.0 1320.0
2 39.41 146.7 132.8 127.8 148.5 213.8 128.0
3 40.00 1523.0 1693.0 1395.0 1391.0 1583.0 1467.0
4 36.05 1137.0 1145.0 1154.0 1091.0 1006.0 867.6
5 40.20 70.3 60.9 65.9 66.0 65.5 64.6
6 40.30 129.7 108.4 1134 1135 109.8 104.0
8 40.00 <01 0.2 0.1 <0.1 <01 <0.1
9 40.00* 503.1 887.9 889.7 Dry Dry Dry
10 40.00* 278.1 40.5 8.0 288.9 295.7 Dry
11 39.30 2854 261.1 236.4 292.5 289.5 297.0
11 67.45 Dry Dry Dry Dry Dry Dry
11 121.90 1.7 5.6 31 45 16.2 8.0
24 115.11 132.7 6.0 34 3.2 4.3 7.6
26 60.65 318.6 121.0 338.8 475.7 506.7 511.7
28 58.25 80.6 73.8 72.1 75.1 77.1 77.3
35 105.50 388.8 524.7 697.5 364.6 508.5 352.8
36 120.00 11.2 6.6 6.0 7.9 7.3 8.6

* Slant hole drilled at 45° to a depth of 40 ft below the surface



TABLE 3.3

Water Level Measurements in Boreholes Near Plot M, 1999

V2 i
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Date Measured

Borehole Depth to
Number Bottom (ft) February 25 April 20 June 24 August 31 October 21 November 30
1 39.46 37.30 35.61 33.59 38.08 37.65 38.51
2 3941 24.01 18.36 22.11 28.72 31.95 33.30
3 40 32.70 33.90 29.70 31.80 37.05 38.18
4 36.05 15.09 11.64 12.88 19.49 23.12 24.90
5 40.20 22.79 21.71 21.10 2491 28.82 31.80
z 6 40.30 31.80 29.90 29.36 34.15 37.78 39.45
8 40 35.68 34.62 35.55 35.94 36.36 37.45
11 39.30 23.21 17.81 21.88 28.70 30.18 32.04
11 67.45 Dry Dry Dry Dry Dry Dry
11 121.90 104.19 103.99 103.46 104.14 105.50 106.46
24 115.11 82.25 81.37 82.06 101.12 104.15 107.72
26 60.65 44.71 41.72 41.08 43.72 46.02 47.28
28 58.25 55.60 54.92 53.85 55.98 55.94 56.92
35 105.05 93.37 93.13 92.65 93.30 93.04 94.02

120 105.20 86.20 108.50 105.10 105.31 105.53

W
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Higher tritiated water concentrations in borehole water correlate with higher tritium
concentrations in split-spoon soil cores obtained when the boreholes were constructed. In
genera, the magnitude of the tritium concentrations are similar to those observed over the past
several years. Most of the tritium concentrations are essentially the same from sampling to
sampling during theyear. However, tritium concentrationsin Borehole #24 and Borehole #36
continue to change significantly between sampling events. It is suspected that Borehole #24
and Borehole #36 may not be sealed properly and dilution by infiltrating precipitation may
cause thetritium concentration differences. For example, when thewater level in Borehole #2
isless than 25 feet, the water levelsin Borehole #24, which is next to Borehole #2, increase
substantially indicating a compromise in the casing at about 25 feet below the ground surface.

Thisis supported by the unusual water level data for Borehole #24 shown in Table 3.3.

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 ground water.
Geological conditions at Plot M make it very difficult to follow the EPA guidance. Many of
the monitoring wellsat Plot M have been placed in clay-rich units with very low permeability.
Recharge to these monitoring wells over a two-hour period will be insufficient to obtain an
appropriate volume (up to onegallon) of water to conduct the analytical tests. The EPA criteria
applies to situations where sensitive constituents such as volatile organic chemicals are of
concern. Ground water analyses at Plot M are for radioactive constituents, especially tritium
which is less sensitive to chemical or physical loss from the ground water than the volatile
organic chemicals. However, the EPA sampling protocol was applied for all sampling during

1999, if appropriate.

Aspart of asearch for radionuclides other than tritium in the borehole monitoring wells,
sets of large volume water samples were collected to obtain greater sensitivity in the analysis.
One set of samples was collected on June 24, 1999, and another set was collected
November 30, 1999. Sampleswere collected from all boreholes that yielded sufficient water

for anaysis. All samples were analyzed for strontium-90 and the results are shown in

3-9



Table 3.4. Strontium-90 concentrations greater than the detection limit of 0.25 pCi/L were
found in seven of the 16 sampled boreholes. Levels 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 1999 was found in water from Borehole #9 (4.63 pCi/L). Historically, the
highest concentration was found in 1991, 10.7 pCi/L in Borehole #11 (68 feet). It should be
noted that in the past, the boreholewith measurable strontium-90 concentrations (Borehol e #6)
is between the buried waste and the stream that flows around Plot M. These dataindicate small
but measurable amounts of strontium-90 have migrated from the waste into the surrounding

glacial till.

3.2.2 Borehole Water - Site A

In late 1993, four boreholes (BH-41, BH-42, BH-43, and BH-44), were installed at Site
A (see Figure 3.3). Borehole #43 has been dry since construction. In 1994, 12 monitoring
wells were constructed at Site A to support the expanded characterization of thisarea. With
the characterization study completed in spring of 1995, the wells were transferred to the
monitoring program for continued use as part of the surveillance network. Thesewellsareaso
showninFigure 3.3. Although still shown inthefigure, the fence wasremoved in April 1998.
Dedicated pumps and associated equipment were installed in July of 1995. The sampleswere

collected quarterly and analyzed for tritium, strontium-90, gamma-ray emitters, and metals.

The tritium results for al the Site A boreholes are collected in Table 3.5. Water levels
were also measured in these boreholes and these measurements are in Table 3.6. Thetritium
concentrations were all low, but the pattern throughout the year was consistent. The elevated
tritium levels in Borehole #41 is probably from the suspect burial areas while the tritium in
Borehole #55 and Borehole #56 is from the CP-3 buried biological shield. The results of the
strontium-90 analyses are collected in Table 3.7. The elevated strontium-90 results appear to
track with elevated tritium results. For example, Boreholes#55 and #56 had measurablelevels
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TABLE 3.4

Strontium-90 Analyses of Borehole Water Samples Near Plot M, 1999
(Concentrations in pCi/L)

Date Collected
Borehole
Number Depth (ft) June 24 November 30

1 39.46 <0.25 <0.25

2 39.41 0.35+0.03 0.33+0.04
3 40.00 <0.25 <0.25

4 36.05 <0.25 <0.25

S 40.20 <0.25 <0.25

6 40.30 0.53+0.03 0.38+0.04
8 40.00 <0.25 <0.25

9 40.00* 4.63+0.07 Dry

10 40.00* <0.25 Dry

11 39.30 2.22+0.05 1.94 + 0.07
11 67.45 Dry Dry

11 121.90 <0.25 <0.25
24 115.11 <0.25 <0.25
26 60.65 0.50+ 0.03 <0.25
28 58.25 <0.25 <0.25
35 105.50 0.42+0.03 0.47+0.03
36 120.00 <025 0.37+0.03

*Slant hole drilled at 45° to a depth of 40 ft below the surface.
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TABLE 3.5

Tritium in Site A Borehole Water, 1999

(Concentrations in nCi/L)

Borehole Depth Date Collected

Number (ft) March 17 June 16 August 25 November 18
41 25.83 0.1 0.4 0.5 0.5
42 53.01 <01 <01 <01 <01
44 31.02 <01 0.1 0.2 0.1
45 166.50 <01 <01 <01 <01
46 190.80 <01 <01 <01 <01
47 44.30 <01 <01 <01 0.2
48 192.20 <01 <01 <01 <01
49 45.60 <01 <01 <01 <01
50 162.80 <01 <01 <01 <01
51 116.40 0.1 0.1 0.1 0.1
52 165.00 0.1 <01 <01 <01
53 177.30 <01 <01 <01 <01
54 63.40 0.2 0.2 0.2 0.2
55 87.20 9.3 8.9 8.9 9.2
56 102.40 4.8 5.0 4.6 51
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TABLE 3.6

Water Level Measurements in Boreholes Near Site A, 1999

(Unitsin feet below the benchmark at the top of the well)

Borehole Depth Date Collected

Number (ft) March 17 June 16 August 25 November 18
41 25.83 1.02 3.30 10.73 15.13
42 53.01 42.16 49.85 50.19 51.31
43 50 Dry Dry Dry Dry
44 31.02 1.07 4.88 11.80 18.21
45 166.50 141.68 141.10 141.31 143.28
46 190.80 155.60 155.14 156.56 156.92
47 44.30 9.30 8.97 15.45 20.92
48 192.20 157.90 157.47 158.88 159.34
49 45.60 12.21 11.75 14.81 18.22
50 162.80 106.01 101.73 106.42 106.30
51 116.40 101.06 106.41 101.31 101.08
52 165.00 130.88 130.50 131.42 132.39
53 177.30 148.70 148.30 149.81 150.15
54 63.40 54.21 52.61 53.51 56.42
55 87.20 76.56 73.33 75.15 83.60
56 102.40 86.52 86.20 85.70 86.52
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TABLE 3.7

Strontium-90 in Site A Borehole Water Samples, 1999
(Concentrations in pCi/L)

Date Collected
Borehole
Number* Depth (ft) March 17 June 16 August 25 November
18
41 25.83 0.34+0.03 <0.25 <0.25 <0.25
42 53.01 040+0.03 034+003 037+003 0.36+0.03
44 31.02 0.27+0.03 <0.25 <0.25 <0.25
45 166.50 0.26 + 0.03 <0.25 <0.25 <0.25
46 190.80 <0.25 <0.25 <0.25 <0.25
47 44.30 <025 <025 <025 <025
48 192.20 <0.25 <0.25 <0.25 <0.25
49 45.60 <0.25 <0.25 <0.25 <0.25
50 162.80 <0.25 <0.25 <0.25 <0.25
51 116.40 <0.25 <0.25 <0.25 <0.25
52 165.00 <0.25 <0.25 <0.25 <0.25
53 177.30 <0.25 <0.25 <0.25 <0.25
54 63.40 <0.25 <0.25 <0.25 <0.25
55 87.20 1494+ 0.11 26.37+0.15 2193+0.13 18.82+0.12
56 102.40 233+0.05 284+0.05 285+005 259+0.05
* See Figure 3.3.
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of tritium and strontium-90 throughout the year. All gammarray emitters were below the
detection limit of 1 pCi/L.

The Site A borehole water samples were also analyzed for metals. The results are
collected in Tables 3.8 t0 3.22. The concentrations of the various metals are compared to the
State of Illinois Class | Ground Water Quality Standards (GWQS) % which were selected
because they represent a conservative application of the standards. It could be argued that the
lessconservative Class |1 standards apply for ground water at Site A. Some sampling locations
contained lessthan four resultsbecause at timesthewellsweredry or yielded insufficient water
for the metals analysis. Those locations that contain five values include the results of a

duplicate sample.

The maximum concentrations of anumber of metal s exceeded the GWQSin some of the
monitoring wells. For afew parameters, the average concentrations al so exceeded the GWQS.
The exceedances are bolded in the tables. Those borehole water samples that equal or exceed

the maximum GWQS are:

Arsenic Boreholes #45, #54, and #55
Cadmium Borehole #45

Chromium Borehole #45

Lead Boreholes #41, #42, #45, #54, and #55
Nickel Borehole #45

Silver Borehole #45

Thallium Borehole #45

The average concentrations that exceeded the GWQS are:

Arsenic Borehole #54

Chromium Borehole #45

Lead Boreholes #41, #42, #45, #54, and #55
Nickel Borehole #45

Thallium Borehole #45
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TABLE 3.8

Chemica Constituentsin Site A Borehole 41, 1999

(Concentrationsin mg/L)

No. of Concentrations
Constituent Samples Avg. Min. Max. GWQS
Antimony 4 0.0030 < 0.0030 0.0033 0.0060
Arsenic 4 0.0036 0.0025 0.0052 0.0500
Beryllium 4 0.0002 < 0.0002 0.0004 0.0040
Cadmium 4 0.0002 0.0002 0.0004 0.0050
Chromium 4 0.0440 0.0440 0.0440 0.1000
Copper 4 0.0204 <0.0170 0.0307 0.6500
Lead 4 0.0080 0.0020 0.0163 0.0075
Mercury 4 - - < 0.0001 0.0020
Nickel 4 0.0400 0.0400 0.0400 0.1000
Selenium 4 0.0030 0.0030 0.0030 0.0500
Silver 4 - - < 0.0005 0.0500
Thallium 4 - - <0.0015 0.0020
Zinc 4 0.0820 0.0259 0.1823 5.0000
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TABLE 3.9

(Concentrationsin mg/L)

Chemical Constituentsin Site A Borehole 42, 1999

No. of Concentrations
Constituent Samples Avg. Min. Max. GWQS
Antimony 4 0.0033 < 0.0030 0.0040 0.0060
Arsenic 4 0.0074 0.0025 0.0104 0.0500
Beryllium 4 0.0007 < 0.0002 0.0012 0.0040
Cadmium 4 0.0010 0.0003 0.0015 0.0050
Chromium 4 0.0579 0.0440 0.0870 0.1000
Copper 4 0.0591 <0.0170 0.0923 0.6500
Lead 4 0.0219 0.0020 0.0346 0.0075
Mercury 4 - - < 0.0001 0.0020
Nickel 4 0.0621 0.0400 0.0956 0.1000
Selenium 4 0.0030 0.0030 0.0030 0.0500
Silver 4 0.0009 < 0.0005 0.0012 0.0500
Thallium 4 0.0015 <0.0015 0.0016 0.0020
Zinc 4 0.1660 0.0284 0.2599 5.0000
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TABLE 3.10

(Concentrationsin mg/L)

Chemical Constituentsin Site A Borehole 44, 1999

No. of Concentrations
Constituent Samples Avg. Min. Max. GWQS
Antimony 5 - - <0.0030 0.0060
Arsenic 5 0.0025 0.0025 0.0025 0.0500
Beryllium 5 - - < 0.0002 0.0040
Cadmium 5 0.0002 0.0002 0.0002 0.0050
Chromium 5 0.0440 0.0440 0.0440 0.1000
Copper 5 - - <0.0170 0.6500
Lead 5 0.0023 0.0020 0.0036 0.0075
Mercury 5 - - < 0.0001 0.0020
Nickel 5 0.0400 0.0400 0.0400 0.1000
Selenium 5 0.0030 0.0030 0.0030 0.0500
Silver 5 - - <0.0010 0.0500
Thallium 5 - - <0.0015 0.0020
Zinc 5 0.0226 0.0110 0.0365 5.0000
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TABLE 3.11

(Concentrationsin mg/L)

Chemical Constituentsin Site A Borehole 45, 1999

No. of Concentrations
Constituent Samples Avg. Min. Max. GWQS
Antimony 5 0.0030 < 0.0030 0.0034 0.0060
Arsenic 5 0.0239 0.0025 0.0537 0.0500
Beryllium 5 0.0015 < 0.0002 0.0036 0.0040
Cadmium 5 0.0021 0.0002 0.0058 0.0050
Chromium 5 0.1436 0.0440 0.3308 0.1000
Copper 5 0.0895 <0.0170 0.2303 0.6500
Lead 5 0.0624 0.0036 0.1502 0.0075
Mercury 5 - - < 0.0001 0.0020
Nickel 5 0.1415 0.0400 0.2997 0.1000
Selenium 5 0.0030 0.0030 0.0030 0.0500
Silver 5 0.0138 < 0.0005 0.0591 0.0500
Thallium 5 0.0026 < 0.0015 0.0046 0.0020
Zinc 5 0.7149 0.0586 2.3310 5.0000
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TABLE 3.12

Chemical Constituentsin Site A Borehole 46, 1999

(Concentrationsin mg/L)

No. of Concentrations
Constituent Samples Avg. Min. Max. GWQS
Antimony 5 - - <0.0030 0.0060
Arsenic 5 0.0025 0.0025 0.0025 0.0500
Beryllium 5 - - < 0.0002 0.0040
Cadmium 5 0.0002 0.0002 0.0002 0.0050
Chromium 5 0.0440 0.0440 0.0440 0.1000
Copper 5 - - <0.0170 0.6500
Lead 5 0.0024 0.0020 0.0042 0.0075
Mercury 5 - - < 0.0001 0.0020
Nickel 5 0.0400 0.0400 0.0400 0.1000
Selenium 5 0.0030 0.0030 0.0030 0.0500
Silver 5 - - < 0.0005 0.0500
Thallium 5 - - <0.0015 0.0020
Zinc 5 0.0122 0.0110 0.0166 5.0000
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TABLE 3.13

(Concentrationsin mg/L)

Chemical Constituentsin Site A Borehole 47, 1999

No. of Concentrations
Constituent Samples Avg. Min. Max. GWQS
Antimony 4 - - <0.0030 0.0060
Arsenic 4 0.0025 0.0025 0.0025 0.0500
Beryllium 4 - - < 0.0002 0.0040
Cadmium 4 0.0003 0.0002 0.0009 0.0050
Chromium 4 0.0440 0.0440 0.0440 0.1000
Copper 4 - - <0.0170 0.6500
Lead 4 0.0020 0.0020 0.0020 0.0075
Mercury 4 - - < 0.0001 0.0020
Nickel 4 0.0400 0.0400 0.0400 0.1000
Selenium 4 0.0030 0.0030 0.0030 0.0500
Silver 4 0.0015 < 0.0005 0.0046 0.0500
Thallium 4 - - <0.0015 0.0020
Zinc 4 0.0117 0.0110 0.0128 5.0000
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TABLE 3.14

Chemical Constituentsin Site A Borehole 48, 1999

(Concentrationsin mg/L)

No. of Concentrations
Constituent Samples Avg. Min. Max. GWQS
Antimony 4 - - <0.0030 0.0060
Arsenic 4 0.0025 0.0025 0.0025 0.0500
Beryllium 4 - - < 0.0002 0.0040
Cadmium 4 0.0002 0.0002 0.0002 0.0050
Chromium 4 0.0440 0.0440 0.0440 0.1000
Copper 4 - - <0.0170 0.6500
Lead 4 0.0020 0.0020 0.0020 0.0075
Mercury 4 - - < 0.0001 0.0020
Nickel 4 0.0400 0.0400 0.0400 0.1000
Selenium 4 0.0030 0.0030 0.0030 0.0500
Silver 4 - - < 0.0007 0.0500
Thallium 4 - - <0.0015 0.0020
Zinc 4 0.0134 0.0110 0.0208 5.0000
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TABLE 3.15

(Concentrationsin mg/L)

Chemical Constituentsin Site A Borehole 49, 1999

No. of Concentrations
Constituent Samples Avg. Min. Max. GWQS
Antimony 4 - - <0.0030 0.0060
Arsenic 4 0.0025 0.0025 0.0025 0.0500
Beryllium 4 - - < 0.0002 0.0040
Cadmium 4 0.0002 0.0002 0.0002 0.0050
Chromium 4 0.0440 0.0440 0.0440 0.1000
Copper 4 - - <0.0170 0.6500
Lead 4 0.0020 0.0020 0.0020 0.0075
Mercury 4 - - < 0.0001 0.0020
Nickel 4 0.0400 0.0400 0.0400 0.1000
Selenium 4 0.0030 0.0030 0.0030 0.0500
Silver 4 0.0020 < 0.0005 0.0058 0.0500
Thallium 4 - - <0.0015 0.0020
Zinc 4 0.0128 0.0110 0.0148 5.0000
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TABLE 3.16

Chemical Constituentsin Site A Borehole 50, 1999

(Concentrationsin mg/L)

No. of Concentrations
Constituent Samples Avg. Min. Max. GWQS
Antimony 4 - - < 0.0030 0.0060
Arsenic 4 0.0028 0.0025 0.0035 0.0500
Beryllium 4 - - < 0.0002 0.0040
Cadmium 4 0.0002 0.0002 0.0003 0.0050
Chromium 4 0.0440 0.0440 0.0440 0.1000
Copper 4 - - < 0.0170 0.6500
Lead 4 0.0039 0.0029 0.0051 0.0075
Mercury 4 - - < 0.0001 0.0 020
Nickel 4 0.0400 0.0400 0.0400 0.1000
Selenium 4 0.0030 0.0030 0.0030 0.0500
Silver 4 0.0019 < 0.0005 0.0054 0.0500
Thallium 4 - - < 0.0015 0.0020
Zinc 4 0.0755 0.0183 0.2333 5.0000
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TABLE 3.17

(Concentrationsin mg/L)

Chemical Constituentsin Site A Borehole 51, 1999

No. of Concentrations
Constituent Samples Avg. Min. Max. GWQS
Antimony 4 - - <0.0030 0.0060
Arsenic 4 0.0111 0.0070 0.0199 0.0500
Beryllium 4 - - < 0.0002 0.0040
Cadmium 4 0.0002 0.0002 0.0002 0.0050
Chromium 4 0.0440 0.0440 0.0440 0.1000
Copper 4 - - <0.0170 0.6500
Lead 4 0.0021 0.0020 0.0024 0.0075
Mercury 4 - - < 0.0001 0.0020
Nickel 4 0.0400 0.0400 0.0400 0.1000
Selenium 4 0.0030 0.0030 0.0030 0.0500
Silver 4 0.0024 < 0.0005 0.0083 0.0500
Thallium 4 - - <0.0015 0.0020
Zinc 4 0.0299 0.0110 0.0860 5.0000
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TABLE 3.18

Chemical Constituentsin Site A Borehole 52, 1999

(Concentrationsin mg/L)

No. of Concentrations
Constituent Samples Avg. Min. Max. GWQS
Antimony 4 - - <0.0030 0.0060
Arsenic 4 0.0025 0.0025 0.0025 0.0500
Beryllium 4 - - < 0.0002 0.0040
Cadmium 4 0.0002 0.0002 0.0002 0.0050
Chromium 4 0.0440 0.0440 0.0440 0.1000
Copper 4 - - <0.0170 0.6500
Lead 4 0.0020 0.0020 0.0020 0.0075
Mercury 4 - - < 0.0001 0.0020
Nickel 4 0.0400 0.0400 0.0400 0.1000
Selenium 4 0.0030 0.0030 0.0030 0.0500
Silver 4 - - < 0.0006 0.0500
Thallium 4 - - <0.0015 0.0020
Zinc 4 0.0140 0.0110 0.0232 5.0000
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TABLE 3.19

(Concentrationsin mg/L)

Chemical Constituentsin Site A Borehole 53, 1999

No. of Concentrations
Constituent Samples Avg. Min. Max. GWQS
Antimony 4 - - <0.0030 0.0060
Arsenic 4 0.0106 0.0069 0.0151 0.0500
Beryllium 4 - - < 0.0002 0.0040
Cadmium 4 0.0002 0.0002 0.0002 0.0050
Chromium 4 0.0440 0.0440 0.0440 0.1000
Copper 4 - - <0.0170 0.6500
Lead 4 0.0021 0.0020 0.0027 0.0075
Mercury 4 - - < 0.0001 0.0020
Nickel 4 0.0400 0.0400 0.0400 0.1000
Selenium 4 0.0030 0.0030 0.0030 0.0500
Silver 4 0.0012 <0.0010 0.0016 0.0500
Thallium 4 - - <0.0015 0.0020
Zinc 4 0.0160 0.0110 0.0191 5.0000
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TABLE 3.20

(Concentrationsin mg/L)

Chemica Constituentsin Site A Borehole 54, 1999

No. of Concentrations
Constituent Samples Avg. Min. Max. GWQS
Antimony 4 - - < 0.0030 0.0060
Arsenic 4 0.0532 0.0108 0.0898 0.0500
Beryllium 4 0.0005 < 0.0002 0.0015 0.0040
Cadmium 4 0.0004 0.0002 0.0011 0.0050
Chromium 4 0.0531 0.0440 0.0806 0.1000
Copper 4 0.0329 <0.0170 0.0809 0.6500
Lead 4 0.0178 0.0020 0.0622 0.0075
Mercury 4 - - < 0.0001 0.0020
Nickel 4 0.0528 0.0400 0.0914 0.1000
Selenium 4 0.0030 0.0030 0.0030 0.0500
Silver 4 - - < 0.0007 0.0500
Thallium 4 0.0016 < 0.0015 0.0020 0.0020
Zinc 4 0.1095 0.0543 0.2546 5.0000
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TABLE 3.21

(Concentrationsin mg/L)

Chemical Constituentsin Site A Borehole 55, 1999

No. of Concentrations
Constituent Samples Avg. Min. Max. GWQS
Antimony 4 - - <0.0030 0.0060
Arsenic 4 0.0219 0.0043 0.0669 0.0500
Beryllium 4 0.0005 < 0.0002 0.0014 0.0040
Cadmium 4 0.0003 0.0002 0.0008 0.0050
Chromium 4 0.0484 0.0440 0.0603 0.1000
Copper 4 0.0378 <0.0170 0.1002 0.6500
Lead 4 0.0159 0.0023 0.0484 0.0075
Mercury 4 - - < 0.0001 0.0020
Nickel 4 0.0478 0.0400 0.0712 0.1000
Selenium 4 0.0030 0.0030 0.0030 0.0500
Silver 4 - - < 0.0005 0.0500
Thallium 4 - - <0.0015 0.0020
Zinc 4 0.1065 0.0379 0.2419 5.0000

3-30



TABLE 3.22

(Concentrationsin mg/L)

Chemical Constituentsin Site A Borehole 56, 1999

No. of Concentrations
Constituent Samples Avg. Min. Max. GWQS
Antimony 4 - - <0.0030 0.0060
Arsenic 4 0.0043 0.0025 0.0068 0.0500
Beryllium 4 - - < 0.0002 0.0040
Cadmium 4 0.0002 0.0002 0.0004 0.0050
Chromium 4 0.0440 0.0440 0.0440 0.1000
Copper 4 - - <0.0170 0.6500
Lead 4 0.0020 0.0020 0.0021 0.0075
Mercury 4 - - < 0.0001 0.0020
Nickel 4 0.0400 0.0400 0.0401 0.1000
Selenium 4 0.0030 0.0030 0.0030 0.0500
Silver 4 0.0069 <0.0010 0.0124 0.0500
Thallium 4 - - <0.0015 0.0020
Zinc 4 0.0219 0.0161 0.0303 5.0000
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Borehole #54 is a shallow monitoring well near the transportation buildings, while
Borehole #55 monitored the buried CP-3 biological shield where building debris and other
material wereburied. Most of the exceedances can berelated to activities conducted at the site.
Borehole #45 was installed as a control |ocation, but has the most exceedances. Over the past
two years, the samples from this well have had greater turbidity than previous years and

increased metals concentrations are frequently associated with increased turbidity.

3.2.3 Dolomite Hole Water

At the present time, 15 wells are cased into the dolomite zone to monitor the movement
of any radionuclidesin thisaquifer. Most of the dolomite holes arelocated 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 collected from the dolomite holesquarterly. All sasmpleswere analyzed for tritiated
water and theresultsarein Table 3.23. Water levelswere also measured in the dolomite holes
and these measurements are in Table 3.24. In December 1993, DH 13 was cleared of debris
and DH 11 through DH 14 were grouted with cement to 535 ft MSL. The purpose of the
grouting was to seal 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 allow
elevated levelsof tritiated water in the dolomite holesto migrateto the picnicwell. 1naddition,

covers to three of the dolomite holes were repaired.

In September 1994, three of the dolomite holes, DH 6, DH 7, and DH 8, were abandoned
because the wellswere not sealed into the dolomite, but were open to the glacid till. Assuch,
they were not sampling dolomite water. Borehole #40 was also abandoned at the same time.
The casing wasfilled with clean gravel and sand, sealed with bentonite, the casing removed to

three feet below the ground level, and backfilled with clean soil.

The results of the tritiated water analyses of the dolomite holes are consistent with

concentrations measured in the past. In all, nine of the dolomite holes had elevated tritiated
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TABLE 3.23

Tritium in Site A Dolomite Holes, 1999

(Concentrations in nCi/L)

Dolomite Date Collected
Hole

Number February 15 May 27 August 26 November 22
1 <01 <01 <01 <01
2 <01 <01 <01 <01
3 16 16 17 10
4 0.2 0.2 0.1 <0.1
5 <01 <01 <01 <01
9 0.2 0.3 <0.1 0.1
10 15 24 23 23
11 2.7 2.6 2.6 2.6
12 2.9 2.8 2.8 2.7
13 21 20 20 21
14 3.2 3.2 31 2.9
15 21 18 14 18
17 0.4 04 04 0.4
18 <01 <01 <01 <01
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TABLE 3.24

Water Level Measurementsin Dolomite Holes, 1999

(Units of feet below the benchmark at the top of the well)

Dolomite Date Collected
Hole

Number February 15 May 27 August 26 November 22
1 160.78 160.06 161.52 162.05
2 139.22 138.58 140.09 140.61
3 97.68 97.02 98.60 99.14
4 92.96 92.30 94.10 94.44
5 77.59 7711 78.85 79.19
9 72.23 71.00 72.50 72.92
10 63.40 62.85 64.62 65.02
11 75.54 74.95 76.71 77.15
12 76.58 76.02 77.78 78.22
13 77.23 76.65 78.43 78.86
14 71.58 71.00 72.75 73.19
15 79.22 78.65 80.41 80.83
16 Dry Dry DryDry
17 74.50 73.92 74.41 76.07
18 143.10 142.60 143.50 143.98

3-35



water concentrations. Thehighest tritium levelsarein the eight dolomite holes, DH 9to 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). Thedistribution of tritium in these wells supportsthe USGSi nterpretation26
that alarge tritium plume underlies the stream. The plume has spread downward as well as
downgradient resulting in the current configuration of the tritium concentrations in the
dolomite. The other dolomite hole with elevated tritium is DH 3, which is immediately
downgradient from Plot M. Previous analyses of soil core samples indicated the presence of

tritium down to the till-dolomite interface at DH 3.

Past sampling practices have provided information that different tritium results can be
obtained depending on sampling conditions. Within the dolomite hole wells north of Plot M,
collection of the sample near the top of the water column (shallow) will result in measurable
tritium concentrations. Sampling at the bottom of the water column (deep) will result in very
low or non-detectable tritium concentrations. In addition, samples collected at any depth after
purging, removing up to 700 L of water before sampling, will result in samples with tritium

concentrations that are very low or non-detectable.

The explanation for the differencesin tritium concentration is that the tritium is moving
horizontally in the uppermost fractures of the dolomite. Thetritium isinanarrow band of the
water column in the dolomite hole. Whereasampleiscollected with abailer, thistritium zone
isthe areasampled resulting in measurable levelsof tritiuminthe sample. However, when the
dolomite hole is purged, the volume of recharge water from other fractures that are free of
tritium is such that the tritium concentration in the sample is generally at the detection limit.
If the next quarter sampleis collected without purging, the tritium concentration is at the same
level as earlier samples indicating that the fracture flow rapidly reached an equilibrium

condition.
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3.2.4 Well Water

In July 1988, awell wasinstalled in the Red Gate Woods picnic area (#5160) to replace
the existing well (#5167) as a drinking water supply for visitorsto thisarea. Thisisreferred
to as the Red Gate Woods North Well (#5160). This well was to be cased 20 feet into the
dolomite to seal off fractures assumed to contain tritiated water. Previous experiments had
indicated that the tritium moved at the till-dolomite interface and in the uppermost fracturesin
the dolomite. Extending the casing 20 feet into the dolomite and cementing the void between
the casing and dolomite was expected to prevent tritium from entering the new well viathese
fractures. In addition, placement of anew pump mechanism on the new well was expected to
eliminatethe elevated | ead concentrationsfound occasionally 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 a sam-
pling location for this monitoring program. In addition, the lower portion of the Red Gate
Woods Well (#5167) was filled with grout to seal 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)

Sampling was conducted throughout the year at the forest preserve picnic wells located
north of Plot M and showninFigure1.2. All the sampleswereanalyzed for tritiated water and
theresults arelisted in Table 3.25. Occasionally, the pumps were not operable (broken) and
therefore no sampleswere collected. Well #5215 (Guard Post) becameinoperative early inthe
year, was not repairable, and was removed from the monitoring program. In addition, the Red
Gate Woods North Well (#5160) was not available to the public most of 1999 because of high
fecal coliformlevels. Thetritium concentrationsin thewellshave decreased to thelevel where
the earlier pattern of high concentrations in the winter and low concentrations in the summer
is not readily detectable. The maximum and average tritium concentrations since 1976 for
wells#5160, #5167, and #5159 are presented in Table 3.26. Thetritium concentration over the

past few yearsisillustrated in Figure 3.5, whichisaplot of the tritium concentrationsin wells
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TABLE 3.25

Tritiated Water Content of Wells Near Site A/Plot M, 1999

(Concentrations in nCi/L)

Red Gate Opposite 300 yds. East
Date North Red Gate Red Gate
Collected #5160 #5159 #5158
January 20 0.95 0.71 0.12
January 27 0.99 0.62 -
February 3 1.02 0.66 0.16
February 17 1.09 0.39 -
March 4 1.00 0.39 <0.1
March 18 0.99 0.34 -
April 8 1.04 0.36 <0.1
April 21 1.08 0.43 -
May 5 1.03 0.31 0.11
May 19 1.06 0.31 -
June 2 1.01 0.33 <0.1
June 17 1.09 0.35 -
July 7 1.17 0.32 0.13
July 21 1.08 0.36 -
August 4 1.04 0.33 0.14
August 18 1.04 0.33 -
September 1 1.10 0.25 0.11
September 16 1.10 0.28 -
October 7 1.09 0.30 0.12
October 20 1.13 0.28 -
November 3 1.15 0.34 0.11
November 18 1.08 0.28 -
December 2 1.10 041 0.14
December 15 1.22 214 -
Average 1.07 0.45 0.12
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TABLE 3.26

Annua Maximum and Average Tritium Concentrations
in the Red Gate Woods Wells

(Concentrations in nCi/L)

Red Gate Woods North (#5160)* Red Gate Woods (#5167) Opposite Red Gate Woods (#5159)
Y ear Maximum Annua Average Maximum Annua Average Maximum Annua Average
1976 11.0 6.1 44 1.90
1977 9.2 8.2 51 2.10
1978 12.2 75 24 1.30
1979 114 7.1 26 0.96
1980 8.8 7.0 1.6 1.02
1981 9.6 4.3 21 1.06
1982 11.0 4.8 32 0.79
1983 51 22 18 0.95
1984 27 12 1.70 0.70
1985 25 1.0 1.60 0.69
1986 34 13 0.94 0.60
1987 33 16 0.73 054
1988 0.30 0.19 0.48 0.18 191 1.32
1989 041 0.27 0.46 0.30 0.92 0.61
1990 0.52 0.22 0.25 0.12 2.07 114
1991 0.80 0.35 0.21 <01 2.26 1.43
1992 0.54 0.25 0.13 <01 2.29 1.15
1993 0.57 0.23 <01 <01 1.63 0.87
1994 0.40 0.31 <01 <01 0.46 0.30
1995 2.26 0.51 <01 <01 0.54 0.40
1996 2.19 156 Closed/Sealed November 1995 0.55 0.33
1997 1.26 1.00 1.13 0.35
1998 1.23 1.03 0.72 0.47
1999 1.22 1.07 214 0.45

The replacement well (#5160) was installed in July 1988.
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#5160, #5167, and #5159 for the past eight years. The tritium concentration in the Red Gate
Woods North Well (#5160) increased to about 2.2 nCi/L in November 1995 and has shown a
gradual decrease in concentration during 1996, 1997, and 1998, but has remained constant
throughout all of 1999. Thisis contrary to past concentration behavior of higher in the winter
and lower in the summer. The concentration pattern acts asif there were alocalized reservoir
of tritium. Before the Red Gate Woods Well (#5167) was sealed, the tritium concentrations
had decreased to below the detection limit. Thetritium concentrationsinthewell opposite Red
Gate Woods (#5159) are more irregular and may be correlated to the amount of precipitation.
Thefinal result in 1999 is significantly higher than the rest of the year. Thisresult appearsto

be accurate since the first few samples collected in 2000 are also similar in concentration.

The annual average tritium concentrations are sightly higher in the new well (#5160)
compared to the old well (#5167), see Table 3.26. It is speculated that the higher concentra-
tions of tritium in the Red Gate Woods North Well (#5160) compared to the Red Gate Woods
Well (#5167) isdueto thefact that it isdrilled deeper and interceptslower fracturesin thedolo-
mitethat are connected to some of the dolomite holes near the intermittent stream, specifically
DH 11 through DH 14. The other dolomite holeswere not drilled deep enough to intercept this
lower fracture. Flow inthe dolomite holesis generally downward from the weathered zone to
the bottommost fractures. Most of the flow exitsthe dolomite hole into the mgjor fracture (96-
98 feet below the surface), but some bypassit and flow also occursat lower fractures (157 feet).
Thislower fracture isintercepted by well #5160 but not #5167 since this lower fracture (157
feet) wasgrouted in 1988. The upper fracture (96-98 feet) has been cased off in #5160. There-
fore, the tritium present in the lower sections of DH 11 through DH 14 moves through the
lower fracture (157 feet) and ismeasured inwell #5160. However, grouting thelower fractures
inDH 11to DH 14in December 1993 did not result in any decreasein thetritium concentration
inwell #5160.

The other wells, although also downgradient from Plot M, are evidently too far from the

Plot to show measurable tritium concentrations. Two of the picnic wells, #5159 and #5158,
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were not available to the public during the year. The Forest Preserve District of Cook County
had removed the pump handles due to high fecal coliform concentrationsin the well water. A
set of picnic well water samples was collected on April 29, 1999, and another set on
October 29, 1999, from the wells on the east and south sides of the Palos Forest Preserve. The
sampled wells were #5021, #5031, #5149, #5153, #5154, #5162, #5188, #5193, #5226, and
#5232 inFigure 1.2. All the tritium results were less than the detection limit of 0.1 nCi/L.

The Red Gate Woods North Well (#5160) is the location which provides the greatest
potential radiation exposureto the publicin 1999. If water equal to the Red Gate Woods North
well average concentration of 1.07 nCi/L were the sole source of water for an individual, the
annual dose from thetritium would be 0.049 mrem. If anindividual consumed one liter of this

water, the dose would be 6 x 107 mrem.

Quarterly water samples were collected from the picnic wells and analyzed for isotopic
uranium. The uranium results are presented in Table 3.27. The range of concentrations is
similar to that found previously and is consistent with concentrations of uranium found inwell

water away from Site A/Plot M.

Samples were collected quarterly from the Red Gate Woods North Well (#5160) and
analyzed for anumber of inorganic constituents. Theresultsarefoundin Table 3.28. Because
this picnic well is used as a drinking water supply, the limits used were the State of Illinois
concentrationsof chemical constituentsindrinking water.”® Theconstituentsin Table3.28 that
do not have a specific limit are provided for completeness. Although the limits are exceeded
for manganese, thisisprobably dueto natural levels. These concentrations are not unusual for
dolomite water in northeast 1llinois. Elevated levels of copper, iron, lead, and zinc may be
related to the decomposition of the well pump materials. Thereisno evidence that the source
of the elevated inorganic constituents is from Plot M, since these metals are not found in the
deepholes between Plot M and the Red Gate Woods wells.?’
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TABLE 3.27

Uranium Content of Well Water Near Plot M, 1999

(Concentrationsin pCi/L)

Date Collected

well

Number* L ocation February 3 May 5 August 4 November 3
5160 Red Gate Woods North 0.11+0.08 0.03+£0.04 0.11+0.08 0.03+0.07
5159 Opposite Entrance 0.08 + 0.08 0.04 £ 0.06 0.04 £ 0.05 0.04 £ 0.06

to Red Gate Woods
5158 300 yds NE of Entrance - 0.04 £0.04 - -
to Red Gate Woods

* See Figure 1.2



TABLE 3.28

Inorganic Constituents in Red Gate Woods North Well Water (#5160), 1999
(Concentrations in mg/L)

Inorganic

Constituent February May August November GWQSs*
Arsenic < 0.0025 < 0.0025 < 0.0025 < 0.0025 0.05
Barium <0.018 <0.018 <0.018 <0.018 20
Beryllium < 0.0002 < 0.0002 < 0.0002 < 0.0002 0.004
Cadmium 0.0006 0.0022 0.0004 0.0026 0.005
Chloride 74 57 62 46 200
Chromium <0.044 <0.044 <0.044 <0.044 0.1
Cobalt <0.026 <0.026 <0.026 <0.026 1.0
Copper 0.14 0.84 5.27 3.02 0.65
Fluoride 0.176 0.162 0.142 0.150 4.0
Iron 12.8 75.6 55.5 72.6 5.0
Lead 0.061 0.175 0.363 0.299 0.0075
Manganese 0.141 0.555 0.896 0.714 0.15
Mercury < 0.0001 < 0.0001 < 0.0001 < 0.0001 0.002
Nickel <0.04 <0.04 <0.04 <0.04 01
pH 8.25 1.17 8.20 8.97 6.5-9.0
Silver 0.0006 0.0012 < 0.0005 0.0011 0.05
Sulfate 179 242 182 215 400
Thallium < 0.0015 < 0.0015 <0.0015 < 0.0015 0.002
Vanadium <0.024 <0.024 <0.024 <0.024 -
Zinc 9.98 70.6 819 55.6 5.0

“State of Illinois Class | Ground Water Quality Standards (GWQS).?
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Four wellsin private homes near 107th and Archer Avenue were sampled on August 6, 1999,
and analyzed for gross alpha, gross beta, tritium, and gamma-ray-emitting radionuclides. These
wells arein the same dolomite zone as the picnic wells. The gross alpha and gross beta activities
were in the normal range of naturally-occurring radionuclides in ground water. The gross alpha
activities ranged from 2.8 to 3.5 pCi/L and the gross beta activities ranged from 11.4 to 13.7
pCi/L. All the tritium results were less than the detection limit of 0.1 nCi/L and gamma-ray
spectrometric analysis of the water did not detect any radionuclides associated with activities at
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 this water system.
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4.0 SUMMARY OF POTENTIAL RADIATION DOSE AND RISK ESTIMATES

4.1 Dose Estimates

The doseto an individual exposed to radionuclides associated with Plot M can be estimated
employing the DOE methodology for drinking water and surface water discussed previoudy. If
a hypothetical individual were exposed continuously to tritium at 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 well #5160, the dose from exposure for all of 1999 at the
maximum and annual average concentrationsiscollectedin Table4.1. Thisscenario assumesthat

the individual's sole source of water is at the identified location.

A more meaningful estimation isfor the occasional visitor to the Plot M area. Assuming a
visitor 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 visitor is the combination of surface water and drinking water from the Red Gate
Woods North Well (#5160). This maximum dose would be 0.00009 mrem per visit.

In order to put the dosesinto perspective, comparisons can be made to annual average doses
received by the public from natural or accepted sources of radiation. Thesearelistedin Table 4.3.
It is obvious that the magnitude of the doses potentialy received near Plot M from residual
radioactive substances remaining from work conducted in this area are insignificant compared to

these sources.

4.2 Risk Estimates

Risk estimates of possible health effectsfrom radiation dosesto the publicfrom Plot M have
been made to provide another perspective in interpreting the radiation doses. Estimated for

carcinogenic risk, therisk of contracting cancer from these exposures, isincluded in
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TABLE 4.1

Dose From Continuous Exposure to Tritium at Selected Locations, 1999

Average
Maximum Annual Average Carcinogenic

Pathway Conc. Dose Conc. Dose Risk
Surface Water

Seep 135.5 nCi/L 6.2 mrem/y 73.2 nCy/L 3.4 mrem/y 2x10°

Location #9 21.2 nCi/L 1.0 mrem/y 11.1 nCi/L 0.5 mrem/y 3x107
Well Water

Red Gate Woods

North (#5160) 1.22 nCi/L 0.056 mrem/y 1.07 nCi/L 0.049 mrem/y 3x10%




ey

Estimates of Tritium Exposures to a Casual Visitor to Plot M, 1999

TABLE 4.2

Average

Pathway Quantity Maximum Dose Annual Average Carcinogenic Risk
Surface Water

Seep One Liter 0.008 mrem 0.005 mrem 4x10°

Location #9 One Liter 0.0014 mrem 0.0007 mrem 6x 1071
Well Water

Red Gate Woods

North (#5160) One Liter 0.00008 mrem 0.00006 mrem 4x10"




TABLE 4.3

Annual Average Dose Equivaent
in the U. S. Population*

Source (mrem)

Natural Sources

Radon 200

Internal (*K and ?°Ra) 39

Cosmic 28

Terrestrial 28
Medical

Diagnostic X-rays 39

Nuclear Medicine 14

Consumer Products
Domestic Water Supplies, 10
Building Materials, etc.

Occupational (Medical 1
Radiology, Industrial
Radiography, Research, etc.)

Nuclear Fuel Cycle <1
Fallout <1
Other Miscellaneous sources <1

Total 360

*NCRP report No. 93.%°
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Table 4.1 and Table 4.2 for the average exposure scenario. Based on the BIER V report,go a
dose of one mrem/y equatesto an increased risk of 0.7 x 10°°. Thisconversionratioisused 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 peopl e exposed under the prescribed conditions. The EPA environmental
protection standards are generally based on an acceptable risk between 10“ and 10°°. This
would imply that arisk of greater than 10 would be unacceptable and arisk of lessthan 10°
would be acceptable. Examination of Table4.1 indicatesthat even under the very conservative
assumptions of sole source use of the water at Plot M annual 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 10, Therisk from exposureto radionuclides
a Plot M can be compared to the risk associated with natural events. A few examples are
collected in Table 4.4. The risk from the naturally-occurring sources of radioactivity listed in
Table4.3isestimated to be about one additional cancer in apopulation of 8,000. Therefore, the
monitoring program results have established that radioactivity at Plot M is very low and does

not endanger the health or safety of those living in the area or visiting the site.

TABLE 4.4

Risk of Death From Natural Events

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

6.1 Quality Assurance Program

All nuclear instrumentation is calibrated with standardized sources obtained from or
traceableto the U. S. National Institute 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 aradionuclide to check precision and accuracy. |Intercomparison samples
distributed by the DOE Environmental M easurements L aboratory Quality Assurance Program,
asemi-annual distribution of four different sample matrices containing various combinations
of radionuclidesareanalyzed. Theresultsof our participationinthisprogramfor 1998 are pub-
lished in ANL-99/3.%

Many factors enter into an overal quality assurance program other than the analytical
quality control discussed above. Representative sampling isof primeimportance. Appropriate
sampling protocols are followed for each type of sampling being conducted. Water samples
are pre-treated in amanner designed to maintain the integrity of the analytical constituent. For
example, samplesfor trace radionuclide analyses are acidified immediately after collection to

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

Themonitoring wellsare sampled using the protocol slisted in the Resource Conservation
and Recovery Act (RCRA) Ground Water Monitoring Technical Enforcement Guidance
Document. The volume of water in the casing is determined by measuring the water depth
from the surface and the depth to the bottom of the well. This latter measurement also
determineswhether siltation hasoccurred that might restrict water movement inthe screenarea.
For those wells in the glacial till that do not recharge rapidly, the well is emptied and the
volume removed compared to the calculated volume. In most cases, these volumes are nearly

identical. Thewell isthen sampled by bailing with a Teflon bailer. If samplesfor parameters
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such as priority pollutants are collected, field parameters for these samples (pH, specific
conductance, redox potential, and temperature) are measured per well volume while purging.
Most samples are collected for radiological analyses only. No field parameters are measured
for these samples. For samplesinthe porous, saturated zone which rechargerapidly, threewell
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 field measurement and sampling equipment is cleaned by field
rinsing with Type Il deionized water. The samples are transferred to the analytical |aboratory
using acomputer floppy disk which generates a one-page list of all samples. Thislist actsas

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 cal cul ation methodology is applicableto
all media: surface water, deep holes, boreholes, and drinking water. The EPA drinking water
standard® is not applicableto the picnic wells since they do not meet the definition of apublic
water system. However, the EPA standard of 20 nCi/L for tritium may be useful for some

comparison purposes.

6.3 Analytical Methods

The analytical methods used to obtain the data in this report are the same as those
described in ANL-99/3.%8
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ANL-W Library, AW-IS

S. Countiss, DOE Carlsbad Area Office

R. Edge, DOE Grand Junction Office (25)

S. L. Heston, DOE Chicago Operations Office (5)

B. J. Quirke, DOE Chicago Operations Office

R. Allen, Illinois Department of Nuclear Safety

J. Barnett, U. S. Environmental Protection Agency, Region V
Bedford Park Public Library

T. Hyde, U. S. Environmental Protection Agency

T. Kelleher, Chicago District, Corps of Engineers

C. Lagges, Cook County Department of Environmental Control
R. LaMort, Cook County Board of Commissioners

Librarian, Illinois Department of Nuclear Safety

A. Martin, Jr., U. S. Geological Survey

Mayor of Willow Springs

M. McMullan, U. S. Environmental Protection Agency, Environmental Review Branch
C. Merenowicz, Forest Preserve District of Cook County

P. Mills, U. S. Geological Survey

J. R. Nicholas, U. S. Geological Survey

T. Ortciger, Illinois Department of Nuclear Safety

L. Regner, U. S. Environmental Protection Agency, Federa Facility Coordinator
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S. Shemanski, Cook County Department of Public Health
C. Smith, Illinois Environmental Protection Agency
D. Weber, Forest Preserve District of Cook County
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