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October 3, 1994

BY FEDERAL EXPRESS

Ms. Rebecca Frey
Mr. David P. Seely
Remedial Response Branch (HSRL-6J)
U.S. EPA, Region 5
77 West Jackson Blvd.
Chicago, IL 60604

Re: West Chicago Superfund Sites

Dear Rebecca and David:

As you know, Kerr-McGee Chemical Corporation ("Kerr-McGee") has
submitted extensive comments on Region 5's contemplated removal program for the
West Chicago Residential and Kress Creek Sites. Among other things, these comments
describe the expected variability of natural background radiation in the West Chicago
area and the importance of accounting for such variability during the removal program.
See Section-by-Section Comments of Kerr-McGee Chemical Corporation on the
Engineering Evaluation/Cost Analysis — Kerr-McGee Residential Areas Site and Portions
of the Kress Creek Site In and Near West Chicago. Illinois. 12-15, 17-19 (Sept. 16,
1994). See also Comments of Kerr-McGee Chemical Corporation on the Action Criteria
for Superfund Removal Actions. West Chicago. Illinois and the Associated Fact Sheet.
21-23, 33-33, 37-38 (Mar. 29, 1993).

I am writing to bring to your attention a draft Regulatory Guide that has
recently been issued by the U.S. Nuclear Regulatory Commission ("NRC") in connection
with its rulemaking to establish criteria for decommissioning of NRC-licensed facilities.
NRC, Background as a Residual Radioactivity Criterion for Decommissioning. Chapter 2
(NUREG-1501) (Draft Report) (Aug. 1994) (copy attached). The draft guide provides a
valuable discussion of the wide variations in background radiation that are observed in a
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variety of circumstances. That discussion reflects the NRC's expert recognition of the
important role background variability must play in the design of radiation cleanup
standards. It shows the impracticality of establishing cleanup standards at background
levels and demonstrates the infeasibility of EPA's contemplated application of ALARA.

I would appreciate it if you would include this letter and the enclosure in
the administrative record that you have established for the West Chicago sites. Please
call if you have any questions.

Very truly yours,

Richard A. Meserve

Counsel for Kerr-McGee
Chemical Corporation

cc: Marc M. Radell, Esq.
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2 OVERVIEW OF BACKGROUND RADIATION

2.1 Introduction

A number of the elements, present on Earth since its formation, have unstable forms that transmute to
other elements in a process called radioactive decay. In this process, energy is released in the form
of radiation. This energy can take the form of subatomic-size particles such as alpha and beta
particles, or it can be in the form of electromagnetic energy such as x-ray and gamma rays, which
are sometimes referred to as "photons." These forms of radiation fall in a category called ionizing
radiation, meaning they can create electrical charge when they interact with matter.

Another source of ionizing radiation in our environment originates in outer space, producing particles
in the atmosphere that penetrate to ground level. This radiation is energetic enough to also create
new radioactive elements by interacting with otherwise stable elements present on Earth. Everything
on the planet, including every living thing, is bathed in a sea of radiation from these various sources.
This is commonly referred to as "natural background," "background radiation," or more simply,
"background."

For perspective, a handful of typical garden soil contains several billion billion unstable atoms that
over time will ultimately decay to a stable form. Each second, scores of these atoms undergo this
decay process and emit radiation. In a typical environment, thousands of gamma rays impinge on the
body each second. The air that people breathe contains naturally occurring radioactivity, and even a
person's body contains natural radioactive elements that tend to concentrate in certain tissues,
according to their respective chemistry.

In addition to natural sources of radiation, people are exposed to man-made sources of ionizing
radiation. Perhaps the most commonly known is x-rays, which are used in dental and medical
examinations. Despite this and other sources of ionizing radiation that have been produced during the
technological developments of the 20th century, background remains the principal source of exposure
for most people. In this and the following sections of this report, the various sources of background,
their degree of variability, and the manner in which they are measured and distinguished from man-
made sources of radiation will be examined in some detail.

2.1.1 Units of Measurement

To understand background and the significance of its various components, it is necessary to deal with
various units of measurement. The degree of radioactivity of a material is a measure of the rate at
which its atoms are undergoing decay. For a chemically pure radioactive substance, the decay rate
can be calculated from the amount of material and the half-life of that particular radionuclide. The
current internationally recognized unit is called the "becquerel" (abbreviated as Bq), which is one
disintegration of an atom per second.

Older style units such as the "curie" (abbreviated as Ci) are sometimes still used. Frequently, the
concentration of radioactivity in a medium such as soil, water, or air is given, in which case the unit
may take such forms as Bq per gram, per liter, or per cubic meter. Frequently, the prefixes milli
(one-thousandth), abbreviated as "m," and micro (one-millionth), abbreviated as "ft," are used with
radiation units.
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2.1.1.1 Units or Measurement for External Radiation

Apart from the measurement of the rate at which a substance is undergoing decay, there is the
measurement of the effect of the emitted radiation at some distance from the radioactive material.
This can be in terms of the amount of electric charge that is created in air ("roentgen" in the old
system, abbreviated as "R," or coulombs per kilogram in the new system, abbreviated as C/kg) or the
energy that is transferred to surrounding matter ("rads" in the old system, or "grays" in the new
system, abbreviated as "Gy").

2.1.1.2 Units of Measurement for Internal Radiation

When the energy released from a radioactive material is absorbed by body tissues, the energy is
transmitted to cells and surrounding fluids and noncellular structures. This absorbed energy has the
potential to cause damage at a microscopic level, the effects of which could be immediate (cell death)
or delayed (cancer). To provide a common footing in the measurement of different types of radiation
and their effects on different parts of the human body, be it from sources external or internal to a
person, scientists have introduced a quantity known as the effective dose equivalent, which has lately
become known simply as the effective dose. In the current internationally accepted system, the unit is
the "sievert" (abbreviated as Sv). The old system of units used "rem," which is equal to one
hundredth of a sievert.

2.2 Sources of Radiation

Background is comprised of four major sources (or components) of ionizing radiation. The first
source discussed in this report is terrestrial radiation, which produces the largest dose to people living
in the Unites States. The remaining components of background, which are cosmic, cosmogenic, and
man-made radiation sources, are relatively minor contributors to the dose from background compared
to terrestrial radiation. Each of these sources is discussed in the next four sections of this report to
give the reader a basic understanding of their origins, physical properties, and relative contributions
to the total background dose rate.

2.2.1 Terrestrial Radiation

The naturally occurring forms of radioactive elements that were incorporated into Earth during its
formation and that are still present are referred to as "terrestrial radionuclides." Virtually all
materials found in nature have some degree of natural radioactivity. Rocks, soil, water, air, plants,
and animal life all have varying concentrations of terrestrial radionuclides. The most significant of
these are uranium-238 and thorium-232, which both decay in a long chain (or series) of various
radionuclides, and potassium-40 and rubidium-87, which have much simpler decay schemes. These
principal radionuclides and their decay products, which are commonly referred to as "progeny," are
listed in Table 2.1 along with their corresponding half-life, which is the average amount of time it
takes for half of the atoms of mat radionuclide to undergo decay. The listing is given in order to
indicate the immediate parent and decay product for each radionuclide. This table also gives the
major types of radiation given off in the decay of each radionuclide. Among these, alpha radiation is
the least penetrating, beta radiation and x-rays are somewhat more penetrating, and gamma radiation
is the most penetrating.
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Table 2.1. Principal Natural Radionuclide Decay Series

Nuclide Half-Life Major Radiations

Uranium-238
Thorium-234
ProUctinium-234m
Uranium-234
Thorium-230
Radium-226
Radon-222
Polonium-218
Lead-214
Bismuth-214
Polonium-214
Lead-210
Bismuth-210
Polonium-210
Lead-206

Thorium-232
Radium-228
Actinium-228
Thorium-228
Radium-224
Radon-220
Polonium-216
Lead-212
Bismuth-212
Polonium-212
Thallium-208
Lead-208

Potassium-40
Argon-40
Calcium-40

Rubidium-87
Strontium-87

4.47 billion years
24. 1 days
1.17 minutes
245,000 yean
77,000 years
1600 years
3.83 days
3.05 minutes
26.8 minutes
19.7 minutes
164 microseconds
22.3 years
S.01 days
138 days
stable

14.1 billion years
5.75 years
6.13 hours
1.91 years
3.66 days
55.6 seconds
0.15 seconds
10.64 hours
60.6 tnmirtaa
0.305 microseconds
3.07 ini""**"
stable

1.28 billion years
stable
stable

47 billion years
stable

alpha, x-rays
beta, gamma, x-rays
beta, gamma
alpha, x-rays
alpha, x-rays
alpha, gamma
alpha
alpha
beta, gamma, x-rays
beta, gamma
alpha
beta, gamma, x-rays
beta
alpha

alpha, x-rays
beta
beta, gamma, x-rays
alpha, gamma, x-rays
alpha, gamma
alpha
alpha
beta, gamma, x-rays
alpha, beta, gamma, x-rays
alpha
beta, gamma

beta, gamma

beta

Two of the more commonly known radioactive elements in Table 2.1 are radium, which was
discovered by Marie Curie and used extensively for luminous watch dials and medical treatments
years ago, and radon, a gaseous decay product of radium for which many people now have their
homes tested. Another long-lived nuclide not listed here that has a series decay scheme is uranium-
235. This radionuclide occurs in nature at a concentration of less than 1 percent of the more
abundant uranium-238 and is therefore much less significant in terms of its contribution to back-
ground. A number of other less abundant radionuclides can be found in nature; however, they exist
in such low concentrations that their contributions to background are negligible.
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As an example of the range of concentrations for naturally occurring radionuclides that can be found
on Earth, Table 2.2 gives information that has been collected by researchers around the world for the
uranium-238 and thorium-232 series and potassium-40. Although the ranges given in this table are
typical for soil, even larger variation is possible in certain mineral-rich areas. The concentrations of
uranium and thorium in ore-grade deposits of these elements would of course be orders of magnitude
higher than the values in these tables.

Table 2.2. Typical Ranges in Average Concentration of Background Radionuclides
(Bq per kg)

Material Uranium-238 Thorium-232 Potassium-40 Reference

Bauxite ore
Coal, U.S.
Copper ore
Crustal rock, U.S.
Oil shale
Phosphate fertilizer, U.S.
Soil, worldwide
Soil, U.S.

250
18 (1-540)

30-80
36

56 (37-74)
9200

25 (10-50)
37 (4-141)

200
21 (2-320)

23-110
44

24 (19-37)
n/a

25 (7-50)
36 (4-126)

n/a
52 (1-710)

n/a
850

481 (185-962)
n/a

370 (100-700)
n/a

UNSCEAR, 1988
Beck et al, 1980

UNSCEAR, 1988
NCRP, 1987b
Gogolak, 1982

UNSCEAR, 1988
UNSCEAR, 1988

Myrick, 1983

Since many people spend most of their time indoors, radiation exposure from background is very
much affected by the concentrations of the naturally-occurring radionuclides in building materials.
Table 2.3 gives the radionuclide content for some building materials used in the United States.
Wood, a principal component in a light frame structure (e.g., a typical home) would generally have
negligible natural radionuclide concentrations as compared with stone and masonry materials. As an
example of data collected from around the world, Table 2.4 gives radionuclide concentrations for
common brick.

Table 2.3 Natural Radionuclide Content of Some Building Materials for the United States
(Bqperkg)

Material

Adobe Brick
Brick
Concrete
Concrete Block
Gypsum
Red Brick
Rock, Storage

Uranium-238
(Radium-226)

31
4-178
19-89

41-777
13
45
57

Thorium-232

27
1-144
15-118
37-81

2
42
53

Potassium-40

583
7-1184

262-1147
285-1147

61
522
921

Reference

Ingersoll, 1981
Eichholz et al, 1980

•

•

Ingenoll, 1981
•

•
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Table 2.4. Natural Radionuclide Contents of Bricks
(Bq per kg)

Country (type)

Canada (various)
Finland (red)
Germany (traditional)
India
Italy (various)
Norway
Sweden
United Kingdom (clay)

Uranium-238
(Radium-226)

4-120
78
59
48

28-81
104
96
52

Thorium-232

8-160
62
67
26

40-148
62
127
44

Potassium-40

200-800
962
673

3
365-1060

1058
962
703

Reference

Zikovsky, 1992
NEA, 1979

it

Ramachandran, 1989
Bruzzi, 1992
NEA, 1979

•

•

2.2.2 Cosmic Radiation

Cosmic radiation, commonly known as cosmic rays, consists of highly energetic particles, mostly the
nuclei of the elements hydrogen and helium. Supernova explosions and other phenomena that occur
throughout the universe are believed to be the source and driving force of cosmic rays. When they
enter Earth's upper atmosphere, they undergo interactions that lead to the production of charged
particles, gamma rays, and neutrons (uncharged particles that are principal constituents of the nuclei
of atoms).

Decay and additional interactions ultimately lead to a makeup of "secondary" radiation near the
surface of Earth that consists mainly of directly ionizing muons and electrons with a smaller
proportion of neutrons that indirectly ionize matter. Although interactions with the atmosphere cause
the secondary production of cosmic rays, the air surrounding Earth nonetheless serves as an important
shield to living things. Without this shield, the more energetic primary cosmic ray particles would
reach Earth's surface.

Another source of radiation from space is charged particles that are associated with flares on the sun.
On rare occasions, a solar flare is strong enough to produce a significant radiation dose in the lower
reaches of Earth's atmosphere.

2.2.3 Cosmogenic Radiation

Cosmic radiation, which itself leads to a direct radiation dose to people, is also responsible for the
production of radioactive elements called "cosmogenic" radionuclides. These radionuclides arise from
the collision of the highly energetic cosmic ray particles with stable elements in the atmosphere and in
the ground. Many different cosmogenic radionududes are produce, although the most important is
carbon-14. Other less significant cosmogenic radionuclides include hydrogen-3 (also known as
tritium), beryUium-7, and sodium-22. Concentrations of these cosmogenically produced nuclides in
the air and ocean water are given in Table 2.5. Another source of cosmogenic radionuclides is
extraterrestrial matter that intercepts and is captured by Earth's orbit. This contribution is very small,
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however, and can be ignored. The entire cosmogenic contribution to background is very small
compared with that of the terrestrial and cosmic components.

Table 2.5. Concentrations of Principal Cosmogenically Produced Radionuclides1

Nuclide

Beryllium-7
Carbon- 14
Hydrogen-3
Sodium-22

Troposphere
(Bq/kg air)

0.01
n/a

1.2* icr3

IT 10-*

Oceans
(Bq/kg water)

n/a
5TlO°

n/a
n/a

' FromNCRJ>(1987b).

2.2.4 Man-Made Sources

Human activities have resulted in the production of various sources of radiation. Nuclear reactors and
weapons have produced large quantities of radionuclides through the fissioning of uranium and other
heavy elements and the activation of various elements. Particle accelerators used in scientific research
have produced smaller quantities. Although most of these radionuclides are short lived and quickly
decay to stable forms, a few have half lives of several to thousands of years. In this category are
cesium-137, strontium-90, the gas krypton-85, and various isotopes of plutonium that have been
deposited throughout the globe as the result of nuclear weapons tests conducted in the atmosphere.
Concentrations of cesium in surface soil might typically be about a few Bq per kg; however, values as
high as 740 Bq per kg have been found from weapons test fallout (Miller and Heifer, 1985).

The global inventory of the naturally produced cosmogenic radionuclides carbon-14 and hydrogen-3
have also been increased through human activities in the nuclear field. Although not "natural," these
sources of radiation have very much become part of the background to which humans are exposed. It
is sometimes necessary to separately measure these globally distributed radionuclides and to distin-
guish them from locally produced sources.

2.3 Variability of Background

This section of the report is intended to give the reader a better understanding of the causes and
magnitude of background variability. Although background is ubiquitous, each of its components and
the corresponding dose they deliver to the United States resident is by no means constant. Back-
ground variability can result from natural means, whether terrestrial or extraterrestrial, and human
activities. The following sections discuss the causes of variation and the temporal and spatial
variability of background for each of its major components.

2.3.1 Causes of Variation

For terrestrial radiation, changes to the land and the makeup of the radionuclide content of soil can
result from geophysical phenomena such as mountain formation, earthquakes, volcanoes, glaciers, and
changes in ocean levels and river courses and flood plains. On shorter time scales, the outdoor
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radiation field is affected by climate and weather through the action of precipitation and wind.
Human activities such as soil excavation, building construction, mining, nuclear power production,
and fossil fuel combustion can alter the radiation field. To a large extent, humans affect their
exposure to inhaled radioactivity from radon with the degree and type of ventilation they use inside
homes, schools, and workplaces. Humans also alter the dietary intake of radioactivity through
regional, countrywide, and even worldwide food distribution.

The intensity of cosmic radiation depends upon the degree of shielding provided by the atmosphere.
It thus depends upon altitude and barometric pressure. Shielding provided by the structures that
people inhabit, particularly large apartment and office buildings, reduces cosmic ray exposure.
Earth's magnetic field also deflects the incoming cosmic ray particles, and the temperature of the
atmosphere has some effect as well. The sun goes through cycles (with a period of about 11 years)
that modulate cosmic radiation through interactions with solar wind and magnetic disturbances. The
frequency and intensity of solar flares is also tied to the solar cycles.

The production rate of cosmogenic radionuclides depends upon the intensity of the cosmic radiation.
Thus, the same phenomena observed with cosmic ray variations can be expected for the rate at which
cosmogenic radionuclides are created. Because some of these radionuclides are long-lived, however,
the overall amount present on Earth does not change over the short term. Rather, local variations
result after atmospheric mixing occurs, and these radionuclides are deposited to Earth's surface
according to seasonal precipitation patterns around the globe.

The variability of man-made sources of radiation and radioactivity relates directly to the population
distribution and level of technology found in different areas around the world. In some cases, locally
produced radioactive materials are dispersed throughout the Earth's atmosphere, land areas, and water
bodies. The level of deposition in an area, as in the case of cosmogenic radionuclides, depends upon
wind and precipitation patterns.

The temporal and spatial variability of each of the major components of background is discussed
separately in the following sections.

2.3.2 Temporal Variability

2.3.2.1 Terrestrial Radionuclides

The changes in background radioactivity concentrations and radiation levels that are associated with
various physical phenomena occur on time scales ranging from short duration (hours to days) to
medium duration (months and years) to long duration (centuries or more). While only general effects
can be predicted for long term changes based on our understanding of geological processes and the
history of Earth, a good deal of knowledge has been gathered in recent years on short and medium
duration effects by actually measuring the level of radiation at environmental monitoring stations.

2 J.2.1.1 External Terrestrial Radionuclides. The radiation coming from background sources
external to the body has been observed to change over time periods ranging from minutes to months.
Data collected at the Chester Regional Baseline Station, a rural field site in western New Jersey, is
used here to demonstrate the degree of variability (EML, 1978, 1979, 1980, 1981, 1982, 1984, 1985,
1988, 1991).
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Figure 2.1 graphically illustrates the typical short-term variations observed in the rates of exposure
from the penetrating component of background (gamma rays from terrestrial sources plus cosmic
secondary radiation). These rates were measured hourly for a period of 11 days.

Several commonly observed effects on background gamma radiation are readily observable in this
graph. The first feature to note is the somewhat wavering baseline, which represents the usual
background level present at this site. This level gradually rose each day until some abrupt changes
occurred at the end of the period. This rise resulted from the soil drying out, because this period of
time was characterized by hot weather with no rainfall. (The effect of soil moisture is one principal
factor in the variability of the external radiation levels. Water acts as a shield against the radiation
coming from radionuclides contained in the ground, and dilutes the concentration of the radionuclides
in the soil). The peaks toward the end of the period coincided with rainstorms. The quick rise in the
radiation level resulted from a natural fallout process, one in which the airborne decay products of
radon-222, primarily lead-214 and bismuth-214 (see Table 2.1) were scavenged (that is, washed out
by rain). The radioactivity that was distributed throughout the lower region of the atmosphere caused
the radiation level to rise when it was brought down to the ground. The second, larger peak in this
graph shows the background exposure rate level increasing by approximately 30 percent or, in terms
of effective dose equivalent, about 0.03 /*Sv per hour (equivalent to about 5 /*R per hour in terms of
exposure in air).

Natural washout events have been observed to double, and in rare cases even triple, the normal
terrestrial gamma-ray level at a site during particularly heavy downpours associated with thunder-
storms. These sharp increases from washout are not sustained, however, as the short-lived, gamma-
emitting radon progeny decay away over the course of a couple of hours once the rain stops or the air
is cleared of radioactivity. Also clearly evident in this graph is the return to more normal background
levels with the addition of water to the soil. The first small peak represented in this figure was
associated with a rather small rainfall event, but the second larger peak was associated with enough
rain that the baseline level dropped markedly after the peak. The features shown in this particular
graph can be repeated many times over the course of a season.

Another generally observable phenomenon in Figure 2.1 is that the waviness of the baseline during
the first 10 days is not random. Rather, the cyclic action occurred on a daily basis as a result of
changes in the radon progeny levels in the air which, in turn, arose from changes in the stability of
the atmosphere. Extremely stable conditions produce what is known as an inversion layer (that is, the
air temperature is lower at ground level than above, which is opposite to the norm). In the early
morning hours before sunrise, conditions are typically calm, and the radon (which seeps from the soil
into the air) stays near ground level, thus causing the radiation level to rise. When the sun rises, the
ground warms up and air near it rises, producing a mixing effect that sweeps away the radon and its
progeny to higher levels in the atmosphere, thus lowering the radiation level. The process cycles like
this from day to day.

One of the most dramatic changes in gamma radiation levels occurs during periods of snow. While
adding water to the soil decreases the radiation level to some degree, the shielding effect is much
greater when water, in the form of snow or other frozen precipitation, accumulates on top of the
ground. As shown in Figure 2.2, a period of snow cover with a depth of several inches reduced the
radiation exposure rate by about IS percent, or about 0.012 /*Sv per hour (2 /iR per hour). The
actual degree of shielding depends on the water equivalent of the snow, because a heavy wet snow is
more effective than a dry light snow. After the snow melts away, the radiation returns to its usual
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Figure 2.1 Typical short-term variations observed in the out door exposure rate.
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level. Calculations, supported by experimental data, have shown that 5 cm (2 inches) of water
equivalent (that is, melted snow) would reduce the external gamma radiation level near the ground by
almost 40 percent, while 15 cm (6 inches) would reduce it by nearly 70 percent (Saito, 1991).
Mountainous areas that receive extremely heavy snowpack, say 50 cm (20 inches) water equivalent,
would see the external gamma level drop by more than 95 percent. If this type of snowpack were
sustained for a few months, it might lower the annual dose at a typical site by 0.1 mSv (10 mrem).

Variations in radiation levels from month to month primarily result from changes in soil moisture
content and snow cover. Figure 2.3 shows a plot of average monthly outdoor exposure rates at a site
over a period of 16 years. In this plot, seasonal trends can be seen as winter months tend toward
lower radiation levels because of the higher soil moisture, while the summer months tend toward
higher levels because of lower soil moisture. The sharp valleys in this plot correspond to those
winter months where there was appreciable snow cover.

Average outdoor exposure rates over full-year periods show less variation as the seasonal effects even
out the pattern. This can be seen in Figure 2.4, which shows the annual average along with the
minimum and maximum daily average at a site over a 14-year period. The minimum daily value in
any given year would generally occur on the day of heaviest snow cover, while the maximum daily
value would generally occur on the day with driest soil or the day when a series of rainstorms
produced many radon progeny washout events. For this site, over this time period, the typical daily
high was about 10 percent or about 0.0085 /iSv per hour (1.4 /iR per hour) above the yearly average,
while the typical daily low was about 25 percent or about 0.021 /tSv per hour (3.5 jiR per hour)
below the yearly average.

Over geological time frames, dramatic changes in the terrestrial radiation levels could take place in a
region. If an area were covered by an ice sheet or a half meter (20 inches) or more of water, the
gamma ray level could drop close to zero. On the other hand, up well ing of material from within
Earth and erosional processes that transport soil and sediment could leave an area rich in mineraliza-
tion, and the gamma ray level might quadruple from the extra uranium and thorium in the soil. In
absolute terms, this would leave a range of about 0 to 1 mSv (0 to 100 mrem) per year, although
there are some unusual areas that have been documented around the world where gamma levels are
substantially higher. Climatic changes that lead to desertification of a region would lead to potential
variations in background as areas become subject to wind erosion. Volcanic eruptions and the
deposition an abrupt change in radiation of heavy amounts of ash in an area could causelevels
depending upon the concentration of the natural radionuclides in the ash. The variation that is seen
from place to place across the country (see next section) is a reasonable indicator of the degree of
variation that might occur over long periods of time at any one location.

Human activities affect the local radiation level, and changes could therefore occur over time. On
open ground, about two-thirds of the gamma radiation dose comes from radionuclides contained in
the top 15 cm (6 inches) of soil out to a distance of 6 meters (20 feet) from where a person stands.
Thus, changes in the radiation level could occur when the natural land is altered on a scale typical for
home building and landscaping. The fact that building materials contain varying amounts of natural
radioactivity means that background could be affected by any construction, including such work as
building a house, making alterations to it, adding topsoil, or installing a swimming pool or patio.
Public works, such as paving a road or parking lot, could also alter the radiation field. The
magnitude of the change at any one site would depend upon the amount of material that Ls removed,
added, or modified, and the relative radionuclide concentration in the old and new surroundings.
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Figure 2.3 Average monthly outdoor exposure rates at a site over 16 years
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2.3.2.1.2 Inhaled Terrestrial Radionuclides. Although external terrestrial gamma radiation is
highly penetrating and affects the entire body, the largest contributor to the total effective dose
equivalent from background comes from the inhalation of radon gas and its short-lived decay
products. This is because the radioactive particles are airborne and can be inhaled into the lungs,
where the full energy of the emitted alpha panicles associated with their decay is deposited in a small
volume of tissue. As in the case of gamma radiation, various physical phenomena affect the
concentration of radon in the environment and, consequently, variations occur over time.

Outdoor radon levels vary over time because of weather conditions. Data collected for many years at
the station in Chester, New Jersey, demonstrate the degree of these variations (EML, 1978, 1979,
1980, 1981, 1982, 1984, 1985, 1988, 1991). In particular, the effect of atmospheric inversions, as
discussed above, can cause ground level concentrations to increase by as much as 200 times those
found during the day, although the average increase has been found to be about a factor of 2.
Variations over longer terms show that the seasonal minimum in the winter is about three times lower
than the seasonal maximum that occurs in August. Figure 2.5 shows a plot of average annual outdoor
radon-222 concentrations for a 9-year period, along with the minimum and maximum averages over
4-week intervals in each year. In this figure, the annual average varies by up to 30 percent, or about
2.6 Bq per cubic meter of air (70 pico (one trillionth) curies per cubic meter), while the 4-week
averages indicate that a single measurement over a month would only be within a factor of two or
three of the annual average, again reflecting the seasonal differences that occur.

Indoor radon levels can be expected to vary over time as well. Since a principal source of radon
entry into a building is the soil surrounding the building's foundation, weather can affect the air
exchange rate between the soil and indoors. Wind, atmospheric pressure, andthe freezing and water
logging of soil can all influence the movement of radon through the soil pore space and into a
building. Variations can occur on time scales of hours, days, or months. Rapid changes in radon
levels can occur from showering with well water containing dissolved radon gas, or from cooking
with natural gas containing radon. Compared to outdoors, radon gas can build up to rather high
levels indoors if there is a slow rate of air exchange with the outside.

Highly energy-efficient houses with snug-fitting windows and doors and other good weather stripping
can fall in this category. In such situations, the radon level is subject to wide variations from changes
in the ventilation rate, as would result from opening windows. Continuous monitoring of indoor air
in houses has shown that the radon concentration can change by a factor of 10 or more (Nazaroff and
Nero, 1988) from hour to hour. Seasonal differences are also found, as the concentration during
winter months is generally higher than during the summer months, although there are exceptions to
this rule. Another important process that influences the dose from radon is the attachment of its
decay products (those that ultimately deliver the dose to the lung from being inhaled) to fine particles,
or aerosols, in the air. The sizes of these particles and their removal from the air we breathe by
attachment to walls and other interior finishes, called plate out, ultimately affect how much radioactiv-
ity we breathe in and retain. The aerosol concentration itself can vary with time depending upon such
factors as cooking, smoking, and using kerosene heaters.

Radon decay products are not the only form of radioactivity that can be inhaled. Fine particles of
soil, which contain all of the other natural radionuclides, can be suspended in air through the action
of wind or human activities such as soil excavation. Dry periods arid soil that lacks ground cover
provide a ready environment for resuspension. Since wind conditions can abruptly change over short
time periods, the amount of resuspended soil and the natural radioactivity that it contains can be
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expected to vary accordingly. Seasonal changes related to wind as well as the dryness and vegetative
cover of the soil can also be expected. Episodic increases from unusual natural or man-made activity
in an area are also possible.

2.3.2.1.3 Internal Terrestrial Radionuclides. The intake of radioactivity to the body from eating
food and drinking water can be expected to vary over time to some degree as well. Bananas and
some other popular foods contain relatively high levels of potassium. However, the body maintains a
fairly constant amount of this element, and the radioactive form, potassium-40, will not build up to
higher levels even when larger than average quantities of these foods are eaten. The amount of
potassium-40 will vary depending on body size and thus will change over time as adulthood is
reached. On average, women would receive an annual dose that is about 25 percent, or about
0.05 mSv (5 mrem), less than men.

For some radionuclides such as uranium and radium, however, buildup within the body results from
intake over time, and variations in diet therefore play a role. Also, geologic processes can influen
the amount of natural radionuclides contained in well water in an area; if this is the primary source^ot
drinking water, changes in intake and the dose from internal sources would result.

2J.2.2 Cosmic Rays

Cosmic ray variations from day to day tend to be small, a few percent or about 0.001 /iSv (0.1 /xrem)
per hour, and result primarily from changes in the barometric pressure. Under a high pressure
system, for example, a larger mass of air above provides a greater shielding effect, compared to a
low-pressure system in which there is less air and less shielding.

To a lesser degree, the temperature of the atmosphere plays a role as well. A higher temperature
expands the atmosphere, which causes the cosmic ray level to decrease because there are longer path
lengths that allow some of the cosmic ray secondaries more time to decay before reaching ground
level. Cosmic ray intensity also changes over a period of years. The sun's 11-year cycle (as
measured by sunspot activity) affects the cosmic ray intensity at ground level by raising or lowerir >
from its average value by up to 10 percent, or about 0.03 mSv (3 mrem) per year at sea level. Th«
solar cycle is also related to the frequency of solar flares. Short-term increases in background from
this source are possible, as was seen during the unusually energetic flare in September 1989, which
produced an increase of about 200 percent in the neutron counting rate and an increase of about
35 percent or 0.01 /tSv (1 /irem) per hour in the ionizing component at sea level (EML, 1992).

23.2 J Cosmogenic Radionuclides

The cosmogenic radionuclide production in the atmosphere can be expected to vary according to
changes in the cosmic ray intensity. From 1985 to 1990, a 30 to 40 percent decrease in the
concentration of beryllium-7 was observed in surface air monitoring stations around the world
(Larsen, 1993). This decrease coincided with the decrease in galactic cosmic ray intensity, which in
turn coincided with the increase in the sun's activity during this time period. A more active sun, as
evidenced by more sunspots, produces changes in the solar wind and magnetic field, which oppose
the cosmic rays coming from outside our solar system. Seasonal changes also occur in the deposition
of cosmogenic radionuclides to the surface of Earth. Deposition is greater during the spring months
when air in the stratosphere tends to mix with air in the troposphere, where it can be washed out by
precipitation.
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2.3.2.4 Man-Made Radionuclides

Background variations can arise from the input of man-made radionuclides to ecosystems. Both
nuclear weapon detonations and accidents dispersing nuclear material have the potential to cause
radiation and radioactivity levels to increase at sites quite distant from the source. The large-scale
testing of nuclear weapons in the atmosphere that took place during the 1950s and early 1960s
resulted in the fallout of a variety of radionuclides that caused significant short-term increases in
external radiation levels. Most of these have decayed away, although a few percent or less of the
gamma radiation levels in many areas is still due to cesium-137, which has a 30-year half-life and can
still be found in surface soils. Strontium-90, which has a 29-year half-life, has contributed signifi-
cantly to internal dose through dietary intake over the past 30 years, although this source of exposure
has gradually diminished over the years. Plutonium from fallout has contributed to internal dose
through the inhalation pathway; however, the concentrations in surface air fell rapidly after the initial
injection to the atmosphere. More recently, tests conducted by China in the late 1970s produced
temporary increases in radiation and radioactivity levels. Immediately following the fallout, increases
in gamma radiation were measured to be on the order of 20 percent or about 0.02 /iSv per hour (3 /xR
per hour) above background, gradually declining over a period of a few weeks (HASL, 1976).

Temporal changes in the concentration of helium-3 in precipitation were considerable during the
period of atmospheric nuclear weapons testing. The value of 360 Bq per liter recorded for the peak
fallout year (1963) can be compared to the natural (pre-1952) level of only 0.6 for Ottawa, Canada
(NCRP, 1987b). Changes of a factor of two or more were not unusual from year to year during the
period 1953 through 1968.

Accidents at nuclear facilities, in particular the Chernobyl power plant in 1986, also produced
measurable contamination around the globe, although the contribution to dose was quite small for
people in the United States. The impact for an event of this magnitude would be abrupt and quite
considerable for a local area, however. In a region about 160 km (100 miles) from Chernobyl, for
example, measurements show cesium-137 concentrations in surface soil as high as 60,000 Bq per kg
(Miller et al, 1991), which represents an increase of several orders of magnitude above pre-accident
levels.

2.3.3 Spatial Variability

2.3.3.1 Terrestrial Radionuclides

The concentration of terrestrial radionuclides varies from place to place in much the same way that
mineral deposits can be expected to vary from geologic processes that occur over time. Soils are
mixtures of various chemical compounds, including major constituent elements such as silicon,
aluminum, iron, carbon, hydrogen, and oxygen. Many other elements exist in either minor or trace
quantities that can vary greatly. Elements that have naturally occurring radioactive forms (that is,
potassium, uranium, and thorium) fall in this category. For instance, granitic rock is known to
contain higher than average uranium concentrations, and monazite sand can have particularly high
concentrations of thorium. Apart from naturally occurring variations, humans frequently alter the
makeup of soil with the addition of amendments for cultivation. For example, one of the three
principal components of fertilizer is potassium, most of which is in the stable forms, potassium-39
and potassium-41, but a fraction of a percent of which is the radioactive form potassium-40.
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2.3.3.1.1 External Terrestrial Radionuclides. Surveys around the country have shown concentra-
tions of uranium and thorium in the soil to range from as little as one tenth to as much as four times
the average value (Myrick et al, 1983). In addition, aircraft mounted with radiation detectors have
surveyed large tracts of land in various areas, and these measurements have been supplemented with a
number of ground-based surveys. As a general rule, the Atlantic and Gulf coastal plains tend to
average about half of the gamma ray level seen for middle America, although the distribution of the
levels overlaps, and exceptional areas have been documented (NCRP, 1987b). For instance, the
Denver, Colorado, area has gamma radiation levels about twice the average for Middle America.
Measurements in sections of Nevada stretching into Utah contain similarly high natural gamma
radiation levels (Miller et al, 1980).

The variation within a State, or even a smaller region, can be large. Monitoring stations operated by
the Environmental Protection Agency in southern Nevada show background (combined cosmic and
terrestrial gamma) to vary by a factor of three among the sites, or about 0.6 mSv (60 mrem or
100 mR) per year (EPA, 1990). While some of this variation results from differences in altitude a
cosmic ray intensity, most of the variation arises from differences in the terrestrial gamma compo- ^-
nent. In certain regions (such as the Reading Prong formation that cuts across northwestern New
Jersey), gamma radiation levels can be found to triple across a small field because of variations in the
concentration of natural radionuclides in the soil. Venturing near rock outcroppings that may contain
100 times the average soil concentration will produce even larger fluctuations. In contrast to these
areas of relatively high radiation in this part of the state, just 100 km (62 miles) to the southeast are
sandy beach areas where the gamma radiation levels fall to less than 10 percent of the average
measured over the Prong, which in absolute terms is only about O.OS mSv (5 mrem) per year.

The variation in the total gamma radiation levels among sites relates directly to the concentrations of
the principal gamma-emitting radionuclides in the local soil. Table 2.6 gives an example of the
degree of variation that can be found in a local area, in this case, the vicinity of Three Mile Island.
To some degree, soil cultivation by humans further adds to the natural variations in the radionuclide
concentrations among different soil types in an area.

Areas where human activities have been known to alter background levels of radiation include the
phosphate regions in northern and central Florida. In these regions, the phosphate rock is mined for
fertilizer production, but the rock itself and the tailings contain elevated concentrations of radium.
Backfilling operations in mined areas have led to areas of topsoil with higher concentrations than the
original (NCRP, 1987b). Survey data show that gamma dose rate levels range from slightly less than
to about double the national average.

Similar background variations can be found in western states where uranium mining and milling
operations have produced tailings containing similarly and higher elevated concentrations of natural
radionuclides. Of particular note are Uravan and Grand Junction, Colorado, where the gamma dose
rate on top of tailings piles has been observed to be on the order of 100 times normal background (a
few jiSv per hour or a few hundred jiR per hour) (NCRP, 1987b).

Another example of background alteration can be found on land where pipes from oil drilling
operations are cleaned of scale containing relatively high concentrations of radium (Wilson and Scott,
1992). Concentrations in surface soil were found in the range of 5.3 to 62.2 Bq per gram, which is
two to three orders of magnitude above normal background levels for the United States.
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Table 2.6. In Situ Radionuclide Concentrations in the Vicinity of Three Mile Island1

(Bq per kg)

Site Uranium-238 Thorium-232 Potassium-40

A 32
B 29
C 16
D 23
E 14
F 43
G 26
H 24

27
30
19
31
17
40
29
32

244
216
203
403
184
512
383
257

1 From unpublished <Uu collected by USDOE EnviroamenUl MeMiremenU Laboratory.

Apart from outdoor variations in gamma ray levels, indoor variations occur because building
materials vary among structures and even within the same structure. Measurements made in a variety
of houses around the country in recent years show that in a typical wood frame house, gamma ray
levels are generally about SO percent, or on average 0.1 mSv (10 mrem) per year, higher in a
basement than on a second floor (Miller, 1992). Rooms that contain stone or brick wall fireplaces
tend to have gamma ray levels about SO percent higher than those with normal dry wall panels.
Houses of full brick construction have average concentrations about SO percent higher than wood
frame houses without any brick. The use of cinder blocks, which are produced from ash residue in
the combustion of fuels such as coal, also yields a higher than average radiation level. Within a
large, concrete, commercial-type building, measurements have shown the gamma radiation level to
vary up to SO percent or about 0.1S mSv (IS mrem) per year among different floors, and on the order
of 20 percent or about O.OS mSv (5 mrem) per year on the same floor (Miller and Beck, 1984). In
such situations, differing composition of interior partition walls and the effects of windows at the
building edge can lead to variations in otherwise homogenous structural compositions.

The gamma radiation level inside a building results from the penetration of radiation from outside and
the contribution from the building itself. It thus reflects the concentrations of radionuclides in the soil
as well as in building materials. In light frame structures, the outside component is significant;
however, in large massive buildings, it is generally quite small. In some sense, the concentration of
the radionuclides in building materials relative to those outdoors is the determining factor in whether
the building acts more as a shield against outdoor radiation or a source of radiation itself. Data
presented in Table 2.7 indicate the variability in the concentration of the natural radionuclides in
ordinary concrete samples from around the country (Ingersoll, 1981). As these data show, the
variation among cities ranges from a factor of about 3 to 6 for the various nuclides. Variation can be
expected even within a region, and the data of Eichholz et al (1980) showed variations of a similar
range for concrete within the local area of Atlanta, Georgia. Available brick showed an even broader
range (see Table 2.3).
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Table 2.7. Natural Radionuclide Content of Ordinary Concrete1

(Bq per kg)

City, State Uranium-238 Thorium-232 Potassium-30

Albuquerque, NM
Austin, TX
Chicago, IL
Kansas City, MO
Knoxville, TN
Philadelphia, PA
Salt Lake City, UT
San Antonio, TX
San Francisco-Oakland, CA
St. Paul-Minneapolis, MN

31
16
19
13
13
8

25
38
19
19

24
6
8
8
5
6
16
31
12
16

461
246
154
215
154
215
184
461
184
461 _

1 From Ingenoll (1981).

2 J.3.1.2 Inhaled Terrestrial Radionuclides. The dose associated with the inhalation of terrestrial
radionuclides is subject to spatial variations as well. Outdoor radon concentrations in air can be
expected to vary according to the local radium levels in the surface soil. This is reflected in outdoor
measurements around the country that range between 4 Bq per cubic meter of air (0.1 pCi per liter) in
New York City to 44 (1.2 pCi per liter) in Colorado Springs (NCRP, 1987b). Coastal communities
that receive air circulation off the oceans (where there is virtually no source of radon) tend to have
lower concentrations than inland areas. Other local meteorological conditions, such as the degree and
frequency of atmospheric inversions, play a role as well. Within a region, topography can be a
factor, because it has been observed that the concentration of radon and its decay products in the air
along a hillside can be five times lower than the concentration in a valley during a strong nighttime
inversion (Porstendorfer, 1993).

Apart from outdoor variations from place to place, large differences can occur with indoor radon __
levels. Data collected from around the country indicate the average value for some counties can be
several times the average for the state (Cohen and Shah, 1991). Individual homes can, in turn, have
concentrations many times those of the county average. The results of the U.S. Environmental
Protection National Residential Radon Survey are shown in Figure 2.6. About 6 percent, or roughly
6 million homes, exceed the EPA Action Level of ISO Bq per cubic meter (4 pCi per liter) (Marcino-
wski, 1992). Because of the highly variable nature of the radon source and entry pathways, it is
possible for a house to have a concentration many times greater than a neighboring house. Within the
same house, differences in concentration can occur, particularly when basement areas are closed off.
As in the case of temporal variations, the concentration of aerosols to which the radon decay products
attach can be expected to vary from place to place, as well as in the amount of plate out that occurs.

Variations in the dose associated with the inhalation of resuspended soil can be expected because
radionuclide concentrations in the soil vary from place to place, as does the degree of resuspension
that occurs in an area. In general, arid regions have higher resuspension. Within a local region, the
degree of inhalation of radionuclides could depend upon die proximity to and frequency of use of
dusty unpaved roads, and whether the population engages in agricultural, construction, or a similar
type of work that produces resuspension.
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Homes Above Specified
Radon Concentration (%)

Radon Concentration
(pCi/L)

37 74 111 148 185 222

(Bq/m3)

Note: 37 Bq/m3equals 1 pCi/L

G
70s

Figure 2.6 Results of the EPA National Residential Radon Survey program
(Marcinowski, 1992)



The addition of natural radioactivity to the air can result from fossil fuel combustion where ash
containing natural radionuclides is released directly to the air. For instance, in the process of
burning coal, releases of ash as well as volatilized radionuclides such as lead-210, can lead to dose
increases as high as a few percent above normal background levels in areas downwind of a large
power plant with poor emission controls (Beck et al, 1980). Local variations relate to distance from
such a facility, wind patterns, and other meteorological phenomena.

2.3.3.1 J Internal Terrestrial Radionuclides. Although information on the variation of natural
radioactivity contained within the body for people living in different places is not as extensive as that
for external radiation, the available data indicate that variations do exist. Data have been collected
from around the world for a number of the natural long-lived radionuclides that indicate the degree of
variation in the concentration in human soft tissue, blood, and bone (Fisenne, 1993). For a nuclide
such as lead-210, differences of about a factor of three have been measured among samples from
various parts of the United States.

One potential source of variation among the population arises from the intake and retention of "~
polonium-210 and lead-210 from cigarette smoking, because these radionuclides are volatile and are
inhaled with smoke. For radium-226, somewhat larger differences can be seen for the mainland
United States (NCRP, 1987b). In addition, variations in internal radionuclide levels result from
differences in dietary intake, as well as the radionuclide concentration in foodstuffs in different areas
of the country (NCRP, 1987b; Fisenne, 1993). Crops grown in different regions contain varying
amounts of natural radionuclides because of differences in radionuclide concentration in the soil and
uptake by the plant. To some extent, differences exist based on whether the diet is urban or rural in
nature, because the relative proportion of foodstuffscontaining different concentrations of radionuc-
lides varies according to market access. Also, intake of radionuclides can be expected to vary with
concentrations in drinking water. People living in certain regions, such as those where there is a high
concentration of uranium in well water used for drinking, develop higher body burdens over time. In
contrast, intake is much lower where people rely on surface water for consumption. Measurements of
uranium in water have shown that certain midwestern areas have concentrations 35 times greater than
certain eastern states, while certain western areas have uranium concentrations in water 350 times
greater than eastern states. Substantially higher intake of radium-226 has been documented for certa,^
deep municipal wells in northern Illinois (NCRP, 1987b).

2JJ.2 Cosmic Rays

Cosmic ray variations from place to place primarily result from variations in altitude, although some
smaller variation results from latitude. In short, the higher the elevation, the higher the cosmic ray
dose. Figure 2.7 shows the relationship between dose rate and altitude (Bouville and Lowder, 1988).
The population in a city such as Denver, at an altitude of 1610 meters (5300 feet), receives an annual
cosmic-ray dose about 0.2 mSv (20 mrem), or a factor two, higher than the average for the United
States.

Since the magnetic field of Earth curves inward toward the north and south poles, the cosmic ray
panicles undergo less deflection and their intensity is stronger. At sea level, the cosmic ray dose is
estimated to be about 10 percent lower in regions near the equator compared to high latitudes. At sea
level, this amounts to a difference on the order of 0.03 mSv (3 mrem) per year in the effective dose
equivalent. Given the range of latitude of the United States, the variations are just a few percent or
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about 0.01 mSv (1 mrem) per year about the average, with the exception of the northern regions of
Alaska.

Cosmic radiation levels in small residential-type structures are only a few percent less than those
outdoors, because there is little shielding provided by wood framing and roofing materials. However,
in large buildings with relatively thick concrete ceilings and floors, significant shielding exists and the
cosmic ray dose can drop sharply with the first overhead layer and more slowly with each successive
layer thereafter. Measurements performed in a 12-story structure showed a 36 percent drop, or
0.1 mv (10 mrem) per year, on the top floor and a 73 percent drop, or 0.2 mSv (20 mrem) per year,
at the basement level relative to the outdoor value (Miller and Beck, 1984).

2.3.3.3 Cosmogenic Radionuclides

Although the cosmogenic component of background is much smaller than that from terrestrial
radionuclides and cosmic rays, the production of these radionuclides is nonetheless higher near the
poles because of the greater cosmic ray intensity, as mentioned previously. However, many "~
cosmogenic radionuclides are produced in the upper atmosphere, and the concentrations are therefore
higher near the equator, since stronger convection leads to a much higher degree of mixing with
surface air. For example, the concentrations of beryllium-7 in surface air show a clear trend toward
higher values approaching the equator and lower values approaching the poles (Larsen, 1993). For
the United States, the air in Miami, Florida, exhibits concentrations about 2 to 4 times higher than
those at Point Barrow, Alaska. As for deposition to the ground, an additional source of variation
occurs with climate, because arid areas receive less deposition than regions where there is more
precipitation.

2 J.3.4 Man-Made Radionuclides

Differences in the distribution and deposition of fallout from nuclear weapon tests can be found across
the United States. Globally dispersed fallout varies with latitude and, in particular, with the amount
of precipitation an area receives. The arid southwestern portions of the United States have inventor*
of radionuclides from fallout in soils which are lower than average, whereas certain moist mountain- -
ous regions contain concentrations of fallout radionuclides that are a factor of two or three higher.
Areas downwind of the Nevada Test Site are characterized by a heterogeneous distribution of local
fallout from the tests conducted there.

Measurements of cesium-137 in undisturbed soil throughout Utah indicate that the deposition of
fallout radionuclides varies by about a factor of three (Beck and Krey, 1980). However, because of
differences in the degree of penetration through the soil layers and in density amongst soil types, the
concentration in the top 2.5 cm of soil varies by a factor of 20. Even within the region around the
Great Salt Lake, which is a more limited geographical area, the deposition varies by about SO percent.
This degree of variability is reflected in the data in Table 2.8, which gives the average concentration
for a number of cities over a soil depth of 0 to 30 cm.

NUREG-1501 26



Table 2.8. Concentrations of Cesium-137 in Soil1 in The Great Salt Lake Vicinity3

City Concentration (Bq per kg)

Bountiful 15.3
Brigham 14.4
Lay ton 10.9
Layton 13.0
Logan 10.8
Ogden 13.7
Magna 12.3
Midvale 11.6
Salt Lake City 15.0
Salt Lake City 12.6
Salt Lake City 12.0
Toole 12.7
Tremonton 11.6
Tremonton 12.1

1 Bated oo a toil depth of 0 to 30 cm.
1 Confuted (torn the data of Beck and Kny (19(0).

Apart from regional differences in the original deposition, even larger variations can be found in the
concentrations of fallout radionuclides in an area because of natural or man-made disturbances to the
soil. Redistribution has occurred as a result of wind and water erosion, and many places have been
plowed or had soil removed or brought in as fill. Thus, concentrations can span a range from nearly
zero (or below detection limits) where runoff has occurred to several times the average for an area
because of sediment accumulation. Despite these differences, the total dose from fallout radionuc-
lides, like cosmogenic radionuclides, is quite small compared to terrestrial natural radionuclides and
cosmic rays.

2.3.4 Summary of Background Variability

To give the reader a better understanding of the radiation environment, the preceding sections provide
detailed information on the causes and magnitude of background variability. Temporal variability is
affected by weather, climatic changes, geological processes, human activities, the 11-year solar cycle,
and other naturally occurring processes. The most variable component of background over time is
radon. Over the course of a day, or from season to season, outdoor radon concentrations can change
by more than a factor of two, while indoor radon concentrations can vary even more as a result of
building ventilation changes. Over the course of a day, changes in the distribution of radon decay
products in the atmosphere cause changes in the external gamma exposure rate ranging from a few
percent to 100 percent or more.

Temporal variability of background is affected by seasonal changes in soil moisture and snow cover,
which typically lead to changes in external radiation levels of 10 to SO percent. To a lesser extent,
cosmic radiation and the production rate of cosmogenic radionuclides varies up to 10 percent
throughout the course of the solar cycle. However, abrupt changes in background can occur from the
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input of man-made radionuclides from fallout after a nuclear weapon test or distant reactor accident,
which can increase background levels for a few months to a few decades.

The spatial variation of external radiation is largely related to the makeup of the soil in a locale. The
greatest spatial variation in background arises from the differences in levels of radon gas, which can
vary from one tenth the national average to more than ten times the average because of differences in
the radium concentration in soil. Outdoor gamma radiation levels over sandy soil along a coast may
be only one fourth the average for the whole country, whereas it might typically be three times the
average in mountainous areas with a high degree of mineralization. Indoor gamma radiation levels
vary by about SO percent because of the use of different construction materials.

Human activities also affect spatial variability of background. Mining and milling have redistributed
natural radionuclides, adding to the variation that occurs in some areas. Variations in the dose from
internal radionuclides primarily results from differences in the concentration of natural radionuclides
in drinking water. A significant fraction of internal dose arises from potassium-40; however, this is -
relatively constant, whereas the concentration of nuclides such as lead-210 in body tissues has been
observed to vary by about a factor three throughout the United States. Cosmic radiation increases by
a factor of two between areas above sea level, such as Denver, Colorado, and areas that are at sea
level. Variations of a few percent also occur with latitude. On a local scale, cosmic ray levels are
lower for residents and workers in tall, massive buildings because of the shielding effects of concrete
floors. Measurements inside a building have shown a drop ranging between one to two thirds below
that outdoors. Cosmogenic and man-made radionuclide concentrations vary in air and soil, although
the overall effect on the total variation in dose from background is quite small.

When considered on a large scale, this widely variable and ubiquitous source of naturally-occurring
radiation produces doses to the human population that are, in turn, widely variable as well. The
magnitude and variability of radiation doses among a given population is directly proportional to the
population's activities and the background level to which the population is exposed. Current estimates
of the minimum, maximum, and average dose per year to a United States resident from background
are provided in the next section, along with comparisons to worldwide estimates and doses from oth
sources of radiation.

2.4 Estimated Doses From Background

A comprehensive review of background sources and the resultant doses received by the population of
the United States has been performed by the National Council on Radiation Protection and Measure-
ments (NCRP, 1987b). Figure 2.8 shows a breakdown of the estimated total effective dose equiva-
lent, with regard to the average contributions from each of the principal sources. Of the rounded
total of 3 mSv (300 mrem) per year, two-thirds or 2 mSv (200 mrem) comes from inhaling
radionuclides (by and large, the indoor radon decay products). The other radionuclides internal to the
body from ingestion and inhalation contribute about 13 percent or 0.4 mSv (40 mrem) of the total
dose. External terrestrial (gamma) radiation and cosmic ray components are about equal and together
make up about 18 percent or 0.55 mSv (55 mrem) of the total, whereas the annual dose from the
cosraogenic radionuclides is very small, on the order of 0.01 mSv (1 mrem) or less than one percent.
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Background Contributions in mSv (mrem)

Cosmic 0.27 (27)
Cosmogenic 0.01 (1)

Terrestrial 0.28 (28)

Internal 0.40 (40)

Inhaled 2.0 (200)

Z
50tn
9
i

Figure 2.8 The average contribution to the total effective dose equivalent from various sources
of background for the United States (NCRP, 1987b)



Given the previous discussion concerning the temporal and spatial background variations, it is
imperative to remember that the estimated total dose of 3 mSv (300 mrem) is an annual average, and
that the actual dose received by any one individual could be quite different. Figure 2.9 shows the
average contributions of the four most significant components in perspective to the estimated typical
maximums and minimums. These ranges are not to be taken as the absolute limits, but should
indicate the variability generally encountered. In the inhalation category, the maximum of 8 mSv
(800 mrem) per year is taken to be the dose corresponding to the current EPA Action Level of
ISO Bq of radon per cubic meter of air (4 pCi per liter). Obviously, many United States homes
exceed this level; however, indoor radon represents a category of natural radiation that is controllable
by remediation. The minimum annual dose for radon, 0.2 mSv (20 mrem), corresponds to a level
only one-tenth the national average, which is taken to be typical of well ventilated houses in areas
with low radium concentrations in the soil. For internal radiation, about half of the average is taken
to be constant, corresponding to the dose from radionuclides such as carbon-14 and potassium-40.
The other half of the average internal dose is then varied from one-third to four times the average,
based on data for the range of radionuclides measured in human tissues. This yields a minimum of
somewhat less than 0.3 mSv (30 mrem) to a maximum of 1 mSv (100 mrem) per year. "

The external terrestrial radiation maximum of three times the average is not unusual for areas in the
western United States with a high degree of mineralization in the soil, whereas the minimum of
one-fourth the average is representative of sandy soil along a coastline. This leads to a range of less
than 0.1 mSv (10 mrem) to more than 0.8 mSv (80 mrem) per year for the gamma component. For
cosmic radiation, the typical maximum is taken as twice that of the dose at sea level (a resident of
Denver), while the minimum is half (a resident of New York City who lives and works in tall
buildings). This corresponds to a difference of 0.4 mSv (40 mrem) per year in dose between the
extremes for cosmic radiation.

The variability of major background components can average out in many cases so that many people
receive similar total doses. Nonetheless, some degree of correlation exists among these components.
High gamma levels can be found in mountainous areas, and accordingly, the higher levels of uranium
in the soil lead to a larger source of radon gas in the soil, as well as higher concentrations of
radionuclides in well water and food grown in those areas. The higher altitude also leads to a highei -
dose from cosmic rays.

As an example of the typical dose range, consider that people who live in well-ventilated wooden
houses on sandy soil near the ocean would receive a minimal dose from radon — one tenth of the
United States average — and a minimal external gamma dose — about one-fourth the average. With
an internal and cosmic ray component of about average, the total dose to these individuals is only
1 mSv (100 mrem) per year. In contrast, people living in Denver, Colorado, could receive double
the cosmic ray dose, triple the gamma dose, and quadruple the radon dose. With a somewhat higher
intake of radionuclides from drinking water, the total dose is about 10 mSv (1000 mrem) per year.
Although even higher doses are possible for people living in houses with very high radon concentra-
tions, this value could be taken as an upper limit, allowing for extremes associated with unusual
situations. Overall, this range of 1 to 10 mSv (100 to 1000 mrem) — a span of a factor of ten — is
typical of the variation in background doses for most United States citizens in a given year.
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Variability of Major Components of Background
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Figure 2.9 Typical maximum and minimum contributions of the major sources of background compared
to their respective averages for the United States



2.4.1 Comparison to Worldwide Averages

The United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) issues a
report every few years to update information on the sources, effects, and risks of ionizing radiation.
The 1988 UNSCEAR report summarized data that was collected from around the world in the various
categories of natural radiation exposure. Table 2.9 shows a comparison of the averages estimated by
UNSCEAR and the range (excluding extremes) of effective dose equivalents as compared to the
NCRP United States data that were published in 1987. As more information becomes available with
each passing year, it is likely that both the worldwide and U.S.-specific values will be modified to
some degree, particularly with regard to the radon component.

Table 2.9. Comparison of the Principal Components of Background Between
Estimated Populations of the United States and the World

Annual Effective Dose Equivalent(mSv)

Component U.S. Mean1 World Mean2 World Range2

Cosmic
Indoor radon and progeny
Internal (other inhaled, ingested)
Terrestrial gamma

0.27
2.0
0.4
0.28

0.36
1.1
0.5
0.41

0.3-2.0
0.3-5.0
0.2-1.0
0.2-1.0

Totals (rounded) 3.0 2.4 1.5-6.0
1 From NCRP (1987).
1 From UNSCEAR (1988).

2.4.2 Comparison to Some Man-Made Sources

After background, the next largest contributor of human exposure to ionizing radiation is medical
procedures, such as those involving x-ray examinations and nuclear medicine. Table 2.10 compares
the dose estimates for these, as well as a few other man-made sources, to dose estimates from
background (NCRP, 1987a). All other sources are much smaller in magnitude. Included in
consumer products are such contributions as ceramics, dental prostheses, and luminous watches and
clocks, among others.

Again, these are average values; in other words, the total dose is distributed across the population. In
fact, certain sub-population groups (such as sick or injured people who undergo the majority of the
x-ray exams) are exposed to most of the radiation dose in various categories.
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Table 2.10. Comparison of Average Background Doses to Those from Other Sources1

Source Dose2 (mSv) % of Total

Background 3.0 82
Consumer products 0.05-0.13 3
Diagnostic x-rays 0.39 11
Nuclear medicine 0.14 4
Occupational 0.009 < 1
Weapons test fallout <0.01 <1

Rounded Total 3.6-3.7 100
1 From NCR? (I9g7i).
1 Amuul effective do«e equivalent.
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2.1.2.2 Chemical Characterization

Some data are available on the chemical characteristics of the waste
components. Fourteen samples were taken from seven boreholes: two in the ore
tailings, drilled to 5.2 m (17 ft); two in the sludge pile, drilled to 3.4 m
(11 ft); two in the pond 1 sediments, drilled to 4.4 m (14.5 ft); and one in
the pond 2 sediments, drilled to 2.7 m (9 ft). These samples were analyzed
for priority pollutant metals, priority and nonpriority organic pollutants
(based on the Resource Conservation and Recovery Act, RCRA), pesticides, and
polychlorinated biphenyls (PCBs). In addition, 1,822 samples from the
Disposal Site, Intermediate Site, and Factory Site were analyzed for soil pH,
conductivity, and total organic carbon (TOC); the results are summarized in
Tables 2.5 and 2.6 (details are given in Kerr-McGee [1986—Vol. VIII]).

Appreciable concentrations of some metals occur in the Disposal Site
wastes (Table 2.5). Average concentrations of lead in the ore tailings and
sludge pile are 1,700 parts per million (ppm) and 740 ppm, respectively.
Average concentrations of copper, chromium, and nickel range from 4.0 to
42 ppm. The pond 1 sediments contain 200 ppm zinc and 0.81 ppm mercury.
Concentrations of selenium and cyanide (except for pond 2) are given as
detection limits, which are so high that they are meaningless. The range of
cyanide values for pond 2 1s explained by the fact that the one Individual
valu* used to compute the average wa; a real value and the rest were detection
Units. The concentrations given 1n Table 2.5 for metals, phenols, and
cyanide are given as parts per million or as milligrams per kilogram wet
weight; "concentration values given in terms of milligrams per kilogram dry
weight would be higher. For example, dry weight concentrations of the
sediments and sludge would be higher by factors of 2.4 and 1.6, respectively.
The only addle waste component 1s the ore tailings pile with a pH of 3.54;
the other components are approximately neutral (Table 2.5).

Some of the Disposal Site waste components were analyzed for priority
pollutant organlcs; most were not detected. The results for organics that
were detected in one or more samples are given in Table 2.6. The concen-
trations of organlcs 1n most of the 14 samples tested were below the detection
limits (Indicated by hyphens in the table). For some samples, detection
limits are quite high — up to 1,500 parts per billion (ppb) for priority
organlcs and 160 ppb for some PCBs (Kerr-McGee 1986—Vol. VIII, Exhibit I).

Some priority pollutant organlcs were present at concentrations ranging
up to 2,000 ppb, e.g., benzo(a)pyrene in the ore tailings (Table 2.6).
Benozo(a)pyrene and some of the organic pollutants detected are typical
constituents of coal tar or asphalt and may be derived from the asphalt used
as a covering material. Phthalates are used as plastlclzers 1n many vinyl and
plastic materials and are becoming widespread in the environment (Kerr-McGee
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Table 2.5. Concentrations of Priority Pollutant Metals and Other Parameters
In the Waste Components

Average Concentrations (ppm)a

Disposal Site
Factory Intermediate

Parameter Site Site

Antimony
Arsenic
Beryllium
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Selenium
Silver
Thallium
Z1nc
Phenol
Cyanide
TOC (X dry wt) 0.67(562) 0.44(146)
pH (pH unit) 7.33(562) 8.06(146)

Ore i
Tailings

13
1.9

<1
0.78
6.7
42

1700
0.48
23
<69
8.7

<10
3.2
<0.002
<22
0.42(125)
3.54(125)

Sludge
Pile

18
1.5

<1
0.80
22
34
740
0.10
8.9

<60
0.91

<10
110
<0.002
<72
1.0(72)
6.56(72)

Pond 1
Sediments
14
<1.2
<1
0.65
16
20
57
0.81
4.0

<60
1.4
<10
200
<0.0071
<76
0.88(108)
6.44(108)

Pond 2
Sediments

26
4.2

<1
0.85
30
11
31
0.045
20
<60
0.8

<10
38
<0.002
l.l-1.6b
0.52(184)c
7.64(184)c

Contaminated
Soil
_
-
-
-
-
-
-
-
-
-
-
-
-
-
-

0.54(625)
7.86(625)

roI

a All concentrations are rounded to two significant figures. A hyphen Indicates that no data are
available. Concentration units are parts per million unless otherwise Indicated. Concentrations
of metals, phenol, and cyanide refer to wet materials. The numbers 1n parentheses are the number of
samples used to generate the average. The metal, phenol, and cyanide values are averages of two
samples for all sites except pond 2; pond 2 values are for one sample only.

b The upper value, 1.6, was calculated by assuming that each detection limit 1s a real value. The
lower value, 1.1, was calculated by replacing each detection limit by the value 0.

c Average of samples from ponds 2, 3, 4, and 5.
Source: Kerr-McGee (1986--Vol. VIII, Exhibit I).



Table 2.6. Concentrations of Priority Pollutant Organics 1n the Waste Components

Concentration (ppb) 1n Waste Components at Various DeDth Ranges*
Sludge P1leb Ore Ta1l1ngsc Pond 1 Sed1mentsd Pond 2 Sediments

Chenlcal Species

Purgeable Organlcs
Methyl ene chloride
Base/Neutral Extractable
Organlcs
Fluoranthene
Bis (2-ethylhexyl)
phthalate

01-n-butyl phthalate
Benz ( a ) anthracene
Benzo(a)pyrene
Benzo(k)fluoranthene
Chrysene
Anthracene
Phenanthrene
Pyrene
D1 ethyl phthalate
Pesticides
6-Benzene hexachloMde

0-5 ft

-

1.550

220
510
500
340

1.230
650
140

1,020
800
250

-

5-11 ft

-

230

190
600
-
-
-
-
-

350
190
-

-

0-9 ft 9-17 ft 0-10 ft 10-14 ft 0-5 ft 5-9 ft

50,22e

400

270 - 440
570 300 - 440 490

_ .
2,000 - -
1,900 - -

_ _
. _

410
380

200 250 - 180 230

10 - -

* A hyphen Indicates that no chemical was detected at the detection level for that sample. Only those
priority pollutant organlcs that were detected are listed 1n the table. Most were not detected.
Values refer to one boring location. No organlcs were detected at another boring location.

c Organlcs were detected at two boring locations at a depth of 0 to 2.7 m (0 to 9 ft) and at one location
at a depth of 2.7 to 5.2 m (9 to 17 ft).

d Organlcs were detected at two boring locations at a depth of 3.0 to 4.3 m (10 to 14 ft) and at one
location at a depth of 0 to 3.0 m (0 to 10 ft).

e The two concentrations refer to two different locations at about the same depth range.
Source: Kerr-McGee (1986—Vol. VIII, Exhibit I).
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1986—Vol. VIII, Exhibit I). Only one waste component, the ore tailings pile,
had positive results for the presence of a pesticide (e-benzene hexachlorlde);
however, its concentration (10 ppb) 1s barely above the detection limit of
8 ppb.

The waste components have been tested 1n some detail to determine whether
they are hazardous wastes as defined by RCRA. These tests (EP toxldty tests,
as described 1n 40 CFR Part 261) were carried out on many samples, and the
results were analyzed statistically (Kerr-McGee 1986—Vol. VIII, Exhibit I).
The results are summarized 1n Table 2.7 as 99* upper confidence limits for
each metal. Comparison of the concentrations given 1n Table 2.7 with the EP
toxiclty limits (second column) shows that the upper 99X confidence limit
concentrations for lead and arsenic from the tailings pile, 3.3 mg/L and
3.9 mg/L, respectively, are close to the EP toxldty limit of 5 mg/L. The
value for silver for the tailings pile (1.9 mg/L) 1s also appreciable compared
with the limit of 5 mg/L. All other concentration limits 1n the table are 20X
or less of the EP toxldty limits for metals.

Because the concentrations 1n Table 2.7 are 99X upper confidence limits,
it Is fairly certain that the on-s1te wastes are not RCRA hazardous as far as
the metal parameters are concerned. (This assessment assumes that the samples
chosen for each waste component give an unbiased representation of the
component and that no sources of systematic error are present whose removal
would raise the test concentrations above the EP toxldty limits.) No test
results were reported for the off-site waste components. However, on the
basis of the data presented, It appears likely that the off-site waste
components are not RCRA hazardous for metals.

The EP toxldty tests for pesticides and herbicides were also carried out
on 14 samples taken from the tailings pile, sludge pile, and sediments from
ponds 1 and 2 (these are parts of the same samples, described earlier, that
were analyzed for RCRA pollutants [Kerr-McGee 1986—Vol. VIII, Exhibit I)).
The resulting EP concentrations were 3X or less of the EP toxldty limits for
all pesticides (Undane, endrin, methoxychlor, and toxaphene) and herbicides
(2,4-D and sllvex) for all samples. Consequently, the waste components
sampled are also not RCRA hazardous for pesticides and herbicides. No data

available for contaminated soil from the Factory Site, the Intermediate
, or the Disposal Site, or for off-site waste components. However, on the
of data obtained thus far, it appears likely that these waste components

are also not RCRA hazardous for pesticides and herbicides.



Table 2.7. Concentrations, at the 99X Upper Confidence Limit, of the EP Toxicity
Test Means for Metals 1n Some of the Waste Components9

EP Toxicity6

Metals

Silver
Arsenic
Barium
Cadmium
Chromium
Mercury
Lead
Selenium

Units
(«9/L)

5
5

100
1
5
0.2
5
1

Factory Site
(•9/L)

North
(154)

0.044
0.28
0.48
0.010
0.038
0.0012
0.17
0.12

South
(217)

0.025
0.26
0.18
0.040
0.018
0.00041
0.24
0.11

Intermediate
Site
(mg/L)

Contaminated
Soil (6)

0.017
0.48
0.21
0.007
0.049
0.00020
0.21
0.15

Disposal Site
(n»9/L)

Contaminated
Soil (112)

0.043
0.30
0.26
0.011
0.029
0.00094
0.15
0.097

Pond 1
Sediments
(15)

0.017
0.27
0.26
0.009
0.016
0.0012
0.27
0.097

Ponds 2-5
Sediments
(72)

0.009
0.20
0.25
0.006
0.016
0.00074
0.16
0.11

Sludge
Pile
(15)

0.22
0.63
0.11
0.019
0.023
0.00028
1.1
0.10

Tail ings
Pile
(21)

1.9
3.3
3.4
0.10
0.28
0.0078
3.9
0.20

* The numbers 1n parentheses Indicate
Confidence limit values are rounded

b Limits are from 40 CFR Part 261.
Source: Kerr-McGee (1986—Vol. VIII. Exhibit I).

the number of samples analyzed for each waste component,
to two significant figures.
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EXECUTIVE SUMMARY

INTRODUCTION

The Kerr-McGee Radiation Sites are located in the City of
West Chicago, which is about 30 miles west of Chicago, Illi-
nois. The Rare Earths Facility (REF) which is the original
source of the contaminated waste material, has been owned by
several companies. The primary activity at the facility has
been associated with the processing of ores containing radio-
active thorium, radium, uranium, rare earths, and heavy
metals such as lead. The facility was operated from the
early 1930's to 1973 when the present site owner, Kerr-McGee
Chemical Corporation, (Kerr-McGee) ceased operations.

Over the years, tens of thousands of cubic yards of radio-
active waste materials were removed from the REF site and
were widely distributed to various locations in the West
Chicago area. Later, in recognizing that these wastes were
radioactive, numerous studies and investigations were con-
ducted to identify these locations and determine the levels
of contamination. Radiation emitted from the REF waste ma-
terials and ores has the potential to cause cancer and gene-
tic defects. There is also the potential for groundwater
contamination from these residuals.

The studies sponsored by the U.S. Environmental Protection
Agency (EPA), U.S. Nuclear Regulatory Commission (NRC), and
the City of West Chicago (City) identified two major sites,
each of which contained about 10,000 cubic yards of thorium
residuals; over 100 residential or commercial properties
(Properties) in West Chicago contaminated with the thorium
residuals; a contaminated river and creek; and other
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contaminated properties in the West Chicago area. The two
major sites are the West Chicago Sewage Treatment Plant (STP)
and Reed-Keppler Park (RKP), a West Chicago City Park. Sub-
sequent to surveys by NRC and the City, Kerr-McGee conducted
radiation surveys throughout the city and identified 117 pro-
perties with radiation exposure rates exceeding 30 microR/
hour3, the survey criteria agreed to by the City and concurred '
with by EPA.

**->

Kress Creek which receives runoff and waste water from the
REF site was also found to be contaminated. The West Branch
DuPage River was found to be contaminated at its confluence
with Kress Creek and also in the area of the STP. Other
areas inside and outside of the City have also been found to
contain waste residuals from operations at the REF.

The U.S. Environmental Protection Agency has placed these
off-site contaminated areas, exclusive of the REF, on the
proposer1 National Priorities List (NPL) for remediation. As
of August 1986, the sites have not been placed on the final
list. Furthermore, Kerr-McGee has signed a Consent Decree
in U.S. District Court with the City to remove contaminated
materials located at RKP, and the STP, and has already per-
formed removal of contaminated materials at the other Proper-
ties within West Chicago. Properties located outside of the
City have reportedly been surveyed by Kerr-McGee. This

A microR/hour is the abbreviation for 10 (micro) of a
unit of external radiation exposure, the roentgen. External
radiation exposure was used as the field techniques to de-
termine the presence of the contamination.
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information has not been forwarded to EPA nor have the sites
been remediated. Kerr-McGee initiated the removal of mate-
rials from the STP in May of 1986. The contaminated mate-
rials from these sites have been returned to the REF for
storage, pending final disposal. Due to the aforementioned
activities, the methodologies used in this remedial investi-
gation (RI) have differed from the traditional approach
normally taken. Since remedial actions have been and are
currently underway and additional work is planned by other
parties and agencies, work has centered on performing data
validation and using data generated by other parties to de-
termine present risks. In addition, future risks are as-
sessed based upon completion by Kerr-McGee and the City of
the planned remediation.

This Phase of Remedial Investigation (RI) focused on the
RKP, STP, and Properties within the City. The RI addresses
the relevant data, information and assessment of contamina-
tion for the sites located at RKP, the STP, and the Proper-
ties in the City to the extent information has been provided
to EPA. The locations of the RKP, STP and Kerr-McGee REF
sites are illustrated in Figure 1. The Properties are dis-
tributed throughout the City. Agreement was reached between
EPA and Kerr-McGee to obtain all relevant Kerr-McGee data.
These data and prior studies performed for the U.S. Nuclear
Regulatory Commission, with appropriate validation activi-
ties, form the principal data bases for the RI. The REF,
Kress Creek, the West Branch DuPage River (River) and Prop-
erties outside of West Chicago were outside the focus of the
RI because of other agency enforcement actions and data
gaps. These other sites are within the preview of the EPA
activities and will be addressed in subsequent phases of the
RI. The REF is subject to decommissioning and termination
of the radioactive material license under the authority of
the NRC.
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SITE DESCRIPTIONS AND BACKGROUND

The RKP and STP sites are generally located in suburban set-
tings with residences adjoining both sites in the downwind
direction. The Properties are located throughout West
Chicago area and outside of the West Chicago City limits in
DuPage County.

Reed-Keppler Park is a West Chicago City Park. Its facili-
ties include ball diamonds and a swimming pool. The area to
the east of RKP is composed of high density residential
housing, primarily single family dwellings. The closest
residents downwind of the site are at a distance of about
300 feet east of the main area of wastes. The area immedi-
ately to the south, west, and north of the RKP is generally
undeveloped. It is estimated that about 20,000 cubic yards
of thorium contaminated soil will have to be excavated to
remove the contamination from the park. Most of the contam-
inated material has been placed inside an unguarded fenced
area within the park. A plan has been developed by Kerr-
McGee_and the City to excavate the contaminated waste mate-
rials and move them to the REF.

The West Chicago Municipal Sewage Treatment Plant (STP) is
located in the southeast corner of the City and occupies an
area of about 25 acres. The STP is situated in a low density
development area with residential areas to the west, scat-
tered residences to the east and south, and the Blackwell
Forest Preserve to the north. The closest resident is
located downwind at about 300 feet to the east. The res-
idential area west of the STP is more than 500 feet from the
STP. On the STP site, all land area is committed to the
sewage treatment plant facilities. Kerr-McGee started ex-
cavating thorium residuals from STP in late May of 1986. As
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of early August about 7,000 cubic yards of contaminated
material remained at the STP.

Residuals from the REF have also been identified at 117
additional sites throughout the West Chicago area. These
sites lie primarily east of the REF. Kerr-McGee had removed
known residuals from nearly all of these sites within the
City of West Chicago by 1985. Surveys of the contaminated
sites outside the City limits have been made, but these con-
taminated sites have not been remediated.

DATA ASSESSMENT AND CONCLUSIONS

There are several routes of potential risks to the environ-
ment and public health; including direct external radiation
exposure; inhalation exposure; and ingestion of contaminated
soils, groundwater, and surface water. The contaminated
media at the subject sites are wastes from the REF mixed
with soils on the subject sites.

The hazardous characteristics of the thorium residuals are
primarily due to the radioactive constituents. The poten-
tial for release of heavy metals to the groundwater appears
to be minimal, based on the RI activities and assessments.
Specifically, validation tests using the EP Toxicity Test
to determine the leachability of hazardous substances indi-
cate a low potential for significant groundwater pollution.

The primary radionuclides present are thorium-232 and urani-
um-238 and their associated decay products. The principal
potential risks to man include external gamma radiation ex-
posure, and radiation exposure from inhalation of airborne
decay products of thoron (Rn-220) and radon (Rn-222). The
REF wastes, which are the original source of the contamina-
tion, contain nominal concentrations of Th-232 up to 4000
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Frigerio, 7. J. Larson, and X. S. 5:owe

Abstract

lindsav and Company Segan ooeration of i rs West Chicago,
I l l i n o i s , ;HanT in 1931, processing thorium ores for -norium and
rare earths. crcm that time until normal operations ceased in
1973, thorium residuals from the operation found their way offsite
to Reed-Xeppier City Park, tne *est Chicago Sewage Treatment Plant,
and numerous otner locations aoout the city and its environs. The
present study located and identified such thorium residuals in rne
west Chicago area, a total of 75 epicenters having been found in
addition to deposits at Reed-Keppler Park, the sewage-treatment
plant, and down Kress Creek and the. OuPage River. Deposits proved
to be almost exclusively the dense, gray, insoluble particles of
thorium-ore tailings from the process, which have been historically
stored in two large piles in the site waste area. Epicenter loca-
tions and associated radiological parameters are given for the 75
locations, along with quantitative descriptions of the larger
coljections of material at the park, at the sewage-treatment plant,
and on the banks of Kress Creek and the OuPage River. Not one of
the areas of thorium residuals located outside security fences was
found to violate the requirements of 10 CFR 20.

LVTRDDUCTION

GENERAL

la 1931 Lladaay and Company (which becaae Lindsay Light and Chemical
Company in 1933) commenced operation of its West Chicago, Illinois, plant.
This plant processed thorium ores, chiefly monaxita, originally to extract
thorium for gas mantles. In later years the rare-earth elements contained
becaae of more value, and operation shifted so that the thorium component of
the ore became more of a vasts and less of a product. In the 1930s sad 1940s
some of these waste tailings were used ia a landfill operation ia aa unimproved
arsa of what is now Reed-Keppler Park, a public park ia northern West Chicago.
During that tias waste material found its way out of the factory sits sad into
various public and private areas around West Chicago. These included the
watershed down Kress Creek Into the OuPage River, the present West Chicago



Sewage Treacaenc Plane, and r.uaerous or.ier places abouc che ;:.:•,-. The vas:a
-:acerial so :raas?or:ed vas alzos: axc.usiveiv :.-.oriua-ore resicue rrca :.-.e
cr.enical-ex:rac:ion processes, a verv cer.se, usually grav ;j wni:e r.acerii..
:an:ainiag aaouc L~-6* :hor:.ua, along wi:h x:s racioacrive-secay :roauc:s, :.:
only relatively saall anouncs of uraniua and associated uranium daughters. :-.
1973 all r.oraai operations ac che sice had ceased, and :h« currenc owner,
Xerr-McCee Corporation, applied to delicensa and decommission che factor-/ ana
Us vaste sice. This activity began in 1974. The overwhelming bulk of raaia-
activ« aacerial was concained in two large open piles in che waste area co :.-.e
south of the factory, and ic became a aaccer of concern to locate thorium
residuals offsite, co control thea as needed, and co plan for cheir eventual
removal. The first phase vas co secure che relatively large amount of aacenal
present in che unimproved area of che park (the "spoil area") and che aucn
smaller amount on the east side of che cennis courts nearby. The latter was
exhumed to the spoil area in July 1976, and the entire area was enclosed wtrh
a security fence in the spring of 1977. Once that waj done, it became our
task to locate and quantify the remaining thorium residuals in the West Chicago
area.

THE EXTERNAL NATURAL-RADIATION BACKGROUND IN THE WEST CHICAGO AREA

The external natural-radiation background in this are* varies from 12 co
36 uR/hr, with abouc 9SZ of che values ranging between 14 and 25 uR/hr. This
includes both cosmic and terrestrial components. The lower values are gener-
ally found over roadways, where shielding is effected by the roadbed. The
higher values are generally found over open grassy fields, especially if they
have been fertilized vieh phosphate fertilizers, as is often the case in chis
area. The highest values) are obtained over these same fields in the early
morning, whenever meteorological inversion occurs in such a way as to crap
natural-soil radon close to the earth surface. The distribution of values was
such that values in excess of 20 uR/hr near roadways, or in excess of 25 uR/hr
on open fields, were taken as presumptive evidence of the presence of thorium
residuals. Such areas were further investigated by spectrometry to determine
the presence of excess thorium, if any.

NATURAL RADIOACnVITT Dl THE WEST CHICAGO AREA

These values are relatively high for Illinois as a consequence of several
factors. The soil in the Vest Chicago area is considerably higher in uranium,
thoriua, and their daughters than aany other soils in Illinois. Phosphate
fertilization has been cosston in the past and both the originally fertilized
fields, and adjacent fields subject co runoff, h»v« had their uranium-daughter
content increased as a consequence. In addition, che city wells of West
Chicago, and a number of other wells in the are*, tap water from deep sandstone
aquifers notable for th«lr high natural radioactivity. As these waters were
brought to the surface over the years, and evaporated, th«y laft behind them a
notable residue of radioactivity.



TH£ FACTORY A.VD -A3"

The primary source of excess i.-.onua is :.-.» =a;r ;: large railings - - ' a s
ir. :r.e vasce area :: :-e sou:.-, o: :.-.e :ac:crv. This -a:enal is so ce-.se,"̂ .-
so rr.orcugnly :oncra:ad by •-eair.enr.g, :.-.a: we vere -r.aol* :o fi.-.a a.-.v ev — e.-.ce
of i: -avi.-.g :een :rar.soor:ei o:fsi:e by a::sospneric -isoersion. Hcwever, a
good deal of :.-.e ?,a:erial in vasce pond No. 1 had been of a -lucn -ere easily
airborne nature, and some of chis was dececced in areas irjaediaceiy acjacenc
so che sice. In :.-.e process of :ransporcing aacerial abouc :.-.« cicy, becveen
ch« faccory and che wascc area, and co such sices as Reed-Keppler Park, ocher
choriua-bearing aacerial found ics way from che sice inco various parrs of the
cicy. In such cases che cransporc was purely mechanical. Addicionallv, :he
open nacure of che piles of choriua-bearing wasce made chem particularly
subject co runoff, especially during heavy rains. Such material, along with
factory wasce, found ics way into che scora sewer along one edge of che proper-y.
across che fields, and down inco che Kress Creek watershed. The material is
so dense, and so insoluble, chat ic was transported purely as grains of sand- ~
Ilk* material, and these grains were found and identified down along che
watershed. These grains move by placer action, and their deposition is charac-
teristic of placer movement, as has been noted in similar situations.' We
were able co map material transported in chis way all down che creek, and
then, sparingly, along the OuPage River as far south as Warrenville. However,
movement by this method is very slow, and in the 47 years since the beginning
of plane operation che overwhelming bulk of aacerial carried by chis process
had noved only abouc a third of che way down the crtek to the river. A foot-
by-foot survey was mad* of both banks of che creek from above the storm-sewer
entrance co the junction vlcb the OuPage River. Below that point, material
was so sparsely deposited chat only a general survey was made, and only ouc-
scandlng deposits were identified and confirmed.

R£ED-KE?PL£R PAKJC AND THE VEST CHICAGO SANITAJIY TREATMENT PLANT

During che firsc two decades of plane operation ch* excellent mechanical
properties of che thorium-bearing residue commended ics use as landfill in che
area. There was no recognlcion of any potential hazard associated with it,
and le vas used as landfill ac the edge of what was co become Reed-Keppler
Park and, co a lesser excenc, ac che present wasce-creacaenc plane. A minor
deposit ae che park, ease of and adjacenc co che presene tennis courcs, was
exhuswd In July 1976 and consolidated wlrh che larger amount in che spoil
area, next co which a sanitary landfill is in operation. In early 1977 a
securiey fence) was ins called around che spoil area. The fence was placed at
che 0.2-«rad/hr Isodoee line.

Because of uncertainty as co just what pares of the park had been filled,
and at what cia», w« performed a fooc-by-fooe survey of the entire park. To
date no choriua residuals have been found outside of what little remains below
cha present canals courts, che spoil area behind cha fence, and soma minor
areas in cha sanitary landfill.

At tha waaea-creatBsac plane the bulk of che material is contained in cvo
relatively circumscribed regions. Tha possibility existed that choriua resi-
duals had found chair way inco eha sewage syscea by way of cha combined sewer



systea :: Vest Chicago. However. :: ca:e ve ?.ave seen -unable :: icen:i:v --.-.•
:.-.criu= exiciag iron :he :rea:=en: plane, aicner in i;s affluent :r :.-. .;s
allege. A report :.-.ac -~s allege -jas :cr.:ar.ir.a:ed 3y r.-.ariua fron :.-.a 5i:e
proves :: be untrue. The sl-cge vas, 1.1 :ac:, sozevna: abncrsallv raoicaccive .
Hcvever, quantitative spectre-eery s.-.cwea :.-.at e.iis vas siapiy :.-.e result ::
ccr.car.eratior. of :he naturally quite radioactive Vest Chicago veil va:ar :r.
:.ie s.-cge-cryir.g pcnds.

WEST CHICAGO AND ENVIRONS

Partly through the noraal traffic associated with plant operations, but
acre notably through th« traffic associated with us* of thorium residue as
landfill, small deposits can be found in aany parts of the city and x:s
environs. Overvh«laingly, these lie in an area connecting the factory ana
waste area on the south with Reed-Keppler Park on th« north. In order to
identify and quantify these, we performed a streec-by-screec survey with
instrumented vehicles and, where appropriate, on fooc. In addition, clues
were obtained by extensive conversations with residents, with eaployees of che
City of West Chicago and of the Lindsay Chemical Company, and with contractors
and landfill operators in the area. Some residual deposits were also discovered
by deduction, e.g. if small spills seemed to consclcuce a probable truck
route, it could be deduced that a final deposit could probably be found at the
end of the roue* so defined.

This process was also greatly aided by aa Aerial Radiological Monitoring
Survey (AKMS) flyover that was completed in September 1977. Although the
flyover could noc identify with certainty small local deposits of thorium
residuals, it clearly outlined areas of suspicion, and aided greatly in re-
ducing the area requiring intensive scanning by vehicle or on foot. It also
provided an excellent basis for determining the contours and levels of X and
gaana radiation emanating from the three major sources: th« factory and waste
sit*, Reed-Keppler Park, and th* sanitary treatment plant. This radiation is
referred to as "skyshine" because it contains both direct and scattered
components.

AND OBSERVATIONS

STUDY AREA

The study area chosen vas defined on the DuPage County grid system. It
extended fro» 4SOOO on th« south to -NOOO on the north, a distance of eight
miles, and fro* 28WOOO on the east to 3 2 WO 00 on che west, a distance of four
miles, for a total area of 32 mi2. Th* study period began in Karen 1976 and
extended through May 1978. Places are identified by strwe nam and address.
using the West Chicago numbering system within th« city liJ^ts and the county
numbering system outside. Addresses do not necessarily correspond to a
residence, bacauM in many cases locations were in unused fields, allays, and
th* Ilk*. But they do represent aa absolute location on either the West
Chicago or county grid system. Th« study area, and iu n«b«rlm, i» «novn i
Figure 1. Because they ar« subjects of a separata action, th« factory, the
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In ^id-1976 i; .as discovered chac thorium residuals had been used as
landfill ac Reed-iCeppler Partc. Subsequent to USNRC Office of Inspection anc
Enforcement Investigation Report Number 76-01 (20 August 1976), rhorium-
bearing soil was moved from underneath the tennis courts to che spoil area
bordering the landfill that lies op the vest edge of the park proper. This
was accomplished, and a security fence was completed around the residuals, on
28 February 1977. The center of the residual pile is located at 41*53 '36" N
Lac. and 88*12 '30" tf Long. The park proper covers 80 acres; the DuPage County
Airport is 2.5 miles northwest, the closesc edge of the Fermi National Acceler-
ator Laboratory 1.5 miles southwest, and the nearesc approach of the DuPage
River 1.7 miles northeast, figure 8 shows the pertinent area of the park,
with a 100-foot grid t.iat we erected for surveying purposes. Figure 9 shows
the topography of that part of the park, which we produced using standard
surveying methods. Figure 10 is an overlay of che latter figure on the foraer
one. The fenced area has one of che highest elevaciotu in che park and it
drains directly into a gully to ics ionediate wesc, in che present landfill
operation. Then che encire park, gully and all, drain ce che northwest inco a
slough and lake. These are bordered on their northern and western edges by
mounds, che northern one carrying a branch of che railroad. A number of
monicoring wells were drilled inco che fenced area, and we stapled chesc
periodically. la addition, we saapled water and toil outside the fenced area,
down alonj the gully, and inco che slough and lake. Despite the fact that
some of che material within che fenced area cane to rest only in early 1977,
which might be expected to promote runoff and leaching, we have been unable to
find any evidence of soluble material leached out of these thorium residuals
into the local groundvater or soil. A certain amounc of runoff has occurred
from the pile itself down inco che gully in much che saae manner in which
heavy rains have caused similar runoff from che waste area into Kress Creek.
However, in this caae, che quantities are vary ouch smaller than those involved
from Cha waste arm*. Relative excess-radiacion-fiald strength is shown in
Figure 11, in units of microrem per hour multiplied by 10 (i.e. 50-5 urem/hr,
10 000 • 1000 uresi/hr) . The general terrestrial background la this area is
4-9 urem/hr. Figure 12 shows the radiation- field overlay on Figure 8. In
fact, these plots contain all the anomalous radioactivity that we were able to
find in the entire park. All the rest of the park was surveyed both by vehicle
and on foot, but nothing suggestive of excess thorium vas found. Table 2
gives the various characterise ics of che area enclosed by the radiation-field
isoplechs and an estimate of the volume of thorium-bearing material lying
beneath these areas. The esciaace was based on core samples taken throughout
the park. In addition co chese. we have located a fsw minor spills along che
roadway running on the west side of the fenced area, through the landfill, and
over to the maintenance building.
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Fig. 10. Raad-Kapplar P«rk Topography (ft MSI) and Survtyor's Grid.
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Fig. It. isopleths of Relative Radioactivity
in Reed-Keppler Park (10* '.rem/hr).
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SANITARY iRZATMENT PUNT

There arc only three thorium-bearing areas here, and no more were found
despite-repeated foot and vehicular surveys. The major arta has been staked
off and extends all across the north end of che cvo northernmost sludge ponds.
It extends froa a large oak tree on the vest co the last metal stake on the
east. It contains four epicenters with maxima dose rates of 250-400 area/hr.
The rest of the field averages about 100 urem/hr. The entire area covers
about 2000 ft2. In this case, the source is largely below the surface and
seems to be something of che order of 1-2 yd3 of thorium tailings, partly
filling aa old buried lahof tank. The second area is Just to the south of the
analytical laboratory, with its epicenter exactly eight feet east of the rear
door of a concrete-block storage shed. The epicenter has a maxiaua dose rate
of 750 urem/hr, but in this case it appears to have been largely a drop, or
saall fill, because the dose rate drops off sharply. At the north side of tne
building and over past a very large filter drum the dose rate runs about
150 urea/hr, and over the rest of this 500-ft2 field the average is about
SO urea/hr. This storage shed sits on a hill along with a large brick tank.
and at the foot of that hill there is a gentle flat field running down to the
large southern aeration pond. The half acre of field right at the foot of
this hill, and running almost to che water's edge, has no detectable epicenter,
but shows a quite uniform dose rate of 20-23 urea/hr. This field appears to
be the result of spill froa up at the top of the hill being dropped to che
boecoa, and then graded out as che land was graded to fora a lava. All three
of these area* lie outside the noraal work area and are more in che nature of
storage or reserve areas. As a consequence occupancy iJ quite low, and
although we assigned 100 hr/yr co each area, this is probably a gross overesci-
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Table 1. .:.-t ;: P-adisaczive Vjcerial f;r Ccr.si^ara:::-
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> 10 000

> 5 000
> 2 000
> 1 000

> 500
> 200
> 100
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<fz)

500
700
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1 250
1 440

1 790

2 100
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3
29
44

77

111

132
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Sd
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333
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15
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778
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444

000
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3
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3
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13
13
0
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*

2 ̂ "

:::
• " 3

1-3

504

• •. /

COS

713

602

As shovn in Figures 11 and 12.

SKYSHINE AND POPULATION DOSE

"Skyihlat" is a ctra ustd co inciud* ch« cocal radiation rectived ac .r.e
point from a sourct at anochtr, and includes both dirtct and scattered compo-
nents. In the cas* of thi s*vag«-tr«ato«mt plant, as noted above, chere is r.o
discernable skyshlne beyond che fence, so there is no public exposure from
this source. In the case of Reed-Keppler Park the 5-urea/hr choriua excess-
dose contour i* shovn in Figure 12. Below 5 urem/hr it proved difficult co
discern excess thorium dose from the natural background, the park being a
large grassy fi«ld and having the relatively high natural-background character-
istic of such field* in this area. However, the excess dose beyond che
5-urem/hr contour certainly was found to drop very rapidly, and was certain!-/
no more than 1 urem/hr at its highest point on the park boundary, the corner
of National and Tale Streets. The overwhelming bulk of park usage lie*
outside the 5-urem/hr contour; there is a very small amount within it. and
virtually none ac all ac higher contours. This i* partly a consequence of che
fact that the higher contours are associated with aa area that is not reallv
park ac all, buc sanitary landfill. It is neither attractive nor really kepc
open for public u*e. Considering «"*<"«•"• feasible park occupancy, occupation-
al occupancy ac the landfill, and the residence* along National and Yale
Streets, ic wa« sctll impossible to discern a coul population dose in excess
of 0.2 manrem/yr from che present thorium-residual situation in Reed-Xeppler
Park.



The si:ua:i:n arsuaa :.-.« :zc:rry 3i:a ar.a -as:e area .5 s^ewnac of ferer . : ,
here are essenrially :vo :r-_=arv sources - e ra . :.-.e :ac::r- ::sei:, anc :.-.e
vo L a r g e rai l ings ; i_as ir. :.-.e -as:e area . Thus , :.-.e 1:55-73:2 crr.ccur a rcu:
"is area .5 r.ecessar:..- aa>-=e:ri:. The .r-.r»-, -r l~r - - re rv vrJ :rn:cur .j
"cwn :r. f i g u r e 12. I: icr.cair.s, a; r.osc. :cur :r r'y/e resicer.ces. The

---re=,.-.r excess-aose ccncour is snown 1.1 Figure .. This .j giver, recause i:
is :.-.e -ivel 2: zcr.r'-sion beiow vnicn i: is impossible -3 cecec: any i i f ferer .ce
aoove nacura l :acKgr=una. This csncour contains several -.unared residences,
as veil as ch« regular cranaiencs represenced by che snooping area to :r.e
souch. cht Pionttr School Co the w«sc, and ch« Gary and Vest Chicago Junior
High Schools co she ease. From ccncours such as chest, csmoined wich surveys
of ch« ?rea«nc resident and transient populations, ve obtained a aaxiauo value
for the annual population dose of 20 manren/yr.

CONCLUSIONS

A glance ac the epicenter aaps indicates that the thorium-residual areas
in West Chicago are widely scattered. Nonetheless, and interesting as the
situation may be, there is no hazard to the public health and safety. As
things stand at present there are no areas that exceed the limits of 10 CFR 20
inasmuch as the three major areas of thorium residual are contained within
security fences, and the remaining areas are too small and of too low a dose
rat* to be of serious concern. Thus, no epicenter exceeds the limit of 2 mrem
in any on* hour. The only epicenter that could conceivably exceed the limit
of 100 arem in on* week, No. 6, is about 15 inches on a side and located in
the entranceway to a little-used parking lot. It is noc even remotely reasonable
that anyone could spend the required 110 hours located rigidly above this spot
for on* week. And, as a glance ac Table 1 shows, there are no epicenters that
even remotely approach the limit of 0.5 rem/yr. The total population dose
from all sources is certainly less than 30 manrem/yr. and this can be contrasted
with the roughly 2000 manrem/yr obtained by the population of this area from
the natural-radiation background. Even so, th* situation does constitute a
public nuisance of som* magnitude and, although no regulatory action is
.undated, som* action to relieve th* nuisance is probably in order.
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2 OVERVIEW OF BACKGROUND RADIATION

2.1 Introduction

A number of the elements, present on Earth since its formation, have unstable forms that transmute to
other elements in a process called radioactive decay. In this process, energy is released in the form
of radiation. This energy can take the form of subatomic-size particles such as alpha and beta
particles, or it can be in the form of electromagnetic energy such as x-ray and gamma rays, which
are sometimes referred to as 'photons." These forms of radiation fall in a category called ionizing
radiation, meaning they can create electrical charge when they interact with matter.

Another source of ionizing radiation in our environment originates in outer space, producing panicles
in the atmosphere that penetrate to ground level. This radiation is energetic enough to also create
new radioactive elements by interacting with otherwise stable elements present on Earth. Everything
on the planet, including every living thing, is bathed in a sea of radiation from these various sources.
This is commonly referred to as "natural background,* "background radiation," or more simply,
"background." *

For perspective, a handful of typical garden soil contains several billion billion unstable atoms that
over time will ultimately decay to a stable form. Each second, scores of these atoms undergo this
decay process and emit radiation. In a typical environment, thousands of gamma rays impinge on the
body each second. The air that people bteathe contains naturally occurring radioactivity, and even a
person's body contains natural radioactive elements that tend to concentrate in certain tissues,
according to their respective chemistry.

In addition to natural sources of radiation, people are exposed to man-made sources of ionizing
radiationr Perhaps the most commonly known is x-rays, which are used in dental and medical
examinations. Despite this and other sources of ionizing radiation that have been produced during the
technological developments of the 20th century, background remains the principal source of exposure
for most people. In mis and the following sections of this report, the various sources of background,
their degree of variability, and the manner in which they are measured and distinguished from man-
made sources of radiation will be examined in some detail.

2.1.1 Units of Measurement

To understand background and the significance of its various components, it is necessary to deal with
various units of measurement. The degree of radioactivity of a material is a measure of the rate at
which its atoms are undergoing decay. For a chemically pure radioactive substance, the decay rate
can be calculated from the amount of material and the half-life of mat particular radionudide. The
current internationally recognized unit is called the "becquereT (abbreviated as Bq), which is one
disintegration of an atom per second.

Older style units such as the "curie" (abbreviated as Ci) are sometimes still used. Frequently, the
concentration of radioactivity in a medium such as soil, water, or air is given, in which case the unit
may take such forms as Bq per gram, per liter, or per cubic meter. Frequently, the prefixes railli
(one-thousandth), abbreviated as "m," and micro (one-millionth), abbreviated as >," are used with
radiation units.
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2.1.1.1 Units of Measurement for External Radiation

Apart from the measurement of the rate at which a substance is undergoing decay, there is the
measurement of the effect of the emitted radiation at some distance from the radioactive material.
This can be in terms of the amount of electric charge that is created in air ("roentgen" in the old
system, abbreviated as "R," or coulombs per kilogram in the new system, abbreviated as C/kg) or the
energy that is transferred to surrounding matter ("rads" in the old system, or "grays" in the new
system, abbreviated as "Gy").

2.1.1.2 Units of Measurement for Internal Radiation

When the energy released from a radioactive material is absorbed by body tissues, the energy is
transmitted to cells and surrounding fluids and noncellular structures. This absorbed energy has the
potential to cause damage at a microscopic level, the effects of which could be immediate (cell death)
or delayed (cancer). To provide a common footing in the measurement of different types of radiation
and their effects on different parts of the human body, be it from sources external or internal to a
person, scientists have introduced a quantity known as the effective dose equivalent, which has lately
become known simply as the effective dose. In the current internationally accepted system, the unit is
the "sievert" (abbreviated as Sv). The old system of units used "rem," which is equal to one
hundredth of a sievert.

2.2 Sources of Radiation

Background is comprised of four major sources (or components) of ionizing radiation. The first
source discussed in this report is terrestrial radiation, which produces the largest dose to people living
in the Unites States. The remaining components of background, which are cosmic, cosmogenic, and
man-made radiation sources, are relatively minor contributors to the dose from background compared
to terrestrial radiation. Each of these sources is discussed in the next four sections of this report to
give the reader a basic understanding of their origins, physical properties, ana relative contributions
to the total background dose rate.

2.2.1 Terrestrial Radiation

The naturally occurring forms of radioactive elements that were incorporated into Earth during its
formation and that are still present are referred to as "terrestrial radionuclides.* Virtually all
materials found in nature have some degree of natural radioactivity. Rocks, soil, water, air, plants,
and animal life all have varying concentrations of terrestrial radionuclides. The most significant of
these are uranium-238 and thorium-232, which both decay in a long chain (or series) of various
radionuclides, and potasshim-40 and rubidium-87, which have much simpler decay schemes. These
principal radionudides and their decay products, which are commonly referred to as "progeny,' are
listed in Table 2.1 aloof with their corresponding half-life, which is the average amount of time it
takes for half of the atoms of mat radionudide to undergo decay. The listing is given in order to
indicate the immediate parent sod decay product for each radionudide. This table also gives die
major types of radiation given off in the decay of each radionudide. Among these, alpha radiation is
the least penetrating, beta radiation and x-rays are somewhat more penetrating, and gamma radiation
is the most penetrating.
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Table 2.1. Principal Natural Radionudide Decay Series

Nuclide Half-Life Major Radiations

Uranium-238
Thorium-234
Protactinium-234m
Uranium-234
Thorium-230
Radium-226
Radon-222
Polonium-218
Lead-214
Bismuth-214
Polonium-214
Lead-210
Bismuth-210
Polonium-210
Lead-206

Thorium-232
Radium-228
Actinium-228
Thorium-228
Radium-224
Rndon-220
Polonium-216
Lead-212
Bismuth-212
Polonium-212
Thallium-208
Lead-208

Potassium-40
Argon-40
Calcium-40

Rubidium-87
Strontium-87

4.47 billion yean
24.1 days
1.17 minutes
245,000 yean
77,000 yean
1600 yean
3.83 days
3.05 minutes
26.8 minutes
19.7 minutes
164 microseconds
22.3 yean
5.01 days
138 days
stable

14. 1 billion yean
S.75 yean
6.13houn
1.91 yean
3.66 days
55.6 seconds
0.15 seconds
10.64 houn
60.6 minutes
0.305 microseconds
3.07 minutes
stable

1.28 billion yean
stable
stable

47 billion yean
stable

alpha, x-rays
beta, gamma, x-rays
beta, gamma
alpha, x-rays
alpha, x-rays
alpha, gamma
alpha
alpha
beta, gamma, x-rays
beta, gamma
alpha
beta, gamma, x-rays
beta
alpha

alpha, x-rays
beta
beta, gamma, x-rays
alpha, gamma, x-rays
alpha, gamma
alpha
alpha
beta, gamma, x-rays
alpha, beta, gamma, x-rays
alpha
beta, gamma

beta, gamma

beta

Two of the more commonly known radioactive elements in Table 2.1 are radium, which was
discovered by Marie Curie and used extensively for luminous watch dials and medical treatments
years ago, and radon, a gaseous decay product of radium for which many people now have their
homes tested. Another long-lived nuclide not listed here that has a series decay scheme is uranium-
235. This radionuclide occurs in nature at a concentration of less than 1 percent of the more
abundant uranium-238 and is therefore much less significant in terms of its contribution to back-
ground. A number of other less abundant radionuclides can be found in nature; however, they exist
in such low concentrations that their contributions to background are negligible.
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As an example of the range of concentrations for naturally occurring radionuclides that can be found
on Earth, Table 2.2 gives information that has been collected by researchers around the world for the
uranium-238 and thorium-232 series and potassium-40. Although the ranges given in this table are
typical for soil, even larger variation is possible in certain mineral-rich areas. The concentrations of
uranium and thorium in ore-grade deposits of these elements would of course be orders of magnitude
higher than the values in these tables.

Table 2.2. Typical Ranges in Average Concentration of Background Radionuclides
(Bq per kg)

Material Uranium-238 Thorium-232 Potassium-40 Reference

Bauxite ore
Coal, U.S.
Copper ore
Crusul rock, U.S.
Oil shale
Phosphate fertilizer, U.S.
Soil, worldwide
Soil, U.S.

250
18 (1-540)

30-80
36

56 (37-74)
9200

25 (10-50)
37 (4-141)

200
21 (2-320)

23-110
44

24 (19-37)
a/a

25 (7-50)
36 (4-126)

n/a
52 (1-710)

n/a-
850

481 (185-962)
n/a

370 (100-700)
n/a

UNSCEAR, 1988
Beck et al. 1980

UNSCEAR, 1988
NCRP. 1987b
Gogolak. 1982

UNSCEAR. 1988
UNSCEAR. 1988

Myrick. 1983

Since many people spend most of their time indoors, radiation exposure from background is very
much affected by the concentrations of the naturally-occurring radionuclides in building materials.
Table 2.3 gives the radionuclide content for some building materials used in the United States.
Wood, a principal component in a light frair.e structure (e.g., a typical home) would generally have
negligible natural radionuclide concentrations as compared with stone and masonry materials. As an
example of data collected from around the world, Table 2.4 gives radionuclide concentrations for
common brick.

Table 2 J Natural Radionuclide Content of Some Building Materials for the United States
(Bqperkg)

Material

Adobe Brick
Brick ^ —
Concrete
Concrete Block
Gypcum
Red Brick
Rock, Storage

Uranium-234
(Radium-220

31
4-17S
19-89

41-777
13
45
57

Thorium-232

27
1-144
15-118
37-81

2
42
53

Potassium-40

583
7-1184

262-1147
285-1147

61
522
921

Reference

IngenoU, 1981
Eichholz et al. 1980

•

•

IngenoU, 1981
•

•
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I
Table 2.4. Natural Radionuclide Contents of Bricks

(Bqper kg)

Country (type)

Canada (various)
Finland (red)
Germany (traditional)
India
Italy (various)
Norway
Sweden
United Kingdom (clay)

Uranium-238
(Radium-226)

4-120
78
59
48

28-81
104
96
52

Thorium-232

8-160
62
67
26

40-148
62
127
44

Potasaum-40

200-800
962
673
3

365-1060
1058
962
703

Reference

Zikovsky, 1992
NEA, 1979

•

Ramachandran, 1989
Bruzzi, 1992
NEA, 1979

•

•

2.2.2 Cosmic Radiation

Cosmic radiation, commonly known as cosmic rays, consists of highly energetic particles, mostly the
nuclei of the elements hydrogen and helium. Supernova explosions and other phenomena that occur
throughout the universe are believed to be the source and driving force of cosmic rays. When they
enter Earth's upper atmosphere, they undergo interactions that lead to the production of charged
particles, gamma rays, and neutrons (uncharged particles that are principal constituents of the nuclei
of atoms).

Decay and additional interactions ultimately lead to a makeup of "secondary" radiation near the
surface of Earth that consists mainly of directly ionizing unions and electrons with a smaller
proportion of neutrons that indirectly ionize matter. Although interactions with the atmosphere cause
the secondary production of cosmic rays, the air surrounding Earth nonetheless serves as an important
shield to living things. Without this shield, the more energetic primary cosmic ray particles would
reach Earth's surface.

Another source of radiation from space is charged particles that are associated with flares on the sun.
On rare occasions, a solar flare is strong enough to produce a significant radiation dose in the lower
reaches of Earth's atmosphere.

2.2.3 Cosmogenk Radiation

Cosmic radiation, which itself leads to a direct radiation dose to people, is also responsible for the
production of radioactive elements called "cosmogenic" radionuclides. These radtonuclides arise from
the collision of the highly energetic cosmic ray particles with stable elements in the atmosphere and in
the ground. Many different cosmogenic radionucludes are produce, although the most important is
carbon-14. Other less significant cosmogenic radionuclides include hydrogen-3 (also known as
tritium), beryllium-7, and sodium-22. Concentrations of these cosmogenically produced nuclides in
the air and ocean water are given in Table 2.5. Another source of cosmogenic radionuclides is
extraterrestrial matter that intercepts and is captured by Earth's orbit. This contribution is very small,
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however, and can be ignored. The entire cosmogenic contribution to background is very small
compared with that of the terrestrial and cosmic components.

Table 2.5. Concentrations of Principal Cosmogenically Produced Radionudides1

Nudide

Beryllium-7
Carbon- 14
Hydrogen-3
Sodium-22

Troposphere
(Bq/kgair)

0.01
a/a

1.2MO"1

1T104

Oceans
(Bq/kg water)

c/a
5»10°

n/a
a/a

' From NCRP (1987b).

2.2.4 Man-Made Sources

Human activities have resulted in the production of various sources of radiation. Nuclear reactors and
weapons have produced large quantities of radionuclides through the fissioning of uranium and other
heavy elements and the activation of various dements. Particle accelerators used in scientific research
have produced smaller quantities. Although most of these radionuclides are short lived and quickly
decay to stable forms, a few have half lives of several to thousands of yean. In this category are
cesium-137, strontium-90, the gas krypton-85, and various isotopes of plutonium that have been
deposited throughout the globe as the result of nuclear weapons tests conducted in the atmosphere.
Concentrations of cesium in surface soil might typ; rally be about a few Bq per kg; however, values as
high as 740 Bq per kg have been found from weapons test fallout (Miller and Heifer, 1985).

The global inventory of the naturally produced cosmogenic radionuclides carbon-14 and hydrogen-3
have also been increased through human activities in the nuclear field. Although not "natural," these
sources of radiation have very much become part of the background to which humans are exposed. It
is sometimes necessary to separately measure these globally distributed radionuclides and to distin-
guish them from locally produced sources.

2.3 Variability of Background

This section of the report is intended to give the reader a better understanding of the causes and
magnitude of background variability. Although background is ubiquitous, each of its components and
the corresponding dose they deliver to the United States resident is by no means constant. Back-
ground variability can result from natural means, whether terrestrial or extraterrestrial, and human
activities. The following sections discuss the causes of variation and the temporal and spatial
variability of background for each of its major components.

2.3.1 Causes of Variation

For terrestrial radiation, changes to the land and the makeup of the radionuclide content of soil can
result from geophysical phenomena such as mountain formation, earthquakes, volcanoes, glaciers, and
changes in ocean levels and river courses and flood plains. On shorter time scales, the outdoor
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radiation field is affected by climate and weather through the action of precipitation and wind.
Human activities such as soil excavation, building construction, mining, nuclear power production,
and fossil fuel combustion can alter the radiation field. To a large extent, humans affect their
exposure to inhaled radioactivity from radon with the degree and type of ventilation they use inside
homes, schools, and workplaces. Humans also alter the dietary intake of radioactivity through
regional, countrywide, and even worldwide food distribution.

The intensity of cosmic radiation depends upon the degree of shielding provided by the atmosphere.
It thus depends upon altitude and barometric pressure. Shielding provided by the structures that
people inhabit, particularly large apartment and office buildings, reduces cosmic ray exposure.
Earth's magnetic field also deflects the incoming cosmic ray particles, and the temperature of the
atmosphere has some effect as well. The sun goes through cycles (with a period of about 11 years)
that modulate cosmic radiation through interactions with solar wind and magnetic disturbances. The
frequency and intensity of solar flares is also tied to the solar cycles.

The production rate of cosmogenic radionuclides depends upon the intensity of the cosmic radiation.
Thus, the same phenomena observed with cosmic ray variations can be expected for the rate at which
cosmogenic radionuclides are created. Because some of these radionuclides are long-lived, however,
the overall amount present on Earth does not change over the short term. Rather, local variations
result after atmospheric mixing occurs, and these radionuclides are deposited to Earth's surface
according to seasonal precipitation patterns around the globe.

The variability of man-made sources of radiation and radioactivity relates directly to the population
distribution and level of technology found in different areas around the world. In some cases, locally
produced radioactive materials are dispersed throughout the Earth's atmosphere, land areas, and water
bodies. The level of deposition in an area, as in the case of cosmogenic radionuclides, depends upon
wind and precipitation patterns.

The temporal and spatial variability of each of the major components of background is discussed
separately in the following sections.

2.3.2 Temporal Variability

2J.2.1 Terrestrial Radionuclides

The changes in background radioactivity concentrations and radiation levels that are associated with
various physical phenomena occur on time, scales ranging from short duration (hours to days) to
medium duration,(months and yean) to long duration (centuries or more). While only general effects
can be predicted for long term changes based on OUF-understanding of geological processes and the
history of Earth, a good deal of knowledge has been gathered in recent years on short and medium
duration effects by actually measuring the level of radiation at environmental monitoring stations.

2.3.2.1.1 External Terrestrial Radionuclides. The radiation coming from background sources
external to the body has been observed to change over time periods ranging from minutes to months.
Data collected at the Chester Regional Baseline Station, a rural field site-in western New Jersey, is
used here to demonstrate the degree of variability (EML, 1978, 1979, 1980, 1981, 1982, 1984, 1985,
1988, 1991).
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Figure 2.1 graphically illustrates the typical short-term variations observed in the rates of exposure
from the penetrating component of background (gamma rays from terrestrial sources plus cosmic
secondary radiation). These rates were measured hourly for a period of 11 days.

Several commonly observed effects on background gamma radiation are readily observable in this
graph. The first feature to note is the somewhat wavering baseline, which represents the usual
background level present at this site. This level gradually rose each day until some abrupt changes
occurred at the end of the period. This rise resulted from the soil drying out, because this period of
time was characterized by hot weather with no rainfall. (The effect of soil moisture is one principal
factor in the variability of the external radiation levels. Water acts as a shield against the radiation
coming from radionuclides contained in the ground, and dilutes the concentration of the radionuclides
in the soil). The peaks toward the end of the period coincided with rainstorms. The quick rise in the
radiation level resulted from a natural fallout process, one in which the airborne decay products of
radon-222, primarily lead-214 and bismuth-214 (see Table 2.1) were scavenged (that is, washed out
by rain). The radioactivity that was distributed throughout the lower region of the atmosphere caused
the radiation level to rise when it was brought down to the ground. The second, larger peak in this
graph shows the background exposure rate level increasing by approximately 30 percent or, in terms
of effective dose equivalent, about 0.03 /iSv per hour (equivalent to about 5 ^R per hour in terms of
exposure in air).

Natural washout events have been observed to double, and in rare cases even triple, the normal
terrestrial gamma-ray level at a site during particularly heavy downpours associated with thunder-
storms. These sharp increases from washout are not sustained, however, as the short-lived, gamma-
emitting radon progeny decay away over the course of a couple of hours once the rain stops or the air
is cleared of radioactivity. Also clearly evident in this graph is the return to more normal background
levels with the addition of water to the soil. The first small peak represented in this figure was
associated with a rather small rainfall event, out the second larger peak was associated with enough
rain that the baseline level dropped markedly after the peak. The features shown in this particular
graph can be repeated many times over the course of a season.

Another generally observable phenomenon in Figure 2.1 is that the waviness of the baseline during
the first 10 days is not random. Rather, the cyclic action occurred on a daily basis as a result of
changes in the radon progeny levels in the air which, in turn, arose from changes in the stability of
the atmosphere. Extremely stable conditions produce what is known as an inversion layer (that is, the
air temperature is lower at ground level than above, which is opposite to the norm). In the early
morning hours before sunrise, conditions are typically calm, and the radon (which seeps from the soil
into the air) stays near ground level, thus causing the radiation level to rise. When the sun rises, the
ground warms up and air near it rises, producing a mixing effect that sweeps away the radon and its
progeny to higher levels in the atmosphere, thus lowering the radiation level. The process cycles like
this from day to day.

One of the most dramatic changes in gamma radiation levels occurs during periods of snow. While
adding water to the soil decreases the radiation level to some degree, the shielding effect is much
greater when water, in the form of snow or other frozen precipitation, accumulates on top of the
ground. As shown in Figure 2.2, a period of snow cover with a depth of several inches reduced the
radiation exposure rate by about 15 percent, or about 0.012 j<Sv per hour (2 pR per hour). The
actual degree of shielding depends on the water equivalent of the snow, because a heavy wet snow is
more effective than a dry light snow. After the snow melts awty, the radiation returns to its usual
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Figure 2.1 Typical short-term variations observed in the out door exposure rate.



s
9
i

Exposure Rale
GiR/hr)

• • 77 Dose Equivalent
(nSv/hr)

49
am a/is 3/15 3/17 a/is a/ie 3/20 3/21 3/22 M3 3/24 3/25 aoe ac? ace 3/29 aoo 3/31 4/1

1992

Note: Conversion of exposure to dose made by using 1R = 0.0087 Gy.
For environmental radiation, coverston of absorbed dose in air to
effective dose in the human body is 1 Gy = 0.7 S</.

Figure 2.2 The effects of snow cover on the outdoor exposure rate



level. Calculations, supported by experimental data, have shown that 5 cm (2 inches) of water
equivalent (that is, melted snow) would reduce the external gamma radiation level near the ground by
almost 40 percent, while IS cm (6 inches) would reduce it by nearly 70 percent (Saito, 1991).
Mountainous areas that receive extremely heavy snowpack, say SO cm (20 inches) water equivalent,
would see the external gamma level drop by more than 95 percent. If this type of snowpack were
sustained for a few months, it might lower the annual dose at a typical site by 0.1 mSv (10 mrem).

Variations in radiation levels from month to month primarily result from changes in soil moisture
content and snow cover. Figure 2.3 shows a plot of average monthly outdoor exposure rates at a site
over a period of 16 years. In this plot, seasonal trends can be seen as winter months tend toward
lower radiation levels because of the higher soil moisture, while the summer months tend toward
higher levels because of lower soil moisture. The sharp valleys in this plot correspond to those
winter months where there was appreciable snow cover.

Average outdoor exposure rates over full-year periods sbow less variation as the seasonal effects
out the pattern. This can be seen in Figure 2.4, which shows the annual average along with the
minimum and maximum daily average at a site over a 14-year period. The minimum daily value in
any given year would generally occur on the day of heaviest snow cover, while the maximum daily
value would generally occur oo the day with driest soil or the day when a series of rainstorms
produced many radon progeny washout events. For mis site, over this time period, the typical daily
high was about 10 percent or about 0.0085 /iSv per hour (1.4 pR per hour) above the yearly average,
while the typical daily low was about 25 percent or about 0.021 pSv per hour (3.5 /iR per hour)
below the yearly average.

Over geological time frames, dramatic changes in the terrestrial radiation levels could take place in a
region. If an area were covered by an ice sheet or a half meter (20 inches) or more of water, the
gamma ray level could drop close to zero. On the other hand, upwdling of material from within
Earth and erosional processes that transport soil and sediment could leave an area rich in mineraliza-
tion, and die gamma ray level might quadruple from the extra uranium and thorium in the soil. In
absolute terms, this would leave a range of about 0 to 1 mSv (0 to 100 mrem) per year, although
there are some unusual areas that have been documented around the world where gamma levels are
substantially higher. Climatic changes that lead to desertification of a region would lead to potential
variations in background as areas become subject to wind erosion. Volcanic eruptions and the
deposition an abrupt change in radia. jn of heavy amounts of ash in an area could causelevels
depending upon the concentration of the natural radionuclides in the ash. The variation mat is seen
from place to place across the country (see next section) is a reasonable indicator of the degree of
variation that might occur over long periods of time at any one location.

Human activities affect the local radiation level, and changes could therefore occur over time. On
open ground, about two-thirds of the gamma radiation dose comes from radionuclides contained in
the top 15 cm (6 inches) of soil out to a distance of 6 meters (20 feet) from where a person stands.
Thus, changes in the radiation level could occur when the natural land is altered on a scale typical for
home building and landscaping. The fact mat building materials contain varying amounts of natural
radioactivity means that background could be affected by any construction, including such work as
building a house, making alterations to it, adding topsoil, or installing a swimming pool or patio.
Public works, such as paving a road or parking lot, could also alter the radiation field. The
magnitude of the change at any one site would depend upon the amount of material mat is removed,
added, or modified, and the relative radionuclide concentration in the old and new surroundings.
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Figure 2.3 Average monthly outdoor exposure rates at a site over 16 years
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2J.2.1.2 Inhaled Terrestrial Radionuclides. Although external terrestrial gamma radiation is
highly penetrating and affects the entire body, the largest contributor to the total effective dose
equivalent from background comes from the inhalation of radon gas and its short-lived decay
products. This is because the radioactive panicles are airborne and can be inhaled into the lungs,
where the full energy of the emitted alpha panicles associated with their decay is deposited in a small
volume of tissue. As in the case of gamma radiation, various physical phenomena affect the
concentration of radon in the environment and, consequently, variations occur over time.

Outdoor radon levels vary over time because of weather conditions. Data collected for many years at
the station in Chester, New Jersey, demonstrate the degree of these variations (EML, 1978, 1979,
1980, 1981, 1982, 1984, 1985, 1988, 1991). In particular, the effect of atmospheric inversions, as
discussed above, can cause ground level concentrations to increase by as much as 200 times those
found during the day, although the average increase has been found to be about a factor of 2.
Variations over longer terms show that the seasonal minimum in the winter is about three times lower
than the seasonal maximum that occurs in August. Figure 2.5 shows a plot of average annual outdoor
radon-222 concentrations for a 9-year period, along with the minimum and maximum averages over
4-week intervals in each year. In this figure, the annual average varies by up to 30 percent, or about
2.6 Bq per cubic meter of air (70 pico (one trillionth) curies per cubic meter), while the 4-week
averages indicate that a single measurement over a month would only be within a factor of two or
three of the annual average, again reflecting the seasonal differences that occur.

Indoor radon levels can be expected to vary over time as well. Since a principal source of radon
entry into a building is the soil surrounding the building's foundation, weather can affect the air
exchange rate between the soil and indoors. Wind, atmospheric pressure, andthe freezing and water
logging of soil can all influence the movement of radon through the soil pore space and into a
building. Variations can occur on time scales of hours, days, or months. Rapid changes in radon
levels can occur from showering with well water containing dissolved radon gas, or from cooking
with natural gas containing radon. Compared to outdoors, radon gas can build up to rather high
levels indoors if there is a slow rate of air exchange with the outside.

Highly energy-efficient houses with snug-fitting windows and doors and other good weather stripping
can fall in mis category. In such situations, the radon level is subject to wide variations from changes
in the ventilation rate, as would result from opening windows. Continuous monitoring of indoor air
in houses has shown that the radon concentration can change by a factor of 10 or more (Nazaroff and
Nero, 1988) from hour to hour. Seasonal differences are also found, as the concentration during
winter months is generally higher man during the summer months, although there are exceptions to
this rule. Another important process that influences the dose from radon is the attachment of its
decay products (those that ultimately deliver me dose to the lung from being inhaled) to fine particles,
or aerosols, in. the-air. The sizes of these particles and their removal from the air we breathe by
attachment to walls and other interior finishes, called plate out, ultimately affect how much radioactiv-
ity we breathe in and retain. The aerosol concentration itself can vary with time depending upon such
factors as cooking, smoking, and using kerosene heaters.

Radon decay products are not the only form of radioactivity that can be inhaled. Fine particles of
soil, which contain all of the other natural radionuclides, can be suspended in air through the action
of wind or human activities such as soil excavation. Dry periods and soil that lacks ground cover
provide a ready environment for ^suspension. Since wind conditions can abruptly change over short
time periods, the amount of resuspended soil and the natural radioactivity that it contains can be
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expected to vary accordingly. Seasonal changes related to wind as well as the dryness and vegetative
cover of the soil can also be expected. Episodic increases from unusual natural or man-made activity
in an area are also possible.

2.3.2.1.3 Internal Terrestrial Radionuclides. The intake of radioactivity to the body from eating
food and drinking water can be expected to vary over time to some degree as well. Bananas and
some other popular foods contain relatively high levels of potassium. However, the body maintains a
fairly constant amount of this element, and the radioactive form, potassium-40, will not build up to
higher levels even when larger than average quantities of these foods are eaten. The amount of
potassium-40 will vary depending on body size and thus will change over time as adulthood is
reached. On average, women would receive an annual dose that is about 25 percent, or about
0.05 mSv (5 mrem), less than men.

For some radionuclides such as uranium and radium, however, buildup within the body results from
intake over time, and variations in diet therefore play a role. Also, geologic processes can influence
the amount of natural radionuclides contained in well water in an area; if this is the primary source of
drinking water, changes in intake and the dose from internal sources would result.

2.3.2.2 Cosmic Rays

Cosmic ray variations from day to day tend to be small, a few percent or about 0.001 jiSv (0.1 /xrem)
per hour, and result primarily from changes in the barometric pressure. Under a high pressure
system, for example, a larger mass of air above provides a greater shielding effect, compared to a
low-pressure system in which there is less air and less shielding.

To a lesser degree, the temperature of the atmosphere plays a role as well. A higher temperature
expands the atmosphere, which causes the cosmic ray level to decrease because there are longer path
lengths that allow some of the cosmic ray secondaries more time to decay before reaching ground
level. Cosmic ray intensity also changes over a period of years. The sun's 11-year cycle (as
measured by sunspot activity) affects the cosmic ray intensity at ground level by raising or lowering it
from its average value by up to 10 percent, or about 0.03 mSv (3 mrem) per year at sea level. The
solar cycle is also related to the frequency of solar flares. Short-term increases in background from
this source are possible, as was seen during the unusually energetic flare in September 1989, which
produced an increase of about 200 percent in the neutron counting rate and an increase of about
35 percent or 0.01 pSv (1 prem) per hour in the ionizing component at sea level (EML, 1992).

2 J J J Cosmogenic Radionuclides

The cosmogenic radioouclide production in the atmosphere can be expected to vary according to
changes in the cosmic ray intensity. From 1985 to 1990, a 30 to 40 percent decrease in the
concentration of beryl! ium-7 was observed in surface air monitoring stations around the world
(Larsen, 1993). This decrease coincided with the decrease in galactic cosmic ray intensity, which in
turn coincided with the increase in the sun's activity during this time period. A more active sun, as
evidenced by more sunspots, produces changes in the solar wind and magnetic field, which oppose
the cosmic rays coming from outside our solar system. Seasonal changes also occur in the deposition
of cosmogenic radionuclides to the surface of Earth. Deposition is greater during the spring months
when air in me stratosphere tends to mix with air in the troposphere, where it can be washed out by
precipitation.
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2 J.2.4 Man-Made Radionuclides

Background variations can arise from the input of man-made radionuclides to ecosystems. Both
nuclear weapon detonations and accidents dispersing nuclear material have the potential to cause
radiation and radioactivity levels to increase at sites quite distant from the source. The large-scale
testing of nuclear weapons in the atmosphere that took place during the 1950s and early 1960s
resulted in the fallout of a variety of radionuclides that caused significant short-term increases in
external radiation levels. Most of these have decayed away, although a few percent or less of the
gamma radiation levels in many areas is still due to cesium-137, which has a 30-year half-life and can
still be found in surface soils. Strontium-90, which has a 29-year half-life, has contributed signifi-
cantly to internal dose through dietary intake over the past 30 years, although this source of exposure
has gradually diminished over the years. Plutonium from fallout has contributed to internal dose
through the inhalation pathway; however, the concentrations in surface air fell rapidly after the initial
injection to the atmosphere. More recently, tests conducted by China in the late 1970s produced
temporary increases in radiation and radioactivity levels. Immediately following the fallout, increases
in gamma radiation were measured to be on the order of 20 percent or about 0.02 fiSv per hour (3 pR
per hour) above background, gradually declining over a period of a few weeks (HASL, 1976).

Temporal changes in the concentration of helium-3 in precipitation were considerable during the
period of atmospheric nuclear weapons testing. The value of 360 Bq per liter recorded for the peak
fallout year (1963) can be compared to the natural (pre-1952) level of only 0.6 for Ottawa, Canada
(NCRP, 1987b). Changes of a factor of two or more were not unusual from year to year during the
period 19S3 through 1968.

Accidents a: nuclear facilities, in particular the Chernobyl power plant in 1986, also produced
measurable contamination around the globe, although the contribution to dose was quite small for
people in the United States. The impact for an event of this magnitude would be abrupt and quite
considerable for a local area, however. In a region about 160 km (100 miles) from Chernobyl, for
example, measurements show cesium-137 concentrations in surface soil as high as 60,000 Bq per kg
(Miller et al, 1991), which represents an increase of several orders of magnitude above pre-accident
levels.

2.3.3 Spatial Variability

2JJ.1 Terrestrial Radionuclides

The concentration of terrestrial radionuclides varies from place to place in much the same way that
mineral deposits can be expected to vary from geologic processes that occur over time. Soils are
mixtures of various chemical compounds, including major constituent elements such as silicon,
aluminum, iron, carbon, hydrogen, and oxygen. Many other elements exist in either minor or trace
quantities that can vary greatly. Elements that have naturally occurring radioactive forms (that is,
potassium, uranium, and thorium) fall in this category. For instance, granitic rock is known to
contain higher than average uranium concentrations, and monazite sand can have particularly high
concentrations of thorium. Apart from naturally occurring variations, humans frequently alter the
makeup of soil with the addition of amendments for cultivation. For example, one of the three
principal components of fertilizer is potassium, most of which is in the stable forms, potassium-39
and potassium-41, but a fraction of a percent of which is the radioactive form potassium-40.
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2JJ.1.1 External Terrestrial Radionuclides. Surveys around the country have shown concentra-
tions of uranium and thorium in the soil to range from as littJe as one tenth to as much as four times
the average value (Myrick et al, 1983). In addition, aircraft mounted with radiation detectors have
surveyed large tracts of land in various areas, and these measurements have been supplemented with a
number of ground-based surveys. As a general rule, the Atlantic and Gulf coastal plains tend to
average about half of the gamma ray level seen for middle America, although the distribution of the
levels overlaps, and exceptional areas have been documented (NCRP, 1987b). For instance, the
Denver, Colorado, area has gamma radiation levels about twice the average for Middle America.
Measurements in sections of Nevada stretching into Utah contain similarly high natural gamma
radiation levels (Miller et al, 1980).

The variation within a State, or even a smaller region, can be large. Monitoring stations operated by
the Environmental Protection Agency in southern Nevada show background (combined cosmic and
terrestrial gamma) to vary by a factor of three among the sites, or about 0.6 mSv (60 mrem or
100 mR) per year (EPA, 1990). While some of this variation results from differences in altitude and
cosmic ray intensity, most of the variation arises from differences in the terrestrial gamma compo-
nent. In certain regions (such as the Reading Prong formation that cuts across northwestern New
Jersey), gamma radiation levels can be found to triple across a small field because of variations in the
concentration of natural radionuclides in the soil. Venturing near rock outcroppings that may contain
100 times the average soil concentration will produce even larger fluctuations. In contrast to these
areas of relatively high radiation in this part of the state, just 100 km (62 miles) to the southeast are
sandy beach areas where the gamma radiation levels fall to less than 10 percent of the average
measured over the Prong, which in absolute terms, is only about O.OS mSv (5 mrem) per year.

The variation in the total gamma radiation levels among sites relates directly to the concentrations of
the principal gamma-emitting radionuclides in die local soil. Table 2.6 gives an example of the
degree of variation mat can be found in a local area, in this case, the vicinity of Three Mile Island.
To some degree, soil cultivation by humans further adds to the natural variations in the radionuclide
concentrations among different soil types in an area.

Areas where human activities have been known to alter background levels of radiation include the
phosphate regions in northern and central Florida. In these regions, the phosphate rock is mined for
fertilizer production, but the rock itself and the tailings contain elevated concentrations of radium.
Backfilling operations in mined areas have led to areas of topsoil with higher concentrations than the
original (NCRP, 1987b). Survey data show that gamma dose rate levels range from slightly less than
to about double the national average.

Similar background variations can be found in western states where uranium mining and milling
operations have produced tailings containing similarly and higher elevated concentrations of natural
radionuclides. Of particular note are Uravan and Grand Junction, Colorado, where the gamma dose
rate on top of tailings piles has been observed to be on the order of 100 times normal background (a
few pSv per hour or a few hundred pR per hour) (NCRP, I987b).

Another example of background alteration can be found on land where pipes from oil drilling
operations are cleaned of scale containing relatively high concentrations of radium (Wilson and Scott,
1992). Concentrations in surface soil were found in the range of 5.3 to 62.2 Bq per gram, which is
two to three orders of magnitude above normal background levels for the United States.
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Tcble 2.6. In Situ Radioouclide Concentration* in the Vicinity of Three Mile Island1

Site Uranium-238 Thorium-232 PoUuium-40

A
B
C
D
E
F
G
H

32
29
16
23
14
43
26
24

27
30
19
31
17
40
29
32

244
216
203
403
184
512
383
257

1 From uivublidMd dtti coibcMd by USOOE EoviraamMUl Mcuunaratt Libantoty

Apart from outdoor variations in gamma ray levels, indoor variations occur because building
materials vary among structures and even within the same structure. Measurements made in a variety
of bouses around the country in recent years show that in a typical wood frame bouse, gamma ray
levels are generally about 50 percent, or on average 0.1 mSv (10 mrem) per year, higher in a
basement than on a second floor (Miller, 1992). Rooms that contain stone or brick wall fireplaces
tend to have gamma ray levels about 50 percent higher than those with normal drywall panels.
Houses of full brick construction have average concentrations about 50 percent higher than wood
frame houses without any brick. The use of cinder blocks, which are produced from ash residue in
the combustion of fuels such as coal, also yields a higher than average radiation level. Within a
large, concrete, commercial-type building, measurements have shown the gamma radiation level to
vary up to 50 percent or about 0.15 mSv (15 mrem) per year among different floors, and on the order
of 20 percent or about 0.05 mSv (5 mrem) per year on the same floor (Miller and Beck, 1984). In
such situations, differing composition of interior partition walls and the effects of windows at the
building edge can lead to variations in otherwise homogenous structural compositions.

The gamma radiation level inside a building results from the penetration of radiation from outside and
the contribution from the building itself. It thus reflects the concentrations of radionuclides in the soil
as well as in building materials. In light frame structures, the outside component is significant;
however, in large massive buildings, it is generally quite small. In some sense, the concentration of
the radionuclides in building materials relative to those outdoors is the determining factor in whether
the building acts more as a shield against outdoor radiation or a source of radiation itself. Data
presented in Table 2.7 indicate the variability in the concentration of the natural radionuclides in
ordinary concrete samples-from around the country (Ingersoll, 1981). As these data show, the
variation among cities ranges from a factor of about 3 to 6 for the various nuclides. Variation can be
expected even within a region, and the data of Eichholz et al (1980) showed variations of a similar
range for concrete within the local area of Atlanta, Georgia. Available brick showed an even broader
range (see Table 2.3).
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Table 2.7. Natural Radionuclide Content of Ordinary Concrete1

(Bq per kg)

City, State Uranium-138 Thorium-232 Potassium-30

Albuquerque, NM
Austin. TX
Chicago, IL
Kansas City, MO
Knoxville, TN
Philadelphia, PA
Salt Lake City, UT
San Antonio, TX
San Francisco-Oakland, CA
St. Paul-Minneapolis MN

31
16
19
13
13
8

25
38
19
19

24
6
3
s
5
6
16
31
12
16

461
246
154
215
154
215
184
461
184
461

' From IngcnoU (19(1).

2 J J.I.2 Inhaled Terrestrial Radionuclides. The dose associated with the inhalation of terrestrial
radionuclides is subject to spatial variations as well. Outdoor radon concentrations in air can be
expected to vary according to the local radium levels in the surface soil. This is reflected in outdoor
measurements around the country that range between 4 Bq per cubic meter of air (0.1 pCi per liter) in
New York City to 44 (1.2 pCi per liter) in Colorado Springs (NCRP, 1987b). Coastal communities
that receive air circulation off the oceans (where there is virtually no source of radon) tend to have
lower concentrations than inland areas. Other local meteorological conditions, such as the degree and
frequency of atmospheric inversions, play a role as well. Within a region, topography can be a
factor, because it has been observed that the concentration of radon and its decay products in the air
along a hillside can be five times lower than the concentration in a valley during a strong nighttime
inversion (Porstendorfer, 1993).

Apart from outdoor variations from place to place, large differences can occur with indoor radon
levels. Data collected from around die country indicate the average value for some counties can be
several times the average for the state (Cohen and Shah, 1991). Individual homes can, in turn, have
concentrations many times those of the county average. The results of the U.S. Environmental
Protection National Residential Radon Survey are shown in Figure 2.6. About 6 percent, or roughly
6 million homes, excejed the EPA Action Level of 150 Bq per cubic meter (4 pCi per liter) (Marcino-
wski, 1992). Because of the highly variable nature of the radon source and entry pathways, it is
possible for a house to have a concentration many times greater than a neighboring house. Within the
same house, differences in concentration can occur, particularly when basement areas are closed off.
As in the case of temporal variations, the concentration of aerosols to which the radon decay products
attach can be expected to vary from place to place, as well as in the amount of plate out that occurs.

Variations in the dose associated with the inhalation of resuspended soil can be expected because
radionuclide concentrations in the soil vary from place to place, as does the degree of resuspension
that occurs in an area. In general, arid regions have higher resuspension. Within a local region, the
degree of inhalation of radionuclides could depend upon the proximity to and frequency of use of
dusty unpaved roads, and whether the population engages in agricultural, construction, or a similar
type of work that produces resuspension.
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Homes Above Specified
Radon Concentration (%)

Radon Concentration
(pCi/L)

37 74 111 148 185 222 296 370

(Bq/m3)

Note: 37 Bq/m3equals 1 pCi/L

2
C
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Figure 2.6 Results of the ERA National Residential Radon Survey program
(Marcinowski, 1992)



The addition of natural radioactivity to the air can result from fossil fuel combustion where ash
containing natural radionuclides is released directly to the air. For instance, in the process of
burning coal, releases of ash as well as volatilized radionuclides such as lead-210, can lead to dose
increases as high as a few percent above normal background levels in areas downwind of a large
power plant with poor emission controls (Beck et al, 1980). Local variations relate to distance from
such a facility, wind patterns, and other meteorological phenomena.

2 J J.I J Internal Terrestrial Radionuclides. Although information on the variation of natural
radioactivity contained within the body for people living in different places is not as extensive as that
for external radiation, the available data indicate that variations do exist. Data have been collected
from around the world for a number of the natural long-lived radionuclides that indicate the degree of
variation in the concentration in human soft tissue, blood, and bone (Fisenne, 1993). For a nuclide
such as lead-210, differences of about a factor of three have been measured among samples from
various parts of the United States.

One potential source of variation among the population arises from the intake and retention of
polonium-210 and lead-210 from cigarette smoking, because these radionuclides are volatile and are
inhaled with smoke. For radium-226, somewhat larger differences can be seen for the mainland
United States (NCRP, 1987b). In addition, variations in internal radionuclide levels result from
differences in dietary intake, as well as the radionuclide concentration in foodstuffs in different areas
of the country (NCRP, 1987b; Fisenne, 1993). Crops grown in different regions contain varying
amounts of natural radionuclides because of differences in radionuclide concentration in the soil and
uptake by the plant. To some extent, differences exist based on whether the diet is urban or rural in
nature, because the relative proportion of foodstuffscontaining different concentrations of radionuc-
lides varies according to market access. Also, intake of radionuclides can be expected to vary with
concentrations in drinking water. People living io certain regions, such as those where there is a high
concentration of uranium in well water used for drinking, develop higher body burdens over time. In
contrast, intake is much lower where people rely on surface water for consumption. Measurements of
uranium in water have shown mat certain midwestera areas have concentrations 35 times greater than
certain eastern states, while certain western areas have uranium concentrations in water 350 times
greater than eastern states. Substantially higher intake of radium-226 has been documented for certain
deep municipal wells in northern Illinois (NCRP, 1987b).

2J.3.2 Cosmic Rays

Cosmic ray variations from place to place primarily result from variations in altitude, although some
smaller variation results from latitude. In short, the higher the elevation, the higher the cosmic ray
dose. Figure 2.7 shows the relationship between dose rate and altitude (Bouville and Lowder, 1988).
The populatkmJn a city such as Denver, at an altitude of 1610 meters (5300 feet), receives an annual
cosmic-ray dose about 0.2 mSv (20 mrem), or a factor two, higher than the average for the United
States.

Since the magnetic field of Earth curves inward toward the north and south poles, the cosmic ray
particles undergo less deflection and their intensity is stronger. At sea level, the cosmic ray dose is
estimated to be about 10 percent lower in regions near the equator compared to high latitudes. At sea
level, this amounts to a difference on the order of 0.03 mSv (3 mrem) per year in the effective dose
equivalent Given the range of latitude of the United States, die variations are just a few percent or
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about 0.01 mSv (1 mrem) per year about the average, with the exception of the northern regions of
Alaska.

Cosmic radiation levels in small residential-type structures are only a few percent less than those
outdoors, because there is little shielding provided by wood framing and roofing materials. However,
in large buildings with relatively thick concrete ceilings and floors, significant shielding exists and the
cosmic ray dose can drop sharply with the first overhead layer and more slowly with each successive
layer thereafter. Measurements performed in a 12-story structure showed a 36 percent drop, or
0.1 mv (10 mrem) per year, on the top floor and a 73 percent drop, or 0.2 mSv (20 mrem) per year,
at the basement level relative to the outdoor value (Miller and Beck, 1984).

2 JJJ Cosmogenic Radionuclides

Although the cosmogenic component of background is much smaller than that from terrestrial
radionuclides and cosmic rays, the production of these radionuclides is nonetheless higher near the
poles because of the greater cosmic ray intensity, as mentioned previously. However, many
cosmogenic radionuclides are produced in the upper atmosphere, and the concentrations are therefore
higher near the equator, since stronger convection leads to a much higher degree of mixing with
surface air. For example, the concentrations of beryllium-7 in surface air show a clear trend toward
higher values approaching the equator and lower values approaching the poles (Larsen, 1993). For
the United States, the air in Miami, Florida, exhibits concentrations about 2 to 4 times higher than
those at Point Barrow, Alaska. AJ^DT deposition to (to ground, an additional source of variation
occurs with climateJbecause ari^Bas receive less deposition than regions where there is more
precipitation. ^"^

2JJ.4 Man-Made Radionuclides

Differences in the distribution and deposition of fallout from nuclear weapon tests can be found across
the United States. Globally dispersed fallout varies with latitude and, in particular, with the amount
of precipitation an area receives. The arid southwestern portions of the United States have inventories
of radionuclides from fallout in soils which are lower than average, whereas certain moist mountain-
ous regions contain concentrations of fallout radionuclides that are a factor of two or three higher.
Areas downwind of the Nevada Test Site are characterized by a heterogeneous distribution of local
fallout from the tests conducted there.

Measurements of cesium-137 in undisturbed soil throughout Utah indicate that the deposition of
fallout radionuclides varies by about a factor of three (Beck and Krey, 1980). However, because of
differences in the degree of penetration through the soil layers and in density amongst soil types, the
concentration ia-the top 2.5 cm of soil varies by a factor of 20. Even within the region around the
Great Salt Lake, which is a more limited geographical area, the deposition varies by about 50 percent.
This degree of variability is reflected in the data in Table 2.8, which gives the average concentration
for a number of cities over a soil depth of 0 to 30 cm.
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Table 2.8. Concentrations of Cesiurn-D7 in Soil1 in The Great Salt Lake Vicinity3

City Concentration (Bq per kg)

Bountiful 15.3
Bhghim 14.4
Layton 10.9
Laytoo 13.0
Login 10.8
Ogdea 13.7
Mag&a 12.3
Midvale 11.6
Salt Lake City 15.0
Salt Lake City 12.6
Salt Lake City 12.0
Toole 12.7
Tremootoo 11.6
Tremootoo 12.1

from *• feu of B*ck tad Kny (1910).

Apart from regional differences in the original deposition, even larger variations can be found in the
concentrations of fallout radionuciides in an area because of natural or man-made disturbances to the
soil. Redistribution has occurred as a result of wind and water erosion, and many places have been
plowed or had soil removed or brought in as fill. Thus, concentrations can span a range from nearly
zero (or below detection limits) where runoff has occurred to several times the average for an area
because of sediment accumulation. Despite these differences, the total dose from fallout radionuc-
iides, like cosmogenic radionuciides, is quite small compared to terrestrial natural radionuciides and
cosmic rays.

2.3.4 Summary of Background Variability

To give the reader a better understanding of the radiation environment, die preceding sections provide
detailed information on the causes and magnitude of background variability. Temporal variability is
affected by weather, climatic changes, geological processes, human activities, the 11-year solar cycle,
and other naturally occurring processes. The most variable component of background over time is
radon. Overthe course of a day, or from season to season, outdoor radon concentrations can change
by more than a factor of two, while indoor radon concentrations can vary even more as a result of
building ventilation changes. Over the course of a day, changes in the distribution of radon decay
products in the atmosphere cause changes in the external gamma exposure rate ranging from a few
percent to 100 percent or more.

Temporal variability of background is affected by seasonal changes in soil moisture and snow cover,
which typically lead to changes in external radiation levels of 10 to 50 percent. To a lesser extent,
cosmic radiation and the production rate of cosmogenic radionuciides varies up to 10 percent
throughout the course of the solar cycle. However, abrupt changes in background can occur from the
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input of man-made radionuclides from fallout after a nuclear weapon test or distant reactor accident,
which can increase background levels for a few months to a few decades.

The spatial variation of external radiation is largely related to the makeup of the soil in a locale. The
greatest spatial variation in background arises from the differences in levels of radon gas, which can
vary from one tenth the national average to more than ten times the average because of differences in
the radium concentration in soil. Outdoor gamma radiation levels over sandy soil along a coast may
be only one fourth the average for the whole country, whereas it might typically be three times the
average in mountainous areas with a high degree of mineralization. Indoor gamma radiation levels
vary by about 50 percent because of the use of different construction materials.

Human activities also affect spatial variability of background. Mining and milling have redistributed
natural radionuclides, adding to the variation that occurs in some areas. Variations in the dose from
internal radionuclides primarily results from differences in the concentration of natural radionuclides
in drinking water. A significant fraction of internal dose arises from potassium-40; however, this is
relatively constant, whereas the concentration of nuclides surh as lead-210 in body tissues has been
observed to vary by about a factor three throughout the United States. Cosmic radiation increases by
a factor of two between areas above sea level, such as Denver, Colorado, and areas that are at sea
level. Variations of a few percent also occur with latitude. On a local scale, cosmic ray levels are
lower for residents and workers in tall, massive buildings because of the shielding effects of concrete
floors. Measurements inside a building have shown a drop ranging between one to two thirds below
that outdoors. Cosmogenic and man-made radionuclide concentrations vary in air and soil, although
the overall effect on the total variation in dose from background is quite small.

When considered on a large scale, this widely variable and ubiquitous source of naturally-occurring
radiation produces doses to the human population that are, in turn, widely variable as well. The
magnitude and variability of radiation doses among a given population is directly proportional to die
population's activities and the background level to which the population is exposed. Current estimates
of the minimum, maximum, and average dose per year to a United States resident from background
are provided in die next section, along with comparisons to worldwide estimates and doses from other
sources of radiation.

2.4 Estimated Doses From Background

A comprehensive review of background sources and the resultant doses received by the population of
the United States has been performed by the National Council on Radiation Protection and Measure-
ments (NCRP, 1987b). Figure 2.8 shows a breakdown of the estimated total effective dose equiva-
lent, with regard to the average contributions from each of the principal sources. Of the rounded
total of 3 mSv (300 mrem) per year, two-thirds or 2 mSv (200 mrem) comes from inhaling
radionuclide* (by and large, the indoor radon decay products). The other radionuclides internal to the
body from ingestion and inhalation contribute about 13 percent or 0.4 mSv (40 mrem) of the total
dose. External terrestrial (gamma) radiation and cosmic ray components are about equal and together
make up about 18 percent or 0.55 mSv (55 mrem) of the total, whereas the annual dose from the
cosmogenic radionuclides is very small, on the order of 0.01 mSv (1 mrem) or less than one percent.
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Background Contributions in mSv (mrem)

Terrestrial 0.28 (28)

Cosmic 0.27 (27)
Cosmogenic 0.01(1)

Internal 0.40 (40)

Inhaled 2.0 (200)

Z

I
9
i

Figure 2.8 The average contribution to the total effective dose equivalent from various sources
of background for the United States (NCRP, 1987b)



Given the previous discussion concerning the temporal and spatial background variations, it is
imperative to remember that the estimated total dose of 3 mSv (300 mrem) is an annual average, and
that the actual dose received by any one individual could be quite different. Figure 2.9 shows the
average contributions of the four most significant components in perspective to the estimated typical
maximums and minimums. These ranges are not to be taken as the absolute limits, but should
indicate the variability generally encountered. In the inhalation category, the maximum of 8 mSv
(800 mrem) per year is taken to be the dose corresponding to the current EPA Action Level of
150 Bq of radon per cubic meter of air (4 pCi per liter). Obviously, many United States homes
exceed this level; however, indoor radon represents a category of natural radiation that is controllable
by remediation. The minimum annual dose for radon, 0.2 mSv (20 mrem), corresponds to a level
only one-tenth the national average, which is taken to be typical of well ventilated houses in areas
with low radium concentrations in the soil. For internal radiation, about half of the average is taken
to be constant, corresponding to the dose from radionuclides such as carbon-14 and potassium-40.
The other half of die average internal dose is then varied from one-third to four times the average,
based on data for the range of radionuclides measured in human tissues. This yields a minimum of
somewhat less man 0.3 mSv (30 mrem) to a maximum of 1 mSv (100 mrem) per year.

The external terrestrial radiation maximum of three times the average is not unusual for areas in the
western United States with a high degree of mineralization in the soil, whereas the minimum of
one-fourth the average is representative of sandy soil along a coastline. This leads to a range of less
than 0.1 mSv (10 mrem) to more than 0.8 mSv (80 mrem) per year for the gamma component. For
cosmic radiation, the typical maximum is taken as twice that of the dose at sea level (a resident of
Denver), while the minimum i$ half (a resident of New York City who lives and works in tall
buildings). This corresponds to a difference of 0.4 mSv (40 mrem) per year in dose between the
extremes for cosmic radiation.

The variability of major background components can average out in many cases so diat many people
receive similar total doses. Nonetheless, some degree of correlation exists among these components.
High gamma levels can be found in mountainous areas, and accordingly, the higher levels of uranium
in the soil lead to a larger source of radon gas in me soil, as well as higher concentrations of
radionuclides in well water and food grown in those areas. The higher altitude also leads to a higher
dose from cosmic rays.

As an example of the typical dose range, consider mat people who live in well-ventilated wooden
houses on sandy soil near the ocean would receive a minimal dose from radon — one tenth of the
United States average — and a minimal external gamma dose — about one-fourth the average. Wim
an internal and cosmic ray component of about average, me total dose to these individuals is only
1 mSv (100 mrem) per year. In contrast, people living in Denver, Colorado, could receive double
the cosmic ray dose, triple the gamma dose, and quadruple the radon dose. Wim a somewhat higher
intake of radionuclides from drinking water, the total dose is about 10 mSv (1000 mrem) per year.
Although even higher doses are possible for people living in houses with very high radon concentra-
tions, this value could be taken as an upper limit, allowing for extremes associated with unusual
situations. Overall, this range of 1 to 10 mSv (100 to 1000 mrem) — a span of a factor of ten — is
typical of the variation in background doses for most United States citizens in a given year.
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Variability of Major Components of Background
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Figure 2.9 Typical maximum and minimum contributions of the major sources of background compared
to their respective averages for the United States



2.4.1 Comparison to Worldwide Averages

The United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) issues a
report every few years to update information on the sources, effects, and risks of ionizing radiation.
The 1988 UNSCEAR report summarized data that was collected from around the world in the various
categories of natural radiation exposure. Table 2.9 shows a comparison of the averages estimated by
UNSCEAR and the range (excluding extremes) of effective dose equivalents as compared to the
NCR? United States data that were published in 1987. As more information becomes available with
each passing year, it is likely that both the worldwide and U.S.-specific values will be modified to
some degree, particularly with regard to the radon component.

Table 2.9. Comparison of the Principal Components of Background Between
Estimated Populations of the United States and the World

Annual Effective Dose Equivilent(mSv)

Component U.S. Mean1 World Mean2 World Range2

Cosmic
Indoor radon and progeny
Internal (other inhaled, ingested)
Terrestrial gamma

0.27
2.0
0.4
0.28

0.36
1.1
0.5
0.41

0.3-2.0
0.3-5.0
0.2-1.0
0.2-1.0

Totals (rounded) 3.0 2.4 1.5-4.0
1 From NCR? (1917).
1 Froa UNSCEAK (I9U).

2.4.2 Comparison to Some Man-Made Sources

After background, the next largest contributor of human exposure to ionizing radiation is medical
procedures, such as those involving x-ray examinations and nuclear medicine. Table 2.10 compares
the dose estimates for these, as well as a few other man-made sources, to dose estimates from
background (NCR?, 1987a). All other sources are much smaller in magnitude. Included in
consumer products are such contributions as ceramics, dental prostheses, and luminous watches and
clocks, among others.

Again, these are average values; in other words, the total dose is distributed across the population. In
fact, certain sub-population groups (such as sick or injured people who undergo the majority of the
x-ray exams) are exposed to most of the radiation dose in various categories.
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Table 2.10. Comparison of Average Background Doses to Those from Other Sources'

Source

Background
Consumer product*
Diignostic x-rays
Nuclear medicine
Occupational
Weapons test fallout

Rounded Total
1 From NCR? (19S7*).
1 Annul tfhcuvi doM cquivdul.

DoseMmSr)

3.0
0.05-0.13

0.39
0.14
0.009

<0.01

3.6-3.7

33

% of Total

82
3

11
4

100
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AfifiTRACT

This report presents the results of a radiological sur-

vey of the Reed-Keppler Park, West Chicago, Illinois, per-

formed by Radiation Management Corporation during the fall

of 1981 and the spring of 1982. Measurements were made to

determine external radiation levels, concentrations of vater

and airborne contaminants and the identity and concentra-

tions of subsurface deposits. Results show that materials

containing Th-232 and daughters are present in surface and
subsurface locations, comprising a total voluae of about

15,000 cubic yards, with concentration* as high as 11,000

pCi/g. These contaminants are a source of radon and

daughter radionuclides which nay produce slightly elevated

airborne radioactivity levels off-site. There is no evi-

dence that materials are aoving off-site through ground

water, although saall subsurface deposits exceeding 5 pCi/g
exist north of the fenced site in a landfill area, and to

the southeast of the site near the tennis courts. These

off-site deposits do not present a significant radiological

hazard to the public at this time.
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I. INTRODUCTION

In 1981 and 1982, Radiation Management Corporation

(RMC) under contract to the U. S. Nuclear Regulatory Commis-

sion (NRC) performed radiological evaluations of four burial

sites.[1] The Reed-Keppler Park site in West Chicago, Illi-

nois, was the second site to be evaluated. An initial site

visit occurred in September 1981, and the detailed radiolog-

ical evaluation was performed during the fall, winter and

spring of 1981-82.

The purpose of this survey was to clearly define the
radiological conditions at the Reed-Keppler Park site. The
results of this survey should be sufficient to allow an en-
gineering evaluation to determine whether remedial action
can, or should be, taken.

The methods used to evaluate this site included the

following:

1) Measurement of external gamma exposure rates
at one meter above the ground surface and
beta-gamma count rates at one cm above the ground

surface.

2) Measurement of radionucllde concentrations in
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surface soil and vegetation.

3) Measurement of radionuclide concentrations in

subsurface deposits.

4) Measurement of activity in surface and subsur-

face water samples.

5) Measurement of Rn-222 and Rn-220 flux emanat-

ing from the ground surface.

6) Measurement of airborne radioactivity.

Measurements were performed on-site using an RMC
designed mobile facility. Gamma spectroscopy of selected
samples was performed at the RMC Midwest Regional Office in

Northbrook, Illinois, and other analyses were performed at
the RMC analytical laboratory in Philadelphia, Pennsylvania.
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V. CQNCLDSIOKg

The results of this survey confirm that significant

volumes of concentrated thorium residues, apparently origi-

nating from the West Chicago facility presently owned by

Kerr-McGee Chemical Corporation, have been deposited in

Reed-Keppler Park. In general, these materials are con-

tained within the fenced site, although levels and concen-

trations exceeding applicable target criteria (see Table 11)

can be found outside the fence in uncontrolled areas of the
park.

Within the fenced site, thorium residue* can be found

both on the surface and buried to depths of 12 feet. The

residues appear to be dense, grayish, granular materials as

described in previous reports.[4] The materials on the sur-

face are 'weathered* and have acquired an extremely hard,

brittle crust in most cases.

All off-site materials are covered by at least one-half

foot of normal soil. While there is no routine presence

on-site (within the fenced site), some land moving, dumping

and possible digging was observed in the fill area to the

north of the fenced site, where residues are known to be bu-

ried. The remainder of the park area may be occupied by a

variety of visitors participating in common recreational ac-
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tivities. Of special interest are the tennis courts, locat-

ed about 35 feet from the southeastern boundary of the

fenced site, which enjoy fairly continuous use in good

weather. Subsurface deposits and external radiation levels

exceeding target criteria have been measured near these

courts.

External radiation levels exceeding the target criteria

of 20 uA/hr exist outside the fenced area to the north and

west of the site, and at a snail location south of the
tennis courts. However, the maximum levels detected

off-site (outside the fenced area) were less than 100 uA/hr
(i.e. 70 uR/hr near the tennis courts), and the total area
above 23 uK/hr is only about 5000 square feet.

Although surface deposits have been detected on-site,

there is no evidence that material is moving off-site by
surface runoff. In fact, the physical characteristics of
the surface deposits on-site are such that they appear in-

pervious to environmental effects at this tine. The total

estimated area of surface materials is 25,000 square feet.

Measurements of subsurface deposits indicate a layer of

contamination (i. e. concentrations of Th-232 and daughters

exceeding five pCi/g) ranging in thickness from about three

to eight feet, and covering an area of about 100,000 square
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feet. Assuming an average thickness of four feet, a total

volume of 400,000 cubic feet (15,000 cubic yards) is es-

timated to exceed the target criteria. The presence of sub-

surface activities exceeding target criteria does not neces-

sarily result in external levels exceeding criteria, as is

evident in locations north of the site. Also, elevated

external radiation levels immediately to the west of the

fenced area are apparently not due to buried material, but
rather to "shine" from on-site deposits.

Analyses of surface and subsurface materials showed
Th-232 and daughters, generally in equilibrium, Ra-226 and

daughters, and K-40. In concentrated materials, the ratio
of Th-232 to Ra-226 activities is about 10:1.

There is no evidence that thorium is moving off-site
via surface or ground water. The only elevated activity

found in ground water was from a bore bole on-site, and
these levels were within appropriate HPCs for unrestricted
areas, although exceeding EPA drinking water standards in

one case.

Air sampling results show that the surface (and possi-
bly some subsurface) deposits are a source of airborne ra-

dioactivity. The predominant activity is due to the thorium

daughter Rn-220, as might be expected. Radon emanation
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rates from surface materials are quite high, and elevated

concentrations of both Rn-220 and Rn-220 particulate

daughters have been detected at the site boundary. Long

term monitoring off-site was not undertaken since it was

beyond the scope of this study; however, it is reasonable

to assume that slightly elevated levels of Rn-220 and

daughters could be present in uncontrolled areas off-site.

Rn-222 activities were slightly above background, although

generally within target criteria.

The values in Table 10 indicated that the present ra-

diological conditions are uot significantly different from
those reported several years ago. The reduced external ex-
posure rates and possibly lover surface activities suggest
the possibility of some slight weathering or altering of
surface characteristics, although significant movement is
not evident. Based on more extensive subsurface investiga-
tions performed during this survey, the estimated volume of

contaminated material appears to be 4 or 5 times that es-
timated in
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON. D. C. 20555

DEC 2 1986

FCUPrMH .-j D 1095
40-2061
STA-583

Kerr-McGee Chemical Corporation
ATTN: Dr. John C. Stauter, Director

Nuclear Licensing and Regulation
Kerr-McGee Center
Oklahoma City, Oklahoma 73125

Gentlemen:

This is in response to your request dated January 28, 1986, for permission to
store the materials removed from Reed Keppler Park and the Sewage Treatment
Plant on the disposal site of the West Chicago Facility. You received
authorization on May 13, 1986, to store material removed from the Sewage
Treatment Plant. .

As you may be aware, Illinois is in the process of becoming an Agreement
State. As an Agreement State, Illinois wishes to assume responsibility for
regulating source material. The material covered by the amendment request is
considered by the staff to be source material and as such will come under the
jurisdiction of the State of Illinois.

The material at Reed Keppler Park and that which will remain at the Sewage
Treatment Plant has been in its present location for a number of years. The
material is not endangering the public health and safety in anyway and there
is no evidence that the material is moving offsite or impacting the surrounding
environment. The materials pose no additional dangers if they remain where
they are until the State receives jurisdiction. .

Since Illinois will soon gain jurisdiction over the_material, the NRC has
decided not to act on the remainder of your amendment request at this time. . -.
Once the Agreement State status is finalized, it will be necessary to discuss £
the disposition of these materials with Illinois officials. • $fr-i~^M$&\^->:£*x£$&

Sincerely,

W. T. Crow, Acting Chief -.-"-•'
Uranium Fuel Licensing Branch
Division of Fuel Cycle and

Material Safety
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Contaminated Soil Removal Begins
at the Kerr-McGee Reed-Keppler Park

Superf und Site
West Chicago, Illinois October 1996

Introduction
The U.S. Environmental Protection Agency (U.S. EPA), with assistance from
the Illinois Department of Nuclear Safety (IDNS), will begin overseeing the
removal of soils contaminated with low level radioactive material from the
Kerr-McGee Reed-Keppler Park Superfund1 Site ("RKP Site") in West Chi-
cago, Illinois, later this year. The work involves excavating contaminated soil
from the former landfill areas in the park, disposing of it off site, and restoring
the excavated areas. U.S. EPA expects the work to last approximately one year.
During that time, small sections of the park may be closed to the public.

At the same time, U.S. EPA will continue its ongoing investigations at the RKP
Site to determine the nature and extent of contamination (both radiological and
chemical) and evaluate any necessary future cleanup alternatives.

There are four Superfund sites in the West Chicago area. Those sites are: (1)
RKP Site; (2) West Chicago's Sewage Treatment Plant; (3) Kress Creek and the
West Branch of the DuPage River; and (4) the Residential Areas Site. This fact
sheet focuses only on U.S. EPA's oversight of the removal of radioactive
contaminated soil at the RKP Site.

Site Location and Description
RKP is located on the north side of West Chicago, DuPage County, Illinois. The
park lies north and west of National Street and is west of Arbor Avenue and
Yale Street. Access to the park is via a driveway looping through the center of
the park. Residential areas lie north, south, and east of the park. A natural
wetlands area lies west of the park, and the West Chicago Prairie Forest
Preserve is located southwest of the Site, across the EJ&E and Union Pacific
railroad tracks (please see the site map on page 3).

The park has several ball fields, a Family Aquatic Center, maintenance build-
ings, tennis courts, and wooded and lawn areas. The Park, which is leased and
operated by the West Chicago Park District, covers approximately 100 acres, of
which about 10 were used for landfilling in the past.

'Words first appealing in bold an defined on page 5



History of Contamination Radiation
From 1931 to 1973, an ore processing facility located
about a mile south of RKP, extracted thorium from
monazite sands for use in manufacturing gas mantles.
The facility also supplied thorium, radium, uranium,
and rare earths to private parties and to the government
for a research project. The facility, known as the "Rare
Earths Facility," is currently owned by the Kerr-McGee
Chemical Corporation. Most of the wastes from this
process were stored at the facility. Some of this material
was used to fill in low-lying areas or in construction
projects, and was transported to various areas of West
Chicago. Years later, it was learned these waste materials
may have contained potentially harmful radioactive
substances.

Studies sponsored by U.S. EPA, the Nuclear Regulatory
Commission (NRC), and the City of West Chicago have
resulted in the four Kerr-McGee sites being listed on U.S.
EPA's National Priorities List (NPL). The Rare Earths
Facility is under the jurisdiction of the IDNS and is not on
the NPL nor is it one of the Kerr-McGee Superfund sites.

U.S. EPA believes thorium mill tailings were disposed of
at the RKP Site along with municipal wastes, although
there are no records indicating exactly when, how
much, or what types of wastes were disposed of at the
site. Most of the contamination is confined to one area
of the park within the boundaries of an old landfill. This
area is fenced off from public access and does not pose
a risk to the users of the Family Aquatic Center or to
people using other areas of the park.

U.S. EPA, the U.S. Department of Energy (DOE), the
NRC, IDNS, and the West Chicago Park District con-
ducted numerous studies and field investigations to
identify the areas of contamination and risks associated
with the contamination at RKP Site. The most recent of
these are U.S. EPA's ongoing remedial investigation
and feasibility study (RI/FS).

Status of U.S. EPA's Investigation
In 1993, U.S. EPA's contractor, CH2M Hill began a RI to
determine the nature and extent of contamination at the
RKP Site and a feasibility study to identify and evaluate
remedial alternatives. CH2M Hill has expertise investigat-
ing sites with radioactive contamination. Results of these
studies have not yet been finalized.

The RI shows most of the radiological contamination in
the former landfill is located within the fenced area,
although some contamination extends approximately 20
yards west of the fenced area. The soil sampling results
indicated a median concentration of 286 picoCuries per
gram (pCi/g) of total radium with the highest levels

1 I Thorium and some of the other elements found at the
A West Chicago Kerr-McGee Superfund sites, including

uranium and radium, are potentially harmful because they
are radioactive. "Radioactive" is a term used to describe
the behavior of some elements that are unstable and break
down or "decay" over a period of years. The materials
break down into other, unstable radioactive elements as
they decay, and radiation is given off in the process.

There are three types of radiation that can be created.
Of the three, gamma radiation has the highest energy and
can travel several feet from its source and penetrate skin
and clothing. The other two types, alpha and beta radia-
tion, are weaker, but are potentially harmful as well.
Internal exposure to alpha and beta radiation can occur in
the longs and other body organs when small radioactive
particles and gases are inhaled or swallowed. Exposure to
radiation cart have many negative health effects on the
human body; US. EPA Is most concerned about radial

- ability to cause cancer. However, no one has been hamfetf
by the contaminated materials in Reed-Keppkr Park. The
contamination is notreadily accessible to the general
public and no danger exists to children using the recre-
atioraifiekb or other available park facilities.

. .- ... :•- - -. c.' • > - . £ • ' • -.;•• " , . - - . - . . *

found inside the fence. This is significantly above the U.S.
EPA estimated West Chicago background level of just
over 2 pCi/g. The contamination is in a layer ranging in
thickness from approximately 3 to 8 feet and occurring at
depths up to 14 feet. U.S. EPA estimates approximately
22,000 to 29,000 cubic yards of radioactive waste are
present in the park.

U.S. EPA used preliminary information from the RI to
conduct a focused risk assessment which identified
human health risks associated with exposure to radi
tive materials at the RKP Site. U.S. EPA conducted uV»
focused risk assessment because of evidence that people
occasionally trespass the fenced area. The focused risk
assessment found radioactive materials present at the
RKP Site pose an unacceptable risk for potential trespass-
ers. U.S. EPA has initiated a time-critical removal action
to address these issues. There are no risks associated with
using the Family Aquatic Center from the contamination
present at the site.

To reduce any risk while the RI/FS continues, soil with
thorium mill fallings will be removed from the fenced
area, as well as from other areas U.S. EPA has identified
throughout the RKP Site. After completion of the soil
excavation, U.S. EPA will complete the RI/FS to charac-
terize the extent of any remaining contamination,
evaluate the appropriateness of any further action, and
select a final remedy for the entire site. The extent of
remaining contamination will not be identified until
later in the RI/FS. It is currently anticipated that the
removal action will address all the risks posed by the
contamination present at the site.
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1.1 THE SACM APPROACH (CONTINUED)

S ACM encourages EPA Regions to explore new ways to use removal authorities under the
NCP to achieve prompt risk reduction. An integrated removal and remedial site management
strategy under SACM will most likely involve the increased use of non-time-critical removal
authority to achieve prompt nsk reduction at Superfund sites. Regional Decision Teams (RDTs), a
SACM concept introduced in OSWER Publication 9203.1-051, Volume I. Number 5, "SACM
Regional Decisions—Interim Guidance" (December 1992), PB93-96266, are anticipated to
emphasize early actions such as non-time-critical removal actions without jeopardizing the
Superfund program's commitment to enforcement first. Decisions will be made to ensure that an
early action will be consistent with any long-term action that may eventually be required. In the
context of non-time-critical removal actions, this means that opportunities for treatment and
permanence should be fully evaluated in the EE/CA, where appropriate (see Chapter 2).

For More Information:

OSWER Publication 9203.1-051, Volume 1, Numbers 1-5 (December 1992)
• "Status of Key SACM Program Management Issues—Interim Guidance,"

PB93-963262.
• "Early Action and Long-Term Action Under SACM—Interim Guidance,"

PB93-963263.
• "Enforcement Under SACM—Interim Guidance," PB93-963264.
• "Assessing Sites Under SACM—Interim Guidance," PB93-963265.
• "SACM Regional Decision Teams—Interim Guidance," PB93-963266.
OSWER Publication 9200.2-02, "Accelerated Response at NPL Sites
Guidance" (December 15. 1989), PB9G-258302/CCE.
OSWER Publication 9203.1-03, "Guidance on Implementation of the
Superfund Accelerated Cleanup Model (SACM) under CERCLA and the NCP'
(July 7, 1992), PB93-963252.
OSWER Publication 9203.1-03A, "Exercising Flexibility Through the
Superfund Accelerated Cleanup Model (SACM)" (October 26,1992), PB93-
963253.
OSWER Publication 9360.0-15, "The Role of Expedited Response Actions
Under SARA" (April 21. 1987), PB91-214221/CCE.

1.2 OVERVIEW OF THE REMOVAL ACTION PROCESS
CERCLA and the NCP define removal actions to include "the cleanup or removal of

released hazardous substances from the environment, such actions as may necessarily be taken in
the event of the threat of release of hazardous substances into the environment, such actions as may
be necessary to monitor, assess, and evaluate the release or threat of release of hazardous
substances, the disposal of removed material, or the taking of such other actions as may be
necessary to prevent, minimize, or mitigate damage to the public health or welfare or to the
environment, which may otherwise result from a release or threat of release." EPA has categorized
removal actions in three ways, emergency, time-critical, and non-time-critical, based on the type of
situation, the urgency and threat of the release or potential release, and the subsequent time frame
in which the action must be initiated. Emergency and time-critical removal actions respond to
releases requiring action within 6 months; non-time-critical removal actions respond to releases
requiring action that can start later than 6 months after the determination that a response is



1.2 OVERVIEW OF THE REMOVAL ACTION PROCESS (CONTINUED)

necessary. Each response is unique and may require more expedited response based on the
threatened population, contaminants of concern, and other factors. The following are potential
removal actions identified in section 300.4l5(b)(2)(i)-{viii) of the NCR:

• Prevention or abatement of actual or potential exposure to nearby human
populations, animals, or the food chain from hazardous substances, pollutants, or
contaminants

• Prevention or abatement of actual or potential contamination of drinking water
supplies or sensitive ecosystems

• Stabilization or elimination of hazardous substances in drums, barrels, tanks, or
other bulk storage containers that may pose a threat of release

• Treatment or elimination of high levels of hazardous substances, pollutants, or
contaminants in soils largely at or near the surface that may migrate

• Minimization or elimination of the effects of weather conditions that may cause
hazardous substances, pollutants, or contaminants to migrate or to be released

• Elimination of threat of fire or explosion

• Determination of availability of other appropriate Federal or State response
mechanisms to respond to th<* release

• Mitigation or abatement of other situations or factors that may pose threats to public
health, welfare, or the environment.

OSCs/RPMs must always consider section 300.415 in determining the appropriateness of taking
any removal action. Section 300.415(d)(l)-(9) of the NCP provides a partial list of removal
actions that may be taken to address specific situations. Exhibit 1, on the following page,
illustrates the non-time-critical removal action process.

The following steps are for non-time-critical removal actions:

• Section 300.410 of the NCP outlines the process for conducting a removal site
evaluation, which includes a removal preliminary assessment (PA) and, if
warranted, a removal site inspection (SI). The OSC/RPM performs the removal
PA, based on readily available information, to identify the source and nature of the
release or threatened release and to assess the threat to public health, die magnitude
of the threat, and the factors necessary to determine the need for a removal action.
The removal PA also determines if more information is needed to characterize the
release, such as off-site or on-site inspection of conditions and sampling. If more
information is necessary, the OSC/RPM performs a removal SL Data gathered
during the removal site evaluation help OSCs/RPMs determine the need for
response, if any, and the urgency of the response. For non-time-critical removal
actions, OSCs/RPMs further characterize the release and propose the removal action
as a result of the EE/CA process, as discussed in Chapter 2. The subsequent
selection of the appropriate response is made in the Action Memorandum.



CHAPTER 2

CONDUCTING THE
ENGINEERING EVALUATION/COST ANALYSIS (EE7CA)

2.1 OVERVIEW

In 1987, the Emergency Response Division began development of the first draft guidance
on Engineering Evaluations/Cost Analyses (EE/CAs) for non-time-critical removal actions.
Because issuance of a final EE/CA guidance was delayed pending the outcome of issues related to
the NCP revisions, in 1988 a draft outline was distributed to assist the Regions in preparing
EE/CAs. This chapter replaces the 1988 memo to help the Regions in fulfilling the goals of the
EE/CA, which are to:

• Satisfy environmental review requirements for removal actions

• Satisfy administrative record requirements for improved documentation of removal
action selection

• Provide a framework for evaluating and selecting alternative technologies.

Non-time-critical removal actions will be the appropriate response for a variety of sites and
will range in scope from small-scale, low-cost actions to complicated multi-media response actions
requiring exemptions from the statutory time and/or dollar limits. Non-time-critical removal
actions may be interim or final actions; t' .: v may be the first and only action at a site, or one of a
series of planned response actions. The scope of the non-time-critical removal action will
determine the detail of the EE/CA. The EE/CA is a flexible document tailored to the scope, goals,
and objectives of the non-time-critical removal action. It should contain only those data necessary
to suppon the selection of a response alternative, and rely upon existing documentation whenever
possible.

The range of site characteristics affecting the non-time-critical removal action forms a
continuum. At one end are sites where the non-time-critical removal action is the first and only
action expected at a site and where no other data are available. In this case, the EE/CA should
provide definitive information on the source, nature, and extent of contamination, and risks
presented by the site. At the other end of the continuum are sites where the non-time-critical
removal action is one of a series of response actions, where a completed RI is or will be available,
and where the nature and extent of contamination and the risk presented by the site have been or
will be determined. In this case, the EE/CA would be similar to a focused FS, concentrating on the
analysis of perhaps two or three appropriate alternatives and providing reference to existing
information on the nature and extent of contamination and risks.

Many non-time-critical removal actions may occur at sites with characteristics that fall
within these extremes. OSCs/RPMs should tailor the EE/CA to match the specific goals and
objectives of the non-time-critical removal action planned for a given site. The goals of the
removal should be based on the relevant factors) listed in sections 300.415(bX2Xi)-(viii) of the
NCP. The relevant factors should be cited in the EE/CA Approval Memorandum as justification
for conducting the EE/CA. The scope of the action takes into account two major considerations:
the physical portion of the site to be addressed and whether the action represents a final or interim
step toward addressing a particular exposure pathway.
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2.1 OVERVIEW (CONTINUED)

Specific objectives are then developed for the site. Removal action objectives generally
consist of environmental medium-specific goals for protecting human health and the environment.
The objectives should be as specific as possible, but not so specific that the range of alternatives
that can be developed is unduly limited. Removal action objectives should identify, for example,
the contaminants of concern and exposure route(s) and receptors).

The scope of the non-time-critical removal action (e.g., an interim action conducted during
an ongoing remedial effort) and the specific objectives determine the information to be collected
during the EE/CA, Accordingly, qualitative risk information that identifies pathways of concern
and concentrations of contaminants above standards could have been documented at the site during
the RI, and may be referred to in the EE/CA; a separate risk assessment is not necessary to support
the non-time-critical removal action. Data to characterize the nature and extent of contamination
should be limited to those needed to support the specific objectives of the non-time-critical removal
action, supplementing existing data (e.g., the existing RI/FS) to the extent appropriate. Finally, an
initial screening of alternatives generally will not be necessary; only a few viable alternatives
relevant to the EE/CA objectives should be identified and analyzed.

As noted in Chapter 1, an EE/CA must be completed for all non-time-critical removal
actions under CERCLA as required by section 300.415(bX4)(i) of the NCP. The goals of the
EE/CA are to identify the objectives of the removal action and to analyze the effectiveness,
implementability, and cost of various alternatives that may satisfy these objectives. Thus, an
EE/CA serves an analogous function, but is more streamlined than the RI/FS conducted for
remedial actions. Soliciting and responding to public comments on the administrative record,
incli ding the EE/CA, is required by section 300.820(a) of the NCP. (See Appendix C for a side-
by-side comparison of the EE/CA process and the RI/FS process.)

The results of the EE/CA, along with EPA's response decision, are summarized in the
Action Memorandum. The costs of performing an EE/CA, which is considered a CERCLA section
104(b)(l) study, are not counted toward the $2 million statutory limit on removal actions.
Exhibit 3, on the following page, depicts the process for developing an EE/CA.

20



2.1 OVERVIEW (CONTINUED)

EXHIBIT 3
EE/CA Development Process

EE/CA

EcoiDve Summary
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This chapter provides guidance on the components of the EE/CA Approval Memorandum,
as shown in Exhibit 4, on the following page, and the EE/CA, as shown in Exhibit 5. The chapter
discusses and provides checklists for each section of the EE/CA; however, each section can be
modified to satisfy special requirements of the removal action or to justify the selection of a specific
alternative.

For More Information:

1. CERCLA § 104(bX 1), Information; Studies and Investigations
2. NCP:

§300.415, Removal Action
§300.415(b)(2), Appropriateness Factors
§300.415(bX4Xi). EE/CA Requirement

21



2.1 OVERVIEW (CONTINUED)

EXHIBIT 4
EE/CA Approval Memorandum

Subject
Background
Threat to Public Health, Welfare, or the Environment (Includes Expected Change
If No Action Taken)
Imminent and Substantial Endangerment If Present
Enforcement Actions
Proposed Project/Oversight and Cost
Approval/Disapproval

2.2 EE/CA APPROVAL MEMORANDUM

In general, the EE/CA Approval Memorandum is prepared once the need for a non-time-
critical removal action has been determined; a removal site evaluation may have been completed, or
if the site is on the NPL, information may also be available from other sources. The EE/CA
Approval Memorandum is not a part of the EE/CA, but is part of the administrative record for the
site.

The EE/CA Approval Memorandum serves important functions. First, it secures
management approval and funding approval to conduct the EE/CA or, for PRP-lead actions, to
provide oversight of EE/CAs. If the action is PRP-lead, provisions for oversight funding will be
containedJn an administrative order and should be included in an Approval Memorandum.
Second, the memorandum documents that the situation meets the NCP criteria for initiating a
removal action and that the required action is non-time-critical. Third, it provides a finding of an
actual or threatened release from the site and, if present, a finding of an imminent and substantial
endangerment, or refers to a document establishing such a determination. The Approval
Memorandum also provides general information pertaining to the site background; threats to public
health, welfare, or the environment posed by the site (including expected changes in the site
situation if no action is taken or if the action is delayed); enforcement activities related to the site;
and estimated EE/CA costs.

The EE/CA Approval Memorandum should indicate a current or potential threat to public
health, welfare, or the environment The memorandum should focus on providing sufficient
information rhat such a threat or potential threat could exist, while the EE/CA will provide the
information for EPA to determine that such a threat or potential threat actually exists. The
preliminary identification of exposures is based on information obtained from the PA or SI and
possibly other previous investigations. The OSC/RPM should develop a conceptual site model as
a starting point for this analysis. The model identifies potential releases, potential areas of
contamination, chemicals of concern, possible routes of exposure, possible routes of contaminant
transport, and potential exposure pathways.

This potential for exposure indicates the likelihood of meeting the NCP criteria for taking a
removal action, which in turn justifies the need for conducting the EE/CA. For example, risk
consideration can identify the possibility of exposure of nearby populations, animals, or the food
chain to hazardous substances, pollutants, or contaminants. Similarly, this preliminary risk
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2.2 EE/CA APPROVAL MEMORANDUM (CONTINUED)

information may also indicate the possibility of contamination of drinking water or sensitive
environments or other situations or factors that may pose threats to public health, welfare, or the
environment.

The Regional Administrator (or authorized designee) evaluates the EE/CA Approval
Memorandum and provides authorization. Funds expended to prepare an EE/CA Approval
Memorandum are CERCLA 104(b)( 1) monies and are not counted toward the S2 million statutory
limit for removal actions.

For More Information:

1. CERCLA § 104(b)(i), Information; Studies and Investigations.
2. NCP:

§300.415(m)(4)(i). Community Relations
§300.415(b)(4). EE/CA Requirement

EXHIBIT 5
EE/CA Outline

G Executive Summary
G Site Characterization

Q Site description and background
G Previous removal actions
G Source, nature, and extent of contamination
G Analytical data
G Streamlined risk evaluation

G Identification of Removal Action Objectives
G Statutory limits on removal actions
G Determination of removal scope
G Determination of removal schedule
G Planned remedial activities

G Identification and Analysis of Removal Action Alternatives
Q Effectiveness
G Implementability
Q Cost

G Comparative Analysis of Removal Action Alternatives
G Recommended Removal Action Alternative

2.3 EE/CA EXECUTIVE SUMMARY

The EE/CA Executive Summary provides a general overview of the contents of the EE/CA.
It should contain a brief discussion of the site and the current or potential threat posed by site
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2.3 EE/CA EXECUTIVE SUMMARY (CONTINUED)

conditions. The Executive Summary should also identify the scope and objectives of the removal
action, as well as the removal action alternatives. Finally, this section of the EE/CA should
provide information on the recommended removal action alternative.

The Executive Summary is intended to make the contents of the EE/CA more accessible to
review by the public, and is analogous in this respect to the Proposed Plan used in the remedial
process. This summary can then be used in the Action Memorandum, which should include a
description of the EE/CA.

2.4 SITE CHARACTERIZATION

The EE/CA should summarize available data on the physical, demographic, and other
characteristics of the site and surrounding areas. These data may be available from a removal site
evaluation, from previous investigations, or from other EPA activities at the site (e.g., work in
preparation for NPL listing). Documents providing information for the EE/CA should be placed in
the administrative record for the site. Whatever the source, the data on the site must provide
background engineering information for analysis of removal alternatives. Because of the CERCLA
preference for treatment over containment or land disposal, it is important that alternatives that
employ treatment and that yield permanent solutions be fully evaluated for non-time-critical
removal actions and early remedial actions. Furthermore, potential differences between early
action and long-term action data quality objectives and risk assessment goals should be reconciled
as early as possible. Therefore, EPA should coordinate activities of the OSC/RPM with those of
the site assessment manager, risk assessor, and enforcement/legal staff to ensure appropriate data
are collected to -haracterize the site.

Information about the site may be readily available from many sources, including:

• Scoring packages for NPL sites
• Removal site evaluations
• Remedial PA/SI reports
• EE/CA Approval Memoranda

RI/FSs
RODs

• State and local government reports
• The Agency for Toxic Substances and Disease Registry (ATSDR) or State public

health agencies
State Historic Preservation Officer

• Environmental Impact Statements (EISs)
• CERCLA section I04(e) information requests

Newspaper articles
• Resource Conservation and Recovery Act (RCRA) enforcement actions
• Published engineering evaluations and technical reference documents
• Documents from other Federal agencies, such as U.S. Geological Survey (USGS)

maps and Federal Emergency Management Agency evacuation reports
• Company records
• Employee interviews

EPCRA—Toxic Release Inventory data.

24



2.4 SITE CHARACTERIZATION (CONTINUED)

Site Description and Background

The site description includes current and historical information. This information may help
identify hazardous substances, pollutants, or contaminants of concern, or areas of the site requiring
additional sampling. In gathering this information, OSCs/RPMs should review State, local, and
Federal permit files, construction records, and local deed records for information on previous
owners to determine materials produced, stored, or disposed of at the site. CERCLA section
104(e) information requests should also be considered. In addition, interviews should be
conducted, as necessary, with neighbors of the site or past employees who can describe past
operational practices or identify other past employees. The site background may include historical
and aerial photographs. The EE/CA should document these data to convey a clear understanding
of the nature of the site.

The site description section of the EE/CA should include the following types of information
where available and as appropriate to the site-specific conditions and the scope of the removal
action:

• Site location
Street address and crossroads
USGS topographic map quadrangle
Latitude/longitude

• Type of facility and operational status
Materials manufactured, stored, or disposed on-site
Estimated quantities of contaminants and potential hazards
Years of operation
Present/prior site use
Regulatory history, including previous responses, investigations, and
litigation by State, local, and Federal agencies

• Structures/topography
Facility size/dimensions
Boundary descriptions
Land cover/vegetation/stresses to topography
Utilities/transportation features
Buildings
Surface water bodies/conveyances
Drainage channels/pathways
Historically/archaeologically significant features
Sewer lines/manholes
Stormwater drainage pipes
Open ditches/canals
Power lines/pipelines

• Geology/soil information
Depth to aquifer
Soil types (surface and vadose zones)
Local geological formulations
Surface water hydrology and hydrogeology

25



2.4 SITE CHARACTERIZATION (CONTINUED)

• Surrounding land use and populations
Residential, industrial, or commercial land use
Possible pathways of exposure
Identification of sensitive populations
Estimate of population densities within potentially affected radius
Description of drinking water sources
National Historic Preservation Act considerations

• Sensitive ecosystems
Wetlands, wildlife breeding areas
Wild and scenic rivers
Connection to the human food chain or food chains of other organisms
Sensitive and/or endangered species
Coastal zones

• Meteorology
Rainfall/snowfall
Temperature ranges
Wind conditions

Previous Removal Actions
The site characterization section of the EE/CA should also describe any previous removal

actions at the site. Exhibit 6, on the following page, shows useful information that may be
obtained from a previous removal action and its applicability to the current EE/CA. Previous
information, if relevant, may be organized as tollows:

• The scope and objectives of the previous removal action

• The amount of tune spent on the previous removal action

• The amount of money spent on the previous removal action

• The nature and extent of hazardous substances, pollutants, or contaminants treated
or controlled during the previous removal action

• The technologies used and/or treatment levels used for the previous removal action.

Like all documents that serve as the basis for Superfund decisions, EE/CAs are subject to
public review and must be pan of the administrative record. Although confidential and
enforcement-sensitive documents are typically not relied upon in selecting response actions, when
they are relied upon they should be contained in a separate confidential portion of both the EE/CA
and the administrative record. Confidential information includes the following:

• Trade secrets, commercial or financial information
• State secrets
• Confidential informant files
• Privacy Act privileged information, attorney-client privileged information, and

attorney work product privileged information
• Information exempted by other statutes.
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2.4 SITE CHARACTERIZATION (CONTINUED)

Enforcement-sensitive information that generally should not be placed in the administrative
record file includes:

• Financial status of PRPs
• Record of previous negotiations with PRPs and the results
• Investigatory files relating to law enforcement
• Additional information on enforcement history, strategy, discussion, and

recommendations.

EXHIBIT 6
Information From Previous Removal Actions Applicable To Current EE/CA

Information From
Previous Removals Applicability To Current EE/CA

Nature and Extent of Contaminants

Treatability of Compounds

Equipment/Utilities at Site

Site-Specific Conditions

This information may allow the OSC/RPM to narrow the scope
of evaluation to certain areas of the site or to specific analyses.

Previous use of a technology may affect the decision to use
the same technology again.

If the previous removal action resulted in supplies and
equipment being left at the site or provision of specific utilities
(e.g., etectlcal power, sewer line), this information may affect
the choice of treatment/control options employed.

Lessons learned from a previous removal action are valuable to
the current EE/CA. Specific examples could include seasonal
weather patterns affecting technology applications or site
access limitations because of vehicle transportation routes.

Source, Nature, and Extent of Contamination

To the extent possible, site characterization data should be gathered during the removal site
evaluation to support the EE/CA, unless such data were gathered in prior investigations. Existing
information may be useful in determining the location(s) of contamination at a particular site. This
information may include:

Location(s) of the hazardous substances), pollutants), or contaminant(s)
Quantity, volume, size, or magnitude of the contamination
Physical and chemical attribute(s) of the hazardous substance(s), pollutant(s), or
contaminant(s)
Target(s) potentially affected by the site.
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2.4 SITE CHARACTERIZATION (CONTINUED)

The source of the contamination for a removal action is often well defined. However, if the
source, nature, and extent of contamination cannot be readily identified, the OSC/RPM should
survey the area. Contamination sources and locations can often be determined by:

• Using nonanalytical methods, including geophysical surveys, which may indicate
the presence of buried objects, such as drums

• Examining aerial photographs (especially those taken over a period of time), which
may indicate land areas or drainage patterns that have been disturbed

• Reviewing past operations and information from the Toxic Release Inventory and
interviewing past or current employees, which may help determine the source of
contamination.

If contamination is found in a containment vessel (e.g., under- or above-ground storage
tanks, drums, lagoons), the integrity of the vessels should be determined. The integrity may have
an impact or. the selection of the removal action.

Analytical Data

The analytical data section presents quantifiable data collected for the EE/CA. This section
begins with existing data and expands as additional data are collected. When sufficient data are
collected, significant findings should be presented in a narrative discussion. The actual data can be
presented in tables, either within the section or in an appendix, or incorporated by reference to the
document containing the data.

Sampling should typically be performed in accordance with accepted EPA and Contract
Laboratory Program (CLP) protocols. Where feasible, sampling should be coordinated through
the integrated assessment approach of SACM. Where a SACM approach is used, appropriate data
quality objectives should be used for decisions in support of remedial and removal actions. If the
site is not already on the NPL, sample collection and analysis should generally ensure that data
generated will also support assessment of whether NPL listing and remedial action are appropriate.

Analytical data from studies conducted by EPA or other groups (e.g.. State or local health
or environmental authorities or PRPs) are useful in characterizing the site. Reviewing any soil,
water, or waste analyses will help OSCs/RPMs determine the precision, accuracy,
representativeness, completeness, and comparability of previous sampling. These parameters can
be evaluated by examining the results of routine quality control procedures, such as replicate
samples and/or analyses, replicate spiked samples and/or analyses, field blanks, method blanks,
and analysis of standard reference materials.

To reflect SACM's integrated assessment approach, future guidance will further address
data collection and analysis to support removal actions, early remedial actions, and long-term
actions. The Environmental Response Team (ERT) is currently developing integrated guidance on
air, waste, and water sampling, and ecological assessment. All data used to justify a non-time-
critical action should be supported by quality control data. Furthermore, these data should be
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2.4 SITE CHARACTERIZATION (CONTINUED)

evaluated based on quality assurance documentation. Following this quality assurance and control
process, data can be compared to existing health- or risk-based standards to determine the nature of
the threat to public health, welfare, or the environment.

Streamlined Risk Evaluation

The streamlined risk evaluation is a new type of evaluation, intermediate in scope between
the limited risk evaluation undertaken for emergency removal actions and the conventional baseline
assessment normally conducted for remedial actions. This streamlined risk evaluation can help
justify taking a removal action and identify what current or potential exposures should be
prevented. The risk evaluation uses sampling data from the site to identify the chemicals of
concern, provides an estimate of how and to what extent people might be exposed to these
chemicals, and provides an assessment of the health effects associated with these chemicals. A
streamlined risk evaluation projects the potential risk of health problems occurring if no cleanup
action is taken at a site. Therefore, the results of the streamlined risk evaluation help EPA decide „
whether to take a cleanup action at the site, what exposures need to be addressed by the action, and
in some cases define appropriate cleanup levels.

In planning a non-time-critical removal action, OSCs/RPMs should consult with the
Regional risk assessors on potential action and cleanup levels. The risk evaluation at the site
should remain the responsibility of EPA. Since removal and remedial action cleanup levels may
differ, all early action decisions should consider the possible long-term action and corresponding
cleanup levels. The OSC/RPM should ensure that all risk assessment activities are consistent with
any future remedial action remaining to be taken (or potential for listing, if the site is not on the
NPL) to achieve consistent risk goals. OSCs/RPMs should refer to OSWER Publication 9285 7-
01B, "Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual,
Pan A, Interim Final" (December 1989), EPA/540/1-89/002, PB90-155581, for guidance on
conducting risk evaluations.

For the EE/CA, the streamlined risk evaluation should focus on the specific problem that
the removal action is intended to address. For example, if the non-time-critical removal action is to
install a ground water containment system, the risk evaluation should address risk due to
consumption and use of ground water. If the action is intended to address a particular source of
contamination, the risk evaluation should address the risks related only to that source of
contamination.

To assist in focusing the risk evaluation on specific site problems, OSCs/RPMs should rely
on the conceptual site model and data developed during site characterization. A risk evaluation that
identifies only contaminants of concern in the affected media, contaminant concentrations, and the
toxicity associated with the chemical can be sufficient to justify taking an action. In some
situations, exposure pathways can be identified as an obvious threat to human health or the
environment by comparing EE/CA contaminant concentrations to standards that are potential
chemical-specific applicable or relevant and appropriate requirements (ARARs) for the action.
These may include non-zero Maximum Contaminant Level Goals (MCLGs) and Maximum
Contaminant Levels (MCLs) for ground water or leachate, or State air quality standards for
contaminants that may volatilize or be entrained by the wind. When potential ARARs for
chemicals of concern do not exist for a specific contaminant, risk-based chemical concentrations
should be used.
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2.4 SITE CHARACTERIZATION (CONTINUED)

Where standards for one or more contaminants in a given medium are clearly exceeded, a
removal action is generally warranted, and further quantitative assessment that considers all
chemicals, their potential additive effects, or additiviry of multiple exposure pathways, are
generally not necessary. In cases where standards are not clearly exceeded, or where the available
information is deficient or of questionable quality, a more thorough risk assessment may be
advisable before deciding whether to take a removal action.

In most, if not all, PRP-and State-lead actions with no RI/FS or other site evaluation and
little likelihood of future EPA remedial action, a conventional risk assessment will be necessary to
evaluate all potential pathways. If more substantial information or data are needed regarding risks
posed at a site (e.g., due to insufficient data quality from prior site work), OSCs/RPMs should not
hesitate to request supplementary risk information before any type of response action is selected,
being careful to justify any additional work that may be required. However, only in the case where
the non-time-critical action will be the only Fund-lead action expected at the site should
OSCs/RPMs consider performing a risk assessment that addresses all potential exposure
pathways.

For More Information:

1. CERCLA § 104(e), Information Gathering and Access
2. OSWER Publication 9200.2-16FS, "Quality Assurance for Superfund

Environmental Data Collection Activities" (February 1993), PB93-963273.
3. OSWER Publication 9285.7-01B, "Piik Assessment Guidance for Superfund

Volume 1: Human Health Evaluation Manual, Part A, Interim Final"
(December 1989), EPA/540/1-89/002, PB90-155581.

4. OSWER Publication 9360.4-01. "Quality Assurance/Quality Control Guidance
for Removal Activities—Sampling QA/QC Plan and Data Validation Procedures
(Interim Final)" (April 1990), EPA/540/G-90/004. PB90-274481.

5. OSWER Publication 9360.4-02, "Compendium of ERT Soil Sampling and
Surface Geophysics Procedures" (January 1991), EPA/540/P-91/006,
PB91-921273.

6. OSWER Publication 9360.4-03, "Compendium of ERT Surface Water and
Sediment Sampling Procedures" (January 1991), EPA/540/P-91/005,
PB91-921274.

7. OSWER Publication 9360.4-05, "Compendium of ERT Air Sampling
Procedures" (May 1992), PB92-963406.

8. OSWER Publication 9360.4-06, "Compendium of ERT Ground Water
Sampling Procedures" (January 1991), EPA/540/P-91/007, PB91-921275.

9. OSWER Publication 9360.4-07, "Compendium of ERT Waste Sampling
Procedures" (January 1991), EPA/540/P-91/008, PB91-921276.

10. OSWER Publication 9360.4-08, "Compendium of ERT Toxicity Testing
Procedures" (January 1991), EPA/540/P-91/009, PB91-921271.

11. OSWER Publication 9360.4-10, "Removal Program—Representative Soil
Sampling Guidance" (November 1991), PB92-963408.
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2 5 IDENTIFICATION OF REMOVAL ACTION SCOPE, GOALS, AND
OBJECTIVES

Identifying the scope, goals, and objectives for a removal action is a critical step in the
EE/CA and in the conduct of non-nme-critical removal actions. At any release, regardless of
whether the site is on the NPL, where the lead agency determines there is a threat to public health,
welfare, or the environment, a removal action may be taken to abate, prevent, minimize, stabilize,
mitigate, or eliminate the release or threat of release.

The following example illustrates this process at an NPL site with an ongoing Rl/FS, and
where an opportunity exists to conduct a non-time-critical removal action. The non-time-critical
removal action will minimize migration of contaminated ground water and contaminants from
subsurface soil but is considered an interim action because it is expected that the remedial action
will ultimately address the area of concern.

In this example, the goal of the non-time-critical removal action is to minimize migration of
contaminated ground water and to begin to reduce contaminants in the soil that are the source of
ground water contamination. This goal corresponds to section 300.415(bX2)(iv) of the NCP,
which identifies "high levels of hazardous substances, pollutants, or contaminants in soils largely
at or near the surface, that may migrate" as a factor to be considered in determining the
appropriateness of a removal action.

Five specific objectives are then developed for the site:

• Minimize migration of contaminated ground water through installation of a
containment system

• Initiate removal of volatile organic compounds from contaminated soils through
in-situ treatment

• Dewater areas necessary to treat effectively the decontaminated soils

• Install and operate appropriate treatment systems for ground water and vapor
generated by containment, dewatering, and soil treatment that will prevent
unacceptable discharges or emissions.

• Dispose of waste streams from the removal action.

These objectives should be achieved by meeting specified cleanup levels while working
within the statutory limits and attaining ARARs to the extent practicable. Exhibit 7 provides a
checklist of factors to consider in developing EE/CA objectives.

Statutory Limits on Removal Actions

Because the EE/CA is a public document and readers may not be aware of the statutory
limits on removal actions, the objectives section of the EE/CA should briefly explain the $2 million
and 12-month statutory limits for Fund-financed removal actions pursuant to section 104(cX 1) of
CERCLA. If the need for an exemption is determined early in the action, the details should be
described in the EE/CA as well as in the Action Memorandum requesting the exemption.
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2.5 IDENTIFICATION OF REMOVAL ACTION SCOPE, GOALS, AND
OBJECTIVES (CONTINUED)

Determination of Removal Scope

The EE/CA should help define the scope of the removal action. The scope of the action
could be, for example, total site cleanup, site stabilization, or surface cleanup of hazardous
substances. It is critical that removal actions at non-NPL sites consider the potential for future
listing to ensure the goals of the removal are consistent with any potential long-term remediation.
When a non-time-critical removal action will be the only or last action taken to clean up a potential
NPL site, the EE/CA should provide adequate documentation that activities performed at the site
are sufficient to meet completion requirements.

Specific objectives vary with the type of removal. If cleanup levels are necessary as part of
a specific objective, OSCs/RPMs employ several methods to determine these levels. Examples of
current practice include applying an appropriate Federal or State ARAR, consulting a Regional risk
assessor, or requesting support from ATSDR or ERT.

Specific objectives that clearly define the scope of the removal action are particularly
important when the site poses multiple hazards and the response actions will be conducted in
phases. OSCs/RPMs should always consider how the removal action would best contribute to the
efficient performance of any remedial action to be taken, as required under CERCLA section
104(a)(2). OSWER Publication 9360.0-13, "Guidance on Implementation of the 'Contribute to
Remedial Performance' Provision" (April 6,1987), provides additional guidance on implementing
CERCLA section 104{aX2). For example, if EPA or the State plans to begin a long-term remedial
action at the site in 2 years, the removal action should be designed to ensure that the site is
stabilized until remedial action begins. The ti^eats that meet the NCP removal criteria should be
fully addressed, if possible, given the statutory limits on removal actions.

Determination of Removal Schedule

The general schedule for removal activities, including both the start and completion time for
the non-time-critical removal action, should be part of the EE/CA. (A time-critical or emergency
removal action may occur at any point from the planning phase to the completion of a non-time-
critical removal action.) Although EE/CAs are only required when a planning period of at least 6
months is available, the nature of the threat may still dictate that action be initiated within 12
months or some other specific time period. The start date may also be influenced by weather, PRP
negotiations, or Regional resources. For example, Regions should consult with Headquarters
prior to taking any early action requiring funding beyond the Region's allowance. Also, weather
can affect the schedule if the removal is to be implemented before winter. The time available before
the removal action can be a significant factor in evaluating alternative technologies, since
implementing technologies can necessitate considerable lead time.

The completion time should also be estimated for the removal action, considering the nature
of the threat It may be necessary to achieve beneficial results within a certain time frame to ensure
adequate protection of public health and the environment The time needed to sample treated
wastes or other media prior to disposal should be factored into the schedule. Another important
factor influencing the removal schedule is the statutory limit on Fund-financed removal actions.
For Fund-lead sites not expected to qualify for either the emergency or consistency exemptions, the
OSC/RPM should select a removal action alternative that can be implemented within the statutory
limits. For Fund-lead sites expected to qualify for an exemption, the objective should be to select a
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removal action alternative thai can be implemented within a reasonable time limit. Factors such as
weather and the availability of Regional resources may also affect the completion time.

The flexibility in the removal schedule can vary greatly from site to site. Some sites may
require a strict schedule, while others allow wider latitude in start and completion times. For a
PRP-lead site the 1-year statutory restriction on removal actions is not applicable. In such cases, it
may be advisable to establish a removal schedule in an administrative order. The schedule
established for a site can be an important decision criterion to evaluate removal action alternatives
based on their implementation times.

For More Information:

1 CERCLA'
§104(a)(2). Removal Action
§104(c)(l), Statutory Limits

2. NCP §300.415(b)(2)(i)-(viii), Appropriateness Factors
3. OSWER Publication 9360.0-13, "Guidance on Implementation of the

'Contribute to Remedial Performance' Provision" (April 6,1987).

2.6 IDENTIFICATION AND ANALYSIS OF REMOVAL ACTION
ALTERNATIVES

Based on the analysis of the nature and extent of contamination and on the cleanup
objectives developed in the previous section, the OSC/RPM should identify and assess a limited
number of alternatives appropriate for addressing the removal action objectives. If the information
a Region typically uses to evaluate action alternatives is not sufficient, or if data quality is suspect,
OSCs/RPMs should collect any additional technical information needed. If EPA is conducting
oversight activities at the site, PRPs or State agencies may provide the information.

Treatment Technologies

Whenever practicable, the alternatives selection process should consider the CERCLA
preference for treatment over conventional containment or land disposal approaches to address the
principal threat at a site. Although CERCLA section 121(b) appears to apply only to remedial
actions, the overall strategy scheme leads to the conclusion that this preference is also an
appropriate goal for removal actions. Removal actions, however, cannot conform entirely to
requirements for remedial actions because of site related time constraints and statutory limits on
remedial actions. To identify alternatives, the OSC/RPM can draw from EPA experience with the
particular technologies and contaminants involved, as well as technical advice from ERT, Office of
Research and Development's (ORD)-START, the Technology Innovation Office (TIO), the
Superfund Innovative Technology Evaluation program, EPA laboratories and task forces,
technology vendors, and other sources.
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While treatability studies often need not be performed for proven technologies, in many
cases a study is necessary to assure the attainment of treatment objectives. An EE/CA often allows
time to plan and conduct a treatability study.

OSCs/RPMs should refer to OSWER Publication 9380.0-17, "Furthering the Use of
Innovative Treatment Technologies in OSWER Programs" (August 1991), EPA/540/2-90/004.
PB91-921366, for further guidance on assessing treatment options.

Based on the available information, only the most qualified technologies that apply to the
media or source of contamination should be discussed in the EE/CA. The use of presumptive
remedy guidance can in many cases provide an immediate focus to the discussion and selection of
altemadves, speeding the process by limiting the universe of effective alternatives for the non-time-
critical removal action. Presumptive remedies involve the use of remedial technologies that have
been selected in the past at similar sites or for similar contaminants. By evaluating technologies
that have been consistently selected at similar sites, a presumption can be developed that a
particular remedy or set of remedies is appropriate for a specific site type. EPA is developing
several presumptive remedies for a variety of response situations. Currently, information is
available for wood treater sites in OSWER Publications 9355.0-46FS and 9355.0-46,
'Technology Selection Guide for Wood Treater Sites" (May 1993), PB93-963505. This
information was previously cited as OSWER Publications 9360.0-46FS and 9360.0-46. OSWER
guidance is under development for solvent and municipal landfill sites.

A limited number of alternatives, including any identified presumptive remedies, should be
selected for detailed analysis. Each of the alternatives should be described with enough detail so
that the entire treatment process can be understood. For example, if one of the alternatives is
incineration, information on whether the incineration will occur on-site or off-site should be
provided, as well as the volume of waste to be treated, the disposition of the treatment residuals,
and any ARARs that would affect significantly the action, such as the land disposal restrictions.
The technical implemcntability of this set of potentially applicable alternatives can then be evaluated
based on readily available information from the site characterization phase. Specific technologies
may not be applicable to the treatment of wastes in the concentration and form found at the site, and
so may be disregarded. The OSC/RPM, however, must avoid even the appearance that a
technology has been pre-selected. All selected technologies should be fully considered.

Treatment Technology Information Sources

Appendix D from OSWER Publication 9355.3-01, "Guidance for Conducting Remedial
Investigations and Feasibility Studies (RI/FS) Under CERCLA" (October 1988), EPA/540/G-
89/004, PB89-184626. provides a bibliography on various treatment technologies. In addition,
EPA's Risk Reduction Engineering Laboratory is responsible for planning, implementing, and
managing technology research, development, and demonstration programs. OSWER Publication
9380.3-03, "Inventory of Treatability Study Vendors" (March 1990), EPA/540/2-90/003a, PB91-
228395, helps link the researcher and the user community.

Three additional databases can assist OSCs/RPMs in evaluating the effectiveness and
availability of various treatment technologies. The Alternative Treatment Technology Information
Center (ATTIC) is an on-line computer database that may be accessed with a personal computer
and modem by calling 301-670-3808. ATTIC is a comprehensive, automated system that
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integrates hazardous waste data into a centralized, searchable resource. Data about hazardous
waste treatment technologies are found in many forms in this system, including:

Literature search databases
Expert lists
Treatabiliry databases
Fate and transport databases
Cost models
Case histories
Expert systems.

The central ATTIC database contains more than 1,400 technical documents collected in a key-
word-searchable format. ORD Publication EPA/600/M-91/049, "Alternative Treatment
Technology Information Center-ATTIC Brochure" (August 1991) provides additional information.

Another database operated by TIP is the Technology Vendor Information System for
Innovative Treatment Technologies (VISITT). This database facilitates communication between
technology vendors and government and private cleanup personnel and describes the capabilities
and experience vendors have with innovative technologies. The database is useful in developing
engineering studies and designs. The VISITT Hotline at 1 -800-245-4505 can provide
OSCs/RPMs with additional user information.

The Cleanup Information Bulletin Board (CLU-IN) provides electronic message
capabilities, directories, on-line bulletins, and other cross-database files on innovative
technologies. Special interest groups exist within the system specifically for OSCs/RPMs.
CLU-IN can be accessed with a computer, modem line, and telecommunications software by
calling 301 -589-8366.

Defined alternatives are evaluated against the short- and long-term aspects of three broad
criteria: effectiveness, implementability, and cost. Subcriteria to be evaluated under each of the
criteria are identified in Exhibit 7 on the following page.

Effectiveness

The effectiveness of an alternative refers to its ability to meet the objective within the scope
of the removal action. This section of the EE/CA should evaluate each alternative against the scope
of the removal action and against each specific objective for final disposition of the wastes and the
level of cleanup desired. These objectives should be discussed in terms of protectiveness of public
health and the environment.

Overall Protection of Public Health and the Environment

How well each alternative protects public health and the environment should be discussed
in a consistent manner. This discussion draws on assessments conducted under other evaluation
criteria, including long-term effectiveness and permanence, short-term effectiveness, and
compliance with ARARs.
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EXHIBIT 7
Objectives/Criteria To Be Used In Comparative Analysis of Alternatives

Effectiveness
Q Protectiveness

Q Protective of public health and community
G Protective of workers during implementation
Q Protective of the environment
Q Complies with ARARs

Q Ability to Achieve Removal Objectives
Q Level of treatment/containment expected
Q No residual effect concerns
Q Will maintain control until long-term solution implemented

Implementability
Q Technical Feasibility

G Construction and operational considerations
G Demonstrated performance/useful life
G Adaptable to environmental conditions
G Contributes to remedial performance
Q Can be implemented in 1 year

G Availability
G Equipment
G Personnel and services
G Outside laboratory testing capacity
G Off-site treatment and disposal capacity
G PRSC

G Administrative Feasibility
G Permits required
G Easements or right-of-ways required
G Impact on adjoining property
G Ability to impose institutional controls
G Likelihood of obtaining an exemption from statutory limits (if

needed)
Cost
G
G
G

Capital cost
PRSC cost
Present worth cost
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The discussion should focus on how each alternative achieves adequate protection and
describe how the alternative will reduce, control, or eliminate risks at the site through the use of
treatment, engineering, or institutional controls. Thus evaluation should identify any unacceptable
short-term impacts.

Compliance with ARARs and Other Criteria. Advisories, and Guidance

Section 300.415(i) of the NCP requires that Fund-financed removal actions under
CERCLA section 104 and removal actions pursuant to CERCLA section 106 attain ARARs under
Federal or State environmental laws or facility siting laws, to the extent practicable considering the
urgency of the situation and the scope of the removal. At certain sites, ARARs may form the basis
of the removal action objectives.

The detailed analysis should summarize which requirements are applicable or relevant and
appropriate to an alternative and describe how the alternative meets those requirements. To ensure
a full consideration of potential ARARs, OSCs/RPMs may choose to employ a summary table to
list potential ARARs. OSCs/RPMs will then be able to quickly identify particular requirements in
order to plan for compliance or eliminate requirements not of concern for a given site or alternative.

Since the evaluation of a site will produce data relatively quickly on the location of a release
and on the chemical constituents of concern, chemical-specific ARARs and location-specific
ARARs should be identified as promptly as possible upon request by the OSC/RPM. Therefore,
only State standards that are promulgated, identified by the State in a timely manner, and more
stringent than Federal requirements may be applicable or relevant and appropriate. Action-specific
ARARs should be identified later in the piocess after qualified cleanup technologies are chosen for
analysis in the EE/CA. The process for identifying and evaluating ARARs during non-time-critical
removal actions is shown in Exhibit 8 on the following page.

In addition to ARARs, EPA may, as appropriate, identify other Federal or State advisories,
criteria, or guidance to be considered (TBC) for a particular release. TBCs are not required by the
NCP; rather, TBCs are meant to complement the use of ARARs. Because ARARs do not exist for
every chemical or circumstance, TBCs may be very useful in determining what is protective of a
site or how to carry out certain actions or requirements. A list of TBCs, such as the EPA Spill
Cleanup Policy, Health Effects Assessments, EPA's Ground Water Protection Strategy, and
advisories issued by the Fish and Wildlife Service and the National Marine Fisheries Service under
the Fish and Wildlife Coordination Act, can be found in the NCP Proposed Rule Preamble, 53 FR
51449-51450 (December 21, 1988).

The EhviroText Retrieval System, a joint project of EPA, DOE, DOD, the Department of
Justice, and the U.S. Army, will be a user-friendly, full-text library search system of multimedia
environmental laws. On-line service as a pilot program is expected to start in Fall 1993. and
should assist greatly in considering potential ARARs at any given site.
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EXHIBIT 8
Identification and Evaluation of ARARs During

Non-Time-Critical Removal Actions

Engineering Evaluation/
Cost Analysis

Public Comment Period

Selection of Response Action

Action Memorandum

Non-Time-Critical
Removal Action
Implementation

Identify site characteristics that rrught give rise to
ARARs; identify potential ARARs; request the
State to identify chemical- and location-specific
ARARs.

As potential actions are evaluated, identify
potential action-specific ARARs; determine how
compliance with ARARs would impact cost and
duration of action potentially requiring an
exemption.___________________

If action plan is modified as a result of
comments or other circumstances, identify
new ARARs and reevaluate practicability
of ARARs compliance.

Based on site circumstances, determine
practicability of compliance with ARARs.

Make final determination of action-specific
ARARs; document in Action Memorandum all
ARARs with which compliance is practicable
and provide reasons for any waivers.
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Long-Term Effectiveness and Permanence

This evaluation assesses the extent and effectiveness of the controls that may be required to
manage the risk posed by treatment residuals and/or untreated wastes at the site. The following
components should be considered for each alternative:

• Magnitude of Risk. This criterion looks at the effectiveness of the alternative and
assesses the risk from waste and residuals remaining at the conclusion of site
activities. This component also evaluates whether the alternative contributes to
future remedial objectives. If the non-time-critical removal action is an interim step
and is expected to be followed by remedial action, this factor could be reduced in
scope or deleted, if appropriate. If the non-time-critical action is the last action
anticipated for a site or release, then the magnitude of risk should be fully evaluated
for the action.

• Adequacy and Reliability of Controls. A completed removal action may require
PRSC, those response activities necessary to sustain the integrity of a Fund-
financed removal action following its conclusion (see Chapter 1). After the removal
is completed, PRSC costs may be paid by the PRP, State or local government, or
the remedial program.

Reduction of Toxicity. Mobility, or Volume Through Treatment

EPA's policy of preference for treatment (i.e., for technologies that will permanently and
significantly reduce toxicity, mobility, or volume of the hazardous substances as their principal
element) requires evaluation based upon the following subfactors for a particular alternative:

r The treatment process(es) employed and the material(s) it will treat
The amount of the hazardous materials to be destroyed or treated
The degree of reduction expected in toxicity, mobility, or volume
The degree to which the treatment will be irreversible
The type and quantity of residuals that will remain after treatment
Whether the alternative will satisfy the preference for treatment.

The ability of the treatment technology to reduce the principal threats posed by the release,
including the extent to which the toxicity, mobility, or volume of the contaminants are reduced
(either alone or in combination) may be subject to time and applicability restraints, and may be
beyond the scope of an interim removal action when remedial action is indicated.

Short-Term Effectiveness

The short-term effectiveness criterion addresses the effects of the alternative during
implementation before the removal objectives have been met. Alternatives should also be evaluated
with respect to their effects on human health and the environment following implementation. The
following factors should be addressed as appropriate for each alternative:

• Protection of the Community. This factor addresses any risk to the affected
community that results from implementation of the proposed action, whether from
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air quality impacts, fugitive dusts, transportation of hazardous materials, or other
sources.

Protection of the Workers. This factor assesses any threats to site workers and the
effectiveness and reliability of protective measures that would be taken.

• Environmental Impacts. This factor evaluates the potential adverse environmental
impacts from the implementation of each alternative. The factor also assesses the
reliability of mitigation measures in preventing or reducing the potential impacts.

• Time Until Response Objectives Are Achieved. This factor estimates the time
needed to achieve protection for the site itself or for individual elements or threats
associated with the site.

Implementability

The implementability criterion addresses the technical and administrative feasibility of
implementing an alternative and the availability of various services and materials required during its
implementation. The following factors should be considered under this criterion.

Technical Feasibility

The EE/CA must assess the ability of the technology to implement the remedy. Technical
difficulties were initially identified during development of alternatives and should be addressed
again in detail for the alternative as a whole. Each alternative should be evaluated for
implementation factors such as assembling, staffing, and operating the alternative within the time
frames in the removal schedule.

The reliability of the technology is also of concern, as technical problems associated with
implementation may delay the schedule. Each alternative should be evaluated for technology
maturity, prior use under similar conditions for similar wastes, and possible difficulty in operation
once it is constructed. Operational difficulties could include the frequency or complexity of
equipment maintenance or controls, the need for raw materials, or the need for a large technical
staff. Potential impacts on the local community during construction operations should also be
evaluated.

The EE/CA should consider environmental conditions not only with respect to the operation
phase of the alternative, but also to the set-up and construction phase. Certain technologies may be
difficult to construct or operate in remote locations. Climate or terrain may severely impact or
eliminate specific alternatives from consideration. For example, an alternative that uses an
oil/water separator or sedimentation tank may be unusable at freezing temperatures. Temperature
and time of year may directly impact a technology's ability to reach a specific site. For example, a
rainy season may make roads to the site inaccessible. Not only will local terrain affect the ability to
locate an alternative, but it may also affect performance. For example, a site located in a valley
may be susceptible to inversions or limited air currents, therefore making incineration
unacceptable.

Potential future remedial actions should also be discussed. Remedial action or a non-time-
critical removal action that completely cleans up an NPL site may trigger the five-year review
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requirements of CERCLA section 12 He). This evaluation should also consider the operation of
PRSC measures or operation and maintenance (O & M). This discussion should depict how
difficult it would be for EPA to implement these future remedial actions. This is particularly
applicable to an interim action where additional action is expected.

If the site will be receiving long-term remedial treatment, the EE/CA must determine if each
alternative contributes to the efficient performance of any anticipated remedial activities. CERCLA
section 104<aX2) states that a removal action should, to the extent practicable, contribute to the
efficient performance of any long-term remedial action with respect to the release or threatened
release concerned. Removal actions that do contribute may be eligible for an exemption from the
$2 million/12-month statutory limit on removal actions. OSWER Publication 9360.0-12A, "Final
Guidance on Implementation of the 'Consistency' Exemption to the Statutory Limits on Removal
Actions" (June 12, 1989), PB90-274465/CCE, states that removal actions should be designed to
avoid wasteful, repetitive, short-term actions that do not contribute to the efficient, cost-effective
performance of a long-term remedial action.

In some cases, it may not be easy to demonstrate removal action consistency with future
remedial action. Remedial actions often cannot be anticipated when an EE/CA is being developed
for a non-time-critical removal action. It may be difficult to show with reasonable certainty that a
removal option would be consistent with a future remedial action. Section 104(a)(2) of CERCLA
provides for discretion in using the practicability standard. Accordingly, OSCs/RPMs should avail
themselves of this discretion when developing and evaluating removal action alternatives that would
provide for partial cleanups of sites.

The ai_ oity to monitor the effectiveness of the alternative may also be considered in the
EE/CA. These monitoring considerations would generally not be evaluated for Fund-lead non-
time-critical removal actions where remedial work was planned.

Administrative Feasibility

The administrative feasibility factor evaluates those activities needed to coordinate with
other offices and agencies. The administrative feasibility of each alternative should be evaluated,
including the need for off-site permits, adherence to applicable nonenvironmental laws, and
concerns of other regulatory agencies. Factors that should be considered include, but are not
limited to, the following:

• Statutory Limits. Each alternative should be evaluated for its compliance with the
statutory limits on removal actions. If an alternative requires a statutory exemption
from the $2 million or 12-month limit, the EE/CA should evaluate whether the site
qualifies. If the time or money needed to implement the alternative will exceed the
statutory limit for removal actions, an exemption request, which is part of the
Action Memorandum, should be submitted to Headquarters for review as soon as
possible. Headquarters approval is only required for non-NPL consistency waivers
and for emergency waivers (money, not time).

• Permits and Waivers. The EE/CA should evaluate whether each alternative will
require off-site permits (e.g., building permits). Other factors that may affect the
administrative feasibility include the need for easements, right-of-way agreements,
or zoning variances.
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Availability of Services and Materials

The EE/CA must determine if off-site treatment, storage, and disposal capacity, equipment,
personnel, services and materials, and other resources necessary to implement an alternative will be
available in time to maintain the removal schedule. Availability of funds to meet PRSC
requirements is also a factor. Several important availability factors are:

• Personnel and Technology. Using the removal action schedule as a guide, the
EE/CA should determine whether a specific alternative will be available from the
manufacturer. Other technologies may require a large number of skilled laborers or
specialists (e.g., welders, pipe fitters, chemical engineers) that may not be readily
available if the site is remote, thus impacting the ability to assemble the removal
action alternative.

• Off-Site Treatment. Storage, and Disposal. If off-site removal and treatment of the
waste is being considered, the EE/CA should address the adequacy of off-site
capacity. If the site is in a remote location, this type of service may not be available
or may be extremely costly because of transportation expenses. OSCs/RPMs
should review OSWER Publication 9834.1 1, "Revised Procedures for
Implementing Off-Site Response Actions" (November 13, 1987), PB91-
139282/CCE, before evaluating this option. The OSC/RPM and Regional off-site
contact should discuss whether there are treatment facilities in compliance with the
off-site policy that can accept the type of CERCLA waste at the site. [A final rule
addressing this issue is expected in 1993.]

Services aqd Myeyiajs. This factor involves considering such services as
laboratory testing capacity and turnaround for chemical analyses, adequate supplies
and equipment for on-site activities, or installation of extra utilities (e.g., power
lines, sewer connections).

Prospective Technologies. This factor assesses whether specific technologies are
generally available for the site. Promising technologies sometimes require further
development before they can be applied at full-scale. The EE/CA should indicate
when a technology would be available for full-scale use. Also, if time allows, the
OSC/RPM may be able to develop specifications to allow competitive bidding for a
treatment contract This would be of particular use in developing innovative
technologies.

upport Agency)

The State (or support agency in the case of State-lead sites) may have technical and
administrative concerns. Since States may review the alternatives, their concerns should be
considered in determining the recommended alternative in the EE/CA and in the final selection of
the alternative in the Action Memorandum.
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Community Acceptance

As with State acceptance, community acceptance of an alternative will be considered when
making a recommendation in the EE/C A and in the final selection of the alternative in the Action
Memorandum.

Cost

Each removal action alternative should be evaluated to determine its projected costs. The
evaluation should compare each alternative's capital and PRSC costs. The present worth of
alternatives that will last longer than 12 months should be calculated. In certain cases,
OSCs/RPMs may conduct a sensitivity analysis of the present worth calculations.

To compare the cost of each alternative, the direct and indirect capital costs and the PRSC
costs of each alternative should be projected. OSWER Publication 9360.0-02C, "Removal Cost
Management System: Version 3.2" (May 1990), EPA/540/P-90/003, PB90-272691, provides
guidance on performing cost projections and daily cost tracking. The following items are
considered capital costs and PRSC costs:

• Direct capital costs
Construction costs
Equipment and material costs
Land and site acquisition costs
Buildings and services costs
Relocation expenses
Transport and disposal costs
Analytical costs
Contingency allowances

- Treatment and operating costs

• Indirect capital costs
Engineering and design expenses
Legal fees ard license or permit costs
Start-up and shakedown costs

Annual PRSC costs
Operational costs

- Maintenance costs
Auxiliary materials and energy
Disposal of residuals
Monitoring costs
Support costs.

Many sources of cost information exist, including the ERCS contract price list, vendor
estimates, and estimates for similar projects. For items not currently on the ERCS list and for
projects where outside bids are being considered, cost estimates more than 12 months old should
be updated using an appropriate economic index, such as the Engineering News Record
Construction Cost Index for construction costs, the Marshall and Stevens Index for treatment
facility costs, the American City and County Municipal Cost Index for manpower costs, and the
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Producer Pnce Index for Finished Goods, published by the U.S. Department of Labor in the
Monthly Labor Review. All these information sources can be found in Regional and/or public
libraries.

After identifying and estimating the costs. OSCs/RPMs should calculate the present worth
for removal action alternatives that will last longer than 12 months. Present worth analysis
evaluates expenditures that occur over different time periods by discounting all future costs,
usually PRSC costs, to a common base year, usually the present year. Present worth analysis
produces a single figure representing the amount of money that, if invested in the base year and
dispersed as needed, would cover all costs associated with the alternative. This analysis is
particularly important when comparing technologies with different operating lifetimes. The final
present worth figure and the assumptions used in calculating that figure should be included in the
EE/CA. The detailed computations should be attached as an appendix to the EE/CA.

For alternatives that include only PRSC after 1 year from the start of the removal action, the
total cost of the option over the full life of the project should be calculated. In comparing
alternatives, however, OSCs/RPMs should use the cost of the option to EPA for 1 year, provided
that all PRSC costs will be assumed by another party after 1 year. OSWER Publication 9355.3-20
"Revisions to OMB Circular A-94 on Guidelines and Discount Rates for Benefit Cost Analysis"
(June 25,1993) provides information on discount rates for present worth calculations.

In addition, OSCs/RPMs should determine whether a sensitivity analysis is warranted. A
sensitivity analysis assesses the effect that variations in specific assumptions associated with
design, implementation, operation, discount rate, and effective life of an alternative can have on the
present worth. The sensitivity of such costs to uncertainties can be observed by varying the cost
assumptions and noting their effect on the present worth. A sensitivity analysis might be
appropriate when uncertainties exist about the amount of waste present, how quickly a technology
can perform, or the future price of cleanup services.

For More Information:
1. CERCLA:

§104(a), Removal Action
§121, Cleanup Standards
§31 l(b). Alternative or Innovative Treatment Technology Research and
Demonstration Programs

2. NCP §300.415(0, ARARs Attainment
3. Office of Policy Analysis (OPA) Publication, "Guidelines for Performing Regulatory

Impact Analysis" (December 1983).
4. ORD Publication EPA/600/M-911049, "Alternative Treatment Technology

Information Center-ATTIC Brochure" (August 1991).
5. OSWER Publication 9234.1-01, "CERCLA Compliance with Other Laws Manual

Part 1 (Interim Final)" (August 1988), EPA/540/G-89/006, PB90-272535.
6. OSWER Publication 9234.1-02, "CERCLA Compliance with Other Laws Manual,

Part 2: Clean Air Act and Other Environmental Statutes and State Requirements"
(August 1989), EPA/540/G-89/009, PB90-148461.
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7. OSWER Publications 9355.0-46FS and 9355.0-46, 'Technology Selection Guide
for Wood Treater Sites" (May 1993), PB93-963505, also previously cited as
OSWER Publication 9360.0-46FS and 9360.0-46.

8. OSWER Publication 9355.3-01, "Guidance For Conducting Remedial Investigations
and Feasibility Studies (RI/FS) Under CERCLA" (October 1988), EPA/540/G-
89/004, PB89-184626.

9. OSWER Publication 9355.3-20, "Revisions to OMB Circular A-94 on Guidelines
and Discount Rates for Benefit Cost Analysis" (June 25,1993), PB93-963297.

10. OSWER Publication 9360.3-02, "Superfund Removal Procedures—Guidance on
the Consideration of ARARs During Removal Actions" (August 1991), PB92-
963401/CCE.

11. OSWER Publication 9360.0-02C, "Removal Cost Management System: Version
3.2" (May 1990), EPA/540/P-90/003, PB90-272691.

12. OSWER Publication 9360.0-12A, "Final Guidance on Implementation of the
'Consistency* Exemption to the Statutory Limits on Removal Actions" (June 12,
1989), PB90-274465/CCE.

13. OSWER Publication 9380.0-17, "Furthering the Use of Innovative Treatment
Technologies in OSWER Programs" (August 1991), EPA/S40/2-90/004, PB91-
921366.

14. OSWER Publication 9380.3-C3, "Inventory of TreatabUity Study Vendors" (March
1990), EPA/540/2-90/003a, PB91-228395.

15. OSWER Publication 9834.11, "Revised Procedures for Implementing Off-site
Response Actions" (November 13,1987), PB91-139287/CCE.'

16. OSWER Publication 9834.1 la, "Off-Site Policy RFA or Equivalent Investigation
Requirement at RCRA Treatment and Storage Facilities" (January 4,1988), PB91-

-139295/CCE.*

* A final rule addressing this issut is expected in 1993.

2.7 COMPARATIVE ANALYSIS OF REMOVAL ACTION ALTERNATIVES

Once the alternatives have been described and individually assessed against the criteria, a
comparative analysis should! be conducted to evaluate the relative performance of each alternative in
relation to each of the criteria. This is in contrast to the preceding analysis in which each alternative
was analyzed independently without consideration of other alternatives. The purpose of the
comparative analysis is to identify the advantages and disadvantages of each alternative relative to
one another so that key tradeoffs that would affect the remedy selection can be identified

2.8 RECOMMENDED REMOVAL ACTION ALTERNATIVE

The EE/CA should identify the action that best satisfies the evaluation criteria based on the
comparative analysis in the previous section. This description should briefly describe the
evaluation process used to develop the recommended action. For both Fund-lead and PRP-lead
EE/CAs, EPA should determine the recommended action. This determination may be placed in the
administrative record file concurrently with the EE/CA. This section of the EE/CA may enhance
public involvement efforts by describing clearly why the alternative was recommended. Because
the EE/CA is open to public comment and evaluation and because EPA is required to prepare
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2.8 RECOMMENDED REMOVAL ACTION ALTERNATIVE (CONTINUED)

a wnnen response to significant comments, the recommended alternative may not always be the
final alternative selected in the Action Memorandum. The Action Memorandum and the
administrative record should provide enough detail to justify the final alternative selected.
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On October 22, 1993, participants of the West Chicago
Intergovernmental Forum (Forum) conducted the monthly meeting in
the BPA Regional offices to diacusa the atatua of the Kerr-McGee
SuperCund cleanup. Participants included City of West Chicago
repreaentatives Steve LaXics, Don Poster, Joe Karaganis, and
Barbara Nagel; Scott Palmar of Congreasman Haatert's Office; Dave
Thomas with the Weat Chicago Park District; Francis Lyons, Doug
Rathe and Bill Seith from the Illinois Attorney Genaral's office;
Dave Engal from Illinois EPA; Raymond Hansen of the DuPage County
States Attorney office; Gordon Appal of IDNS? John Kalley, Bob
Bowden and Ken Tindall repreaenting the Office of Superfund; and
Mary Canavan and Ken West lake representing the Regional
Administrator's Office.
John Xelley opened the meeting with a welcome and presentation of
the agenda. It was decided that the six action items from the
previous forum would be discussed and then new issues raised.
Concern was expressed over time frames for cleanup of all the
Superfund sites in the city. The two main issues are: 1} the
City wants to see major movement! moving waste in '94; and 2) a
schedule, complete with back-end dates, for completion of the
factory closure and all off factory site areas. The AO's office
stressed that the schedule hinged on establishment of the cleanup
criteria atandarda. City representatives elaborated that the
Factory site closure application assumed the 5-15 pCi/g cleanup
criteria in its design. Anothe- concern was that the existing
plan calls for screening of soils with ultimate dilution of dirty
soils. This implies the 5-15 pCi/g standard. Once BPA seta the
criteria, Kerr-HcGee's closure design may need to change. BPA
assured the forum that the criteria will be issued by BPA in
November. Aa to the 5-15 pCi/g vs. the 5-5 pCi/g standard, BPA
continues to represent that the 5-5 pCi/g standard is appropriate
for residential areas and feels this standard has solid
scientific support.
The AG's office stated that Kerr-McGee argues that 5-5 pCi/g is
inappropriate. The key ia for BPA to walk Kerr-McGee through
their analysis to persuade them of its validity. This could be
essential to getting them to do work. BPA stated that it would
be meeting with Kerr-McGee once the cleanup criteria are final.
The criteria are scheduled to be final within two weeks of Becky
Prey's return from vacation on November 8, 1993. SPA has
targeted the third week of November for meeting with Xerr-McOee.
Not much further comment is anticipated by BPA from' the final
criteria review process. All final comments on the draft final
are due on November 5.
The City stated that Kerr-McGee 's cleanup threshold in the early
1980 's was in uR/hr rather than pCi/g in soil. Apparently, Kerr-
McGee claima they've cleaned up the properties to •background11
using uR/hr. How will EPA apply the pCi/g standard to this
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action? The City stated chat IDNS had argued to go to back-
ground. IDNS stressed not to confuse the discovery standard with
the cleanup standard. IDNS thinks BPA will argue that 5 pCi/g
ii "background." The City wants to be able to tell the public
that properties will be cleaned to background. IDNS maintained
that DuPage County average soil concentration IB likely lees than
5 pCi/g, and that BPA is saying that 5-5 pCi/g ia acceptable
residual risk level. EPA is likely to excavate deeper than 5
pCi/g soils, such that residual is at 5 pCi/g or less. Region v
will advise the Community Relations Staff of the importance of
describing the cleanup standards to the public in understandable
terms.
Congressman Hastert's offics underscored that timing is critical.
The factory site cleanup may be further along than residential
areae. If the Kerr-McGee plan ia good, the factory cleanup
should be done by 1997. Hast erf a office seated that if EPA
takes three years to do a RX/FS, cleanup of the off factory site
areas could stretch to the year 2000*-. The AG's office
interjected that the residential sites are being done as
removals. Hastert's office asked what the overall cleanup time
line is with or without Xerr-McGee.

Region V assured the forum that residential cleanups will be
underway in the sunnier of 1994. Before removal work can start,
BPA must prepare an Engineering Bvaluat ion/Coat Analysis (BB/CA) .
The BB/CA must go out for public comment. This is a much shorter
process than a RZ/FS/ROO project. During the public comment
period, Region V will prepare two action memosj l) assumes Xerr-
McGee doee work under enforcement action, defines risk and need
for action to support an AOC and; 2) if Kerr-McGee is unwilling
to perform the removals, an action memo would commit EPA to do
the project, with cost estimates. If Region V does the removals,
partial funding is certain for 1994 with the project
incrementally funded over following years. Region V stated that
because the residential areas action will be performed as a non-
time critical removal, the remedial budget can be used. The
overall cost and time line for this sort of project depends on
the number of properties identified for removal actions. The
Region will attempt to shorten its procedures wich 1997 as the
target deadline for completion. This will involve taking some
procedural risks. These risks would not jeopardise public health
but would find ways to streamline and expedite the cleanup
process.
The City questioned how long it would take to identify and
cleanup residential properties. Could it be done by 1997? How
many parcels will need to be screened? Region-V responded that
the work plan is currently being developed which will define the
sampling and cleanup processes. The two processes will work in
tandem. Once the work plan is completed, estimated schedules



will be available with the overall goal of 1997. Region Vg
removal program has had good success is meeting schedules.

Several parties expressed interest in EPA procedures Cor
negotiating with Kerr-McGee for the removal actions and
activities which must be completed before removals can start,
again with an emphasis on schedules. Rag ion V stated that the
meeting with Kerr-McGea in November will address/explain/defend
our standards in order to put that issue behind us before forra.1
negotiations begin. If EPA gets a strong signal that Xerr-McOee
won't agree to do the removals, EPA would begin working on the
EB/CA. 3PA has allocated 60 days for negotiations (finish by
early February) . Once the EB/CA has gone out for public comment
and a cleanup decision has been reached, an action memo will be
signed to commit EPA to do the work. Currently, Region v
anticipates beginning removals in mid-May.

Congressman Hastert's office exprse&ed concern that removals will
begin by mid-May. Contraccor problem* have been a cause of great
concern. EPA indicated that, because- of the removal status of
the project, it will have immediate access to construction
contractor. Haatert's office stressed that realistic schedules
need to be transmitted to the public. Tha City added that BPA
needs to be able to tell the public when discovery and character-
ization will be done *nd when construction will be completed.

A discussion followed on Kerr-McOee s closure permit and
potential modifications to encompass KPA's anticipated work. The
AO's of (ice pointed out that the factory transfer site will need
adequate storage/shipment capacity and asked if Region V could
provide an estimated maximum volume of wastes to be shipped.
Further, if Kerr-McQee will not perform che removals, SPA will
not be able to stage at plant sits. This would require alternate
staging areas. Region v responded that it will know early in
negotiations if Kerr-McGee will be cooperative. Then BPA will
pursue an alternative staging area. If the factory site was not
accessible, Region V would need IONS and City cooperation. The
City indicated that flexibility in factory sits design is
required in the event transfer capacity needs to expand. Also,
contamination extends beyond boundaries of plant site. Kerr-
McQea doesn't want to clean up under the railroad tracks. The
permit also proposes that retaining wall sheet pilings go only
deep enough to accommodate a fourteen car train. More .cars may
be required to handle BPA's removal materials. Region v stated
that the RPM and CK2M Rill have been speaking to the Kerr-McGae
project manager on a number of issues related to these questions.
The Mayor wants these design questions factored in to review of
transfer station plans. The City also stated that Kerr-McGee
proposes to replace one-half of the storm sewer leading from the
factory site. The City needs to comment on what to do with the
sewers. Region V responded that it will work with the City on
this issue. There may be contamination in street rights of way.



The City will give SPA permission to go after parkway
contamination.

IDNS stated that Karr-McGee hasn't provided a cost •stimate for
the factory aice closure, which it publicly conzaitted to provide.
Kerr-McGee's surety proposal has some deficiencies which need to
be discussed. IDNS can't complete the surety analysis without a
cost estimate on the cleanup. The surety portion of the permit
is co guarantee that tha site will be cleaned up even if Xerr-
McGee walks or goes bankrupt.
The scoping meeting between Region V, CH2M Kill and IDNS during
the firsc week of October was the next topic. Region v was very
pleased with the outcome of the meetings. Scoping activities
included settling issues on sampling protocols to have good
statistical representation of site contamination, agency roles,
and data management, among other things. A decision was made to
use a system compatible with IDNS's geographical information
system (GI3) to manage the large amount of data which will be
generated during the project:. T̂ is will allow data to be
transferred back and forth between EPA and IDNS during the
various phases of the project. Region V also will request the
use of XDNS'e laboratory for analysis of the discovery and
characterization samples. Discovery and characterization work
will be done by CH2M Hill, with BPA and XDNS oversight, not by
Karr-McGee. A great community relations effort will be required
to deal with how individual residents are approached for access.

The AG'a office asked what is the typical time for cleanup of a
property -• a couple of days between excavation and verification
sampling/analysis to conclusion of site work? Region V responded
that each property is a separate engineering problem; discovery
and rapping of utilities, documentation of initial landscape
conditions to guide restoration and extent of contamination all
factor into time frame. Congressman Hastert's office expressed
concern that the cleanup (removal) people won't be ready once the
characterization is done. Region V responded that it will know
this winter if Kerr-McOee will do the work and will line up
contractors, if necessary. The Park District asked if BPA could
start planning actions on known hot spots. Region V answered
that those properties will be the first to be characterized.
The next meeting of the governmental forum will be held on
November 19 at IQiOO am in the Regional Administrator's
conference room. Next month's issues include:

• How will rail tracks be addressed?
- What BPA issues are related to use of factory site for

staging (retaining walls, etc.)? BPA should preeent
these needs to Kerr-McOee.



Fixed end dace for coinplec-sr; of all projects . This
issue is very important -o rhe Ci ty .
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West Chicago Intergovernmental Forum
October 22, 1993

Agenda

10:00 Welcome, Discuss Agenda

10:15 Follow-up discussion from September 16 meeting

1. Need for an interim staging site if Kerr-McGee is
not ready by mid-May.

2. EPA's ability/willingness to talk to Kerr-McGee
before the negotiations, to explain the criteria
and to persuade them to do the cleanup.

3. Status of EPA scoping meetings with the
contractor, and IDNS participation.

4. Protocols for sampling and data verification, e.g.
number of samples to be taken, spacing, etc.; need
to discuss these with IDNS and the Forum before
negotiating with Kerr-McGee.

5. Longer time-frames for cleaning up all four of the
West Chicago sites; development of a time-frame
for all West Chicago NPL sites with accompanying
narrative.

6. Status of Kerr-McGee cost estimates and assurances
with IDNS regarding the factory site.

New Issues

Wrap-up/Summary

Adjourn



MINUTES
WEST CHICAGO INTERGOVERNMENTAL FORUM

FEBRUARY 17, 1995

PARTICIPANTS
David Thomas, West Chicago Park District
Don Foster, City of West Chicago
Joe Karaganis, City of West Chicago
Cindy Pepple, TAG
Barb Guetler, TAG
Michael Kasiewicz, TAG
Carolyn Bay, Office of Senator Moseley-Braun
Scott Palmer, Office of Congressman Hastert
Raymond L. Hansen, DuPage County State's Atty. Office
Rich Alien, IDNS
Bill Seith. LAG
Douglas Rathe, IAG
Chuck Grigalauski, IEPA
Jodi Traub, U.S. EPA, OSF
David Seely, U.S. EPA, OSF
Mary J. Canavan, U.S. EPA-Congressional
Ken Westlake, U.S. EPA-RA Office
Mary Murphy, U.S. EPA, OSF
Ken Tindall, U.S. EPA, OSF
Rebecca Frey, U.S. EPA, OSF
Jack Barnett, U.S. EPA, OSF
Debra Klassman, U.S. EPA, OSF
Gail Ginsberg, U.S. EPA, OSF

GENERAL DISCUSSION

On February 17, 1995 the West Chicago Intergovernmental Forum
(Forum) held its monthly meeting to discuss the status of the
Kerr-McGee Superfund Sites cleanup. Jodi Traub opened the
meeting by explaining a number of organizational changes which
the Office of Superfund (OSF) is undergoing. The OSF has removed
the Branch Chiefs over remedial response programs. OSF
management hopes that this change will not only remove a layer
but bring the Associate Division Director closer to individuals
in the organization. Because OSF hopes to make optimum use of
its staff, the Sections will no longer be divided geographically.

Three new Process Manager positions have recently been filled
within OSF. These Managers are charged will moving the remedial
process forward, and determining and eliminating roadblocks in
the Superfund process. Wendy Carney is new Process Manager over
the Remedial Investigation/Feasibility (RI/FS) through the Record
of Decision (ROD) process. James Mayka is responsible for the
ROD/ Remedial Design (RD)/Remedial Action (RA) through Operation
& Maintenance (O&M) process. Tinka Hyde is the Process Manager
over the Enforcement process. Jodi Traub also explained that



since Ken Tinaall is Section Chief for the Federal Facilities
Section, the Kerr-McGee sites would be removed from his Section.
Margaret Guerriero is the new Section Chief with the
responsibility for the Kerr-McGee sites.

SUMMARY OF EPA'S DISCUSSION WITH DOJ/EXPEDITED CLEANUP AT RKP,
STP, AND KRESS CREEK

EPA's overall impression of the January 25, 1995 meeting with DOJ
was very positive. DOJ agreed with EPA's overall enforcement
approach on the other three Kerr-McGee sites.
Technical/enforcement issues were discussed during the meeting.
EPA feels that DOJ understands the need to move forward on a
expedited basis.

Based on our review of the site information currently available
and the draft schedules the Remedial Project Managers have
developed, EPA believes that 2 (RKP and STP) of the 3 sites can
be cleaned-up by the 1998 deadline. EPA currently does not feel
confident that the 3rd site (Kress Creek) will meet the 1998
deadline, even with an expedited schedule, because EPA does not
have enough data to make this decision. Cleanup standards, for
contaminated sediments at the site are presently an unknown.
Although Kress Creek samples have been collected EPA hasn't
received all of the analytical results from NAREL. Cleanup
standards may depend heavily on risk assessment calculations and
contaminant transport modeling.

During the course of this discussion a number of comments were
made by Forum members. Joe Karaganis stressed the need to
integrate activities with the City, U.S. Congressional
representatives anc State representatives and EPA when talking
with Kerr-McGee. Scott Palmer stated that NAREL had failed to
even respond to the December 1994 Congressional letter requesting
that samples relating to the Kerr-McGee Residential Areas Site be
expedited. Scott Palmer indicated that he thinks that NAREL is
giving us the same excuses for its lack of performance that it
has given in the past.

At this point, David Seely described some recent problems
identified by NAREL in the analyses of the Kerr-McGee samples for
Ra-226 and Ra-228. David Seely explained that NAREL identified
that the Ra-226 analytical schedule incurred delays resulting
from a NAREL requirement to re-calibrate their Ra-226 instruments
every six months to ensure the quality of their data. This
process takes about a month from start to finish for all of their
Ra-226 instruments. Additionally, NAREL identified that the
detectors for Ra-228 have experienced corrosion for a second
time. The actual corrosion problems are with a goldplated screen
inside the detectors . NAREL had not yet identified the reason
for the corrosion and are investigating the problem fully.



Currently, NAREL theorizes that the problem may be related to a
humidity problem in the lab and will take steps to minimize this
problem in the future. In addition, NAREL has ordered
replacement screens for all of the affected detectors and are
awaiting delivery. NAREL anticipates receiving the screens
shortly and expect to have them installed by the end of the
month. Once the Ra-226 re-calibration effort is completed and
the replacement Ra-228 screens are received/installed and the
detectors are brought back on-line, NAREL will be able to
determine the overall effect on the delivery schedules for Ra-226
and Ra-228.

David Seely explained that the effects of the recent NAREL delays
on the overall analytical schedule is not currently known.
However, after preliminary discussions it appears that the recent
delays would mean an approximately one-month delay in receiving
the radium data but that the uranium and thorium data will remain
on schedule. NAREL is currently developing detailed delivery
schedules for the results of all of the analyses for each Kerr-
McGee site. The uranium and thorium schedules are expected next
week. The Ra-226 and Ra-228 schedules will be developed after
the re-calibiation effort is completed and the detector problems
are corrected. These schedules are currently expected by early
March.

David Seely and Jack Barnett discussed the fact that the data
quality is excellent and that NAREL has indeed made the
processing of the Kerr-McGee samples a high priority. Five staff
members from NAREL have been assigned to this project (two FTEs
are funded by Region V) . David Seely, Jack Barnett and Larry
Jensen intend to visit the lab on February 21 to investigate the
exact nature of the delays and what the Region can do to remove
roadblocks, i.e., equipment, FTEs, etc. In answer to a comment
from Scott Palmer about the possibility of using an outside lab
instead of NAREL, Jodi Traub responded that this would cause
major delays and raise a number of QA problems. Rebecca Frey
stated that because of the high risk of litigation, the high
quality data generated by NAREL will be critical to the Federal
case.

Scott Palmer was very concerned about the delays and what they
might mean to the April removal schedule for the Residential
Areas Site. He asked that EPA keep him abreast of schedules, and
provide him with updates rather than waiting till the next Forum
meeting. David Seely mentioned that the unvalidated data is in
for RKP. Following validation of the data, SPA should be able to
sit down with CH2M Hill the latter part of March and go over the
schedule for RKP.

Scott Palmer strongly encouraged EPA to talk with Kerr-McGee now
about cleaning up the other 3 sites, keepirg in mind the
company's good faith interest in cleaning up all the sites by



1998. EPA agreed that we have nothing co lose by having a
meeting with Kerr-McGee and agreed to pursue such a meeting at
the appropriate time.

Richard Alien brought up the fact that it is important that Kerr-
McGee understand the IDNS and NAREL processes. IDNS has had a
number of discussions with Kerr-McGee to ensure that they
understand the IDNS lab procedures, hopefully avoiding a
challenge.

STATUS OF SCHEDULE AT RESIDENTIAL AREAS REMOVAL SITE

Rebecca Frey outlined for the Forum the Residential Areas Removal
Site schedule to date. EPA received Kerr-McGee's draft Work Plan
on December 30, 1994. Comments on the draft Work Plan were
forwarded by EPA to Kerr-McGee on February 6, 1995. The UAO gave
Kerr-McGee only 2 weeks to revise the documents. Kerr-McGee
asked for a 1 week extension which EPA granted. The revised Work
Plan is due to EPA by February 28, 1995. Kerr-McGee has
solicited construction contract bids to 9 firms with 8 firms
attending a pre-bid meeting at the REF. Assuming the revised
Work Plan is approvable, a final Work Plan could be approved by
mid-March. The April removal schedule could be impacted if the
revised Work Plan is not approvable.

The City has met with Kerr-McGee to discuss what type of city
permits would be required of Kerr-McGee during the residential
cleanup. Erosion, stormwater drainage, and restoration of
property were among some of issues discussed between Kerr-McGee
and the City. Joe Karaganis stressed the importance of close
coordination with the City's Public Works Department, Kerr-McGee
and EPA/contract or. The City asked that EPA provide a contact
for these discussions. Jack Barnett said that we might want to
look at a couple of successful models of City/Federal
coordination in the Region, i.e., Rockford, IL. and Elkart, IN.

The IAG asked if there were any substantive disputes with Kerr-
McGee that might delay the schedule. EPA's response was that at
the present time it appears that Kerr-McGee will make all the
required changes to the Work Plan (even if they disagree with
some of the changes) because otherwise they would be in violation
of the UAO. Scott Palmer asked that if any delays and/or
disputes arise that could iispact the April schedule that he be
notified so that he can intervene/facilitate a consensus or
remove any stumbling blocks.

EPA is responsible for providing Kerr-McGee with information on
the properties needing excavation work so they can put together
individual work orders for the properties to enable the work to
start in April. Rebecca Frey mentioned that she will be meeting
with Kerr-McGee, IDNS and CH2M Hill during the week of March 6 to
discuss -.e decision rules which establish field correlations



between soil concentrations and gamma readings (counts per
minute) and the background data from uncontaminated properties.
Once background and the decision rules correlations are" finalized
by EPA, EPA will be able to generate cleanup maps for Kerr-McGee.
The gamma information allows for expedited activity during
cleanup. Upon finalizing the decision rules document, CH2M Hill
can provide property specific maps. Following the meeting with
Kerr-McGee and IDNS, EPA will schedule a meeting with the City
and TAG, to present the same information.

TAG members questioned why different cleanup levels might be used
for the residential areas versus Reed-Keppler Park. David Seely
responded that cleanup levels are determined based on exposure
scenarios. TAG members stated that they want the Residential
Areas cleanup levels used at Reed- Keppler Park. David Seely
responded that EPA will consider the public's concerns, but: it
will need to calculate exposure and risks with appropriate site-
specific assumptions made. TAG thinks that the decision rules
developed for the Residential Areas Site should be used for the
other three sites. Scott Palmer asked that EPA explore this
possibility with Kerr-McGee. Jcdi Traub stated that EPA will
consider the public's concerns and future land use.

Joe Karaganis said that EPA's comments on Kerr-McGee's draft Work
Plan reflected many of the City's concerns but that it is still
unclear whether EPA will ensure ALARA during removal. Rebecca
Prey stated that we cannot force Kerr-McGee to go beyond the
established Cleanup Criteria. IDNS mentioned that digging up
additional dirt costs more and requires additional time waiting
at the excavation. IDNS stated that it expected that Kerr-McGee
would remove additional soil if their field measurements indicate
that they were very close to meeting the standards. EPA feels
that Kerr-McGee will take professional pride when they do their
verification, and they won't request a formal verification survey
from EPA/IDNS until they are comfortable that they have met the
cleanup standards.

Scott Palmer wants the political entities to discuss and put in
writing what their expectations are regarding ALARA as a
practical matter, and to investigate what incentive Kerr-McGee
could be offered to cleanup to background levels. Scott Palmer
added that the Forum needs to go beyond legal standards to get
Kerr-McGee to agree to go to background whenever possible.
Rebecca Frey stated that background numbers would be available by
March 6, 1995.

Rebecca Frey reported to the Forum that another round of access
letters was sent to West Chicago residents in February. Letters
were sent to residents who had previously given us only outside
access, and property owners EPA hadn't contacted previously. In
addition, certified return receipt letters were sent to
nonrespondents from previous mailings. EPA also sent Spanish



language letters to all residents with Spanish surnames. CH2M
Kill has a Spanish-speaking employee available to assist with
setting up appointments for indoor scans and notification of soil
sampling. Indoor gamma scans are currently being conducted at
West Chicago properties. A letter is being prepared by EPA which
will provide property owners with their results. Scott Palmer
sees two impediments to the mid-April removal schedule. The
first impediment being the need to resolve the decision
rules/correlation and the second being the need to properly
notify the community before work starts. Rebecca Frey stated
that on February 21 she will get a prototype of CH2M Hill's
results, and will then work on drafting the letter to residents.
EPA again stated that it would work with TAG to make sure the
information provided to property owners is understandable. Jodi
Traub also mentioned that EPA is considering availability
sessions after we send the results to the residents. TAG
indicated its willingness to participate in such sessions. TAG
also suggested printing a sample of the letter in the local
newspaper.

UPDATE ON TEE SCHEDULE FOR THE 15 SAMPLES FROM TEE RESIDENTIAL
AREAS/SECULAR EQUILIBRIUM

Rebecca Frey stated that as of our last Forum meeting (January
20, 1995) EPA believed the schedule for receiving the data from
NAREL to be on target. A few days after the Forum, EPA was
informed by" NAREL that there were delays affecting the radium
tests. Uranium and thorium are still on target. EPA reported
that a preliminary review of the unvalidated uranium and thorium
data shows that the thorium decay chain is in equilibrium. The
preliminary review of the uranium shows that it is not totally in
equilibrium, but EPA does not believe the levels to be of
concern. The City expressed some concerns that it did not feel
that the 15 samples were representative of all the wastes from
the REF. Scott Palmer asked what regulatory power EPA had over
uranium. Rich Alien mentioned that neither the State nor Federal
government have regulatory standards for uranium (standards are
in terms of radium) but the waste we are dealing with in West
Chicago is all 11(e) (2) by-product material. Kerr-McGee has
acknowledged that uranium needs to be examined separately at the
factory site. By way of giving further assurances to the
residents, Rebecca Frey offered the possibility of taking some
extra samples at approximately 10% of the sites (just before
backfilling with clean soil) and sample them for uranium. EPA
also reminded the Forum that the data from the other 3 Kerr-McGee
sites will also provide an excellent information source for what
wastes may have left the REF. EPA also mentioned that the
technical meeting with the City (mid-March) will hopefully
resolve the issue of secular equilibrium. The City mentioned
that they are looking for solutions too and would have its
consultant available for these discussions.



UPDATE OP THE SCHEDULE FOR NAREL SAMPLE ANALYSIS

SEE PREVIOUS DISCUSSION UNDER EXPEDITED CLEANUP AT RKP, STP AND
KRESS CREEK.

UPDATE ON SCANNER VAN

Since the last Forum EPA staff have had funding discussions with
the Las Vegas lab. Rebecca Frey feels that in order to keep the
focus on the April removal, she does not want to proceed with the
Scanner Van surveys until June or July. If we wait until summer
we will also have longer daylight hours and less down time due to
rain. The Las Vegas lab has indicated that its personnel will
be willing to work 10 hour days. EPA is outlining the Scanner
Van study area in order to determine the total area the Scanner
Van will need to cover. Region V will be forwarding this
information to the Las Vegas lab shortly so it can access the
amount of time needed for the project. EPA will develop a fact
sheet on the Scanner Van and prepare a community
outreach/education session prior to sending the Scanner Van out
to the neighborhoods.

JANUARY ACTION ITEMS

* EPA (David Seely) provided electronic data to the City
and IDNS.

* EPA is prepared to schedule a meeting between the
Regional Administrator and Congressional entities in
March to discuss how EPA plans to achieve 1998 cleanup
for the other 3 Kerr-McGee sites. EPA (Mary Canavan)
will coordinate with the parties involved.

CITY STREET CONSTRUCTION

Don Foster informed the Forum chat the City has applied for block
grants for limited street restoration. The City would like EPA
to get Kerr-McGee to remove contamination from parkways, and
under some streets. Rebecca Frey will request CH2M Hill to
collect data from the 2 streets early in the Spring survey
season. EPA will determine if rhe existing street materials are
contaminated. If contamination is found EPA will direct Kerr-
McGee to remove the contamination.

The following list of action items were identified for the next
Intergovernmental forum:

1. EPA (David Seely and Larry Jensen) will report to the Forum



on the status of the NAREL delays.

2. EPA needs to provide Congressman Dennis Hastert (Scott
Palmer) with regular updates en the removal schedules and
any potential delays. Scott Palmer would like to be kept
informed of any disputes arising among the parties that
could impact the April removal scnedules.

3 . EPA (Rebecca Frey and Larry Jensen) will meet with Kerr-
McGee and IDNS the week of March 6, 1995 to discuss the
decision rules/correlations developed for the Residential
Areas Removal Site. Following that meeting, EPA will
schedule a tecnnical meeting with the City and TAG to
explain the decision rules.

4 . EPA (Rebecca Frey) will direct CH2M Hill to collect data
from the two streets identified by the City. EPA will
determine if there is any contamination prior to street
restoration.

The next West Chicago Intergovernmental Forum is scheduled for
10:00 am on March 24, 1995. It will be held in the Lake Superior
Room on the 12th floor of the Metcalfe Building.
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AGENDA

WEST CHICAGO INTERGOVERNMENTAL FORUM
February 17, 1995, 10:00

RA'» Conference Room

Opening Remarks
Management Transitions

J. Traub

DOJ Response to EPA's
Proposed Strategy to
Expedite Cleanup at RKP, STP
and Kress Creek

J. Traub

Status of Schedule at Residential
Areas Removal Site

R. Frey

Update on the Schedule for
NAREL Sample Analysis

-RKP, STP and Kress Creek
Samples

D. Seely

Update on the Schedule for the
15 Samples from the Residential
Areas

R. Frey

NAREL Analytical Results to Date
from RKP, STP, and Kress Creek Sites

D. Seely

Update on Scanner Van

Review of the 1/20/95 Action Items
and General Discussion

R. Frey

Forum

Other Issues
-City Street Construction City
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cleanup costs, and health benefits. For B3 and B^, which include a
range over which reaedial action it optional, the coic estimate* were
derived by assuming a value within the range which would typically be
achieved and coating controls to reach this level. For B3, we accused
that at least 0.015 W"L (including background) would be achieved. For
B4, we assumed that at least 0.03 VL would be achieved.

The extent of contaaination of buildings as veil as the cleanup
costs will not be known in detail until the cleanup program is well
underway. Therefore, we used the Grand Junction remedial action
program as the basis for our estimates. Appendix B contains a summary
of the Grand Junction experience and the cost calculations which
support the estimates in Table 7-1.

The cost estimates for each alternative standard are determined by
the number of buildings requiring remedial work and the cost per
building. As the remedial action criterion ia lowered, more buildings
will need to be cleaned up, increasing costs, A lower criterion also
increases the cleanup coats per building aince thia requires more
complete tailings removal. In many cases, successive actions are
needed when the firat remedial action does not meet the cleanup
criterion. Using active measures to meet a cleanup criterion when the
level ia only slightly exceeded is much cheaper than tailings removal,
roughly one-tenth as costly.

The benefit of cleaning up contaminated buildings i~B~expresed by
the number of lung cancer deaths avoided. This ia estimated by
assuming the riak factors discuaaed in Chapter A are appropriate, an
initial diatribution of decay product levels in contaminated buildings
identical to that for the buildings monitored in Grand Junction, a
50-year average uaeful life remaining for the atoek of contaminated
buildings, and a 3-person household sice. Also, benefits of cleanup
are expreaaed by the maximum residual risks to people living in the
buildings. Thia risk to an individual ia calculated aaauming lifetime
expoaure to radon decay products at the highest level each alternative
standard allows.

7.2 Alternative Cleanup Standards for Near-site Contaminated Land

We have analyzed four alternative cleanup standards for near-site
(on the aite or adjacent to the aite) contaminated landa. All have
requirements that limit the amount of radium contamination becauae the
presence of radium is a reasonable index of the health hazard,
including that due to toxic chemicals as well as other radionuclides.

Alternative LI approaches a high-cost nondegradation alternative;
below thia propoaed radium limit it is usually not possible, using
conventional survey equipment, to accurately diatinguiah between
contaminated land and land with high naturally-occuring levels of
radium. Alternatives L2 and L3 approximate optimized cost-benefit
standarda, but L2 demanda a more rigoroua cleanup of the aoil
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iurtace. Standard L4 ii a least-cost alternative chat allovs high
radiation levels chat ire close to Federal Guidance recommendations for
exposure of individuals to all sources of radiation excepting natural
background and medical uses.

The four alternative standards are:

Standard LI. (The standard proposed in April 1960). Land should
be cleaned up to levels not exceeding an average 5 pCi/g of
radium-226 in any 5-cm layer within 1 foot of the surface and in
any 15-co layer below 1 foot of the surface.

Standard L2. Land should be cleaned up to level* not exceeding an
average of 5 pCi/g in the 15-cm surface layer of aoil, and an
average of 15 pCi/g over any 15-co depth for buried contaminated
materials.

Standard L3. Land should be cleaned up to levels not exceeding an
average of 15 pCi/g in any 15-cm depth of aoil.

Standard LA. Land should be cleaned up to levels not exceed ing an
average of 30 pCi/g in any 15-cm depth of soil.

In Table 7-2 we list the estimates of the coats and benefits of
each alternative standard for near-site contamination around inactive
tailing piles. In each standard, the only remedial method for which we
estimated cost was the removal and disposal of contaminated soil, since
this is generally less costly than placing tarth cover and vegetation
over contaminated areas and excluding access by fencing. The benefits
are expressed by (1) the number of acres of land that are cleaned up
and returned to productive use, and (2) the typical maximum residual
risk to individuals living in houses that might then be built on this
land.

The number of acres requiring cleanup under each option was based
upon the results of the EPA gamma radiation survey of twenty inactive
mill sites (Table 3-4). By assuming a typical depth profile of the
radium contamination, it is possible to relate the gamma radiation
levels measured by the survey to the areas of land contaminated above a
specific concentration level of radium. .If the top 15-cm layer of
earth is uniformly contaminated with 30 pCi/g of radium, the gamma
field at the surface would be 63 percent of the gamma flux from an
infinitely thick layer, or 34 microroentgens/hr (He78). However, if
the 30-pCi/g average in the top 15 cm of earth is due to a thin surface
layer of nearly pure tailings of a few hundred pCi/g, the resulting
gamma radiation at the surface would be about 54 microroentgens/hr.
Since we expect windblown contamination profiles to be somewhere in
between these extremes, we estimate that, on the average, 44
microroentgens/hr above background (385 mrem/y) implies 30 pCi/g radium
contamination in the top 15 cm of aoil (Standard L4). Similar analyses
for Alternative Standards LI, L2, and L3 result in 3. 7 and 1
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TASLS-7-2. COSTS AND BENEFITS OF ALTBWATIVE CLEMOP STANDARDS FOR LAND
(in 1981 dollars)

Alterna-
tive
LI

L2

L3

L4

Radiua-226
Soil Concentra-
tion Limit
(pCi/g)
5

5 to 15

15

30

Number of
Acres Re-
quiring
Cleanup'*'
2700

1900

900

250

Total Cost
(millions of)
dollars)
21

14

7

2

Estimated
Residual risk
of Lung Cancer

2 in 100

2 in 100

6 in 100

10 in 100

'•'Areas of land near inactive tailing* pile* that have radius contamination
in excess of th* soil concentration limit.
(b)The lifetime risk of lung cancer to the individual living in a houae
built on land contaminated to the limits allowed by the alternative stan-
dards. This is based on the relative-risk models use of the absolute-risk
model gives risks which are about a factor of two lower.
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22 microroentgens/hr, respectively (or 26, 61, and 193 mrem/y ,
respectively). Additional deeper contamination would yield only
slightly higher gamma values because of shielding by the surface
Isyer.

Using these correlations between radium contamination levels and
gamma radiation levels, the areas requiring cleanup under each standard
were estimated based on the EFA survey data. The total costs of
cleanup were then calculated assuming a cleanup coat of $7650 (1981
dollars) per acre. This cost was estimated from EPA field experience
(a cleanup program at the Shiprock mill aite) and is in agreement with
cost estimates of DOE contractors. Areas of heaviest contamination,
such as the ore storage area and mill buildings, are excluded from this
analysis since we have included them in the analysis of disposal costs
for the piles.

The highest risk to people living in houses built upon contami-
nated land is due to the inhalation of radon decay products from radon
that seep* into the house. In the worat case, Standards LI and L2
would allow thick-surface earth layers with 5 pCi/g contamination,
while Standards L3 and LA would allow thick layers of contaminated soil
at 15 pCi/g and 30 pCi/g, respectively.. On the average, houses built
on such 5 pCi/g earth would be expected to have indoor radon decay
product levels of about 0.02 WL. Bouses with poorer-than-average .
ventilation would have higher levels, while well-ventilated houses
would have lower levels. Bouses built on land more heavily
contaminated than 5 pCi/g would have higher average indoor decay
product levels in proportion to the contamination. The estimated risks
due to lifetime exposure from these levels are listed in Table 7-2.
These are maximum estimates since moat contaminated land away from the
immediate mill sites (where houses might be built) has only thin layers
Ja few tens of centimeters) of contaminated material.

The gamma radiation levels to individuals permitted under the four
alternative standards arc BO mrem/yr for LI end L2, 240 mrem/yr for L3,
and 470 mrem/yr for L4. This assumes a thick layer of contaminated
material over a large area at the maximum permitted levels of radium
concentrations. These doses would lead to increased risk of many kinds
of cancer, but this increase would be small compared to the lung cancer
risks due to radon decay producta.

7.3 Alternative Cleanup Standards for Offsite Properties

Tailings on offsite properties which are not associated with
building construction are usually there becauae someone transported
them from a tailings pile. Examples of this kind of misuse are
tailings used as fill around fence posts and sewer lines, as the basis
for sidewalks and drivewaya, and aa conditioners for soil in gardens.
Most tailings misused in this way are still concentrated; they are not
diluted by large quantities of earth or spread thinly over large areas.
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The major hazard items from the chance that indoor radon levels
will be high in new buildings constructed on contaminated offsite
properties. There could also be a significant gamma radiation hazard
if people spend a lot of time close Co the tailings.

We expect that offsite properties where callings were misused will
typically exc~eed all the radium concentration limits specified for land
contamination in Alternative Standards LI through L4. Therefore,
virtually all of the 6500 contaminated sices identified in Chapter 3
would require cleanup under any standard. Based on engineering
assessments and similar cleanup work near a Bill sice in Edgemont,
South Dakota, we estimate it would coat $6,000 Co clean up each of
these properties. This implies a total cleanup coat of 139 million.
However, many of these sites are unlikely Co cause a significant
present or future hazard, either because of their location or because
the quantity of callings involved ia ao avail. Cleaning up such sices
implies high cost wichouC significant benefits.

Ic is consiscenC and simple Co use the saae numerical cleanup
criteria for offsite contamination of properties as for near-site land
contamination. Since some offsite contaminated properties present a
minimal harard and would cost a great deal to clean up to any
reasonable radium concentration criterion, additional criteria are
considered in one of the following alternative standarda for
contaminated offsite properties:

Standard PI; Offsite properties should be cleaned up to the saae
levels as near-site land,'1) with no exceptions.

Standard P2: Offsite pnpertiej should be cleaned up to the saae
levels as near-site land, with the following exceptions:

a. When contamination levels averaged over 100 m2 are leas
than the action levels required for near-site lands.

b. When the hazard from the tailings is judged to be in-
significant because of location.

Small amounts of tailings will be eliminated from consideration if
levels are averaged over an appropriate area. For Standard P2 we have
selected 100 t? as a reasonable area for this purpose since this is
the typical area of the foundation of a House. Thus, risk levels
allowed under Standard P2 should be no higher than the risks allowed
under the corresponding near-site land cleanup standard. Additional
sites will be eliainated under Standard P2 because of their location.

(i) Alternative Standards LI, L2, L3, or LA; whichever is selected as
a land cleanup atandard.
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Based on an analysis of misused tailings that are not associated
vith buildings (Section 3.4), we estimate that, because of location or
small quantity, Standard P2 would not require the cleanup of minor
locations such as under sidewalks or around fence poats. Also, we
estimate that half of the garden beds, yards, and detached buildings in
which tailings were used and one-fourth of all driveways with tailings
under them would not require cleanup. This would eliminate approximately
4,000 sites and save about (24 million, for a total coat of about
million.
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Figure 3-1. The Dranlua-238 Decay Series.
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U.S. NUCLEAR REGULATORY COMMISSION July 1903

REGULATORY GUIDE
OFFICE OF NUCLEAR RE GULATORY RESEARCH

REGULATOR f GUIDE 8.37
(Draft iMuad M OQ-8013)

ALARA LEVELS FOR EFFLUENTS FROM MATERIALS FACILITIES

A. INTRODUCTION

In 10 CFR Part 20. "Standards for Protection
Radiation.' 9 20.1302(b) requires that:

"A licensee shall show compliant with the
annual dose limit in $ 20.1301 by (1) Dem-
onstrating by measurement or calculation that
the total effective dote equivalent to the indi-
vidual Hk«ly to receive the highest dote from
che licensed operation doe* not exceed the
innual dose limit; or (2) Demonttratin| that
(i) The innual average concentration* of
radioactive material relee»ed In |a«eou* and
liquid effluenu at the boundary ol the unre-
stricted area do not exceed the values speci-
fied in Table 2 of Appendix B to
§§ 20.1001-20.2401; and (li) If an individ-
ual were continually present In an unrestricted
area, the do*e from external tourcea would
not exceed 0.001 rem (0.02 mSv) in an hour
and 0.05 rem (0.5 mSv) In a year."

In addition. 10 CFR 20.1 101 (b) require* that:

"The licensee shall use. to the extent practica-
ble, procedures and engineering control*
based upon tound radiation protection princi-
ples to achieve occupational dote* and dotea

10 members of the public that are as low at is
reasonably achievable (ALARA)."
This regulatory guide provides guidance on de-

signing an acceptable prot/ara for establishing and
maintaining ALARA levels for gaseous and liquid ef-
fluents at materials facilities. Materials facilities are
those facilities at which the possession or use of
source, byproduct, or special nuclear material is
licensed under 10 CFR Para 30. 40, 60. 61. and 70.

Additional guidance on ALARA programs can be
found in other regulatory guide*. While these guide*
deal primarily with occupational exposure and may be
specific to one type of licensee, they contain pro-
grammatic information that may be useful to all licen-
sees. They are aa follow*:

• Regulatory Guide 8.10, "Operating Philoso-
phy for Maintaining Occupational Radiation
Exposures A* Low As Is Reasonably Achiev-
able." This guide delineates the component*
of an ALARA program.

e Regulatory Guide S.18. * Information Rele-
vant to Ensuring that Occupational Radiation
Exposures at Medical Institution* Will Be A*
Low A* Reasonably Achievable."

• Regulatory Quid* 1.31. "Information Relevant
to Ensuring that Occupational Radiation Ex-
posure* at Uranium Mill* Will Be As Low As
Is Reasonably Achievable."
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• R e g u l a t o r y G u i d e : 0 . 3 , ' G u i d e fo r the
P r c p o r a u o n of A p p l . c a t i o n j for Meaical Us*
Programs." S e c t i o n 1.3 and Appendix O <ie»I
s p e c i f i c a l l y w i t h A L A R A programs (o r medi-
cal f ac i l i t i e s .

In a d d i t i o n , f u r t h e r i n f c r m a n o n c.in be found in
Rev i s ion I to M'REG-0267,1 "Principles and Prac-
t i c e s fo r K e e p i n g Occupat iona l Radia t ion Exposures
at Medica l In s t i t u t i ons Ai Low As Seasonably
A c h i e v a b l e " (October 1982).

Any in format ion col lec t ion activities mentioned
in th i s r egu la to ry guide are contained as requirements
m 10 CFR Part 20, which provides the regulatory ba-
ils for thi i guide. The informat ion collection require-
ments in 10 CFR Part 20 have been approved by the
Off ice of Management and Budget. Approval No.
3150-OOH.

B. DISCUSSION

At the relatively low levels of radiation exposure
in the United States, it Li difficult to demonstrate a
relation between exposure and any health effects.
"Hie dose limits in 10 CFR Part 20 ire based on limit-
ing dose to what is considered to be an acceptable
level of risk to the exposed individual. Still, any ra-
diation exposure may carry some risk. Thus, the NRC
requires licensees to take actions, to the extent practi-
cable, utilizing procedures and engineering control* to
further reduce risk below the levels implicit in the
dose limiu in keeping with the principU that expo-
sures should be u low a* is reasonably achievable-.
This U the goal and purpose for radiation proteaion
programs." In order to achieve this goal, licensees
must control the way radioactive material is handled
from receipt through disposal.

NRC licensees have traditionally reduced expo-
sures and effluenu to small fractions of the dose Umiu
using the ALARA process. Recently, th« Environ-
mental Protection Agency (EPA) conducted 2 studies
of material* facilities. The first was a survey of 367
randomly selected nuclear materials licensees. The
highest estimated dost to a member of the public
from effluents wu 8 tnrem/yr, based on wry conser-
vative modeling. Tn addition. 98% of the facilities ex-
amined had doses to members of the public resulting
from effluents less than l mrem/yr. The second study
evaluated effluents from O additional facilities that
were selected because) of their potential for effluent
releases resulting in significant public exposures. Of
these, none exceeded 10 mrem/yr to a member of the
public, and 7J% of them were less than 1 mrem/yr to
a member of the public. Based upon this Information,
and the ongoing NRC program of licensing and in*
speciion. the NRC expects that the goals suggested in

this L ju iCe «ill DC e a s i l y ac.'uevabie by ill *'.':
als l icensees.

.r.aten-

Th« NRC Stiff will be examining licensee pro-
r.j to determine compliance with :he requirements

of 10 CFR Pan 20. In the event lhat a particular ma-
-.enals facility Licensee establishes ALARA goals that
are less stringent than the goals identified in this
guide, or consistently fails to achieve A L A R A goals it
has established pursuant to this guide, the NRC staf f
will conduct a more detailed review of that licensee'!
program to determine the rauonale for the greater
levels. In such circumstances, the NRC will evaluate
the rauonale provided by the licensee, as well as the
licensee's operations, to determine whether ih« licen-
see has established an adequate ALARA program
and is operating that program in compliance with 10
CFR 20 1101(b).

This guide deals with only a part of a licensee's
overall radiation protection program. Specifically, it
deals with the application of ALARA in controlling
gaseous ind liquid effluents. In addition to controlling
dotes resulting from the release of effluents, licensees
must Implement a radiation protection program that
controls dose rates in unrestricted areas to maintain
overall doses to workers and members of th« public
ALARA and below the limits in 10 CFR Pan 20. Li-
censees may choose to focus their evaluation of pub-
lic dose to members of a critical group as suggested by
the International Commission on Radiological Protec-
tion (ICRP) as a means of Identifying and controlling
the exposure to the individual member of the public
likely to receive the highest exposure.

NRC licensees have taken actions to maintain
doses to both workers and members of the public
ALARA under the admonition contained in
10 CFR 20.1 (c),* which requires that licensees
"make every reasonable effort* to maintain doses
and effluents ALARA. NRC licensees have generally
reduced doses to relatively small fractions of the dose
limits. Therefore, the NRC staff does not expect that
most licensees will need to make significant changes
to procedures, operations, and equipment in order to
be in compliance with the requirements of 10 CFR
20.n01(b).< However, for those licensees who have
not previously developed a radiation protection pro-
gram that includes written procedures and policies u
well as a commitment to ALARA. additional steps
may be necessary to demonstrate compliance with
requirements now explicit In 10 CFR Part 20 to main-
tain doses ALARA.

Components of an effective radiation protection
program, as required by 10 CFR 20.110I(b), include
radiation exposure control, written procedures and

'Copw* mn avtlUMe for purchase ffO« UM U.S. Oowmnmi
rViniias. Office, P.O. Bex 37042. Waihiflfloa, DC
J001J-70M. telephone (Z01) 312-324* or (202) J12-217I.

•tn June 1MI. 10 CT* P«« 20 M JO-1001 throufB 20.2401
became effective. aM compllien wife ihme <*<iton« be-
come* •uae'alery M Umtury I. IM4. However, 10 CFR Pert
10 || 20.1 throat* M.M1 beeaae eCTecMwt !• 1*37 «a4 r»-
raalM la «fT*ti null Januu? t, >M4. of when Iteciuee* vol-
untarily imotemeiu the requirement* e( 10 CPU Ptn 20 }|
20.1001 through 20.2401. wfckhere* |* earlier.
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poiic:c5, cont ro ' of racioan : materials, radioactive
cnrujmin.inon co.vrul. radioactive waste manage-
r-ier.i. '.rainirj, program rtMCwl, »nd audits. Guid-
a n c e on other faceu,of a radiation protection pro-
jrnm 'or materials facilities 11 currently under devel-
opment.

C. REGULATORY POSITION

An ALARA program for effluent control to con-
trol :!ose* to memberi of the public should contain
ihe following program elements:

1. Management commitment to ALARA, includ-
ing goals.

2. Procedures, engineering controls, and proces*
controls.

3. Surveys and effluent monitoring.

4. ALARA reviews,

5. Worker training.

These program elements, while given specifically
for effluents in this guide, are also applicable 10 the

trol of ir exosure.control of direct exposure.

I. MANAGEMENT COMMITMENT TO
ALARA, INCLUDING GOALS

The jingle most critical aspect of successfully
achieving ALARA in the radiation safety progran is
the commitment of management to maintain dosei
ALARA, both occupational and to the public. The
licensee's radiation protection program (including
ALARA elements) should be commensurate with the
potential hazards associated with the licensed activity.

1.1 ALARA Policy

The licensee should establish an ALARA policy
that is issued and supported by the highest level of
management. All employees should be made aware of
the ALARA policy through training. Thi» policy
should make clear that all personnel will be responsi-
ble for ensuring that work they perform Is In accor-
dance with ALARA procedures.

1.2 ALARA Goal*

To assist in demonstraung compliance wkh the
requirements of 10 CFR Pan 20. the licensee shouM
set ALARA goals for effluents at a modest fraction of
the values in Appendix B. Table 2, Columns 1 and 2,
to §§ 20.1001-20.2401. These goals may be set
independently (or gaseous and liquid effluents. Past
experience and effluent information reported to the
NRC staff Indicate that coals within a range of 10 to
20% of Appendix B values or lest can be achieved by
»lmost all materials facility licensees. However, estab-
lishing a goal is not intended as setting a precedent or
a de facto limit. Coals may need to be adjusted up or

down on '.he basis of the annual review of wn.ii may
be ALARA for '.he particular circumstance.

If '.he licensee chooicj to demonstrate compli-
ance with 10 CFR 2 0 . 1 3 0 1 through i calculation of
the loul e f fec t ive doi« equivalent (TEDE) to the in-
dividual likely to receive the highest dose, the licen-
set ihould jet the ALARA goal at a modest friction
of the dose limn for members of the public. Experi-
ence indicates that values of about O.I mSv/yr (10
mrems/yr) or less should be practicable for almost all
miterials facility licensees. Licensees need nut as-
sume worst case models, when calculating cose but
raaher should make assumptions that will result in re-
alistic esumates of actual dose received by the mem-
ber of the public likely to receive the highest dose.

If the circumstances of a particular cose are such
that the licensee cannot achieve effluent concentra-
tions less than 204t of the Appendix B values or dem-
onstrate by calculauon that the TEDE to the individ-
ual likely to receive the highest dose is leu than 0.1
mSv/year (10 mremv'year). the ALARA philosophy
continues to apply, and the licensee should demon-
strate compliance with the requirements of 10 CFR
20.1l01(b) by evaluating procedures, engineering
controls, and process controls as described in Regula-
tory Position 2 below.

1.3 Investigation Levels

In addition to ALARA goals, the licensee should
establish investigation levels at effluent vnlues thai are
close to normal or anticipated release levels. If ex-
ceeded, an investigation should be initialed and cor-
rective actions should be taken, as appropriate

1.4 Radiation Safety Committee

For licensees that have a radiation safety commit-
tee, one responsibility of that committee should be to
establish ALARA goats. The comminee must meet at
least annually to review the radiation protection pro-
gram content. The committee should also review
ALARA goals and discuss ways to further reduce
doses if necessary. Goals may need to be adjusted on
the basis of the committee's review. The committee
should assess short-term and long-term performance
in terms of achieving the ALARA goals. ALARA
goals and the results of reviews should be reported at
least annually to senior management with recommen-
dations for changes in procedures or equipment
needed to accomplish the requirements of the
ALARA policy as appropriate.

For licensee* with no radiation safety committee,
the radiation safety officer should be responsible for
setting, adjusting, and periodically reviewing the ra-
diation protection program and the ALARA goals.

2, PROCEDURES, ENGINEERING
CONTROLS. AND PROCESS CONTROLS
Licensees should consider available engineering

options (o control the release o( effluents to the
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environment. Examplej of the available options in-
:iude filtration, encapsulation, adsorption, conuin-
ment. and the- storage of liquid) for decay. If further
.-eiuc-jor.s in eff luents are needed to achieve ALARA
geals , ihe recycling of process fluids, leakage
reduction. and modifications 10 facilities, operalionj,
or procedures ihould bo considered. These
modifications should b« Implemented unless an enaly-
5i5 indicates that a substantial reduction in collective
dose would not result or costs are considered unrea-
sonable. A determination of reasonableness may be
based on a qualitative analysis requiring the exercise
of judgment and consideration of factors that may be
dif f icu l t to quanufy. These factors could Include
nonradiological social or environmental impacts. the
avai labi l i ty arid practicality of alternative technolo-
gies, and the potential for unnecessarily increasm|
cccupationaJ exposures.

Alternatively, reasonableness may be based on a
quantitative cost/benefit analysis. Preparation of an
ALARA cost/benefit analysis requires the use of a
dollar value per unit dose averted. The NRC staff is
conducting a review and analysis of various methodo-
logical approaches to setting dollar values, and the
staff recognizes that varying degrees of justification
exist for a wide range of dollar values. However, the
value of $1000 per person-cSv (man-rem) it accept*
able to the NRC staff and may be used pending com-
pletion of that reassessment.

3. SURVEYS AND EFFLUENT MONITORING

on the methoJ Jogy i'Wi'^4 u. 'CRP 3U, - 'anrt" for
Intakes of Rad ion ucl idea uy V.'or'.ert."*

3.1 Airborne Radioactive "effluent Moni tor ing

When practicable, releases of airborne radioac-
live effluents should be from monitored release points
(e.g., monitored sucks, discharges, venu) to ensure
ihat the magnitude of such effluents is known with a
sufficient degree of confidence to estimate public ex-
posure. Licensees should verify the performance of
effluent monitoring systems by regular calibration (at
least annually) to ensure that these monitors provide
reliable indications of actual effluents. Further guid-
ance can be found In Regulatory Guide 4.15, "Qual-
ity Assurance for Radiological Monitoring Programs
(Normal Operations) — Effluent Streams and the Envi-
ronment."

Effluent monitoring systems should be designed
in accordance with ANSI N13.1 (1969). "Guide 10
Sampling Airborne Radioactive Materials in Nuclear
Facilities,'4 and ANSI N42.18, 'Specification tnd
Performance of On-site Instrumentation for Continu-
ously Monitoring Radioactive Effluenu."4

NCRP Commentary No. 3, 'Screening Tech-
niques for Determining Compliance with Environ-
mental Standard!,"* published in January 1989 and
the addendum published in October 1989 provide ac-
ceptable methods for calculating dose from airborne
radioactive effluent*. In addition, there are several
computer code* available that perform these calcula-
tions. Licensees may use such computer codes as long
as they can demonstrate that the code uses approved
methods.

Licensees must perform surveys and monitoring
sufficient to demonstrate compliance with the
requirements of 10 CPR 20.1302. This Includes the
monitoring ami surveys that may be- necessary to de-
termine whether radiation levels and effluenu meet
the licensee's established ALARA goat*. These- sur-
veys should Include air and liquid effluent monitoring.
is appropriate, M well at survey* of dot* nut in un-
restricted areas.

If the license* chooses to demonstrate compli-
ance with dose limits to the member of the public
likely to receive the highest doe* by calculating the
TEOE, all significant environmental pathways should
be evaluated. Some of the equation* Included in
Regulatory Guide 1.109. 'Calculation of Annual
Dotes to Man From Routine Release* of Reactor Ef-
fluents for the Purpose of Evaluating Compliance with
10 CFR Part 50, Appendix 1.' and Regulatory Quid*
3.51, "Calculational Model* For Estimating Radiation
Doses to Man from Airborne Radioactive Materials
Resulting from Uranium Milling Operation*,' may be
useful in performing dose assessments. However,
pending the anticipated revision of these regulatory
guides, the dose conversion factors should be based

3.2 Liquid Effluent Monitoring

When practicable, releases of liquid radioactive
effluents should be monitored.* Methods for calculat-
ing doses from liquid effluenu similar to thoec de-
scribed In NCRP Commentary No. 3 are currently un-
der development by the NCRP. In the Interim, guid-
ance available in Regulatory Guide 4.14, "Radiologi-
cal Effluent and Environmental Monitoring at Ura-
nium Mille,' and Regulatory Guide 4.16. " Monitor-
ing and Reporting Radioactivity In Releases of Radio-
active Materials in Liquid and Gaseous Effluents from
Nuclear Fuel Processing and Fabrication Plants and

are avmflaMe from ftntmom Preee, IrH., 660 White
PlaUu ftaerf, Tanyuwe, NY 105*1-511). phone (f!4)
5*4-»200.

*Ca»lei ef ANSI tUnoawd* may be obuhMd from die
«•• National Slanearde luuiule. law.. 14)0 Bfeedwty, Nnr
Yerk. NY 10011.

•Coeiea may be ewehasetf from ike National Coencil en Ra-
olaiiee ProucdM aae* MeeswemeiMa. NCftf PvbUcauwM.
7tiO WM4BOM Aveaue. Betfeeetf*. MO 20*14.

•fflaeais do ao< meJuale releajee Me unitary tewer***
I* accordance with 10 CFR M.200)(a) or Mwreta (rom p*-
ilenis la tceeMaoee vtife 10 CFR 20 JOOJfb).

8.374

:21-Jun-96 12:37p|



U r a n i u m Hexaiiuor.de "/oruaion Planus." may be
j^ j fu l 10 materials ncens:es m calculat ing doses from
l i q u i d ef f luent* . i
3.3 L'nmonilored Effluents

K 3 licensee hat release points Tor which monitor-
in); is not practicable. the licensee should estimate the
magnitude of the unmonuored effluents. For in-
Niance. a research hospital or university hroad scopa
licensee might have do/em of locations where radio-
actwe material could be released. The licensee should
estimate ihe magnitude of unmonuored releases and
include those estimated amounts when demonstrating
compliance with dose limit] and the licensee's
A L A R A goal*. Unmoniiored releases mny be esti-
mated based on the quantity of material used in these
areas or the number of procedures performed or
oiher appropriate methods. When practicable,
unmonuored effluents should noi exceed 30% of the
iota! estimated effluent release*.

4. ALARA REVIEWS

According to 10 CFR 20.1101(c), the content
and implemenl.ilion of the radiation protection
programs, winch would include the ALARA effluent
control program, must be reviewed ai least annually.
This review should include analysis of trend* In
release concentrations and radionuclide usage as «•!!
as other available monitoring data. The review should
provide a documented basis for determining whether
changes a re .needed in system* or practices to achieve

ALARA effluent jjoah. In addition, ihe licensee
should review all designs for system instal lat ions or
modification* to ensure compliance wi th
10 CFR 20. 1 10 l(b). The results of ALARA reviews
should be reported to senior management along with
recommendations for change* In facilities or proced-
ures thai » re deemed necessary to achieve ALARA
goals.

5. WORKER TRAINING

Specific training on ALARA should be provided
as a pan of the annual employee radiation protection
training (see 10 CFR 19.12). For an ALARA pro-
gram to b« successful, employees must understand
the ALARA program's goals and principles. The
radiation protection naff should be available to help
clarify the ALARA policy and its goals and to assist
employees both during training and throughout the
year.

D. IMPLEMENTATION

The purpose of this section is to provide informa-
tion to applicants and licensees regarding the NRC
staffs plans for using this guide.

in ihoi* cases in wlikh on applicant pro-
pose* an acceptable sKerruttv* method for complying
with specified portions of the Commission's regula-
tions. the methods described in this guide wilt be used
in the evaluation of applications for new licenses, li-
cense renewals, or license amendment* and for evalu-
ating compliance with 10 CFR 20.1001-20.2401.

S.37-3
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R E G U L A T O R S A N A L Y S I S

A
pa red

separate regulatory a n a l y s i s WJM not p re -
for mis regula tory sjuide. T r i e r « j j u t a i o r y

prepared for 10 CFR Pan 20, "S tnncJmds
"or Protection Againsl R.idiauon" (56 FR :3360),
provides the regulatory basis for th i s juide. A ;opy

of the " R e g u l a t o r y A n a l y s i s for -he Revision of 10
CFR Part 10" ; P N L - f t 7 1 2 . November 1983) is
j v ^ i i o h i e for inspect ion and copying for a fee ac ihe
NKC PuOiic Document Room. 2120 L Street. NW..
W a s h i n g t o n . DC, as an enclosure to Pan 20,
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~-e ave-age ar-i,a: e«cs«re :' ;e-scrs "•• vie un^tea States to r jc-at -on '-;.u
•at-*a' lacug-t-na sources •$ c*'ten s a - c '.: 3« ''accut 130 m : ' i '•eit'1 »no'e-;ocy
ocse e c u ^ . a ' e r t . ~*ougn -t 's - j -a '1 / sainted out tnat act-al exoosurts 3i"er
''3ffl :.-;« r eg-cn of Me cot.r-.-y :; ancver, and tnat t.ie 130 area value -s an
• stMiate of a 3osulat:on-*e'grtec average. »any references include ' i t t l« to
if lC'cate tne extent of t.ie v a r - a f o n s actually encountered. As a resu't, Mere
's some -sorn far Me imeress'cn t.iat tnis nominal 100 erem is a sort of natural
constant -- fluc.i li*e tnat of nemai sody teaoerature (37°C) -- and tnat any
acortc'ao't ceoarture aoove :.*•$ nom is associated fit.*) seriously unoesirao'e
csnseduences. In tne present C ' scuss -on it is intended, first, to dtscnbt t.ie
generally familiar range of natural oacxground (particularly as experienced in
tnt U . S . ) , and Men to ori-g to attention soat of tnt tore fine~graintd aspects
of its variability. These naturally-occurring variations warrant considtration
in assessing the significance of increntntal ptrturoations of the radiation
levels to «nicn people may oe exposed.

I. Natural Background

This consists of three major components: (i) Cosmic days, (ii) External
Terrestrial, and (iii) Internal. These art described separately.

(i) Cosmic Rays

In tne lover ataospntrt (altitudts less than a few lea) tnt radiation from this
source is mostly provided by auons and nign energy (very penetrating)
electrons. There art othtr particles in the flux, including neutrons. The
nunoer of ntutrons (at lo* altitudts) is snail coaoared to the nuaotr of auons
and electrons, but btcaust of tntir large quality factor (Q) or relative
biological effectiveness (RBE), wnicn — at least in UMSCEAft-1982 — nas bten
taken to bt 10 for ntutrons as coapared with unity for auons or electrons, tnt
ntutrons contribute appreciably (about 10X) to the dose eouivalent in tissue,
even at sea level. This contribution increases with altitude, and at 3 ka
(9,350 ft) the neutron coaponent contributes about 25X of the total biological
dost. (More recently, the NCRP has decided that the value of Q for neutrons
•ignt lit between S and 20. The total level of the cosalc radiation (in rtas)
may, thtn, finally bt rated soaewnat differently than In soae of the values
used btlow.*)

At nigh altitudes (altitudes greater than about 10 ka, wflicn are accessible
only to high-flying aircraft or space vehicles) there is a strong dependence of
tne cosalc ray flux (or dose) on the gtoaagnetic latitude — the flux being
many times larger at the aagnetic polt than at tht equator. However, on the
innabittd portions of the earth's surface (altitudes less than -5 ka) the

. ,
surfact (altitudes less tnan -5 ka) tne

variation with geoaagnttic latitude is muen saaller; and far the continen
U.S. (essentially all lying between *0* and 60* N gtoaagnttic latitude) tnt
variation witn latitudt is only a ptrctnt or so. This will bt ignored in tnt
leouel.

•Set Appended Ndte Concerning Radiation Units, (p. 26).
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At any sarticular location an tr>« s-r'ace :' v~e ccnf^trtai -.3 , t.-e ccsm-c
rjVano'1 Mv D* cansidtrea as jn-'cn -i : -e *scu<;n v-e-e are -.e"ioora:
yar-afons associated wit." vie ll-yes* ;.--s3Qt :yc'«. «>:i so :ar ''arts, a^c
• it.i :-anc.ts <n ataosoflf*: 3r»ss. e :nc •.arse»'3tu^«. vese ira ••*."e' :'
••m'.td t**.tnt (.IMP -'e Sv.-'ac* a: ,.3 'aft-das) or- are c' s--'0r- :.ra:-;n.
~wey i»ay canstcutnt'y :e • •iC3"?<?-aier • t $cie av*rage va ;ut. arc .1'' -o: :e

>e $<gnificant variation -n :3i:rc 'jy gic:sure •» t"i vap'afisn »i*.->
al'.ituot. T^is rtjuits from tit a""»-*«ce •"> t.iictntjs of tne at.nosaner- :
3'anmc. On trm accsunt »n« *.*$su« c:s* tru' vaitnt '*o« cssmic rjy$ at
ai;ituats of 1. 2. or 3 km acove ;«a 'a. a' art iap^ar tnan -fit txposurt a^ s«a
'evtl oy factors of aoout 1.35, 2.1. ar.3 v:. -esptctivtly. Tht avtragt ::smic
ray scst rat« out-of-3eor» at sn -tv*i ^: Z9 mr««/yr. Sinct caoolt soina a
cansiatraolt fraction of t.if- t'nit indocri, anfi jinct stnjcturts proviat at
least SOM snitlding. it has :ian tsf.racto tnat for tht U.S. tut aviraga
exsosuri rtcfivtd By tnt oooulation is i:cu*. 10X smalltr tfiar tnt txoosurt
out-of-doort. Tht avtragt txoosurt -s'.i at sta Itvtl has tnus Ottn taktn to at
26 «rtti/yr. Taking into account tnt distribution in altitude of tht U.S.
population, tnt avtragt dost tquivaltnt r*tt fro* cosmic rays has Ottn
tstimattd to Dt 28 mrtm/yr. This M tnt tu/notr included in tht asstssment that
t.it avtragt annual txposurt in tht U.S. is aoout 100 mrtn/yr.

tnan 80S of t.it U.S. population lives at altitudts Itss than 0.3 ka
(-1,000 ft), and for tnest tne cosmic -ay cost rate is within a nrta/yr, or so,
of tit count rywidt avtragt. About 10 million live at altitudes > 1 im, *ntr*
the cosmic ray dost rate (out-of-doors) txcaeds 40 nrea/yr. More tnan five
nil lion Ijvt at altitudes > 1. 3 km for wnon tnt cosmic ray ::st ratt txceeds
45 mrtm/yr. Citits included in this group are: Salt Like C;ty, Albuquerque,
Rtno, Co'lorado Springs, and Denver. (For Otnvtr, altitude 1.6 ka, population
1.5 million, the cosmic ray dose rate is SO «rem/yr). More than 100,000 live
in cities — such as Ourango, Gall up, Flagstaff, and Santa Ft — at altitudes
£ Z fca, for whom the out-of-doors cosmic ray dose excteds 60 mrem/yr. Inert art
•any small settlements 1n tne Rockies (e.g., SUvtrton, Colorado, 2.8 Urn) at
altitudes of about 3 be. In particular, for Itadvillt, Colorado (altitude 3.1
uO and netroy Climax (altitude 3.4 km), in or near wnich a total of aBout
10,000 persons reside, the cosmic ray dose rate would be 120-150 nrem/yr
(out-of-doors).

In this same general connection, outside the U.S. there are a number of cities
with large populations at quite high altitudes. These are at lower geomagnetic
latitudes tn*n apply In tne U.S. As a rough allowance, 1n designating cosmic
ray dose rates for these cities, the doses from the detailed dose-altitude
curve drawn for U» U.S. have been reductd by the same fraction as .the sea- level
dosts for the relevant geomagnetic latitude. The particular dose-altitude curve
ustd is that presented 1n NCJV-4S (1975). These high-altitude cities Include:
Johannesburg, alt. 1.8 to, population -2 eilHon. dose rate -40 mrem/yr; Mexico
City, alt. 2.5 km, population "18 million, dose rate -40 mrem/yr; Bogota, alt.
2.S km, population -4 million, dose rate -85 urem/yr; and Quito, alt. 2.85 km,
population -.75 million, dose rate -100 mrem/yr. There 1s also La Pax and the
Altiplano region of Bolivia.
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A: ary 'rca'.'ori sn :,-:» ea- ' . " 's s.- 'ace seasons art txoosea tc joint VJJt of
- a c - a t : c n (ncstly sno tsns ) '"3m t."t atcay of raaioacfvt t!tmt*ts csnuinic M
t.it so i : ana roc*s. *.n na:n pr'ssrsial ssurcts art K-40, Th-232, ana" u-238 • '
i.lcug.i. in t.it cast of Tn an: u, tnt major part of tnt raciation tncsunttrttf'-is
provi-ti 3y t.^t raaioact 've caugrt«rs in tntir atcay chains. Tht raamion
'lux at any !sc3t:3n -ill vary ctcenaing on wnttntr tht soil is *«t or ary,
covtrtd witn snow or not, SyOjtcttd to c.ianging earoattric prtssurt, ana so
forth; Sut t.itst fluctuations w i l l avtragt out ovtr tht ytar. Tht significant
variation is tnat applying fnm placa to pi act dut to difftrtncts in tht local
aeundanca of t.it primoraial tltmtnts. Most of tht radiation to »nich ptoplt
art txposto is transmitttd airtctly into tht air froa tht ntar-surfact roc us
and soil as thty rtsida in placa. A'most all tnt radiation rtacning tnt
ataojantrt originatas in t.it topmost 25 or 30 cantiatttrs of tnt soil.

On a mass oasis t.it tltmtnts potassium, tnoriua, and uraniua in tnt aattrials
of tnt tartn's crust art, rtsotctivtly, sonttning likt two ptrctnt, and 12 and
4 parts ptr million. Tht nufflOtr of atoms ptr graa of potassiua (atoaic MSS
-40) is six tints largtr tnan that of thoriua or uraniua (atoaic HSS -240).
Tht isotooic apundanct of K-40 (tnt only radioactivt 'sotopt of potassiua) is
1.2 x 10"*. Tht atoaic ratios of K-40, Th-232. and U-238 in tnt tartn's crust
art, csnstautntly, about as 4:3:1. wi:n nalf-livts of 1.25 x 10*. 1.4 x 10l°,
and 4.5 x 10* ytars, tht nunatr of disintagrations pt- unit tiat of K-40,
Th-232, and U-238 art afiout in tnt ratio of 15:1:1. In nintty ptretnt of t.it
disinttgrations of K-40 a 8-partidt (aaxiBua tntrgy -1.3 MtV) is taittad, and
almost all of thtst art absorotd in tnt soil clost to tnt sou ret. Howtvtr, in
tnt rtoaining IDS a Y*ray (tntrgy 1.4« MtV) is taittad, and scat of thtst will
ptnttrata to tnt ataospntrt. Froa tnt aoovt it can bt sttn tnat in aatarial
having tnt avtragt composition of tht tartn's crust tntrt art about 1.5
Y-ray-t«itting dljInttgrations of K-40 ptr dlslnttgration of Th-232 or U-238 —
wnic.i art tsstntially tqual. Th-232 and U-238 art tnt partnt nuclei of dtcay
strits with ttn or a dozin daugnttrs having rtlativtly snort half-livts.
Assuming a statt of radioactivt touilibriua (w*>icn dotsn't always aoply) tacn
of tnt-daugnttrs In tnt strits wil l disinttgrata at tnt saat ratt as tnt partnt
nucltus. Thtst strits disintagrations rtltast about 40 or 50 MtV of tntrgy,
but all but about 2 MtV of tnis tntrgy Is carritd by • and 0 particits and
dtpositad 1n tnt iaatdiata vicinity of tnt souret. About 30X of tnt tntrgy
carritd by Y*r*y» Is In low tntrgy quanta (Itss tnan 1 MtV) which art strongly
attanuattd in tht soil. In tnt thoriua strits tntrt Is a 2.6 MtV y-ray taittad
afiout 36Z of tht tiat, but in tnt uraniua strits tntrt art no rr«y» *1tn sucn
a high tntrgy. Thus, thoriue contributts aort than uraniua to tht tarrtstrial
background radiation. Tht avtragt conctntrations of thtst tltmtnts in ntar-
surfact soil is soatwnat lowtr tnan in tht tarth's crust; but in UNSCEAR-77 it
is tstimattd that tht world avtragt radiation Itvtl at ont atttr aoovt



sur'act '* aoout 40 »rad/y- ;t 'rent sotassiuai, 15 '-cm t.ionua. ana 10 from
uranium. As already suggested tne actual cactcgraund radiation rate fro« one
location to anothtr My vary csnsistraoly 'rom tms average depending on tne
csmoosition of tnt soil or rqcxs nearoy.

;.n t.-t Dasis of extensive surveys tne J.S. ia$ seen divided into three
3: if tgu: jnaoit regions «itn '•essect '.a ter-tstnal radiation Backgrounds.
~"es« are: (• ', ".-.« Atljrt'C and Gulf Coastal P'airs Area -- a coastal otlt of
'-cm ant to a fe* snored in Its 1.1 •'d'.* extending soutn and west from Long
Island to Texas, including attwten 15 and 271 a? tne U.S. population, and
• it.mn wnicn tne terrestrial radiation is said to provide an aesorotd aose rate
m outdoor air of oetween IS and 35 mraa/yr. witn a aooulatiorv*«igntt<J average
ta^e-1 to :e 23 i»ras/yr; and ( i i ) M^ddlt America, or The Noncoastal Plain Area,
t.ie region extending nortn ano «tst 'rom tnt Coastal Plains Arta to tftt Pacific
coast (exceot for a relatively small island around Denver and tnt Colorado
Plateau). In tnis region, *mcn inc'udes aoout 80S of tnt U.S. population, we
natural terrestrial oacxground exposure rates range from 35 to 75 mrad, witn
tnt avtrage taken to bt 46 nrad/yr; and ('"), t.ia Otnvtr, Colorado Arta,
including some part of tnt East Front of tne Roc nits and tnt Colorado Plateau,
in wnicn tnt terrestrial exposure rangts from 75 to 140, and for wfticn tflt
averagt is tantn to Ot 90 arad/yr.

Mucn of tnt support for this regional breakdown is providtd by tht ARMS survty.
ARMS rtftrs to tnt Atrlal Radiological Mtasuremtnts Surveys of tnt
radioactivity in tnt vicinity of govtrnmtnt- sponsored nuclear facilities,
conducted for tnt A£C bttwttn 1958 and 1963 Areas about 100 lilts on a side
around tacn of 25 locations «*r« survtytd on a ont-«1lt grid to «ap tftt
terrestrial radiation background. About iOX of tnt population of tnt U.S. *as
compristd within tntst artas.

A rangt of radiation rates was obstrvtd in tacn art a. For soat of tht
locations, half or *ort of tnt arta was nottd as having ratts «ort than
±15 mrad/yr from tht Man for tnt arta. For tach arta, tnt Man rata was takan
to bt appHcablt to tht population of that arta. For thosa portions of tht
country not covtrtd by AIMS, tht regional avtragt txposurts nottd aoovt wtrt
ustd to dtttrmint a population-w«1gnted avtragt of -40 arad/yr for th« outdoor
aosorttd dost ratt in air for the U.S.

This ttrrtstrial radiation is Mlnly coopostd of Tr«y» *<th an tmrgy of ona
to two MaV. This radiation 1s attamiatad by tht Mttrlals In structures, and,
sinct ptoplt spand aort than t*o- thirds of thtir tlM Indoors, and avtn though
there My bt SOM txtarnal dosa fro* tht building Mtarlals thaastlvts, a fac-
rn- of 0.8 has baan apoHtd to tht outdoor doit in tfttaatlng tha actual avtr-
agt txposura paopla racalva. In addition, bacaust of tha ihi tiding pro vl dad to
tnt vital organs (gooads, bena Mrrow, ttc.) by tha outar tlssuas of tha body,
a furthtr factor af O.S has baan ustd In converting tha ttrrtstrial dosa in air
to tht equivalent biological wnole-body dose rate. With these factors, tha
population-weighted countrywide average dose equivalent froai terrestrial
radiation to persons in tha U.S. has been taken to be 26 araa/yr. This is tha
nuaeer used in the assassawnt that the background radiation dose in the U.S. is
-100 area/yr.

Surveys of background terrestrial radiation Itvtli have also bean aade In other
countries. Btcaust of dlfftrencts in instru«entat1on and procedures, not all



:' :-es« s--vey -es. :s a-* :--e::'/ ::-:a-ao'r
t--sjgr :: t.ne so: it :' :eve '::•-? a :5S-!a::cr-»..M ivlrjg, ?rcm laving
smaller areas we surveys sf seme if t.if cruntries are gecgraonica ! ly «ore
complete tnan present v . S . surveys. arc, ••< accivon, at least some nav« 5ee«
corsucttd aort system:1:'"/ s-:«i :-s:a-c- -g :.-ese c"'ere--es so»» :f t.-ie
*aiues listed m L'NSCI-iS-S: :•:•.-.-.- :.-.« -es.".; :' tne surveyj'of 'aoout '-".e«n
countries are -.-icicate-: :-:ow '-e va'.es :wc:«c are ?3r 40sor3«a a0j« 'n ou:-
aoor av- ;i flrja/y- -n ' r- -sav :8 chares -T..I Ve U S. av*-aqe 3' «0 a'reacy
nc:ec. ~-t ;o.«s: ave-ace va'.es '32-2:: a"e Cor Ca.-aoa, :enmart PoUnc :.*«
-•g-est :':-5;; ':- '-a-:s. ::.^a-'a. 5-- -.ze-'ana. '
rasas -arges a^e ?:ven -? ••:-««: o' -..-« ,--g- -ang(
= ::, ::av, •!•£, «es: Ge'ia-y ;"":, 215; --i-ce, 25C; GCS, 225. -~r *-;;~n 3'
:r« r»ng« values, sever*: .«-• 'ess -..̂ a- 13, "ic'ufl^r.g: Japan"' I:ai"y "̂ "G"
"-ance, Austria. Not t: :e c^ea-.e-: out :' .laving somtt.iing sot'cia"; aoout 't
t.ie DO: torn of tne range 'or :-ŝ ,-a •$ ^stes as :ers -- wmcn couid o^
course, actual iy acpiy ts a :«at :cg.

In a f»« cases, ;35u1at'o-!-»«'grtea inaoor to outficor ratios art listed. *-t.i
tie exciotion of tnc Gu3 -men '-its 0.3 't.ie same value assuotd for tfle U.S.*),
t.itsa ratios art all larger tna.i unity •• ranging from 1.55 for Austria to' 1.08
for Canada. (The values for Canada art not from UNSCcAR, But from tftt rtport
of an extensive Canadian survey completed in 1984.) At least on t.le oasis of
t.it data sncwn in UNSCEA9-19S2, t.-e U.S. value for indoor-outdoor ratio would
aooear to De one of t.ie least «tll supporttd, being based on results from only
aoout 270 awtllingi as comoartd v.itfl tnt Norvay value of 1.12 (2000 dwtllings),
or :.-.e P9G valut of 1.36 (30,000 dw«JHngi). Indttd, tnt valut for this factor
for tnt U.S. «ay w«n deserve furtntr considtration. (In iu fortncoming
report, NCSP proposti to cnangt t.iis factor from 0.3 to 1.0.)

From tftis *e)1t«r of data, along witft data concirnfng tnt worldwidt distribution
of tnt primoraial tleflitnts, UHjClAH-SZ concludtd tnat, for exttrnal ttrrtstrial
background, a rtasonaole valut for tnt glooal avtragt of tnt aesorotd dost rate
in outdoor air would bt about *4 mrad/yr, and tnat a valut of 1.2 would be a
suitaplt glooal averagt for tnt indoor-outdoor ratio.

The total tnvironotntal exposure to external radiation consists of UM sum of
tnt cosmic ray and tnt) Urrtstrial compontnts. For tnt Continental U.S., as
already indicated, tnt population-wtigntad avtragt of tnis sum is 25 * 26 » 54
nrtm/yr. In a survty conducted in 1971 by tflt Lawrtnct tivtraort Laboratory at
107 wtatntr stations tnrvugnout tnt U.S. (but not including any locations at
altitudes nigntr man tnat of Flagstaff, Arizona -7000 ft), Uit range in tnis
quantity was from a low cf about 35 nrem/yr to a high of about 150 mrta/yr.
The Tow values applied in southern Florida, where the cosmic component was
small (sea level, less than 40* N. geomagnetic latitude), and the terrestrial
component MS also very low. The high values applied at Colorado Springs,
Colorado (alt. -4150 ft) which has fairly high components, both cosmic and
terrestrial ; and Bishop, California (alt. -4150 ft) witn a moderate cosmic
component, but very high terrestrial. Flagstaff, Arizona, *ttn we highest
cosmic component of the locations included 1n this survey, had a rather low
terrestrial component, and a total exposure to external radiation of only about
90 nrem/yr. In Hawaii (near sea level, and only 20* N geomagnetic latitude)
tne cosmic component was smaller than in Florida and the terrestrial components
were also very low; so that external radiation provided about 30 «rem/yr for
tne locations monitored. In the reports examined, no measurements were given



of '.fit ttr-tstrnl comoontrt 3f txttmal riaiation for tnt nign-lying
stttltfltnts in Colorado (>7000 ft iltitadt). Thtrt 1$. nowtvtr, t gtntral
t«ndtncy for tfle tattmal ttr-tstnal rjaiition *t lucn locations to Dt hign --
in pirt, no doufit, btcaust of tn« prtstnct of roc* ntar tnt surf act, or of tnt
txoosurt of bart nscn. It tntre'srt sttms liktly tnat aimng tntst stttltatnts,
•men alrtady navt a cosine r»y «xpo$urt in «xctss of 100 «rt«/yr, tntrt w i l l
5e somt for wnicn tnt total environmtntal «xposurt is >200 «rt«/yr.

(iiO Internal

7>t txoosurts f"0ffl internal sourcts of radiation may convtnitntly Dt cansidtrtd
in tnrtt c!*$$ts: (a) tnat fro« nomial constituants of tnt body (principally
potass iu«); (b) tnat f-o» radloflucl idts lodgtd in tno body (uraniu», itc. ); and
(c) txposurts from innalad radionucl idts (radon and its daugnttrs).

(a) Tht concintrations of tnt normal canstitutnts of tnt body (sucn as H, C, or
K) art maintamtd at fairly constant Itvtls by tnt body's statt of pnysio*
logical tauiHbrium. Thty art constqutntly largtly indtotndtnt of sucn factors
as ditt or gtograonical location. In tnt aostnci of tMporary Mn-madt ptrtur-
Bations -- sucn as tritiua rtltasts, nucltar txplosions, and so fortn — tnt
isotopic co«cosition of such tltatnts in tnt body will bt tft* s«at as Wat in
tnt biospntrt.

Cosaic rays providt a stttdy sourct of a largt varitty of rad1onue11d«s ••
•ostly productd at nign altitudes. Thtst nix with ttit lowtr ataosphtrt and
otntr coapontnts of tnt biosontrt and tnt dttp octan rtstrvoir, and navt
tstaolisntd and Minuintd for a vtry long tiat a s tad It conctntrati on in tnt
various parts of tnt tnvironatnt. Tht conctntrati on of any particular
cosnogtnic radionuclidt in any particular cospontnt of tnt tnvironMnt dtptnds
strongly on tnt naif-lift of tho nuclidt (along vitn otntr factors, such as
solubility).

In tnt biospntrt (tnt lowtr ataosphtrt, surf act w«Urt, plant 11ft, ttc. ), tno
four aost abundant cosawgonic radlonuclldts art C-14, Ha- 22, Bt-7, and N*3.
Exctot for Bt, tntst tltaonts art tsstntial constituents of tno body. Tho
total inttmal dost dtlivtrtd by tnoso radlonuclldts 1s about 1 •rta/yr, and 1s
aloest all provldod by C-14; bolng. in particular: C-14, -1; Na-22. -0.02; and
H-3, 0.001 orto/yr. (Thougn not a body constituent, Bt-7 My bo Ingested or
innaltd, and 1s tstl stated to provide an Internal dose of about 0.008 erta/yr. )
Tht total dose frooi all other cosavmnlc nuc lidos Is tnougnt to bo less than
.001 erta/yr.

Potassiu* 1s an tssentlal constituent of the body, with an abundance of about
2 gran per kllogroB of total body weight. Strictly spooking, tne 2 go) level
aoplits only to young oeles (ago -20) and falls essentially linearly with t1o»
over the next M yeer» to about 1.1 gi. In f to* Its, after ago 20, the
potass 1m concentration at all ages Is only about 75 to 80X of that In salts —
in part, possibly, because of the difference In proportion of adipose tissue in
which the peussluB concentration Is relatively low (only about 0.5 gi/kg).
There 1s an appreciable variation In potassla* concentration frost one organ of
tne body to another (-4 ga/kg In red Mrrow, 2 1n tastes, 0.5 1n bone) and a
corresponding variation 1n doses to the different organs. However, for an
assumed average concentration of 2 go/kg body weight, the whole-body dose
tquivaltnt nas bttn tst1«attd to bt -18 orea/yr.



t s s e r f a l ' y ail vne 3 - 3 a r : - : ' e s '-en tre :ecay jf K-40 .Hi st anscrsec in vie
"3cdy; Dut no re than nal* of '.-t ̂  s • ''< escaoe. Because of this. ticn 3t^j0n
:ar-'t$ a smalT radiation f iei; arcund *itn nun. This , no douot, i$ vie 3 3 5 1 5
'or vie jocular comment "a; mere 's some nazard (froa radiation) <n snaring a
so.: !e sed. The nazari. of cc j r se , -s .not very great, aeing on vie arce- Of
orvy a tenth of a mrefli/y" '• :ea. -clever. 51. net a nearay 3oay wouia screen
aoout 1-S of vie so' -a arg 'e '-:m v,« oomal external ter-e$trial raoiafon of
-30 -nreifl/yr, •-. r.-;r-. :ef.t«r :e s a ' s tnat snaring t aouoie Ded nas a favcrao 'e

A'te* <-iG :.-,« most ;"5m ;-e"t io.-se-i«s jnaoreial radionuclidt is Sb-37 'his
nuc ' i se em^ts only S-:ar'.,:ies ( max i mum energy 0 .27 MeV) $o it is significant
(•f at a l l ) only as a source of internal dose. Considering tne factors :f e le-
mental aounaance :.n t.-e ear*..-s c-ust. isotooic fractions, naif-l ives, ana energy
per disintegration, t"e dose from Rb-87 would De aoout fifteen tiaej' smaller
tnan tnat from K-40 •• srsvicea tne concentration in the oody relative to t.nat
in t.ie eartn's crust s.noulc se tne same. Froa leasureaents of ruOidium in'tne
5o2y it nas Been csncluded (UNSCEAR-77) that the dose rate fro« Rb-87 is anout
0.4 nrem/yr. This is afiout forty times snallar than that froa K-*0.

In addition ta X-40 and Rb-87, there are about twenty other nonseries primordial
radionucl ices in the material of the earth's crust. Considering their elemental
aounaances, isotooic fractions, etc., their rates of energy release per gr«* of
terrestrial material range from a few percent down to «any orders of Magnitude
smaller than that frca Rb-87. The contribution of these to internal dose nay
consequently be ignored.

In summary, the dose rate from radioactive constituents of the body (K-AO,
C-14, H-3, etc.), is from 18 to 20 arem/yr.

Finally, in this discussion of natural backgrounds, it is not intended to
discuss the efftcts of the tasting of nuclear explosives except as these My
nave affected items in the natural background. The ieaediata effect of nuclear
testing (from the aid- 1950s to 1963) «as to release in tne atmosphere large
quantities of radioactive fission fragments (sucn as Sr-90 and Cs-137) which
•ere not otherwise present in the environment. These will decay (or have
decayed) to inconspicuous levels providing the present ban on tasting in the
ataospnere continues. As to the isotopes already considered in connection with
natural background, the efftcts were as follows: for Rb-87 — even though this-
is a direct fission produer •- the amount added was much less than one percent
of the natural abundance of this nucleus in tne upper milliMter of the earth's
crust. Eight of the otfter primordial radioisotopes art also direct fission
fraoments. For these, also, the contribution from testing was a very small
fraction of UM a&undance of these isotopes in tne topmost layer of tne eartn's
crust. X-40 Is not a fission product, so tftere MS no effect on tftat.

C-14 is not a fission fragment, but it is formed by the capture of neutrons in
the nitrogen of tne atmospnere. M-3 (tritium) is also not a fission fragment,
but is a residue of the burning of thermonuclear fuel. The inventory of C-14
in tne biosphere was approximately doubled as a consequence of weapons' testing.
The previously ascribed one mrem/yr from tnis source could have be«n raised to
something between 1.5 and 2 «rem/>r. This incremental effect will decrease much
•ore rapidly than it would merely as a result of the radioactive decay of C-14



(i«.lf-life aoout 5,700 years) atcause s^ Me sroctss of ecuil ibratian witn the
contents of tne deep ocean ^es«^vo'-. This srociss is oeiieved to sroceed with
I iie an lift of aoout 7 years, or so. >e jresent (1986) Itvcl of C-l* M t.ie

is aoout 20X larger than tne "natural" level of C-l*.

I: •»$ aeen estimated tnat t.ie ;':oal 'nvertory o* tritium (M-3) was increased
Dy a 'actor of between several nuncred ana a thousand oy Me nucltar exDiosions
conducted in trie ataosanere 5"' or to i?S3 *it.i a naif -life of 12.3 ytars, t.ia
amount of injected tritium w i l l oy now nave seen reduced by a factor Hut 5;
but. it still completely «as»s tre tf*«ct of "pnatural" triti'ua. and w i l l
::rt̂ ua ta ss.innat« for t.ia naxt nunartd years or so. evtn at tnat, of
csurst, it is a ratntr small ttrm in t*e total axposurt to natural radiation.

(5) Apart from tnt radioactivity associated witn essantial constituents of t.̂ e
body, t.iere is sane internal dose resulting from tn« ingtstion of "foreign"
rad^onuclides in tne environment. The amount of tnese is not hoaeostaticaHy
c:ntrolled. Out deoends on tneir concentration in materials (air, water, and
food) taken into tne Body. The items of oarticuUr concern here are tne
parental thorium and uranium and some of their daughters, such as radium.
Their gaseous daugnur, radon, will be discussed separately later.
Though tne amount of these elements taken up in the body was once, no doubt,
rather directly related to the concentration of these elements in the local
environment, that is no longer so much the case. It is still true that some of
the underground water in lotfa and Illinois, as veil as at other locations in
the country, has an unusually high radium content; but an increasing fraction
of such water is now treated before it reaches a consumer. More significantly,
with the greatly increased use of canned and packaged foods (which may be
processed anywhere in the country) and tne countrywide distribution system for
produce of all sorts, the U.S. food supply has become homogenized to a very
large extent. Consequently, in discussing the uptake by ingestlon of the
series radlonuclldes It seems appropriate to use the average values estimated
for the U.S. Quite apart from the (relatively) straightforward matter of
assessing the average uptake of uranium and thorium (and daughters), the matter
of correlating this with a whole-body equivalent dose requires composing a
numoer of radically different effects: the ingested radionuclides spend some
tine in the stomach, some time In the bloodstream, and some end up deposited in
the gonads and on the oone surfaces. The amount of thorium Ingested is
prooaoly about the sasM a* that of uranium; but the retention of thorium in the
body is very much smaller. K» a consequence, wst (SO or 90X) of the Internal
dose from tn« series radionuclldis is provided by uranium and its daughters.
In the following discussion the estimates compiled in the 1973 reoort,
w i l l be presented; but at the end of this section on internal exposure some
comparison will bm MOO b«tM«n these estimates and the newer (19M-87)
estimates being coral dmred by the NCRP. From NCHP-4S, then, the ingestion of
the primordial series radlonuclldes results in a whole-body equivalent dose
rate of about 7 mrem/yr. Uncertainties and differences which could readily
affect this estimate would not greatly affect the estimate of 'the total dose
from internal sources since this 1s dominated by the dose from K-40, which is
aoout twice as large es that from uranium. Thus, with the exception of the
dose resulting from inhaled radon (and daughters), the dose equivalent rate
from internal sources is aaout 26 mrem/yr — -20 from K-40, and 7, or so, from
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t.it u.j. is aocut 130 urem/yr.

it nain additional so •.•••:• c' -nte-mal -adiation <s Wat resulting '-3m t.it
"inanition of -aaon anc • :s s-cf.-iivea :auc,nters. Sacon asstars at n«arly t.it
sami -att m sat.i t.it uranium ana Moriun atcay str-as, ana n tnt only gastous
eltmt.it in Mest ser-es. In t.it uranium series, tnt isotapt Rn-222 is an
a isna-eiti* *."*'• »iM a na'^-'-'a af 3.8 aays. 7.n $ allow* t'mt for an
acs-ec'aoie '-jcvon of '..it -aaon famtd nea- t.it surfact ta migrate into t.it
awcs:.itrt anc to at :a--'es aocut Dy t.it wina. In contrast, tnt isotast
Sn-222. -nic.i aootars in t,-:e t.ianum stnts, na$ a naif-lift of only 55 stc, so
Mat it flots not sjc:i«a in mgratmg from t.it soil to an txttnt *nic.i warrants
c:rsict-a:ian in camcar-scn -it.-, t.it 3.8-aay Rn-222.

is an intrt .nonatamic gas •• ont of tnt "noolt" gists, wnicn tngagt in
ftM, if any, cntflncal riact'cns. Onct rtltastd to tnt ataospntrt tntst a tarns
movt '-et'y aoout and tnt orccucts of tntir atcay apptar as singlt atoas and
attacn t.itmstlvts tit.ttr to somt moltcult in tnt air or to an atrosol particlt
and t.ius rtmain su$Btnatc m tnt air for a cansidtraolt tiaw. Radon dtcays 3y
a-tmsnon; and if tnis occurs «nilt tnt radon atoa is still susptndad in air
tntrt is no dirtct tfftct on human txposuri. Tht iMtdiatt daugftttn of Rn-222
(Po-218, Pb-214, Bi-21*. Po-2U; navt snort nalf-livts (fro« 0.16 «stc, ta 27
•in) and tntir dtcays art also liktly to occur wnilt tnt atom art still sus-
ptnatd in tnt air. Tht first and last of tntst dtcays art oy a-wtission; so
tnat, again, tntrt will bt no dirtct tfftcti on txposurt to huuns — unltss,
of caurst, tnt original radon atom, or ont of tntst daugnttn nad Bttn Uktn
into tnt body by innalation and tnt tntrjy of tnt suostqutnt dtcay *trt
dtposittd tntrt. Howtvtr, tnt stcond and third daugnttrs art J-taitttrs, and
tntir disinttgrations art accanoanitd ty a largt fraction of tnt gaaa-ray
tntrgy apptar ing in tnt uraniua dtcay strits. Thus, tvtn if tntsa
disinttgrations occur wnilt tht daugnttrs art still susatndtd in tnt air tnty
wou.ld providt SOM txttrnal txposurt to humans — tnougn not a vtry important
comeontnt from radon conctntrations normally tncountartd in outdoor air. Tht
(ttmoorary) tnd- product of tnis group of dtcays is tnt (rtlativtly) long-livtd
Pb-210 (21 ytars). This undtrgots tM 0- dtcays follo%td by tn« Mission of an
or-particlt. wnicft ttrminatas tnt uranium strits In Uit staolt Isotopt rVZOS.
Thtrt art tsstntially no gammas associattd witn wit dtcay of Pb-210; so tnis
isotopt contriputts only to inttmal txposurt. That could rtsult titAtr from
tnt innalation of air in wrticft Pb-210 wtrt still prtstnt afttr tnt dtcay of
Rn-222, witn soot fraction of tnt Pb-210 bting lodgtd in tht body, or from tnt
ingtstion of plant-lift growing on soil in vnicn tflt Pb-210 nad bttn dtposittd.
Tht formmr is by far Utm mort important routt for txposurt to radiation from
PS- 210.

Vtry Httlt rvdoii is tMnattd from tnt surfact of tnt octan, and on tftis
account tnt) conctntration in coastal air is low and variaolt — dtp tnd ing on
wnttntr tn« air is moving from inland or from tnt sta. In tnt contintntal air
•ass, tht Itvtl of radioactivity is aoout 150 pCI (pico-curits: 10- u C1) ptr
cubic mtttr. A largt fraction (>2/3) of tnt radon innaltd is txhaltd btfort it
dtcays, but tht solid radon daugnttrs (tht 21-ytar Pb-210 and tht 140-day
Po-210) attacn to tht surfacts of tnt pulmonary tract — and particularly to
tnt walls of tnt hair-likt passagts in tnt stgmtntal broncniolts. Tht dost
ratt to tht tlssuts of tnt lung from this causa has (in NCRP-45} bttn tstimattd

'_^ • as bting about 90 mrtm/yr, and to tnt bronchial to i tnt Hum about 450 mrtm/yr.



" -nfl tnt wtignting factor rtcanwtndtd :y tnt ICSP («nolt-body dost touivaltnt
"» 0 '2 ti»ts tnt dost to tnt lung tissut), tnt wnolt-booy tquivaltnt cost from
Jxooiure'of tnt lung tissut would 5t aoout 11 urtm/yr. If ont aoolits tnt
::SP--eco««tnatd «tignting factor of 9.08 ta tnt aost to tnt broncmal toitnt-
•*jm, t.*is *ould add an additional 36 irem/yr ta tnt »nolt-Dody dost
eauivaltnt. Adding ta tnt 30 mrtw/yr alriady idtntifitd (28 casarc. 25
external and 26 inttmal), -e navt an avfagt natural background txaosurt far
3tr»ons in tht U.S. of ratntr more tnan ICC mrtm/yr, without taking into
ac::unt tnt prooostd revision of tnt mccor/outaoor factor from 0.8 ta l.C,
«mcn would raist tnt external comoontnt from 26 ta 32 trtm/yr.

jo to tnis ooint tnt txoosurt ta innaltd "tdionudidts (radon, ttc.), has bttn
atscnstd only in ttms of atrjons brtatning outdoor air. In fact, of csurst,
3tcoit sotfld a major fraction of tntir tint indoors, and tnt raoon Itvtis in
jwtilings nay ot quitt aiffirent (usually mgntr) tnan tnt radon Itvtis
out-of-doors. Radon sttps into dwellings from tnt soil in wnicn tnt bastmtnt
•s tfliotsdtd, from tnt nattrials of construction — such as cindtr blocks —
and. btcauit tnt ratt of txcnangt of air in dwtllings is intentionally »ucn
snalltr Van tnt ratt of txcnangt of air outdoors (in nousas wtathtrprooftd for
energy constrvation, a grtat dial smalltr), tnt radon conctntration in indoor
air nay run «ucn higntr tnan in tnt amoitnt air outsidt. Tht tfftcts of this
navt not bttn considtrtd htrt as part of tnt "natural background," si net tnty
art, in fact, ticnnologically tnnanctd and could (in principlt, at 1tast) bt
control ltd. Thty do, ntvtrtntltss, providt an additional sourct of radiation
to wnicn tnt population is txpostd. Sent (quitt partial) survtys havt bttn
canducttd. Thtst do not ytt btgin to bt adtquatt to tstaolish an avtragt Itvtl
for indoo> radon txposurt for tht U.S. From tnt survtys which havt bttn tadt
txamplts havt bttn found in wnicn tnt indoor radon Itvtis wtrt tan, or tort,
tints largtr than tht continental outdoor avtragt. Such a Itvtl would Imply an
touivaltnt who it-body dost largtr than tnt avtragt alrtady Idtntifitd by a
nundrtd — or tvtn mort — mrtm/yr.

AS stattd tarlitr, tht componints of tht dost tquivaltnt ratts from natural
background radiation as givtn abovt art dtrlvtd from tht data providtd in
NCRP-45. In Us 1982 rtport tht UMSCEAR dlrtcttd much mort attantion to radon
tnan it had in prtvious rtports; saying. In particular: "Inhalation Is now
rtcogniztd to bt tnt most Important pathway," — and "on avtragt about ont-ha If
tnt tfftctivt dost tqulvaltnt from natural sourcts of radiation Is now
calculated to bt dut to tht prtstnct of radon 1n tnt air Insidt buildings."
In tnt January 1387 draft of a forthcoming NRCP rtport, tht dost tqulvalant
vaiuts for cosmic radiation, ttrrtstrlal gamma radiation, and tnt Inttmal dost
frim cosnogtnlc rtrtlonucl idts and K-*0 art cntngtd vary lUtlt. But thtrt art
•arttd cntngtt 1n-UM compontnta wfttrt tnt txposurt is providtd primarily by
a-radiation: tnt uranium contribution to intarnal radiation, and. moat
particularly, tnm dott attrlbuttd to Innaltd radon. Thtst cnangts wtrt in part
occasiontd by tht Inertast fro* 0*10 to 0»20 for crradlatlon; but tnty wtrt
also afftcttd by ntw data showing Mghir conetntratlons of Pb and Po-210 In
bone, by nightr tstimatts for tht tissut dost from radon dtcaying In tnt body,
and particularly by Including somo allowanct for tht Mgntr Itvtl of radon
indoors as compartd to outdoors. Mort sptclflcally, tnt contribution of
uranium to tht inttmal txposurt is now bting ratad as about 10' to IS artm/yr
•noit-body dost tqulvaltnt (rather than tht valut of about 7 nottd abovt); and
tnt dost ratt propostd for tht bronchial tpithtlium Is 2,450 mrtm/yr (ratntr
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.'I. Ce'eorated Hot Spots

The1-* art locations in «nic.- Mt natyril background of terrestrial radiation is
mud nigntr .nan those so far refer-«d to. A particularly notable one is tne
Ktrala Coast. (The statt of <tra!a is m tnt wtst coast of India ntar tnt sou-
t.itrn tip.) In a narrow str-3, extending 100 ailts, or so, along tht beacn,
nunerous patents of eonazitt sand art txpostd. (The Mineral ecnazita consists
of nignly insoluble pnosanates of ctriua and other rare earth tleewnts in var-
ious proportions, usually ac::mcamea by soae tnoriuit and, on occasion, snail
amounts of uramua, and tntir aaugnters.) Tht most concentrated deposits are
found in a 30-aile section of tnt strip; and tntrt the nonazite contains frsm
8 to 10.5 strcent thorium Dy «tignt — tnt nigntst known in the world. About
70,000 persons live in this section. There is, of course, considerable varia-
tion in the external terrestrial exposu-t rtceived by tne people residing in
tnis region (SOM 3f tne dwellings -- which are nostly made of coconut straw
and wood — being located di^ctly on patents of «onaz:tt, and SOM not; some
residents being employed outside tne nign background area, while others spend
most of tneir time near home). However, on the basis of radioMtric surveys,
the average exposure to terrestrial radiation for the 70,000 persons in the
region has been estimated to be aoout 380 mreaVyr. For about 17,000 persons
the exposure has been estimated to exceed 500 mrea/yr. It exceeded 1,000 mreti/
yr for more than 4,000 persons; and it exceeded 2,000 mrem/yr for about SOO.
People have been living in tnis part of India for hundreds of years. It is
very densely populated, and it would seest unlikely that there has been any large
influx of people from outside for a long tiM. In all probability east of tne
present residents have generations of ancestors wno also lived in this region.
SOM preliminary epidefliological studies have been Mde, and more are planned.
Still •- at least as report*** up t*rougn about 1910 — no statistically signi-
ficant evidence has been found of effects resulting from the unusually hign
background radiation to whicn the population of tne Xerala Coast has been txpostd.

Impressive deposits of monazita sands also occur on SOM of the beaches of
Brazil, aeeut 200 miles nortneast of Rio de Janeiro. In particular, in tne
town of Guarapari — which has a resident population of 12,000 persons, and a
sunter tourist population of 30 to 40 thousand — it has been tstiMted tnat
the average annual exposure rate to external terrestrial radiation in the town
is afiout 550 mrem/yr. Along tne beacn of this health resort there are patcnes
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if 'D 'ac * land" (particularly favortd 5y t.it tourists) an »mcri tftt radiat ion
i tvt l i art f'-oa five to ttn tints iigntr t.ian in tnt strttts of tnt town.

~w«rt '$ a saall agricultural ania m C>'n< aoout 10C in'is tout.-wts: 3' Canton
•n .frcn an aoortciaolt canctntrat:on of aonaiitt nas ottn 3 tccs ' t«c 3y a i ' y v i a l
acvsn. Aoout 80,000 ptrsons rtsiat m tru nign-raoiation ar ta, arc ove- 9CX
s' t.itst navt nad six or nort gtntrationj of fortotars «no hvta n t.it samt
•rta. *ntre art s im i l a r long-tstaolisnto v i l lages at aistancas of on ly 1C, or
so, MI «ntrt tnt concantrations of J ana "> in tnt soil art from 3 to 1C t:'mts
smal ' t r ; ana t.i«s« navt oroviatd a control grouo. Thougn tnt tuttrnal tar-ts-
t r -a i riaiation Itvtl is 'our ti»«s crtatar in tnt mgn-raaiat:on arta tnan -i
•_-e control arta tnt total »no1t-3ody ixoosurt (including cosmic ana inttrnal
camoontnts) is only 2.4 tints grtattr, ca^ng aoout 230 ana 95 nrtm/yr. -esotc-
fvdy Exttnsivt mtdical Survtys navt 9ttn naat of tnt tv»o oooulation grouos
to ootam aata conctmmg sucn factors as moreiaity and mortality ritas from
Tial ignancits, soontantous aoortion ratts, and tnt mcidtnct of ntrtaitary ana
congtnTtal distasts. In addition, irart tnan 20,000 individuals from tacn grouo
•trt txaaintd to cntck for difftrtncts in :nromosoaul aotrrations, Ituktuia,
ana mtasurts of growtn and dtvtloo«tnt. In a nuactr of instancts tnt rtsults
for wit two groups wtrt tsstntially idtntical, and in ne cast «4S a statistically
significant difftrtnct oostrvtd. Altnougn no aeprtciafllt tfftct was found tnt
Cnintst Radiation Rtstarcn Grouo wnicn conducttd Uit studias concludtd tnat tnt
sizt of tnt oooulation group was too $«all to snow ainor incrtfltnts of dttrintntal
tffacts at sucn low dosts.

In addition to tnt nonazit« otacn«s tntrt is a rtgion in Srtlil witn vtry nign
tarrtstrial background radiation in a distinctly difftrtnt gtoVogical sttting.
This is a volcanic arta aoout 200 tilts west (inland) froa Rio and txtanding
nortn-fro« tnt city of Pocos di Caldas to Araxa wfttrt thtrt art intrusions
containing aintrals having clost to two ptrctnt tnoHua oxiot and ovtr ont
ptrcant uraniua oxide. Radiation Itvtls up to tw1c« tftost nottd in tnt strttts
of Guaraoari navt bt«n Masurtd n«ar Araxa, and on a saall uninnatiitad hill •-
tnt Morro do Ftrro •• ntar Pocos da Caldas aosorotd dost ratts in air up to
24 rads/yr navt oo«n reported. No large population groups appear to be exposed
continually to tne very nign radiation background in tftis region.

In France locations providing assorted dose rates in air of aoout 1.75 rads/yr
art not uncoeaon, and tne discovery of a quite sew 11 aree providing a rate of
over 80 rad/yr nas been reported. There are also locations In Paris wnere one
nay rtceive a biological dose of up to 350 eroa/yr. Though no one actually
Hvts in St. Peter's Square in ROM. eany people spend appreciable tie* tnere,
«ntrt it is reported tnat tne paving stones provide up to soewtnlng like 400 area/
yr. The Ficntelgoolrge Is a granitic aountain near tne northeast border of
Savarii. There are* several town* or villages on the slopes of tnis eountain.
On tne streets of tAoee villages the terrestrial rr«y exposure ranges up to
•ore than 500 ereeVyr — the highest known in the FW.
In Grand Central Station In Now York City — which vas built with granite free)
tnt Millstone Quarry In Connecticut — there are locations where tne external
ttrrtstrial dose rate is about 525 area/yr. Stone froa the saae source was
ustd in constructing the foundation for the Statue of Liberty in Ntw York harbor,
and tnis also provides a hlgn radiation txposure. (While It was ooerating —
fro* aoout 1740 to 1960 -- the Millstone Quarry was a favored source of building
eattrial since it was iaaedlately adjacent to tne snore, and rock could be
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transported reaci 'y -o locavo.-s on
oersans «or*ing in tnis o.uar'-y itust
'evils (aflsoroed dese -it«s ••? a-- -
'i at.ier granitic regions if *e» £-5
-ac* may De faund at t.ie sur-ace. •»
racxgraund radiation -s ;rese"tea 3y
t.i1 s aooreciaoly urini fersus Tiater 'a
3* acsorsea 3os* -ates •- ai- .5 to
of jrosorate -ocx occur t.iraugnout
producing areas tie aeoosits :." Sout
Brazi l nave ii;ner csnca^ t ra t i c rs ;
iu<nc«r of at.iers are camoaracle ti

:.->« :ast Coast, "he rjciatian txoosure o'
iave oeen auite i'gn.) *ign -adiat ian
o '.a ISO j»rad/yr, or so) can a l s o 3e *3unc
land, anfl, inaeed, •nergve* « > s e s i .m 'ar
aif'erent set t ing 'or »ign te r -es t r -a l
t.ie pnosonate aeocs i ts in r "o r -3a . r 'cm

l ter-estnal aacxgraunc raoiatian ' e v e ' s
ISO *rad/yr iave oeen ocserved. Cesos i : s
.ie world. Among t.ie Ba;o* onoscnate-
.1 Carol ina. Wyoming, ana some of t.iase •*
uranus t.ian t.iose in »"onca, » n ' ' e a

.ie ones in r'onoa.

7ne rtmaming tynt of situation '•esulting in unu$ua!'y nign exoosures to
aacxgraund radiation (excluding t.ie :-r;u«$tancts af'ecting undtrgrouno
,ias to do witn -ater In :ne :om:ation stacts wst usually occurring in natural
settings, radiiui 1$ »ocn more sc ' -c i * and mooilt than either uramua or tnor-.m.
On tm's accaunt *ater •- and oart?cjlar!y wan waittr -- flowing tnrougn otds of
sandstone or fractured granitic r;ck My accuwlata concentrations of radium
very mucn higntr tnan t.ie concentration in tflt Mterial tnrougn wnicn tne water
nas oeen flowing. At locations wntre sucn water uy emtrgt ta tne surf act one
nas tn« malcings of a "radiu* soring," or -- wnere tfttj neignearing population is
sufficitnt ta support it •- a "spa."

Locally notafile "hot springs" occur in all parts of tnt world. Many of tnese
becaait famous as "health resorts" long btfort tfit axistance of radiua was known,
and oafort *tasurtmtnts of levels of radioactivity w«rt aver considtrvd. Of
interest nort is tnt fact that not only do SOSM of the "watars" carry a level
of radioactivity wnicn would now ne regarded as distinctly unnealWy, Put tne
radon decay product of tnt radiun in tne water is released to tne ataospnere
and provides an unusually nign level of exposure to the population in tne neigh-
borhood.

Thcre~are reports concerning a few notaple radioactive hot springs. For exaople,
tne springs at Tuwa, a village in India aoout 200 «iles nortn of 9oe»ay, nave a
high concentration of Ra-226. In the air close to the Min spring at Tuwa, the
Y'ray dose (from trie snort-lived radon daughters) has Peen reported to be apout
10, or itore, red/yr. At a distance of aPout a dozen kiloewters (and several
villages) downwind, tnls exposure rate falls ta -750 arad/yr. Similarly, in the
city of Raasar, a resort on tne Caspian caast of Iran, population > 10,000, there
is an area of a few sonar* kiloawtars around UM radiuar bear ing springs (wnicn
emtrgt in downtown Kauar) within which levels of assorted dose in air have been
measured ranging froai 1.73 ta over 40 radi/yr.

The soringj at Badgaatein, Austria (about 50 tiles south of SalzPurg) have
received Uw a»«t extensive and detailed studies of radioactivity, both as to
tne "waters," and as to the surrounding neignbornood. This famous spa has been
known as a "watering place" for swre than six hundred years. Almady in the
13th century several thousand persons travelled there eacn year for treatawnt.
Over tne centuries eany accounts have been written (including one by Paracelsus,
printed in 1562) describing the therapeutic effects of the batns at Badgastein.
Badgastein gained in popularity, so that by 1940, 30;000 visitors wtre reported,
and by 1970, about a Billion baths per year were administered. 9y this time.
also, afiout 300 hotels were said to oe operating in the region to accommodate



i:.300.
and Me persan«nt peculation o' Saagasttin and tnvirons «as aoout

In 13G4 tna ortsanca it Badgasttn a* "tmanation" fas -loon «as tntn Known) -as
($:ao'Mn«d ay P. Cur-'t ana colleagues. Sufiscautn: studies "avt seteminad
Mat, a'tnougn tf>e amounts of U, 7h. jnd 9a in Me soring »at«r art not txcep-
:-:-a'1y 115.1, M« *n-222 content is outstanding, "or nost of Me vis'tars, or
ssa :a:-»nt$ -.a*"1?. :n!/ a fa* treatments, tna cosa -ecnved '$ 'o* (from a ft*,
:: a few :anj. of nrem). far patients taking a "wnole cure" (a dozen 2-iour
sessions in t.ia 'Menial gallery" -n -men t.ia ?n-222 csncantration is 3,000 pCi/:)
t.ia 20J« ta t.ia lung tissua is aoout ?00 urtm -- and savaral t:mas *ora to t.ia
jronciiolas. 3y innalation o^ 9n-222 t.ia 5 or 6.000 oemunant innaoitants of
3adgasta'n prooar -- .nara tna sor-ngs ara locatad -- rtcaiva fro* 0.7 ta
1.5 rams/yr (in lung tissue). Tha oatn attendants, otner jersonne) connected
vitn t.ia traataent facilities, and, particularly, tna doctors attending patients
>n tna "Manual gallery" (a group of only a ft* Hundred persons) receive from
aoout two, up to several tans, of reoi/yr (to lung tissue) -- or did receive sucn
exposure until aoout 1970 «n*n some corrtctiva fleasures are said tc have oeen
placed io effect. (The dose levels reported in tnis and previous paragraphs are
all in the "old scale" using Oj*10 for alpna particles.) Surveys hava Been Md*
to coMpare the general nealWt of residents of Sadgastain with that of groups
living in sinilar ci rcuastanees •- but not having any enhanced radiation exposure.
Thase rasultad in tn* conclusion tnat the longevity of tn* Badgastain residents
«as not lass, and the incidence of cancer »as not greater, than tnat for tA*
otner population groups. As of 1972 studies to identify possible radiation-
induced anoaulies in cells had led to tre tentative conclusion tnat at dose
levels up to so*»wnere b*tw**n 0.3 and 1.0 rete/yr, tflere was no clear evidence
of cell da«age. For doses larger tnan somewhere between 0.3 and 1.0 nn/yr,
tnere was an Increasing incidence of (for example) broken cnromosomes. Presueiaply,
sucn sjtudies at Badgastain have by now been extended.
There are many otn*r w* 11 -known hot springs, or diner a 1 springs, which have not
bten discussed at recant symposia on hign natural environmental radiation.
Thts could be because tn*y have been studied, and found not to have radiolog-
ical features of interest; or because specific studies have not yet been mad*.
Among those are tne springs at lath. In southwest England — a spa well -known
and used since Roman days. At about the same tim* as Curie mad* his findings
at Badgastain, J.J. Thomson (wfto discovered tn* electron in 1897) reported tn*
existence of copious amounts of "emanation" at Bath, and) suggested tnat tn*
salubrious properties of tn* w*t*rs tft*re *1gnt be due to tn«1r radioactivity.
Witn r*sp*ct to tn* wat«rs at Saratoga Springs, N*w York — though it has b*«n
pointed out that tAm waters bottled and distributed from th*r* com* from a
spring hiving low to moderate radioactive content — some of th* long-time
residents, preferring th* wetar from a different spring having several hundred
tiiMs th* radium cantant rsKpasiended (since 1962) by th* NOI* as "maximum
permissible," hav* b*«n miking regular use of this more radioactive water for
periods up to SO or 60 y*«r* without any apparent deleterious effects. Report*
concerning the radioactive properties (If any) of th* springs in Vichy. France
(famous since Roman Xim*s) or at Hot Springs. Arkansas, or Warm Springs.
Georgia, and many other locations could also be interesting.
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ary years .flt*ot-s af t.^t s:ai" of tnt EMl (initially tnt A £ C ' $ Htaltn anc
'.acc'atcry — -AS:.! nave it^aitd a vtry »idt rangt of asotcts of env-cr-

mftal raa;a:ion. Mere, only tnret sarticular projtcts art reftrrtd to. *M»
•i-st of trait is a Drsgram initiated in tnt 'all of 1971 to aonitar continuously
t,i« cxoosuri Itvtl in outdoor air. T^tnMluaintscant dosiMtars (TLO'i) »<-t
set uo near four reside-'.'a! loca:ionj in tna sufiuroa of Naw York City, and »tr«
monitsrtd on a montMy oaiii. The sitas ««ra (rougnly) in diractions west, nortn
anc cast, ana at distances oit^tan aoout 15 and 30 ailas, froa Cantrtl Park.
"nese locations ara all closa ta saa Itvtl (cosaic radiation axposur* afiout
29 nrad/yr in outdoor air) and in tna Coastal Plain rtgion (avaragt txposura to
ttrrestrial radiation prtviously said to Ot 23 *rad/yr). On tnis basis tnt '
txposurt at tntst locations would da aoout 52 *rad/yr.

•
Tht 10-ytar avtraga txoosuras mtasurtd ranged froa S3 to 60 arad/yr — in
accaotaolt confomanca witn t.it nominal regional value. The annual averages at
a given site »ere obstrved to fall in tnt range (•aju«u«-«initn«/eini«u») of
only about 10X, but tnt neasurtaents 'or a given eontn snowed diffarenees of as
muci as AOX from one yt;r to anotntr at a given site. Sucn differences «ere
attributed mainly to differences in tnt annual snow cover and rainfall.

•

One consequence of sucn variability is tftat it say be difficult to obtain a
precise measurement of the size of soaw increment In exposure level (sucn as
mignt result fro* reactor operation or atner non-natural source of radioactiv-
ity) — at least on tne basis of TLO readings, and particularly if tne incre-

•
ment is small compared to tne background. Tht TU registers tne sum ef tne
incremental and background exposures integrated over some period of time. To
asstss tne increment it Is necessary to subtract the background contribution
from tne total reading. Since the background My vary, and cannot be read

• itoaratt'y, tne background contribution vill nave to be uiuMd on some basis,
••» and tnis My leave rooa fir consideraaie uncertainty in tnt actual size of tnt

increment. This could, of course, be greatly improved by the use of more

•

tlaoorata) detectors, sucn as a spectrometer vnicti could identify source iso-
topes; but sucn equipment Is not attractive for use in field monitoring.

The second EML project to be mentioned her* is their continuous monitoring over
several years of the natural radiation exposure rates at Shorenam, NY, and the
EML station at Chester, NJ. The Shoreham site is on the Nortn Shore of Long
Island, at saa level, and in the Coastal PTafn region for terrestrial radiation.
Chester, NJ is a little more than 90 miles west of Shoreham, at an altitude of
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aoout 750 "., ana near tne eastern 'r-.-ig« sf the Middle America terrestr-jl
region. Thf annual averige exposure rates measured Dy LML were 59 •rid/yr at
Shortnaa and aoout 109 *rad/yr at Chester The cssitic riy coaoonents w i l l nave
oeen 29 and aoout 31 irid/yr, respectively, so that the terrestrial coaoonents
•«re aoout 30 and 78 erad/yr. The terrestrial level at Shorehaa i» well within
the range (15 to 35) previously ascrioed to the Coastal Plain region. Out tnt
'evel at Chester is just aoove the range (35 to 75) ascribed to the Middle
America region. The 50 nrjo/yr difference in exposure rates is sMller tnan
.nary of tne variations identified earlier, But it is of interest to find war
•: aool'ed setween locations wmcn would not normally oe thought of as widely
separated nor in dif'erent gtograpnical provinces of the country. Actually tne
50 nrjd transition is much snarse1" t.ian indicated By tne Chestar-Shorehaa
comparison since two of tne residtntial sites discusiad aoove, for «mcn t.ie
average annual exposures measured oy EMl -«rt witnin one irad of tnat reported
'or SnorenaA, are less tnan 25 miles east of Chester.

•he tnird £ML oroject considered is their sponsorship or a series of Inter-
national Intercompansons of Environmental OosiMtars. Eignt sucn exercises
•ere held oetween 1974 and 1986 witn participant! fro« 130, or so, laboratories
from over 30 countries. The TlQ exposure readings wart compared witn aacn otnar
and with control readings on continuously monitoring nign pressure ionization
cnaaoers. Many factors contributed to differences in tfia results ootaintd In
the intercoaoarison. These Included effects fro* dlfftrencas in packaging •-
wnere ootn wall thickness and aadient tatiperaturt of tnt lutiinescer.t elaawnt
affected the readings; differences in calibration Mtnods; in spactral response
•• as for exanple bttween terrestrial gaoms and cosaric radiation; prooleeu with
signal loss, or "fading," for sot* pnospftor types; and a faw otfltrs.
The conclusion fro* the intarconparison series was tnat over 8SX of the partic-
ipants obtained results witnin $2QX of tna delivered exposures and that uout
h a l f the results were within tlOX. So*e of tna tast axposures Included 1n tnis
oosemation were at higher lavels than typical envlroneiental Itvels, and 1n
general the parcantaga spreads in the readings art soatwhat larger at lower
exposure levels. This is partly btcausa the corrections which «ust bt appHtd
for exposure during transportation and storagt of the TLfl's constitute a larger
fraction of the total. For this reason, also, TlO reading* of background over
short periods — euch Itss then a eonth, say — will not be very accurate. It
follows that axposures reported free) different countries or dlffarent laboratories
»«y not be fully comparable. However, it aay be expected that surveys eade by
a single organization using standard procedures and equipment will provide fairly
good data on the differences 1n exposure Itvels fro* place to place or froa tlee
to tlee.

(ii) NRC Survey of Nuclear Power Plant Sites
Since August 1379 (• few eontns after the accident at TX1-2), the NIC has «a1rr
tamed a networ* of TLO's around every licensed nucltar power plant site in the
country, both those under construction and those in operation. In tech cue
about 40 detectors are eaplaced In a reasonably unlfon ulsMthal distribution
at various distances froa the plant — noaHnally, 16 within 2 allee of the plant,
but outside the plant boundary, 16 between 2 and 5 arlles, and 8 between 5 and
20 alias frosi the plant. The detectors are colltctad avery three aonths and
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essen t i a l ! y country-wide <3i $tr • suf on- «-cm tne 'ac^'C :3ast, t.irouijn :.-,•
ma-csntmentaJ region, to tfle A t ' a n v c

r - ^a" !y , considering tnat in tne HuBEo-0837 survey v^tr« ««re nominally 3 sta-
:-;is setwetn t.ie 5 ana 20 aile cirdts around t.ie s lant , on vie average tac"
szaron reoorted on an arta of aoou'. 1*5 sauare mi les. There :s no '«ason to
s.ccose tnat tfle extremes in vie naturally-occurring exposure rates witm.i trie
a--ays -ou'a necessa r i l y :e p icked uo in cms survey.

(<") Tie Los Alamos Survey
fsr iany years tne environmental Surveil lance Grouo of the Los Alajtos Laooratory
•as -nomtored a larga numoer of locations in tne tecnnical areas of t.ie Laoora-
tory, and a lso in tne surrounding neignoornood. for tne presence of a long list
if oossiole radioactive and cntfflical conta/iinanti in tne air. soil, and water.
AS a oart of tms ooaration tney nave maintained an array of TLDs to monitor
tne COSMIC r«y and terrestrial radiation Background. A nuaoer of triese 7LD sta-
tions are outsida tne perimeter of tne tecnnical area at locations wftere normal
Laooratory_ootrations would not affect tne readings of tne dosimeters. Seven
of tnesa outjiae stations are deoloyed in tne townsita; and tnese ara all in
generally similar (masa-top) terrain, and ara all at an altitude closa to 7250 ft
(2,200 *). They ara all located witnin an area soMvnat lass tnan 7 square miles,
and trie extrem disunca batw««n any two of tnese stations Is only 3.5 alias.
These seven stations tnus constitute a ratnar coaeact array. The awasurejwnts
reoortad are oalieved to be witnin 4 percent of actual levels.

The TLOs register tna sue) of tnt afisorfiad dose in outdoor air fro* the cosalc
and terrestrial Oacitgrounds — witn tr.a exception of tnt cosmic ray neutrons,
to wnicn tna particular datactars usad ara not sensitive. To obtain tne total
background exposure it 1s nacassary to add II mreaVyr to tna TLfl readings to
allow for" trie neutron component (as takan fro* tna dosa-altituda curva of NCRP-
45 at 2,200 m). The total exposures for tna calendar year racordad by tna TLOs
at eacn station ara listad 1n tna annual reports of tna Surveillanca Group.
Again free) MCRP-45, Uia avaraga axposura rate to cosmic radiation (excluding
neutrons) at 2,200 • altUuda Is M •raoVyr. The average of tna TLfl readings
for all savan stations ovar tna sii-yaar period fro* 1980 tftrougft 1985 1s
116 mrid/yr. Tha average exposure froai tarrastrlal radiation is, tnan,
56 «ria/yr.

Ovar any particular tlM paHod tna cosalc background will, of coursa, ba uni-
form across tnls compact array, tlwugA avar a slx-yaar parlod tna laval will
cnanga soeMwnat aa a conaaquanca of tnej 11-yaar solar activity cycle. At tne
geomagnetic latitude) of the) Continental U.S., tnls variation has a max1m«ji
amplitude of-less tnan UK of Ufa maan laval. Changas In tnt array average
such as tnat bttMtai 19tO and 1981 (fro. 123 to 100 mrtd/yr.). or that batiNtn
1982 and 1983 (fro* Ut to 131 mrad/yr.) will have resulted fro* chancas In tha
terrestrial background. Prasuiadly sucn shifts ara to ba accountad for by
differaneaa In prtjc1p1t*t1dn, snow cavtr, and so fortn •- and, Indatd, tfttra
-«s 30X mora precipitation in 1982 tnan in 1983: 21.7* vs. 16.7." However, tna
size of tnt changes from) 1982 to 1983 was by no mmans tnt sasM at each station,
ranging froa> *11 mrad/yr. to *35 mrad/yr. Another curious example of a station-
to-statian variation oecurrad bttwttn 1984 and 1985. Tha array avaragt exposure
was 116 mrad/yr. for eacn of tntat yaars; but, while the exposure at ont station
droppeo frost 135 to 120, that at anotntr, only 1.2 alias away, Increased frosi
115 to L36f arad/yr.
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*»e s;reac 5et*«en we mg.-est ana lowest -eadings in 1980 .45 only 25 «raa/y-
•>•.: for eacn of t.ie ot.ie- annual jtr-oflj t.iis soreaa ranged Oetween 30 ana
iC rrac/y -• even .'t.f- :re >«-y '-in tea extent of VMS ar-ay. Cur-rig .-,
s -x annual interval! ccrrce-es, :.i* 'owest exrssure .45 rec:rcea at one or »
j:-e- o' :*o sut c- j , -n' e :---.

.45
.(re in

'••:- :."e -e$ul:s of :."« Los Alamos survey, point uo t.i»
oiHty m t.-;« natjra; oacxgrouna raciation

"•958 exams 'ts, c.'iea
'3;-. :̂ a: v*-e ;s •nuc
:::• c-e- :MI«. ana 'i soac* •• :.ian T$ orougn: to mine ay -ef«rences to cŝ .it
3- eve" -eg'c.ta', ave-agis.

•
I
I
I
I

I

3e-"5 at sea >vel. •asnmgtsn las a cosmic -ay aosa rate (;nc!utfing neutrons)
:'ose to 30 mrem/yr Since we neutron comoonent in tnis cosmic ray flux is
cuite snail t.ie aifference Between rads and rems is also small, and My be
ig.icrea. Wasnington is in we Coastal Plains Region for »nich the outdoor
exoosurc rata to terrestrial radiation is said to be between 15 and 35 arad/yr.
~r\t natural Background dose rate in Washington should, tnen, be between- 45 and
55 nrad/yr. Still, some question on tnis point is suggested by Alvin Weinparg's
measurement in May 1S79 of a dose rata of 250 mrem/yr during a hearing in we
Oirtsan Senate Office Suildi.ig.

Having wi$ in mind, a nana-portaole radiation rate-meter was taken on several
snort excursions during May, June, and July of 1986. The resulting observa-
tions cannot be considered to constitute a survey, since they were made in the
course of visits to a somewnat random selection of targets. The rapid time*
response cf we rate-meter made it attractive to take many of the readings en
passant, so tne precision of tne readings was not impressive — something like
si uS/nr. Still, tne measurements »ere probably sufficiently accurate to per-
mit tne grouping into tne ratner broad exposure ranges indicated below. The
rate-meter was calibrated in ufl/hr; but tnat has been converted to mrad/yr using
1 yS/nr •« 8. 76 aift/yr * 7.6 mrad/yr.

The following is a summary of the results of this mini-survey. The numbers
given refer to exposure rates in ampient air in mrad/yr.:

• 60-75. The lowest rata observed was aPout 60. This was found in a
variety of locations: the doorway of the older World Bank Building at
IStn and G; the 5tn floor of the Hart Senate Office Building; at street
level inside the new Presidential Plaza at 19th 4 I. Rates close to 75
we-e *oond a1o*g rVrj» Street, Se.: on the stepi a«d i«*»ng the columns in
front pf the Supreew Court; the northwest doorway of the Russell Senate
Office Building; the interior at tM Lincoln Memorial; and tne street in
front of 1717 H Street, as well as in the loppy and the large conference
room on the 10th floor.

• 75-90. Examples were found along a number of streets (18th Street, I
Street, Pennsylvania, and 20th); tne lobby of tne Lompardy Hotel; the
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lobby of tne National Scunce r3unaaron Building; and Sotn on tnt str«et
Itvtl and tnt lower Itvti of tnt -ar-agut «tst Mttro station.

• 90-115. Rates in tnis range ««r« 'sund on uOBtr floors of cct.1 t.lt Oiricstn
ana tnt flusstll Stnata Office Buildings; on tnt strttt itvtl of tnt new
*orld Sane Building «t 18tn and Pennsylvania (tntn unatr construction)
cxciot tnat tnt -a:t :' aoout 30 ^nc-tasto :o aoout US on *aUmg past
tnt conerttt structural columns; o«tJiat tnt oast of tnt wtsn^ngton *onu-
i»tnt; tnt loooy of tnt nay Adams: ioocy of tnt New Extcutivt Office Build-
ing; uootr floors of tnt Lomoaray nottl: tnt men's rooms and corridors on
tnt lOtn and 11 tn floors of 1717 H Strttt (aoout 15 nigntr *«tn passing
conerttt columns), tnt -oadway of East Caoitol ntar tnt foot of tnt sttos
to tnt Caoitol; tnt si attain along "tnnjylvama Avtnut ntar tnt wnitt Houst
ftnct.

• 115-150. Inside tnt Washington Monuwtnt at ground Itvtl; beside tnt
Htfitcting Pool; in Lafayette Square (aoout 30 nigntr tnan on tne other
side of Pennsylvania Avenue); tne strtet in front of tne New Executive
Office Building; on soae sections of sidewalk sucft as tnat paved witn
bricks on Madison Place, and tne section paved witn ornamental stone slaos
at 17th and H -- botn Being afiout 30 nigner tnan nearoy sections vltD
concrete walks.

• 150-200. In tnis range were tne entryway at the southeast corner of the
Presidential Plaza; the porte-cocntrt on the east side of the Capitol; the
walk oy the Viet Naa Meswrial; and tnt steps fro* the Reflecting Pool up
to the Lincoln Memorial.

• >200. On crossing Madison Place froa the east side of Lafayette Square
(rate -150) one can go through the porch of the Law Courts Building (rate
•265) into a delightful patio (rate -240) and on Into the looey (rate -120).
On starting up the steps to the Library of Congress fro* First Street, SE.
(rite -75) one coaws to the first landing (rite -150), then the second
landing (rate -225), and then the doorway (rate -330) and on into the lobby
(rate -115). On approaching the north entrance of the Old Executive Office
Building one leaves the sidewalk on Pennsylvania Avenue (rate -115). goes
through a gateway in tne fence (rate -165), crosses a flagstone-paved patio
(rate -190) and up to the top of the steps (rate -400) and Into the lobby
(rate -135). Apart fro» these observations there 1s Welnberg's Senate
Hearing rooe) (rate -250).

(v) Variability
Difference* in natural background exposure rates of 50 to eore than 100 erad/yr
nave already been Identified In earlier sections of this discussion. Sucft, for
exaaple. a* that In the cosatic radiation background between locations at see-
level and locations at an altitude of 3 or 4 be., and as. also, tnat In the
terrestrial background between the Coastal Plain and the Denver, Colorado
Regions. Reference to these inetances suggests breed, sweeping changes as
between soew location and another location a continent or part of a continent
away.
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lio-tvtr, tne variations nctea in tne 'oca: surveys just descvbea nake it clear
:?at tne oroaa contours :? t-e -ac'aron intensity sur'ace ar« over'a-a »y an
'—eo.ular. fine-texturec "ef-or« :f <ar-at'ans of aopreciade s-:e. It is net
-ecissary for an "icivc.a' :: travei f"om t.ie £ast Coast to Cenvtr -n orstr to
e-czjntf largt cranges • n ms -ate of exaosurt to sacitgrouna ria:ation. Con-
s'se'asli variations «'•''• 3e exoer't-ced 5y a stationary inaiviaual in nany
'ccjfons. sy -naivsuals traveling a few .tiles to tne store in many Darts sf
tne ::-.ntry (as tviaencec oy tne ^"C survey), 3y individuals ^esis'ng -n ant
•cus« or "i anotntr noust a '•*• :!ocxs away (as from the Las Alamos survey),

:ne $'Ce of tne street to the other (as in
Of course, tnt '::untrywiae, oooulation-weignted. average annual

ex:cs.re' '$ a per'ect'/ -e:'-3e'-nea conceot -men is useful for some :ur3oses,
even •' tne re snow'd net De an inc'vaual anywntre »no actually rtceivej jmt
tnat txcosw-e 'or one year, *et a';ne two years running.

IV. Jtservations ana Cc.iwents

'•« icnow tnat extreme exposures to radiation can be fatal, and *« know a fair
amount about tnt levels -men oroauce letnal effectj in a snort tlM. we even
know tnat tnert is somt risk tnat an exposure about twenty tines smaller t.ian
one resulting in a Bramct fatality •- a wftole-body exposure, tftat is, of some-
t.iing l ike 20 or 30 reffl of Tow-LsT radiation delivered in a ihort tine — «ayr
wit.i a rawer poorly known prcbaoility, initiate processes wnicn result in fatal-
ity years later. However, t.iere is a gap of aoout two orders of eagnitude between
tne dose levels for wnicn observational data are available and tfte levels pro-
vided Dy natural sources. As stated in UNSCEAfl-77, "It «ust be eeonasized,
However, wat sucn estimates" (referring to their estioata of -10"* fatal «alig-
nancies/person-rta) "are derived predoninantly fro* rates observed following
absorbed aoses of over 100 raas," and "In particular, at low doses in tne region
of tnose received annually from natural sources, no direct information is avail-
aole as to tne level of induction of malignancies tnat mignt apply."

THe-nunan species nas, of course, been receiving tnis natural background radia-
tion, including variations of tne sort already described, tnrougn tne wnole
period of evolutionary time. Over that period it nas evolved from primitive
life forms, through the earliest hominids, and on to modern man. In the course
of this it will have experienced a large number of mutations, of which some
fraction will have be«n induced by natural background radiation. It seems to
be generally felt that tne outcome of this process has been favorable.

In its development we species has accommodated to the factors found in its
environment; and for many of these factors there 1s a range of exposure levels
wiie* arrea^ to b* opttiMl for the well-be^ng of the organism. Frequently tnis
range Is 1n tfte neigftbomood of the levels usually encountered. Exposures (or
supplies) at levels within this range may be either neutral, or beneficial, or
essential to the organism's well-Being; whereas great deficiencies My be detri-
mental or fatal, as may great excesses. Such is the case, for example, for the
physical factors of heat, light, sound, and moisture. It 1s also the case for
many cnenical substances sucn as vitamin A, and even materials containing arse-
nic and selenium. These, and many other substances, are essential in trace
amounts but are deleterious or lethal at even moderate doses.
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An agent living oenefic^al e"tcts it 'o* 'evels wnic.l would not be indicated
:y • fl'.trao'i *tion from its »nown deleterious effects at hign levels is sometimes
••'«-•«<: to as "normetic." It :$ not Kno*n wnetner low-LET radiation is hermetic
•;r :^e lunun organism, but it »ould not :« greatly surprising if sucn sr.ould
:e ve case. A large nu»0f of exajic'es af 'adiation nonnesis nave Been ooserved
•i a -<2« range of oiant ana ammai scecies •• at itast as gauged oy suc.i factors
as ;-2*t.i rate, 'e-tility. anc longevity. Included in tnese ooservations is a
s«-'es in wmcn tne rate of sral i feration of a colony of oacter'a increased as -
:.i« -aeration level »as raised to fourtesn times tnt natural background, out
:«c-eascc :ctn as tne radiation levei »as raised s t i l l furtner, and as it was

oy a factor of six oelow natural sacxground oy 10 cs of lead snielding.
ive as sucn ooservations may oe. tney art, of course, by no Mans conclu-

s:v« as to an nornetic effect of radiation on tne specific and cooplex systaa
:;nst't-tmg Human tissue.

Ii c:rt-ast witn tnis t.iere is no count tnat a single quantum in dasagt a call
or mcuce a mutation. A Quite enormous numcer of exotriitcnts '.ve been conducted
on c e i l colonies and various types of animals snowing deleter -s effects of
exocsures -of -10 rads, or more. Sucn ooservations are also suggestive; but,
as pointed out in UNSCEAR 77, tnay do not yet providt any dlrtet Information
concerning tnt incidence of carcinogantsis in «an resulting frosi exposures 1n
t.ne general range of natural background levels.

There are many cautionary statements by euny authorities calling attantlon to
tne lactc of actual knowledge on tnis last point. Those which appear in 8EIR III
include the following:

• "The CooMittae does not know whether dose rates of gaeva or X-rays of
-aoout 100 mrad/yr are detrimental to ean."

• "The quantitative estimation of the carcinogenic risk of low-dose, low-L£T
radiation is subject to numerous uncertainties. The greatest of these
concerns the shape of the dose-response curve."

• "For the nost part, the available human data fall to suggest any specific
dose-response model."

• The collective Influence of the uncertainties which apply "1s such as to
deny great credibility to any estimates that can now be Mde for low-dose.
low-LET radiation."

• For its Illustrative commutations of the lifetime risk from) whole-body
exposure tne Cornellttee chose the situations of a single exposure to
10 raas. and • continuous lifetime exposure to 1 rad/yr. and then said:
"Below tnese deeee, the uncertainties of extrapolation of risk were
believed by som» mmmfters of tne Committee to be too greet to justify
calculation."

In the face of these and other similar warnings that there 1s no factual bails
for any particular estimate of tho risk which srigftt apply as • result of an
exposure in the range of one to a few hundred mrad, precise value* are routinely
asserted for such quantities by regulators (and others) on the basis of the
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no-tnresncld linear nypot.itsis. Of course, srf'trent precise values are
equally firaly asserted Dy afferent estimators since wte slope of '..it Hnt
emoloyed i$ open ta same c.'Oice. For example, t.le average n$« of inducing a
'ata! nalignancy was :a«" as :eri5 "in the -egion 3? IC'V-jd" :•: 'JNSCEAR-/^,
aut tne coefficient .uu- v:"/ -ng 13"* in we ts; ujt« of vt lumoer 3f fatal-res
:er .nan--t« nas Seen var'iujly UKan to Oe: 1.25 (1CSP-25, 1977), 1.7 (3EIS 1372.
1980, ano 13 CFR 20, vRC. 1965). 2.3 (HUREG-1150, 1387), 2.7 (40 CFS 191, £?A,
1335), ana 2 . 7 5 (40 C?3 193, £?A, 1987).

"-c'.gn :ntst assorttd values disc'ay tn« lacx cf any aosolut* Ucnnical sasis
'c- tn« ajJu/notionj, to a vtry largt txttnt tni no-t.irtjnoia llnttr nypouns's
^as a«tn ac::r:aa *na status o' an ax^oa. Two ueortant coroHar^ts folio*
'rom tms nyootntsis. T?>t f 'rst is tftat tfit r-sk ta tn» indiviaual is dirtct'y
prooortional to tn« aost (tnat u, Lit -incremant in txposurt ovir natural Dacx-
grouna plus faantion rtctw*a for Mdleal pur^osas) indasandantly of utt sizi
of tna incrtnantal txoosura or trta itval of tna oacxground. (Th« Mdleal cam*
ponant, 'nciamully, t.iougn nignly variafilt froai parson to parson, is tstiaatad
(NCRP, 1987) to add 53 uram/yr to tna avariga axposura of tna population of via
U.S.). The sacand corollary is tnat tna collective consaduancas of tn incremental
exposure of a peculation are directly proportional to tna integral of the
incremental nuooar of nan-rea daliverad, independently of tne size of tfte
incranental exposures. For nypothatlcal incidents, at least, tne incremental
total of wan-re« is itself tna andpoint of a cnain of assumptions concerning .
nataorological factors, individual benavior, and so fortn.

Not everyone subscribes to tne linear hypothesis. There are those vno held
tnat at low exposures the dose*response curve is concave downwards and lias
above a straight line from tne origin so that the effects at low doses will be
larger — possibly much larger — than indicated by the linear hypothesis.
There are also those — including the majority of tna BEIR III CosssUtee — who
consider it probable that tne true response curve is concave upwards, lies below
a straignt line through tna origin, and that the affects at low doses will be
less -- possibly considerably lass — than indicated oy the linear hypothesis.
And^tnen, as mentioned above, there are these wne hold that radiation eey be
Hermetic. For those, exposures in soete range of low doses would not necessarily
constitute any risk at all. Arguments can be (and have been) adduced in support
of each of these dose-response models; but, as already noted, the 8EIR III Com-
mittee concluded "the available human data fail to suggest any specific dose-
response model."

Whether the fashionable linear hypothesis represents any biological reality or
not, it does have two features in its favor. One (for which few public claims
are made) is that It Is wonderfully economical of regulatory thought. The other
(tnat most commonly urged In its defense) is that It 1s said to be •prudent."
This neo-technical Una — like its sister regulatory term •conservative'1 — is
frequently Invoked to provide an-unassa1laft1e license to make mistakes, as long
as they are made in the right direction, i.e., to overstate the negative aspects.
However, other considerations must also be taken Into account, and a "prudent-
estimate on one side of an equation Is unlikely ta be of assistance 1n striking
a (truly) prudent balance between conflicting considerations — a balance, tnat
is, reflecting the exercise of good judgment.
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Tit ALAflA Dr'nc'3't my :• :a**r> is J" t*amolt. n«-t ••,, intention 1$ to rtduct
"in, out tnt quantity wnicn can :t 2"-*ct!y af'tctta 3y actions ta«tn 1$
pottntial radiation •xooiurt. I: :tcsnts :rcgr«$s•vt'y naratr (ana sort ixotn-
sivt) to rtduct Uie potent*al exocs-rt ft lowtr :-« Itvtl at tnt start. Tht
'escurcts atvottd to tnt extrcist o* Au»SA art tntmstivts if inttrtst to tne
Duoiic; Out tne ALAflA orinc:3!t is ootn-mded. r0 avoid tne inatfinitt and ulti-
mately pointless ittration of csst-sene'it analysts along «it.i efforts to dtvist
•ntans of reauC'.*c potential exposures to «vtr 'o*er Itvtis, tfiere •$ an oovious
nttfl far some sort of f'>00r for tnt '•.»*..*tr imoosition cf ALARA. 0* COurst,
along .itn ALARA and tnt 1-ntar nycot.i«sis «t ao navt tnt $1,000 otr aan-rtm
convtntion; out tms mtrtly mttrcai-sratts tnt seal is for nsn tsti'iutts and
costs. alDtit in a somtwnat aroitrary t'asnion. It tnaolts cost-otntfit analysis,
and may stfvt to suooort a atc'sion tnat somt particular atcnamcal ncasurt
tstimattd to rtduct txoosurts Oy sucn and sucn an amount if not "wortftwiilt."
But it gets no way towards saying wntn 'urtntr study «ay da laid asida. Ntitntr
tnt lintar nypotntsis -- and oarticjlariy not tha prtiumad prudanct of tht risk
fSfmatts dtnvtd from it •- nor tnt SI,GOO par nan-rttn convtntion provida any
logical assistanct in jpacifying a rtasonaola floor for ALARA.

Similar conditions apply to attampts to tstaolisn a da m'nlm's dosa. Whila
tnis and a floor for ALARA nava *ucn in common Way ara Oy no awana identical.
Tha ona rafars to a laval at wnicn furtnar efforts at reduction «ou1d not &e
•andatory. Tht otner rtfars to a dosa level at wftlcft trie conseduences (if any)
would Be deemed trifling and would not warrant consideration — titner by regu-
lators, individuals, or society. It has been urged that tne establishment of a
de ninimis level would serve a number of useful purposes, sucn as providing a
cut-off for regulatory efforts (presumably including estimation of collective
doses), providing limits for control programs, and, conceivably, assisting, in
developing a better public understanding of the significance of radiation
exposure. Any level selected will have to meet a number of conditions, among
trie* that it can be adequately measured, but also tnat it be capable of gaining
public acceptance.
The desirability of an official de minimis dose has been discussed for many
years among laany groups. Most frequently sucn discussions have started (and
often ended) witn attempts to decide on an "acceptable risk." Levels for tne
risk of premature death in the range of 10'* to I0"*/yr have been mentioned in
this connection and, witn tne help of tne linear hypothesis, a corresponding
range of dose levels: from less than one to over a hundred mrem/yr. It is, of
course, far from clear *nat an "acceptable" risk level may be, or even If tnere
is one. Much has been mad* of tne fact that even In so-called "safe" industrial
settings tne (occupational) risk may run as high aa 10'Vyr; and, since this
appears to be acceptable, presumably any risk appreciably smaller — sucn aa
10"*, say — ougtit to be) acceptable too? However, tnis may not cover tne situa-
tion. For one tiling, tfte risks in familiar settings have not been so flamboyantly
identified, debated, and belabored aa tney nave for radiation, and may to a
large extent bo accepted unknowingly. For anotner, there is nothing to say
that risks similar to or even smaller tnan tnose applying to more fami Her
activities would bo deemed acceptable for radiation -- partly in view of its
being pictured as mere mysterious, but at least partly because the official
assumptions have tended to endorse an unlimited and unreasoning fear. Sucn
psychological factors could well interpose great difficulties for any risk-based
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As a sufficient gtsturt towards ";-jcinca" ont can leave aside tne eost extreme
situations •• sucn as tnt Ancts. tnt Ktrala Coast, or tvtn tne hearing rooms in
tne Diritsen Stnatt Office Building -- and still find that millions of people
dwell in ?ow-t.ET radiation fields witn Itvtls from 50 to more than 100 mrem/yr-
largtr tnan tnt averages usualiy assigned to the natural Background of low-i£T
radiation. There is no evidence t.rat tnt variations encountered by these duite
large contingents of the soteits art detrimental in any way. Such variations
are similar in nature to tne otntr innomegtneities wnich mark the planet we
innaoit: differences in weather and climate, sunlignt, altitude, weter, ice,
and so fortn. They are features of tnt environment in which we neve develooed,
and in wnicn we will continue to live. For the particular factor of exposure
to radiation the natural background, and its variations, provide the most
certain guide and basis we have (and, quite possibly, the most certain guide
we ever mey have) for consideration of sucn matters as appropriate levels for a
floor to ALAftA and for a de minings dose. (These, of course, need net be the
same.) Though the guidance wnicn mgnt be drawn from observation of the broad
spectrum of natural variations would nave a real basis, tnat would net point
clearly at any precise value that snould be used for tn» purposes we art
considering. It is not proposed to try to specify such a value here. However,
from tne evidence which has been presented it would appear that any attempt to
argue for a smaller level tnan SO or 100 »re»/yr would have to construct its
support on the mystical basis of tne linear hypothesis.

The main intent of this discussion is to urge that we bese our actions and
decisions to the extent possible on tnings known. Quantitative statements
concerning risk dp not fall in tnat category. Particularly offensive in this
respect are thm statements frequently emitted by regulators to the effect that
so and-so many "excess fatalities" will result from such and such an incre-
mental exposure, or be saved by tnis or that proposed new procedure. Sucn
statements are net only without foundation -- derived, as they are, by the
application of some simple scale factor of unknown validity — but they also
tend to give the unwarranted and revolting impression that fatalities are the
coin of the realm in nuclear af'airs It is really of great Importance that
comments concerning risks, fatalities, and so forth should be as factual as
possible. They snould Itavt no room for doubt as to what the reel situation
is, namely: that neither we, nor anyone else, knows the precise relationsnip
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3*t*«tn dose ind response at low costs: :ut tnat, tt 'cast -u.nin :M
cxoosurts dMCusstd aoovt, tn*rt •$ as y*t no tvKJinct of any attnmtnta!
tfftcti on nan.

•<OTE COMCSSNING MOIATIOM UNITS

T*IO units used t.irougnout tflij aiscussion art :nt "raa" ana tfle "rt«. '

"he rad 'S tne unit for energy deposited Dy ionizing radiation of any type in
any natenal. Ont rid rtftn to an txoosurt rtsulting in an aosoroed energy
(or "cost") of 100 •rgs/5>. To provide a corrtlation oetwten tnt radiation
flux and tne doso, it is necessary to soecify tne material considortd. Thus,
on* speaxs of "an aesoretd dose in air" of so nany rads. Si net were art «or«
•lectrons per grao) in biological tissuo tnan in air (rtsulting froai tno largor
D report ion of nydrogen in tissuo) a given flux of radiation will deposit SOOM-
•nat nor* energy ptr gran in tissuo tnan in a:r. This difference, novovor, is
ratntr small (only 7X) and is usually ignortd; so tnat, to a rtasonaolt approxi-
nation, a radiation axposurt providing an aesorood doso in air of ono rad wculd
oo said to provide ono rad of aosoretd doso in tissuo.

Tht rt« is tflo unit usod to calibrate biological tffocta in nusuui tissuo. Ono
rosi is tno dost fro* any radiation tnat products biological offocu in Wo body
•qulvaltnt to tnoso frost ono rad of X-rays within a glvon tnorgy rang*. Ono
rad doMvortd by orpartlclos is *or« dasuglng won ono rad frost X-ray«, tvtn
tnougn Wo aswunt of (onlzatlon par graft producod by Wo c^o would bo Wo saojo.
In wo caso of Wo «-part1c?t nost of its tnorgy Is doposltod in a vary snort
distance at Wa and of tu paw, resulting in a vary nlgfi Itvol of 1 onlzatlon
wiwin a dtilto sawll volua*. On tnls account an orpartlelo is said to nave a
nign Linear Energy Transfer (LfT), and We radiation it provides 1s referred to
as n1gn*L£T radiation. 8y contrast, an X-ray deposits Its tnorgy eore unlfomly
along we Itngtn of its (longer) patn, and X-rays (as Mil as rrtyi and
J-particlts) provide «nat Is called low-lfT radiation. To take account of
we differences in biological effects, a factor — variously referred to as
we Relative Hologlcal Effectiveness (WE) or Quality Factor — and, in
current writing, usually designated Q — is Introduced, by wnicfl We dose in
rads is eultlpHed to obtain we dose in rests. Sy definition, 0*1 for X-rays;
and is also taken to be unity for fray* and 0-part1cles. However, for
o-partlc1ts, 1t 1s now officially agreed to take Oj"20. A value of Q between S
and 20 is currently assigned to neutrons.

One furWer convention 1s necessary. o»part1clos as well as |-part1cloa.
deposit wtir energy In a quite Win layer of tissue iesMdlately adjacent to
weir source. Thuo, wey dp net provide a 'wnole-body dose, but only a dose
to We organ (or sawll portion Wereef) In wtilcti We source of sucn radio-
activity aay be located). In order to assess We relative biological nauard* of
wo effects of radiation delivered by various eeans to various parts of We
body, one needs sow wey of translating any particular organ dose onto a cosojon
sea It at a level judged to represent an equivalent overall effect. The IW
nas devoted extensive efforts to developing a systas) of "weighting factors*
wftereoy we dose to any particular region of We body can be converted to an
appropriate value of wnole-body dose equivalent (B.C.). This i» called We
"effective" O.E. Thus, for exaeple. we effects of a dose of * res) to We lung
tissue is taken to be adequately represented by 0.12 x res) of wnole-bedy O.E.
Obviously, we sue) of all we weighting factors for We different organs, or
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As an aCSitisnal ;c«n«nt. ••. nay :j :z\ti vat *.-•« c l a s s i c a l ur't f3r radiat ion
exoos«rt •- trie Scentatn (?) — -s to Isnge- "• use, tnougn it acatan in nany
:'G*- arc e»«* -scent -escrts. >• Sotntgtn «as asfirtid in ttmj of t.lt amount
o' i3r-;jt*3.i 3rcS»cea. • n ;a-*.:c-'a-: :ne ssu af c.^arjs <n ont c^o*:
z? a^- at stancara tfiot-atwr* ana :-tsiu.-s. Tn^s i$ tawi'/al«nt ts an
cost at- if 37 e-;$/;.T ,3T -»a; . cr of 93 «-gs/g» in fssut. At '«ast in

3' natura1 sacxgrsurc -»;-a:ion v.n«ra air ara tis*ua art tnt ntcia
of 'nta-tst) tnt -ougn »:;r:i'.r.i:-cn 1 R = 1 raa u friautntly a$«d. "oaay,
tntrt is tra nt*«r SI ant *5.- «"«-5y seoositad •- t.lt Gray (Gy;. Cni Gray is
tnt txoosurt rtsulting 'n t.it aecos' t : :^ 3f on« jogl«A'i'''5gra« (*stntr t.ian
100 ergs/gm) so t."at 1 G/ s .00 -ics. Siai larly. tn« SI unit 'or aost equiva-
Itnt in Biological tissue •• t.-i ji»vtrt (S«t •- is sucn tnat 1 Sv » Q Gy »
100 rtmi.

finally, just as ont cruic (-' or a c.^oia) cali'ortta valocity in tarms of furlongs
par fortnigr.!, wart is tnt unit of tnt Working laval (WL) to cali&rata «-activity
in air, and Wt Working Laval Hontn (WLM) for tha intagritad txoosurt to sue.*)
radioactivity. Tht WL is dafmas as i concantration of snort- Hvtd radon ^
daugntars wnicn would rtsult in tnt rilaasa of 1.2 x 10* *tv of vantrgy par
litar of air. Tha oooulation of t.ia raaon daugntars Po-21S, Ptt-214, Sl-21*.
and Po-214 in raoioactivt touil;brium witn iOOpCi/1 of Rn-222 would ralaaia 1.3
x 10s Mav of a-tntrgy par litar. and would tAus provlda ont WL. Tha WLM is
dtflntd as tnt axooturt to ont WL 'or 170 noun. As wltfl any attaapt to
earrtlata tnt concentration of a'-ooma radioactivity *itft tna dosa dtlivtrtd
ts any particular organ (sucn at tnt lung) rtsultlng '*«• Innalatior, tnt sttos
art tart tnan a littlt cooolicatad; requiring, as tnty do, titrttr knowltdgt or
assuaotions concerning Breatn-ng rate, otparturts froa radloactivt tqu1libriu»
(wnicn tsstntially alwayfaoply except in situations *ntrt tit* air is quita
stagnant), tflt particle sizes of tnt atrosols irvolvto, and tnt> axtant to wnich
tnt individual radon dtcay products art attacntd (or not attacntd) to tnt dust
particles witMn tnt air, as wall as trie physiological distribution and retention
of tnt Materials inhaled. On tnt basis of avtraging assuaptions on eacn of
thtst points it has boon taken tnat ont WLH corresponds to a dosa of aeout
12-14 rt« to tnt stgMntal broncniolts. Witfl tnt ICV weighting factor of
0.08, ont WLM corresponds to a whole-oody dost equivalent of about 1 rtti.

8IBUOG8APHICAI NOTE

1. Gtntral rtftrtncts.

Tho following art nottd in the text:

o NCJtP-45, "Natural Background Radiation in tnt United States."
Council on Radiation Protection and Mtasurtatnts. Rtport Mo.
wasftington O.C. (1975).

National
45,

UNSCEAR. United Nations Scientific Cotvittet on Effects of Atoaic
Radiation. Report on "S«u-c«s and Effects of Ionizing Radiation."
York:Unitad Nations. (1372, 1977. 1982).

New
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BEIR. National Rt««arcfl Council, Camitt** on tnt 9io1ogical Effects of
Ionizing Radiations. "Tht Effects on Populations of Exposure to low
levels of Ionizing Radiation.1 1972 (BEIR-i). 1980 (BEIR-III).
•asnington, O.C. National Academy Press.

o 1CRP-26. Roconatndations of t.ie International Commission on Radfological
Protection. Pyolicition Ho. 26. Pergaaon. (1977).

o Thougn not notad in tfta taxt, an excellent discussion of tnis wnole field
is presented in:
Eistnoud, *. "Environtwntal Radioactivity." 2nd Ed., 1973; 3rd Ed., 1987
Acadatnc Prtss.

2. Particular Topics. Details nay DO found in tnt following.

For Section 1:

B«ek, H.L., d« Planqu*., 6. "Tht Radiation Fitld In Air DIM to OistHbuttd
i-ftay Sourcas in tn« Ground." USAEC Rtport HA5L-195 (19M).

Oaklty, O.T. "Natural Radiation Exposur* in tna Unitad Statts." USEPA
rtport OUP/SIO 72-1 (1972).

Grasty, R.L, tt al. "Natural Background Radiation In Canada." Bulletin
360. G«o logical Survty of Canada (1984).

Rtport of tnt M1n1ittr of tftt InttHor of th« Ftdtral RaoubHe of Gtratny
prtstntlng tnt rtaulta of a survty of tnt background radiation (both
outdoors and Indoor*) In tnt FRG. (1377).
f"Q1t StrantntJipo«1t1on von *u«« in dtr 8undtar«ouolU Otuttchland
Duren NaturMcftt Radloantivo Stofft it Frtun und in ^onnunqtn."]

For Stctlon II:

Paptrs In: tnt Procttdlnga of tnt First (and Stcond and Third)
IntarnatlOMl Syvposlui on tnt Natural Radiation EnvlronBtnt. Thrtt
sy«Do»ia vtrt htld 1n Houston. Tx. ; In Apr. 1M3. Aug. 1972, and Apr.
1978. Tht Procttdlngs wtrt pubHsntd undtr tnt tltlos:
•Tht Natural Radiation Envlronatnt," J.A.S. Adaas and w.M. Uowdtr
(tdftars). Univ. CMcago Prw« (1364} .
"Tht Natural laattatlon Cnvlrontwnt - II." J.A.S. Adam. w.N. Lowdtr, and
T.F. Gtltll (tdltort), USOOA CONf - 72080S (1972).
"Tht Natural «atlnio«i CnvlronMftt - III,' T.F. 6t*t11 and W.M. Lovdtr
(tdltors) US 001 CO* • 710422 (1978).

Paptrs in: Natural Radiation Environment, Proc. Stcond Sptclal Sy^oslu*
on Natural Radiation Envlronatnu, Booeay. Jan. 1981. K.6. Vohra, U.C.
Misnra, K.C. Plllai and S. Sadaslvan (tdltors). Jonn W11ty 4 Sons.
(1982).

Mullar, R, "Natural Radiation Background vs. Radiation fro* Nucltar totr
Plants." Journal of Envlronatntal Scltncas, July/August 1972.
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Sample Data: 8/18/98

Backfill Sample Analysis Report
Location: Whaaton, ILL

As R*clev«d Basis Dry Walgtrt Basis

U4M
hi

U4M
Ju

6.5 M Jtt.
WT8-2B 3.8 <MDA na 0.2 _LL 0.3 3.1
WT8-4B 0.3 0. <M)A 0.3 0.4 3.4

6.2 0.3 <MDA 0.2 0.3 2.8
WTS-eil 1.9 0.9 O.JI 0.3 2.9
WT8-11 _OJ na 0.3 2.1 0.4 3.7

0.4 0.3 0.4 3-3

M: o.; 0.4 1 t 0.3 0.4 3.7
OJ! 0.3 0.4 3.9

202. 0.4 s sL 0.3 0.4 3.1

Tha MOA vakiaa ara: U-2391.47 pCIfe f̂ -229 0.43 pCWg; and Ra-229 0.67 pCVg.

Samplas analyzed udng mathod 8OP-RAR 368.

Samples counted lor tan mkwlas./



Sample Date: 9/10/96

Backfill Sample Analysis Report
Location: South Elgin. ILL.

As Reclevod Basis

San**
Numb*

LEC-3B
LEG -SB
LEC-6B
LEC-10B
LEG -118
LEG - 12B
LEC-13B
LEG • 16B

QC1B
QC2B

am*.
MoMm

8.2
5.8
8.7
8.2
10.8
8.4
8.5
7.2
9.7
6.3

U-238
fcpCifa
<MOA
<MDA

1.4
<MDA
<MDA
<MOA
<MDA
<MDA
<MDA
<MDA

2Kgrr»
unpMttrty

InpOfc
na
na
0.7
na
na
na
na
na
na
na

R*228
InpCWo
2.1
1.9
2.6
1.0
2.0
2.0
2.4
3.3
1.7
2.0

2ilgn»
• •M^M4 f̂crfMuncsjnwjr

InpClta
0.3
0.3
0.2
0.3
0.2
0.2
0.3
0.3
0.2
0.2

R»226

"Iffi
0.9
1.2
0.8
1.3
1.3
1.2
1.2

<MDA
1.3
0.9

DryWei
2«lgnM

• MkAAd4 f̂aJh«unovnawvy
InpCUg
0.4
0.4
0.3
0.4
0.3
0.3
0.4
na
0.3
0.3

U-238
mpctto
<MDA
<MOA

1.5
<MOA
<MDA
<MDA
<MOA
<MDA
<MDA
<MDA

aht Basis
2«lgnM

uncMtaHy
mpOto

na
na
0.7
na
na
na
na
na
na
na

Ra-228
tapClfc

2.3
2.0
2.8
1.1
2.2
2.1
2.6
3.5
1.9
2.2

2dgmn
• •wM*4*I«̂ ulaTmnmy
mpcvg

0.3
0.3
0.2
0.3
0.2
0.2
0.3
0.3
0.2
0.2

Ra-228
hpCVa

1.0
1.3
0.9
1.4
1.4
1.3
1.3

<MOA
1.4
0.9

2«lgnw
unoiwtsjfnty

hpCVg
0.4
0.4
0.3
0.4
0.3
0.3
0.4
na
0.3
0.3

ToM
Rxfum
InpCWg

3.3
3.2
3.7
2.5
3.6
3.5
3.9
3.5
3.3
3.1

The MDA values are: U-238 1.41 pCi/g; Ra-228 0.41 pCi/g; and Ra-226 0.62 pCi/g.

Samples analyzed using method SOP-RAR 366.

Samples counted for ten minutes.
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Revised Data Quality Evaluation of Kerr McGee West
Chicago Samples
PREPARED FOR: Jeff Keiser/MKE

PREPARED BY: John Coffey/SAN

Kevin A. Sanders/GNV
DATE: September?, 1998

Introduction

This technical memorandum (TM) is a revision of the TM prepared on May 28,1998
and describes the results of the CH2M HILL data quality evaluation process (DQEP)
used to review and validate data generated as part of the Kerr-McGee West Chicago
RI/FS. In addition to the results reported in May, this TM also presents the results
of the DQEP for Radium-226 and Radium-228 data reported by NAREL in June and
August 1998, respectively.

Samples were collected for the analysis of radiochemical and conventional
parameters. Field samples were submitted to NAREL for radiochemical analyses of
Uranium (U-234, U-235, U-238), Thorium (Th-227, Th-228, Th-230, Th-232), Radium-
226 (Ra-226) and Radium-228 (Ra-228). These samples were also characterized for
gross alpha and gross beta activities. In addition, samples were submitted to
Katalyst ATI Laboratories for the analysis of total and dissolved metals, volatile and
semivolatile organics.

The DQEP consisted of review and evaluation of the following (as applicable to the
method):

• data package completeness
• holding times
• instrument tuning
• initial and continuing calibration
• instrumental efficiencies and background
• surrogate recoveries
• internal standard areas
• serial dilution results
• interference check standard results
• matrix-spike / matrix spike duplicate precision and accuracy
• chemical yield
• laboratory and field blank contamination
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• duplicate/replicate sample results

The DQEP for the subset of samples characterized for gross alpha/beta activities
was limited to an evaluation of package completeness.

This report consists of six sections. Section 1.0 summarizes the body of samples
validated. Section 2.0 summarizes the analytical methods and targeted analytes for
all analyses. Section 3.0 describes the individual steps in the review and validation
of laboratory data. Section 4.0 summarizes results from the validation procedures for
both laboratory performance factors (Section 4.1) and multiple measures (Section
4.2). Section 5.0 provides a bulleted summary of the overall usability of the data, as
determined through the validation process.

1.0 Summary of Samples Collected

The field samples, including field QC, validated as part of the DQEP process are
summarized in Table 1.

Table 1 - Summary of Samples Reviewed

Field Sample ID

GW-RKP-1 Total

GW-RKP-1 Dissolved

GW-RKP-2 Total

GW-RKP-2 Dissolved

GW-RKP-3 Total

GW-RKP-3 Dissolved

GW-RKP-4 Total

GW-RKP-4 Dissolved

GW-MW-2 Total

GW-MW-2 Dissolved

GW-MW-1 Total

GW-MW-1 Dissolved

GW-MW-6 Total

GW-MW-6 Dissolved

Parameter List

Isotopic U and Th, Ra 226, Ra-228a, Tot Metals,
SVOC's

VOC's,

Isotopic U and Th, Ra 226, Ra-228a, D Metals

Isotopic U and Th, Ra 226, Ra-228a, Tot Metals,
SVOC's

VOC's,

Isotopic U and Th, Ra 226, Ra-228a, D Metals

Isotopic U and Th, Ra 226, Ra-228a, Tot Metals,
SVOC's

VOC's,

Isotopic U and Th, Ra 226, Ra-228a, D Metals

Isotopic U and Th, Ra 226, Ra-228a, Tot Metals,
SVOC's

VOC's,

Isotopic U and Th, Ra 226, Ra-228a, D Metals

Isotopic U and Th, Ra 226, Ra-228a, Tot Metals,
SVOC's

VOC's,

Isotopic U and Th, Ra 226, Ra-228a, D Metals

Isotopic U and Th, Ra 226, Ra-228a, Tot Metals,
SVOC's

VOC's,

Isotopic U and Th, Ra 226, Ra-228a, D Metals

Isotopic U and Th, Ra-226b, Ra-228a, Tot Metals
SVOC's

, VOC's,

Isotopic U and Th, Ra-226, Ra-228a, D Metals
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Field Sample ID

GW-MW-5 Total

GW-MW-5 Dissolved

GW-RKP-5 Total

GW-RKP-5 Dissolved

FB012798 Total (FB121797)

TB121797

Parameter List

Isotopic U and Th, Ra 226, Ra-228a Tot Metals, VOC's,
SVOC's

Isotopic U and Th, Ra 226b, Ra-228a D Metals

Isotopic U and Th, Ra 226, Ra-228a Tot Metals, VOC's,
SVOC's

Isotopic U and Th, Ra-226, Ra-228a Diss Metals

Isotopic U and Th, Ra-226 b, Ra-228a Tot Metals, VOC's,
SVOC's)

VOC's only

Indicates results reported in August, 1998
15 Indicates results reported in June, 1998

Validated nuclide specific groundwater results including uranium, thorium and
radium-226 and radium-228 are presented in Tables 2,3,4 and 5, respectively.
Corresponding unvalidated gross alpha and gross beta results are shown in Table 6.
Validated results for volatile organics, semi-volatile organics and total and dissolved
metals are summarized in Table 7,8 and 9, respectively.

2.0 Summary of Analytical Methodologies

Samples collected as part of the RI/FS activities were analyzed by a number of
radiochemical methods for both gross radiation characterization as well as
quantitation of individual target radionuclides. Samples were also analyzed for
conventional chemistry parameters. Table 10 below summarizes analytical methods
in terms of targeted analytes.

Table 10 - Target Analytes and Methods

Target Analyte(s)

Uranium and Thorium Isotopes

Radium-226 -

Radium-228

Volatiles

Semivolatiles

Total and Dissolved Metals

Method

Alpha Spectroscopy

Radon Emanation/Scintillation
Counting

Beta counting

CLP SOW OLM03

CLP SOW-OLM03

CLP SOW ILM04

3.0 Data Review and Validation
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The project chemists using the process outlined in the site-specific QAPP reviewed
radiological data packages. Conventional organic and inorganic data were validated
in accordance with EPA's National Functional Guidelines for Inorganic and Organic Data
Review. The data review and validation process, which is independent of the
laboratory's checks, focused on the usability of the data to support the project data
interpretation and decision-making process. Areas of review included (as applicable
to the method):

• Data package completeness
• Sample holding times
• Initial and continuing calibration
• Instrument tuning
• Matrix spike /matrix spike duplicate recoveries and precision
• Surrogate recoveries
• Internal standard areas
• Chemical yields, efficiency and background measurements
• Laboratory method and field blank contamination
• Duplicate/replicate sample results

In the event that certain data were determined not to meet the specified acceptance
criteria, a data qualification flag and subflag were entered into the DQEP database.
The data qualification flags used for radiological sample results are shown below:

• J - Indicates the analyte is present, but the reported value may not be
accurate or precise because the associated QA/QC did not meet
acceptance criteria. The result is considered "estimated."

• R - Indicates the data are unusable. This flag is used when the result
should not be used to support project decisions. The result is
considered "rejected."

• U - Indicates that the sample was analyzed, but the analyte was not
detected above the stated concentration. The result is considered
"undetected."

The following subqualifiers give further detail on the type and amount of
qualification a given radiochemical result has received:

• D - Qualified because laboratory duplicate control limits were
exceeded.

• S - Qualified because recovery control limits were exceeded.

• C - Qualified because of instrument calibration problems.
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REVISED DATA QUALITY EVALUATION OF KERB MCGEE WEST CHICAGO SAMPLES

• Q - Qualified because of blank contamination problems.

• M - Qualified because laboratory spike control limits were exceeded.

• Q - Qualified for reasons not stated above, references reader to the
validation worksheet for additional details.

Samples analyzed for conventional inorganics and organics that were not within the
acceptance limits were appended with a qualifying flag, which consists of a single or
double-letter abbreviation that indicates a problem with the data. Although the
qualifying flags originate during the data review and validation process, they are
included in the data summary tables so that the data will not be used
indiscriminately. The following flags were used in this text:

• U - Undetected. Analyte was analyzed for but not detected above the method
detection limit.

• UJ -Detection limit estimated. Analyte was analyzed for, and qualified as not
detected. The result is estimated.

• J - Estimated. The analyte was present, but the reported value may not be
accurate or precise.

• R - Rejected. The data are unusable. (NOTE: Analyte/compound may or
may not be present.)

Numerical sample results that are greater than the method or instrument detection
limit (MDL or IDL) but less than the EPA CLP Contract Required Reporting Limit
(CRDL) are qualified with a "J" for estimated as required by the EPA's National
Functional Guidelines for Inorganic and Organic Data Review.

Once each of the data packages was reviewed and the data review worksheets were
completed, then the entire data set was evaluated for overall trends in data quality
and usability. The data were also evaluated to identify potential data limitations or
uncertainties in the laboratory.

4.0 Results of the Data Quality Evaluation Process

4.1 Laboratory Performance
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REVISED DATA QUALITY EVALUATION OF KERR MCGEE WEST CHICAGO SAMPLES

The DQEP resulted in the qualification of some results; however, no data were
rejected. Overall, the data completeness goal of 95 percent stated in the associated
site QAPPs was exceeded, with 100 percent of the data accepted as usable.

Holding Times: The required sample holding times were meet for all
samples/analytes except 18 of the 20 samples submitted for Ra-228 analysis. The
exceedences of the 180-day holding time ranged from 2 to 44 days. Positive sample
results were qualified as estimated, holding time exceeded, "JQ" and non-detects
were qualified as "UJQ".

Laboratory Replicates: Results for a laboratory replicate with this analytical batch for
all methods. This lab replicate (LR) was prepared by taking a second aliquot of the
selected field sample and preparing and analyzing it in parallel with its parent
sample. Replicate results provided information about analytical precision
independent of the field sampling efforts. Specific acceptance criteria were
established in the QAPPs, as follows:

• Control limits of 20 percent RPD for water samples were used for sample
concentrations or activities greater than 5 times the MDA or CRDL

• Control limits of 1 times the MDA (or CRDL) for water samples were used
for the situation where either or both sample activities or concentrations were
less than 5 times the MDA (or CRDL)

All laboratory replicate precision requirements were met for the radiological and
conventional methods of analysis.

Field and Laboratory Contamination: Laboratory reagent blanks (LRB) were used to
determine background activities that result from environmental and reagent
radiation sources and to monitor instrument background contributions. NAREL
prepared and analyzed LRBs at a frequency of 1 LRB per analytical batch per
analysis type (alpha isotopic, beta, etc.). Method blanks were prepared and
analyzed in the same manner as the field samples for the conventional analyses.
Method blanks were analyzed at a frequency of 1 per 20 samples or 1 per batch,
whichever was most frequent. Two field blanks were submitted and analyzed.

The LRBs were evaluated to ascertain whether determined concentrations were
quantitated at levels greater than the MDA, indicative of contamination. Sample
nuclide activities found to be less than five times the associated blank activity were
qualified as UB (non-detect associated with blank contamination).

According to the EPA's Functional Guidelines for the Review of Inorganic and Organic
Data, concentrations of common organic contaminants detected in samples at less
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___________________________________________REVISED DATA QUALITY EVALUATION OF KERR MCGEE WEST CHICAGO SAMPLES

than ten times the maximum concentration in the blanks can be attributed to field
sampling and laboratory contamination rather than environmental contamination
from site activities. Common contaminants include acetone, methylene chloride,
and phthalates. For less common contaminants, concentrations of contaminants
detected in samples at less than five times the maximum concentration in the blanks
can be attributed to field sampling and/or laboratory. One trip blank and two field
blanks were submitted to the laboratory with the samples.

Data qualified as UB due to blank levels greater than the MDA consisted of 15 Ra-
226 samples, 20 Ra-228,3 of Th-230,4 of Th-232,1 of U-234,4 of U-235, and 10 of U-
238. All blank results were at or near the MDA and are indicative of instrument
noise rather than actual nuclide contamination.

There were no metals detected above the CRDL. However, arsenic, magnesium,
mercury, silver, selenium, thallium, and lead were detected just above the IDL
indicative of false positives due to instrument noise. Barium, calcium, copper, iron,
sodium, and zinc were detected at levels indicative of low level contamination.
Many of these metals are ubiquitous at low levels. Zinc is used in the galvanization
of steel and as a catalyst in many chemical and/or manufacturing processes. Copper
is the primary metal used in water pipes and electrical wiring. Chromium, iron,
copper, and nickel are associated with many alloys or solder combinations. Barium,
calcium, and sodium are common cations associated with various salts.
Additionally, all of these elements can be found as trace level contaminants in acids
utilized for digestion in the laboratory.

Several common laboratory contaminants were quantified in the volatile fraction.
Method blanks contained 2-Butanone, 2-Hexanone, and Xylene. The field blanks
contained Methylene choride, 2-Butanone, and Acetone. The trip blank was
reported with Acetone as the only contaminant. Methylene chloride and acetone are
used as extraction solvents in the laboratory and are common laboratory
contaminants. 2-Butanone and 2-Hexanone, as ketones, are significant contaminants
in rinsate solvents, such as methanol. Data qualified as non-detect due to the 5X or
10X rule included 4 samples for Acetone and 2-Butanons, and 1 for Xylene.

Phthalates are used as plasticizers. The most common phthalate is bis(2-
ethylhexyl)phthalate (BEHP). Phthalates are often introduced into samples during
handling. Latex gloves are generally used when handling groundwater sampling
equipment such as pumps, hoses, and bailers. Additionally, laboratory chemists use
gloves when performing separatory funnel extractions or setting up continuous
extraction equipment. The latex gloves are coated with plasticizers such as BEHP to
facilitate release of the gloves from the skin. Diethylphthalate and BEHP were
reported in laboratory method blanks. BEHP and di-n-Butylphthalate were detected
in the field blank. Eight samples were qualified as non-detect due to blank
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REVISED DATA QUALITY EVALUATION OF KEFIR MCGEE WEST CHICAGO SAMPLES

contamination for BEHP and di-n-Butylphthalate. A single sample was similarly
qualified for diethylphthalate.

Summary of Matrix Effects: Matrix spike / matrix spike duplicates (MS/MSD) were
performed for the radiochemical and organic analyses. For the MS/MSD, three
aliquots of a single field sample were analyzed: one native and two spiked with the
same concentration of the target nuclides or compounds. These samples were
analyzed at a frequency of one MS/MSD pair in 20 samples or one set per analytical
batch, whichever was most frequent. Accuracy for the set of samples (as influenced
by the matrix) was evaluated by calculating the percent recovery in the MS and
MSD sample. Matrix precision is a measurement of the reproducibiliry of analytical
results under a standard set of conditions. Comparison of the MS and MSD
recoveries were utilized with these data in order to calculate relative percent
difference (RPD). For the metals analysis, both MS/MSD pairs and native
duplicates were prepared and analyzed.

Accuracy and precision criteria for uranium and thorium isotopic analyses met all
accuracy and precision requirements. The radium-226 measurements were all
within control limits. For Ra-228, MS/MSD recoveries were above the 125%
criterion at 146% and 149%, respectively. All the associated Ra-228 results were
qualified as estimated, "JS".

Organic results are not qualified upon the results of MS/MSD samples alone.
Evaluation is in conjunction with surrogate and internal standard (if applicable)
results. All MS/MSD results for SVOC's and all but 1 compound in the VOC
MS/MSD were within criteria. All of the VOC surrogate and internal standard
requirements were met and thus no flags were applied. This indicates that the
specific sample matrix did not influence the overall analytical process or the final
numerical sample result.

All MS/MSD accuracy and precision requirements were met for the total and
dissolved metals samples. Additionally, all precision criteria (with the exception of
total manganese) were met. All total metals samples were flagged as "J or UJ". All
field samples were postspiked as per the SOW for the GFAA metals of arsenic, lead,
selenium, and thallium. Several postspikes were found to be outside criteria and
were flagged as "J or UJ".

4.2 Field Duplicate Results

The sampling activities generated blind field duplicate samples that were submitted
to the laboratories for analyses. These data were reviewed and the RPDs between
parent and field duplicate activities (or concentrations) were calculated as a measure
of assessing precision of field sampling techniques. Additionally, matrix
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___________________________________________REVISED DATA QUALITY EVALUATION OF KERR MCGEE WEST CHICAGO SAMPLES

homogeneity is assessed by this measurement. Since no performance standards
were developed in the QAPPs, analytical results were not qualified based on field
duplicate RPDs.

One dissolved and one total groundwater field duplicate set were collected for this
suite of radiological and chemical analyses. All field duplicate precision
requirements were met.

5.0 Summary and Conclusions

The following conclusions can be drawn from the DQEP:

• The laboratories analyzed the samples in accordance with the site specific
work plans as demonstrated by acceptable instrument calibrations and tracer
recoveries

• Results of the reagent blank (LRB) analyses indicated that field sample results
are not biased by laboratory-related contamination

• Holding time for 18 of the 20 samples submitted for Ra-228 analysis was
exceeded and resulted in the qualification of associated sample results as
estimated

• The conventional parameter method blank results indicated some laboratory
contamination from common laboratory/field contaminants. All affected
samples were qualified as "U", non-detect due to blank contamination

• Matrix spike recoveries and duplicate sample results indicate that specific
sample matrix did not significantly interfere with the analytical process

• The evaluation process resulted in the acceptance of all data (100%
completeness)

These radiochemical and conventional data can be used in the project decision-
making process without further qualification.
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Table 2 U-lsotopic
Kerr McGee West Chicago

NAREL Sample ID

98.00081 P
98.00082Q
98.00083R
98.00084T
98.00085U
98.00086V
98.00087W
98.00088X
98.00089Y
98.000900
98.00090Q
98.00091 R
98.00092T
98.00093U
98.00094V
98.0061 OT
98.0061 1U
98.00612V
98.0061 3W
98.0061 4X
98.0061 5Y

Client Sample ID

GW-RKP-1
GW-RKP-1
GW-RKP-2
GW-RKP-2
GW-RKP-3
GW-RKP-3
GW-RKP-4
GW-RKP-4
GW-MW-2
GW-MW-2

GW-MW-2 DUP
GW-MW-1
GW-MW-1
GW-MW-6
GW-MW-6
GW-MW5
GW-MW5
FB121797
GW-RKP-5
GW-RKP-5
FB121798

UNITS

PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L

TOT/DISS

TOT
DISS
TOT
DISS
TOT
DISS
TOT
DISS
TOT
DISS
DISS
TOT
DISS
TOT
DISS
TOT
DISS
TOT
TOT
DISS
TOT

U234 Activity

2.14E-01
1 .36E-01
2.96E-01
3.57E-01
5.16E-01
6.11E-01
3.33E+00
2.77E+00
9.89E-02
9.68E-02
1 .52E-01
2.33E+00
2.18E+00
2.43E-01
1 .06E-01
1.50E+01
1.64E+01
1.69E-01
3.07E+00
3.72E+00
6.57E-02

PQ

=

UB
=
=
=
=
=
=

UB
=
=
=
=
=

UB
=
=
=
=
=

UB

Uncertainty

4.40E-02
3.80E-02
5.60E-02
6.50E-02
1.00E-01
1.10E-01
3.90E-01
3.70E-01
3.10E-02
4.80E-02
6.70E-02
3.10E-01
2.18E-01
7.20E-02
3.40E-02
1.50E+00
1 .70E+00
6.50E-02
3.80E-01
4.40E-01
4.50E-02

MDC

1.10E-02
1.70E-02
1.90E-02
3.00E-02
3.40E-02
4.50E-02
6.40E-02
6.80E-02
1.60E-02
3.70E-02
6.80E-02
5.40E-02
2.70E-02
4.10E-02
2.10E-02
1.70E-01
1.60E-01
4.00E-02
1 .OOE-01
8.20E-02
5.50E-02

U235 Activity

1 .27E-02
1.48E-02
2.30E-02
1.31E-02
5.53E-02
2.05E-02
1.48E-01
1.03E-01
2.75E-02
1.50E-02
1.78E-02
3.18E+01
9.10E-02
1.19E-01
1.84E-02
1.43E-IOO
1.06E+00
9.76E-02
2.77E-01
4.22E-01
6.77E-02

PU

UB
UB
UB
=

=±

=

=

£

UB
=
=
=
=
=

UB
=
=
=
=
=
=

Uncertainty

1.10E-02
1.30E-02
1.80E-02
1.50E-02
3.50E-02
2.40E-02
8.10E-02
7.30E-02
1.70E-02
2.80E-02
2.40E-02
1 .20E-01
4.20E-02
5.40E-02
1 .60E-02
4.10E-01
3.70E-01
5.20E-02
1.10E-01
1.50E-01
4.50E-02

MDC

7.60E-03
8.90E-03
2.00E-02
2.40E-02
1.70E-02
3.50E-02
6.30E-02
6.50E-02
8.30E-03
5.10E-02
3.50E-02
8.90E-02
3.00E-02
3.60E-02
1.80E-02
8.40E-02
1.60E-01
2.10E-02
7.00E-02
8.00E-02
3.60E-02

U238 Activity

1.53E-01
2.01 E-01
2.41 E-01
2.66E-01
4.88E-01
5.14E-01
3.21 E+00
2.62E+00
7.82E-02
1.15E-01
1. OOE-01
1.75E+00
1.36E400
1 .40E-01
8.16E-02
1.46E+01
1.51E+01
9.51E-02
3.17E+00
3.29E+00
4.09E-02

PQ

=
=
=
=
=
=
=
=

UB
=
=
=
=
=
=
=
=
=
=
=

UB

Uncertainty

3.70E-02
4.60E-02
5.00E-02
5.50E-02
9.90E-02
9.90E-02
3.80E-01
3.60E-01
2.80E-02
5.10E-02
4.90E-02
2.70E-01
1.60E-01
5.40E-02
2.90E-02
1.50E+00
1 .60E+00
4.90E-02
3.80E-01
4.00E-01
3.40E-02

MDC

6.40E-03
1.50E-02
1 .50E-02
2.50E-02
2.40E-02
2.60E-02
7.20E-02
6.10E-02
1 .60E-02
3.30E-02
3.80E-02
9.50E-02
2.80E-02
3.60E-02
1.30E-02
7.00E-02
1.90E-01
3.60E-02
4.50E-02
5.10E-02
4.00E-02

Noles
TOT - Total
DISS - Dissolved
pCi/L - picoCurie per Liter
MDC - Minimum Detectable Concenlration
PQ - Project Qualifier
U - Indicates that the samplewas analyzed,but the
analyte was not detected above the stated
concentration The result is considered "undetected."
Qualified for reasons not stated above refe to the
text ot the validation worksheet.
= • Indictes no qualification Hag was assigned (placeholder).
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Table 3 Th-lsotopic
Kerr McGee West Chicago

NAREL Sample ID Client Sample ID TOT/DISS Th227 Activity PQ Uncertainty MDC Th228 Activity PQ Uncertainty MDC Activity PQ Uncertainty MDC Th232 Activity PQ Uncertainty MDC

6.10E-02
5.80E-02
7.90E-02
7.80E-02
1.60E-01
1.50E-01
2.90E-01
2.30E-01
9.30E-02
1.20E-01
1.10E-01
3.40E-01
1.80E-01
1.40E-01
7.90E-02
7.20E-01
7.30E-01
2.10E-01
2.40E-01
3.20E-01
1.30E-01

Nolu
TOT - ToUl
OISS - Dissolved
pCi/L • picoCune per Liter
MDC • Minimum Delectable Concentration
PQ - Project Qitalilicr
U • Indicates llinl Hie samplewas anaryzed.but the
analyle was not detected above the slated
concentration Tin: result is considered 'undetected.*
Qualified lor reasons not stated above rale lo Hie
taxt of the validation worksheet.
= - Indictes no qualification flag was assigned (placelK>lder)
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Table 4 Ra226
Kerr McGee West Chicago

NAREL Sample ID

98.00081 P
98.00082Q
98.00083R
98.00084T
98.00085U
98.00086V
98.00087W
98.00088X
98.00089Y
98.00090Q
98.00090Q
98.00091 R
98.00092T
98.00093U*
98.00094V
98.0061 OT
98.0061 1U
98.00612V
98.0061 4X*
98. 0061 3W
98.0061 5Y'

Client Sample ID

GW-RKP-1
GW-RKP-1
GW-RKP-2
GW-RKP-2
GW-RKP-3
GW-RKP-3
GW-RKP-4
GW-RKP-4
GW-MW-2
GW-MW-2

GW-MW-2 DUP
GW-MW-1
GW-MW-1
GW-MW-6
GW-MW-6
GW-MW5
GW-MW5
FB121797
GW-RKP-5
GW-RKP-5
FB012798

Units

PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L

TOT/DISS

TOT
DISS
TOT
DISS
TOT
DISS
TOT
DISS
TOT
DISS
DISS
TOT
DISS
TOT
DISS
TOT
DISS

^ TOT
DISS
TOT
TOT

Radium Activity

1.60E-01
3.02E-01
4.08E-01
4.21 E-01
1.95E-01
2.58E-01
4.44E-01
4.30E-01
1.78E-01
2.22E-01
1.97E-01
6.93E-01
3.60E-01
3.08E-01
1.47E-01
1.46E-01
1.28E-01
9.84E-02
2.97E-01
4.01 E-01
7.67E-02

Proj Qual

UB
UB
UB
=

UB
UB
UB
UB
UB
UB
UB
=
=
=

UB
UB
UB
UB
=

UB
UB

Uncertainty

1.40E-02
1.90E-02
2.30E-02
2.30E-02
1.50E-02
1.80E-02
2.40E-02
2.30E-02
1 .40E-02
1.60E-02
1.50E-02
3.00E-02
2.80E-02

MDC

9.60E-03
9.70E-03
1 .50E-02
1.10E-02
1.20E-02
1.10E-02
1.10E-02
8.60E-03
1 .OOE-02
1 .OOE-02
1 .OOE-02
1 .OOE-02
1 .90E-02

1 .90E-02 8.70E-03
1.40E-02
1.30E-02
1 .30E-02
1.10E-02
1 .90E-02
2.30E-02
1.00E-02

1.30E-02
1.20E-02
1.10E-02
1 .OOE-02
9.50E-03
1 .40E-02
9.20E-03

Notes
TOT - Total
DISS - Dissolved
pCi/L - picoCurie per Liter
MDC - Minimum Detectable Concentration
PQ - Project Qualifier
J - The result is considered "estimated."
U - Indicates that the samplewas analyzed,but the
analyte was not detected above the stated
concentration.The result is considered "undetected."
B - Qualified because of blank contamination problems
Qualified for reasons not stated above refe to the
text of the validation worksheet.
= - Indictes no qualification flag was assigned (placeholder).
" - Reanalysis results reported on June 17, 1998
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Table 5 Ra228
Kerr McGee West Chicago

NAREL Sample ID

98.00081 P
98.00082Q
98.00083R
98.00084T
98.00085U
98.00086V
98.00087W
98.00088X
98.00089Y
98.00090Q
98.00090Q
98.00091 R
98.00092T
98.00093U
98.00094V
98.0061 OT
98. 0061 1U
98.00612V
98.0061 4X
98. 0061 3W
98. 0061 5Y

Client Sample ID

GW-RKP-1
GW-RKP-1
GW-RKP-2
GW-RKP-2
GW-RKP-3
GW-RKP-3
GW-RKP-4
GW-RKP-4
GW-MW-2
GW-MW-2

GW-MW-2 DUP
GW-MW-1
GW-MW-1
GW-MW-6
GW-MW-6
GW-MW5
GW-MW5
FB121797
GW-RKP-5
GW-RKP-5
FB012798

Units

PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L

TOT/DISS

TOT
DISS
TOT
DISS
TOT
DISS
TOT
DISS
TOT
DISS
DISS
TOT
DISS
TOT
DISS
TOT
DISS
TOT
DISS
TOT
TOT

Radium Activity

2.20E-01
4.03E-01
4.45E-01
5.86E-01
7.56E+00
2.28E-01
6.96E-01
2.83E-01
3.37E-01
8.15E-01
6.10E-01
7.87E-01
1.26E+00
1.89E-01
1.48E-01
1.07E+00
4.53E-01
5.25E-01
6.84E-01
1.96E-01
2.35E-01

Proj Qual

UJBQS
UJBQS
UJBQS
UJBQS

JSQ
UJBQS
UJBQS
UJBQS
UJBQS
UJBQS
UJBQS
UJBQS
UJBQS
UJBQS
UJBQS
UJBS
UJBS

UJBQS
UJBQS
UJBQS
UJBQS

Uncertainty

3.00E-01
3.30E-01
3.50E-01
3.40E-01
7.90E-01
3.20E-01
3.60E-01
3.30E-01
3.20E-01
4.10E-01
4.10E-01
3.50E-01
8.10E-01
3.10E-01
3.00E-01
3.80E-01
3.20E-01
3.60E-01
3.90E-01
3.70E-01
3.40E-01

MDC

5.10E-01
5.30E-01
5.50E-01
5.10E-01
5.20E-01
5.30E-01
5.30E-01
5.40E-01
5.20E-01
5.90E-01
6.30E-01
4.90E-01
1.20E+00
5.20E-01
5.10E-01
5.00E-01
5.00E-01
5.50E-01
5.80E-01
6.20E-01
5.80E-01

Notes
TOT - Total
DISS - Dissolved
pCi/L - picoCurie per Liter
MDC - Minimum Detectable Concentration
PQ - Project Qualifier
J - The result is considered "estimated."
U - Indicates that the sample was analyzed,but the
analyte was not detected above the stated
concentration.The result is considered "undetected."
S - Qualified because recovery control limits were exceeded for MS/MSDs.
B - Qualified because of blank contamination problems
Q- Qualified for reasons not stated above refer to the
validation worksheets (in these cases, the 180 day holding time was exceeded).
= - Indictes no qualification flag was assigned (placeholder).



Table 6 GrossAlpha&Beta
Kerr McGee West Chicago

Gross Alpha and Beta Not Validated
NAREL Sample ID

98.00081 P
98.00082Q
98.00083R
98.00084T
98.00085U
98.00086V
98.00087W
98.00088X
98.00089Y
98.00090Q
98.00090Q
9800091 R
98.00092T
98.00093U
98.00094V
98. 0061 OT
98.0061 1U
98.00612V
98.0061 3W
98.0061 4X
98.0061 5Y

Client Sample ID

GW-RKP-1
GW-RKP-1
GW-RKP-2
GW-RKP-2
GW-RKP-3
GW-RKP-3
GW-RKP-4
GW-RKP-4
GW-MW-2
GW-MW-2

GW-MW-2 DUP
GW-MW-1
GW-MW-1
GW-MW-6
GW-MW-6
GW-MW5
GW-MW5
FB121797

GW-RKP-5
GW-RKP-5
FB121798

TOT/DISS

TOT
DISS
TOT
DISS
TOT
DISS
TOT
DISS
TOT
DISS
DISS
TOT
DISS
TOT
DISS
TOT
DISS
TOT
TOT
DISS
TOT

Alpha Activity

-2.66E-01
-1.81E-01
6.80E-01
-4.96E-01
2.43+00
1.37E+00
1.01E+01
1.24E+01
6.00E-02
1 .45E+00
3.25E+00
1.30E+01
4.31 E+00
2.34E+00
5.92E-01
4.25E+01
3.60E+01
-1.12E-01
5.02E+00
1.28E+01
-2.43E-01

Uncertainty

1.10E+00
1 .30E+00
2.40E+00
2.10E+00
2.50E+00
2.10E+00
5.70E+00
5.70E+00
1.90E-01
1.70E+00
3.20E+00
5.30E+00
3.00E+00
2.30E+00
1.20E+00
1 .50E+01
1.50E+01
1.00E+00
5.80E+00
6.00E+00
7.40E-01

MDC Iffi Beta Activity

2.80E+00 M 7.35E-01
3.10E+OoH 9.01 E-01
5.00E+OOB 2.41 E+00
5.20E+00 M 3.94E+00
3.80E+00 • 3.92E+00
3.70E+OOB 2.67E+00
6.20E+OOB 7.16E+00
5.40E+00 • 5.22E+00
3.70E-01 M 2.62E-01
2.80E+OOH 1.36E+00
5.00E+00 H 3.02E+00
5.30E+00 1 1.14E+01
4.10E+OOU 3.28E+00
3.60E+00 M 9.54E-01
2.30E+00 H 3.62E+00
1.20E+OlH 2.05E+01
1.40E+OlH 2.00E+01
2.40E+OOH -1.01 E+00
9.40E+00 m 6.23E+00
5.90E+00 • 4.22E+00
2.00E+00 H -2.79E-01

Uncertainty

2.00E+00
2.20E+00
2.40E+00
2.30E+00
2.40E+00
2.30E+00
2.80E+00
3.20E+00
2.80E-01
2.80E+00
2.80E+00
3.40E+00
2.90E+00
2.60E+00
2.70E+00
6.20E+00
6.30E+00
1 .80E+00
4.50E+00
2.50E+00
1.80E+00

MDC

3.50E+00
3.70E+00
3.80E+00
3.60E+00
3.60E+00
3.60E+00
3.90E+00
5.00E+00
4.50E-01
4.70E+00
4.60E+00
4.70E+00
4.60E+00
4.50E+00
4.20E+00
8.10E+00
8.30E+00
3.50E+00
7.00E+00
3.70E+00
3.30E+00

Units

PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L

Notes
TOT Total
DISS Dissolved
pCi/L picoCurie per Liter
MDC Minimum Detectable Concentration
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Table 7 VOC
Kerr McGee West Chicago

Parameter
Chloromethane
Bromomethane
Vinyl Chloride
Chloroe thane
Methylene Chloride
Acetone
Carbon Disulfide
1 . 1 -Dichloroethene
1 . 1 -Dichloroe thane
1. 2-Dichloroethene (total)
Chloroform
1,2-Dichloroethane
2-Butanone
1,1,1 -Trichloroethane
Carbon Tetrachloride
Bromodichlorome thane
1 .2-Dichloropropone
cls-1.3-Dichloropropene
Trichloroethene
Dibromochloromethane
1,1, 2-Trichloroe thane
Benzene
trans-1.3-Dichloropfopene
Bromolorm
4-Methyl-2-Pentanone
2-Hexanone
Tetrachloioethene
1, 1,2,2-Tetrachloroethane
Toluene
Chlorobenzene
Ethylbenzfine
Styrene
Xylenes (total)
CARBON DIOXIDE (TIC)
CARBON DIOXIDE (TIC)

SamplelD
StationID

DaleCollected
SampleType
Units
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

98ZR0601
GW-RKP-1

12/16/97
N

10 U
10 U
10 U
10 UJ
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U

580 U

98ZR0602
GW-RKP-2

12/16/97
N

10 U
10 U
10 U
10 UJ
10 U
10 U
10 U
10 U
10 U
10 U
24
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 u
10 U
10 U
10 U
10 U
10 U
10 U

98ZR0603
GW-RKP-3

12/16/97
N

10 U
10 U
10 U
10 UJ
10 U
10 U
10 U
10 U
10 U
10 U
9 J
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U

500 U

98ZR0604
GW-RKP-4

12/16/97
N

10 U
10 U
10 U
10 UJ
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 u
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U

560 U

98ZR0605
GW-RKP-5

12/16/97
N

10 U
10 U
10 U
10 UJ
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
2 J
10 U
10 U
10 U
10 U
10 U
10 U
10 U
1 J

10 U
10 U
10 U
10 U
10 U
10 U

500 U

98ZR0606
GW-MW-5

12/17/97
N

10 U
10 U
10 U
10 UJ
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U

530 U

98ZR0607
GW-MW-2

12/17/97
N

10 U
10 U
10 U
10 UJ
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U

380 U
28 U

98ZR0608
GW-MW-2-DUF

12/17/97
N

10 U
10 U
10 U
10 UJ
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U

380 U

98ZR0609
GW-MW-1

12/17/97
N

10 U
10 U
10 U
10 UJ
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U

98ZR0610
GW-MW-6

12/17/97
N

10 U
10 U
10 U
10 UJ
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U

98ZR0611
FB121797
12/17/97

EB

10 U
10 U
10 U
10 U
6 J
30
10 U
10 U
10 U
10 U
10 U
10 U
66 B
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
TO U
10 U

190 JB
6 NJ
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Table 9 Metals
Kerr McGee West Chicago

Parameter
Aluminum, total
Antimony, total
Arsenic, total
Barium, total
Beryllium, total
Cadmium, total
Calcium, total
Chromium, total
Cobalt, total
Copper, total
Iron, total
Lead, total
Magnesium, total
Manganese, total
Mercury, total
Nickel, total
Potassium, total
Selenium, total
Silver, total
Sodium, total
Thallium, total
Vanadium, total
Zinc, total
Aluminum, dissolved
Antimony, dissolved
Arsenic, dissolved
Barium, dissolved
Beryllium, dissolved
Cadmium, dissolved
Calcium, dissolved
Chromium, dissolved
Cobalt, dissolved
Copper, dissolved
Iron, dissolved
Lead, dissolved
Magnesium, dissolved
Manganese, dissolved
Mercury, dissolved
Nickel, dissolved
Potassium, dissolved
Selenium, dissolved
Silver, dissolved
Sodium, dissolved
Thallium, dissolved
Vanadium, dissolved
Zinc, dissolved

SamplelD
StationID

DaleCollected
SampleType
Units
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

98ZR0601
GW-RKP-1
12/16/97

N

36.8 U
25.3 U
2.2 U

35.8 J
0.3 U
3 U

72400 =
9.3 U
6.8 U
9.5 U

24.5 J
0.64 U

38800 =
19.1 J

0.007 U
9.5 U
303 J
1.4 U
5 U

4870 J
1.4 UJ
5.2 U
3.9 U

36.8 U
25.3 U
2.2 U

35.1 J
0.3 U
3 U

72200 =
9.3 U
6.8 U
9.5 U
5.5 U

0.64 U
39000 =

16.2 =
0.034 U

9.5 U
587 J
1.8 U
5 U

4870 J
1.4 UJ
5.2 U
9.4 U

98ZR0602
GW-RKP-2
12/16/97

N

443
25.3 U
2.2 U

92.1 J
0.3 U
3 U

106000 =
9.3 U
6.8 U
9.5 U

1030 =
0.64 U

57500 =
200 J

0.007 ij
9.5 U

4410 J
2.2 U
5 U

124000 =
7 UJ

5.2 U
7.3 U

36.8 U
25.3 U
2.2 U

84.9 J
0.3 U
3 U

98700 =
9.3 U
6.8 U
9.5 U

26.6 U
0.64 U

54600 =
171

0.038 U
9.5 U

3920 J
0.7 U
5 U

118000 =
7 UJ

5.2 U
3.9 U

98ZR0603
GW-RKP-3
12/16/97

N

446
25.3 U
2.2 U

86.1 J
0.3 U
3 U

109000 =
9.3 U
6.8 U
11.7 J
1930 =
0.76 U

63700 =
192 J

0.007 U
9.5 U

4330 J
1.6 U
5 U

43000 =
7 UJ

5.2 U
14.2 U
36.8 U
25.3 U
2.2 U

80.1 J
0.3 U
3 U

104000 =
9.3 U
6.8 U
9.5 U
13.3 U
0.64 U

61800 =
168 =

0.038 U
9.5 U

3990 J
1.8 U
5 U

41400 =
7 UJ

5.2 U
5.6 U

98ZR0604
GW-RKP-4
12/16/97

N

212 =
25.3 U
2.2 U
101 J
0.03 U

3 U
165000 =

9.3 u
6.8 U
9.5 U

1020 =
0.064 U
83200 =
581

0.007 U
9.5 U

2990 J
3.1 U
5 U

77900 =
1.4 UJ
5.2 U
5.5 U

36.8 U
25.3 U
3.4 J

99.9 J
0.3 U
3 U

162000 =
9.3 U
6.8 U
9.5 U
614
0.64 U

80600 =
547 =

0.036 U
9.5 U

2690 J
2.1 U
5 U

75300 =
1.4 UJ
5.2 U
3.9 U

98ZR0605
GW-RKP-5
12/16/97

N

243 =
25.3 U
2.3 J

64.1 J
0.3 U
3 U

293000 =
9.3 U
6.8 U
9.5 U
747 =
0.64 U

61300 =
668 U

0.007 U
9.5 U

5120 =
5.7 =
5 U

78800 =
7 UJ

5.2 U
10.8 U
36.8 U
25.3 U
3.3 J

61.1 J
0.3 U
3 U

273000 =
9.3 U
6.8 U
9.5 U
5,5 U

0.64 U
51900 =
561 =

0.056 U
9.5 U

4610 J
5.4
5 U

74100 =
1.4 UJ
5.2 U
18.9 U

98ZR0606
GW-MW-5
12/17/97

N

569 =
25.3 U
2.2 U

36.1 J
0.3 U
3 U

395000 =
9.3 U
6.8 U
9.5 U
985 =
1.5 U

103000 =
1560 J
0.007 U

9.5 U
13300 =

7.6 =
5 U

63000 =
7 UJ

5.2 U
10.8 U
46.8 J
25.3 U
3.6 J

36.1 J
0.3 U
3 U

407000 =
9.3 U
6.8 U
9.5 U
6.1 U

1 U
105000 =

1620 =
0.036 U

9.5 U
13800 =

7.9 =
5 U

65100 =
7 UJ

5.2 U
7.7 U

98ZR0607
GW-MW-2

12/17/97
N

39.2 J
25.3 U
2.2 U

43.3 J
0.3 U
3 U

72500 =
9.3 U
6.8 U
9.5 U

53.6 J
0.64 U

40500 =
3.6 J

0.007 U
9.5 U
627 J
2.1 U
5 U

5270 =
1.4 UJ
5.2 U
3.9 U

44.3 J
25.3 U
2.2 U

42.4 J
0.3 U
3.5 J

73200 =
9.3 U
6.8 U
9.5 U
5.5 U

0.71 U
39400 =

1.9 U
0.04 U
9.5 U
870 J
2.6 U
5 U

5200 =
1.4 UJ
5.2 U
3.9 U

98R0608
GW-MW-2-DUF

12/17/97
N

53.1 J
30.1 J
2.2 U

44.8 J
0.3 U
4 J

74300 =
9.3 U
6.8 U
9.5 U

75.9 J
0.64 U

40800 =
4 J

0.007 =
9.5 U
809 J
2 U
5 U

5440 =
1.4 UJ
5.2 U
5.6 U

36.8 U
25.3 U
2.2 U

42.1 J
0.3 U
3 U

75100 =
9.3 U
6.8 U
17.2 U
23.1 U
0.64 U

39600 =
1.9 U

0.035 U
9.5 U
859 J
2 U
5 U

5410 =
2.4 J
5,2 U
4.5 U

98ZR0609
GW-MW-1
12/17/97

N

1520 =
25.3 U
2.5 J
107 J
0.3 U
3 U

109000 =
16.6 =
6.8 U
12.1 J
3280 =
2.9 U

65600 =
89.5 J
0.007 U

15 J
3080 J
3.3 U
5 U

24500 =
1.4 U
5.2 U

24.3 U
36.8 U
25.3 U
2.2 U
102 J
0.3 U
3 U

91600 =
9.3 U
6.8 U
9.5 U
7.2 U

0.64 U
55200 =
25.9 =

0.038 U
9.5 U

2370 J
0.48 U

5 U
23300 =

1.4 UJ
5.2 U
4.5 U

98ZR0610
GW-MW-6

12/17/97
N

36.8 U
25.3 U
2.2 U

40.4 J
0.3 U
3 U

75400 =
9.3 U
6.8 U
9.5 U
43 J

0.64 U
41600 =

1.9 U
0.007 U

9.5 U
890 J
2.8 U
5 U

3570 J
1.4 UJ
5.2 U
3.9 U

36.8 U
25.3 U
2.2 U
42 J
0.3 U
3 U

75500 =
9.3 U
6.8 U
9.5 U
5.5 U

0.64 U
41600 =

1.9 U
0.034 U

9.5 U
951 J

2 U
5 U

3650 J
1.4 UJ
5.2 U
3.9 U

98ZR061 1
FB121797
12/17/97

EB

36.8 U
25.3 U
2.2 U
5.8 B
0.3 U
3 U

190 B
9.3 U
6.8 U
9.5 U
5.5 U

0.64 U
44.1 U
1.9 U

0.007 U
9.5 U
264 U
0.33 U

5 U
195 B
1.4 U
5.2 U
3.9 U
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
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