SDMS US EPA REGION V -1

SOME IMAGES WITHIN THIS
DOCUMENT MAY BE ILLEGIBLE
DUE TO BAD SOURCE
DOCUMENTS.



CoOVINGTON & BURLING
e T 42
20 PEINNSYLWVAN A AVEN TN A (é JO

P C BOX 7566
WASHINGTON D C 2CQ44-7566
202 662-60CC

TELEFAX 202 662629

TE_EX B89-593 TOv. NG wSH CiEeeinE 17 49 cees

RICHARD A. MESERVE

CRECT CoAL NLmMBES

CTABLE COVLING To_EFAx 37 ag®e 3>

202 662 -53C4 BRULSSE.S JT

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).

[ 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 3 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.

[ 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 secord. 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 "u,” are used with
radiation units.

3 NUREG-1501



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, and relative contributions
t0 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 that 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 4.47 billion years alpha, x-rays
Thorium-234 24.1 days beta, gamma, x-rays
Protactinium-234m 1.17 minutes beta, gamma
Uranium-234 245,000 years alpha, x-rays
Thonum-230 77,000 years alpha, x-rays
Radium-226 1600 years alpha, gamma
Radon-222 3.83 days alpha

Polonium-218 3.05 minutes alpha

Lead-214 26.8 minutes beta, gamma, x-rays
Bismuth-214 19.7 minutes beta, gamma
Polonium-214 164 microseconds alpha

Lead-210 22.3 years beta, gamma, x-rays
Bismuth-210 5.01 days beta

Polonium-210 138 days alpha

Lead-206 stable
Thorum-232 14.1 billion years alpha, x-rays
Radium-228 5.75 years beta

Actinium-228 6.13 hours beta, gamma, x-rays
Thorium-228 1.91 years alpha, gamma, x-rays
Radium-224 3.66 days alpha, gamma
Radon-220 55.6 seconds alpha

Polonium-216 0.15 seconds alpha

Lead-212 10.64 hours beta, gamma, x-rays
Bismuth-212 60.6 minutes alpha, beta, gamma, x-rays
Polonium-212 0.305 microseconds alpha

Thallium-208 3.07 minutes beta, gamma
Lead-208 stable

otassium-40 1.28 billion years beta, gamma
Argon-40 stable

Calcium-40 stable
Rubidium-87 47 billion years beta

Strontium-87 stable

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 nawre; however, they exist

in such low concentrations that their contributions to background are negligibie.
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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 250 200 n/a UNSCEAR, 1988
Coal, U.S. 18 (1-540) 21 (2-320) 52 (1-710) Beck et al, 1980
Copper ore 30-80 23-110 n/a UNSCEAR, 1988
Crustal rock, U.S. 36 44 850 NCRP, 1987b
Qil shale 56 (37-74) 24 (19-37) 481 (185-962) - Gogolak, 1982
Phosphate fertilizer, U.S. 9200 n/a n/a UNSCEAR, 1988
Soil, worldwide 25 (10-50) 25 (7-50) 370 (100-700) UNSCEAR, 1988
Soil, U.S. 37 (4-141) 36 (4-126) n/a 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

(Bq per kg)

Material Uranium-238 Thorium-232 Potassium-40 Reference

(Radium-226)
Adobe Brick 31 27 583 Ingersoll, 1981
Brick 4-178 1-144 7-1184 Eichholz et al, 1980
Concrete 19-89 15-118 262-1147 .
Concrete Block 41-7177 37-81 285-1147 .
Gypsum 13 2 61 Ingersoll, 1981
Red Brick 45 42 522 .
Rock, Storage 57 53 921 .
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Table 2.4. Natural Radionuclide Contents of Bricks

(Bq per kg)

Country (type) Uranium-238 Thorium-232 Potassium-40 Reference

(Radium-226)
Canada (vanious) 4-120 8-160 200-800 Zikovsky, 1992
Finland (red) 78 62 962 NEA, 1979
Germany (traditional) 59 67 673 -
India 48 26 3 Ramachandran, 1989
Italy (various) 28-81 40-148 365-1060 Bruzzi, 1992
Norway 104 62 1058 NEA, 1979
Sweden 96 127 962 "
United Kingdom (clay) 52 44 703 -

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 principai 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
ceach Earth’s surface.

Another source of radiation from space is charged particles that are associated with flares on the sun.
Cn 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 coilision 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 smali
compared with that of the terrestrial and cosmic components.

Table 2.5. Concentrations of Principal Cosmogenically Produced Radionuclides'

Nuclide Troposphere Oceans
(Bq/kg air) (Bq/kg water)
Beryllium-7 0.01 n/a
Carbon-14 n/a 5v10?
Hydrogen-3 1.2v10° n/a
Sodium-22 1v10® n/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 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 Helfer, 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 {evels 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.

2.3.2.1.1 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 xSv per hour (equivalent to about S uR 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 leveis 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 uSv per hour (2 uR 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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level. Calculations, supported by experimental data, have shown that § 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 uSv per hour (1.4 uR per hour) above the yearly average,
while the typical daily low was about 25 percent or about 0.021 uSv per hour (3.5 uR 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, upwelling 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
depositior: an abrupt change in radiation of heavy amounts of ash in an arez 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 is removed,
added, or modified, and the relative radionuclide concentration in the old and new surroundings.
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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 particles 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 ali 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 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 5t
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 uSv (0.1 urem)
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 't
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
preduced an increase of about 200 percent in the neutron counting rate and an increase of about

35 percent or 0.01 uSv (1 urem) per hour in the ionizing component at sea level (EML, 1992).

2.3.2.3 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 uSv per hour (3 uR
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 2- *
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 0.05 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 uSv per hour or a few hundred uR 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 t0 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 Island'

(Bq per kg)
Site Uranium-238 Thonum-232 Potassium-40
A 32 27 244
B 29 30 216
C 16 19 203
D 23 31 403
E 14 17 184
F 43 40 512
G 26 29 383
H 24 32 257

! From unpublished data collected by USDOE Environmental Measurements 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 S0 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 SO 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 siructures, 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 factcr 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 Concrete'

(Bq per kg)

City, State Uranium-238 Thorium-232 Potassium-30
Albugquerque, NM 31 24 461
Austin, TX 16 6 246
Chicago, IL 19 8 154
Kansas City, MO 13 8 215
Knoxville, TN i3 5 154
Philadeiphia, PA 8 6 215

Salt Lake City, UT 25 16 184

San Antonio, TX 38 31 461

San Francisco-Oakland, CA 19 12 184

St. Paul-Minneapolis, MN 19 16 461 —

' From Ingersoll (1981).

2.3.3.1.2 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 ot 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 150 Bq per cubic meter (4 pCi per liter) (Marcino-
wski, 1992). Because of the highly variabie 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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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.

2.3.3.1.3 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 foodstuifscontaining 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).

2.3.3.2 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 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
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, 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.

"’

2.3.3.4 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 inventori
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 c¢m 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 Cesium-137 in Soil' in The Great Salt Lake Vicinity*

City Concentration (Bq per kg)
Bountiful 15.3
Brigham 14.4
Layton 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
! Based on a soil depth of 0 to 30 cm.

! Computed from the data of Beck and Krey (1980).

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 radioauclides 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 50 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 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 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 variaiion 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
cosmogenic radionuclides is very small, on the order of 0.01 mSv (1 mrem) or less than one percent.
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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 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 higher -
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 teath 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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Figure 2.9 Typical maximum and minimum contributions of the major sources of background compared
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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 Equivaleat(mSv)

Component U.S. Mean' World Mean? World Range?
Cosmic 0.27 0.36 0.3-2.0
Indoor radon and progeny 2.0 1.1 0.3-5.0
Internal (other inhaled, ingested) 0.4 0.5 0.2-1.0
Terrestrial gamma 0.28 0.41 0.2-1.0
Totals (rounded) 10 2.4 1.5-6.0

! From NCRP (1987).

! 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.

NUREG-1501 32



Table 2.10. Comparison of Average Background Doses to Those from Other Sources’

Source Dose? (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 <l
Weapons test fallout <0.01 <1
Rounded Total 3.6-3.7 100

! From NCRP (19874).
3 Annuasl effective dose equivalent.

33 NUREG-150!1



NUREG-0904
Supplement No. 1
Volume 1

— R—

Supplement to the
Final Environmental Statement

related to the decommissioning of the

Rare Earths Facility, West Chicago, lllinois

Docket No. 40-2061
Kerr-McGee Chemical Corporation

Volume 1: Main Text and Appendices A-G

U.S. Nuclear Regulatory
Commission

Office of Nuclear Material Safety and Safeguards

April 1989

"""




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 1imits, which are so high that they are meaningless. The range of
cyanide values for pond 2 is explained by the fact that the one individual
value used to compute the average wa. a real value and the rest were detection
limits. The concentrations given in 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 acidic 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
poliutant organics; 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 organics in most of the 14 samples tested were below the detection
1imits (indicated by hyphens in the table). For some samples, detection
1imits are quite high -- up to 1,500 parts per billion (ppb) for priority
organics and 160 ppb for some PCBs (Kerr-McGee 1986--Vol. VIII, Exhibit I).

Some priority poliutant organics were present at concentrations ranging
up to 2,000 ppb, e.g., benzo(a)pyrene 1in 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 plasticizers in many vinyl and
plastic materials and are becoming widespread in the environment (Kerr-McGee



Table 2.5. Concentrations of Priority Pollutant Metals and Other Parameters
in the Waste Components

Average Concentrations (ppm)2
Disposal Site

Factory Intermediate Ore Sludge Pond 1 Pond 2 Contaminated

Parameter Site Stite Tailings Pile Sediments Sediments Soil

Ant imony - - 13 18 14 26 -

Arsenic - - 1.9 1.5 <1.2 4.2 -

Beryllium - - <1 <1 <1 <] -

Cadmium - - 0.78 0.80 0.65 0.85 -

Chromtum - - 6.7 22 16 30 -

Copper - - 42 34 20 11 -

Lead - - 1700 740 57 31 -

Mercury - - 0.48 0.10 0.81 0.045 -

Nickel - - 23 8.9 4.0 20 -

Selenium - - <69 <60 <60 <60 - r~
Silver - - 8.7 0.91 1.4 0.8 - v
Thallium - - <10 <10 <10 <10 - <
Zinc - - 3.2 110 200 38 -

Phenol - - <0.002 <0.002 <0.0071 <0.002 -

Cyanide <22 <72 <76 1.1-1.6° .

TOC (% dry wt) 0.67(562)  0.44(146) 0.42(125) 1.0(72)  0.88(108) 0.52(184)¢  0.54(625)
pH (pH unit) 7.33(562)  8.06(146) 3.54(125) 6.56(72) 6.44(108) 7.64(184)C  7.86(625)

2 A11 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 in 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 1imit is a real value. The
lower value, 1.1, was calculated by replacing each detection 1imit by the vaiue 0.

c Average of samples from ponds 2, 3, 4, and 5.
Source: Kerr-McGee (1986--Vol. VIII, Exhibit I).
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Table 2.6. Concentrations of Priority Pollutant Organics in the Waste Components

Concentration (ppb) in Waste Components at Various Depth Ranges?

Sludge Piled Ore Tailings® Pond 1 Sedimentsd  Pond 2 Sediments

Chemical Species 0-5 ft 5-11 ft 0-9 ft 9-17 ft 0-10 ft 10-14 ft 0-5 ft 5-9 ft
Purgeable Organics
Methylene chloride - - - - - 50,22 - -
Base/Neutral Extractable
Organics
Fluoranthene 1,550 230 - - - 400 - -
81s (2-ethylhexyl)

phthalate 220 190 - 270 - - 440 -
Di-n-butyl phthalate 510 600 - 570 300 - 440 490
Benz(a)anthracene 500 - - - - - - -
Benzo(a)pyrene 340 - - 2,000 - - - _
Benzo(k)fluoranthene 1,230 - - 1,900 - - - - N
Chrysene 650 - - - - - - - =
Anthracene 140 - .- - - - - -
Phenanthrene 1,020 350 - - - 410 - -
Pyrene 800 190 - - - 380 - -
Diethyl phthalate 250 - - 200 250 - 180 230
Pesticides
g-Benzene hexachloride - - 10 - - - - -

L} hyphen indicates that no chemical was detected at the detection level for that sample. Only those
priority pollutant organics that were detected are listed in the table. Most were not detected.

b values refer to one boring location. No organics were detected at another boring location.

C Organics 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 Organics 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).

® 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 (s-benzene hexachloride);
however, its concentration (10 ppb) 1is barely above the detection 1limit of
8 ppb.

The waste components have been tested in some detail to determine whether
they are hazardous wastes as defined by RCRA. These tests (EP toxicity tests,
as described in 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 in Table 2.7 as 99% upper confidence limits for
each metal. Comparison of the concentrations given in Table 2.7 with the EP
toxicity limits (second column) shows that the upper 99% 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 toxicity limit of 5 mg/L. The
value for silver for the tailings pile (1.9 mg/L) is also appreciable compared
with the 1imit of 5 mg/L. A1l other concentration 1imits in the table are 20%
or less of the EP toxicity limits for metals.

Because the concentrations in Table 2.7 are 99% upper confidence 1limits,
it is fairly certain that the on-site 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 toxicity limits.) No test
results were reported for the off-site waste components. However, on the
basis of the data presented, it appears 1likely that the off-site waste
components are not RCRA hazardous for metals.

The EP toxicity 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 3% or less of the EP toxicity limits for
all pesticides (1indane, endrin, methoxychlor, and toxaphene) and herbicides
(2,4-p and silvex) for all samples. Consequently, the waste components
sampled are also not RCRA hazardous for pesticides and herbicides. No data
are avaflable for contaminated soil from the Factory Site, the Intermediate
Site, or the Disposal Site, or for off-site waste components. However, on the
basis 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 tﬁe 99X Upper Confidence Limit, of the EP Toxicity
Test Means for Metals in Some of the Waste Components?

Intermediate Disposal Site
Factory Site Site (mg/L)
EP ToxicityP (wg/L) (mg/L)
Pond 1 Ponds 2-5 Sludge Tailings

Limits North South Contaminated Contaminated Sediments Sediments Pile Pile
Metals (mg/L) (154)  (217) Soil (6) Soil (112) (15) (72) (15) (21)
Silver 5 0.044 0.025 0.017 0.043 0.017 0.009 0.22 1.9
Arsenic 5 0.28 0.26 0.48 0.30 0.27 0.20 0.63 3.3
Barium 100 0.48 0.18 0.21 0.26 0.26 0.25 0.11 3.4 ro
Cadmium 1 0.010  0.040 0.007 0.011 0.009 0.006 0.019  0.10 =
Chromium 5 0.038 0.018 0.049 0.029 0.016 0.016 0.023 0.28
Mercury 0.2 0.0012 0.00041 0.00020 0.00094 0.0012 0.00074 0.00028 0.0078
Lead 5 0.17 0.24 0.21 0.15 0.27 0.16 1.1 3.9
Selenium 1 0.12 0.11 0.15 0.097 0.097 0.11 0.10 0.20

2 The numbers in parentheses indicate the number of samples analyzed for each waste component.
Confidence 1imit values are rounded to two significant figures.

b {imits are from 40 CFR Part 261.
Source: Kerr-McGee (1986--Vol. VIII, Exhibit I).
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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
radiocactive, 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 Requlatory Commission (NRC), and
the City of West Chicago (City) identified two major sites,
each of which contained about 10,000 cubjc 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



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/
hﬂoura, the survey criteria agreed to by the City and concurrea}7
(/yith by EPA. _&

Kress Creek which receives runoff and waste water from the
REF site was also found to be corntaminated. 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
proposec 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

2 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.



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 fcr the sites located at RXP, 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. 1Its 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

E-5



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 pfésent 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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ORI RESIZUALS 1N WEST ZHIZAGL, [...0.Cis
oy

N. A. Frigerio, T. I. Larson, and R. 3. 5:owve

Abstracr

Lindsav and Ccmpany tegan cperation of i*s West Chicago,
I1linois, pdanT in 1931, processing thorium ores for ~horium and
rare earths, Srcm that +ime until normal operarions ceased in
1973, thorium residuals from The operation found Their way offsite
To Reed-Keppler City Park, the WesT Chicago Sewage Treatment Plant,
and numercus other lccations apout The city and its anvirons. The
present study located and icentified such Thorium residuals in *ne
WestT Chicago ares, a rotal of 75 epicenters having been found in
addition to geposits at Reed-Keppler Park, the sewage-treatment
plant, and down Kress Creek and the QuPage River. 0Deposits proved
to be almost exclusively The dense, gray, insoluble sarticles of
thorium=-ors 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
collections of material ar 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 violare The requirements of |0 CFR 20.

INTRODUCTION

GENERAL

In 1931 Lindsay and Company (which becams Lindsay Light and Chemical
Company in 1935) commenced operation of its West Chicago, Illinois, planc.
This plant procassed thorium ores, chiefly monazite, originally to extract
thorium for gas mantles. In later years the rare—esrth elements concained
became of sore valus, and operation shifted so that the thorium component of
the ore became motre of a waste and less of a producc. In the 1930s and 1940s
some of these vaste tailings vere used in a landfill operactiom in an unimproved
area of what is nov Reed-Keppler Park, a public park in northern West Chicago.
During that time vasce saterial found its vay out of the factory sits sad iato
various public and private areas around West Chicago. These included the
vatershed down Kress Creek inco the DuPage River, the present West Chicago
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Sewage Treatzent Plant, and numersus oiner slaces about che iiiv. The was::2
2aterial so zramsported was alzost exilusivelv IROTium-ore resicue S-o3 t-e
cnemical-exiraction pTocesses, a veTv zense, uSUally ZTaV I wnite -macariil.
I2ntainlag asout I%-64 IROriud, along Wil LIS racilactive-cecay sroducti, .-
oniv ralacively spall amounts of uranium and assoclated granium daughtess. -
2373 all ncrzal coperations at the site had ceased, and the currenc cwner,
Xerr-McGee Corporation, applied to delicense and decommission the factorv ana
its vasce sice. This activicy began in 1974, The overwhelaing Sulk of radis-
active nacerial was contained in two large open piles in the waste area 23 ::a
south of the factory, and it became a natter of concern to locate zhorium
residuals offsice, to concrol chem as needed, and to plan for their eventual
removal. The firsc phase was to secure che relacively large amount of nater:zl
present in che unimproved area of cthe park (the "spoil area") and the auca
smaller amount on the east side of the ctennis courts nearby. The latter was
exhumed to the spoil ares in July 1976, and the entire area was enclosed with
a security fence in che spring of 1977. Once that was done, it became our
task to locate and quantify the remsining thorium residuals in the Wast Chicago
area.

THE EXTERNAL NATURAL-RADIATION BACKGROUND IN THE WEST CHICAGO AREA

The extarnal natural-radiation background in chis area varies from 12 to
36 uR/hr, wicth about 95 of the values ranging bectween 14 and 25 uR/hr. This
includes both cosmic and terrestrial components. The lower values are gener-
ally found over roadways, vhers shielding is effected by the roadbed. The
highe: valuas are generally found over open grassy fields, especially if :hgy
have been fartilized with phosphate fertilizers, as is often the case in this
area. The highest values are obtained over these sama fields in the early
morning, whenever meteorological inversion occurs in such a way as to trap
natural-soil radon close to the earth surface. The discribucion of values was
such that values in excess of 20 uR/hr near roadways, or in excess of 25 uglhr
on open fields, vers taken as presumptive evidence of the prasence of chor;um
residuals. Such arsas were further invesctigated by spactromatry to decermine
the presance of excese thorium, if any.

NATURAL RADIOACTIVITY IM THE WEST CHICAGO AREA

These values are relatively high for Illinois as a consequence of several
factors. The soil in che West Chicago area is considerably higher in uranium,
cthorium, and their daughters than zany other soils in Illinois. Phosphate
fertilization has been cosmon in the past and boch the originally ferctilized
fialds, and adjacent fields subject to runoff, have had their uranium-daughcer
concent incressed as a consaquence. In additiom, the city wells of Wast
Chicago, and a number of other vells in che area, tap vater from deep "nd::°“‘
aquifers notable for their high natural radicactivity. As these vaters v;.n .
brought to the surface over the years, and evaporated, they left behind ¢
notable residus of radioactivicy.



THE FACTCRY AND WASTZI AREA

The prizary scurze of 2Xfess InoTium s Ine tair 2 e 3 tallings -:iles
in the wascte area I: Ine soutt oI tne factorv.  This -macerial s so cense. a--
so norcughly ssacrated tv weatlering, Inat ve weTe .nasle s fina anv evicence

of 1z naving ceen :iransoorzed oIifsize Dy arzospneri: zisocersion. Scwever, 3
good deal =I tne material In vaste zond No. 1 aad seen 57 a muca mcre 2asily
airborne nature, and some of cthis was detected in areas iTnediacely ac-acent

to the site. In tne process of ctransporting zaterial about tae ey, ée:veen
the factory and che wvasce area, and to such sices as Reed-Keppler Park, scher
thorium=bearing material found its way from the sice into various parts of the
city. Ia such cases the transport was purely mechanical. Additionallyv, che
open nature of the piles of thorium-bearing waste made them particularly
subject to runoff, especially during heavy rains. Such material, along with
factory waste, found its way inco the storm sewer along one edge of the propercy.
across the fields, and down into che Kress Creek watershed. The macerial is
so dense, and so insoluble, thac it was ctransported purely as grains of sand-
like macerial, and these grains vere found and identified down along the
wacershed. Thesa grains move by placer action, and their deposition is charac-
teriscic of placer movement, as has baen noted in similar situations.' We
ware able to map macerial transported in cthis way all down che creek, and
then, sparingly, along the DuPage River as far socuth as Warrenville. However,
movenent by this method is very slow, and {n the 47 years since the beginning
of plant operation the overvhelming bulk of macerial carried by this process
had moved only about a third of che way down the creek to tha river. A foot-
by-foot survey vas made of both banks of the creek from above the storm-sewver
entrance to the junctiom with the DuPage River. Below that point, macterial
was so sparsely depositad that only a general survay wvas madc, and only out-
standing deposits ware idencified and confirmed.

'

REED-KEPPLER PARK AND THE WEST CHICAGO SANITARY TREATMENT PLANT

During the first two decades of plant operacion the excallent mechanical
proparties of the thorium-bearing residus commanded its use as landfill in che
area. There wvas no recognitionm of any potential hazard associated with it,
and it wvas usad as landfill at the edge of vhat vas to become Reed-Keppler
Park and, to a lesser extenc, at the presenc waste-treatmant plant. A minor
deposit at the park, east of and adjacent to the present tennis courts, vas
exhumed in July 1976 and consolidaced wirh the larger amount in the spoil
area, next to vhich a sanitary landfill is in operation. In early 1977 a
security fence vas installed around the spoil area. The fence was placed at

the 0.2-mrad/hr isodose line.

Bacause of uncertainty as to just what parts of the park had been filled,
and at vhat tims, we performed a foot-by-foot survey of che entire park. To
date no thorium residuals have been found outside of vhat little remains belov
the present teanis courts, the spoil ares behind che feace, and soma ainor

arsas in che sanitary landfill.

At the vaste-treacment planc the bulk of the materisl is comtained in two
relatively circumscribed regions. The possidility existed that thorium resi-
duals had found their vay into the sevage sysceam by vay of the combined sever
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svstez ci <est (hizago. However, It zate we nave heen unablie 2 izemc-iu z--
incricz exiiing Ivom cthe Ireaizenc plang, 2.iner in its afflient or o= Lls
s.ic3e A TEDOrT Inar 1Is sl.zge was Isntaminazed Jv thsrium from tte s-ta
3rives I De unirue. The s.iudge was, 1 IacI, SOTEWRAat ibncTmallv Taziiactioa
Sowever, 1.anfiltilive speciiiTetIv sncwed 1At INLS Was s13ply Ine Tesul: of
izncanziration of the naturallyv juile radicaccive west Chizago well waler 1o

tle s..ize-érving scnds.

«EST CHICAGO AND ENVIRONS

Partly through the normal craffic associacted with plant operacions, Sut
aore notably through che traffic assoctaced with use of thorium residue as
landfill, small deposits can be found in many parcs of che city and i:s
environs. Overvhelmingly, these lie in an area connecting the factory and
waste area on the south with Reed-Keppler Park on tha north. In order co
identify and quantify these, ve performed a street-by-street survey vith
inscrumenced vehicles and, where appropriate, on foot. In addition, clues
wvere odrtained by extensive conversations with residents, with emplovees of the
Cicy of Wast Chicago and of che Lindsay Chemical Company, and with contractors
and landfill operators in the area. Soms residual daposits were also discovered
by deduction, e.g. 1f small spills seemed to constituta a probable truck
route, it could be deduced that a final deposit could probably be found at the
end of the route so defined.

This process was also greacly aided by an Aerial Radiological Monitoring
Survey (ARMS) flyover cthat was completed in Sepcembar 1977. Although the
flyover could not identify with certainty small local deposits of thorium
residuals, it clearly outlined areas of suspicion, and aided greatly in re-
ducing the area requiring incensive scanning by vehicle or om fooc. It also
provided an excellent basis for determining the concours and levels of X and
gamma radiacion emanacing from the chree major sources: the factory and wasce
site, Reed-Keppler Park, and the sanitary ctreatment plant. This radiacion is
referred to as "skyshine" because it contains both direct and scactered

components.

METHODS AND OBSERVATIONS

STUDY AREA

The scudy area chosen was defined on the DuPage County grid system. It
extended from 4S000 on the souch to 4NOOO on che north, a distance of eight
miles, and from 28W000 on the east to 32W000 on the west, a distance of four
miles, for a tocal area of 32 mi?. The sctudy period begaa in March 1976 and
extended through May 1978. Places are identified by streac name and address,
using the West Chicago numbering system within the city limits and the county
numbering systes outside. Addresses do noc necessarily correspond to a
residence, because in many cases locations wers in unused fields, alleys, and
mcuh.lu:MyurnnuuanuwmnlnuMnmcnurnowu .
Chicago or county grid system. The study area, and its oumbering, is shown in
Figure 1. Because they are subjects of a separate action, the faccory, the



.3
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FIIZ-LZPPLIR PARK

In m1d-1976 iz vas discovered that thorium residuals aad Seea used as
candfill at Reed~Keppler “ark. Subsequent to USNRC Office of lnspection ang
Inforcement Investigation Report Number 76-01 (20 Auguse 1976), zhorium-
Searing soil was moved Zrom underneath the teanis courcs to the spoll area
cordering the landfill that lies op cthe wast edge of the park sroper. 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
Lat. and 88°12'30" W Long. The park proper covers 80 acres: the DuPage Countv
Airport is 2.5 miles northwest, the closest edge of the Fermi National Acceler-
actor Laboratory 1.5 miles southwest, and the nearest approach of the DuPage
River 1.7 miles norcheast. Tigure 8 shows the pertinent area of the park,
vith a 100-foot grid tnac we erected for surveying purposes. Figure 9 shows
the copography of chat parc of the park, which we produced using standard
surveying methods. Figure 10 is an overlay of che latter figure on che former
one. The fenced area has one of the highast elevacions in the park and it
drains directly into a gully to its immedifate vast, in the present landf{ll
opesracion. Then the entire park, gully and all, drain to the northwest into a
slough and lake. These are borderad on their norchern and wescern edges by
mounds, the northern one carrying a branch of the railroad. A number of
monitoring wells were drilled into the fenced area, and we sampled these
periodically. In addiction, we sampled wvater and soil cutside the fenced area,
down along the gully, and into the slough and lake. Despits the fact that
some of the matarial vithin che fenced area came to rast only in early 1977,
which might be expected to promoce runoff and leaching, we have been unable to
find any evidence of soluble nacerial leached out of these thorium residuals
inco the local groundwacer or soil. A certain amount of nunoff has occurred
from the pile itself down into che gully in much the sams manner in vhich
hesavy rains have caused similar runoff from the vaste area into Kress Creek.
However, in this case, the quantizies are very much smaller than those involved
from the vaste area. Rslative excass-radiation-fiald strength {s showmn in
Figure 11, in unics of microrem per hour multiplied by 10 (i.e. 50 = 5 urem/hr,
10 000 = 1000 urem/hr). The general terrestrial background in this area is
4=9 yrem/hr. Figure 12 shows the radiacion-field overlay omn Figure 8. In
fact, these plots comtain all che anomalous radioactivity that we were able co
find in the entire park. All the rest of tha park vas surveyed both by vehicle
and on foot, but nothing suggestive of excess thorium vas found. Table 2
gives the varicus characteristics of the aras enclosed by che radiscion-field
isopleths and an estimate of che volume of thorium-bearing material lying
bensath thase areas. The escizate was based on cors samples taken :hronghou;
the park. In addition to these, ve have locaced a few ainor spills along che
roadvay running on the vest side of che fenced area, through the landfill, and

over to the maintenance building.
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Fig. 8. Land=Surveyor's Grid and Plot Plan of Reed-Xeppier Park.

Cores taken within che fenced area showved no anomalous radioaccivicy
Selov 756 feat MSL. Valuas below thac level vere in the range of 0.5-3.0 pCi/g
for boch 232y and 226Rg. va)uee typical of the soil in this region. The
greacer bulk of che anomalous radioactivicy lies above 760 feet MSL. However,
above chat level the aaterial is excresaly hetsrogeneous, and soil concentra-
tions ranging from 3 pCi/g o 40 000 pCi/g of 232Th were found within a2 few
centinecters of one another. :

Outside che fenced area, small pacches of radioactive soil ranging from
5-50 pCL/g of 232Th vere found. These vere almosc exclusively along che
roadway from the northeast corner of the fenced area around to the landfill
iTes on ics vest side (Fig. 10). Evea :hese Patches vers only 5-15 ca deep,



Fig. 9. Topography of Reed-Keppler Park (f¢ MSL) .

and cores taken outside che fence shoved no anocaalous radiocaccivicy below
15 cm within che S-urea/hr contour (Fig. 12), and no anomalous soil radio-
acciviey ac all outside this concour.

Both ground and surface wvaters from the fenced araa necessarily drain
into the small Sully juse to che west of cthe fence (Fig. 10), and from chere
iaco che slough and lake just norchvesc of the park. Water from these three
bodies vag sampled weekly, qnd 1o anomalous tadioactivicy vas found in the
laks or adjacent slough. In che saall gully jusec below the fenca, sedizenc
levals ranged from 5-50 pci/g of 2327 and 2-10 pCi/g of 226R,, depending on
the season and the occurreace of recent rainfall, Dissolved activicty in the
Same slough vas more variable, and ran from background lavels co ng;gnably
hi'h levels as s funceion of rain and jeason, e¢.g. 0.5-13 pCL/L of Ra or
22%8a, and 0.2-1.5 PCL/L of 232ty 45¢ 2284y, _

Long-l1ived, airborne, parcicylace Tadioactivity vas sampled several :j.:ues
4 moath at the fence line, both upwind and dovnvind of che main residual pile.
The values obtained vers well wichia :zvpical backgrounds for the area; ncne
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Fig. 10. Reed-Keppler Park Topography (ft MSL) and Surveyor's Grid.

exceeded 0.01 pCi/a? of gross alpha, and none gave dowmwind-to-upwind ratios
%:zmiuuvc of sigaificanc release from the residual pile. However, 22%Ra and
2pn values vers consistently elevated at the downvind fance line relative to
the upwind fence line. Under conditions of extrems inversion and vary lov
vindspeed, downwind values of 30 aCi/m? of 222pn and 4 aCi/a’ of 220Rn have
been observed, {.s. about ten times the sizultaneous upwind or background
valuss. However, che annual 4verage racio vas only about 1.5. Radon concentra-
tlons dropped rapidly vith discance from the fence line, and excess concentra-
tions vere never detectad at the nearest residences, e.g. the homss on Yale
and National Streecs.
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Fig. 11. lIsopleths of Relative Radicactivity
in Reed=Keppler Park (10! _rem/hr).

SANITARY [REATMENT PLANT

There are only three thorium-bearing areas here, and no mors were found
despite repeated foot and vehicular surveys. The major area has been stcaked
off and extends all across the north end of the two northernmost sludge ponds.
It extends from a large cak tree on the west to the last mecal scake on cxe
east. It contains four epicenters with maximum dose tates of 250~400 urem/hr.
The rest of che field averages about 100 urem/hr. The entire area covers
about 2000 fc2. Ia this case, the source is largely belov the surface and
seams to be something of the order of 1-2 yd? of thorium tailings, parctly
£filling an old buried Imhof tank. The second area is just £o the south of the
analytical laboratory, vith its epicenter exactly eight feet east of che rear
door of a concrete-block scorage shed. The epicenter has a maximum dose race
of 750 urem/hr, but in this case it appears to have been largely a drop, or
small fill, because the dose rate drops off sharply. At the north side of tae
building and over past a very large filter drum the dose rate runs about
150 urem/hr, and over the resc of chis 500-ft? field che average is about
S0 urem/hr. This scorage shed sits on a hill along with a large brick cank,
and at the foot of that hill chere is a gencle flat field running down co che
large southern aeration pond. The half acre of fisld right at tha foot of
this hill, and running almosc to the vater's edge, has no datectable epicenter,
but shovs a quite uniform dose race of 20-2S5 urem/hr. This field appears to
be the result of spill from up at the top of che hill being dropped to che
bottom, and then graded out as the land was graded to form a lawn. All chree
of these areas lie outside cthe normal work area and are sors in the nacure of
STOrTage Or reserve areas. As a consequence occupancy is quite low, and
although ve assigned 100 hr/yr to each area, this is probably a gross overesc.-



Fig. 12. Isopleths of Relative Radicactivity (10! urem/hr) and Surveyor's
Grid in Reed-Keppler Park.

zace. This ig especially so inssmuch as the epicenters are of the order of 12
OFf 15 inches on a side, and standing over chem would be more in the nature of
an achletic feat than an occupaticn. Ia any case, this leads to annual dose
valuss of 75, 40, and 2.5 REem respectively. There is no public ocecupancy,
Partly because cthe public is excluded, and partly because a sanitary treatment
plant can hardly be regarded as an "accraccive auisance”. Dose contours ars
quits narrovwly confinad to che three 4reas, and chere 1is no discernable dose
from excass thorium beyond the fence.



Table I. Volize P Fagdizacziive “acerial far lonsizertazian
.2 Reec-arc.er Park

fe_azive Area s. .8
~dglatizn Jezween Zecween
e TR mme vm e
> 10 000 500 8 333 8 333 3 3&8 SR
> 3 000 700 29 111 20 778 11677 3 II:
> 2 000 860 44 889 15 778 18 005 5 I3
> 1 000 1250 77 667 32 778 31 133 13 L8
> 300 1 440 111 333 Lh 666 “e 637 23 204
> 200 1790 232 778 21 445 50 &84 5 227
> 100 2 100 229 222 96 444 78 889 -3 €03
> 50 2 640 405 222 176 00Q 132 602 33T
05 222 132 6Q2

‘As shown in Figures ll and 2.

SKYSHINE AND POPULATION DOSE

"Skyshine" is a cerm used to include che total radiation received ac :ne
point from a source at another, ind includes both direct and scattered compo-
nents. In che case of the sevage-treatment plant, as noted above, there is no
discernable skyshine beyond cthe fence, so there is no public exposure from
this sourcs. In the case of Reed-Keppler Park the S-urea/hr thorium excess-
dose concour is shown in Figure 12. Below 5 urem/hr it proved difficult to
discern excass thorium dose froa the natural background, the park being a
large grassy fisld and having che relatively high natural-background characzer-
istic of such fields in this area. However, the excess dose bevond che
S-urem/hT comtour certainly was found to drop very rapidly, and was certainlv
no more than 1 urem/hr ac ics highest poinc on tha park boundary, the corner
of National and Yale Streecs. Tha overvhelming bulk of park usage lies
outside the S-urem/hr contour; there is a very small amount vithin {c, and
virtually nons at all at higher contours. This is partly a consequence of the
fact chat che higher contours are associaced with an ares chat is not really
park ac all, but sanitary landf{ll. It i{s neither attractive nor treally keoc
opea for public use. Considering aaximum feasible park occupancy, occupation-
al occupancy ac the landfill, and che residences along National and Yale
Screets, it vas still impossible to discern a total populatioa dose in excess
of 0.2 aanrem/yr from the present thorium~-residual situation in Reed-Keppler

Park.
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d00ve nacural cacxgrsund. This csncour 2ontalns saveral ~unared resicences.
as well 3s che regular transients represenced by the snopping area o Ine
soucn, the Pioneer School to the west, and the Gary and west Chicago Junior
digh Schools to the east. from czncours such as these, compined with surveys
of the present resident and transient populations, Je obtalned a maxiZum value
for the annual population dose of 20 manrem/yr.

CONCLUSIONS

A glance at the epicencer 2aps indicaces chat the thorium-residual areas
in West Chicago are widely scattered. Nonetheless, and incerescing as the
situacion may be, chere is no hazard co che public healch and safecy. As
things stand ac present there are no areas that exceed tha limics of 10 CFR 20
inasmuch as tha three major areas of thorium residual ars contained within
sacurity fences, and che remaining areas are too small and of too low a dose
rate to be of serious concern. Thus, no epicencer excesds che limic of 2 mrem
in any one hour. The only epicencer that could conceivably exceed the limit
of 100 mrem in one waek, No. §, i{s about 15 inches on a side and located in
the entrancevay to a little-used parking lot. It is not even remotely reasonable
that anyone could spend the required 110 hours locaced rigidly above this spoc
for one week. And, as a glancs at Table 1 shows, thers are no epicenters cthac
even remotaly approach the limit of 0.5 rem/yr. The total population dose
from all sources is certainly less chan }O manrem/yr and this can be concrasced
with the roughly 2000 manrem/yr obtained by the population of this area from
the natural-radiacion background. Even so, the situacion does conscitute a
public nuisance of some magnitude and, although no regulacory action is
mandated, some action to relieve che 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 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 preseat 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 uitimately 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 bicathe contains naturally occurring radioactivity, and even a
person’s body contains natural radioactive elements that tend to concentrate in certain tissues,
according 2 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 2 material is a2 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. Frequeatly, the prefixes milli
(one-thousandth), abbreviated as "m," and micro (one-millionth), abbreviated as "u," 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 substancg is undergoing decay, thgre is the4
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 Lackground, 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 that 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 givea 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.

NUREG-1501 : 4



Table 2.1. Principal Natural Radionuclide Decay Series

Nuclide Half-Life Major Radiations
Unanium-238 4.47 billion years alphs, x-rays
Thorium-234 24.1 days beta, gamma, x-rays
Protactinium-234m 1.17 minutes beta, gamma
Uranium-234 245,000 years alpha, x-rays
Thonum-230 77,000 years alpha, x-rays
Radium-226 1600 years alpha, gamma
Radon-222 3.83 days alpha

Polonium-218 3.05 minutes alpha

Lead-214 26.8 minutes beta, gamma, x-rays
Bismuth-214 19.7 minutes beta, gamma
Polonium-214 164 microseconds alphs

Lead-210 22.3 years beta, gamma, x-rays
Bismuth-210 5.01 days beta

Polonium-210 138 days alpha

Lead-206 stable

Thorium-232 14.1 billion years alpha, x-rays
Radium-228 5.75 years beta

Actinium-228 "6.13 bours beta, gamma, x-rays
Thorium-228 1.91 years alphs, gamma, x-rays
Radium-224 3.66 days alphs, gamma
Radon-220 55.6 seccnds aiphs

Polonium-216 0.15 seconds alpha

Lead-212 10.64 hours beta, gamma, x-rays
Bismuth-212 60.6 minutes alpha, beta, gamma, x-rays
Polonium-212 0.305 microsecoads alpha

Thallium-208 3.07 minutes beta, gamma
Lead-208 stable

Potassium-40 1.28 billion years bets, gamma
Argon-40 stable

Calcium-40 stable
Rubidivm-87 47 billion years beta

Stroatium-87 stable

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 coilected 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 250 200 n/a UNSCEAR, 1988
Coal, U.S. 18 (1-540) 21 (2-320) 52 (1-710) Beck et al, 1980
Copper ore 30-80 23-110 a/a- UNSCEAR, 1988
Crustal rock, U.S. 36 44 850 NCRP, 1987b
Oil shale 56 (37-74) 24 (19-37) 481 (185-962) Gogolak, 1982
Phosphate fertilizer, U.S. 9200 n/a n/s UNSCEAR, 1988
Soil, worldwide 25 (10-50) 25 (7-50) 370 (100-700) UNSCEAR, 1988
Soil, U.S. 37 (4-141) 36 (4-126) n/s 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.
Wuod, a principal component in a light fraice structure (e.g., a typical home) would generally have
negligible natural radionuclide concentrations as compared with stone and masonry materials. As an
exampie 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

(Bq per kg)

Material Uranium-238 Thorium-232 Potassium-40 Reference

(Radium-226)
Adobe Brick 31 re) 583 Ingersoll, 1981
Bnck R 4178 1-144 7-1184 Eichbolz et al, 1980
Concrete 19-89 15-118 262-1147 .
Concrete Block 41-117 37-81 285-1147 *
Gypsum 13 2 61 Ingersoll, 1981
Red Brick 45 42 2 *
Rock, Storsge 57 53 921 *
NUREG-1501 6
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Table 2.4. Natural Radionuclide Contents of Bricks

(Bq per kg)

Country (type) Uranium-238 Thorium-232 Potassium-40 Reference

(Radium-226)
Canada (varnious) 4-120 8-160 200-800 Zikovsky, 1992
Finland (red) 78 62 962 NEA, 1979
Germany (traditional) 59 67 673 .
India 48 26 3 Ramachandran, 1989
Italy (various) 28-81 40-148 365-1060 Bruzz, 1992
Norway 104 62 1058 NEA, 1979
Sweden 96 127 962 .
United Kingdom (clay) 52 4 703 -

2.2.2 Cosmic Radiation

Cosmic radiation, commonly known as cosmic rays, consists of highly energetic particles, mostly the
nuclei of the eiements 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 10 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 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 smali,
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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 Radionuclides'

Nuclide Troposphere Oceans
(Bq/kg air) (Bgrkg water)
Beryllium-7 0.0t c/a
Carbon-14 n/a Sv10?
Hydrogen-3 1.2¢10° n/a
Sodium-22 1v10* n/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 elemeats 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 resuit of nuclear weapons tests conducted in the atmosphere.
Concentrations of cesium in surface 3o0il might typi-ally 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 Helfer, 1985).

The global inventory of the naturally produced cosmogeaic 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 conteat 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 apartmeat 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 ourunderstanding 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 uSv per hour (equivalent to about 5 uR 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 smail peak represented in this figure was
associated with a rather small rainfall event, out the second iarger 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. Whea 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 uSv per hour (2 uR 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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Jevel. 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 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 3 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 ever
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 uSv per hour (1.4 uR per hour) above the yearly average,
while the typical daily low was about 25 percent or about 0.021 uSv per hour (3.5 uR 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, upwelling of material from within
Earth 4nd 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 radis..on 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 whea 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 is removed,
added, or modified, and the relative radionuclide concentration in the old and new surroundings.
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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 particles 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 influeaces 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 cookmg, 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 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 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 uSv (0.1 urem)
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 to0 2
low-pressure system in which there is less air and less shielding.

To a lesser degree, the temperature of the atmospliere 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 uSv (1 urem) per hour in the ionizing component at sea level (EML, 1992).

2.3.2.3 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 uSv per hour (3 uR

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 a nuclear facilities, in particular the Chernobyl power plant in 1986, also produced
measurable coitamination 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
considerabte 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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23.3.1.1 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 Guif 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 2 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 conirast 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 0.05 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 1o 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 uSv per hour or a few hundred uR 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 Island'

(Bq per kg)
Site Uranium-238 Thorium-232 Potasgium-40
A 2 27 244
B 29 30 216
C 16 19 203
D 23 31 403
E 14 1?7 184
F 43 40 512
G 26 29 383
H 24 32 257

' From unpublished dats collected by USDOE Eaviroamenial Measremsnts Laborstory.

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 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 highicr than average radiation level. Within a
large, concreie, commercial-type building, measuremeuts have shown the gamma radiation fevel 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 factcr 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 Concrete*

(Bq per kg)
City, State Uranjum-238 Thorium-232 Potassium-30
Albuquerque, NM 31 24 461
Austin, TX 16 6 246
Chucago, IL 19 3 154
Kansas City, MO 13 8 215
Knoxville, TN 13 ' S 154
Philadelphia, PA 8 6 218
Salt Lake City, UT 25 16 184
San Antonio, TX 38 n 461
San Francisco-Oakland, CA 19 12 184
St. Paul-Minneapolis MN 19 16 461

' From Ingersoll (1981).

2.3.3.1.2 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, excged 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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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.

2.33.1.3 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
uranjum in water have shown that certain midwestern areas have concentraticns 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).

2.3.3.2 Cosmic Rays

Cosmic ray variations from place to place primarily result from variations in aititude, 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
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, 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 meationed 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, Aluh. deposition to the ground, an additional source of variation
occurs with climate,because receive less ition than regions where there is more
precipitation.

2.3.3.4 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 inventories
of radionuclides from fallout in soils which are lower than average, whereas certain moist mountain-
ous regions contain conceatrations 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.
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Table 2.8. Concentrations of Cesium-137 in Soil' in The Great Salt Lake Vicinity?

City Concentration (Bq per kg)
Bountiful 15.3
Brigham 14.4
Layton 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
Sait Lake City 12.0
Toole 12.7
Tremonton 11.6
Tremoaton 12.1
' Based os a s0il depth of O 10 30 cm.

3 Computed from the data of Beck sad Krey (1980).

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 beer
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, iike 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. 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 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. QOutdoor 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 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 perceat 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 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
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 (3amma) 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)

Cosmogenic 0.01 (1)

Cosmic 0.27 (27)

Terrestrial 0.28 (28)

Internal 0.40 (40)

Inhaled 2.0 (200)

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 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 differeace 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 higher

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 radoa 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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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. Mean' World Mean? World Range?
Cosmic 0.27 0.36 0.3-2.0
Indoor radon and progeny 2.0 1.1 0.3-5.0
Internal (other inhaled, ingested) 0.4 0.5 0.2-1.0
Terrestrial gamma 0.28 0.41 0.2-1.0
Totals (rounded) 3.0 24 1.5-6.0

' From NCRP (1987).

! From UNSCEAR (1988).

2.4.2 _Compar‘mon 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 éverage 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 Thase from Other Sources'

Source Dose* (mSy) % 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

! From NCRP (1987s).
? Annual effective doss equivaleat.
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ABSTRACT

This report presents the results of a radiological sur-
vey of the Reed-Keppler Park, West Chicago, Illinois, per-
formed by Radiation Management Corporetion during the fall
of 1981 and the spring of 1982. Measurements were made to
determine external radiation levels, concentrations of water
and airborne contaminants and the identitf 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 volume of about
15,000 cubic yards, with concentrations as high as 11,000
pCi/g. These contaminants are a source of radon and
daughter radionuclides which may produce slightly elevated
airborne radiocactivity levels off-site, There is no evi-
dence that materials are aoving off-site through ground
water, although small 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.[l] The Reed-Keppler Park site in West Chicago, Illi-
nois, wvas 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) HNeasurement of external gamma exposure rates
at one meter above the ground surface and
beta-gamma count rates at one ca above the ground

surface.

2) Measurement of radionuclide concentrations in
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surface so0il and vegetation,

3) Measurement of radionuclide concentrations in

pubsurface deposits.

4) Measurement of activity in surface and subsur-

face vater samples.

S) Measurement of Rn-222 and Rn-220 £flux emanat-

ing from the ground surface.
6) Measurement of airborne radiocactivity.

Measurements were performed on-site using an RMC
dag}gnod mobile facility. Gamma spectroscopy of selected
samples vas performed at the RMC Midwest Regional Office in
Northbrook, 1Illinois, and other analyses were performed at

the RMC analytical laboratory in Philadelphia, Pennsylvania.
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v.  CONCLUSIONS

The results of this survey confirm that sgsignificant
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 residues 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, vhere 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 uR/hr exist outside the fenced area to the north and
west of the site, and at a small location south of the
tennis courts. However, the maximum levels detected
off-site (outside the fenced area) were less than 100 uR/hr
(i.e. 70 uR/hr near the tennis courts), and the total area

above 2J uR/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. 1In fact, the physical characteristics of
the surface deposits on-site are such that they appear im-
pervious to environmental effects at this time. 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. Alsc, 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:l.

There is no evidence that thorium is moving off-site
via surface or ground wvater. The only elevated activity
found in ground water wvas from a bore hole on-sits, and
these levels were within appropriate MPCs for unrestricted
areas, although exceeding EPA drinking water standards in

one case.

Air sampling results shov that the surface (and possi-
bly some subsurface) deposits are a source of airborne ra-
dicactivity. The predominant activity is due to the thorium

daughter Rn=220, as =might be expected. Radon emanation
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rates from Burface 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 gince 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 .10t significantly different from
those reported several years ago. The reduced external ex-
posure rates and possibly lower 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 197§.
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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. y .

As you may be aware, I1linois is in the process of becoming an Agreement
State. As an Agreement State, I1linois 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 pub]ic 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 I1linois 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 d1scuss 5
the disposition of these materials with I]]1nows off1c1als. R ;

N. T. Crow, Act1ng 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
Superfund 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 Superfund! 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.

lwords first appearing in bold are defined on page 5



History of Contamination

From 1931 to 1973, an ore processing racility located
about a mule south of RKP, extracted thorium from
monazite sands for use in manufactunng gas mantles.
The facility also supplied thorium, radium, uranuum,
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
Chemucal 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 (RUFS).

Status of U.S. EPA’s Investigation

In 1993, U.S. EPA’s contractor, CH2M Hill, began a Rl 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 Rl 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

Radiation
orium and some of the other elements found at the
West Chicago Kerr-McGee Superfund sites, including
uranium and radium, are potentially harmful because they
are radioactive. “Radioactive” is a term used to descnibe
the behavior of some elements that are unstable and break
down aor “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 lungs and other body organs when small radioactive
" particles and gases are inhaled or swallowed. Exposure to
radiation anhavemmy negative health effects on the
. human body:U.S. EPA is most concerned about radiat
* ability to cause cancer: However, no one has been harmietf
bythe contaminated materials in Reed-Keppler Park. The
. contamination isnotmdily accessible to the general
.. public and no danger exists to children using the recre-
aﬁcgplﬁeldsocod\etavzﬂable park facilities.
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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 approxiumately
22,000 to 29,000 cubic yards of radioactive waste are
present in the park.

U.S. EPA used preliminary information from the Rl 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 th..
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 tillings 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)

SACM encourages EPA Regions to explore new ways to use removal authorities under the
NCP to achueve prompt nisk reduction. An integrated removal and remedial site management
strategy under SACM will most likely involve the increased use of non-time-cntical removal
authority to achieve prompt nsk reduction at Superfund sites. Regional Decision Teams (RDTs), a
SACM concept introduced in OSWER Publication 9203.1-05I, Volume [, Number §, “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:

1. 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.

3. 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.

4. OSWER Publication 9203.1-03A, “Exercising Flexibility Through the
Supcrf;md Accelerated Cleanup Model (SACM)” (October 26, 1992), PB93-
963253.

5. OSWER Publication 9360.0-15, “The Role of Expedited Response Actions
Under SARA™ (Apnil 21, 1987), PB91-214221/CCE.

h— N MJ
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 matenal, 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

)
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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 potenual
removal actions identified in section 300.415(b)(2)(1)-(v11) of the NCP:

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

contarminants

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 the 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)(1)-(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, the 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 SI. 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 (EE/CA)

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-ume-cnitical 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 vanety 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
1o support 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-cntical 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 contarninatior, 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 Rl 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 appropriafe 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 factor(s) listed in sections 300.41 S(bX2)(i)-(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 objecuves generally
consist of environmental medium-specific goals for protecting human health and the environment.
The objecuves should be as specific as possible, but not so specific that the range of altemnatives
that can be developed is unduly limited. Removal action objectives should identify, for example,
the contaminants of concern and exposure route(s) and receptor(s).

The scope of the non-time-critical removal action (e.g.. an intenim action conducted duning
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 contarninants 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 RIFS) 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(b)X4)(1) 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,
inclvding 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 respoase decision, are surnmarized in the
Action Memorandum. The costs of performing an EE/CA, which is considered a CERCLA section
104(b)(1) 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.
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2.1 OVERVIEW (CONTINUED)

EXHIBIT 3
EE/CA Development Process

EECA

Exauave Summary

Site Caacaenzanoo

Idenuficanon of
Regoval Acton

Objecoves Public Comment
Penod Respanse 0 Acnon

(a1 leas: 1 days) Commenms Meanoandum

EECAAppTwal
Memoandum

1de mi ficanoo and
Analysss of

Removal Acboa
Alernmves

Compaative
Aanalysis of
Regoval Acoon
Ahcrnapves

Recommended
— Regoval Acooo
Ahe man e

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
altemative.

For More information:

—

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

§300.415, Removal Action
§300.415(b)(2), Appropriateness Factors
§300.415(b)X4Xi), EE/CA Requirement

—
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2.1 OVERVIEW (CCNTINUED)

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 [f Present

Enforcement Actions

Proposed Project/Oversight and Cost

Approval/Disapproval

UUuuy uvuu

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 cor.duct 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
contained in an administrative order and should be included in an Approval Memorandum.
Second, the memorandum documents that the situation meets the NCP cnteria 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 that 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 tumn 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 nisk
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2.2 EE/CA APPROVAL MEMORANDUM (CONTINUED)

information may also indicate the possibility of contamination of drninking 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 $2 mullion statutory
limut for removal actions.

For More Information:

1. CERCLA §104(b)(i). Information; Studies and Investigations.
2. NCP: -_
§300.415(m)(4)(1), Community Relations
§300.415(b)(4). EE/CA Requirement
EXHIBIT 5
EE/CA Outline
Qa Executive Summary 7
Qa Site Charactenzation
Q Site description and background
- 4 Previous removal actions
d Source, nature, and extent of contamination
d Analytical data
a Streamnlined nisk evaluation
3 [dentification of Removal Action Objectives
J Statutory limits on removal actions
. Determination of removal scope
g Determination of removal schedule
a Planned remedial activities
d Identification and Analysis of Removal Action Alternatives
- Q Effectiveness
Q Implementability
a Cost
Q Comparative Analysis of Removal Action Alternatives
Q Recommended Removal Action Alternative
S N

2.3 EE/CA EXECUTIVE SUMMARY

The EE/CA Executive Summary provides a general overview of the contents of the EE/CA.
[t 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 sectuon of the EE/CA should
provide information on the recommended removal action alternanve.

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
descrption 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 informatica 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 altematives. 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-cntical
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 104(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.

*« & & & o o 5
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2.4 SITE CHARACTERIZATION (CONTINUED)
Site Description and Background

The site description includes current and histonical information. This information may help
identify hazardous substances, pollutants, or contaminants of concem, or areas of the site requinng
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
- Latirude/longitude

. Type of facility and opcrational status
- Materials manufactured, stored, or disposed on-site
Estimated quantities of contaminants and potential hazards
Years of operadon
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
Utlities/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 forrulations
Surface water hydrology and hydrogeology
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2.4 SITE CHARACTERIZATION (CONTINUED)

Surrounding land use and populations

- Residential, industnial, or commercial land use

- Possible pathways of exposure

- Identification of sensitive populagons

- Estimate of population densities within potentially affected radius
- Descniption of dnnking water sources

- National Historic Preservation Act considerations

Sensitive ecosystems

Wetlands, wildlife breeding areas

Wild and scenic nivers

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 objecﬁve§ of the previous removal action
The amount of time 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 part 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, attorey-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

e |

Information From
Previous Removais Applicability To Current EE/CA

Nature and Extent of Contaminants This information may aliow the OSC/RPM to narrow the scope
of evaluation to certain areas of the site or to specific analyses.

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

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

Site-Specific Conditions Lessons leamed from a previous removal action are valuable to
- the current EE/CA. Specific examples could include seasonal
weather pattemns 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 substance(s), pollutant(s), or contaminant(s)

. Quantity, volume, size, or magnitude of the contarnination

. Physical and chemical attribute(s) of the hazardous substance(s), pollutant(s), or
contaminant(s)

. Target(s) potentially affected by the site.



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 contarmination cannot be readily identified. the OSC/RPM should
survey the area. Contamunation 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. [f 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 appropniate.

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 matenials.

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 evaluadon 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
concem, 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 shou!d 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 acinieve consistent risk goals. OSCs/RPMs should refer to OSWER Publication 9285 7-
01B, “Risk Assessment Guidance for Superfund, Volume 1: Human Health Evaluation Manual,
Part 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 concemn 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 hurnan health or the
environment by companng 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 additivity 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 nsk assessment may be
advisable before deciding whether to take a removal action.

In most, if not ail, PRP-and State-lead actions with no RIFS or other site evaluation and
lirtle likelihood of future EPA remedial action, a conventional fisk 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 ©285.7-01B, “Risk Assessment Guidance for Superfund

Volume {: 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.

S
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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-ume-cntical 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 RI/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 uitimately 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(b)(2)(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 ARAR:s 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{c)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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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 cntical 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 appiying 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 rernoval 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(a)2). For example, if EPA or the State plans to begin a long-term remedial
action at the site in 2 years, the removal action shouid be designed to ensure that the site is
stabilized until remedial action begins. The tireats 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 eavironment. 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 that 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)(1), 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/RPM:s 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 Technoiogies

Whenever practicable, the altemnatives 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
appropniate 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 1s 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
alternatives, 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 altematives, 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 altematives 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 implementability 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/RPM:s 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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tntegrates 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

Treatability 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 TIO 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 1s 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/RPM:s.
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
critenia: effectiveness, implementability, and cost. Subcriteria to be evaluated under each of the
critenia 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. N

Overall Protection of Public Health and the Envi

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
cnitenia, 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

3 Effectveness

Q

Q

Protectiveness

d Protective of public health and community
Q Protective of workers during implementation
a Protective of the environment

Q Complies with ARARs

Ability to Achieve Removal Objectives

Q Level of treatment/containment expected

a Implementability
Q

Q No residual effect concerns

Q Will maintain control untl long-term solution implemented

Technical Feasibility

Q Construction and operational considerations

Q Demonstrated performance/useful life

Q Adaptable to environmental conditions

Q Contributes to remedial performance

Q Can be implemented in 1 year

Availability

aQ Equipment

Q Personnel and services

Q Outside laboratory testing capacity

Q Off-site treatment and disposal capacity

] PRSC

Administrative Feasibility

Q Permits required

Q Easements or right-of-ways required

Q  Impact on adjoining property

Q Ability to impose institutional controls

Q Likelihood of obtaining an exemption from statutory limits (if
needed)

Capital cost

PRSC cost

Present worth cost
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The discussion should focus on how each alternative achieves adequate protection and
descnbe how the alternative will reduce. control. or eliminate nsks at the site through the use of
treatment, engineering, or institutional controls. This evaluation should identify any unacceptabie
short-term impucts.

liance with ARAR r Critena. Advisones, and Gui e

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 upplicable or relevant and appropriate. Action-specific
ARARSs should be identified later in the piccess after qualified cleanup technologies are chosen for
analysis in the EE/CA. The process for 1dentifying 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,
critena, 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
advisonies 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 EnviroText Retrieval Systemn, 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

, Identify site charactenstics that might give rise to
Site. ARARs; identify potential ARARS; request the
Evaluation State to identify chemical- and locatioa-specific
ARARSs.

As potential actions are evaluated, identify

Engineering Evaluation/ ¢ | potential action-specific ARARs; determine how
Cost Analysis 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, ideatify
new ARARs and reevaluate practicability
of ARARs compliance.

Public Commeat Period

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

Selection of Response Action

Make final determination of action-specific
«¢——-{ ARARs; document in Action Memorandum all
ARARs with which compliance is practicable
and provide reasons for any waivers.

Action Memorandum

Non-Time-Critical
Removal Action
Implementation
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Long-Term Effectiveness and Permanence

Thus 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 altemative:

. 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
zfmticipatcd for a site or release, then the magnitude of risk should be fully evaluated

or 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 T

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

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 altemnative will satisfy the preference for treatment.

e o 0 o o o

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.

Shont-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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arr quality impacts, fugitive dusts. transportation of hazardous matenials, or other

sources.
. Protegtion of the Workers. This factor assesses any threats to site workers and the

etfectiveness and reliabulity of protective measures that would be taken.

J 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 Feasibili

The SE/CA must assess the ability of the technology to implement the remedy. Technical
difficuities 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 concem, 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 1s 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
sta:Jf. Pc:jtemial 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 aitemative, but also to the set-up and construction phasc 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
otl/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 altemnative, 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 121(c). 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 1s 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 activites. CERCLA
section 104(a)(2) 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 cerntainty 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
th.2mselves of this discretion when developing and evaluating removal action alternatives that would
provide for partial cleanups of sites.

The ac.dity 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.

| ministrasive Feasibili

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
concemns of other regulatory agencies. Factors that should be considered include, but are not
limuted to, the following:

. Stamutory Limits. Each altemative should be evaluated for its compliance with the
statutory limits on removal actions. If an altemative 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 varances.
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ility of Services and Matenal

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 ime 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.

Qﬁjmmn;__s_mmmm [f 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 9834.11, “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 expccted in 1993.]

Services and Materals. This factor involves considering such services as
laboratory testing capacity and tumaround 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.

State (Support Agency) Acceptance

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 concems should be
considered in determining the recommended aitemative in the EE/CA and in the final selection of
the altemative 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/CA and in the final selection of the altemnative 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

43



2.6 IDENTIFICATION- AND ANALYSIS OF REMOVAL ACTION
ALTERNATIVES (CONTINUED)

Producer Price [ndex 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 inciuded 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 | 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 dctcnmne 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 stch 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

§311(b), Alternative or Innovative Treatment Technology Research and
Demonstration Programs

NCP §300.415(i), ARARs Attainment

Office of Policy Analysis (OPA) Publication, “Guidelines for Performing Regulatory
Impact Analysis™ (December 1983).

ORD Publication EPA/600/M-91/049, “Altemnative Treatment Technology
Information Center-ATTIC Brochure™ (August 1991).

OSWER Publication 9234.1-01, “CERCLA Compliance with Other Laws Manual,
Part |1 (Interim Final)” (August 1988), EPA/540/G-89/006, PB90-27253S.
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.




2.6 |IDENTIFICATION AND ANALYSIS OF REMOVAL ACTION
ALTERNATIVES (CONTINUED)

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 9360.046FS 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
gTzetl:ggglogics in OSWER Programs™ (August 1991), EPA/540/2-90/004, PB91-

14. OSWER Publication 9380.3-C3, “Inventory of Treatability 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 9834.11a, “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 issue 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 alterative
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

45



2.8 RECOMMENDED REMOVAL ACTION ALTERNATIVE (CONTINUED)

a written response to significant comments, the recommended alternative may not always be the
final alternative selected in the Action Memorandum. The Action Memorandum and the
adminustrative record should provide enough detail to justify the final altemative selected.
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WEBT CEICAGO INTERGOVERNMENTAL FORUX 10-22-93

On Octcober 22, 1993, participants of trhe West Chicagc
Intergovernmental Forum (Forum) conducted tha monthly meeting in
the BEPA Regional offices to discuss the status of the Kerr-McGee
Superfund cleanup. Participants included City of West Chicago
representatives Steve Lakics, Don Poster, Joe Karaganis, and
Barbara Nagel; Scott Palmar of Congressman Hastert's Office; Dave
Thomas with the West Chicago Park District; Prancis Lyons, Doug
Rathe and Bill Seith from the Illincis Attorney General's office;
Dave Engel from Illinois EPA; Raymond Hansen of the DuPage County
States Attorney office; Gordon Appel of IDNS; John Kelley, Bob
Bowden and Ken Tindall representing the Office of Superfund; and
Mary Capavan and Ken Westlake representing the Regional
Administrator's Office..

John Xelley opened the meeting with a welcoma and presentation of
the agenda. It was decided that the six action items from the
previous forum would be discussed and then new issuas raised.

Concern was expressed over tima frames for cleanup of all the
Superfund sites in the city. The twc 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 AG's office
stressed that the schedulae hinged on establishment of the cleanup
criteria standards. City representatives elaborated that the
Pactory 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 RPA sets the
criteria, Xerr-NMcGee's closure design may need to change. BPA
assured the forum that the criteria will be issued by EPA in
November. As to the 5-15 pCi/g ve. the 5-5 pCi/g standard, EPA
continues to represent that the 5-5 pCi/g standard is appropriate
for residantial areas and feels this standard has solid
scientific suppore.

The AG's office stated that Xerr-McGee argues that $-5 pCl/g is
inappropriate. The key is for EPA to walk Kerr-McGee through
their analysis to persuade them of its validity. This could be
essential to getting them to do work. EPR stated that it would
be meeting with Rerr-McGee once the cleanup criteria are final.
The criteria are scheduled to be final within two weeks of Becky
Frey's return from vacation oa November 8, 1993. EPA has
targeted the third week of November for maeting with Keérr-McGee.
Not much further camment is anticipated by BPA from the final
criteria review process. All final comments on the draft final
are due on November §S.

The City stated that Kerr-NcGee's cleanup threshold in the early
1980's was in uR/hr rather than pCi/g in soil. Apparently, Kerr-
McGee claims they've cleaned up the properties to °background"
using uR/hr. How will EPA apply the pCi/g standard to this

NOV 16 1893

¢ l/{?-z,f/'\'". ;5}-41../)1 D’ j&v/(




2

acticn? The City stated that IDNS had argued tC go to back-
ground., IDNS stresged not to ccifuse the discovery standard with
the cleanup standard. IDNS thinks EPA will argue that 5 pCi/g
is "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 is likely less than
S pCi/g, and that EPA is saying that $-5 pCi/g is acceptable
residual risk level. EPA is likely to excavate deeper than 5
pCi/g soilsg, such that residual is at 5 pCi/g or less. Region V
will advise the Commmunity Relations Staff of the importance of
descridbing the cleanup standards to the public in underscandable
terms.

Congressman Hastert's office underscored that timing is critical.
The factory sits cleanup may be further along than residential
areas. If the Kerr-NcGee plan is good, the factory cleanup
should be done by 1997. Hastert's office stated that if EPA
takes three years to do a RI/PS, cleanup of the off factory site
areas could stretch to the year 2000+. The AG's office
interjected that the residsntial sites are being done as
removals. Hastert's office asked what the overall cleanup time
line is with or without Xerr-McGea.

Region V assured the forum that residential cleanups will be
underway in the summer of 1994. Before removal work can start,
BFA must prepare an Bagineering Rvaluation/Cost Analyeis (ER/CR).
The EB/CA must go ocut for public comment. This is a much shorter
process than a RI/PS/ROD project. During the public comment
period, Region V will prepare two action memos; 1) assumes Kerr-
McGee dces work under enforcement action, defines risk and need
for action to support an AOC and; 2) if Kerr-McGee is uawilling
to perform the removals, an actiocn memw would cammit EPA to do
the groject, with cost estimates. I Region V does the removals,
partial funding is certain for 1994 with the project
incremantally funded over following years. Reglon V stated that
because the residential areas action will be performed as a non-
time critical removal, the ramsdial budgat 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 with 1997 as the
target deadline for completion. 8 will iovolve cakini scme
procedural risks. These risks wduld not jecpardirze fubl ¢ health
but would find ways to streamline and expedite the cleanup
procass. _

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 ba 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
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will be available with the overall goal cof 1597. Region V'g
removal program hag had good succegs 1X meeting schedules.

Several parties expressed intarest in EPA procedures for
negotiating with Kerr-McGee for the removal actions and
activities which must be completed before removals can starc,
again with an emphasis on schedules. Region V stated that the
meeting with Kerr-McGea in November will address/explain/dafend
our standards in order to put that issue behind us before formal
negotiations begin., If EPA gets a strong signal that Kerr-McGee
won't agree to do the removals, EPA would begin working on the
EE/CA. BPA has allocated 60 days for negotiations (Zinish by
early February). Once the EE/CA has gone out Zor public comment
and a cleanup decision has been reached, an action mamo will be
signed to commit EPA to do the work. Currently, Region V
ancicipates beginning removals in mid-May.

Congressman Hastert's office expressed concern that removals will
begin by mid-May. Contractor problems have been & cause of great
coancern. EPA indicated that, because of the remcval status of
the project, it will have immediate access to construction
contractor. Hastert's office stressed that realistic schedules
need to be transmitted to the public. The City added that EPA
needs to ba able to tell the public when discovery and character-
ization will be done and whan construction will be completed.

A discussion followed on Kerr-McGee s closure permit and
potential modifications to encompass EPA's anticipated work. The
AG's office pointed out that the factory trarsfer site will need
adequate storage/shipment capacity and asked if Region V could
provide an -l:gmn:ad maximum volume of wastes to be shipped.
Further, if Kerr-McGee will not perform the removals, EPA will
not be able to stage at plant site. This would requive alternate
staging areas. Raegion V responded that it will know early in
negotiations if Kerr-McGee will be cooperative. Then EPA will
pursue an alternative etaging area. If the factory site was not
accessible, Region V would need IDNS and City cooperaticn. The
City indicated that flexibility in factory site design is
required in the event transfer capacity needs to expand. Also,
contamination extends beyond boundaries of plant site. Kerr-
McGee doesn't want to clean up under the railroad tracks. The
permit also proposes that retaining wall sheet pilings go oaly
deep snough to accommodate a fourteen car train. More .cars may
be required to handle EPA's ramoval materials. Region V stated
that the RPN and CHIM Hill have been speaking to the Kerr-McGaee
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 camment on what to 4o with the
severs. Region V responded that it will work with the City on
this issue. There may be contamination in street rightse of way.
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The City will give EPA permissicn to go after parkway
centamination.

IDNS stated that Kerr-McGee hasn't provided a cost estimate for
the factory site closura, which it publicly committed to provide.
Kerr-McGee's surety proposal has some deficiencies which need to
be discussed. IDNS can't camplete the surety analysis without a
cost estimate on thae cleanup. The surety portion of the permit
is to guarantee that the site will be cleaned up even if Xerr-
McGee walks or goes bankrupt.

The scoping meaeting between Region V, CH2M Hill and IDNS during
the first week of October was the next topic. Region V waa very
pleased with the ocutcome of the meetings. 8Scoping activities
included settling issues on sampling protocolas to have goocd
statistical representaticn of site contamination, agency roles,
and data management, among other things. A decision was made to
use a system compatible with IDNS's gsographical information
system (GIS) to manage the large amount of data which will be
genaerated during the project. This will allow data to be
transferred back and forth bstween EPA and IDNS8 during the
various phases of the project. Region V also will request the
use of IDNS's laboratory for analysis of the discovery and
characterization samples. Discovery and characterization work
will be 4done by CH2M Hill, with EPA and IDNS oversight, not by
Kerr-McGee. A great community relations effort will be required
to deal with how individual residan“s are approached for access.

The AG's 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 enginseriang problem; discovery
and mapping of utilities, documentation of initial landscape
conditione to guide restoration and extent of contamination all
factor into time frame. Congresstan 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-McGee will do the work and will line up
contractors, if necessary. The Park Dietrict asked if EPA could
start planning acticns oa known hot spots. Regicn V ansvered
that those properties will be the first to be characterized.

The next meeting of the governmental forum will be held on
November 18 at 10:00 am in the Regicnal 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.)? BEPA should present
these neaeads to Xerr-McGee.
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. Fixed end date for complet-cn of all projeccts. This
igsue is8 very impcrtant %o the City.
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10:00

10:15

West Chicago Intergovernmental FPorum
October 22, 1991

Agenda

Welcome, Discuss Agenda

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.gq.
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 Zor 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 assurénces
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 Allen, IDNS

Bill Seith, IAG

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 stactus 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
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since Ken Tindall .s Section Chief for t-ne Federal Facilities
Section, the Kerr-McGee sites would be removed £rom his Section.
Margaret Guerriero is the new Sfection Chief with the
responsibility for the Kerr-McGee sites.

SUMMARY OPF 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
apprcocach 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 fcr
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 instrumencs
every six months to ensure the guality 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 nad not yet identified the reason
for the corrosion and are investigating the problem fully.
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Currently, NAREL theorizes that the problem may te related to a
humidity problem in the lab and will take steps to minimize thls
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/instcalled 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 currencly 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 Reg;on 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 wnat 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

guality 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
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2998. EPA agreed that we have nothing to lose by having a
meeting with Kerr-McGee and agreed to pursue such a meeting at
the appropriate time.

Richard Allen 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 apgrovable.

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/contractor. 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 impact 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
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between soil concentrations and gamma readings (counts cer
minute) and the background data from uncontaminated propercties.
Once fackground 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 concerxrns, 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
Frey 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
Marcn 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. 1In
addition, certified return receipt letters were sent to
nonrespondents from previous mailings. EPA also sent Spanish
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language letters to all residents with Spanish surnames. CH2M
Hill has a Spanish-speaking empicyee available to assist with
setting up appointments for indcor scans and nctificatiocn 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
regsults, 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 THE SCHEDULE FOR THE 15 SAMPLES FROM THE 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 Allen mentioned that neither the State nor Federal
government have requlatory 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
factcry 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 Zrom the other 3 Kerr-McGee
sites will also provide an excellent information source for what
wastes may have left the REF. EPA alsoc mentioned that the
technical meeting with the City (mid-Marcn) 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 OF THE SCEEDULE FOR NAREL SAMPLE ANALYSIS

SEE PREVIQUS 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 troject. 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 neighborhocds.

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 ZPA plans to achieve 1998 cieanup
for the other 3 Kerr-McGee sites. EPA (Mary Canavan)
will coordinate with the parties involved.

CITY STREET CONSTRUCTION

Don Foster informed the Forum that the City has applied for block
grants for limited street restoration. The City would like EPA
to get Kerr-McGee to remove ccntamination 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. =PA will determine if the existing street materials are
contaminated. If contaminatic: is found EPA will direct Kerr-
McGee to remove the contaminat-on.

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
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on the status of the NAREL qelays.

[,S]

EPA needs to provide Congressman Dennis Hastert (Scott
Palmer) with regular updates cn the removal scnhedules 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.

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.

(VY]

w»

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, 19895,

10:00 am

RA’s Conference Room

Opening Remarks
Management Transitions

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

Status of Schedule at Residential
Areas Removal Site

Update on the Schedule for
NAREL Sample Analysis
-RKP, STP and Kress Creek
Samples

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

NAREL Analytical Results to Date

from RKP, STP, and Kress Creek Sites

Update on Scanner Van

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

Other Issues
-City Street Construction

J. Traub
J. Traub
R. Frey

D. Seely
R. Frey

D. Seely
R. Frey

Forum

City
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cleapup costs, and health besefits. For B3 and B4, which include a
range over which remedial action is optional, the cost estimates were
derived by assuming a value wvithin the range which would typically be
achieved and costing coatrols to reach this level. For B3, we asssumed
that at least 0.015 WL (including background) would be achieved. For
B4, we cununeg that at least 0.03 WL would be achieved.

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

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

The benefit of cleaning up contaminated buildings is ‘expresed by
the number of lung cancer deaths avoided. This is estimated by
assuming the risk factors discussed in Chapter 4 are appropriate, an
initial distribution of decay product levels in contaminated buildings
identical to that for the buildings monitored in Grand Junction, a
50-year average useful life remaining for the stock of contaminated
buildings, and & 3-person household size. Also, benefits of cleanup
are expressed by the maximum residual risks to people living in the
buildings. This risk to an individual is calculated sssuming lifetime
exposure to radon decay products at the highest level esch alternative
standard allows.

7.2 Alternative Cleanup Standards for Near-site Contaminated Land

We have analyzed four alternstive cleanup standards for near—site
(on the site or sdjscent to the site) contaminated lands. All have
requirements that limit the amount of radium contamination because the
presence of radium is a reasonable index of the health hazard,
including that due to toxic chemicals as wvell as other radionuclides.

Alternative L1 approsches a high-cost nondegradation alternative;
below this proposed radium limit it is usually not possible, using
conventional survey equipment, to accurately distinguish betwveen .
contaminated land and land with high naturally-occuring levels of
radium. Alternatives L2 and L3 approximate optimized cost-benefit
standards, but L2 demands a more rigorous cleanup of the soil
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TARIE 1-). (_D_STS AND BENEF ITS OF ALYEANATIVE CLEANUP STANDARDS FOR RUILD INCS
“Tin 1981 dollere) o

Alter- Nusher of
Radon lecay iy A
:::::. Product Limit lu;‘l::'::: Re - (Tc‘u::: Coﬂ” Droflu Fetimated
(o) ) » one o Avoided Reoidual Rjigk
dards (WL) Clesnup dollarse) (in firet SOJ)(c) of lung Cn:n:er(d)
(1] 0.0 Jro 1.9 63 0.8 in 100
82 0.02 330 8.3 60 1.3 in 100
8) 0.003 (above 420 9.0 63 1. in 100
. a. . background)
to 0.02
8% 0.01 (ebove 150 9.3 53 S in 100

background) to 0.03
(sbove background)

i

(s)rne specitied value includes bachpround unieos otherwise noted. Backhpround in Crand
Junction ie sppronimstely 0.007 WL. ;

(b)see Section ).4. TFor Alternative 84, which e (dentical to the Croend Junction criteris lor
s ) action, ve sseumed the geowetric mean of our two entrems eotimetes for the number of buildinge
. requiring remedial action. Assuming the dioteibution of radon decay product levelo will he the

seme as in Crand Jumction, the nusher of bulldiage {a the United States requiring sction wee

r adjusted for the other aptions.

\ (clggaed upon the relotive clish mdel. Eatimates based upon the absolute risk sndel are »
- fector of two Lower. MWeslth senelits sttributable to reductions Ta gemma redist{on levels are

wych smalier and have wot been quantitied.

(d) i fetime risk to the individual living in s house at the radon Secay product concentration
limit. This riok i» colculated after aubtracting backpround from the level permitted by the
stendard.
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surface. Standard L4 1s a least-cost alternative chat allows high
rsdiazion levels that are 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 L1. (The standard proposed in April 1980). Land should
be cleaned up to levels not exceeding an average 5 pCi/g of
radium=-226 in any S-cm layer within 1 foot of the surface and in
any 15-cm layer below 1 foot of the surface.

Stsndard L2. Land should be clesned up to levels not exceeding an
average of 5 pCi/g in the 15-cm surface layer of soil, and an
average of 15 pCi/g over any l5-cm depth for buried contaminated
materials. .

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

Standard L4. Land should be cleaned up to levels not exceeding an
average of 30 pCi/g in any 15-cm depth of soil.

In Table 7-2 we list the estimates of the costs and benefits of
each alternative standard for near-site contamination around insctive
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 earth cover and vegetation
over contaminated areas and excluding access by fencing. The benefits
are expressed dy (1) the number of scres 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 esch option was based
upon the results of the EPA gamma radiaticn 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 contaminsted with 30 pCi/g of radium, the gamma
field at the surface wvould 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 tailinge of a few hundred pCi/g, the resulting
gamaa radiation at the surface would be about 54 microroentgens/hr.
Since wve expect windblown contamination profiles to be somevhere in
betveen these extremes, wve 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 soil (Standard L4). Similar analyses
for Alternative Standards L1, L2, and L3 result in 3. 7 and
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TABLE-7-2., COSTS AND BENEFITS OPF ALTERNATIVE CLEANUP STANDARDS POR LAND
(in 1981 dollars)

Radium—-226 Number of
Soil Concentra- Acres Re- Total Cost Estimated
Alterna- tion Limit qui:inq(.) (millions of) Residual risk (b)
tive (pCi/9) Cleanup dollars) of Lung Cancer
Ll s 2700 21 2 in 100
L2 5 to 15 1900 14 2 in 100
L3 15 900 7 6 in 100
L4 30 250 2 10 in 100

(8)Areas of land near inactive tailings piles that have radium contamination
in excess of the s0il concentzation limit.

(®) The lifetime risk of lung cancar to the individual living in a house
built on land contaminated to the limits allowed by the alternative stan-
dards. This is based on the relative-risk model; 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 25, 61, and 193 mrem/y,
respectively). Additional deeper contamination would yield only
slightly higher gamma values because of shielding by the surface
layer.

Using these correlations betwveen radium contamination levels and
gamma radiation levels, the areas requiring cleanup under each standard
wvere estimated based on the EPA survey data. The total costs of
cleanup were then calculated assuming a cleanup cost of $7650 (1981
dollars) per acre. This cost wvas estimated from EPA field experience
(a cleanup program at the Shiprock mill site) 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 seepe into the house. In the worst case, S~andards Ll and L2
would allow thick-surface earth layers with S pCi/g contamination,
wvhile Standards L3 and L4 would sallow 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. Houses vith poorer-than-average .
ventilation would have higher levels, wvhile well-ventilated houses
would have lover 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 most contaminated land away from the
immediate mill gites (vhere houses might be built) has only thin layers
(a few tens of centimeters) of contaminated material.

The gamma radiation levels to individuals permitted under the four
alternative standards are 80 mrem/yr for Ll end L2, 240 wrem/yr for L3,
and 470 mrem/yr for L4. This essumes a thick layer of contaminated
material over a large area at the maxinmum 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 products.

7.3 Alternative Clesanup Standards for Offsite Properties

Tailings on offsite properties which are not associated with
building construction are usually there because 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 sidevalks and driveways, and as 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 stems 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 radistion hazard
if people spend 2 lot of time close to the tailings.

We expect that offsite properties where tailings were misused will
typically exceed all the radium concentration limits specified for land
contamination in Alternmative Standards L1 through L4. Therefore,
virtually all of the 6500 contaminated sites identified in Chapter 3
wvould require cleanup under any standard. Based on engineering
sssessments and similar cleanup work near a mill site in Edgemont,
South Dakota, ve estimate it would cost $6,000 to clean up each of
these properties. This implies a total clesnup cost of $39 million.
Bovever, many of these sites are unlikely to cause s significant
present or future hazard, either because of their location or because
the quantity of tailings involved is so small. Cleaning up such sites
implies high cost without significant benefits.

It is consistent and simple to use the same numerical cleanup
criteria for offsite contamination of properties as for near-site land
contamination. Since some offsite contaminated properties present a
minimal hazard and would cost a great deal to clezan up to any
reasonable radium concentration criterion, additional criteria are
considered in ome of the following alternative standards for
contaminated offsite properties:

Standard Pl: Offsite pro?ertieu should be cleaned up to the same
levels as near-site land, 1) vith no exceptions.

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

a. When contamination levels averaged over 100 22 are less
than the action levels required for near—-site lands.

b. When the hszard from the tailings is judged to be in-
significant becsuse 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 m2 as a ressonable area for this purpose since this is
the typical area of the foundation of a house. Thus, risk levels
alloved under Standard P2 should be no higher than the risks allowved
under the corresponding near—site land cleanup standard. Additional
sites vill be eliminated under Standard P2 because of their location.

(1) Alternative Standards L}, L2, L3, or L&4; whichever is selected as
a land cleanup standard.
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Based on an analysis of misused tailings that are not sssociasted
with buildings (Section 3.4), we estimate that, because of location or
small quantity, Standard P2 would not require the cleanup of wminor
locations such as under sidewalks or around fence posts. Also, ve
estimate that half of the garden beds, yards, and detached buildings in
which tailings were used and ome-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 cost of about §15

million.

(
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U.S. NUCLEAR REGULATORY COMMISSION

REGULATORY GUIDE

OFFICE OF NUCLEAR Rt GULATORY RESEARCH

July 1993

REGULATOR ¢ GUIDE 8.37
(Draft issued as 0G-8013)

ALARA LEVELS FOR EFFLUENT:; FROM MATERIALS FACILITIES

A. INTRODUCTION

In 10 CFR Part 20, “Standards for Protection
Against Radiation,” § 20.1302(b) requires that:

“A licensee shall show compliance with the
annual dose limit in § 20.1301 by (1) Dem-
onstrating by measurement or caleulation that
the total eifective dose equivalant to the indi-
vidual likely to receive the highest dose from
the licensed operation does not excsed the
annusi dose limit; or (2) Demonstrating that
(i) The annual average concentrations of
radioactive material released in gasesous and
liquid effluents at the boundary of the unre-
stricted area do not exceed the values speci-
fied in Table 2 ol Appendix B to
§§ 20.1001—20.2401; and (i) I an individ-
ual were continually present in an unrestricied
area, the dose from external sources would
not exceed 0.002 rem (0.02 mSv) in an hour
and 0.05 rem (0.5 mSv) in a yeasr.”

In addition, 16 CFR 20.1101(b) requires that:

“The licenses shall use, t0 the exaent praciica-
ble. procedures and enginesring controls
based upon sound radistion protecuon princl-
“ples 1o achieve occupational doses and doses

10 members of the public that are as low as is
reasonably achievable (ALARA).”

This regulatory guide provides guidance on de-
signing an accepuble program for establishing and
maintaining ALARA levels for gaseous and liquid ef-
fluents at materials facilities. Materials facilitles are
those facilities at which the possession or use of
source, byproduct, or special nuclear material is
licensed under 10 CFR Parts 30, 40, 60, 61, and 70.

Additional guidance on ALARA programs can be
found in other regulatory guides. While these guides
deal primarlly with occupadonal exposure and may be
specific to one type of licenses, they conuin pro-
grammatic information that may be useful to all licea-
sees. They are as lollows:

® Regulatory Guide 3.10, “Operating Philoso-
phy for Mainuining Occupational Radistion
Exposures As Low As [s Reasonably Achiev-
able.” This guide delineates the components
of an ALARA program.

e Regulatory Guide 8.18. “Information Rale-
vant 10 Ensuring that Occupatonal Radiation
Exposures at Medical Institutions Will Be As
Low As Reasonably Achlevable.”

® Regulatory Guide 8.31, “Information Relsvant
to Ensuring that Occupstional Radiaton Ex-
posures st Uranlum Mills Will Be A3 Low As
Is Reasonably Achievable.”
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e Reyulatory Guide :0.8, ‘Guide for the
Preparation of Applications for Meaical Use
Proyrams.” Section 1.3 and Appencix G deal
specifically with ALARA programs (or meds-
cal facihees.

In addiion, further infcrmation can be found in
Revision | to NUREG-0267," “Principles and Prac-
nces for Keeping Occupatoral Radiauon Exposures
at Medical [nstiwutions As Low As Reasonabiy
Achievable™ {Cctober 1982).

Any informauon ccliection activities mentioned
in this reguiatory guide are contained as requirements
in {0 CFR Part 20, which provides the regulatory ba-
sis for this guide. The information collection require-
ments in 10 CFR Part 20 have been approved by the
Office of Management and Budget, Approval No.
3150-0014.

B. DISCUSSION

At the relatively low levels of radiation exposure
in the United States, it is difficult to demonstrate a
relation beiween exposure and any health elfects.
The dose limits in 10 CFR Part 20 are based on limit-
ing dosc 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
requirss licensees to take actions, to the extent practi-
cable, utilizing procedures and snginesring controls to
further reduce risk below the levels implicit in the
dose limits in keeping wih the principle that expo-
sures should be as low as is reasonably achievable.
This {s the goal and purpose for radiation protection
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 eflluents to small fracuons of the dose limits
using the ALARA process. Recenily, the Environ-
mental Protection Agency (EPA) conducted 2 studies
of materials facililies. The [irst was a survey of 367
randomly selected nuclear materials licensees. The
highest estimated dose t0 a member of the public
from elfluents was 8 mrem/yr, based on very conser-
vative modeling. In addition, 98% of the facilides ex-
amined had doses to members of the public resulting
from effluents less than 1 mremv/yr. The second study
cvaluated effluents from 43 additional [aciliies that
were selected because of their potential for effluent
releases resulting in significant public exposures. Of
these, none exceeded 10 mrem/yr (o 8 member of the
public, and 75% of them were less than 1 mrem/yr to
a member of the public. Based upon this information.
and the ongoing NRC program of licansing and in-
spection, the NRC expects that the goals suggested in

'Copies are avallable for purchase frem the U.S. Government
Printiag Office, P.O. Box 370823, Washingion, DC
20013-7082, (slephons (2303) 512~2249 or (202) 312-2171.

this guice will ne easily actuevabie by il > matent-

als licensees.

The NRC saff will be exumining licensee pro-
grams (o cetermine complianie «ith the requirements
o( 10 CFR Pant 20. In the event that a parucular ma-
ierials facdity Licensee esiablishes ALARA goals that
are less stnngent than the goals identified in this
guide, or consistently fails (o achieve ALARA goais it
has eswablished pursuant o this guide. the NRC staf(
will conduct a more detailed review of that licensee’s
program to determine the rauonale for the greater
levels. In such circumstances, the NRC wili evaluate
the rationale provnided by the licensee, as well as the
licensee’s operauons. 10 determine whether the 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 radistion protection program. Specifically, 1t
deals with the application of ALARA in conuolling
8aseous and liquid effluents. In addition 1o controlling
doses resulting from the release of e{fluents. licensees
must impiement & radiation proteciion program that
conuols dose rates in unrestricted areas to mainwin
overall doses 10 workers and members of the public
ALARA and below the limits in 10 CFR Parnt 20. Li-
censkss may choose to focus thelr evaluation of pub-
lic dose 1o members of » critical group as suggested by
the Intemational Commission oa Radiological Protec-
ton (ICRP) as a means of identifying and controlling
the exposure to the individual member of the public
likely to recsive the highest exposure.

NRC licensees have taken acuons 10 maintain
doses to both workers and members of the public
ALARA under the admoniion contained in
10 CFR 20.1(c),? which requires that licensees
“makes every reasonable effort” to maintain doses
and sffluents ALARA. NRC llcensees have generally
reduced doses to relatively small [ractions of the dose
limits. Therefore, the NRC swafl does not expect that
most licensees will need to make significant changes
to procedures, operalions, and equipment in order (0
be in compliance with the requiremens of 10 CFR
20.1101(b).2 Howevsr, for thoss licensees who have
nat previously developed a radiation proecton pro-
sram that includes written procedurss and policies as
well a3 a commitment (0 ALARA,. additional steps
may bs necessary 1o demonsirats compliance with
requirements now axplicit in 10 CFR Pant 20 to main-
tain doses ALARA.

Components of an offective radiation protection
program., as required by 10 CFR 20.1101(b), Include
radilation expomure conwol, written procedures and

*In June 1991, 10 CFR Part 20 §§ 20.1001 through 20.2401
becarae effective, and com with these sediions De-
comss maadaiery en 1. 1994. Howaver, 10 CFR Pant
10 §§ 30.1 through 20.601 became sffestive in 1957 and re-
malas in effect onil) Januwary 1, 1994, or whea licansees vol-
untarily implement 1be sats of 10 CFR Part 20 §§
20.1001 through 20.2401, whichever is sartiar.
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poncies, contrg' uf T3GItaa o2 maienals, radioaciive
cortaminauon coa'rul, radioactive waste manage-
ment. irarmirg, program ceviews, and audins. Guid-
ance on other facews,ul a radiation protection pro-
gram for matenals facilives 1y currently under devel-
opment.

C. REGULATORY POSITION

An ALARA program for effluent control to con-
trol doses (0 members of the public should contain
the (ollowing program elements:

. Management commiument to ALARA, includ-
ing goals,

. Procedures. engineering controls, and process
controls,

*

3. Surveys and effluent monuoring,
4. ALARA reviews,
5. Worker (ratning.

These program elements, while given specifically
{or effluenis in this guide, are also applicable to the
control of direct exposure.

1. MANAGEMENT COMMITMENT TO
ALARA, INCLUDING GOALS

The single most critical aspect of successfully
achieving ALARA in the radiation safety prograr is
the commitment of managemsnt to mainmain doses
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 issusd and supported by the highest level of
management. All employees should be made aware of
the ALARA policy through waining. This policy
should make clear that all personne] will be responsi-
ble for ensuring that work they perform I3 in accor-
dance with ALARA procedures.

1.2 ALARA Goals

To assist in demonsrating compliance with the
requirements of 10 CFR Part 20, the licensee shoukd
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 for gaseous and liquid effluents. Past
experience and effluent information reported to the
NRC staff {ndicate that goals within a rangs of 10 to
20% of Appendix B values or less can be achieved by
almost all materialg {acility licensees. However, astab-
lishing a goal is not iended s setting a precedent or
a de facto limit. Goals may need to be adjusted up or

Jdown on the basis of the annual review of what may
Se ALARA for the particular circumstance.

If the lhcensee chooscs to demcnsirate compli-
ance with 10 CFR 20.1301 through a calculation of
the iotal ellfective dose equivaient (TEDE) 10 the in-
dividual likely to receive the highest dose. the licen-
sea should set the ALARA goal at a2 modes ({raciion
of the dose limit {or members of the public. Experi-
ence ndicates Lhat vaiues of about 0.1 mSy/yr (10
mrems/yr) or less should be pracucable for almost all
materials faciity licensees. Licensees need nut as-
sume worst case models when calculating cose but
rather should make assumptions that will result in re-
alistic esumates of aclual dose received by (he mem-
ber of the public likely to receive the highest dose.

If the circumstances of a particular case are such
that the licensee cannot achieve effluent concentra-
tions less than 20% of the Appendix B vaiues or dem-
onstrate by calculauon that the TEDE to the individ-
val ltkely 10 receive the highest dose is less than 0.1
mSv/year (10 mrems/year), the ALARA plulosophy
conunues to apply, and the licensee should demon-
surate compliance with the requirements of 10 CFR
20.1101(b) by evaluating procedures, engineering
conuols, and process controls as described in Regula-
tory Position 2 below.

1.3 Investigation Levels

In additton 10 ALARA goals, the licensee should
establish invesuigauion levels at effluent values that are
close 10 normal or anticipated release levels. I ex-
ceeded, an investigation should be initiated and cor-
rective actions should be waken, as appropriate.

1.4 Radiation Safety Committee

For licensees that have a radiation safety commit-
tee, one responubiity of that committee should be to
establish ALARA goals. The commiliee must meet at
least annually 1o review the radiation protection pro-
gram content. The commities should also review
ALARA gosis and discuss ways to further reduce
dosaes if necessary. Goals may need to be adjusted on
the basis of the committes’s review. The commiltee
should assess shori-term and long-term performance
in terms of achleving the ALARA goals. ALARA
gosls and the results of reviews should be reporied at
least annually t0 senior management with recommen-
dations for changes in pcocedures or equipment
needed to accomplish the requirements of the
ALARA policy as appropriate.

For licensees with no radisuoa salety committee,
ths radiation safety offices should be responsible for
seuing, 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
optons to control the release of eflluens to the
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environment. Examples of the avaiuable opuons in-
cigde filtrauon, encapsulauon, adserpuon, conwin-
ment., and the storage ol liquids [or decay. [f further
reducuons in effluents are needed to achieve ALARA
zcals, the recycling of process {luids, leakage
reducuon, and modifications to faciliues, operations,
or procedures should be considered. These
modificatons should be implemented unless an snaly-
sis indicates that 2 substanual reducuon in collecuve
dcse would not result or costs are considered unrea-
sonabie. A determination of reasonableness may be
based on a qualitative analysis requiring the exercise
of judgment and connideration of factors that may be
difficult to quanuly. These factors could Include
nonradiological social or environmenwal impacu. the
avalability aRd practicality of alternative technolo-
gi¢3, and the potential for unnecessarily increasing
cccupational exposures.

Alternatively, reasonableness may be based on a
quanuuatve cost/benefit analysis. Preparation of an
ALARA cost/benefit analysis requirss the use of a
dollar value per unit dose averted. The NRC staff is
conduciing a review and analysis of various methodo-
logical approaches to seuing doilar values, and the
sta{f recognizes that varying degrees of justification
exist for a3 wide range of dollar vatues. However, the
value of $1000 per person-cSv {man-rem) is accept-
able to the NRC stalf and may be used pending com-
pletion of that reassessment.

J. SURVEYS AND EPFLUENT MONITORING

Licensees must perform surveys and monitoring
sufficient 10 demonsirate compliance with the
requirements of 10 CPR 20.1302. This includes the
monitonng and surveys that may be necessary to de-
termine whether radiation levels and effluents meet
the licensee’s esablished ALARA goals. These sur-
veys should include air snd liquid efftuent monitoring,
as appropriate, as well as surveys of doss rates in un-
restricted areas.

If the licensee chooses 10 demonstrats compii-
ance with dose limits to the member of the public
likely to receive the highest doss by caiculating Lhe
TEDE, ail significant environmental pathways should
be cvaiuated. Some of the equations included in
Regulatory Guide 1.109, “Calculadon of Annual
Doses 0 Man From Routine Releases of Reactor El-
fluenus for the Purposs of Evaluatng Compliance with
10 CFR Part 50, Appendix 1,° and Regulatory Guide
3.51, "Caleulational Models For Estimating Radiation
Doses to Man from Airborne Radloactive Materials
Resulting from Uranium Miiling Operadons,” may be
useful in performing dose assessments. However,
pending the anticipated revision of these regulatory
guides, the dose conversion factors should be based

on the method.iogy ¢'es¢cmiLed u ICRP 3, - umet- for
Intakes of Radionucihdes vy V. or.erg.™

3.1 Alrborne Radioactive “ffluent Monitocing

When pracucable, rcleases of airborne radioac-
uve effluents should be from monitored release points
(e.3.. monuored stacks. discharges, vents) o ensure
that the magnitude of such effluents s known with a
sufficiert degree of confldence to esumate public ex-
posure. Licensesas should verify the perfarmance of
effluent monioring systemns by regular calibration (at
‘east annually) to ensure that these monitors provide
reliable indications of actusl effluents. Further guid-
ance can be found in Regulatory Guide 4.15, “Qual-
ity Assurance for Radiological Monitoring Programs
(Normal Operations)—EfNuent Streams and the Envi-
ronmery.*

Effluent monitoring systems should be designed
in accordance with ANSI N13.1 (1969), “Guids to
Sampling Airborne Radioactive Maternials in Nuclear
Faciliies.”™* and ANSI N42.18, "Specification and
Performance of On-sie Instrumentation for Continy-
ously Monitoring Radioactive Elfluents.”*

NCRP Commenwary No. 3, -Screening Tech-
niques for Determining Compliance with Environ-
menul Scandards,*¢ published in January 1989 and
the addendum published in October 1989 provide ac-
ceprable methods for calculating dose (rom sirbome
radioactive effluents. In addition, thers are several
computer codes available that perform these calcula-
tions. Licensees may use such computer codes as long
as they can demonstrate that the code uses approved
methods.

3.2 Liquid Effluent Monitoring

When practicable, reieases of liquid radioacuve
effluents should be monitored.® Methods for calculat-
ing doses from liquid effluents similar to those de-
scribed In NCRP Commentary No. 3 are currently un-
der development by the NCRP. In the intenim. guid-
ance available in Regulatory Guide 4.14, *Radiologi-
cal Efffluent and Environmental Monitoring at Ura-
nium Mills,” and Regulatory QGuide 4.16, “Monitor-
ing and Reporting Radioactivity in Releases of Radio-
active Materials in Liquid and Gaseous Effluents {rom
Nuciear Fuel Processing and Pabrication Planus and

*Copits are avalladie {rom Pergamon Press, Ine., 660 White
Plains Reed, Tarrytowm, 105%1-35153, phoae (914)
594-9200.

“Coples of ANS] standards may be obuained from the Amari-
cen Nutional Siandards {nstirute, [ne., 1430 Breadway, New
York, NY 10018.
$Copias may be purchased from the National Cauncil on Ra-

diation Protestion and Measursments, NCRP Publications,
7910 Woodmomt Avenus, Dethesds, MD 20814.

Liquid effluents do not inslude relsases inte sanhary sewerags
in accordancs with 10 CFR 20.2003(a) or excrets {rom pa-
enws Ia aceordanss with 10 CFR 30.2003(V).

837 4

21-Jun-96 12:37,



Uranium Hexailuoride Tiucuction Plants,” may be
s~eful 1o materials acens:es in calculating doses from
houd effluents.

3.3 Unmonitored Effluents

Il 3 licensee has release painty for which monitoe-
1ng 15 NO\ practicable, the licensee shouid estimate the
magnitude of the unmonilored effluents. For in-
stance, 3 research hospital or university hroad scope
licensee might have dozens of locaiions where radio-
acuve material could be released. The licensee should
esumate the magniude of unmonitored releases and
include those estimated amounts when demonstrating
compliance with dose limiis and the licensea's
ALARA joals. Unmonitored releases may be esti-
mated based an the quantity of material used in these
areas or the number of procedures performed or
other 3ppropriate methods. \When practicable,
unmoniured effluents should not exceed 30% of the
total estimated effluent releases. -

4. ALARA REVIEWS

According to 10 CFR 20.1101(c), the contem
and 1mplementation of the radiation protection
jprograms, which would include the ALARA offluent
control program, must be reviewad at least annusily.
This review should include onalysis of trends in
release concentrations and radionuclide usags as we'l
as olher available monitoring dawa. The review should
provide a documented Lasis for detsrmining whethes
changes are needed in systems or practices to achieve

ALARA effMuent goalv. In addition, the licensee
should review all designs for sysem insatiations of
modifications (o ensure compliance with
10 CFR 20.1101(b). The resuits of ALARA reviews
should be reported o senior management along with
recommendations for changes In facilities or proced-
ures that are deemed necessary 10 achieve ALARA
goals.

5. WORKER TRAINING

Specific training on ALARA should be pravided
3s a pant of the anpual employes radiauon protection
rraning (ses 10 CFR 19.12). For an ALARA pro-
gram o be successf{ul, employees must undersiand
the ALARA program’'s goals and principles. The
radiation protection stall should be availahle to help
clarily the ALARA policy and its goals and 10 assist
employees both during training and throughout the
year.

D. IMPLEMENTATION

The purposs of \his seclion is (0 provide informa-
tion to applicants and licensees regarding the NRC
sua{l’s plans for using this guide.

Except in those cases in which an applicant pro-
poses an acceptable akemalive methad for complying
with specilied poruons of the Commission’s reguls-
Lions, the methods described in this guide will be used
in the evaluation of applications for new licensas, li-
cenee renewals, or license smendments and for evalu-
ating compliance with 10 CFR 20.1001-~20.2401.

8.37-§
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REGULATORY ANALYSIS

A separate reypulatory analvsis wus noL pre-
pared for s reguiatery yude. The reguiatery
analvas prepared for 10 CFR Pan 20, “Standaids
‘or Protecuion Against Radiaucn™ (56 FR 23360).
provides thie regulatory basis for this guide. A <opy

of the “Regulatory An.lysis {cr “he Revision of 10
CFR 7art 19" (PNL-671.. November 1983) s
avatlable for inspection and copying for a fee at the
NRC Public Document Room, 2120 L Sureet NW..
Wastungion, OC, as an enciosure to Part 20.
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PN AL

ARTABILITY OF NATURAL 3ATSKGACTUNC RACIATION

T-e averige a~n.a’ BXTCSGTE® ¢ cerserns T Lhe Unvted States o raciaticm ‘-aa
~2%TL,723° S3IxGTTuong sources s cfcen 53t i e ‘agcut 30 mirilirem’ wnoe-sccy
225 e3.7.3 ant. Though 't 's J3.al’y DoINnted oult NAT actual exposures g1 ‘fgr
‘ram cne reglon af the S2nTTy tsoanciher, and that e 100 arem valie s an
eszimate of a peoulation=we'snies average, aany references incluge 'ittle i3
ingrzate the extent of the var-azcans actudily encountered. AS 4 resy’t, tvere
‘s some =20m far the 'moressicon that wnis nominal 00 erem is a sort of ~atural
camstant == much lixe that of acemai 3cay tesoerature (37°C) -- ana nat any
acorectatis ceparture acove th's norm 1s associated with seriously ungesiragie
23NSEQUENCES. [N he present ciscusston it is intanded, first, w0 cascride the
generally familiar range of natural dicxground (particularly as experienced in
tne U.S.), ana then to gring %Q atientign some of the sore fine-grarned asoec:s
of its variapility. These naturaliy-ocsurring variations warrant consgideration
in assessing the significance af {nrcremental perturbations of the radiation
Tevels L0 which Decpie may de exposed.

1. Natural Bacxground

This ¢ansists of three major components: (i) Cosmic Rays, (1i) External
Terrestrial, and (iii) Internal. These are descridbed separately.

(i) Cosmic Rays

In the lowar atmcsohers (altitudes less than a few km) the radiation frea this
source is mostly provided Dy muons and high snergy (very penstrating)
elecirons. Thers are other particles in the flux, incluging neutrons. The
aymper of neutrons (at low altitudes) is small compared to the number of suons
ang alectraons, but Because af their large quality factar (Q) or relative
2ielegical effectiveness (RBE), which -~ at least in UNSCEAR-1982 -~ has Deen
takan to be 10 for neutrons as coampared with unity for muons or slectrons, tha
neutrons contridyte appreciadly (about 10%X) to the dosa eguivalent in tissue,
evan at sea Jevel. This contridytion increases with altitude, and st 3 ka
(9,850 ft) the neutron component contributas adbout 25% of the total biolegical
dose. (More recently, the NCRP has decided that the value of Q for neutrons
signt lie detwaen S and 20. The total! level of the cosmic radiation (in reams)
may, then, finally be rated somewnat differently than {n soms of the values
used belaow.®)

At nigh altitudes (altitudes greater than adbout 10 i@, which are accassidle
only ta high=flying aircraft or space veniclas) there is a strong depencence of
the cosafc ray flux (or dose) on the gecmagnetic latitude -~ the flux Deing
nany times larger at the magnetic pole than at the equatsr. HWowever, on the
innaditad portions of the earth's surface (altitudes less than ~5 ) the
variation with geomagnetic latitude is much smaller; and for the continental
U.S. (essentially all lying between 40° and 60° N geomagnetic latitude) the
vlril%ion with latitude is only a percent or so. This will be ignered in the
sequel.

"See Appended Nota Concarning Radiation Units, (p. 26).
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At any oarticular locatian on e su=face o lte Ionliteriai L5, e Issmg
r3gration say De Qons dersd as JntfIrm t Tt Though there are temoora’
sar-ations aSsSOCTAtAd wILM INe Ll-ve3” <_"sT0T IyC e, wilY solar flares, anc
w1te 27anges In ALIOSONE" I Sress.. e :°C L27Ier3lure. ltese 172 e'ire- o
Tomrcad extent (near tte s.=face aL L.3 Taittlgas) 3r are 2f smort zuratUan,
“ney M2y Zonsequent’y e "NC3I”0Neates” a4 scTe average vaiue, anC 1’0 tctl e
f,romer gonsiiarec.

"ne gignificant variation A I3:mtC C3u eagIsure s the variaticn wilt
alzitude. This resuits fram tog 2 ““arance 2 ZRickness Jf Ne atmoscner::
y'anket. On th1s account he tUssue <ise ecuivaient fro@ CIsMIC rays at
aisveuges of 1. 2, or 1 km acove sea 'e.2 47 iarger than the exjosure at sed
Tevel Dy faczaors of apout 1.35, 2.2, arg 4 1. ~espesiively. The average cssmic
ray ccse rate out-of-dcors at sea ‘eve! '3 9 mrea/vr. S:aCe Decple spena a
zansiderable fraczion of the'™ time 1adoc~s, Ind since sTruciures provige at
least some snielding, 1t Mas Seen eseimatec that for the U.S. the average
exsosure received dy the pooulation is assut 1J% smaller thar the exposure
out-af-doors. The average exposure ~2%2 4t se3 Jeve! has thus Deen tiken to De
26 arem/yr. Taking ints account the grstridution in altitude of the U.S.
pooulation, the average dose sQuivalent rata from cosmic rays has Deen
estimated to be 28 mrem/yr. This 15 tne aumcer included in the issessment that
the average annual exposure in the U.S. is aoout 100 mrem/yr.

More than 80X of the U.S. population lives a* altitudes less than 0.3 wa
(~1,000 ft), and for these tne cosaic -ay dose rate is withia a mrem/yr, or 3o,
of the countrywide average. About 10 *illicn live at altitudes > 1 km, where
the cosmic ray dose rate (out-of-doors) exceeds 40 arem/yr. More than five
million live at altitudes > 1.3 km for whom the COSMiIC ray 2:se rate exceeds

45 mrem/vr. Cities included in this group are: Salt Lake <ity, Albuquergue,
Renc, Colorado Sorings, and Denver. (For Qenver, altitude 1.6 ka, population
1.5 million, the cosmic ray dose rate is SO mrem/yr). More than 100,000 live
in cities == such as Durango, Gallup, Flagstaff, and Santa Fe -~ at altitudes
> 2 ka, for whom the out-of-doors cosmic ray dosa exceeds 60 arem/yr. There are
aany small settlements in the Rockies (e.g., Si1lverton, Colarado, 2.8 ka) at
altituaes of about 3 k. In particular, for Leadville, Colorade (altitude 3.1
km) and neardy Climax (altitude 3.4 \m), in or near which a total of adout
10,000 persons resice, the cosmic ray dose rats would de 120-150 mrem/yr
(out-of-doors).

In this same general connection, outside the U.S. there are 2 nuamber of cities
with large populations at quits high altitudes. These are at lower geomagnetic
latitudes than apply in the U.S. As a rough allowance, in designating cosaic
riy dose ratss for these cities, the doses from the detafled dose-altitude

curve drawn for the U.S. have Deen reduced Dy the same fraction as .the sea-leve!l
doses for the relevant geomagnetic latitude. The particular dose-aitituds curve
used is that presented in NCRP=4S (197S). These hign-altitude cities include:
Jonannesburg, alt. 1.8 km, population ~2 million, dose rate ~60 mres/yr; Mexica
City, alt. 2.5 xm, populaticn ~18 million, dose rate ~80 mres/yr; Bogota, alt.
2.5 m, population ~4 million, dose rate -85 mrem/yr; and Quito, ait. 2.8% ka,
pogulation ~.75 million, dose rate ~100 mresm/yr. There is aiso La Paz and the
Altiplanc region of Bolivia.
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AU ary TcC31i0n 0N the eamtTs 5 =f3ce JerIONS are exposed s some ‘Tux of
macraticn (mestly zmaotsns) ‘mim e gecdy 9f radroactive elemerts cantained o
ine sciloang rocks.  The A oromgrdial scurces are X-40, Th-232, ang y-238.
theugn, in tne case of Th anz U, tne major part of e raciaticn encauntared Cs
Sroviced By the ragicactiive caugniars in thelr decay Ihains,  The =agiation
*lTux at any lccatian wrll vary cecending on whether the sotl is wet ar ary,
Coversd with $now OF 70T, suUO!eCIeS 15 CRANGING Darcmetric pressure, ang $o
foreh; dut these fluctuations will average aut over the year. The significant
variation is that agplying from zlace to place due to Qifferences in the local
apuncance of he primoraial elements. Most of the radiation 3 which pecple
dre exposec is transmiiled Girectly ints the air from the near~surface rocxs
and soi) as they resige in place. Aimost all the radiation reaching the
atmospners originates in the togmost 25 or 30 centimetars of thne soil.

On a mass Basis the elements potassium, thorium, and uranium in the mgtarials
of the earin’s crust are, respectively, something like two parcent, and 12 and
4 parzs per aillion. The numoer of atoms per gras of potassium (atomic mass
-40) is s1x times larger thnan that of thorium or uranium (3tomic sass ~24Q).
The isotooic abundance of K-40 (the only radicactive ‘sotope of potassium) i3
1.2 x 107%. The atomic ratios of XK-40, Th=232, and U-238 in the earth's crust
are, consecuently, about as 4:3:1. Wwilh nalf-lives of 1.26 x 10*, 1.4 x 10%°,
ang 4.5 x 10% years, the numter af disintagrations pe~ unit time of K-40,
Th=232, ang U-238 are adbout in the ratio of 15:1:1. I ninety percent of the
gisintegrations of X-40 a f-particle (maxizue energy ~1.3 Mev) is emitled, and
almost all of these are abscroed in the 301l close to the sourcs. However, in
the remaining 10X a y=ray (energy 1.46 Mev) is emitted, and some of thesa will
psnetrats %o the 3tmosphare. From the apove it can De seen that in matsrial
having the average composition of the earif's crust there are adeut 1.5
y-ray-emitting disintagrations of X-40 per disintagration of Th-232 or U~238 --
which are essentially equal. Th-232 and U-238 are the parent nuclei of cecay
series with ten or a dozen daughters having relatively snort half-lives.
Assuming 3 state of radicsctive equilibrium (which doesn't always soply) each
of the “daugnters in the series will gisintegrats at the same rits as the parent
nucleus. These series disintagrations release about 40 or 50 MeV of energy,
dut 211 dut about 2 MeV of this energy is carried Dy @ and § particles and
deposited in the immediats viginity of the sourca. About 30X of the energy
carried by y=rays is in low energy quanta (less than 1 Me¥) which sre strongly
attsnuatad in tha soil. In the thorium saries there i3 a4 2.6 MeV y"ray emitted
about 36X of the time, But in the uranium series there are no y-rays with such
d high energy. Thus, thorium contridutss sors than uranius 0 the terrestrial
dackground radiation. The average concentrations af these elements in near=
surface sofl is somewhat lower Zhan in the earth's crust; but in UNSCEAR-T7 it
s estimated that the worig average radiation level at one meter aove the




surface ‘s aoout 40 wrag/y~ 1S ‘ram Zctassium, 1S ‘rom thorium, and 10 ‘rom
sranium. As already suggested tMe actual tacxground radiation rata fros one
Tocation to ANOTNer may vary cznsiceratiy ‘rom ta1s average depending on the
compesition of the soil or rocxs nearcy.

Snotte Basis of extansive surveys the J.S. nas Deen divided into three
213%'7GLTshap e regions with rgscect Lo ter-estrial ragiation backgrounds.
These are:  (°, Tre Atiantic 3ana Guif Coastal Plairs Area -- 3 coastai delt of
‘-om one %3 3 few “uNGTed Miles 1A w'@%™ extENAINg sOUth and west from Lang
.$1ana o Texas, 'nciuging cetween 15 ana 273 of the U.S. population, and
wiA1A whiCh the tarrestrial raglation 's sa3id %O provide an adsordea dose rale
A outdoer air of Detween LS ang 315 mrad/yr, with a dopulation-weignted average
taken to se 23 mraz/yr: ang (11) Mrddle America, or The Noncoastal Plain Area,
the region extending nortn ang west ‘rom the Coastal Plains Area to the Pactfic
coast (except for a relativeiy small 1slana arouna Jenver ana the Colorado
Plateau). 1ln this region, wnich inciudes aoout 80X of the U.S. population, the
natura) terrestrial dacxground exposure rates range from 35 0 75 mrag, with
tne average taken to be 46 mraa/yr; ang (i'i), tha Denver, Colorade Area,
including some part of the East Front of the Rockies and the Colorado Plateau,
in which the terrestrial exposure ranges from 75 to .40, and for which the
average is taxen to be 30 araa/yr.

Much of the suppert for this regional bDreakdown is provided Dy the ARMS survey.
ARMS refers ta the Aerial Radiological Measursments Surveys of the
radioactivity in the vicinity of government-sponsored nuclear facilities,
conducted for the AEC Detween 1358 ang 1963. Arsas about 100 miles on a side
around each of 25 locations were surveyed on 2 one-mile grid to sap the
terrestrial ragiation background. Adout 30X of the population of the U.S. was
comprised within these areas.

A range of radiation ratas was ocbserved in each area. For some of the
Tocations, half or more of the area was natad as having rates sore than

t1l5 mrag/yr from the mean for the area. For each area, the nean rate was taken
to be applicadle to the population of that area. For these paortions of the
country not covered Dy ARMS, the regional average exposurss notad above were
used to determine a population-weighted average of ~40 mrad/yr for the outdoor
absorted dose rate in air for the U.S.

This tarrestrial radiation is mainly composed of y-rays with an energy of one
to two MeV. This radiation is attenuated Dy the saterials in structures, and,
since people spend msors than two-thirds of their tise indoors, and even though
there msay be some external dose from the building saterials themselves, a fac-
the of 0.8 has bDeen applied to the outdoocr dose in estimating the actual aver—
age sxposure pecple recaive. In addition, because of the shislding provided O
the vital organs (gonads, bDone sarrow, etc.) Dy the outer tissues of the dedy,
a further factor of 0.8 has Deen used in converting the terrestrial dose in air
to the equivalent dfological whole-body dose rate. With these factors, the
population-weignted countrywide average dose equivalent from terrestrial
radiation to persons in the U.S. has been takean to be 26 mrea/yr. This is the
number used in the assessment that the dackground radiation dose in the U.S. 1s

~100 arem/yr.

Surveys of background tarrestrial radiation levels have also been made in other
countries. Because of differences in instrumentation and procedures, not all
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in a4 few cases, cctulation-weigniea ingecr ta outdecr ratios are listed. W't
ihe exceotion of the GOR wnich 10518 0.8 (ine same value assumed for the U.S. ).
these ratias are 211 larger tnan unity == ranging from 1.55 for Austria to 1.08
for Canaca. (The values for Carada are not from UNSCEAR, but from the report
of an extensive Canagian survey campleted in 1984.) AL least on the basis of
the data shewn in UNSCEAR-1982 tme U.S5. value for ingoor-cutdoer ratio wou'd
d00edr T3 3¢ one of the ledst well supported, being based on results froam only
acout 270 awellings as comSared with the Norway value of 1.12 (2000 awellings),
ar the FRG value of 1.36 (30,000 awellings). [ndeed, the value for this factor
for tne U.S. may wel! deserve furiner consideration. (In its forihcoming
report, NCRP proposes to change this factor from 0.8 to 1.0.)

From this weliter of data, along with data concerning the worldwide distridution
of the primordial elements, UNJCZIAR-22 concluded that, for external terrestrial
dackground, a reasonacie value for the glodal average of the abserted dose rata
in outdear air would De adout 44 mrad/yr, and that a valus af 1.2 wauld De 2
suitable glodal average for the incoor-outdoor ratio.

The total envirommental expasure %0 extarnal radfation consists of the sum of
the cosmic ray and the terrestrial components. For the Continental U.S., as
dlreagy indicated, the population-weightad average of this sum is 28 + 26 = 54
mrem/yr.  In & survey conductad in 1971 by the Lawrencs Livermors Laboratory at
107 weatnar stations througnout the U.S. (dSut not including any locations at
altituces nighar than that of Flagstaff, Arizona ~7000 ft), the range in Nis
quantity was from a low cf adout 35 ares/yr to a high of adout 150 mrem/yr.

The Tow values aonlied fn southern Flarida, where the cosmic compenent was
saall (sea level, lass than 40° N. gecmagnetic latitude), and the terrestrial
comoonent was 4130 very low. The nigh values applied at Colorads Springs,
Colorade (alt. ~6150 ft) which has fairly nigh cosponents, both cosaic and
terrastrial; and 8ishop, California (alt. ~4150 ft) with 2 sodsrats cossic
cosponent, Dyt very high tarrestrial. Flagstaff, Arizona, with the highest
cosmic component of the locations included fn this survey, had a rather low
tarrestrial component, and a tstal exposure to extarnal radistion of only about
30 ares/yr. [n Hawaii (near sea level, and anly 20° N geosagnetic latituce)
the cosmic component was saaller than in Florida and the terrestrial components
were 3130 very low; 30 that extarnal radiation provided about 30 srea/yr YOP
the lTocations monitored. In the reports examined, No measurements weare given




of the ter-estrial comoonent of external raadiation for the hign=lying
settiements 1n Colorado (>7000 f2 aliituce). There is, Aowever, a Genera)
tengency for the extarnal ter=esirral radiation at such locations 0 be high --
in part, no doubt, decause of the presence of rock near the surface, or of thne
excosure of bare rocx. [t therefare seems likely that among these sett!ements,
wh1Ch already Nave 2 cosatc ray exgosure 1n excess of 100 mrea/yr, tnere wil)
e some for wnich the 2otal environmenta! exposure is >200 arem/yr.

(7iv)  interma)

The exposures from intarna) sources 2f radiation may conveniently bDe cansidered
in three classes: (a) that from normal constituents of the body (principally
potassium); (b) that f-om radionuclices lodged in the dody (uranium, etc.); ang
(c) exposures from innaled radionuclides (radon and its daugnters).

(a) The concantrations of the normal canstituents of the dedy (such as M, C, aor
K) are maintained at fairly constant levels Dy the body's state of pnysio-
logical equilidrium. They are caonsequently largely indepandent of such factors
as diet or geograpnical location. [n the atsance of temporary man-made perture
bations == such as tritium releases, nuclear explosions, and so forth == the
isotopic composition of such elements in the dody will De the same as that in
the Diosphere.

Cosmic rays provide a steady source of a large variety of radionuclides --
sostly produced at hign altitudes. Thess mix with the lower atmasphere and
other components of the diosphers and the deep ocaan reservoir, and have
established ang maintained for 3 very long time a stadle concantration in the
various parts of the environment. The concantration of any particular
cosmogenic radionuciide in any particular component of the environment depends
strongly on the half-1ife of the nuclide (along with other factors, such as
solubility).

In the biosphere (the Tower atmosphers, surfaca watars, plant life, etc.), the
four most abundant cosmogenic radionuclides are C-14, Na-22, Be=7, and W=3.
Except for Be, these elements are essential constituents of the body. The
total internal dose delivered by these radicnuclides is about 1 arem/yr, and is
almost all provided dy C-14; deing, in particular: (C-14, =1; Na=22, ~0.02; and
H=3, 0.001 srem/yr. (Though not 3 body constituent, Be~7 may be ingested or
inhaled, and is estimated to provide an intarnal dose of about 0.008 srea/yr.)
The total dose from all other cosmogenic nuclidas is thought to be less than
.001 area/yr.

Potassium 1s an essential constituent of the body, with an abundance of about

2 grams per kilogram of total body weight. Strictly speaking, the 2 ga level
applies only to yeung sales (age ~20) and falls essentially linearly with tise
over the next 60 years to about 1.6 ?l. In females, aftar age 20, the
potassium concentration at all ages is only about 7S to 8GX of that in sales -
in part, possibly, because of the differenca in propertion of adipose tissue in
which the potassium concentration is relatively low (only about 0.5 gu/kg).
There {s an appreciable variation in potassium concentration from one organ of
the body to another (~4 gm/kg in red marrow, 2 in tastes, 0.5 in dene) and a
corresponding variation in doses to the different organs. However, for an
assused average concentration of 2 gm/kg body weight, the whole-dody dose
equivalent has been estimated to be ~18 srea/yr.
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Afte~ (-3 tna most S-vcmice~t achse~tes primorcial ragionuglice is R%-37 Thag
nuciice emtts only B-zari.iles (maximum energy 0.27 MeV) so it is significang
('f at all) anly as & source cf 1nternal gose. Considering ne facsars sf ele-
mentadi apungance ‘a1 the eartts CTust, 159togic fractions, nalf-lives, ang enersy
per gisintegration, ine gose ‘rom RAB-87 would be adout fiftgen times smaller
than that from X-40 =< prsviced thne cincentration in the dody relative %3 sagt
in the earin’'s crust shoulc e the same.  From measurements of rudidium in ne
5cgy it has deen conciudes (UNSCIAR-77) that the dose rate from RD-87 is apout
0.4 arem/yr. This is about forty times smallar than that froa K-49.

In adgition ta X-40 ang RE-87, there are adout twenty other nonserias primorgial
radionuclices in the material of the earth's crust. Considering their elemental
abundances, isotopic fracticns, etc., their rates of energy release Der jraa of
terrestrizl material range from a few percent down to many orders of sagnitude
smalier than tnat frem RB-87. The cantribution of these to intarnal dase may
consequently de ignored.

In summary, the dose rate from radicaci’ve constituents of the body (K-40,
C-14, H-3, etc.), is from 18 to 20 2rem/yr.

Finally, in this aiscussion of natural backgrounds, it is not intended to
discuss the effects of the tasting of nuClear explosives axcept as hese may
have affectad items in the naturdl background. The immediate effect of nuclear
testing (from the mid-1950s to 1963) was to release in the atmesphere large
quantities of radicactive fission fragments (such as $r~90 and Cs-137) which
were not otherwise present in the environsent. These will decay (or have
decayed) to inconspicuous levels providing the present Ban on testing in the
dtmosphere continues. As to the isotopes alrsady considered in cannection with
natural background, the effects wers 3s follows: for RD-87 - even though this
is a girect figsion produc® -- the amount added was such less than one percent
of the natural abundance of this nucleus in the upper millisetar of the earth’s
crust. Eignt of the other primordial radioisotopes are also direct fission
fragments. For these, also, the contridytion from testing was a very saall
fraction of tha abundance of these isotopes in the topmos: layer of the earth's
crust. K-40 {g not a ffssfon producs, so thers was no effect on that.

C-14 {3 not a fission fragment, Dyt it is forwed Dy the capture of neutrong in
the nitrogen of the atmospners. 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 the diosphers was approximataly doudled as a consaguence of weapons' tasting.
The previously ascribed one area/yr from this source could have been raised to
scmetning Detween 1.5 and 2 marea/yr. This incresental effect will decrease much
more rapidly than it would merely as a result of the radicactive decay of (-14



(nalf-1ife apout $,700 years) Secause 5’ ihe Srocess of equilibration with the
zanents of the deeD ocean rese~vo'-~. This process is Zelieved to proceed wt'h
a mesan life of adout 7 years, or so.  The present (1386) level of C-14 'a ine
srosphere 15 d0out 20X larger than the "natyral” level af (-14.

Teomas Jeen estimiated that the 3'soal faventamy of tehitium (Mel) was increased
5y & ‘actor of Cetween several huncred ana 3 thousand Oy Ne nuclear expicsions
g3ncucted 1n he dtnosonere Setor 3 1983 with 3 nalf-life of 12.3 years, he
amount af injected tritium #1171 Oy now nave teen recuced Dy a facuar like §;
2%, it stilY completaiy masxs tre effect of “natural” tritiuam, ang wild
zartiaue w8 SSMinate far the next hunared years or 33. Even at that, of
course, it is a rather small term in the total exposure to natural ragiaticn.

(2) Apart from the radicactivity associated with essential constityuents of %he
Sody, there is some internal Gose resulting frem the ingestion of “fareign"
ragtonuclides in the envircnment. The amount of these is not homeostatically
zsntrolleg, But depends on their concentration in matarials (air, water, ana
food) taken i1nto the dody. The ilems of particular concarn here are the
parental thorium and uranium and some of their daughters, such as radiua.
Their gaseous daugntar, radon, will de discussed separataly latar.

Though the amount of thase elements taken up in the body was once, no doudbt,
rather directly related to the concentration of these slements in the local
environment, that is no longer so much the case. [t is still true that some of
the underground watear in lowa and I1linois, as wall as at othar locations in
the country, has an ynusually high radium content; byt an incressing fraction
of such water is now treated defore it reaches a consuser. More significantly,
with the greatly increased use of canned and packaged foods (which may de
processed anywhers in the country) anc the countrywide distribution system for
produce of all sores, the U.S. food supply has Decome homogenized to a very
large extent. Consequently, in discussing the uptake By ingestion of the
series radionuclides it seems appropriats to use the average valuss estisatad
for the U.5. Quite apart from the (relatively) straightforware sattar of
assessing the average uptake of yranium and thorium (and daugnhtars), the sattsr
of correlating this with a whole-body squivalent dose requires composing &
numoer of radically different effects: the ingested radionuclides spend some
time in the stomach, some time fn the Blcodstresam, and some end up deposited in
the gonads and on the done surfaces. The asount of thorium ingestad is
prodadly about the same as that of yranium; but the retentiom of thorium {n the
dody is very auch smaller. As a consequence, most (80 or 90X) of the intarnal
dose from the saries radionuclides is provided by uranium and its daughters.

In the following discussion the estimates compiled in the 1978 reoert, NCRP-4S,
will be presentad; dut at the enad of this section on intarnal exposure some
c3moarison will bg mede Detween these estimatas and the newer (1986-87)
estisates Deing considered Dy the NCRP. From NCRP-45, then, the ingestion of
the primordial series radionuclides results in & whole-dody equivalent dose
rate of about 7 srem/yr. Uncartainties and differsnces which could readily
affect this estisats would not greatly affect the estimats of ‘the total deose
from internal sources since this {s dominatad by the dose from K-40, which is
avout twice as large as that from uranium. Thus, with the excepticn of the
dose resuiting from innaled radon (and daughtars), the dose equivalent rate
from {nternal sources is adout 26 sres/yr -- -20 from X-40, and 7, or so, from
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Jranium, €3S, This '$ ne Aumper assumed N lng assessment Lhat She dverage
2sse %S persons in tte U3 15 gzcut 100 mrem/ye.

‘z) The main agarticnal sou-ce o ‘nternal -agfatign s that resyliing ‘-om e
rAamaiaticn of =aden anG "5 stgre-lived Zaugnlers,  Racan assears it nearly the
same ~3te 1N 33N NE UranTum ang NOTTLM Cecay sertes, 3N is the only gaseous
element 1A trese sertes. (1 the yranium series, the 150%30e¢ An=222 is an
aicracem ier with @ MaTf-T %% af 3.8 cays. This allows time for an
acc-ecrapie “-action ¢f lte -3agon firmed nedr he surface 0 migrate in%g the
aTTCschere 2ang S Je SaTTleg d0CuLl Dy the wiad.  [n gamtrast, the 1sotsse
Rn=220, wnicnh apcears 17 tle INOTium sarves. nas @ Malf-life of anly S5 sec, so
that 't does not sucIeed 1n Mmgrating from Ne $01! L0 2n extant wAICh warrants
ssnsicenation in comcartsch w1t Wne 3.8-day An-222.

Ragen is an inert monatamic gas -- one of Ine “noBle” gases, which engage in
few, if any, chemical reaciicns. Once released to ine atnosphere these atsms
move ‘reely a00ut 4nd iNe Drogucts of their decay 20pedr as single atoms ang

1%acn tnemselves either O some molecule in the air or w5 an asrosol partic'e
and thus remain suspended 'n ine a1r for a consideradle time. Radon decays dy
g-emission; ang if this ocsurs wnile the radon atom is still suspended in air
there is no airect effect on human exposure. The immediate daughtars of Rn-222
(Po=218, PB-214, 8i-214, Po-214) hRave short half-lives (from 0.16 msec, to 27
min) and their gdecays are aiso likely to occur while tha atoms are still sus<
pengec in the air. The first and Tast of these decays are Dy a~emissian: sa
that, again, there will Be no cirect effects on exposurs to humans == uniess,
of course, the original radon atom, or one of these daughters had bBeen taken
inte the dody By innalation ang the energy of the subseguent decay ware
depositad nere. However, tNe second and thirg daugnters are B-emitters, and
their disintagrations are accampanied Ly a large fraczion of the gamma-ray
senergy appearing in the uranium decay series. Thus, even if these
disintegrations occur while the daugnters are still susdended in the air they
woyuld provige some external exposure TS humans == though not 3 very isportant
cemponent from radan concentrations normally encountered in outsoor air. The
(temgorary) end-product of this group of decays is the (relatively) leng=lived
P5-210 (21 years). This undargoes two B-decays followed Dy the emission of an
a-particle, which tarminates the uranium series in the stadle {sotspe Pb-206.
There are essantially no gammas associatad with the decay of Pb=210; so this
isotope contridutes only to internal exposure. That could resylt either froa
the innalation of air in which PB=210 were still prasent aftar the decay of
Rn=222, with some fraction of the Pd-210 being lodged in the dedy, or from the
ingestion of plant-life growing on soil in which the Pb-210 had Deen depositad.
The formar is Dy far the mors important routs for exposure 0 radiation froa
PR-210.

Very little radon {s emanated from the surface of the acesn, and on this
account the concantration in coastal air is low and variadble == depending on
whether the air {s soving from inland or from the sea. [n the continental air
aass, the level of radfoactivity s about 150 pCi (pico-curies: 1012 C{) per
cubic meter. A large fraction (>2/3) of the radon inhaled is exhaled before it
decays, but the solid radon daughters (the 21-year Pb=210 and the 140-day
Po=210) attach to the surfaces of the pulmonary tract -- and particularly %o
the walls of the hair=like passages in the segmental Broncnicles. The dose
rate to the tissues of the lung from this cause has (in NCAP-45) Desn estimated
as deing adout 90 srem/yr, and to the dronchisl epithelium about 450 arem/yr.



giag the weignting factar recammended Iy the [CRP (wnole-togy cose equivalent
at .12 t'mes the dose o lhe lung twssun)._}no whole=dogy equxvalgﬁt cgose from
exposure of the lung tissue wouic Se aoout .. mrem/yr. [f one appiies the
--gp-~gcommenced weignting facior of 3.08 t3 tne cose to the droncnial eottne-
:'JM, rn1s would acd an aacitiora! 3€ arem/yr ) the whole-20ay dose
eguivalent. Aaging 3 the 30 mrem/yr alreacy identified (28 casamic, 2§
externai ang 26 internal), we Nave an average natural dDacxgrouna exposure for
sersons in the U.S. 3f rather more than 120 mrem/yr, without taking 133

1A

aczaunt the progosed Tevisicn of the 1ngceor/outdoor facter from 0.8 o 1.3,
wnich would raise the external comoonent from 26 o 32 arem/yr.

Jp %0 this point the exposure %3 innaled radionuclides (radon, etc.), has Deen
gescrideg cnly in terms of Jersons Dreathing outdoor air. [n fact, of z:surse,
Jecoie spend a majar fraction of therr time ingoors, and the ragdon leveis 1n
Jweiiings may De guita aifferent (usually nigner) than the radon levels
gut-qf-agors. Radon seeps inta awellings from the sail in which the basemant
‘s empecced, from the materials of construction == such as cinder Dlocks <=
ang, because the rate of excnrange of air in awellings is intentionally much
smaller than the rate of exchange af air outdsors (in houses weatherproofed for
energy conservation, a great deal smaller), the radon concantration in indoor
air may run much higher than in the ampient air outside. The effects of this
nave not been cansidered here as part of the “natural background," since they
are, in fact, technologically ennanced and could (in principle, at least) de
controlled. They do, nevertheless, provide an aaditicnal source of radiation
to whicn the population is exposed. Some (quite partial) surveys have been
conducted. These do not yet degin 0 de adequate to estadblish an average level
for incoo. radon exposuyre for the U.S5. From the surveys which have Deen made
examples have deen found in which the indocr radon levels ware tan, or more,
times lamger than the continental outdoor average. Such 3 level would imply an
eQuivalent whole-body dose larger than the average already icentified by a
hundred <= OF even more -~ Area/yr.

As stated earlier, the components of the dose equivalent rates from natural
backgrounad radiation as given above are derived from the data provided in
NCRP-45. In its 1982 report the UNSCEAR dfrected much more attantion ta radon
than it had in previous reports; saying, in particular: “Inhalation is now
recognized to be the most important pathway," == and “on average about one-half
the effective dose equivalent from natural sourcas of radiatien is now
calculated to de due to the presence of radon in the air inside buildings."

In the January 1387 draft of a forthcoming NRCP report, the dose equivalent
values far cosaic rediation, terrestrial gasma radiation, and the internal dose
from cosmogenic radionuclides and K-40 are changed very little. But there are
sarxed cnanges in'the components where the exposure is provided prisarily Dy
g-radiation: the uranium contribution to intarnal radiation, and, sest
particularly, the dose attriduted to inhaled radon. These changes were ia part
occasioned By the increase from Q=10 to Qm20 for g-radiation; but they wers
also affected Dy new data showing higher concentrations of Pb and Po~210 in
bone, By higher estimates for the tissue dosa from radon decaying in the body,
and particularly by including some allowancs for the higher level of radon
ingoors as compared to outdoors. More specifically, the contridution of
uranium to the internal expssure is now Deing rated as about 10' to 15 area/yr
whole-body dose equivalent (rather than the value of sbout 7 noted sbove); and
the dose rate proposed for the bronchial epithelium fs 2,450 sres/yr (rather
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2. Ceiedrated Hot Spets

There are locatiens in whics tne natural Bacxground of terrestrial ragiation is
muct Nigner .1an these $C ‘ar refer-ed 3. A particularly natable one is thne
Kerala Coast. (The state of Xerala is an the west coast of Inaia near the sou-
thern tig.) [n 4 narrow striD, extenaing 100 miles, or so, along the deacn,
numerous Jatches of monazite sand are exposes. (Tha mineral momazita consists
of hignly inscludle pnespnates of cerium ang other rare earth slements in var~
ious praportions, usually acsimcanied By some tharium and, on oczasion, smal!
amounts of yranium, and their Zaugnters.) The most concentrated deposits are
foung in 4 J0-mile section of Ne strip; and there the monazite containg from

8 to 10.95 parzent thorium Dy weignt =~ the hignest known in the world. Adoul
70,000 parsons live in this section. Thare is, of course, consideradle varia-
tion in the external terrestrial exposu=e received By tNe pecple residing in
this region (some 3f the dwellings -- which are mostly made af cocanut straw
ang woad == being ‘ocated girestly on patcnhes of monaz:ie, and some nat; some
resicents Deing employed outside the high dackground area, while others spend
most of their time near home). However, on the basis of radicmetric surveys,
the average exposurs to tarrestrial radiation for the 70,000 persons in the
region Nas deen estimated to De aocut 380 mrem/yr. For adbout 17,000 persons
the axposurs has Deen estimated to exceed 500 arem/yr. [t exceeded 1,000 area/
yr for more than 4,000 persons; and it exceeded 2,000 marem/yr for about 500.
Peaple have deen living in this part of India for hundreds of years. [ is
very densely populated, and it would seem unlikaly that there has deen any large
influx of people from cutside for a long time. In all prodadility mest of the
pressnt resicants have generations of ancastors who 3130 lived in this region.
Some preliminary epidamiological studies have been made, and sore are planned.
Still == 3t least as reporte” up through adout 1940 -= no statistically signi-
ficant evidence has been founa of effects resulting from the unusually hign
background radiation to whicn the population of the Karala Csast has besn axposed.

lzoressive deposits of monazite sands also occur on some of tha Deaches of
8razil, about 200 siles northeast of Rio de Janeirs. In particular, in the
town of Guarapari == which has a resicant population of 12,000 persons, and a
summer tourist population of 30 to 40 thousand == it Ras bDeen estimatad that
the average annua! exposure rate to extarnal terrestrial radiation in the town
is apout 5580 area/yr. Along tnhe deach of this health resort there dre patines
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3f 'Siack sang® (particularly favored Dy the %SUrisStS) on wnich the radraticn
Tevels are from five 20 ten times higner tMan 1n tNe streets of the tawn.

“~ere ‘s 4 small agricultuyral area :n CR1na adout 10C miies sous~wes: 3¢ lantan
‘a «N*28 an apprecladlie concentration of mMOnazite NAs Deen Jescs'ted 3y ai'yvial
ace:an. Apeul 80,000 persons resiCe 'n %ne hign-radiation area, anc over 3C%
3¢ wnese Nave Nad six or more generaticns of forenears wno lived '1 ihe same
area. There are similar long-estaplisneq villages at istances of anly LI, ar
s3, xm wnere the concentrations of U ang TR in the soil are from 3 to 13 limes
smalier; ang fese nave proviged a contral group. Thougn the external ter=es-
treai ragiation level 1§ faur timas Greatear in tNe Nign-ragiation aread tnan °n
<me z3ntmal area the tatal wnole=3o0dy exposure (incluaing cosmic ana internal
zomoonents) s only 2.4 times greater, Sa'ng apout 230 ang 95 mrem/yr, ~espec-
tively  Extansive medical surveys nave Deen mags of the wo pooulation grouos
to ODTAYA Qata cIncermiIng Such faciors as mordidity ang mortality ratas frem
ralignancies, spontaneous adortion rates, and ths incidence of hereditary ang
congenttal diseases. [n aadition, more than 20,000 ingiv:cuals from eacn group
were examined to check for diffarences in cnromosomal adberrations, leukemia,

anc measures of growth and develooment. [n a number of instances the resylts
for the two groups were eassentially identical, and in no case was & statistically
significant difference odsarved. Although no appreciadle effect was found the
Chinese Ragiation Research Group which conducted the studies concluded that the
size of the population group was too small to show mingr increments of detrimental
effects at such low doses.

[n aggition %o the monazite Deaches there is a region in Brazil with very high

tarrastrial dDackground ragiation in a4 distinctly different geclogical setting.

This is a valcanic ares atout 200 ailes west (inland) from Rio and extanding -
norin-from the City of Pocos de Caldas %o Araxd whers thers are intrusions

cantaining minerals having close %0 two percent tharium oxide and over one

persant yranium oxide. Radiation levels up to twics thaose notad in the streets

of Guarapari have been measursd near Araxd, and on a small uninnabitad hill ==

the Morre do Ferro =~ near Pocos ds Caldas absorbed dose ratas in air up to

24 radgs/yr have been reportad. MNo large population groups appaar to bDe axposad
continually to the very high radiation background in this region.

In France locations providing absorbed dose rates in afr of about 1.75 rads/yr

are not uncommon, and the discovery of a quits small area providing a rate of

over 80 rad/yr has bDeen reported. Thers are il1sc locations in Paris where one
nay receive a diological dose of up to 350 srem/yr. Though no one actually

lives in St. Petar's Square in Rome, sany pecple spend appreciabdle time there,
where it is reported that the paving stones provide up to something 1ike 400 ares/
yr. The Fichtelgebirge is a granitic sountain near the northeast border of
8avaria. Thers are several towns or villages on the slopes of this msountain.

On the streets of these villages the tarrestrial y=ray exposire ranges up to

more than 500 area/yr -~ the highest known in the FRG.

In Grang Central Station in New York City -- which was built with granite from
the Millstone Quarry in Connecticut -- there are locations where the external
tarrestrial dose rate is adeut 325 arem/yr. Stone from the sase source was

used in constructing the foundatian for the Statue of Liberty fn New York hartor,
and this also provides a hign radiation exposure. (While it was operating =-
from aoout 1740 %o 1960 -~ the Millstone Quarry was & favared source of duilding
saterial since it was immediately adjacant to the shore, and rock could be
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2raNSDEread readt 'y %3 13CaiisAs 3n tNe 245t Tzast. The ractation exposure o5°
persans worxing 1N this QuUarTy tust nave deen Juile nign.) Hisn =3g1a%9n
‘evels (absorded dose ~ates "7 a'- .o 3 150 mragd/ve, or sc) zan alse se *sung
1A cTREr granitic regicns Sf Mew Ingland, And, inceed, wherever eise sim ar
~3¢x may De found it the sursace. A 21f7erent setling ‘sromign ter-estrca|
sackgreund radiatian 's Sresenteq Jy the ZRosonate 2eocsits in TTgrigy.  Tesm
sn1y appreciadly uranife~cus materta ters-estrial 2acx§rIung raciation ‘eve's
24 acsorsed dosd -ates -~ 3~ .2 2 150 mrad/yr nave Deen otserved. Cesos:s
04 srosORAtE ~CCX 3CSNUr IArIughoul Ne worid. Among e ma'9” dnossnate-
or20uCiNg areas ne deposits i~ Souin Carolina, wyoming, and some af Incse -
raz1] nave NIgNer CSNCANTCALIITS I uramium Lhan Nose 'n Figrica, whte a
aumgcer of otne~s are Comoariacie LI ihe ones n Figrica.

The rematning tyce of sizuation resylting 1n unusual'’y ni1gn expasures %3 -aturai
Sackgraung ragiation (excluging tne ItTcumstancas 3ffeciing ungergroung miners)
nas o 4o with watar. a2 the :onization states sost usually ocsurring in natyra!
setlings, ragium is aucn mare sc'ucle and 200ile than either uranium or SRor um.
On tnis account water == and parwicclar!y warm water == flowing througn Deds aof
sangstone or fraciured granitic rscx ady accumulate concentrations of ragium
very muych higher nan the cancentration in the saterial SArough which the water
nas deen flowing. At Tocations where such watar a3y emerge to the surface ane
has the makings of a4 "radius spring,” or -- whare tha neignhboring sapulation is
sufficient to support it -- & "spa.”

Locally matable “hot springs” occur in all parts of the warid. Many of thase
became famous as "health resorts” long Defore the axistance of radium was known,
ang cefors measurements of levels of radioactivity were ever consideres. Of
intareast here is the fact that not anly do some of the "waters” carry a levael

of ragioactivity which would now he regardad as distinctly unhealthy, byt tne
raden gecay product of the radium in the water is released t0 the atmospnere
and pravides an unusually nign level of exposurs to the population in the neign-
bernood.

There are reports concerning & few notable radioactive not springs. For examople,
the sorings at Tuwa, & village in [naia adbouyt 200 miles north of Somday, have a
high cencentration of Ra=226. [n the air close to the main spring at Tuwa, the
y-riy dose (from the short-lived radon daughtars) has Deen reportsad ts be adout
10, or more, rad/yr. At a gistance of adout a dozan kilometers (and several
villages) downwind, this axposure rats falls to ~7%0 srad/yr. Similarly, in the
city of Ramsar, a rasort on the Caspian coast of [ran, population >10,000, there
1 an area of a few square kilometars around the radius-dearing springs (which
smerge in downtown Ramsar) within which levels of adsorbed dose in air have deen
measured ranging from 1.7% to over 40 rads/yr.

The sporings at Badgastein, Austria (adout 30 miles south of Salzdurg) have
received the esst extansive and detailed studies of radicactivity, both as %o
the “watars,” and as to the surrounding neignberhood. This faseus 3pa has been
known as 3 “wataring place” for sore than six hundred years. Already in the
18th cantury several thousand persons travelled there each year for trsataent.
Over tne canturies sany accounts have deen written (inclucing one Dy Paracalsus,
printed in 1562) cescriding the theraseutic effects of the batns at Badgastein.
8adgastein gained in popularity, so that by 1940, 30,000 visitors were repored,
ang by 1970, adbout a million baths jer year ware administared. Sy tnis time,
dlse, about 300 hotsls were saig to De operating in the region to acsammodate
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vi1siears, and %he pertanent paculatisn of 3adgastern and environs was agoutl
12.300.

‘n .3C4 the oresence at Badgaste'n of "emanation’ (as ~adon was then inown) was
escapirshed 9y P. Curve ana ¢olleagues. Subsequen?t stugies Mave Zetermined

=nat, a'thougn the amounts of U, Th, and Ja in ine sDring water are not excep-
srzaally mign, the Rn=222 cantent is outsianding. For most of tne vis'tars, or
Sca satents A G Sniys 2 few treatMents, INe dose "eceived s low (fram a ew,
t2 a few 2ans, of nrem). For patients taxing a ‘whole zure' (2 2o0zen 2-=our
sesstans in the 'thermal gallery” “n wnvca the =222 csncantration is 3,000 pCi/t),
ene 20s@ 20 the lung tissue s about 300 mrem -+ ana severa! %imes sore %5 tne
sronchicles. 8y innglation of =222 tne S or 6,000 permanent nnasitants of
Jacgaste'n proper -- where the sor'ngs are located -- receive from Q.7 9

1.5 rems/yr (in lung tissue). The bath attencants, ather Jersonnel connectad
with the treatment facilities, and, particularly, the doctars attending patients
n the “thermal gallery" (a group of only a few hunared persons) receive from
agout two, ub to several tens, of rem/yr (%o lung tissue) == or did receive such
exposure until about 1970 when some correctiive measures are said tC have deen
placed in effect. (The cose levels repcrtad in this and previous paragraphs are
all in the “old scale" using Q=10 for alpha particles.) Surveys have Deen made
to compare the general Nealth of residents of Badgastein with that of groups
living in gimilar circumstances -- but not having any ennanced radiaticn exposurse.
These resyltad in the conclusion that the longevity of tnhne Badgastein residents
wds not less, and the incidencs of cancar was not greater, than that for the
other population groups. As of 1972 studies to identify possidle radiation=
inguced ancmalies in cells had led to tre tentative conclusion that at dose
Tevels up to somewhere between 0.3 and 1.0 rem/yr, there was no clear evidencs

of cell damage. For dosas larger than somewhere between 0.1 and 1.0 rem/yr,
there was an increasing incicence of (for example) broken chromosomes. Presusadly,
sucn gtuaies at Badgastein have By now Deen extanded.

There are many other well-known hat springs, or mineral springs, which have not
been disCussed at recent symposia an Righ natural environmsental radiation.

This could be because they have Deen studied, and found not to have radielog-
ical features of interest; or because specific studies have not yet Deen sada.

Among these are the springs at Bath, in southwest England -~ 3 spa well-known
ana usad since Roman days. At about the same time as Curie made his findings
at Baggastain, J.J. Thomson (whe discovered the slectron in 1897) reportad the
existancs of copicus amounts of “emsnation” at Bath, and suggested that the
saludrious properties of the waters thers aight be dus to their radicactivity.
With respect to the watars at Saratoga Springs, New Yark -= though it has deen
pointed out that the watars bottled and distributed froam there come from a
spring having low to soderats radicactive content -~ some of he long-time
residents, preferring the water froa g different spring having seversl hundred
times the radium contant recommended (since 1962) Dy the NCRP as “saxisum
permissidle,” have deen making regular use of this more radiocactive watar for
periocds up %0 50 or 60 years without any apparent deletarious effects. Reports
concarning the radicactive propertiss (if any) of the springs in Vichy, France
(famous since Roman times) or at Hot Springs, Arkansas, or Warm Springs,
Georgia, and sany other locatfons could also be interesting.
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23r2ta] resylts from f3un sets Cf o0seTvalicns of environmental ragiation are
sescmided. . The measurements ~eDoriec 3Te e sum of contrinytigns from termege
1rial gammas and CoSMIC CACIaAlIIN L3 LNE exDOsure iN dir e eagily g guracar
ai~. The qata c<snsicares were z@iws f7Imi (1) ~eArts Qf EM{ -« tne Eay)ran-
ne~ta’ Medsursments LaZccatsiey of e U8 DDES (1) NUREZ-3837, wne quarar',
~ecgres 2f e SRC LD Do-ect Racraticn Montiseing Netmorx: (111} tne annual
~e=3rt3 2 whe L3 AaMcs Iavimsnmental Surverliance Groug: ang (1v) reagi=gs
Laken A R csurse SU @ Mmintesyrvey made Dy he Authar in gownzawn wasninglar

TA. .

22, i~ sme ear’y summer of 1322

e,

oy EML Zata

Cver mary years memders cf the s:aff of tne EMU (initially the AEC' s Healsh ane
Safarty Lascratsry == =AS( nave siucted 3 very wide range of aspects of enveespe
me~23! ~3giasion. Here, only inres farticular projects are refarced %0. “he
“1=g% of these is 3 orogram inittated in the fall of 1971 ta momitar continucusly
tne exposure level in outdoor air. Tharmoluminescent dosimeters (TLD's) were

set uD nedr faur residential locations in tha suburds of Mew York City, and were

monitsred on i monthly Basis. The sites were (roughly) in directions west, noren,
ang east, and at gistances Detweean adout 1% and 30 eiles, from Centrgl Parx.

These locazicns are a1l closs 1o saa level (cosmic radiation exposure adout

23 mrad/yr in outdoor air) and in the Coastal Plain region (average exposure %o
rerrestrial radiaticn previously said to de 23 arad/yr). On this Sasis the
exposure at these locations would de adbout 52 arad/yr.

The 10-year gverage exoosures measured ranged from $3 to 60 msrad/yr -- in
acceotadle canfarmance with the nominal regional value. The annyal averages at
a given site wers obDserved %0 ’all in the rangs (saxisussinimus/sinimm) of
only atout 10X, But the ssasurements *or 3 given sonth snhowed diffarencas of as
mych as 40X from one yesr ta another at 3 given site. Such differences were
aterisyted mainly to Qifferancas in the annual snew caver and rainfall.

One consequence of such variapility is that it say De difficult to obtain a
precise measurement of the size of some increment in exposure level (such as
mignt result from reactor operitian ar gther nom~natural source of radicactiv-
ity) == at least on the dasis of TLD readings, and particularly if the incre-
ment i3 small compared to the dackground. The TLD registars the sus of the
incremertal and background exposures intagratad over some period of time. To
assess the increment it s necessary to sudbtract the Background centridbution
from the tatal reading. Since the dacxground may vary, and cannot de read
separataly, the background contribution will Nave to De assumed on some Dasis,
and this may leave room for consideradia uncartainty in the actual size of ne
increment. This could, of coursa, De greatly improved Dy the use of more
elacoratas detectars, such as 4 spectrameter which could identify sourcs iso-
tapes; bBut such equipment is not attractive for usa in field monitaring.

The second EML project to be mentioned here is their continuous senitoring over
several years of the natural ragiation sxposurs ratas at Shorehas, NY, and the
EML statian at Chester, NJ. The Shorehas sits is on the North Share of Long
Island, at sea level, and in the Coastal Plain region for terrestrial radiation.
Chester, NJ is a 1ittle more than 90 miles west of Shoreham, at an altituce of
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aoout 7SQ ‘%, ang near the eastern ‘rrage 3¢ the Middle America terrestr-al
region. The annual average exposure rates measured dy EMU were 59 mrad/yr at
Sharenam and atout 109 araa/yr at Chester The Casmic ray components will Nave
seen 29 and adout 11 mraa/yr, restectively, 3o that the terrestrial cosponents
w=ere adbout 10 ang 78 mrac/yr. The terrestrial level at Shoreham is well within
tne range (1S %o 18) previcus'y ascrineg 1o the Coastal Plain region, DUt the
‘evel at Chestar is jJust acove the range (35 %0 7S) ascrided to the Miagdle
America region. The 50 mraa/yr gifference 'n exposure rates is saaller than
mary 3f the var:ations identified earlier, Dut 1% is of interest t3 find that
1% apc!ied Setween locations whigh would not normally de thought of as widely
separated nor in g1ffgrent geograonical provinces of the country. Actualiy the
50 ar3a transition is much snharder %han ingicatad dy the Chester-Shoreham
comparisen since two of the restagential sitas discussed above, for wnich he
average annual exposures measureg Dy EML were within one sraa of that reportad
‘or Shorenam, are less than 25 miles east of Chestar.

“he thirg EML aroject considered is their sponsarship of a series of Inter~
natienal [ntercomparisons of Environmental Qosimetars. Eignt such exercisas
ware Neld detween 1974 and 1986 wiin participants from 130, or so, laboratories’
from over 30 countries. The TLD exposure readings were compared with each other
ang with control readings on continucusly monitoring high pressure ionization
cnampers. Many factors contribyted to differences in the results obtained in
the intercomparison. These included effects from differencas in packaging <=
where doth wall thickness and amdient temperature of the luminescart element

af facted the readings; differences in calidration methods; in spectral response
~= as for example Detween terrestrial gammas and cosmic radiation; prodless with
signal loss, or "fading,” for some phosphor types; and a few others.

The conclusion from the intarcomparison series was that over 85X of the partic-
ipants odbtained results within 230X of Lhe delivered exposurss and that adout
nalf the results were within 210X. Some of the tast exposures included in this
observation were at higher levels than typical environsental levels, and in
general the percentage spreads in the readings are somewhat larger at lower
exposure levels. This is partly Because the carrections which sust de applied
for exposure during transportation and storage of the TLD's constitute & larger
fraction of the tatal. For this reason, also, TLD readings of background aver
short periads == much less than a msonth, say -- will net be very accurats. It
follows that exposures reportad from differsnt countries or different laberatories
say not be fully comparable. However, it say bDe axpectad that surveys sads Dy
3 singie organization using standard procedures and equipsent will provide fairly
2noﬂ1dltl on the differsncas in expesurs levels fros place to place or froa time
o time.

(i1) MRC Survey of Nuclear Power Plant Sitss

Since August 1979 (a few months after the accident at TM1-2); the NRC nas main~
tained a network of TLO's arcund every licensed nuclear powsr plant sits in the
country, both these under construction and those in operation. In each case
about 40 detectors are emplaced in a reasonadly uniform azisuthal distridbution
at varfous distances from the plant == nominally, 16 within 2 sfles of the plant,
dut outside the plant boundary, 16 between 2 and S siles, and 8 between 5 and

20 ailes from the plant. The detectors are collected every thres months and
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SUdTIRT, wer® MUCH Nigrer ran inae for any other Station in the Array while,

for siter suarters, che ‘evel 4t iie same station was not outstanding. |a ~

NURE3-2837 ne exposure rates ‘or tne 0s0rved dose in outdeor air are listeg
n terns of mR/quarter: 3u: t7ese are converted below Lo mrag/yr.

10 the 4th quarter of 1983 drrays were operated st 69 sites, but from trounie

‘n callecting the cats neeced 13 normalize tne aetector readings at 12 of these
S1les cirrected cata are availaole for only 87 sites. The dverage exposure

rate for thg S7 sices QuUring tRis quarter was ddout 66 mrae/yr -- ip reascnazle

igreement with the 70 mrag/yr (30 cssmic plus 40 terrestrigl) previously igenti-
'eQ a3 the country-wige Pooulation-weignteg iverage value for tne exposure

rate in outdcor gir. Thg Site average rates ranged from a hign of 108 arad/yr

(Fore St. Vrain) to a low of 42 mraa/yr (Catawoa). The highest (non=anomalous)

reacing for 3 single station wds 115 arad/yr at a locazion 13 ai fream Fort St.

Yrain,

0f carzicular interest in the sresent giscussion is the range of readings asong
the-various detectar stations within the ligiteg extant of a single array. In
the 4tn quarter of 1983 tne dverage over the 57 sites of the difference between
the hignest and lowest expasure rates recorded at ¢ach site wvas 34 sraa/yr.
Amongs: tne sites this aifference ranged fros a low valug of 16 srad/yr ts 4 —_
Righ of 83§ nrad/yr. This aaximum SDread was between twe stations in the Surry
drray where one station, 3.7 mi from the plant, recorgeq 3 rate of 39 mraa/yr,
while the other, 11 aj from ne plant and 13 ai fros the first, recorced a rats
of 98 mraa/yr. 0f Course, the rates recorded at these stations -~ g5 for almost
a1l stationg -- change frem one guarter t0 the next as ao the differencas detween
them: But during the whele of 1583 the difference in eXpasure at these two sta-
tions was 42 mrag. Thig Sale difference in exposure for the year also occurreg
between two stations, only 1.5 mi apare, in the drTay at North Anna. While the
maxisum spread within an drray was found at Surry in tne 4th quarter of 1933,

for the other quarters of the year (first through third) the saximms spreaas
were as follows: MeGuire (56), Surry (57), ang North Anna (S54). Along with
these maximum spreads, in the NUREG-0837 aata for 1983 Gifferences in exposure
rates of more than 40 Brad/yr detween stations in 3 single array were recorced
it more than two dozen sites. In nalf of these instances the stations involved
*ere less than 10 ai apart, Exceot for the Far Soutn East (as in Florica, for
txamole, whers the terrestrial background on undisturted lang is generally too
Small 3 allow roca for variations as large as 40 erad/yr) these arrays had an
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essentially country-wide gistrocytisn  ‘rom he Pacrfic caast, tArough the
mig-czntinental regron, t3 tne Atlant's

Sisa'ly, considering that in ine NURESG-0837 survey there were nominally 8 sta-
212ns detween the 5 and 20 mile cirzles arouna the lant, on the average eact
$23%°0Nn regorted on an area of aoout 145 square miles. There s no reason tI
s.CCose Nat he extremes 'n the naturally-occurring  exSosure rates withia the
a==3ys wou.d secessdrily Ze 21Cked ub 'n RIS Syrvey.

’

{i*v) Tne Los Alames Survey

fsr many years the Eaviranmental Syrveiilance Grouo of %he Los Alamos Ladoratory
~as nonrtored a large numoer of locations in the technical areas of the Lapora-
%ary, an¢ 3130 1n the surrounding neigndornood, for the presence of a long list
9¢ possible ragicactive ang chemical contaminants in the air, sgil, ana water.

As a part of tnis operation they have maintained an array of TLDs to monitor

the CasMIC T3y and terrestrial ragiation background. A numoer of thase TLD sta-
tions are outside the perimetsar of the technical area at locations where normal
Laporatory operations would not affect the readings of the dosimetars. Seven

of these outsice stations are deployed in tha townsita; and these are all in
generally similar (mesa-top) tarrain, ang ars all at an altitude close %o 7250 f
(2,200 ®). They are all located within an area somewnat less than 7 square miles,
and the extrems distance between any two of these stations is only 3.5 miles.
These seven stations thus constitute & rather compact array. The seasuresents
reported are dDelieved %t 2e within 4 percant of actual levels.

The TL0s register the sum of the absorbed dose fn outdoor air from the cosaic
and tarrestrial dacxgrounds -- with trd exception of the casmic ray neutrons,
to wnich the particular datectors used are not sensitive. To obtain the total
bacxground exposure it is necessary to aad 1l srea/yr to the TLD readings to
allow faF the neutron component (as taken from the dose~altitude curve of NCRP-
45 at 2,200 m). The total exposures for the Calendar year recorded by the TLOs
at each station are 1isted in the annual reports of the Surveillance Group.
Again from NCRP-45, the average exposure rats to cosmic radfation (excluding
neutrons) at 2,200 » altitude is 60 srad/yr. The average of the TLD readings
far all seven stations over the six-year period from 1980 through 198S is
égs nr:g/yr. The average expesure fros terrestrial radfation is, then,
mrag/yr.

Over any particular time period the cosaic Background will, of course, dDe uni-
form across this compact arrsy, though over ¢ six-year period the level will
change somewhat as a consequence of the ll-year solar activity cycle. At the
geomagnetic latitude of the Continental U.S., this variation has 3 saximms
asplitude of less than 10X of the mean lavel. Changes in the array average

Such as that betweea 1980 and 1981 (from 123 to 100 srad/yr.), or that Detween
1982 and 1983 (from 109 to 131 srad/yr.) will have resulted from changes fn the
terrestrial background. Presusadly such shifts are to be accounted for by
differences in precipitation, snow cover, and so forth -- and, indeed, there

was 30X more precipitation fn 1982 than in 1983: 21.7" vs. 16.7." However, the
size of the changes from 1982 to 1943 was by no seans the same at each station,
‘"anging from ~ll srad/yr. ta +38 srad/yr. Another curious exasple of a station
to-station variation occurred Detween 1964 and 198S. The array average exposure
was 116 srad/yr. for each of thesas years; but, while the exposure at one station
droppec from 135 to 120, that at ancther, only 1.2 siles away, increased fros
115 to 136§ arad/yr.
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“ne SSTRAC Detween LNe NISTEST NG Cowest "eacings in 1980 was only 28 mrag/ye:

Lo for £4CH Gf AR ONE” IANLAL Der'ads NS s3read ranged Detween 10 ang

42 mrac/yT e even witRco tte semy Ttmited extent of Nt ir=1y. Juring e

st x 4NNUdl intervals CSTiTieres, e TOowest EXTISUr® was recarcsd 3t Sne or he

SThET OF w0 $3AL°CnhS, w0t e Ltree 2t fferent 51a%107S were 'nvoiveg 1N draviziag
“re = ghest ~eacing I te gear

“nasa examsies, z.iled ‘=% lte ~esuils of tne Los Alamas survey, Doint uo the
€325 N34T STETE S MUCH MOTE variaptiity A LRe A3Tlrd) DacxgrIund ragiation -
531 zoer 11T, ang TN $8ACE <- 10AM 15 OFOUGNT 3 MING Dy ~eferences 2 Z3unitywcze
- ever ~eg'cdl, dvemages.
i) wasniagizn, XC

3ec =5 at sea isvel, =as"'nglIn Ras @ COSMIC T2y dose rate (‘nclucing neutrons)
2'cse 3 30 mrem/yr. Since tle neutran camponent in this casmic ray flux is
guize smail the gifference Jetween rads and rems is also small, ang aay be
1gacrea.  Wasningtan s 1n the T3astal Plains Region for wnich the outdoor
exgosure r3te t3 tarrestrial ragiation is said to Be Detween 1§ and 3§ srad/yr.
The matural dacxground dose rats in wWashington should, then, De Detween 4% and
§3 mrag/yr. Still, some questicn on this point is suggested Dy Alvin Weinterg's
measurement in May 1579 of a cosd rate of 250 mrem/yr during & hearing in tne
Qircsen Senate Qf‘¢ice Suilaing.

Having this in mind, a nang-portable radiation rate-metar was taken on savera!
shors excyrsions during May, June, and July of 1986. The resulting cbserva-
t1ons CANNOT De cansicered to canstitute & survey, since they were made in the
course of vigits %2 3 somewhat random salection of targets. The rapid time-
resgonse ¢f the ratecmetar made it attractive to take many of the resdings en
passant, so the precision of the readings was not impressive == gsomething like
=1l wR/nr.  Still, the measurements were prodadly sufficiently accurats to per~
mit Ne grouding into the rather Broad exposure rangss indicatad below. The
rate-meter was calidrated in yR/hr; Byt that has Deen c3nverted to arad/yr using
1 yd/nr = 8.76 mR/yr = 7.6 arad/yr.

The following is a summary of the resylts of this mini-survey. The numbers
given refer %0 exposure ratas in ampient air in srad/yr.:

. §3-75. The Towest rata obsarved vas about §0. This was found in a
variety of locations: the doorway of the older Worlg Bank Building at
18th ana G; the 5tn floor of the Hart Senata Office Byilding; at street
Tevel inside the new Presidential Plaza at 19th & [. Rates close to 7%
were ‘aund alo~g Firgr Street, SE.: on the stRDY and amang the columng in
front of the Supreme Court; the northwest doorway of the Russel) Senats
Office Building; the intarior of the Lincoln Memorial; and the street in
front of 1717 H Street, as well as in the loddy and the large confersnce
room on the 10th floor.

. 75-90. Examples were found along a nuaber of streets (18th Street, I
© Street, Pennsylvania, ang 20th); the lobdy of the Lomdardy Notel; the



lobdy af the National Science ouncat-an 8Suilding; and dath on the street
level and the lower levei of %Ne ~arragut west “etra station.

. 30-115. Ratas in this range were ‘3und on upper floors of zon the Jirksen
ana the Russell Senate Jffice durigings; on tne street ‘evel af the new
world Sanx Building at 18th ang Pennsylvania {tnen unger construction)
except tNat ne *ale :f apdout 30 increaseq 3 aoout 115 on waixking pase
he concrete struciurai columns; outsrae the base of the wasnington Monu~
ment; the lobby of the rMay Adams:. iqocy of the New Execytive Qffice 8uila-
ing; uoter floors of the Lomparagy motel: the men's rooms ang corriders on
the 10th ana lith floors of 1717 « Street (adout 15 nigher when passing
concrete columns), the ~cacdway 9f Zast Capitol near the foot of the staos
%3 the Capital; ne si1dewaln along Pennsylvania Avenue near the wWhita House
fence.

] 118-150. Insice the wWashington Monument at ground level; desice the
Reflecting Pool; in Lafayette Square (about 30 higher than on the other
side-of Pennsylvania Avenue); the street in front of the New Executive
0ffice Building; on some sections of sidewalk such as that paved with
bricks on Madison Place, ang the section paved with ornamental stone slads
at 17th and ¥ == both Defing about 30 higher than neardy sections with
concrate walks.

J 150-200. In this range were the antryway at the southeast corner of the
Presicential Plaza; the porte~cochers on the east side of the Capitol; the
walk Dy the Viet Nam Memarial; and the steps from the Reflecting Peool up
to the Lincaln Mesorial.

. >200. On crossing Madison Place from the east side of Lafayetts Square
(rate ~150) one can go through the porech of the Law Courts Building (rate
~268) inta a delightful patio (rata ~240) and on inta the lobdy (rate ~120).
On starting up the steps to the Lidrary of Congress from First Street, SE.
(rate ~75) one comes to the first landing (rate ~150), then the second
landing (rate ~225), and then the doorway (rate ~380) and on into the lobdy
(rate ~118). On approaching the north entrance of the 01d Executive 0ffica
Building one leaves the sidewalk on Pennsylvania Avenue (rats ~115), goes
through a gatsway in the fence (rata ~165), crosses a flagstone-paved patio
(rate ~190) and up to the top of the steps (rate ~400) and ints the lobby
(rate ~135). Apart from these observations there is Weinderg's Senate
Hearing rcom (rate ~250).

(v) Variability

Offferences in natural background exposure ratas of 50 to more than 100 srad/yr
have alrgady dDeen tdantified in earlfer sections of this disgussion. Such, for
wxample, as that in the cosaic radiation background detwesn locations at ses~
Tevel and locations at an altitude of 3 or 4 ka., and as, also, that in the
terrestrial Dackground detween the Coastal Plain and the Oenver, Colorado
Regions. Reference to these instances suggests broad, sweeping changes as
between some location and another location a continent or part of a contfnent
away.
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sowever, tNE variations acted 17 ite 1acdl syrveys just descrided make 1t clear
+n3at the Broag contours of tTe S3Cl3LUON IATensity surface are over'a'a y an
veregular, fise-texiurez ~etaorx If sariations of aopreciadie stze. It is ace
-eccssary for an 'agivizual %o trave: from the Zast Csast 0 Cenver ‘n orser %
mez.nte” 1,;--'!! --anges HOEEL RS Ay ] 2¢ ex20sure %0 :‘C!qrﬂund ragration. can-
s° -gva:’e variaticrs =710 Je exoertenced By 3 siationary ingivigual in many
2337378, 3y :AGTv 3uals traveling & few ®les o tne store in many sarts 3¢

:ne ssumtry (as evidencez Oy tne YRC survey), Jy individuals resiciag ‘n ogne
mIuse 3r 7 3N0TNer Mouse & ‘sw s'scxs Jwdy (s from the Las Alamos survey),
..... tA2vidudals ¢85 g f-cm sne s'ce of ne street T8 the other (as ‘n
uasﬁ\ng::n). Qf caurse, me IiuniTAngde, gosulition-weignted, averige annual
exscsere’ '8 aer‘QC"« “¢’ '-Ze’ neqd CINCEROT wnreh is useful for some sursoses,
even ¢ there sPoLid NSt e ar inctvaual anywnere who actually receives jus:
that exgIsome fIr one voa- ‘et a'cte two yedrs running.

V. Jhbservations ang Comments

we kNOw N4t extreme excasures t2 radiation can be fatal, and we know a fair
amount about tne levels wmich pracuce lethal effects in 1 short time. we even
know that there is some risk that an exposure ADOUt twenty times saaller than

one resulting in a promgt fatality -- 3 whola-dody exposure, that is, af some-
thing like 20 or 10 rem of low-LEIT radiation delivered in a short time -~ may,
wilh 3 rather poarly xnown Sr23a0ility, initigte processas wnich resyult in fatal-
ity years later. However, tNere is 3 gap of a00ut two orders of sagnitude detween
the dcse levels for wnich otservational data are availadle and the levels proe
viged By natural sources. As stated in UNSCEAR=77, "It sust De smphasized,
however, tNat such estimatas” (referring to their estimata of -10"¢ fatal salig-
nancies/person==ad) “are deriveg orecominantly from rates observed following
absordeq coses of over 100 racs,” ang “In particular, at low doses in the region
cf those recaived annually from naturai sources, no girect information is avail-
adle as %0 the lavel of 1nduction of malignancies that might apply.”

The-numan scecies has, of course, Deen receiving this natural dackground radia-
tion, including variations of the sort already described, through the wnole
period of evaluticnary time. Qver that periog it has evolved from primitive
Tife forms, through the earliest hominids, and on to medearn aan. [n the course
of this it will have experienced a large nuadber of sutations, of which some
fragsion will nave bean induced by natural dackground radiation. It seems 2
be generally felt that the outcome of this process has dDeen favorable.

In its cevelopment the species has accosmodated to the factors found in its
environment; and far sany of these factors there {s 3 range of exposure levels
which goregr %0 be optimal for the welli-peing of the arganism. Frequently this
range is in the neighbarncod of the levels usually encountared. Exposures (or
supplies) at levels within this range may De either neutral, or densficial, or
essential to the organisa's well-deing; whersas great deficiencies may bde detri-
menta) or fatal, as may great excessas. Such is the case, for example, for the
physical factors of heat, lignt, sound, and moisture. [t is also the case for
many cnemical substances such as v1ttn1n A, and even materials containing arse-
nic and selenium. These, and many other substances, are essential in trace
amounts byt are dclotcrious or lethal at even moderate dosss.
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An agent maving deneficral ef‘ects at 'ow “evels which woyuld not Be indicatad

Sy ‘ntarpoiation from its xnown Jeleterious effecis at nign levels is sometimes
“sfer=eq@ %5 45 "Mormetic.”’ It s not known wnether low-_ET radiation is normetic
‘ir the numan organisa, but it woulg not e greatly surdrising if such snould

e the case. A large numoer of examsies 3f ~331at10n hormesis have Deen soserved
"7 3 wrge range af DNt ING animai scecles = at Jeast as gauges By such faclars
as 373wilh rate, ‘e-%ility, anc 'ongevity. Included in these odservations is a
se='es 17 whign tne rate 3f sraliferation of a colony of bacterta increased as -
the ~acration ievel was rarsed to fourteen times the natural bacxgraund, dut
sec-eases SCth as the ~adlazion levei was raised st1ll fyrther, and as it was
~ecucee Jy & facisr of six delow natural tacxground Dy 10 cm of lead snielding.
SugGestive as such ooservations may de, they are, of course, By no seans concly-
sive as %3 an normetic effect 3f ragratiaon on the specific and complex systam
2I851714LI0g human tissue.

D7 coAtrast with tRis there 15 no doudt thal a single quantum in damage a cal)
Cr 1ACLCE @ Mutation. A Quite enormous numcer of experiments ve Deen conducted
an ceii calontes ang various types of animais showing deleter s effects of
expcsures of ~10 rags, or more. Such observations are also suggestive; but,

as pointad out in UNSCEAR 77, thay do nat yet grovide any direct infarmation
¢ancarning the incidence of carcinogenesis in man resylting from exposures in

the general range of natural dacxground levels.

There are many cautionary statements v many authorities cailing attention to
the lack of actual knowleage on this last point. Thosa which appesar in BEIR Ill
include the following: '

. “The Committee does not know whether dosea rates of gamma or X-rays of
-aoout 100 mrad/yr are detrimental to man.'

) “The quantitative estimation of the carcinogenic risk of low-dose, low-LET
ragiation is subject to numercsus uncertainties. The greatast of thess
concarns the shape of the dose-response curve.“

. "For the most part, the availadble husan data fail to suggest any specific
cose-response model."

] The collective influence of the uncartainties which apply "1s such as to
deny great credibility to any estisates that can now be sade for low-dose,
Yow=LET radfation.“

o For its 11lustrative computations of the lifetise risk from whole-body
exposure the Committee chose the situations of a single exposure to
10 raas, ana a continuous lifetime exposure %o 1 rad/yr, and then said:
"S8alow these doses, the uncertainties of extrapalation of risk were
believed Dy some ssmbers of the Committes to de too greet to justify
calculation.®

In the face of these and other similar warnings that there i3 no factual basis
for any particular estimate of the risk which might apply as a result of an
exposure in the range of one to a few hundred arad, precise values are routinely
assertea for such quantities by regulators (and others) on the basis of the
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no-2nresncld linear hypothesis. Jf csurse, cifferent jrecise values are

equally firmly assartag Dy Q1fferent estisators sinca tne slope of ne line
empioyed is coen %o scme chGice. For examole, tMe average rrsx of inducing a
satal malignancy was -aker as teing “in e regron of 10°4/-ag" i UNSCEAR-TT.

29t the caefficient auitisiyiag 137Y 0 the estizate af cne Aumoer 3f ‘atalices
cer man==wm has Seen varicusly caxen %0 D& 1,25 (1lAP-28, 1977), 1.7 (BEIx .572.
L9800, ang 12 CFR 20, MRC, L98%8) 2.3 (MUREBG-11SQ, 1387), 2.7 (40 CFR 191, iPaA,
L38%), ana 1.7% (80 CFR 183, ZPA, 1987).

“mgugh tnese assorced values 2isc'ay ne lack of any absoluts technical sas's
for <he assumptions, to a very large extent tne no-nreshoid linear nypothes:s
nas Deen acIsraad the STatus 2f an axica. Two imporzant sorollaries follow

‘rom tnis Nypcthesis. The firgt s that the risk to the indivigual is girectly
progartionail to the aose (2hat s, the increment in exposure over natyral dacx-
jround plus raglation recetlves for sedical purtoses) incesencently of the sizs
of the incremental exoosure ¢r :ne level of the dacxground. (The medical cam-
sonent, incidentally, tnhougnh hignly variable from persan 23 person, is estimated
(NCRP, 1987) t3 aad $3 arem/yr to the average exposure of the pooulation of *he
U.5.). The sacand corcllary is thnat the ¢ollective consaquences of an incremental
exjosure of a pooulation are girectly proportional to the intagral of the
incremantal numcer ¢f man-rum aelivared, independently of the size of the
incrementa) exposures. For hypothetical incidents, at least, the incresenta!
total of man-rem is itself the endpoint of a chain of assumptions concarning
mateorclogical factors, individual bemavisr, and se farth.

Not everyone subscribas to the linear hypothesis. There are thosa whe hold

that at low exposures the dose-response Curve is concave downwards and lies
above 3 straight ling from the origin so that the effects at low dosas will Be
larger == possidly much larger -- than indicatad By the linear hypothesis.

There are 2ls3c those -- including the Jajority of the BEIR III Committes == who
consider it prodable that the true response curve is concave upwards, lies Delow
2 straignt line througn the arigin, and that the effects at low doses will de
less == possidly consideraoly less == than indicatea by the linear hypathesis.
And_then, as sentioned above, there are thosa who hold that radiation may be
hormetic. For those, exposures in some range of low doses would not necsssarily
constitute any risk at all. Arguments can be (and have been) aaducad in support
of each af thesa dose-responsa models; but, as alreacy notad, the BEIR III Com
mitlas concluded “the availadlie human data fail o suggest any specific dose-
responss aodel."

Whether the fashionable linear hypothesis represents any biological reality or
not, it does have twe features in its faver. One (for which few pudlic claias
are made) is that it is wonderfully econcmical of regulatory thougnt. The other
(that most commonly urged in its defense) is that it is said o be “prudent.”
This nec=tschnical term == 1ike its sister regulatory ters “conservative’ -- is
frequently fnvakad to provide an-unassailadble license to make mistakes, as long
as they ars sade in the rignt direction, i.e., to cverstats the negative aspects.
However, other considarations must also De taken {nts account, and a “prudqnt“
estimats on one side of anm equation is unlikaly to be of assistances in striking
a (truly) prudent balance between conflicting considerations -- a balancs, that
is, reflecting the exercise of good judgment.
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The ALARA prencidie may Ze taxen is an exampie. ~ere the intention 1s ta reduce
Prgk, DUt thE QuUaNtity whicm can e 2 rectly affected 3y actions taken is
potential ragiation exposure. (. Secimes SroGressive’y narger (and 3ore expen-
sive) %0 Teduce the potent-al exposure %"t lower ne level 4t the start. The
rescurces devoted Lo tRe exercise of ALARA are tnemseives af interest U3 the
publiic; but the ALARA princicle 1s ocoen-ended. 7o avoi1g the 1ndefinite ang ylti=-
mateiy porntiess iteration of cost-Zene’it analyses along with effarss to devise
neans of requcing Dotential exposures 3 ever lower leveis, there ‘s an obvious
need f3r some s3rt of figcr for tne ‘U-tner impositicn of ALARA. 07 course,
3iong with ALARA ang tne 1:near nycothesis we ao have e $1,000 per san-rem
convention; out this merely 'ntercaliSratas %ne scales for risk estimates and
costs, albert in a somewhat ardDilrary fashign. [t enables cost-denefit analysis,
ang may serve %0 SuBOOrt & decision that same parzicular sechanical measyre
eSTINATEC %0 requcs exDOSures Dy SUCh anc Such an amount is not "worthwnile.“

8ut it goes no way towaros saying wnen furiner study may e laid aside. Neither
he linear mypotnesis -- ang particuilariy not the presumed prudence of the risk
est'mates derived from 12 -- nor the $1,300 per man-rem convention provide any
logical assi1stance in specifying a reasonadble floor for ALARA.

Similar Tonditions apoly to attempts to establish a de minimis dose. While
this and a floor for ALARA have much in common thay are Dy no seans identical.
The one refers to a level at which further efforts at reduction would not De
mandatory. The other refers to a dose 'evel at which the consequencas (if any)
would De deemed trifling and would not warrant consideration == either by regu-
lators, ingividuals, or society. [t has Deen urged that the estadlishment of a
de minimis level would serve a number of useful purposas, such as providing a
cut-off for regulatory efforts (presusadly including estimation of callective
doses), providing limits for control crograms, and, conceivadly, assisting in
Geveloping a detter public understanding of the significance of radiation
exposure. Any leve! salected will have to meet & number of conditions, among
thnem that it can be adequately measured, dut also that it de capadle of gaining
puslic acceptancs.

The desiradility of an official de minimis dose has been discussed for many
years among many groups. Most frequently such discussions have startad (and
oftan endad) with attempts to decfde on an “acceptadle risk." Levels for the
risk of premature death in the range of 10°¢ ta 10°3%/yr have bDeen mentioned in
this connectian and, with the help of the linear hypothesis, a carresponding
range of dase Tavels: from less than one %o over a hundred srea/yr. It is, of
course, far from clear what an “acceptadie” risk level may be, or even {f thers
is one. Much has been made of the fact that even in so-called “safe” industrial
settings the (occupational) risk say run as high as 10°%/yr; and, since this
0pears 0 be scceptadle, presumably any risk appreciably ssaller -~ such as
107¢, say.-- ought 23 De acceptable 200? However, this may not cover the situa=
tion. Far cne thing, the risks in familiar settings have not deen so flambeyantly
identified, dedated, and Deladored as they have for radiation, and say to &
large extent be accaptad unknewingly. For another, there is nothing ta.say

that risks similar to or even smaller than those applying to sore familtar
activities would be deemed acceptadle for radiation == partly in view of its
dbeing pictured as more wystarious, but at Jeast partly decauss the official
assusotions have tended %3 endorse an unlimited and unreasoning fear. Such
psycnological factors could well interpose great difficulties for any risk~based
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$DCT3ACY 0 setiling 3N 3 “#2507aC € 2TESCTUIUIIN fOF 2 g MAimis dose.  The-y
i3 3150 the SOTE Dasic DOINL INaT I3 STICE ‘FOM A Dre-assigned risk g an
2550C1atad dose n a4 19GT3al wdy e "taily "eecs 3 ‘airly well-faunded cose-
res3qnse correlation: aut, as 3ziR l0 Mas titelessly tgld ys. we A0 "0t mave
ne.

Y. linglusien

Jcmfrcnteq with 2 l3ne 0F 127C"303d 1 Cew IRCaCes wicde we have a4o0ted he

s Mo est 2cssisle Nypothest; ‘0 Lia 218 § Conventent 3rigge. A 2riorl it woulz
seem ~atne~ uniikely that 1 'ad- ICie--esionse function would aciually
Srovicde a very good descmisiiic 27 .3t a complex diological relationsnip as
LhaT Jetween Carcinogenes's ard ~aITation axposcre.  Pernags tNe Dest that can
e saig of it s that t ere s 3 "ai2rity 301ni0n that it provides a “Drydent’
gescriptian.  This canngt e -~egarZaa a8 an 117tailectually satisfactory basis
for 1mportant gecisions, s2s%izuliv'y wnan there are some cuita relevant faces
which are known with certainrty. Amoagst tnase is tne wida variation in tnhe
expasures peoble recaive ~atural'y

e

As 3 syfficient gesture towards “2-ucince” one Can ledve asids the sost axtrame
sityations == such s the Ances, 20he Xerala Coast, or even the hearing rooms in
the Dirksen Senate Office 8uilding -~ and still fing that aillions of pecple
awel) in Tow=LET radiation fields wih levels from 30 to sore than 100 erea/yr-
larger than the averages usudiiy assigned ta the natural background of low=LET
ragiation. Thers is no evigence :nat tne variations esncountared Dy these guite
large contingents of the stecies are detrimental in any way. Such variations
are similar in nature %o the otner inhomogensities wnich sark the planet we
innapit: differences in weather ane climats, suniignt, altitude, watar, ice,
and 3o forin. They are faatures of the eavironment in which we have develcoed,
and in which we will continue to live. Far the partizular factar of exposurs
to radfation the natursl Background, and its variations, provide the mest
cartain guide and basis we have (and, quite possidly, the most certain guide
we ever 2ay have) for consideration of such aattars as appropriata levels for a
floar ta ALARA and far a de minimis dose. (These, of course, need not de the
sase.) Thougnh the guidance wnich mi1gnt be drawn from observation of the bdroad
spectrum of natural varfations would have & real basis, that would not peint
clearly at any prescise value that should Be used for the purposes we are
consigering. It is not proposed %o try to specify such a valus heres. However,
from the evidencs which has Been prasented it would appesr that any attampt ta
argue for a smaller level than SO or 100 mrem/yr would have to construct its
support on the mystical basis of the linear hypothasis.

The main intant of this discussion is to urge that we Dase our actions and
decisions to the extent possible on hings known. Quantitative statasents
concerning risk do not fall in that category. Particularly offensive in this
respect are the statsments frequently emittad Dy regulatars to the effect that
50 and- 30 sAny “excess fatalities” will result from such and such aa incre~
mental exposure, or de saved by tnis or that propesed new procsdure. Such
stataments are not only without foundation -- derived, as they are, Dy the
acplication of some stmple scale faciar of unknown validity == dut they also
tend to give the unwarranted ang revolting ispression tnat fatalities are the
coin of the reale in nuclear affairs. [t is really of great isportance that
commants concerning risks, fatalities, and so forth should de as factual as
possidie. They sheuld leave no raom for doudt as to what the real situation
is, namely: that neither we, nor anyone else, knows the precise relationship .
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Jetween J0se NG reSPONSE 4T 10w JOSes: Ut Nat, at Tedst within the tangs of
exposures discussed agave, there ‘s as yet NG evidence of iny cetrimentai
effeacss an man.

NOTE CONCERNING FAQIATION UNITS
The Jnits usad throughout Nis aiscussion are tNe 'rad” ang the 'rem.

The rad is the unit for energy deposited Dy ionizing radiatioan of any type 1n
any saterral. Qne rad refers to an expoosure resullting in an a0sorded energy
{ar "cosa’) of 100 ergs/gm. Tg gravige a correlation Jetween the ragiation
flux and the dose, it 13 necessary to specify the material considered. Thus,
one speaxs of “an adsorved qase n a'r* 2f so many rads. Since there are more
tlectrons per gram in diological tissue than in air (resulting from the larger
preportion of hydrogen in tissue) a given flux of radgiation will cepesit some-
whatl more energy per Qram in tissue than in air. This qaiffe: ence, however, is
rather smal! (only 7X) ang is usually ignored; so that, to a reasonaple approxi-
mation, 3 radiation exposure providing an absorded dose in air of one rad would
be said to provide one rad of absordbed dosa in tissue.

The res is the unit used to calidrats Diological effects in human tissue. One
rem {s the dose from any radiation that produces Biolcgical effects in the dody
equivalent to those from one rad of X-rays within a given emergy rangs. dne
rad delivered By a-particles is sore dasaging then one rad fros X-rays, even
though the amount of fonfzation per gram produced By the two would be the same.
In the case of the a-particle mast of {ts energy is deposited in a very shert
distance at the end of its path, resulting in a very high level of fenization
within & quita small volume. Qn this account an a-particle is said o have a
high Linear Energy Transfer (LET), and the radiation it provides is refarred t3
as nigh=LET radiation. B8y contrast, an X-rgy depasits its energy sare uniformly
alang the length of its (longer) path, and X-rays (as well as y=rays amd
f-particles) provide what s called low=LET radiation. To take account of

the differences in diclogical effects, a factor == variously referred to as
the Relative Biological Effectivenass (RBE) or Quality Factar -- and, in
current writing, usually destgnated Q -~ is introduced, Dy which the dose in
rads is sultiplied to obtain the doss in rems. By dafinition, Qml for X-rays;
and is also taken to dDe unity for y~rays and f-particles. However, for
a=particles, it is now officially agreed to take Q=20. A value of Q between $
ang 20 is currently assigned to neutronms.

One further convention is necsssary. a-particles as well as f-particles,
deposit their energy 1n a quits thin layer of tissue fmmediataly adjacent %o
their sourca. Thus, they do net provide a "whole-dody” dose, Dut only a dese
ta the argan (or saall portion thersef) in which the sourcs of such radic~
activity asy de loczted. In order to assess the relative biological hazards of
the effects of radiation delivered by varfous seans to various parts of the
dody, one needs some way of translating any particular organ dose onta a commen
scale at a level judged to reprasent an squivalent avarall affect. The ICRP
has devoted extensive efforts ta developing a systam of "weighting factors®
wheredy the dose ta any particular region af the Dedy can de converted to an
aporopriata value of whale=dody dose equivalent (0.E.). This is called the
“effective” D.E. Thus, for example, the effects of a dase of x rem 0 the lung
tissue is taken to de adequately represented by 0.12 x rem of whele-dboay 0.E.
Obviously, the sum af all the weighting factors for the different organs, or
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regiony af the dody [udGeZ S e 57 5nTRCaaT. Bust equal unity -- g9 tngt @
dose of x re@ T3 each $:GAI’CaNt Zantar w1l enen acced .o, equate %3 4
wnoie=g0qy 0.E. of xrem

As an aggitional comment, "t nay D2 ~cted WMal e classizal unte far ~agiation
exgosure == the Reenzgen (R -- ‘s 15 lznge~ i~ se, thgugn it acdedrs 10 fany
I'ce” anrg even recent me3oris.  Tha Rcentgen was Jefined 'n tarmms of tne amount
0f 1amTI3TISN SrislCed. N ZATLITY AT Ine 2S5y 37 Iharge moare TuBYC zentiTater
37 277 A% STANCArT taMcEralure ang s-esiured. NS is eguivalent 2 an atsarsed
acse 'n ar- 37 87 e~3s/3™ (1. 37 -ig). sr of 91 e~gs/gm 'n "issue. AT Teast A
drscusstons 3f naturd’ JaCKGrIunS r2294710n (eNera alr anrd tisaue Are thne mecia
of ‘nta~est) INE COUGT 2ZI°xWALNIN LR T L oraad 1s frequently used.  Today,
tnere is the newer S50 ur't ‘cs ave~gy cecosited -~ ine Gray (Gy). Cne Gray is
tne ex0osure resulting 1n tne Jesest iz 3f one Joule/kilogram (~2ther nan

100 ergs/gm) se tmat L Gy = 200 -1 Similariy, whe ST ynit for cose egquiva-
lent im pislogizal tissue =~ ite Jiavert (S5¢) -~ iy such that 1 Sv = Q Gy =

100 rems.

Finally, just as ane ¢2uid (77 Jne znose) calidrate velogity in serms of furlongs
par ‘orinight, there 1§ the unit of the working Lavel (WL) to caliBrats a-acsivity
in air, and tne vorking Lavel Month (wlM) for the intagrated exposure to such
ragicactivity. The WL is Jefined as 31 concantration of short-iived radon
daugnters which would result in tne release of 1.2 x 108 Mev of gesnergy per
Titer of air. The populaticn of <ne radon caugntars Po-218, PH-214, B1-214,
and Po=214 in ragicactive squilidrium with 1000Ci/1 of Rn=222 woyld release 1.3

x 103 Mev of a-energy per liter, ang would thus provide one WL. The WiM i3
defined as the exposure o one WL “cr 170 hours. As with any attespt to
carrelate tNe concentration of airgarag radicactfvity with the dose delivered

t3 any particular organ (such as the luag) resuiting f~om innalatior, the steDs
are sore than a little complicated; requiring, as ther do, either knowledge or
assumptions concarning dreathing rate, desartures froa ragfcactive equilidbrium
(whicn essentially always—apply excapt in situations whers the afr is quitas
stagnant), the particle sizes of the aerosols irvelved, and the extant to which
the individual raden decay products are attached (or not attached) o the dust
particlas within the air, as well as the physfological gistridution and retantion
of the satarials inhaled. On the basis of averaging assumptions on sach of

these paints it has Been taken that one WM corresponds 0 & dose of apout

12-14 rem 3 the segmental Broncnicies. Wwith the ICRP weighting factor of

0.08, one WiM corresponds %0 a whale-0ody dose equivalent of adout 1 rem.

8IBLIOGRAPHICAL NOTE
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0 Beck, H.L., de Planque, G. "The Radiation Field in Afr Oue to Ofstridutad
Gasma-Ray Sources in the Ground." USAEC Report MASL-195 (1968).
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1978. The Procsedings were pudlished under the titles:

“The Matural Radiation Environment,” J.A.S. Adams and ¥W.M. Lowder
(editors), Univ. Chicage Press (1964).

“The Natural Radfation Cavironsent - II,” J.A.S. Adams, W.M. Lowder, and
T.F. Gesell (editors), USERDA CONF - 72080% (1972).

"The Matura] fagiation Environment - [I1," T.F. Gesall and W.M. Lowder
(editors) US DOE CONF - 780422 (1978). '

° Papers in: Matural Radiation Environment, Proc. Second Special Symposium
on Natural Radiation Environments, Bomday, Jan. 1981, K.G. vonra, U.C.
?1shrl, K.C. Pi11al and S. Sadasivan (editors). Jonn Wiley & Sons.

1982). :

o  Muller, R, “Natural Radiation Background vs. Radiation from Nuclear Power
Plants.® Journal of Environmental Sciences, July/August 1972.
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Backfill Sample Analysis Report

Sampile Date: 0/18/08 - Location: Wheston, ILL.
!
As Recleved Basls " Dry Weight Basis
Sample 2olpgma 2 sipra 2sigma 20lpm 2sipm

Sample Melehure U238 [wwowiny | Re228 Juocwhiny | Re220 |uwwehing | U220 |uwcewtshiy | Ra-28 | wowlinly | Re-228

Wumber | »n n " h ® " n _Wmpchy | i n "
R L . O O W . OO O B
[ WT828 | 138 | <MDA na 1.2 02 1.5 0.4 <MDA na 14 02 | 17
[ wis4B 159 | DA | na 1.3 0.3 1.5 0.4 <MDA | na 1.5 0.3 18
| wrs78 162 | <MDA | na 1.1 02 | 13 03 | <MDA | na | 1. 0.2 16
| WTB8B | 17.8 19 | 08 1.1 02 | 13 | o3 23 0.9 13 02 18
| WTS-19B | 170 " na 1.3 0 1 0. — na 1.8 0.3 2.1
" WTS-148 | e.7 ﬂ: na 1.3 03 17 0.4 na 14 0 19
_Mgs_ 138 [ <MDA | na 12_| 03 | 19 04 | <MOA | na 14 0. 22
(WTSGC1B] 161 | <MDA | na _ 1.4 0.3 1.9 Y <MDA | na 16 | 0. 23
(WTS-QC28| 202 | <MDA | na 1.0 03 1 0.4 <MDA | na_ 12_| o 1.9

The MDA vaiues are: U-238 1.47 pClg; Re-228 0.43 pClly; and Re-228 0.87 pCly.

Samples analyzed using method 8OP-RAR 308.

Samples counted for tan minules.




Backfill Sample Analysis Report

Sample Date: 9/10/96 Location: South Eigin, ILL.
t
As Recleved Basis Dry Weight Basis
Sample 2 sigma 2 sigme 2 sigme 2sigma 2sigma 2 sigma Tota
Sampie Molature u-228 uncertainly | Ra-228 | uncertainly | Ra-226 | uncertaintly U-238 uncertainty | Ra-228 | uncertainty | Re-226 | uncertainty | Radium
Number n n inpCig in pClig In pClg hP hg in pClig npClg n in pCl In pCig in pCVg in pClg
LEC - 38 E._f < J% na 21 0.3 .9 .4 <MDA na 4"%1 0.3 1.0 0.4 33
LEC- 58 5.8 <MDA na 1.9 0.3 1.2 0.4 <MDA na 2.0 0.3 1.3 0.4 3.2
LEC - 68 8.7 1.4 0.7 28 0.2 08 0.3 1.5 0.7 2.8 0.2 0.9 0.3 3.7
LEC - 10B 8.2 <MDA na 1.0 0.3 13 0.4 <MDA na 1.1 0.3 1.4 0.4 25
[LEC - 118 10.6 <MDA na 20 0.2 1.3 0.3 <MDA na 2.2 0.2 1.4 0.3 36
LEC - 128 6.4 <MDA na 20 02 1.2 0.3 <MDA na 2.1 0.2 1.3 0.3 35
[LEC - 138 8.5 <MDA na 24 0.3 1.2 0.4 <MDA na 26 0.3 1.3 0.4 3.9
LEC - 16B 7.2 <MDA na 3.3 0.3 <MDA na <MDA na 3.5 0.3 <MDA na 35
QC18 9.7 <MDA na 1.7 02 1.3 0.3 <MDA na 1.9 02 1.4 0.3 3.3
L_Qcas 6.3 <MDA na 2.0 0.2 0.9 0.3 <MDA na 2.2 0.2 0.9 0.3 3.1

The MDA values are: U-238 1.41 pCi/g; Ra-228 0.41 pCl/g; and Ra-226 0.62 pCl/g.
Samples analyzed using method SOP-RAR 388.

Samples counted for ten minutes.
1
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TECHNICAL MEMORANDUM CH2Z2MHILL

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 7, 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):

e data package completeness

¢ holding times

e instrument tuning

e initial and continuing calibration

¢ instrumental efficiencies and background
e surrogate recoveries

* internal standard areas

¢ serial dilution results

e interference check standard results

* matrix-spike / matrix spike duplicate precision and accuracy
¢ chemical yield

» laboratory and field blank contamination

144423445 /980601_Fdqge.doc 1



e duplicate/replicate sample results

The DQEDP 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 Parameter List

GW-RKP-1 Total Isotopic U and Th, Ra 226, Ra-228° Tot Metals, VOC's,
SVOC's

GW-RKP-1 Dissolved Isotopic U and Th, Ra 228, Ra-228°, D Metals

GW-RKP-2 Total Isotopic U and Th, Ra 226, Ra-228% Tot Metals, VOC's,
SVOC's

GW-RKP-2 Dissolved Isotopic U and Th, Ra 226, Ra-228° D Metals

GW-RKP-3 Total tsotopic U and Th, Ra 226, Ra-228° Tot Metals, VOC's,
SVQOC's

GW-RKP-3 Dissolved Isotopic U and Th, Ra 226, Ra-228% D Metals

GW-RKP-4 Total Isotopic U and Th, Ra 226, Ra-228° Tot Metals, VOC's,
SVQOC's

GW-RKP-4 Dissolved Isotopic U and Th, Ra 226, Ra-228°, D Metals

GW-MW-2 Total Isotopic U and Th, Ra 226, Ra-228° Tot Metals, VOC's,
SVOC’s

GW-MW-2 Dissolved Isotopic U and Th, Ra 226, Ra-228° D Metals

GW-MW-1 Total Isotopic U and Th, Ra 226, Ra-228% Tot Metals, VOC'’s,
SVOC’s

GW-MW-1 Dissolved Isotopic U and Th, Ra 226, Ra-228° D Metals

GW-MW-6 Total Isotopic U and Th, Ra-226°, Ra-228%, Tot Metals, VOC's,
SVOC’s

GW-MW-6 Dissolved Isotopic U and Th, Ra-226, Ra-228% D Metals
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Field Sample ID Parameter List

GW-MW-5 Total Isotopic U and Th, Ra 226, Ra-228° Tot Metals, VOC's,
SVOC's

GW-MW-5 Dissolved isotopic U and Th, Ra 226°, Ra-228° D Metals

GW-RKP-5 Total Isotopic U and Th, Ra 226, Ra-228" Tot Metals, VOC's,
SVOC's

GW-RKP-5 Dissolved Isotopic U and Th, Ra-226, Ra-228? Diss Metals

FB(012798 Total (FB121797) Isotopic U and Th, Ra-226 b, Ra-228% Tot Metals, VOC's,
SVOC's)

TB121797 VOC's only

*indicates results reported in August, 1998
® 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) _ Method

Uranium and Thorium Isotopes Alpha Spectroscopy

Radium-226 - Radon Emanation/Scintillation
Counting

Radium-228 Beta counting

Volatiles CLP SOW OLMO03

Semivolatiles CLP SOW.OLMO3

Total and Dissolved Metals CLP SOW {LM04

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):

o Data package completeness

¢ Sample holding times

e Initial and continuing calibration

e Instrument tuning

e Matrix spike /matrix spike duplicate recoveries and precision
e 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 cata qualification flags used for radiological sample results are shown below:

e ] -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.”

e 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.”

e 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:

e D - Qualified because laboratory duplicate control limits were
exceeded.

* S-Qualified because recovery control limits were exceeded.

e C-Qualified because of instrument calibration problems.
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REVISED DATA QUALITY EVALUATION OF KERR MCGEE WEST CHICAGO SAMPLES

e Q- Qualified because of blank contamination problems.
* M - Qualified because laboratory spike control limits were exceeded.

e 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.

e UJ -Detection limit estimated. Analyte was analyzed for, and qualified as not
detected. The result is estimated.

e J]-Estimated. The analyte was present, but the reported value may not be
accurate or precise.

e 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 CHICAGQ SAMPLES

The DQEDP 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:

e Control limits of 20 percent RPD for water samples were used for sample
concentrations or activities greater than 5 times the MDA or CRDL

e 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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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 reproducibility 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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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:

e The laboratories analyzed the samples in accordance with the site specific
work plans as demonstrated by acceptable instrument calibrations and tracer
recoveries

e 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

e 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-isotopic

Kerr McGee Wast Chicago
NAREL Sample ID | Client Sample IDJUNITS| TOT/DISS U234 Activity[ PQ] Uncertainty| MDC Jl U235 Activity| PQ | Uncertainty B U238 Activity] PQ [Uncertainty] MDC

98.00081P GW-RKP-1 PCIL TOT 2.14E-01 = | 4.40E-02 |1.10E-02 1.27E-02 { UB| 1.10E-02 1.53E-01 = 3.70E-02 |6.40E-03
98.00082Q GW-RKP-1 PCI/L DISS 1.36E-01 {UB| 3.80E-02 |1.70E-02 1.48E-02 | UB | 1.30E-02 2.01E-01 = 4.60E-02 |1.50E-02
98.00083R GW-RKP-2 PCI/L TOT 2.96E-01 = | 5.60E-02 |1.90E-02 2.30E-02 { uB | 1.80E-02 2.41E-01 = 5.00E-02 |1.50E-02
98.00084T GW-RKP-2 PCI/L DISS 3.57E-01 = | 6.50E-02 |3.00E-02 1.31E-02 = 1.50E-02 2.66E-01 = 5.50E-02 |2.50E-02
98.00085U GW-RKP-3 PCI/L TOT 5.16E-01 = | 1.00E-01 |3.40E-02 5.53E-02 = | 3.50E-02 4.88E-01 = 9.90E-02 |2.40E-02
98.00086V GW-RKP-3 PCIL DISS 6.11E-01 =] 1.10E-01 }4.50E-02 2.05E-02 = | 2.40E-02 5.14E-01 = 9.90E-02 |2.60E-02
98.00087W GW-RKP-4 PCI/L TOT 3.33E+400 | =] 3.90E-01 |6.40E-02 1.48E-01 = | 8.10E-02 3.21E+00 = 3.80E-01 |7.20E-02
98.00088X GW-RKP-4 PCIL DISS 2.77E4+00 | = | 3.70E-01 |6.80E-02 1.03E-01 = | 7.30E-02 2.62E+00 = 3.60E-01 |6.10E-02
98.00089Y GW-MW-2 PCI/L TOT 9.89E-02 |UB| 3.10E-02 |1.60E-02 2.75E-02 | UB | 1.70E-02 7.82E-02 UB 2.80E-02 | 1.60E-02
98.00090Q GW-MW-2 PCl/L DISS 9.68E-02 = | 4.80E-02 |3.70E-02 1.50E-02 = | 2.80E-02 1.15E-01 = 5.10E-02 |[3.30E-02
98.00090Q GW-MW-2 DUP | PCI/L DISS 1.52E-01 = | 6.70E-02 {6.80E-02 1.78E-02 = | 2.40E-02 1.00E-01 = 4.90E-02 | 3.80E-02
98.00091R GW-MW-1 PCIL TOT 2.33E+00 | =} 3.10E-01 {5.40E-02 3.18E+01 = 1.20E-01 1.75E+00 = 2.70E-01 |9.50E-02
98.00092T GW-MW-1 PCI/L DISS 2.18E+00 | = | 2.18E-01 }2.70E-02 9.10E-02 = | 4.20E-02 1.36E+00 = 1.60E-01 | 2.80E-02
98.00093U GW-MW-6 PCI/L T0T 2.43E-01 = | 7.20E-02 |4.10E-02 1.19E-01 = | 5.40E-02 1.40E-01 = 5.40E-02 | 3.60E-02
98.00094V GW-MW-6 PCIL DISS 1.06E-01 |UB| 3.40E-02 [2.10E-02 1.84E-02 | UB | 1.60E-02 8.16E-02 = 2.90E-02 | 1.30E-02
98.00610T GW-MW5 PCI/L TOT 1.50E+01 = | 1.50E+00 |1.70E-01 1.43E+00 = | 4.10E-O1 1.46E+01 = 1.50E+00 | 7.00E-02
98.00611U GW-MW5 PCIL DISS 1.64E+01 = | 1.70E+00 |1.60E-O1H 1.06E+00 = | 3.70E-01 1.51E+01 = 1.60E+00 | 1.90E-01
98.00612V FB121797 PCUL TOT 1.69E-01 = | 6.50E-02 |4.00E-02 9.76E-02 = | 5.20E-02 9.51E-02 = 4.90E-02 |3.60E-02
98.00613W GW-RKP-5 PCI/L TOT 3.07E+00 | = [ 3.80E-01 {1.00E-01 2.77E-01 = 1.10E-01 3.17E+00 = 3.80E-01 [4.50E-02
98.00614X GW-RKP-5 PCIL DISS 3.72E+00 | = | 4.40E-01 [8.20E-02 4.22E-01 = 1.50E-01 3.29E+00 = 4.00E-01 [5.10E-02
98.00615Y FB121798 PCI/L TOT 6.57E-02 |UB| 4.50E-02 |5.50E-02 6.77E-02 = | 4.50E-02 4.09E-02 uB 3.40E-02 |4.00E-02

Notes

TOT - Total

DISS - Dissolved

pCVL - picoCurie per Liter

MDC - Minimum Detectable Concentration

PQ - Project Qualifier

U - Indicates ihat the samplewas analyzed,but the

analyte was not detected above the stated

concentration. The result is considered “undetected.”

Qualified for reasons not stated above rete to the

text of the vahdation worksheet.

= - Indictes no qualification flag was assigned (placeholder).
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Table 3 Th-Isotopic
Kerr McGee West Chicago

NAREL Sample ID] Client Sample ID| TOT/DISS [Th227 Activity] PQ| Uncertainty] MDC [ Th228 Activity| PQ[ Uncertainty| MDC Th230 Activity| PQ[ Uncertainty [ MDC I Th232 Activity| PQ[ Uncertainty| MDC
98.00081P GW-RKP-1 TOT 3.96E-03 = | 8.90€-03 |1.80E-02J§ -7.17E-03 = | 3.30E-02 |6.10E-02 8.55E-03 = | B.00E-03 |9.80E-03 9.07E-03 = | 7.90E-03 |8.30E-03
98.00082Q GW-RKP-1 DISS 2.85E-03 = | 8.70E-03 |1.90E-02) 1.92E-02 = | 3.50E-02 |5.80E-02 8.19E-03 = | 7.70E-03 [9.40E-0C 3.07E-03 = | 4.30E-03 |4.60E-03
98.00083R GW-RKP-2 TOT -1.36E-02 = | B.60E-03 |4.00E-02H 5.90E-02 = | 5.00E-02 |7.90E-02 4.17E-02 UB] 2.00E-02 |1.50E-02 2.19E-02 = | 1.50E-02 | 1.50E-02
98.00084T GW-RKP-2 DISS 6.77€-03 = | 1.20E-02 [2.10E-02) 1.01E-03 = | 4.30E-02 ]7.80E-02 2.92€-03 = | 8.30E-03 |1.70E-02 4.37E-03 = | 6.20E-03 {6.60E-03
98.00085U GW-RKP-3 TOT 1.44E-02 = | 3.80€-02 {7.60E-O2J 5.36E-02 = | 9.50E-02 |1.60E-01 8.67E-02 = | 4.10E-02 [2.40E-02 2.83E-02 = | 2.30E-02 |2.40E-02
98.00086V GW-RKP-3 DISS 5.37E-03 = | 2.50E-02 16.00E-02/ -5.47E-02 | = | 7.80E-02 [1.S0E-01 2.46E-02  [UB| 2.20E-02 |2.30E-02 M 1.01E-02 = | 1.90E-02 |3.40E-02
98.00087W GW-RKP-4 TOT 7.40E-02 =] 8.10E-02 |1.20E-01} 3.25E-03 = | 1.60E-01 _]2.90E-01 4.56E-02 = | 4.30E-02 [5.20E-O2// 0.00E+00 2.00E-02 |5.80E-02
98.00088X GW-RKP-4 DISS 8.34E-02 =] 6.50E-02 | 6.90E-02 1.11E-02 = | 1.30E-01 |2.30E-01 9.01E-02 = | 4.80E-02 ]|3.20E-02 2.25E-02 = | 2.50E-02 |3.20E-02
98.00089Y GW-MW-2 TOT 0.00E+00 1.50E-02 |4.00E-021§ 3.07E-02 = | 5.50E-02 ]|9.30E-02 -8.50E-04 | = | 8.50E-03 |2.20E-02 7.64E-03 = | 1.10E-02 ]1.70E-02
98.00090Q GW-MW.2 DISS 1.35E-02 = | 2.10E-02 |3.50E-02]|8 7.88E-02 = | 7.20E-02 [1.20E-01 2.81E-02 ]UB| 1.90E-02 |[9.40E-O3JM -2.08E-03 | = | 2.90E-03 | 1.90E-02
98.00090Q GW-MW.2 DUP DISS 2.51E-02 = | 2.40E-02 [2.80E-02/@ 1.83E-03 = | 6.10E-02 {1.10E-01 2.42E-02  [UB{ 1.80E-02 | 1.80E-02 1.94E-03 = | 6.10E-03 }1.50E-02
98.00091R GW-MW-1 TOT 8.08BE-02 = | S.00E-02 ]1.40E-O1 1.12E-01 = | 2.00E-01 |3.40E-01 1.77E-01 = | 8.30E-02 | 6.90E-02 7.53E-02 = | 5.30E-02 [4.50E-02
98.00092T GW-MW-1 DISS 1.72E-02 = | 3.80E-02 |7.60E-02 -5.24E-02 | = | 9.20E-02 |1.80E-01 2.41E-02 = | 2.50E-02 |3.40E-02 8 5.55E-0 = | 1.10E-02 [1.70E-02
98.00093U GW-MW-6 TOT 1.76E-02 = | 2.70E-02 [4.60E-02§ 5.84E-02 = | 8.50E-02 |1.40E-01 5.23E-03 = | 1.50E-02 |3.10E-02 7.84E-03 = | 1.40E-02 |2.70E-02
98.00094V GW-MW-6 DISS -8.10E-03 = | 1.10E-02 |3.90E-02§ 3.39E-02 = | 4.70E-02 |7.90E-02 2.11E-03 = | 9.44E-03 |2.00E-02 2.81E-03 = | 1.10E-02 |2.20E-02
98.00610T GW-MWS TOT 5.12E-02 = | 1.40E-01 |3.00E-O01}§ 5.19E-02 = | 4.10E-01 |7.20E-01 9.34E-02 = | 9.10E-02 |1.00E-O1 R 2.66E-02 = | 6.00E-02 {1.20E-01
98.00611U GW-MW5 DISS 1.85E-01 = | 2.40E-01 13.90E-01 | 1.20E-01 = | 4.20E-01 |7.30E-01 5.14E-02 = | 1.00E-01 |1.90E-01 8 0.00E+00 6.30E-02 | 1.60E-01
98.00612V F8121797 TOT 7.92E-02 = | 7.00E-02 |9.50E-02 1.57E-01 = | 1.40E-01 |2.10E-01 8.06E-02 [UB| 4.40E-02 |3.10E-02 8 9.82E-03 = | 2.20E-02 |4.40E-02
98.00613W GW-RKP-5 TOT 1.40E-02 = | 4.30E-02 [9.50E-02[# 9.95E-03 = | 1.40E-01 }2.40E-01 1.72E-01 a | 7.20E-02 | 3.B0E-02J 3.63E-02 = | 3.70E-02 |4.90E-02
98.00614X GW-RKP-5 DISS 1.03E-02 = | 4.80E-02 [1.10E-01 ] 1.66E-01 = { 2.00E-01 |3.20E-01 8.83E-02 = | 5.70E-02 |5.50E-02 "8 1.87E-02 = | 5.00E-02 |9.70E-02
98.00615Y FB012798 TOT 1.96E-02 = | 2.70€-02 [4.40E-02}§ -2.05E-02 = | 7.30E-02 .30E-01 1.93E-02 = | 1.90E-02 |2.50E-02 B¢ 1.25E-02 = | 1.80E-02 |3.00E-02

Notes

TOT - Tota!

DISS - Dissolved

pCVL - picoCurie per Liter

MOC - M D ble Cor

PQ - Project Quahlher

U - Indicatas tha! the samplewas analyzed but the {

analyte was not detacted above the slated

cancantration The result is considered “undelected.”
Qualified lor reasons nol stated above rele lo the

taxt of the vahdalion worksheet.

= - Indictes no qualfication flag was assigned (placeholder).
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Table 4 Ra226

Kerr McGee West Chicago

NAREL Sample ID| Client Sample ID| Units] TOT/DISS { Radium Activity | Proj Qual| Uncertainty] MDC
98.00081P GW-RKP-1 PCIL TOT 1.60E-01 uUB 1.40E-02 |9.60E-03
98.00082Q GW-RKP-1 PCIL DISS 3.02E-01 UB 1.90E-02 |9.70E-03
98.00083R GW-RKP-2 PCIL TOT 4.08E-01 UB 2.30E-02 |1.50E-02
98.00084T GW-RKP-2 PCI/L DISS 4.21E-01 = 2.30E-02 |1.10E-02
98.00085U GW-RKP-3 PCI/L TOT 1.95E-01 uB 1.50E-02 | 1.20E-02
98.00086V GW-RKP-3 PCI/L DISS 2.58E-01 UB 1.80E-02 |1.10E-02
98.00087W GW-RKP-4 PCI/L TOT 4.44E-01 UB 2.40E-02 |1.10E-02
98.00088X GW-RKP-4 PCI/L DISS 4.30E-01 UB 2.30E-02 |8.60E-03
98.00089Y GW-MW-2 PCI/L TOT 1.78E-01 UB 1.40E-02 | 1.00E-02
98.00090Q GW-MW-2 PCI/L DISS 2.22E-01 UB 1.60E-02 | 1.00E-02
98.00090Q GW-MW-2 DUP | PCI/L DISS 1.97E-01 uB 1.50E-02 | 1.00E-02
98.00091R GW-MW-1 PCI/L TOT 6.93E-01 = 3.00E-02 |1.00E-02
98.00092T GW-MW-1 PCI/L DISS 3.60E-01 = 2.80E-02 |1.90E-02
98.00093U* GW-MW-6 PCIL TOT 3.08E-01 = 1.90E-02 8.70E-03
98.00094V GW-MW-6 PCI/L DISS 1.47E-01 uB 1.40E-02 | 1.30E-02
98.00610T GW-MW5 PCI/L TOT 1.46E-01 uB 1.30E-02 |1.20E-02
98.00611U GW-MWS PCI/L DISS 1.28E-01 UB 1.30E-02 | 1.10E-02
98.00612V FB121797 PCI/L TOT 9.84E-02 uB 1.10E-02 | 1.00E-02
98.00614X* GW-RKP-5 PCI/L DISS 2.97E-01 = 1.90E-02 |9.50E-03
98.00613W GW-RKP-5 PCI/L TOT 4.01E-01 uB 2.30E-02 |1.40E-02
98.00615Y" FB012798 PCI/L TOT 7.67E-02 uB 1.00E-02 |9.20E-03

Notes

TOT - Totat

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 | Client Sample ID| Units [ TOT/DISS| Radium Activity] _ Proj Qual ] Uncertainty]  MDC |
98.00081P GW-RKP-1 [PCIL] TOT 2.20E-01 uJBAS 3.00E-01 | 5.10E-01
98.00082Q GW-RKP-1_|PCUL] DISS 4.03E-01 UJBQS 3.30E-01 | 5.30E-01
98.00083R GW-RKP-2 |PCWL| TOT 4.45E-01 UJBQS 3.50E-01 | 5.50E-01
98.00084T GW-RKP-2 |PCIL| DISS 5.86E-01 UJBQS 3.40E-01 | 5.10E-01
98.00085U GW-RKP-3 [PCIL] TOT 7.56E+00 JSQ 7.90E-01 | 5.20E-01
98.00086V GW-RKP-3 |PCIL]| DISS 2.28E-01 UJBQS 3.20E-01 | 5.30E-01
98.00087W GW-RKP-4 |PCIL| TOT 6.96E-01 UJBQS 3.60E-01 | 5.30E-01
98.00088X GW-RKP-4 |PCIL| DISS 2.83E-01 UJBQS 3.30E-01 | 5.40E-01
98.00089Y GW-MW-2 _|PCI/L]  TOT 3.37E-01 UJBQS 3.20E-01 | 5.20E-01
98.00090Q GW-MW-2 |[PCIlL| DISS 8.15E-01 UJBQS 4.10E-01 | 5.90E-01
98.00090Q GW-MW-2 DUP [PCI/L| DISS 6.10E-01 UJBQS 4.10E-01 | 6.30E-01
98.00091R GW-MW-1__|PCUL] TOT 7.87E-01 UJBQS 3.50E-01 | 4.90E-01
98.00092T GW-MW-1__ |PCI/L| DISS 1.26E+00 UJBQS 8.10E-01 | 1.20E+00
98.00093U GW-MW-6  |PCIL| TOT 1.89E-01 UJBQS 3.10E-01 | 5.20E-01
98.00094V GW-MW-6 |PCIL] DISS 1.48E-01 UJBQS 3.00E-01 | 5.10E-01
98.00610T GW-MW5 __|PCIL] TOT 1.07E+00 UJBS 3.80E-01 | 5.00E-01
98.00611U GW-MW5 __ |PCI/L| DISS 4.53E-01 UJBS 3.20E-01 | 5.00E-01
98.00612V FB121797 |PCIL| TOT 5.25E-01 UJBQS 3.60E-01 | 5.50E-01
98.00614X GW-RKP-5 |PCIUL] DISS 6.84E-01 UJBQS 3.90E-01 | 5.80E-01
98.00613W GW-RKP-5 |PCIL| TOT 1.96E-01 UJBQS 3.70E-01 | 6.20E-01
98.00615Y FB012798 |PCUL] TOT 2.35E-01 UJBQS 3.40E-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).




Gross Alpha and Beta Not Validated

Table 6 GrossAlpha&Beta
Kerr McGee West Chicago

NAREL Sample ID| Client Sample ID | TOT/DISS | Alpha Activity | Uncertainty] MDC | Beta Activity | Uncertainty MDC | Units
98.00081P GW-RKP-1 TOT -2.66E-01 1.10E+00 [2.80E+00 [l 7.35E-01 2.00E+00 | 3.50E+00]PCI/L
98.00082Q GW-RKP-1 DISS -1.81E-01 1.30E+00 {3.10E+00 | 9.01E-01 2.20E+00 | 3.70E+00|PCI/L
98.00083R GW-RKP-2 TOT 6.80E-01 2.40E+00 |5.00E+00 8 2.41E+00 2.40E+00 ] 3.80E+00|PCI/L
98.00084T GW-RKP-2 DISS -4.96E-01 2.10E+00 |5.20E+00 ¥ 3.94E+00 2.30E+00 | 3.60E+00|PCI/L
98.00085U GW-RKP-3 TOT 2.43+00 2.50E+00 |3.80E+00 @ 3.92E+00 2.40E+00 | 3.60E+00|PCI/L
98.00086V GW-RKP-3 DISS 1.37E+00 2.10E+00 |3.70E+00 i 2.67E+00 2.30E+00 | 3.60E+00|PCI/L
98.00087W GW-RKP-4 TOT 1.01E+01 5.70E+00 {6.20E+00 | 7.16E+00 2.80E+00 | 3.90E+00| PCI/L
98.00088X GW-RKP-4 DISS 1.24E+01 5.70E+00 [5.40E+00 | 5.22E+00 3.20E+00 | 5.00E+00{PCI/L
98.00089Y GW-MW-2 TOT 6.00E-02 1.90E-01 | 3.70E-01 @ 2.62E-01 2.80E-01 | 4.50E-01 | PCI/L
98.00090Q GW-MW-2 DISS 1.45E+00 1.70E+00 |2.80E+00 | 1.36E+00 2.80E+00 {4.70E+00| PCI/L
98.00090Q GW-MW-2 DUP DISS 3.25E+00 3.20E+00 |5.00E+00 {1 3.02E+00 2.80E+00 | 4.60E+00|PCI/L
9800091R GW-MW-1 TOT 1.30E+01 5.30E+00 |5.30E+00|§] 1.14E+01 3.40E+00 | 4.70E+00|PCI/L
98.00092T GW-MW-1 DISS 4.31E+00 3.00E+00 | 4.10E+00 |l 3.28E+00 2.90E+00 | 4.60E+00|PCI/L
98.00093U GW-MW-6 TOT 2.34E+00 2.30E+00 | 3.60E+00f 9.54E-01 2.60E+00 | 4.50E+00}PCI/L
98.00094V GW-MW-6 DISS 5.92E-01 1.20E+00 | 2.30E+00 [ 3.62E+00 2.70E+00 | 4.20E+00|PCI/L
98.00610T GW-MW5 TOT 4.25E+01 1.50E+01 | 1.20E+01 [l 2.05E+01 6.20E+00 | 8.10E+00|PCI/L
98.00611U GW-MWS5 DISS 3.60E+01 1.50E+01 | 1.40E+01 |8 2.00E+01 6.30E+00 | 8.30E+00}PCI/L
98.00612V FB121797 TOT -1.12E-01 1.00E+00 | 2.40E+00 @1 -1.01E+00 | 1.80E+00 |3.50E+00|PCI/LL
98.00613W GW-RKP-5 TOT 5.02E+00 5.80E+00 | 9.40E+00f 6.23E+00 4.50E+00 | 7.00E+00{ PCI/L
98.00614X GW-RKP-5 DISS 1.28E+01 6.00E+00 | 5.90E+00 1 4.22E+00 2.50E+00 | 3.70E+00{ PCI/L

. 98.00615Y FB121798 TOT -2.43E-01 7.40E-01 {2.00E+00 ] -2.79E-01 1.80E+00 | 3.30E+00|PCI/L

otes

TOT Total

DISS Dissolved

pCi/L picoCurie per Liter

MDC Minimum Detectable Concentration
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Table 7 vOC

Kerr McGee West Chicago
SamplelD 98ZROG01 9BZROG0D2 98ZR0O603 982RO604 98ZR0605 98ZRO606 98ZR0O607 982R0608 Q8ZROG0OY 98ZR0610 98ZR0611
StationlD GW-RKP-1 GW-RKP-2 GW-RKP-3 GW-RKP-4 GW-RKP-5 GW-MW-§ GW-MW-2 GW-MW-2-DUF GW-MW-] GW-MW-6 FB8121797
DateCollected 12/16/97 12/16/97 12/16/97 12/16/97 12/16/97 12/17/97 12/17/97 12/17/97 12/17/97 12/17/97 12/17/97
Samplelype N N N N N N N N N N EB
Parameter Units
Chloromethane ug/L 10 U 10 V] 10 U 10 V] 10 U 10 U 10 V] 10 U 10 u 10 U 10 U
Bromomethane ug/L 10 U 10 U 10 V] 10 u 10 u 10 u 10 u 10 U 10 u 10 V] 10 V]
Vinyl Chloride ug/L 10 U 10 U 10 U 10 U 10 u 10 u 10 U 10 U 10 U 10 U 10 u
Chloroethane ug/t 10 uJ 10 uJ 10 uJ 10 uJ 10 uJ 10 uJ 10 uJ 10 UJ 10 w 10 uJ 10 U
Methylene Chloride ug/L 10 U 10 V] 10 U 10 u 10 U 10 U 10 U 10 u 10 u 10 U 6 J
Acetone ug/L 10 U 10 u 10 u 10 U 10 U 10 U 10 U 10 U 10 U 10 U 30 =
Carbon Disulfide ug/L 10 U 10 U 0 U 10 U 10 U 10 u 10 u 10 U 10 U 10 U 10 U
1.1-Dichloroethene ug/L 10 U 10 U 10 U 0 U 10 U 10 U 10 U 10 U 10 U 10 U 0 U
1.1-Dichloroethane ug/L 10 U 0 U 10 U 10 U 10 U 10 U 10 U 0 U 10 U 10 V] 10 U
1.2-Dichloroethene (total) ug/L 10 U 10 u 10 U 10 U 10 U 10 V] 10 U 10 u 10 U 10 U 10 u
Chioroform ug/L 10 U 24 = 9 J 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 u
1,2-Dichloroethane ug/L 10 U 10 U 10 U 10 ¥} 10 U 10 U 10 u 10 u 10 u 10 U 10 U
2-Butanone ug/L 10 u 10 u 10 u 10 u 10 V] 10 V] 10 u 10 9] 10 U 10 u 66 B
1.1, 1-Trichloroethane ug/L 10 U 10 U 10 U 10 V] 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Carbon Tetrachloride ug/L 10 U 10 U 10 U 10 U 10 u 10 U 10 U 10 U 10 u 10 U 10 u
Bromodichloromethane ug/L 10 U 10 U 10 U 10 U 10 U 10 U W u 0 v 10 U 10 U 10 U
1.2-Dichloropropane ug/L 10 u 10 u 10 u 10 v 10 u 10 ¥] 10 u 10 V] 10 V] 10 u 10 u
cis-1.3-Dichloropropene ug/L 10 u 10 9] 10 U 10 U 10 . U 10 U 10 V] 10 V] 10 U 10 V] 10 V]
Trichloroethene ug/t 100 u 10 U 10 U 10 v 2 J 10 U 10 v 10 U 0 U 10 U 0 U
Dibromochloromethane  ug/L 10 U 10 U 10 U 10 U 100 U 10 U 10 U 10 U 10 U 10 U 10 U
1,1,2-Trichlorocethane ug/L 10y 0 u 10 u 10 U 0 v 10 u 0 u 10 u 10 U 0 U 10 U
Benzene ug/L 10 u 10 U 10 U 10 U 10 v 10 U 10 U 10 v 10 U 10 U 10 U
trans-1,3-Dichloropropene  ug/L 10 U 10 U 10 U 10 1] 10 U 10 U 10 4] 10 U 10 U 10 U 10 u
Bromotorm ug/L 10 U 10 U 10 U 0 U 0 U 10 U 10 U 10 U 100 U 10 U 10 U
4-Methyl-2-Pentanone ug/L 10 U 10 U 10 U 10 U 10 U 10 U 10 U 0 v 10 U 10 U 10 U
2-Hexanone ug/L 10 v 10 U 10 u 10 U 10 v 10 v 10 U 10 U 10 U 10 U 10 U
Tetrachloroethene ug/L 10 U 10 U 10 U 10 U 1 J 10 U 10 U 10 U 10 U 10 U 10 U
1.1.2,2-Tetrachloroethane  ug/L 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 u 10 U
Toluene ug/L 10 U 10 U 10 U 10 V] 10 U 10 U 10 U 10 U 10 U 10 0] 10 U
Chlorobenzene ug/L 10 U 10 U 10 U 10 U 10 U 10 U 0 v 10 U 0 U 10 v 10 U
Ethylbenzene ug/L 10 U 10 U 10 U 10 V] 10 U 10 U 10 u 10 3] 10 U 10 V) 10 u
Styrene ug/L 10 U 10 U 10 U 10 u 10 V] 10 U 10 U 10 U 10 U 10 U 10 u
Xylenes (total) ug/L 10 u 10 U 10 U 10 U 10 U 10 U 10 V] 10 U 10 V] 10 u 10 U
CARBON DIOXIDE (TIC) ug/L 580 U 500 U 560 U 500 U 530 U 380 U 380 U 190  JB
CARBON DIOXIDE (TIC) ug/L 28 U 6 NJ
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Table 9 Metals
Kerr McGee West Chicago

SamplelD| 98ZR0601 98ZR0602 982R0603 98ZR0604 9BZROG0S 98ZR0G06 98ZR0607 98ROG08 98ZROSO9 98ZR0O610  98ZRO611
StationID| GW-RKP-1 GW-RKP-2  GW-RKP-3 GW-RKP-4 GW-RKP-5 GW-MW-5 GW-MW-2 GW-MW-2-DUf GW-MW-) GW-MW-6  FB121797
DateCollected| 12/16/97 12/16/97 12/16/97 12/16/97 12/16/97 12/17/97 12/17/97 12/17/97 12/17/97 12/17/97 12/17/97
SampleType N N N N N N N N N N EB
Parameter Units
Aluminum, total ug/L 368 U 443 = 46 = 212 = 243 = 569 = 392 ) 531 J 1520 = 368 U 368 U
Antimony, total ug/L 253 U 253 U 253 U 253 U 253 U 253 U 253 U 301 253 U 253 U 253 U
Arsenic. total ug/L 22 U 22 U 22 U 22 U 23 U 22 U 22 U 22 U 25 22 U 22 U
Barium, total ug/L 358 U 21 4 86.1 U 0oy 641 ) 361 U 433 J 448 ) 107 4 404 5.8 B
Beryilium, total ug/L 03 v 03 U 03 U 003 y 03 v 03 U 03 U 03 U 03 v 03 U 03 U
Cadmium. total ug/L 3 u 3 U 3 U 3 u 3 U 3 u 3 U 4 J 3 U 3 u 3 U
Calcium, total ug/L 72400 = 106000 = 109000 = 165000 = 293000 = 395000 = 72500 = 74300 = 109000 = 75400 = 190 B
Chromium, total ug/L 93 U 93 U 93 U 93 U 93 U 93 U 93 U 93 U 166 = 93 U 93 U
Cobalt, total ug/L 6.8 u 6.8 V] 6.8 U 6.8 U 68 U 6.8 U 6.8 U 6.8 u 68 U 6.8 u 6.8 U
Copper. total ug/L 9.5 9] 9.5 u 1.7 U 95 U 95 U 9.5 u 9.5 u 9.5 U 121 9.5 u 9.5 u
Iron, total ug/L 245 1030 = 1930 = 1020 = 747 = 985 = 536 759 ) 3280 = a3 55 U
Lead. total ug/L 064 U 064 U 076 U 0.064 U 064 U 1.5 u 064 U 064 U 29 U 064 U 064 U
Magnesium, fotal ug/L 38800 = 57500 = 63700 = 83200 = 61300 = 103000 = 40500 = 40800 = 65600 = 41600 = 441 U
Manganese, total ug/L 191 200 J 192 ) 581 = 668 U 1560 36 4 J 89.5 19 v 19 U
Mercury. total ug/L 0007 U 0007 U 0007 U 0007 U 0007 U 0007 U 0007 U 0007 = 0007 u 0007 u 0007 U
Nickel. total ug/L 95 U 95 U 95 U 95 U 95 U 95 U 95 v 95 U 15 95 U 95 U
Potassium, total ug/L 303 U 440 4330 J 2990 J 5120 = 13300 = 627 ) 809 J 3080 J 890 U 264 U
Selenium, total ug/L 1.4 U 22 U 1.6 U 31 ] 5.7 = 7.6 = 2.1 u 2 U 3.3 u 28 U 033 U
Sitver, total ug/L 5 u 5 u 5 U 5 U 5 U 5 u 5 u § V) 5 U 5 U 5 u
Sodium, total ug/L 4870 ) 124000 = 43000 = 77900 = 78800 = 63000 = 5270 = 5440 = 24500 = 3570 196 8
Thallium, totai ug/L 1.4 uJ 7 uJ 7 uJ 1.4 uJ 7 w 7 UJ 1.4 (VA 1.4 uJ 1.4 U 1.4 uJ 1.4 u
Vanadium, totat ug/L 52 U 52 U 52 U 52 U 52 U 52 U 52 U 52 U 52 u 52 U 52 U
Zinc, total ug/L 39 u 73 U 142 U 55 U 108 U 108 U 39 U 56 U 243 U 39 v 39 v
Aluminum. dissolved ug/L 368 U 368 U 368 U 368 U 368 U 4468 U 43 368 U 368 U 368 U N/A
Antimony. dissolved ug/L 253 U 253 U 253 U 253 U 253 U 253 U 253 U 253 U 253 U 253 U N/A
Arsenic, dissolved ug/L 22 U 22 U 22 U 34 33 J 36 J 22 U 22 U 22 U 22 U N/A
Barium, dissolved ug/L 381 U 849 801 J 99.9 U 61y 361 Y 424 ) 421 ) 102 42 J N/A
Beryllium, dissolved ug/L 03 U 03 U 03 U 03 U 03 U 03 U 03 U 03 U 03 U 03 vy N/A
Cadmium, dissolved ug/L 3 U 3 U 3 U 3 u 3 U 3 u 35 U 3 U 3 u 3 U N/A
Calcium, dissolved ug/L 72200 = 98700 = 104000 = 162000 = 273000 = 407000 = 73200 = 75100 = 91600 = 75800 = N/A
Chromium, dissolved ug/L 9.3 u 9.3 U 9.3 U 9.3 U 93 u 9.3 U 9.3 V] 9.3 U 9.3 U 9.3 U N/A
Cobalt, dissolved ug/L 68 U 68 U 68 U 68 U 68 U 68 U 68 U 68 U 68 U 68 U N/A
Copper, dissolved ug/L 9.5 u 95 U 95 U 95 U 95 U 95 U 95 U 172 U 95 U 95 U N/A
Iron, dissolved ug/L 55 u 266 U 133 U 614 = 5.5 V] 6.1 U 55 U] 237 U 7.2 U 55 U N/A
Lead, dissolved ug/L 064 U 064 U 064 U 064 U 064 U 1 u o7 v 064 U 064 U 064 U N/A
Magnesium, dissolved  ug/L 39000 = 54600 = 61800 = 80600 = 51900 = 105000 = 39400 = 39600 = 55200 = 41600 = N/A
Manganese. dissolved  ug/L 162 = 177 = 168 = 547 = 561 = 1620 = 19 U 19 U 259 = 19 U N/A
Mercury. dissolved ug/t 0034 U 0038 U 0038 U 0036 U 0.056 U 0036 U 004 U 0035 U 0038 u 0034 U N/A
Nickel, dissolved ug/L 9.5 u 9.5 u 95 U 95 U 95 U 9.5 U 9.5 U 9.5 u 9.5 u 9.5 U N/A
Potassium, dissolved ug/L 587 U 3920 J 3990 J 2690 4610 13800 = 870 U 859 U 2370 ) 951 U N/A
Selenium, dissolved ug/L 18 U 07 U 18 U 21 U 54 = 79 = 26 U 2 u 048 U 2 u N/A
Silver, dissolved ug/L 5 U 5 U 5 U 5 u 5 U 5 U 5 U 5 U 5 u 5 u N/A
Sodium, dissolved ug/L 4870 4 118000 = 41400 = 75300 = 74100 = 65100 = 5200 = 5410 = 23300 = 3650 J N/A
Thallium, dissolved ug/L 1.4 O8] 7 oA ] 7 uJ 1.4 uJ 14 UJ 7 uJ 1.4 uJ 24 J 1.4 uJ 1.4 UN] N/A
Vanadium, dissolved ug/L 52 U 52 U 52 U 52 U 52 U 52 U 52 U 52 U 52 U 52 U N/A
Zinc, dissolved ug/L 9.4 u 39 U 56 U 39 U 189 U 7.7 U 3.9 V] 45 U 45 U 39 U N/A
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