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PREFACE

In a general sense, the term "de minimus™ refers to concentrations
or quantities of potential pollutants that are present in so minute amounts
in a gaseous, liquid or solid waste as to be relatively harmless to man
and his environment. In other words, a waste or effluent that meets
criteria defining "de minimus" levels should be acceptable for disposal or
release without any special precautions or monitoring programs. While
wastes and effluents from power reactor operations are generally thought
of in terms of their radiocactivity content, the concept is equally applicable
to such environmental concerns as free residual chlorine, atmospheric and
aquatic rejection of waste heat, and the impingement and entrainment of
aquatic organisms in cooling water systems.

The concept of “"de minimus™ concentrations of radionuclides in slightly
contaminated solid waste was first brought to our attention about two years
ago by several of NESP's sponsors and the Nuclear Regulatory Commission.
When funding became available in mid-1977, Nuclear Safety Associates was
awarded a contract to investigate existing standards for radiocactive
materials and other considerations, such as background radiation, for the
purpose of identifying criteria that define "de minimus" levels. Once the
criteria were defined, the thrust of the study was to develop and apply
a generic methodology that could be used for determining whether or not
certain slightly contaminated solid wastes were suitable for a “"de minimus”
radiocactivity-level classification.

It is important to note that it was not intended for this investigation
to include an evaluation of the overall acceptability or appropriateness
of various existing radiation standards or guidelines, such as 40 CFR

Part 190 and Appendix I to 10 CFR Part 50, but rather, to use current
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regulations as a basis for defining reasonable "de minimus" levels. Hence,

it should not be inferred by the reader that the results of the study

tacitly endorse the regulations considered. Also, the criteria are presented
as a suggested approach to defining "de minimus" levels and do not necessarily
represent a consensus position of the nuclear power industry,

For this initial NESP investigation of the "de minimus" concept, PWR
spent secondary-side powdered resin was selected as a specific and timely
subject that could be used to demonstrate the development and application
of a generic methodology. The study was limited to spent powdered resin
because of budgetary constraints and the fact that the spent resin example
would suitably serve the purpose of iliustrating the basic concept. It
was found that the methodology is applicable to other solid wastes, e.g.,
slightly-contaminated soils, dredge spoils and the like. However, because
the pathways for dose to man evaluated in this work were selected on the
basis of solid waste, the methodology is not complete in terms of its
application to wastes other than solids. In the particular case of the
“trash" category of solid wastes, the methodology is probably incomplete
because of the possibility of incineration and the fect that the methodology
does not include this kind of airborne pathway to man. Nonetheless, this
should not be interpreted as a major shortcoming in the methodology, because
once the user understands its application to solid waste, he can readily
include analyses of additional pathways that are relevant to the particular
waste being examined.

The limiting radionuclide concentrations for solids presented in this

wvork are thought to be generic and independent of site-specific Jnrtnblos.

iv



For this study, pathways and assumptiones were selected in order that
variations in individual site characteristics would not appreciably alter
the findings. For example, the assumptions made for the “sanitary landfill-
leaching into watercourse' pathway analysis, which would usually he consi-
dered quite site dependent, were sufficiently conservative that even the
limiting radionuclide concentrations stipulated for this pathway can be
considered independent of site-specific features. It is also important

to recognize that the primary criterion identified in this study for
deternining "de minimus" levels, vhich is 1 mrem/year to an individual, was
selected on a very conservative basis, and that higher levels of contami-
nation are very likely to be appropriate for some applications of the

concept, particularly those involving more controlled waste disposal

conditions.

.. Philip Garrett
* 4 Project Manager
National Environmental Studies Project
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1.0 INTRODUCTION

In 1977, the National Environmental Studies Project of the Atomic
Industrial Forum established a task force to develop the scope of a study
aimed at determining levels of radiocactivity which could be considered
"de minimus", i.e., levels which could be considered "non-radicactive"
and such that materials at or below these levels could be released or
diecarded without restriction. As a result of the work of this task
force, Nuclear Safety Associates was commissioned by the Atomic Industrial
Forum to carry out such a study, to develop specific recommendations for
quantitative "de minimus" levels using spent powdered ion-exchange resins
from PWR secondary systems as an example, and to supply the technical and
scientific bases for determining and justifying the levels selected.

In the development of the "de minimus" values reported herein, the
following basic steps were used:

e Basic radiation protection criteria were identified. Clearly
there is a direct relationship between the quantity or concen-
tration of radioisotopes which mey be released by any means and
the degree of protection which is to be provided to members of
the public. Therefore, it is first necessary to establish what
the desired degree of protection is. The selection of this
criterion is discussed in Section 3 of this report.

e Pathways by which released activity could reach man were
identified and described. The major modes by vhich man may be
exposed to ambient radiocactivity are: ingestion, inhalation,
and direct irradia:ion. There are also a number of transport

mechanisms by which radicactive material may move in the
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environment and thus reach man. Some of these are: suspension of

solid particles into air, surface runoff with water, transport

by groundwater, and physical transport into situations wherein
food products may be raised in proximity to the radiocactivity.

A matrix of exposure pathways was set up to describe «l! practica-
ble vays by which exposure of man might occur. A discussion of
the pathways investigated is given in Section 4.2.

For-each pathway and for each isotope the limiting concentration
vwhich allows the selected radiation protection criterion to be
met was calculatad. For each radionuclide the limiting pathway
vas determined and the radionuclide limit was set, individually,
based upon the most restrictive mode found for that nuclide. A
discussion of this calculational technique and of the computer
code developed to carry it out {4 given in Section 4.3. The
extansive calculational results are summarized in Section 4.4.
Consideration was given to whether application of the principle
as lov as is reasonably achievable (ALARA) would result in limits
lower than those resulting from the calculations identified above.
1t was concluded that ALARA did not result in lower limits than
those calculated herein.

The "de minimus" limits discussed in Section 4 are then applied
to a specific case—the disposal of PWR secondary resins. In a
specific case, it it possible to compare activity levels to the
wde minimus" levels calculated herein and to determine the key
radionuclides which dominate that specific case. Tht; is

discussed in Section 7.1. Finally, the practicality of the

specific application is addressed by considering whether the




normally available analytical capability is able to determine
these key isotopes at the required low levels. This is
considered in Section 7.2.

The result of this study is the determination within defined con-
ditions of concentrations of essentially all isotopes of interest to
the nuclear industry which can be considered "de minimus." The appli-
cation of the general method to a specific case is illustrated. It is
believed that the method is applicable to a wide variety of materials

and situations.
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2.0 CONCLUSIONS

The major conclusions from this investigation are:

1)

2)

3)

A suggested appropriate level of progcctton to be used in
establishing "de minimus" concentrations of materials containing
trace amounts of radionuclides is a maximum total body dose of

1 mrem/year, or a maximum dose to any organ of 3 mrem/year, to
any individual. This level is suggested by the application of
the 10 CFR Part 20 provision which permits ignoring isotopic
contributions which individually contribute less than 10%2 to the
total dose and which collectively contribute less than 25% to
the design guide levels of 10 CFR Part 50, Appendix 1.

For vastes such as PWR secondary resins disposed in soils, it
has been shown that four isotopes, Cs-137, Cs-134, Co-60, and
Co-58 clearly dominate the dose calculations. Two of these,
Co-60 and Cs-137, could be used as "keys" to establish compliance
with the suggested limits.

The concentration levels required to meet the suggested "de
minimus" concentrations are in the range of one pCi/gram. For
the "key" isotopes, Co-60 and Cs-137, these concentrations are
readily measureable with equipment normally aveilable at nuclear

reactor sites.
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3.0 RADIATION PROTECTION CRITERIA

3.1 Introduction

Appropriate radiation protection criteria are prerequisite to the
determination of "de minimus" radionuclide concentrations in any radio-
active material. A direct relationship will exist between the concen-
trations of radioisctopes which may be disposed of without specific
controls, i.e., be considered "de minimus* and the degree of protection
provided to members of the public.

Existing radiation protection standards are not applicable to routine
unrestricted disposal of slightly contaminated nuclear materials. They
do, however, serve as references from which to derive "de minimus"

criteria compatible with regulatory standards.

The potential for individual and population exposure via any single
source should be considered in relation to exposures from other sources,
particularly from naturally existing ones. The relative benefits o” pro-
viding protection against radiation from a specific source may also be
judged in perspective with variations in personal exposures from back-
ground sources.

Therefore, the radiation protection criteria appropriate for deter-
mining the concentrations of radiocactivity in slightly-contaminated
materials which may be disposed of in an unrestricted manner must be
compatible with current or revised standards for protection against
radiation. They should also retain perspective in relation to.the risk
of health effects from natural environmental exposures and variations

therein.



ol

R A

3.2 Natural Background Radiation Exposures
The significance of any added exposure potential associated with
{ntroduction of radioactivity into the environment should be considered
{n relation to natural environmental levels of radiation and variations
therein. A review of natural sources of radiation exposure and their
variability can provide guidance and perspective for selecting the
boundary of "de minimus" dose rates from release of radioactive material

into the environment.

S es Natural R on

Naturally occurring radiation in the environment originates from
cosmic rays, radionuclides produced by cosmic rays, and from primordial
radionuclides in the earth. In the United States, the air dose rates
due to cosamic rays vary from about 27 to 95 mrad/yr and the population
weighted mean air dose rate has been estimated to be about 29 mrad/yr
(NC75). Outdoor exposure rates due to terrestrial radioactivity vary
from about 12 to 90 mrad/yr in the US and the population weighted mean
i{s about 44 mrad/yr (NC75).

People are also exposed to natural radiation by {nternally deposited
radionuclides that have been inhaled or ingested as well as to external
{rradiation. Typical dose equivalent rates to a representative US
resident from naturally occurring sources are provided in Table 3-1.%

The estimated dose rate from cosmic rays includes a ten percent reduction
to account for structural shielding. Irradiation by primordial terrestrial

radioactivity includes a 20-percent reduction for shielding by housing and

* Adapted from Ref. NC 75.



a 20 percent reduction for self-shielding by the body. The dose to the
lung from inhaled radiocactivity is tabulated separately; doses to other
tissues from inhaled radicactivity are included with other primordial
radionuclides in the body. Estimated doses to the gastrointestinal
tract do not include any contribution from radiocactivity in the contents

of the tract.

Environmental Variations

Individuals and populetion subgroups within the United States expe-
rience dose equivalent rates which vary widely from the average. Large
segments of the population experience appreciably different natural
exposures. External terrestrial dose equivalent rates experienced by
people indoors range from about 15 mrem per year on the Atlantic and
Gulf Coast plain to 30 mrem per year in mid-continent and to about 55
mrem per year along the Colorado Plateau (0a72). Cosmic ray dose
equivalent rates experienced by the population range from 26 mrem in
Florida to about 50 mrem per year in Denver, Colorado (NC75). Thus
natural external radiation doses to large groups in the United States
population vary from about 41 to 105 mrem per year by geographic
location alone.

Most of the variation in dose due to radionuclides in the body
results from variations in Ra-226 in drinking water and in the lung
from Rn-222 progeny.

A typical United States resident receives about 16 mrem per year
bone dose and about 0.2 mrem per year to soft tissue from 1ngtftod
radium (UN72). Even if the radium concentration in community water

supplies does not exceed the current regulatory limit of 5 pCi/1 (EPA76),
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dose rates experienced by users could be as much as 1 mrem per year to
soft body tissue and about 150 mrem per year to bone from drinking water
alone.

An average dose to the lung of about 100 mrem per year from radon
progeny inhaled in dwellings has been attributed to construction mate-
rials, type of construction, ventilation, and radioactivity in land
beneath (NC75). Variations among these influential factors cause lung
dose equivalents to vary by a few hundred millirem per year among
limited population groups in the United States.

Throughout history, mankind has been exposed to roughly these levels
of naturally occurring radiation. In some other parts of the world
exposures have been even higher. For instance, along the southeastern
coast of India, where thorium-bearing monazite sand is abundant, external
exposures tc residents from natural radioactivity in the sw.dy soil
ranges up to about 2000 millirads per year. In some towns along the
coast of Brazil, external exposures from -onizttc sand in the soil
average 550 millirads per year within a range from 90 to 2/00 millirads
annually (UN72). Even at these rates, effects on man's health or
development have not been detected.

Wm_;o_ﬂzﬂ;m. Differences in personal
living habits also affect exposure to naturally occurring radiation
and radiocactive material. Within a given locality the construction
materials and style of buildings influence indoor radiation exposure
rates. Gamma exposure rates in masonry (0a72) and in slab-on-grade
dvellings (Fla77) have been observed to be about the same a&s in
natural outdoor areas surrounding the dvellings. But in wood frame

dwellings, gamma exposure rates ranging from 70 to 80 percent of outdoor
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levels and averaging closer to 70 percent have been cbserved (0a72).
Yeates (Ye72) measured gamma radiation intensity reductions of about

25% on the first floor and about 507% on the second floor of wood frame
houses. Overall, the difference in direct radiation exposure to persons
living and working in wood frame buildings rather than in concrete or
masonry buildings can be about 10 millirem per year.

Lung exposure to radon and its progeny may be affected significantly
by living habits. For instance, concentrations of Pb-210 and Po-210,
both long-lived progeny of Rn-222, have been found to be about 2 or 3
times higher in the lungs and ribs of cigarette smokers than in non-
smokers (Rab4, UN72). This amounts to 6 to 9 millirem per year additional
dose to the lungs of a smoker, a 5 to 7 percent increase in total lung
dost by comparison with a typical non-smoker, 1f natural gas is used
in a residence, lung doses will typically increase by about two percent,
i.e., about two millirem per year, as a result (Ba73). Perhaps the
greatest influence on naturally occurring lung exposures is ventilation
practices in dwellings which alone can influence radon and radon progeny
concentrations in a house by a factor of as much as ten (Wi77).

Acother activity which «ffects exposure to naturally occurring
radiation is air travel. At the jet cruising altitude, about 33,000 to
39,000 feet, the doce equivalent rate due tc cosmic rays is about 0.3
to 0.5 mrem per hour. Based on this, the United States population
averaged dose equivalent from commercial air travel is about one millirem
annualiy. However, if a person travels more frequently, e.g., two trips
per month of four hours durstion each, his annual dose cqutv‘lont will

be increased by s«hout 30 to SO millirem.



¥ v WEAIRE

Where one vacations may also influence his annual radiation exposure.
Spending a week skiing {n Colorado will deliver about 1.5 millirem more
than & week at an Atlantic beach, for instance.

These examples illustrate the effects personal living habits can
have upon exposure to naturally occurring radiation and radioactive
material. The rnngc~¢nd variation in human exposure to natural radiation
as consequence of living habits and locations are illustrated in

Figuve 3-1.

Implication of Natural Background Exposure

Knowledge of population exposure rates from naturally occurring
radiation and radiocactive materials provides a rational basis for
selecting appropriate standards for unrestricted disposal of slightly
radiocactive material.

It should be remembered that the doses from natural radiocactivity
and, to a large extent, from medical administration, affect the entire
United States population. Conversely, the nusber of people exposed to
"de minimus" concentrations of radicactivity will be small. In fact, a
l1imit on the potential dose to maximally exposed persons should be an
adequate criterion for determining appropriate "de minimus" radionuclide
concentrations. At such a low {ndividua! dose rate, a cost-benefit
{nterpretation based on an estipate of population integrated dose
equivalent would be of questionable value in providing guidance (1C73,
NC75a).

The range and variation in exposures to natural sources of radiation
experienced by the population of the United States suggests "de pinimus"

dose rate of a few millirem per year to individual members of the

10
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Naturally Occurring or Unregulated Sources
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population are appropriate. For example, three millirem total body
dose per year is well within the var.ation among residents of a given
area and is only a few percent of the variation among large groups of

people in different parts of the United States.

3.3 Unregulated, Man-made Radiation Exposures

The largest fraction of the man-made radiatvion exposire to resi-
dents of the United States is now administered in the practice of
medicine and dentistry. Public exposure from this source exceeds that
from other man-made sources by ten to one hundred times. Medical
diagnostic radiology accounts for at least 90 percent of the man-made
radiation exposure. Estimates based on the 1970 X-Ray Exposure Study
were that the per capits mean active bone marrow dose to adults in 1970
was 103 millirem from all diagnostic radiology procedures {Sh76). The
mean abdominal dose per capita in the US population in 1970 from medical
and dental radiation vas estimated to be 72 millirem (Gi72). Medically
administered radiation doses vary widely among individuals, of course.
These estimates of localized doses are roughly equal to the average total

body dose a US resident receives annually from natural radiation sources.

3.4 Existing Regulations
As a first step in establishing radiation protection criteria
associated with "de minimus" releases, the existing regulations were
reviewed. Some aspects of these regulations could be interpreted as
establishing "de minimus" concentrations of radioactive materials for
disposal. These relevant Federal regulations which influence the
choice of radiation protection criteria for establishing "de minimus"

concentrations were examined.
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federal Regulations, Title 10, Part 20 -

The maximum exposure in unrestricted areas permitted by 10 CFR
Part 20 is 500 mrem per year to the whole body of any individual (10 CFR
Part 20.105). For a population group, the exposure from radioactive
materials in effluents may not exceed thni which would occur 1if the group
were continuously exposed to air or water concentrations containing one-
third of the unrestricted Maximum Permissible Concentration (MPC) (10 CFR
Part 20.106). These limitations are subject to the further constraint
that the exposure must be as low as is reasonably achievable (10 CFR
Part 20.01).

Part 20 also restricts the method of waste disposal (10 CFR Part
20.301-305). Disposal into a sanitary sewage sys’em is not allowed unless:

1) the waste is readily soluble or dispersible in water,

2) the daily discharge is less than the larger of:

a) the quantity which if diluted by the average daily quantity
of sewage would result in an average concentration equal to
the unrestricted MPC in water, or

b) ten times the quantity of such material specified in Appendix
C of 10 CFR Part 20,

3) the monthly average discharge concentration is below the
unrestricted MPC in water, and
4) the gross discharge is less than 1 curie per year.
Burial of waste in soil is restricted by 10 CFR Part 20.304 to 12
burials per year or less at a minimum depth of 4 feet with successive
burials separated by distances of at least 6 feet. The total'quantity

buried at any one location and time may not exceed, at the time of

13
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burial, 1000 times the amount specified in Appendix C of 10 CFR Part 20.

The Appendix C values for several of the key isotopes are:

Cs-134 1 microcurie Sr-90 0.1 microcurie
Cs-137 10 microcuries Ra-226 0.01 microcurie
Co-60 1 microcurie

Thus the inventory at any disposal location may be 1 millicurie of
Co-60 or Cs-134 or 10 millicuries of Cs-137. Since for mixtures, the
sum of the ratios of the quantity present to the inventory allowed must
be less than or equal to one, the actual amounts of these isotopes
aliowed would be lower. For -1;turco of beta emitters of unknown
composition, the total inventory limit would be about 100 nanocuries.
There are no specific guidelines in 10 CFR Part 20 pertaining to
disposal at sea or to incineration. They are handled on a case by

case basis as provided for in Parts 20.302 and 20.305.

Federal R§ lations, Title 10, Part 30

A person may receive. possess; use, transfer, own, or acquire
materials containing byproduct radiocactive material and be exempt from
the requirements for a license providing the activity concentrations of
byproduct material do not exceed those listed in 10 CFR Part 30.70
Schedule A (see 10 CFR Part 30.14). However, the introduction of by-
product material in exempt concentrations into materials and transfer of
ownership or possession of it does require a license in accord with

10 CFR Part 32.11. Some limitations are stated in Part 32.11(c).

Federal Regulations, Title 10, Part 50 Appen gn X

Appendix I to 10 CFR Part 50 provides numerical guides for reactor

design objectives and limiting conditions of operation. The applicant

14
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must provide reasonable assurance that the following design objectives
will be met for each reactor. Total annual radicactive releases in
liquid and gaseous effluents above background from a single light-water-
cooled nuclear reactor must not cause the estimate of annual dose or
dose commitment to any person in an unrestricted area to exceed:
1) 3 mrem to the total body or 10 mrem to any organ as a result of
activity in liquid effluent,
2) 5 mrem to the total body or 15 mrem to the skin due to activity
in gaseous effluent, and
3) 15 mrem to any organ from radicactive iodine and radiocactive
material in particulate form released to the atmosphere.
In addition to meeting these design objectives, the radwaste system must
include all items of reasonably demonstrated technology, that when added
to the system sequentially and in order of diminishing cost-benefit
return, can for a favorable cost-benefit ratio effect reductions in
dose to the population reasonably expected to be within 50 miles of the
reactor. The interim value of $1000 per total body man-rem and per man-
thyroid-rem is currently accepted in the cost-benefit analysis.
Operating reactor guidelines are set at one-half of the design
objective annual exposure based on actual releases in effluents during

any calendar quarter. They represent design objectives for releases to

the environment which are cont:iolled and méonitored nrior to release and
are the object of environmental monitoring after release.

These requirements apply to liquid and gaseous effluents of a
single light water reactor, but they are not directly applicabtle to solid
wastes. However, they do provide guidance in determining "de minimus"

levels for sclids.

15



Since "de minimus" wastes would not be subject to environmental surveil-
lance after disposal, lower activity concentration limits in "de minimus"
wastes than in reactor effluents may be justified, even though, in view
of variations in natural radiation background levels, Appendix 1 design

guides may be too low in the first place.

Federal Regulations, Title 10, Part 71

Because it is likely that "de minimus" waste will have to be trans-
ported, it is important to recognize the requirements of 10 CFR Part 71
for special packaging. Compliance may be guaranteed is the activity
concentration is less than 2 nanocuries per gram Or if each package
contains less than 50 millicuries, the exempt quantity for mixed fission
products. Assuming 50 millicuries are packaged in a 55-gallon drum at a
density of 1.5 gram per cubic centimeter, the activity concentration could
be as high as 160 nanocuries per gram. As will be shown later, this

limitation is higher than that calculated herein as “"de ainimus."

ederal Regulations, Title 40, Part 190

The maximum annual exposure allowed by 40 CFR Part 190 to a member
of the public as the result of planned discharges of radiocactive material
to the general environment from uranium fuel cycle operations is 25 mrem
to the whole body, 75 mrem to the thyroid, and 25 mrem to any other organ.
These limitations exclude operations at waste disposal sites, but do not
specifically exclude waste {tself. However, the much lower limits of
40 CFR Part 190 make it clear that any attempt to use the exposure limits

of 10 CFR Part 20 as a criterion for "de minimus" waste disposal will be

unacceptable.

16



Proposed Federal Guidance on Transuranium Elements in the Envircnment

The Environmental Protection Agency has proposed Federal radiation
protection guidance on limits of dose to persons exposed to transuranics
in the environment as a result of existing or possible future unplanned
contamination (EPA77). The text of the proposed guidance follows:

1. The annual alpha radiation dose rate to members of the

critical segment of the exposed population as the result of

exposure to transuranium elements in the general environment
should not exceed either:

a. 1 millirad per year to the pulmonary lung, or and

b. 3 millirad per yecar to the bone.

2. For newly contaminated areas, control measures should be

taken to minimize both residual levels and radiation exposures

of the general public. The control measures are expected to

result in levels well below those specified in paragraph one.

Compliance with the guidance recommendations should be achieved

within a reasonable period of time.

3. The recommendations are to be used only for guidance on

possible remedial actions for the protection of the public

health in instances of presently existing contamination or of

possible future unplanned releases of transuranium elements.

They are not to be used by Federal agencies as iimits for

planned releases of transuranium elements into the general

environment. 3
One "millirad per year to the pulmonary lung" 1is meant to be the equi-
librium dose rate resulting from chronic inhalation. The corresponding

dose equivalent rate for alpha emitting transuranics is 20 millirem per

year.
17



3.5 Selection of Dose Limits Appropriate for
"de minimus" Disposal Concentrations

Concentrations of radionuclides which may be considered "de minimus"
are directly related to dose limits which are appropriate for unrestricted

disposal. That is, selection of such limits should be guided by criteria

' e

which reflect an acceptable level of health protection.

A rational conservative criterion for selecting "de minimus" dose
limits is to select the level below which the dose rate to maximally
exposed individuals is insignificant in comparison to the dose rate
typically experienced by a member of the population from naturally
occurring radiation and radioactivity. Considering the natural dose
rate distribution in the USA, a few millirem per year more or less, . 3
for instance, is not significant in comparison with the dose rate dis-
tribution from natural sources.

A practical criterion is that the dose limits selected must be
compatible with existing radiation protection standards and regulations
or must suggest appropriate revision of the regulations. To this end,
practicality dictates the "de minimus" dose rate limit be no more than
10 CFR Part 50, Appendix I design objectives and possibly less. That
is, té be consistent with existing regulations, the "de minimus" dose
1imit should not exceed 3 (liquid) to 5 (airborne) millirem total body
dose equivalent per year to individual members of the public.

Practical guidance for selecting "de minimus" dose levels can be
deduced from 10 CFR Part 20, Appendix B. According to Ag?cndix B,

footnote 5, a radionuclide in a mixture may be ignored it if is present

18
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in less than 0.1 of its maximum permissible concentration and if the sum
of the fractional MPC of all radionuclides considered as not present in
the mixture does not exceed 0.25. A "de minimus" dose rate limit is then
suggested by the combination of the Appendix I design objectives and the
0.25 factor of disregard given in 10 CFR Part 20, Appendix B. Together,
0.25 of 3 to 5 mrem per year total body dose is roughly one mrem per
year. Consistent with 10 CFR Part 20, the corresponding individual organ
dose limit would be 3 mrea per year. One millirem per year to the total
body or 3 to individual organs is hardly significant in relation to doses
veceived from natural background sources.

To further illustrate its insignificance, assuxming the linear non-
threshold dose-effect relation and the dose-to-risk estimates presented
in the BEIR Report (BEIR72) hold at such a low dose rate, the additional
risk associated with continuing doses of one mrem per year is estimated
to be about one additional chance of adverse health effect in ten million
pereon-years of exposure. It should be acknowledged that this extremely
low estimate of hypothetical risk is probably an unrealistic overestimate
of actual risk and may not be useful for other than illustration (see
NC75a, pp. 3-4). Nevertheless, it is insignificant in relation to many
demonstrated risks a typical resident experiences in the course of daily
living in the US. By comparison, the US mortility rate in 1973 attri-
buted to motor vehicles was 265 per million person-years and that attri-
buted to falls was 80 per million person-years.

Therefore, one millirem per year total body dose equivalent and 3

millirem per year single organ dose equivalent in excess of the natural

radiation background are suggested as dose equivalent rates at and below

19
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which the dose rate to persons maximally exposed to radioactivity in
solid waste should be acceptable as "de minimus." This radiation
protection criterion was selected for use in connection with this study.
1f higher values than one millirem total body and 3 millirem to an organ
are selected as “de minimus" dose limits, then the concentrations pre-

sented herein would be scaled upward directly.

20
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Table 3-1

Summary of Representative Dose Equivalent

Rates in the USA from All Naturally Occurring Radiation Sources®

Source Dose Equivalent Rates (mrem/yr)
Gonads Lungs Gl
Bone Tract
Surfaces Marrow
Cosmic R.dlntionb 28 28 28 28 28
Cosmogenic Radionuclides 0.7 0.7 0.8 0.7 0.7
External Primordial l.dionuclldeob 26 26 26 26 26
Primoridal Radionuclides in the Body 24 21 58 22 21
Inhaled l.dlonuclldc.c 106
79 182 113 77 76
“

Adapted from NCRP Report No, 45, Table 44,
Indoor dose equivalent rates.

Doses to organs other than lung included in "Primoridal Radionuclides
in the Body."



4.0 METHODOLOGY EMPLOYED

In this study, solid wastes with very low activity concentrations
are postulated to be placed in the environment with and without controls
ordinarily imposed by regulations applicable to disposal of non-radio-
active solid wastes. For voluminous solid material, land disposal is
anticipated. One objective of this study was to develop a methodology
to quantify the relation between the "de minimus" radiation protection

= criteria selected and the corresponding limiting concentration of each
radionuclide in solid waste which allows the radiation protection
criteria to be satisfied. The relation would be determined by environ-

mental pathway anslyses.

4.1 Disposal Scenarios
During the study, several disposal scenarios were considered with
the objective of selecting those which are likely to have the most
potential for maximum personal exposure to radicactive material in
the environment from the discarded solid waste. Examination of potential

environmental pathways and survey calculations suggested that land disposal

4 with residents on the disposal site probably leads to the maximum hypo-
thetical personal exposure. It should be noted that neither disposal at
sea nor a disposal scenario that primarily produces airborne dispersion,
e.g.+ incineration, was considered. Only the two scenarios which appear
to have the most potential for maximum individual exposure were examined
in detail. In one, identified as the “sanitary landfill" gconario, dis-
card into a sanitary landfill with ordinary operating proécdures in effect
was postulated. Construction of a dwelling on the sanitary landfill was

assumed to occur five years after operation of the sanitary landfill has
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ended. In the other scenario, termed "fill wanted" disposal, unregulated
use of the solid waste as landfill in a residential setting was postulated.
In the latter case, a dwelling was assumed to exist on the landfill

immediately after placement of the waste.

4.2 Environmental Pathways

An array of possible environmental pathways is associated with each
disposal method. In this study, one requirement was to conceive feasible
disposal scenarios with which the most important pathways are associated
and to evaluate all of the associated pathways in a way which determines
the critical pathway for each radionuclide in discarded wvaste.

The application of the methodology developed in this study was
confined to land disposal of a homogeneous, bulk solid vaste, namely

spent, powdered ion exchange resins from PWR secondary systems.

Man‘s most direct radiation exposure from discarded solid waste
could be by irradiation during or after its placement in a landfill.
Ingestion of a small amount of waste or inhalation of material suspended
in the air can aslso be direct pathways.

Other exposure pathways involve environmental transport mechanisms.
Digging in a landfill may redistribute some of the material and cause
some suspension in the air. If food crops are grown on a landfill that
has not been covered adequately, plant uptake of radionuclides from the
fill material may establish a link to man via vegetation and/or meat.
Leaching followed by surface or ground water migration or erosion and
transport by wind or water all create additional pathways to man where

contact by external irradiation, ingestion, or inhalation are possible.

23



v g3

The evaluation of many environmental pathways is not heavily
dependent upon site specific data. The evaluation of pathways involving
hydrologic transport, namely groundwater migration or a surface stream
is dependent on values of site relested variables, however, To avoid
site dependency, surface water and ground water migration were not
modeled. Instead, a conservative choice of one percent of radiocactivity
in waste discarded was assumed to leach directly into a watercourse, per
year. For dilution a stream flow of 10“ liters per second was assumed.
The effect of any other stream flow on estimated doses would be in
inverse proportion to the nominal stream flow assumed.

Potential dose equivalent rates associated with the sanitary land-
£f111 and the fill wanted disposal scenarios were evaluated with environ-
mental pathway models suggested in Regulatory Guide 1.109, Revision 0
(RG 1.109) except as mentioned for hydrologic pathways. Specific
assumptions and values of variables assigned in the pathways evaluation
are stated in Appendix B for each pathway examined in the "“sanitary land-
£411" and "£111 wanted" disposal schemes. Otherwise, values suggested in
Regulatory Guide 1.109 for individuals were assigned. An example of
specific assumptions, taken from Case I-A for the evaluation of postu-
lated leaching of radionuclides from solids in a sanitary landfill to a
watercourse is shown in Table 4-1. Detailed assumptions used in all the
other cases and the computed results of the pathway analyses are included

in Appendix B.

Bulk solid waste containing traces of radioactivity offers the most

potential for individual exposure when used as landfill around a residence.

Generally, the most direct exposure pathways were found to offer the

greatest potential for exposure of persons nearby.
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Ordinarily, radiocactive material released as effluents is not
assumed to perturb natural background exposure rates. However, bulk
solids which, in isolation, contain "de minimus" concentrations of
radioactivity, may actually reduce natural background exposure rates
at the disposal location by shielding, displacing, or diluting the
naturally radiocactive environmental media (soil, etc.). Since the

criterion selected for determining a "de minimus" concentration limit,

i.e., natural background exposure rate plus an increment of one millirem/yr

total body or 3 millirem/yr to any single organ, is so restrictive,
perturbation of the natural background exposure rate at the disposal
location may be a significant factor. For each millirem/yr reduction
in natural background exposure rate caused by the presence of solid
vastes, the contribution of the subject waste to the total exposure
rate (from background plus waste) could conceptually be allowed to
increase by one millirem/year without causing an environmental impact
in excess of that corresponding to the criterion. Notwithstanding the
likelihood that disposal of "de minimus" wastes may well resuit in a
diminution of natural background radiation, no credit for this fact

wvas taken in these calculations.

4.3 Calculational Technique
The general approach used to determine the "de minimus" concen-
trations was to first calculate the limiting radionuclide concentrations
for each pathway separately. Then for every nuclide and pathway consid-
ered, a search of all pathways was conducted to find the patﬁb.y which
resulted in the most restrictive disposal limitation for each radio-
nuclide. These values represent the solution to the problem of deter-

mining "de minimus" concentrations.
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A computer program was written to execute the above general pro-
cedure. Each pathway was represented by a subroutine which calculated
the limiting concentrations for that pathway for the values assigned the
variables. The limiting concentration was determined for each nuclide as
1f it were the only nuclide contributing to the dose rate with the
exception that the dose rate associated with daughter products were charged
against the parent nuclide. This was accomplished by assuming the initial
concentration of each radionuclide in the waste was 1 pCi/g. Then for each
pathway, the dose equivalent rate associated with each radionuclide and
its accumulated decay products at the time of exposure was computed.

Each computed dose equivalent rate and the associated activity concentration
initially in the waste were scaled up or down to match the appropriate

"de minimus" dose rate limit. In order to conservatively estimate doses,
radiocactive decay products were assumed to be transported with their

parent in every pathway until taken into plants or animals. At that

point, the stable element transfer data or biocaccumulation data in
Regulatory Guide 1.109 were used where appropriate. Detailed equations
used to evaluate each exposure pathway are given in Appendix A.

After the limiting concentrations for each pathway were calculated,
the program selected the critical pathway of each nuclide. Finally, &
table was generated, e.g., Table 4-3, which shows the limiting concentration
for each critical pathway and the "de minimus" concentration limit with
the associated most limiting pathway.

Figure 4-1 is a summary diagram of the method of determining the
eritical pathway and deriving the "de minimus" concentration limit of each
radionuclide from among any postulated set of disposal scenarios and

environmental pathways.
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DO FOR EACH

radionuclide

disposal scenario
pathway

organ & total body
radionuclide

disposal scenario
pathway

organ & total body
radionuclide

disposal scenario
pathway

organ & total body
radionuclide

disposal scenario
pathway

organ & total body
radionuclide

Figure 4-1

Assign 1 pCi/g initial concentration
of each radionuclide in waste

l

Compute dose equivalent commitment for
1 pCi nuclide/g waste (and its progeny

at time of exposure

Compute "de minimus" concentration limit

"de minimus" dose limit & 1pCi nuclide

dose equiv of 1pCi/g waste g waste

l

Find pathway in which most restrictive
nuclide concentration exists, ie, find

the critical pathway

List for each nuclide:
e pathways with maximum dose potential
e critical pathway
e "de minimus" concentration limit

Summary Diagram of Method of Determining
""de minimus" Radionuclide Concentration ‘Limit

27




e e

.'nr.

-

4.4 Results of Calculations

Individual Pathway Evaluation

Each disposal scenaric-pathway-receptor (total body or organ)
combination was computed independently to determine the "de minimus"
concentration limit of each radionuclide in that case. Table 4-2 is
an example of the results of calculations for one case, leaching from
a sanitary landfill into a watercourse with a transit time of one year.
Quantities assigned to environmental variables in the ccmputer code are
listed at the end of Table 4-2 and in Table 4-1.

A total of 143 separate disposal! scenaric-pathway-organ combinations

wers evaluated in four series of cases. They are identified by:

Series Disposal Scenario Receptor of Dose
1 Sanitary Landfill Whcle Body
11 Fill Wanted Whole Body
111 Sanitary Landfill Critical Organ
v Fill Wanted Critical Organ

Computational results of 15 of these separate cases appear in Appendix B.
In each of the tables, the limiting concentration of each radionuclide
is expressed in urits of microcurie per gram. Entries appearing as

1E07 uCi/gm represent concentrations greater than 1 x 107 uCi/gm of
waste. This value, equal to 10 Ci/gm, was chosen arbitrarily as an

upper cutoff value.

Summary of Most Limiting Cases

After the limiting activity concentration of each radionuclide in
each disposal scenario-pathway-receptor combination was calculated, the
program selected the critical pathway of each radionuclide associated

with any of the combinations evaluated. Finally, a table was generated,
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e.g.» Table 4-3, which shows the limiting concentration, i.e., the
activity concentration of a radionuclide which may produce the "de
minimus" dose limit, in each of the most important pathways associated
with any of the disposal scenarios evaluated. The table also lists the
"de minimus" concentration limit of each radionuclide aiong with {ts
critical pathway. The tabulated values of the "de minimus" concentration
limits, in Table 4-3 for instance, represent & general solution to the
problem of determining "de minimus" concentrations based upon the most
restrictive disposal scenarios and environmental pathways conceived.

The results shown in Table 4-3 are repeated in Table 4-4 but with
the nuclides arranged in order of increasing "de minimus" concentration
limit,

The lowest "“de minimus" concentration limits is that of Ra-226, and
its critical pathway is through a child eating some of the discarded
resin. However, it is not a significant or limiting constituent of
reactor wastes. The next most nearly limiting radionuclides, all of

vhich have “de minimus" concentration limits below the pCi/gram level are:

Nuclide Limiting Pathw

Co-60 Fill Wanted—Ground Exposure
Sr-90 Fill Wanted—Food Grown
Ag-110m Fill Wanted —Ground Exposure
1-129 Fill Wanted—Food Grown

The "de minimus" concentration limits of every other radionuclide in
reactor wastes is greater than 1 pCi/gram.

The use of the "fill wanted" scenario (Series II and IV). results
in limits somewhat lower than would occur if it were assumed that the

"de minimus" waste were disposed of in a sanitary landfill. 1f the

29



el 0 | L g

pathways to man are limited to those associated with disposal to a
to a sanitary landfill, the activity concentration limits are shown
in Table 4-5. The same values are shown in Table 4-6 except there the

nuclides appear in order of increasing "de minimus" concentration

limits.
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Table 4-1

YT 9

Quantities Assigned to Variables in the Evaluation of Postulated
Leaching of Radionuclides from a Sanitary Landfill to a Watercourse

Variable

Quantity

Basis

Maximum dose commitment

Water ingestion rate

Fish ingestion rate

Shellfish ingestion rate

Surface Watercourse flow

Fresh Water

Transport time, waste to consumption
Fraction of tritium leached from waste
Fraction of other {sotopes leached from

waste
Disposal rate
Duration of burial

Waste density

1 mrem/yr to adults

440 liters/yr
21 kg/yr
5 kg/yr

Ix 10'“ cc/yr

Biocaccumulation factors

1 year

1.0 in a year

0.01 per yr

150 I3/yt

10 years

1.0 glc-3

"de minimus" dose rate limit

1.2 liters/day

Reg. Guide 1.109, max. exposed adult
Reg. Guide 1.109, max. exposed adult
Assigned by authors

Reg. Guide 1.109

Assigned by authors

Assume tritium is soluble

Assigned by authors

Approximate production rate of spent
powdered ion exchange resin/reactor

Reasonable life of a sanitary landfill
operation

Assigned density of bulk solid waste
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TABLE 4-2

EXAMPLE OF COMPUTED CONCENTRATION LIMITS FOR

ISOTOPE

Hoewaed
Co===1b
NA==24
Pecel2
CR==51
MN==54
HN==56
FE==5S
FE-=59
Co--58
Co=-=60
NI==£3
NI==63
KI==65
Cu==6b
IN==E€
IN==€9
AR-=83
BR-~84
CLE
RE--8¢
RB-=88
RA==890
SR-=89
SR==90
$e-=910
SR==92
Yee"90
YeeqimD
Yeoeegy
Yeo=e§?
Ye==330
IR=«930
IR==950
IR==37¢0
NA=33F
N8==95
NB==97
MO0==990
TC=99m0
YC==99
RU=-1(03
RU~-L( SO
RU=-106
RH=105
AGL10™
TEL25M
TE127TweD
TE-127
TEL29m

ONE DISPOSAL MODE-PATHWAY-RECEPTOR CASE

CASE I-A -- SANITARY LANDFILL -
LEACH INTO WATERCOURSE - TRANSIT TIME = 1 YEAR

HALF=LIFE

1.23E¢012
S.73E+83
1.50E+04
Le63E¢CL
2.78E4D14
J.12E0C2
2.58E+02
2.60E+00
8.5CE*GL
TiUE*L2
S.26E*.(
S.CL1E*Q%
9.21c+01
2.56E+00
1.29E¢51
2.03E¢52
S.5JEeC)
2.40E¢C0
3.23E+01
3.00E+00
18762,
1e80E%, 2
1.50E+01
S.CHE*(Y
2.88c%)1%
9.73E+00
2.TOE*CH
2.678+(2
S.LUE*Ca
S.9ucel1
J.53E¢3y
1.L2€6%01
1.50E+L6
6.50E¢C1
1.705+01
S.TOE*QQ
3.50E+01
1.20€+00
2.79E¢50
6.C0E*GO
2.10E%05
&.00E+01
beh3IESCY
1.C0E+00
1.506+00
2.60E¢)2
5.80E+01
1.05€002
9.30E6+00
J.68E%01

YRS
YRS
HRS
oys
oYs
oYs
HRS
YRS
ovs
Ccys
YRS
YRS
YRS
HRS
HRS
cyYs
HIN
HRS
mIN
MIN
oYs
MIN
MIN
0Ys
YRS
MRS
KRS
oYsS
HIN
cys
HRS
HRS
YRS
oYs

YRS
oYs
HRS
oYs

YRS
ovs
HRS
YRS
ovs
oYs
ovs
ovs
HRS
ovs

LINITING

BURTAL
CONCEN.
wer/sem)

h.5E%00
2.5E-C1
1.0E¢07
1.0E+07
1.0E+C7
9.1E=01
1.0E8;7
6.0E-01
635003
6.0E+03
J.5E+ L,
S.JELD
1.6E+00
1.0E¢07
1.0E¢07
9.2E~-01
L13E*;7
1.0E%37
1.0E¢07
1.0Ee(C7?
hebE®)S
1e3E0i7
1.0E¢07
Le1E05n
Te9E~-L3
1..E007
1e0E®u7?
1.4E%C7
1.06007
2.8E+06
1edE0,7
1.0E¢D7
2.6E¢01
2.4E¢00
1.0E«07
belBe02
2:3E+06
1.0E«07
1.0E+07
L1.060Q7
Se.1Eep2
helENDE
1.0E0Q7
J.TE#)2
1.0E%07
1.3E+03
e BE*D3
1.6E+02
10607
3.5E+00

32

DAUGHTER

SR==89

'...9‘

Yeeagy

N8=93%
NB=93m
NB==95
NB==97

TC==99

TC==99

H=105

TE-127

PERCENT

i00.
aco.
160.

100.
1.6
ico.

97.

100.

100.

100.



TABLE 4-2 (contd)

EXAMPLE OF COMPUTED CONCENTRATION LIMITS FOR

ONE DISPOSAL MODE-PATHWAY-RECEPTOR CASE

CASE I-A -~ SANITARY LANDFILL ~-
LEACH INTO WATERCOURSE - TRANSIT TIME = 1 YEAR

ISOTOPE HALF=_LIFE LINITING DAUGHTER PERCENT
BURIAL
CONCEN.
(ucrsem
TE=-1290 1+12€%00 MRS 1.JEeQ7 I==129 ico.
TEL31NMC 1.20E+00 DOYS 1.0E¢07 Je=131 b U
TE=-1310 2e5J0E%01 MIN 1.0E%07 I==131 i0ce.
TE~-132 3.25E+CQ DOVYS 1.JEep7
I==129 1.63E*y7 YRS 2.8E4L(
I==130 1.26E%01 MRS 1.CE¢07
f==131 0.CS5E+L0 OYS 1.0E¢07
Je=132 230E+40 HRS 1.0E+07
Jeey32 2-.1¢E04L HRS 1.9E%07
I==134 S«30E*01 mIN 1.0Ee07
I==13%0 6.73E*0C wRS 1.0E+07 CS=135 100.
CS=134 2e20E%,¢ VYRS 1.3E=32
CS~135 2.C0E¢06 YRS S.86-02
CS=136 1.30E+*21 OYS 1.3E¢07
CS=137 3.00E+CL YRS T.5E=03
CS=13a 3.228%¢1 MIN 1. E*Q7
PA=14C 1.28€+3: OVYS 1.0€e07
BA=14310C 1.802+01 wmIN 1.0EeQ7 Ce=161 100.
BA=-342 1e10c%.31 ¥FIN 1edEoy?
LA=14C 1.67E+00 OYS 1.0E¢07
LA=161C0 3905450 HRS 1.0E¢p? Ce=161 100.
LA=362 LebdE® L MRS 1.0Ee)?
CE-14y 3.25E¢01 OVYS 1.9E¢27
CE~1430 1.37E¢00 CVYS 1.05¢07 PR=143 100.
CE=14e 2.852¢52 DVYS S.JEe;3
PR=142 1.375¢C1 OVYS 1.06407
PR=144 1.73E431 PIN i1.0E¢07
NC=1470 1.34E%51 CYS J.TE+QS Prueie? 0.
PH=147 2.64E%0y YRS NobEep3
We=187 2.4yE*)1 HRS 1.0E¢07
RA=223 1e.18E¢1 OVS 1.0E*7
RA=226 14606403 YRS J.3E=(5
AC=227+D 2.165¢C1 YRS T2E=03 PA=-223 80.
TH=2270 1.828¢,1 0OVYS h.1E0QS RA=223 1¢Ce
PA=231¢0 X.25E%04 YRS 20.6E=p2 RA=223 59.
U==235 Te1)Ee8 YRS S5.3E=)14
NP=239D 2.35E+00 OVYS belE®GH PU=239 100.
PU=239% 2ebbkE%06 YRS L1dE%50

RATED ONI LEACHMING OF WASTE INTO WATERCOURSE
A MAXT™MUM DOSE COMMITYMENT OF 100 MREM/YR TO ADULTS
CONSUMPTION SATE OF WATER = 4heDo0 LITEXKS/YEAR
CONSUMPTION SATE OF FISH = 2lev KG/YEAR
CONSUMPTION RATE OF SHELLFISH = S.¢ XG/YEAR
ODILUTION FLOW RATE = 3.0€*14 CC/YEA®
FRESH WATER ’
TRANSPORY TIME FROM WASTE TO CONSUMPTION = 1.0E+20 YEARS
FEACTION OF TPITIUM LEACHED FRON WASTE = 1.0cC0 Pik YEAR
FRACTION OF OTHER ISOTIPES LEACHED FROM WAST:E 1.E-02 PER YEAR
BURIAL RATE = §.52+02 CUBIC METERS PER YEAR
DURATION OF BURIAL = 310.0 YEARS
MASTE DENSITY = 1.0 Gm/CC
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NUCLIDE _

CEEET |
Co==1s
NA==2s
LEEE ¥4
c..‘s‘
MN=eEy
LLESS T
FF==55
FEee59
CO==54
CO==¢D
Nl=~%9g
Hl=~¢)
NI=~¢5
CU==b»
IN==£5
IN=-tQ
ag=-83
WQeePs
LR L]
q==85
QR=-~4A
P0e-nq
spe-89
SEe-ag
q‘.‘.‘
Ske-02
veeeat
YeeQym
'..."
Yoo
Ye==9}
7e--ay
70--9%
1p-=-q7
NA=qI™
NR=-0§
N®ew0O7
"0-+99
TC=994
TC=-29
U-1073
2=1CS
RU=1%6
[N=1(5

rewl e~ "

TABLE 4-3

MOST RESTRICTIVE CONCENTRATION LIMITS AND DISPOSAL-PATHWAY-RECEPTOR

DE MININUS
T LIVITIVG

TASLE CONCEN TABLE CINCEN
61 J.6~15 62 S E-0S
129 b= 6 i s E-06
L3 3.6=%% .2 b E=-D6
14 S.€E~(5 144 S.E~05
76 L=l 144 1.E-Cw
LA 2.5+06 144 2.E-46
W 6.E=6 2 6.E-05
129 S.E=r3 126 S.E=-C3
14 Y.E-.6 144 3.€6-06
re 3.6~.6 ” 3. €~C6
76 8.6=-97 144 8.E~07
129 bof='n 15 U 2 1Y
129 3,628 1% 3.E-05
126 9.6~.2 12% 9. E-04
.l b k=5 .2 6. €E~05
76 wek=(H 144 “E-DE
sl TeE=(o a6 6.E-0)
1 “oFels L1 2.E-03
sl S.E=L6 L1 b E=D N
(31 8.E~.5 (1) 2.6-02
76 2.6-15% 144 2.E=t5
el 1.F=(S .5 1.E-03
.l S.E=06 .b S.t~0s
Te 2.£-.5 mn 2.E-05
129 N.E=.? P} 8.E-C7
L3 1.F=05 .2 1.E-05
.l 1.E-36 .2 S.E-05
“hb J.6=-.5 0% 4 b E-05
[ Lefe.8 (1] 8. E~(&
6 2.€-CS 144 2.6-65
el 2.E-05 “2 1o E=04
. 1.6=5 .2 6. E~05
S 2.F+.5 55 2.E-05
76 2.€6-36 144 2.€~06
.2 ‘B.E-06 “h 1.€E-0S
s J.E=(S 144 J.6-05
76 D T Y ” S.E~06
bl 1.6-(5 (1] S E=CH
“h J.E=5 .7 S E-0S
.1 J.E~(5 .2 2.E=0¢%
129 2.E-05 130 2.E-05
76 6.F="6 144 6.E~06
.l 1.€=5 %4 . E~C5
75 2.6~ .6 144 2.E-06
o1 F.E=iS 42 1.E-0%

COMBINATIONS SELECTED FROM ALL COMPUTED CASES

CONCENTRATION LIMITS (UCI/GM)

LINITING
TARLE CONCEN
63 6.6~ S
13 b.E-06
ab 8.E~08
LX) S.E~05
78 1eE=in
«78 2.E-CH
(1) 1.E~0n
125 S.E~(3
78 J.E~-08
78 3.6~ 6
14} 8.E-07
13 beE~ub
1 J.E=05§
56 2.E%0
“6 2.E=00
78 s.E-P6
76 J.E-02
.2 6.6~ S
T¢ 2eE=ud
LT 2542
78 2.6~ 5
76 6.6~63
Té “.E~C3
14 ] 2eE"CS
13 9.5=r7
&6 e .E-CS
.6 8.E~(5
(1] 9.E-05
76 heE~03
78 2.8~(5
(3 2.E-LN
(1) 9.E~r5
53 2.E=CS5
78 2.E~(H6
(%4 2eE-rS
78 J.E~05
14] S.E~06
a2 2.E-03
LY 4 S.E=LS
L) 8.6~ &
131 2.E~(S5
14 6.E~LH
46 LeE=L b
T8 2.E-06
(1) 1.E=-0%

LINITING LINITING
TABLE COUMCEM Ta®LE CONCEN
29 TE-05 30 F.E~5
132 (T 347 ) 133 e.E-08
(34 1.E-0S 76 s .E-CS
114 S.E~6S 14 ] SeE~uS
L1 2.E-Ls (34 2+.E~00
79 J.E~56 L L] SeE=ub
76 S.E-04 1 14 1.6-03
126 5.6-03 127 S.E-03
79 Se.E~ub a6 6.E-CH
re s.E-06 (Y 7T .E-06
14 ] 8.6-07 L1 YeE~u7
132 beE-Ds 1313 wefoub
112 S5.E~05 113 5.E~05
s7 2.6041 136 S.E0u3
(%4 2.E-0% re 3.€6~04
79 s.E-06 61 6.E*06
.2 Se.E=i1 o7 SeEoyy
76 1.6~-02 (24 S.2=02
R N 2T 56  l.Evul
14 8.E~02 (34 2.€-01
8 J.E~u5 L34 J.E=(S
Se 2.€%00 126 J.E040
144 8.6-02 s 8.6=-¢
14 ] J.t~05 LYY k=25
61 1.6~56 62 LeE=yb
.7 T.E~GS 14 2.€E-006
&7 a.E-Ds 76 LR 1
L3 1.E-ub b2 LeE=Cb
.2 2.k-02 144 3.6=22
79 3.E-05 LX) S.E=05
76 9.E-CH L 14 LeE-D3
(34 L1eE-0n 76 NeE=SH
52 3.E-05 L T4 v.E=0S
79 2.E-06 .9 8.6~06
L3 8 S.E~LS 143 T.E-05
79 NaE=yS L]} beE=yS
46 9.6-06 “r 9.6~06
14 2.t=ul3 L34 T.E=Q2
[} 6.6-55 (1] B.E-45
a7 2.€E-4) 76 hec=DJ
132 2.c~05 133 2.E-05
L4} 1.E-05 (1) Le€E=uS
.7 J.E-06 76 Se€~0s
79 J.E~06 L1} S«E~vb
L34 1.6-04 .3 S«€-0s

LINITING
TARLE CONCEN
129 1.€=504
1.2 S.F=pb
144 6.E~05
“8 6.E~LS
(3 ] 2.E-0s
“b ’o“.‘
12 4 S.€E-33
in S.€6=43
w7 T.E=06
(%4 T.E~4b
52 ’-‘."
112 6.E~00
132 6.E-¢S
135 134 LY
La 4 LeE=y}
129 9,.E~06
1ch 8.E0Ly
144 1.E=L1
ide J.EeLy
144 1.E460
“h J.E=(LS
(3 N.E0(]
79 1.E-91
“r “.E~05
63 1.E6=06
44 J.E~D0
144 2.E-L3
76 1.E=0%
78 3.E=02
134 5.6-05
144 S.E~,3
144 ToE=ip
3 s.E-05
.8 8.E~46
144 LeE=Ds
52 S.E=35
79 9.E~C6
144 beE~bL
«3 9.E~95
144 1.E=32
112 J.E~LS5
.7 L.E-05
144 2.E~43
129 6.E~46
76 S.E-is

LINITING

TASLE CONCEN
131 Z.E=00
il S.E=-ub
.3 2600
“1 2eE=lN
.l 2eE="tb
o7 9.£~06
12% h.E-y1
18 6.E~C3
LY ) T.E~ub
.8 T.E~06
81 JeE=ub
113 6.E~ub
11s 1e€=ub
66 LY 34 L)
.3 “.E~03
£1% L1ec=4S
144 2.E01
124 J.E000
“7 J.Enn
56 2.8401
.l T.E-05
134 6.E6043
o7 2.E~-01
W8 6. E-45
112 2et=ub
Te 3.E-0)
125 2e€%42
144 1eE=un
79 S5.6-02
L] Sec~0S
125 b.E-u2
a2s5 3.E-.)
L} G.E=05
o7 9.6-06
.3 2eE~Cn
L1 1eE~us
(1] 1.€-05
125 S.E*L2
144 1.E=us
125 1.E*00
113 J.E~45
“«8 1.6-05
“3 3.E-03
“b 9.£-06
rr 6.€-00

LINITING
TASBLE CONCEN
138 1.E~04
1146 6.€-06
.8 S.E-0s
.2 2.E=4n
L T4 2.E<60
“e 9.£~06
126 heE=y2
(7Y TeE=b3
L} ) 9.E-06
L} 9.E~00
53 2eE=yb
116 6.E~we
61 3.6
96 1.€405
LX) 2.€=02
62 1.E~45
56 T3 H
S¢ 1.E%00
n CeE¥y2
52 s.Erp1
LT3 T.6E~05
“2 T.E¢03
.8 2.E-01
.9 T.E~85
113 2.8%L6
.3 . E-DD
126 “.E-53
.3 JeE=us
67 8.E-p2
L)) 8.E-05
124 1.€-02
126 2.t-6)
51 2.E=00
L1 9.£-06
8 S.E~06
L34 1.E=34
.l 1.E-05
126 Jekoul
14 L1ek=(s
12% h.E-D1
116 J.E~(5
.1 2.E~05
.8 S.E~03
a7 9.€-06
(1) 6.E~04



SE

TABLE 4-3 (contd)

CONCENTRATION LIMITS (UCI/GM)

DE MINIMUS
MUSLINE ___ LDNT __  LINITIVG LINITING LIMITING LINITING LIMITING LINITING
A3LF TONEEN  TAPLE CONCEN TASLE CONCEN TABLE CONCEN TASLE CONCEN TAIE CONCEN TA3LZ CONCEN

AGLLrY rs LIS J 144 f.E-87 Te B.E=CP 79 8.E-97 80 2ec"yb «b 3.6-0s w? J.E~06
T=32¢r 129 S.E=_ 8 15 P ST 61 S.E~Co 14 Tek=Lo 144 TeE=0b 14 ] 8.E~00 79 1.E-¢3
L Ad §4 4 29 S5.E=%6 13 2.E-C5 T¢ he.E-25 144 8.E=35 14 ] beE~CS 79 S.€=45 61 8.E-LS
TE=127 b LIS LTS -l 1.E-03 a7 Lo} .2 2.E=23 143 S.E~u3 126 8.E~43 125 2.€-02
TE129»~ s L1.E=_5 m” 1.kt 78 1615 “b 2.€6-45 % 4 2eé*yS 79 2ek=yd a2 “we=.5
TE~L29 . CTL LN | “6 2+.¢-0) 76 A.E-13 .2 2.6-02 “r ek~ 12» 1.60(0 144 2.6 0
LA RS L [} B.E=78 .2 %E-06 .6 1e€~CS .7 2+E~u5 .3 Sef=g5 76 5.E=05 144 6.E~45
V€28 .l 2.i=.8 .6 2.8=03 76 L LT | a7 9.6-93 .2 LeEey2 A 1ek=G¢ r 1.€-42
TE~172 “h DT e Y .7 [P 2 Y Y .g o L o2 T.E=36 Y ) Y.kt 14 LeE=iS 78 2.€-05
I==129 229 SefFe.? 150 S.E-L7? 131 SeE-LT 132 S.E~(? 133 E A 14 112 LN % 4 113 QeE=L7
foey¥ .l “et=(6 “2 6. E~06 1) coE=i 3 .7 JeE=5% 76 1.6%45 144 Lek=0s 12% Seb=in
I==121 -5 cet* .5 (%4 2.€6~L5 L3} 2ec~lS .2 2.E=.5 “s J.c=05 14 J.E-L5 126 J.E-05
[==132 .l LY 0 Y . S.E-05 (13 8.6~ 5% Te NekE=yb .7 sek"y 3 AZn 2.6-03 1¢5 3.6-02
fowgt? .l 2.6~.5 62 2.€=-05% b 2.€6-55 .7 S.E=~(S 12« f.6°L5 15 LeE=(s Te 2.€E=L06
I==1% “1 ET 2 Y «b JeE=0 b T LeE~_ 3 A28 a.E~(L3 82 S3.E-¢3 % 4 J.€6=41 56 Set=-L)
£ g 8L .l FoE=78 .2 1.6=¢53 (13 J.E=(5 L4 T.€E=65 76 2eEeye 144 wobeis 125 2eE=,3
Ces=12 L4 1.5= 6 144 1.E-08 ™ Lec=lH 79 1.€6=ub ac LekE=Jb 52 J.E~06 «b b.E~06
(AL 1 $2 Qo= 0 53 2.6-00 56 2eE=in 55 3 S 61 JeE=C e he JeE=to 66 Jec=ib
CS=126 “8 SoEep %4 “afelp 143 hef=( B 144 b=yl Y] Sec*yb 1 S.E=yb 78 S.E~"8
Ce=.3? 52 CeF="6 53 2.E~Co Te o€l 144 2ek~kib Teé 2.,8°ub s dek=yb L}Y Jet=yb
CS=12e .l S«E«(H b A D) T¢ 2.E=n} &2 bof=01 56 J.E-01 12e 1.600 7 J.Ee g
LT RS TN A TE t. ke § 144 3.6-06 s “ei=CH Y] “.E=yb (34 2.c*L b 0 S.t=J6 “l 6.E~ub
L RS LS .l 2458 b 1.6-03 “2 LT L | 143 T.E-03 o7 2.E=02 144 S.E~02 re 1.€6-01
28-142 .l 2.E=78 «6 ekl e a2 Jei=.) Te N.E-(3 o7 Pag=2 ry DT 208 12% 2.E0(2
LA=14C wl Se.f=_ ¢ .2 6.k06 (X3 TeE=yb L34 8.€~26 “3 2.E-05 76 J.E~05 17 3.6-35

La=1ey . Peters «b Jak=ie .g wef=i 7 1.E=43 76 Lei=b3 144 “ec=id 126 1.€~0¢
LA=1e2 .l Sef='¢ .h oS0 .2 bel=ln re T.E=Cs .7 1.E6=02 mn 6.E=2 125 J.Ev01
CE=iel L) $e%.9 " S.€=55 78 S.E-_5 .6 9.€-35 .7 J.£-05 “8 1eE=Ln 79 1.E=Gs

fFeia? “h Y.e=35 L 3. E~(S5 (34 J.€-)5 a2 J.6-0¢ 76 seE=ys 144 s E=(S 78 S.E~(S
CE=ite s LTS 254 1 144 “.E~08 14 ] neE"(H 79 w.5=16 L 14 deE=ib “6 L.E=~[S5 o7 1.€-L5
OCeqe? L4 S«f="8 L1 S«.%~06 m” S.E=(s (34 S.E=yb 78 S.E=ub 1 ) (LM L} LeE=uS
PE= s .l Sec=.S5 (1Y 3.E~C3 76 2.6~ 2 126 S.E+03 56 JeEtin -2 Tebois 119 J.c%06
LS L 4 ok Lof=’5 Y 4 v k== 76 w.E~0S 144 hE-0S L L] S.E~(5 78 S5.E~yS .l 6.E~J5
Ouein? 76 Y= 144 Jek=0s 78 3.~ » 14 ] 3.E=00 8y b A 52 (1T .6 1e€=y3
He=in? sl 2.F=S .2 2. k=5 aE wof=0s o7 $.€~05 re 2eE"ub 3 2.E=4n 144 2.E=u0
Bh=27" 12 Jet= S 125 YWE-rS 12¢ weE~0S5 56 S.E~)5 s’ S.E~DS5 58 6.E~LS 127 J.E~06
28-226 2% Q.€=7 26 2.€6~07 56 2e.E-L? Sr 2.6-07 58 2ec=07 59 2.E-07 (1Y 2.E=0?
AC=227 29 1et=:5 136 1.£~05 i LeE= S5 e 2+E=.5 128 2e€"y5 1.9 2.€E=45 113 JoE=4S
TH=227 127 LN 126 1.€=04 sa 1B« o a25 2.c"L N 58 JeE=ib 1< Jek=ts 149 1.€6-¢2
Gp-22) 232 baf=)6 113 (Y 211 i1 6.E="0 130 ToE~ub 129 T.E~00 als 8.E~L6 115 8.6~H
Uee225 21 S.E~"§ 13¢ S.E=,5 131 SeE=.5 132 S.E~05 133 Se€~iS 112 1.E=3¢ 113 Lecoub
NPe2 29 126 bet= 3 12¢ Tok=C3 iz6 2eE=12 L27 2.6%02 106 2.Evp2 1.5 2e.E092 1.8 2,602
Pu=239 16 Sefe"S o S.E=.5 e SeE=rS W? S.E=yS iv8 asE™y b 3.9 let=0b 125 L1eE=ib

LINITING
TABLe CONCEN
“8 3.€=46
L1 FEL R
.7 1.E-00s
r 9.6-L3
.8 J.E~S
Se T.E+p0
L) Tee=LS
3 1.8=2
rr 1e€=L5
11% 9.E~37
“3 SeE=us
r 2.€-05
rr 6.E~03
T 2ek=i b
m LeEoyu
«Zh 1.6~}
%4 ..‘."
63 J.E~00
.2 S.E~ue
L1% 2.t=L6
rr 2.6092
2 2.E=45
“h J.E-01
124 Teeei0
“h J.E~05
s 1.8-42
12« LTI Y
.1 2ek=bb
“n S5ec=(5
“8 LeE~LS5
.2 ‘of’.’
9¢ 1.E%086
LT b.t=65
.7 1.6-43
.t Sef=pt
59 S.E~6e
2r 2.6~07
149 J.E-DS
57 2.6~03
FO R ) 1.E~05
114 1.0
w7 2.E%02
124 1eb=ub



TA9LE
TanLE
TASLE
TASLE
TaA3LE
TASLE
YABLE
TAILE
TA3LE
TASLE
TaaLE
TAALE
TaARLE
Tao £
TA9LS
TanLE
YASLE
rasLE
TAWE
YanaLE
TABLE
TAJLE
TagqLt
TA3LE
TAALE
*as3LE
Ta3LE
f‘!Ll
TaaLd
TALE
gl LIN3
TaAaLE
TANLE
TanLE
YA€
TALE
A LINS
TAnLE
TAnLE
TA9LE
Ta3LE
TASLE
TABLE
YA E
TABLE
TAILE
TASLE
TASLE
TANLE
TASLE
TABLE
TaSLE
TanLE
TA3LE
TASLE
TABLE
TABLE
™MSLE
TASLE

132
137
134
138
139

CASE
CASE
CASE
CASE
CASE
CASE
CASE
CASE
CASE
CASE
CASE
CASe
CASE
CASE
CASE
CASE
CASE
CASE
CASE
CASE
CasSe
CASE
CASE
CASE
CASE
Case
Case
case
(o 14
CASE
Ceseé
case
cass
CASE
CASE
CRsE
CASE
CASE
CASE
CASE
CASE
CASE
CASE
CASE
CASE
CASE
CasSE
CASE
CASE
CASE
CASE
CASE
CASE
CASE
CASE
CASE
CASE
CASE
CASE

T=E == SANITARY LANDFILL = CHILD EATS OIRT ON WASTE SITE AFTER 5 YEARS

I=E == SANITARY LANDFILL = CHILD EATS DIRT ON WASTE SITE AFTER 1C YEARS

I=€ == SANITARY LANDFILL = CHILD EATS DIRT ON WASTE SITE AFTER 1u) VEARS
JoF =« SANITARY LAKCFILL = FCOJ GROWN ON WASTE SITE AFTER 5 YEARS

I=F == SANITARY LANGFILL = FOJ0 GROwWN ON WASTE SITE AFTER 1. YEARS

1=1 == SANITARY LANDFILL = EXPISUARE TO 55 GALLON DUMS AFTER WO CECAY

I=1 == SANITARY LANDFILL = EXPISURE T3 55 GALLON DRUMS AFTER Geuil YEARS
Ie] == SANITARY LANCFILL = EXPISURE TO 55 GALLON CRUMS AFTEP 9.J1 YEARS

I=J == SANITARY LANCFILL = GPOUND SUAFAC:e EXPOSU»E YO WORKERS AFTex Q ODECAY
J=J == SANITAQY LANDFILL = CEJUND SURFACE EXPUSU-E TO WORKERS AFTES .001 VR
I=J == SANITARY LANCFILL = GROJND SURFACE EXPOSUAE TO WORKERS AFTER o231 YR
I=J == SANITARY LANOFILL = GRIJND SURFACE EXPISURE TO WORKeRS AFTER L.l YRS
1+J == SANITARY LANCFILL = GROUND SUSFACE &€XPQSU-E TO WORKERS AFTek 10 YRS
feK == SENITARY LANOFILL = GRIUND SURFACE EXFOSURE TO RESIODENTS AFTEF 53 VRS
JoK == SANITARY LANCFILL = GROUND SURFACE EXPOSULE TO RESICeNTS AFTER 10 VYR
Jox == SANITARY LANDFILL = GRIUND SUFFACE EXPOSUFe TO RESIDENTS AFTER 100 Y
ok == SANITAQY LANCFILL = GROUND SURFACe EXPOSU=E YO RESIDENTS AFTER LE3 VY
J1I-€ == FILL WANTED DISPOSAL = CHILD EATS WASTE AFTER NO DECAY

I1I=E == FILL WANTEGC DISPOSAL = CHILU EATS WASTL AFTeR ..wud YiAxS DECAY
1I=€ == FILL WANTED DISPOSAL = CHILC EATS WASTE AFTER ..01 YEA®S DECAY

I1°E == FILL WANTED OISPCSAL = CHIL) EATS WASTE AFTER C.1 YEARS DECAY

T1-f == FILL WANTZD OISPUSAL = CHILD SATS WASTE 1 YEAR DECAY

11=F == FILL WANTED OISPOSAL = FOOD GROWN IN WASTE AFTER 5.5 YEARS DECAY
11=F == FILL WANTED OISPLSAL = FOOD GROWN IN MASTE AFTER 1 YEAR DECAY

I1=F == FILL WANTED DISPCSAL = FOOD GROWN IN WASTE AFTER i, YEAFS DECAY
I1=F e FILL WANTED OISPOSAL = FOOD GROWN IN WASTE AFTER 1.0 YEARS DECAY
11«6 == FILL WANTED OISPCSAL = EROSICw INTD WATe COURSE AFTER NO DECAY

I1e% == FILL WANTEC = GROUND (JRFAC: exPOSURE TC RELIDENTS AFTER NO CECAY
I11°K == FILL WANTED = GRCUNC SURFAC: EXPOSUFE TC RISIDENTS AFTeR weall YRS
Iiex == FILL WANTED = GROUND SURFAC: EXPOSURE TO RESIDENTS AFTER Jeua YEARS
1I=% e« FILL WANTEU = GROUND SURFAC: EXPOSURE TO RESIDENTS AFTESR wel YEARS
11K == FILL WANTED = GROUND SURFAC® EXPOSURE TO RESIJENTS AFTER 1 YEAP
J1+X == FILL MANTEGC = GRCUND SUPFAC: EXPOSURE TO RECIDENTS AFTER 10° YEARS
11Kk == FILL WANTZD = GWOUND SUSFACE EXPOSURE TC GESIOcNTS AFTEX 1.C YEARS
II=K == FILL WANTZD = GRCUND SURFAC: EXPOSURE TO RESIDENTS AFTER 1000 YEARS
I111+C == SANTTARY LANDFILL = INWALATION SPILLED WASTE AFTER NJ OECAY

II1=0 == SANITARY LANOFILL = INMALATION DURING SITEé EXCAVATION AFTER 5 YRS
I11+0 == SANITARY LANDFILL = INWALATION OQURING SITE EXCAVATION AFTER 10 YRS
1110 == SANITARY LANIFILL = INWALATION QURING SITE EXCAVATION AFTER 260 YA
JII10 == SANITARY LANOFILL = INWALATION CUwING SITE EXCAVATION AFTEF 10,0 ¥
T11=E == SANITARY LANIFILL = CHILO €ATS OI®T Ow WASTE SITE AFTER 5 YEARS
IIT=€ == SANITARY LANIFILL = SWILD EATS DIKY ON WASTE SITE AFTE< Lu YEARS
TI1F == SANTTARY LANIFILL = FOOD GaOWN LN WASTE SITE AFTER 5 VEARS

III=F == SANITARY LANDFILL = FOOD GROWN ON WASTE SITE AFTER 1) VeARS

J11eF == SANITARY LANIFILL = FOOQ GFOWN ON WASTE SITE AFTER 100 YEARS

I1I1=F == SANITARY LANOFILL = FOO? GROWN UN WASTE SITE AFTER 1500 YEARS

IV=E == FILL WANTED DISPOSAL = CHMILU EATS WAST: AFTVER NO DECAY

IveE == FILL WANTED OISPOSAL = CHILD EATS WASTE AFTER J.ail YEARS CECAY
IVeE == FILL WANTED JISPOSAL = CHILD EATS WASTE AFTER 0.C1 YEAPS DECAY

Iv=E *= FILL WANTED DISPGSAL = CHILO EATS WASTc AFTER 0.1 YEARS DECAY

IVeE == FILL WANTED OISPOSAL = CWILD EATS WASTE AFTER 1 YEAR DEACY

IVeF == FILL WANTED DISPCSAL = FOOO GROWN IN WASTE AFTER 0.5 YEARS DECAY
Iv=F == FILL WANTED DISPOSAL = FOOD GROWN I WASTE AFTER 1 YEAR DECAY

IVeF == FILL WANTED OISPOSAL = FOOD GROWN IN WASTE AFTER 14 YEARS. DECAY
IveF == FILL WANTED DISPCSAL = FOOO GROWN IN WASTE AFTEK ilw YEARS OcCav
1V=F *= FILL WANTED DISPCSAL = FO0D GROWN IN WASTE AFTER 1Cu0 YEARS DECAY
IveG == FILL WANTED OISPOSAL = EROSION INTO MATEPCOURSE AFTER NO DECAY

IVeG == FILL WANTEOD OISPOSAL = EROSION INTO WATE~COURSE AFTER D.0J1 YEARS
IveN == FILL WANTED OISPCSAL = INMALATION OF WASTE €RODED AFTER NO DECAY

CONCENTRATION LIMITS (UCI/GM)

TABLE 4-3 (contd)

36



LE

RA-22%
I=-=129
SRe=qy
AGL1OD™
CO==6C
CS~1%
CS=127
It »=9%
N =S
U=1TH
Co==5§
FFestqg
NA==2%
L SN )
L R
CE-1bs
c...‘.
TE~172
I~~132
CS=1'¢
I==-130
Pa-231
NR==9§
RQ==-89
CS=13n
P0«143
SF==8s
I==13s
La~140
La=282
TEL27T™
RU~1(Y
IN-~%§
'..:'f_.
TRe=q7
sp..ﬂz
VELi1m
AC-227
FS«wein
TEL 29
Na--a7
RU=1CS
SR=~0j§
Veeoqyw
I=-133

D M
NUCLIDE !'Plﬁ
N

2eE=?
S.F-07
B.E="7
8.E~07
A.E=r?
l."ﬁ‘
2+F=0e
2.E~06
P )
2.6~
J.E=-6
J.F=26
Jer=i6
J.E=36
L.k~ 6
s.E=-L6
boE=yb
woferp
bk~ 8
beof="p
b€~ 6
SefFeib
S.E-(s
S.k=_6
S.E=7H
S.E-.%
Sk~
S«.E=C6
S.E=06
S.E=(6
Sef=rs
6.E=G6
6.6~.8

8.6-06
8.E~16
1.6=:5§
1.E-05
1.8-05
t.f’fs
1.E=yS
1.6=L5
1.6=05
2.E-05

1Tl @ T

TABLE 4-4

MOST RESTRICTIVE CONCENTRATION LIMITS AND
DISPOSAL~PATHWAY-RECEPTOR COMBINATIONS SELECTED
FROM ALL COMPUTED CASES ARRANGED BY INCREASING

“DE MINIMUS" CONCENTRATION LIMIT
CONCENTRATION LIMITS (UCI/GM)

LINITIYG LINITING LINITING LINITING LINITING
TAGLE CONCEN TABLE CONCEN TASE CONCEM TABLE CONCEW TABLE CONCEN
26 2.€6=47 56 2.6=07 L 24 2.€6=07 58 2e€=07 59 2.E-07
130 S.E~07 13 S.E~u? 132 S.E-a7 133 SE-07 12 F.€6-87
15 8.E~47 i1 9.E=~L? 61 1.E-45 62 LeE=LS 63 L.E=06
144 8.E-07 78 A.E-07 7 8.E~p7 L1} 24E=0H .6 3.E~L&
144 . E~07 Te 8.E~Q7 79 8.E6-07 L1} 9.E~07 52 Y.6=07
m” 1.€E-06 ™ 1.E-06 79 1.E-6s L1} 1.6=08 52 J.E~46
s3 2.E=CH Te 2:.E=L6 144 2.E=y8 re 2e€-06 79 2.E=-06
T 2.F-06 M 2.E<Ce 79 2.E-yb 89  B.E~ub “8  0.E-56
144 2.E-06 TR 2.E-06 79 J.E=06 a0 S«.E~06 “b 9.E-06
mn 2.6-08 Te 2.E~1 re J.E=us 80 S.€~G6 19 3.€=p6
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LANDFILL
LANDFILL
LANDFILL
LANDFILL
LANDFILL
LANDFILL
LANDFILL
LANOFILL
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LANCFILL
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= EXPOSURE TO 55
= EXPOSURE TO S5
= EXPOSURE TO S5
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= GROUND SURFACE
* GROUND SURFACE
* GROUND SURFACE
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* GRIUND SURFACE
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DISPOSAL = CHILD EATS
OISPOSAL = CHILD EATS
OISPOSAL = CHILD EaTs
ODISPOSAL = CHILD EATS
OISPOSAL CHILD EATS
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OISPOSAL FOGO0 eROWN
OISPOSAL FOOD GROWN
DISPOSA. FOOD GROMN
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EXPOSURE
EXPOSURE TO
EXPOSURE TO
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MASTE 'AFTER
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To
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T0
Y0
T0
T0

WORKERS AFTER & DECAY
WORKERS AFTER .841 YR
WORKERS AFTER 9.01 YR
WORKERS AFTER §.1 YRS
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RESIDENTS AFTER 5 YRS
RESIDENTS AFTER 10 ¥R
RESIDENTS AFTER 100 v
RESIDENTS AFTER L€3 v
NO DECAY

0.801 YEARS DECAY
9.01 YEARS GECAY

8.1 YEARS DECAY

MASTE 1 YEAR DECAY
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IN WASTE AFTER 1 YEAR DECAY

IN WASTE AFTER 14 YEARS DECAY
IN WASTE AFTER 30C YEARS DECAY
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FILL
FILL
FILL
FILL
FILL
FIu
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SANITARY
SANITARY
SANITARY
SANITARY
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WANTcD
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WANTED
MANTED
MANTED
MANTED
WANTED

« GROUND
= GRCUND
= GROUND
= GROUND
= GROUND
= GROUND
- GROUND
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LANDFILL
LANDFILL

SURFACE

SURFAC:
SURFAC:E
SURFACE
SURFACE
SURFACE
SURFACE

SURFACE
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INMALATION
INHALATION
INMALATION
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EXPOSURE
EXPOSURE
EXPOSURE
EXPOSURE
EXPOSURE
EXPOSURE
EXPOSURE

TO
T0
TC
To
T0
T0

RESIDENTS
RESTDENTS
RESIDENTS
RESIDENTS
RESIDENTS
RESIDENTS
TO RESIDENTS
TO RESIDENTS
SPILLED WASTE AFTER N2
CURING SITE EXCAVATION
DURING SITE EXCAVATION
OURING SITE EXCAVATION
DURING SITE EXCAVATION

AFTER
AFTER
AFTER
AFTER
AFTER
AFTER
AFTER
AFTER

NO DECAY
J.801 YRS
@.01 YEARS
§.1 YEARS
1 YEAR

10 YEARS
190 YEARS
A080 YEARS
OECAY

AFTER 5 YRS
AFTER 310 YRS
AFTER 100 ¥R
AFTER 1480 v

SANITARY
SANITARY
SANITARY
SANITARY
SANITARY
SANITARY

FILL
FILL
FILL
FILL
FILL
FILL
FilL
Fii.
FILL
FILL
FILL
FILL
FILL

MANTED
MANTED
MANTED
MANTED
WANTED
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MANTED
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HANTED
WANTED
WANTED
WANRTED
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LANDFILL
LANDFILL
LANDFILL
LANDFILL
LANDFILL =

= SHILD EATS
= CHILD EATS
= FOO0 GPOMNN
= FOOD GROWN
= FOOD GROWN
FOOD GROWN
DISPCSAL = CHMILD EATS
OLISPOSAL CHILD EATS
DISPOSAL CHILD EATS
DISPCSAL CHILD EATS
DISPOSAL CHILD EaATS
DISPOSAL FOOD GROWN
DISPOSAL FO00 GROWNM
DISPOSAL FOOD GROWN
DISPOSAL FOOO SROWN
DISPOSAL FOOD GROWN
DISPOSAL
OISPOSAL
DISPOSAL
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DIRT ON WASTE
OM WASTE SITE
ON WASTE SITE
ON WASTE SITE
ON WASTE SITE
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MASTE
HASTE
WASTE
WASTE
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AFTER
AFTER
AFTER
AFTER

SITE AFTER § YEARS
SITE AFTER 10 YEA&S
AFTER S5 YEARS
AFTER 10 YEARS
AFTER 180 YEARS
AFTER 1809 VEARS
MO DECAY

delbi YEARS DECAY
8.01 YEARS DECAY
8.1 YEARS DECAY

4 YEAR DEaCY

IN WASTE AFTER §.5 YEARS DECAY
IN WASTE AFTER 1 YEAR DECAY

IN WASTE AFTER 16 YEARS DECAY
IN WASTE AFTER 10y YEARS GECAY
IN MASTE AFTER 1000 YEARS DECAY

EROSION INTO WATERCOURSE AFTER MO DECAY
EROSION INTO WATERCOURSE AFTER §.801 YEARS
INMALATION OF WASTE ERODED AFTER NO DECAY
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5.0 COST-BENEFIT CONSIDERATIONS

Conceptually, cost-benefit analysie can be applied to disposal of
solid wastes with a "de minimus" radiocactivity concentration by weighting
costs and benefits of alternate means of disposal. 1In lieu of any other
guidance, the interim value of $1,000 per total body man-rem from
Appendix 1 is used herein, In practice, the limited distribution of
discarded bulk solid wastes and the critical pathways for exposure of
man limit the number of people potentially exposed to those who live
on the disposal site or who eat food grown thereon. Therefore, large
population doses will not result from disposal of material with "de
minimus" concentrations of radiocactivity,

Assuming the cost of unrestricted disposal of "de minimus" solid
vaste is zero, the cost of shallow-land burial of low-level radicactive
wvaste is 36/£t3. and the population dose associated with shallow-land
burial is zero, then a practical cost-benefit criterion for unrcctricted‘
disposal of solid waste is that any waste having an associated population
dose potential of less than 6 man-millirem per cubic foot of waste
discarded in an unrestricted manner is "de minimus."

As an {llustration that the individual dose rate criterion is more
limiting than the cost-benefit criterion, consider the example of the
disposal of 150 -3 of spent, powdered resin, approximately the volume
generated annually at a large light-water reactor power station. If
unrestricted disposal causes more than 6 -nn--rclltts. or .bou; 30 man-
rem for disposal of the total volume of the waste, then the alternate,
shallow -land burial, would be indicated by ALARA considerations. Since

the “de minimus" health protection criterion limits the individual dose



rate to 1 mrem total body dose per year, about 600 persons, each receiving
1 mrem/year for 50 years would be required to reach the limit associated
with the cost benefit criterion, 30 man-rem, for disposal of the 150 n3'
of waste. Since all of the limiting pathways require that the exposed
individual reside directly on the disposal sites or eat food grown there-
on, it is hardly reasonable to expect the population exposure to reach
the limit of the cost-benefit criterion. Hence, the "de minimus" limit
based on individual dose will result in a lower limit than one based on
ALARA considerations.

With such a low individual total body dose rate of one millirem
per year or less, any cost-benefit interpretation based on an estimate
of population integrated dose equivalent is probably unrealistic. The
NCRP and ICRP cautions in regard to the inappropriateness of quantita-
tive risk-benefit balancing at such a low dose rate is thus persuasive
against the use of such an analysis for decisionmaking in connection

wvith "de minimus" waste disposal (NC75a, 1C73).

o
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6.0 APPLICATION OF THE GENERIC METHOD

The aim of this study has been to develop a method for determining
"de minimus" concentrations in homogeneous, bulk solid wastes so that
they may be disposed of in the manner of ordinary domestic solid wastes
without any special requirements because of the low radiocactivity
content. The methodology developed has been applied to land disposal
of spent, powdered resin from PWR secondary systems as an cxnnpli.
Neither initial dispersion by air or water, i.e., incineration or sea
dumping, were considered; however, the methodology developed can be
applied to other materials by considering the nature of the source,

feasible disposal Scenarios, and environmental pathways to man.

6.1 Application to Secondary Resins

As an example of the application of the method, the expected
concentration of each radionuclide adsorbed on spent, powdered resin
from PWR secondary systems has been computed using the PWR GALE code
(NRC76) to calculate Primary coolant concentrations and the SECONDARY
code (by Nuclear Safety Associates) to calculate activity concentrations
of the spent resins. The "de minimus" concentrations calculated in
Section 4 apply, of course, to this type of waste. By comparing the
expected concentrations to the "de minimus" concentration limits, it
is possible to rank the isotopes in order of significance. The sum
of the ratios of expected to "de minimus"” concentrations of all
radionuclides in the waste must not exceed unity if the waste 1tself

is to be "de minimus." This method is also summarized in Figure 6-1,
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—RO FOR EACH

Calculate the expected radionuclide

tadionuclide concentration in waste
redionnclide Calculate the ratio:
ected nuclide concentration in wast
de minimus concentration limit
cadtennelide List the ratios and associated nuclides

in order of decreasing value of ratio

l

Sum the ratios and compare with unity.

A solid waste is de minimus if:

radionuclide
—tXpected concentration _ <:1
de minimus concentration limit
”

nuclides

Figure 6-1 Summary Diagram of Method of Calculating
Whether Waste 1Is “de minimus"
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The ratios of Computed concentrations in spent, ﬁowdercd:rcoins
from a PWR Secondary system to "de minimus" concentration limits after
3, 6, and 12 months' decay are shown respectively in Tables 6-1, 6.2,
6-3. It can be seen that after 3 months decay (Table 6-1), only Cs-134,
Cs-137, Co-60 and Co-58 exceed the "de ainimus" concentration limits;
and after 1 year's decay only Cs-134, Cg-137 and Co-60 are expected to be
in excess of the "de minimus" values. Furthermore, they are more than
one or two orders of magnitude more limiting than any other isotope.
If the concentration of other radionuclides can be related to the con-
centration of a few indicator nuclides, then verification of the
activity concentration of the indicator nuclides should b2 adequate to
verify that the waste s "de minimus." Based on the calculated mixture of
radionuclides on Spent powdered resin, Cs-137 (with 0.662 Mev gamma ray)
and Co-60 (with 1.17 and 1.33 Mev gamma rays) can be used as indicators
tO0 measure whether this type of waste 1s "de minimus." With respect
to any particular reactor, specific measurements may be needed to
ascertain that Co-60 and Cs-137 are critical rcdtonucltdct'ln spent resin.

Although Tables 6-1, 6-2, and 6-3 indicate that the calculated
concentrations of cesium and cobalt do not satisfy the "de minimus"
criterion for radiation protection, it should be recognized that the
calculation of these radionuclides was based on conservative assumptions.
In the PWR GALE code (NRC76), 1t was assumed that the reactor operated
with 0.12% failed fuel and that the water leakage rate from the primary
to the secondary loop in the reference reactor was 100 poundn/yay. In
order to aciiieve the "expected" concentrations, both of these conditions

WuUsSt occur simultaneously. Most of the time one or both of these param-
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eters will be very much lower than the assumed values. Consequently,
most of the time the secondary resins will have concentrations much
below the "expected" values calculated herein and this type of waste

can be expected to meet the "de minimus" concentration much of the time.

6.2 Practicability of Measurement

It can be seen from Tables 4-3 and 4-4, particularly the latter,
that levels at which nuclides must be measured to demonstrate compliance
with "de minimus" concentrations are in the range of 10°6 uCi/gram. 1In
the case of a specific waste tyre, such as resins, where it can be
demonstrated that only a few radionuclides are important, the number of
radionuclides which need be analyzed for can be shown to be sma’l.
Furthermore, in the case of spent, powdered resins from PWR secondary
systems where the critical radionuclides, Co-60 and Cs-137, emit
distinct, energetic gamma rays, the analytical requirement is clear. In
this example case, the limit of measurement of the critical nuclides by
§amma ray spectrometry is in the order of 0.1 to 1 pCi/g. Both of these
nuclides can be measured at the activity concentration necessary to
demonstrate compliance with the "de minimus" concentration limits

calculated in this study.
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Table 6-1

Comparison of Computed Activity Concentrations i{n Spent Resin
vith "de minimus" Concentration Limits Appropriate
for d Disposal of Homogeneous Bulk S W

Activity on Resin Decayed for 3 Months Before Disposal

IN ORDEF OF NECRFASING FATIO OF € XPECTED TO LIMITING VALUES

I1SO0TOoPE TASLE LIMITING EXPECTED RATIO oOF
CONZEN, CONCEN. ExP TO LIn
weis/em wcis/cm CONCEN,
CS=12s 143 9.9¢-¢7 2.6E-04 262.5495
CS~:137 52 1.5€E-08 2.3%«04 156.3462
COo==60 14 8.4E~07 F PL TR ] 29.6624
CO==5n 14 2.6E-06 2.0E-05 9.1129
MN==54 143 2+6E~us 2.3k-06 «9575
FE-=89 141 2.8E-08 S.7E~07 « 2052
SR==9r, 129 T.SE-C? 1.36=07 «1736
TEL27M 129 S.3E~08 ToTE=pr 14
CE~1un 143 J.6E~06 2.36-07 «064S
IR==9% 14 2.1E-0¢ T.6F=0y «036L
TEL29m 14 1.1E-05 3.9¢~07 «03%1
RU=1C6 14 2.0E-08 B.ufy0 «0335
LLESd 1 14} SonE=gs 1.6E=07 «03510
CS~13¢ (1) J.76~08 6.AE= o102
SR==n9 76 L.6E~(S 2.6E=07 «h165
I==111 L1 1.8E-05 2.4E=07 «GL18
TE~129 L} 6.36~65 3.9€-07 «0061
PR=q4b L3} S.26-08% 2.36-07 0145
Yeoeegr L1 JunE-ys Le3E=07 «C238
FEe=55 129 “.5E=-03 L7698 «L138
Al } | re 1.9€-0% T.25-08 «0338
RU-103 14} S.6E-D¢ 1.9E~00 «0)30
CR=-=53 s L0E=(s 2.06-07 <0320
TE-127 (1) 9.1E=0s Te6f=,7 8.3E=Cw
TC==99 61 6.36~-00 b.3E-11 6.8F-04
TEL25m 129 STE=DS 2.9é-)8 6,260 4
CE=1sy 14 SSE~yS L1TE=ry Jo0E-0n
LLES LY | 143 J.1E-Cs Leuk=29 b Y S Y
Lh=gar .l S.CE~0p 1.26-09 2obE=0n
RB==np 14 L.9E~(S 2406=)9 1.5E=0s

TABLE &L == CASF [=] == SanITARY LANDFILL = EXPOSURE TO S5 GALLON “UNS AFTER NO DECAY

TASLE 42 == CASE [«1 == SANITAQY LANDFILL = EXPOSURE TO SS GALLON (- UMS AFTER Us031 YEAPS
TAALE w6 == CASF [+ == SANITaAOY LANOFILL = GROUND SURFACE EXPOSU2E TOQ WORKERS AFTER 0 NECAY
TAGLE S2 == CAGE [ox == SANITARY LANCFILL = GROUND SURFACE EXPOSU®E TD RESIOENTS AFTER S vRS
TASLE 61 == CASE IIF =« FILL WANTED DISPISAL = FOOD GRUWN IN WASTE AFTER Jo5 YEARS DECAY
TASLE 76 == CASF II%x == FILL WANTED = GROUND SUPFACE EXPOSURE TO EEZTOENTS AFTES NO DECAY
TAALE L6 == CAGE III<0 == SANITAFY LANDFILL = INMALATION JURING SITE EXCAVATION AFTER § YRS
TAALE 128 == CABF Tvef == FILL WANTED OISPOSAL = CHILD EATS WASTE AFTéR wO DECAY

TASLE 127 == CASE Ivef == FILL WANTED DISPOSAL = CMILD EATS WASTE AFTERP Q.1 YEARS DECAY

TABLE 129 == CASE [veF == FILL WANTED OISPITAL = FOJD GAOWN IN WASTE AFTER . .8 YEARS DECAY



Table 6-2

Comparison of Computed Activity Concentrations in Spent Resin
with "de minimus" Concentration Limits Appropriate

for Land Disposal of Homogeneous Bulk Solid Waste

Activity on Resin Decayed for 6 Months Before Disposal

IN ORDEF OF DECREASING KATIO OF EX"ECTED TO LIMITING VALUES

1SOoTOPE TanLE LINITING EXPECTED RATIO OF
CONZEN. CONCEN. ExP TO LIN

tucisom fuclsem CONCEN,

CS=13s 76 9.9 -07 2enE=DN 261.7RB6
CS~-137 52 1.5€=06 2.36=06 155.60062
CO==60 6 8.1E~07 2.3¢5-05 28.6981
CO==5n 14 2.6E~0¢ 9.7E-08 J.7392
MN==54 76 2.0E=08 1.9€-056 «7818
SPp-=9( 129 T.5E~07 1.36=07 1728
TEL2Tm 129 S.3E~06 N 2807 «792
CE-1n4 76 J.6E~06 19E=07 N21%
FE==59 re 2.86-06 L LA R4 «0503
RU~1CE 14 2.06-08 G.AE~0s 0282
Ik==9% re 2.1E-08 2.9€~08 «0136
NB==9§ 14 ] DY 3 1) S.8E-08 «0132
TEL129m 14 1.1€6-05 6.06-09 «0)5S
SR==ng 14} 1.6E-05 T.5E-08 0147
Yeoeqr L1 Jonk-ys 1.36-07 «0338
PR=146 L] $.26-05% 1.9€=07 <038
FE=-=55 129 6.5E-03 1.6E-05 «0035
AAid } s 1.9€-05 2.6E08 «LJ13
YE-129 L]} 6.3E~CS 6..E-CH 9.6E=( s
RU~-LC3 76 S.66-08 SCE=L9 Tl
TC=-=99 61 6.36-00 e 3E-11 6.0E~0n
TE-127 (1) .1E-06 S 2007 SebE-DN
CR=-=53 76 LevE=ls 2.96-08 2.9€-0s
TEL2%m 129 S TE-0S 9.8f-09 2e1ECn
CS~136 (1Y J.7E-086 S.28-10 1.6E-00
CE-1u} 14} h.5E-CS 2.0k S.vE-0s
: LA ESd 1Y 14 ) 1.9€05% 9.56=-11 $. E-08
I==-111 (1) 1.0E~05 0.28~11 L Y
LLES L1 14 J.16-08 Tonk=y2 LonE-CH
LA=1sL L3} S.vE=0e 0.6%-12 L.7TE~CH

TASLE ML == CASE Io@ == SANITAQY LANIFILL = EXPOSULE TO S5 GALLON DRUMS AFTE® NO DECAY

TARLE 42 == CASE I~ == SANITARY LANDFILL = EXPOSURE TO 55 GALLON ODRUNS AFTER 0.C01 YEARS
TABLE a6 == CASE [~y == SANITARY LANDFILL = GROUND SURFACE ExPOSURE 10 WORKEPS AFTE® § DECAY
TASLE 52 =« CASE J=x == SANITAGY LANDFILL = GROUND SURFACE EXPOSURE TO RESIDENTS AFTER S YRS
TAALE 61 == CASFE II+F == FILL WANTED DISPISAL = FOJO GROWN IN WASTE AFTER 0.5 YEARS DPECAY
TAOLE 76 == CASF II=x =« FILL WANTED = GROUND SUSFACE EYPOSURE TO KESIDENTS AFTER NO DECAY
TASLE 106 == CASE III0 == SANITAPY LANOFILL = INMALATION OUFING SITE EXCAVATION AFTER § VoS
YAALE 126 == CAGF TveE == FILL WANTED OISPISAL = CHILD EATS WASTE AFT:R wNO DECAY

YABLE 127 == CASF IVeE == FILL WANTED OISPISAL = CAILD EATS WASTE AFTER .1 YEARS DECAY

TEBLE 129 == CARF [ver == FILL WANTED OISPOSAL = FOOD GROWN IN WASTE AFTER 0.5 YEARS CECAY
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Table 6-3

Comparison of Computed Activity Concentrations in Spent Resin
with "de minimus" Concentration Limits Appropriate
for Disposal of H eneous Bulk Solid Waste

Activity on Resin Decayed for One Year Before Disposal

IN ORDEF OF NPECREASING RATIO OF EXPECTEN TO LIMITING vALUES

ISoTorE TABLE- LINITING EXPECTED RATIO oF
CCONCEN. CONCEN, ExP 0 LIn
ucrsem tucisemy CONCEN.
CS~-12¢ 14 9.9€-07 2.0%=04 2C(5.01cC8
CS~127 s2 1:5k-08 2.35=00 153.6518
CO==¢0 Th 8.1E~07 2.2:+05 26.8626
CO==5¢ 4] 2:.6E~05 1.6E=08 «6296
WN==54 76 2.%E=08 1.3E~06 «5212
SR==9( 129 ToSE~i? Le3E=i7 «1705%
CE-fus 14 J.6E=pe 1.2€=07 «0331
TEL27v 129 S.3E-08 Le3F=07 0237
RU~1Ue 143 2.8E~08 S.8E~08 «0199
Yeeeg( .6 JonE=isS L.3E~07 «0028
FE-=55 129 4.5E-03 1.06-05 0031
FE==59 LY 2.8E-08 8.5€-09 «0530
PR={4b .l $.26-05 1.28=07 0123
N3=~=95 76 bohE=D8 8.76-09 «0020
IR==95 14 2.4E=08 “a1E=09 «6219
TC==99 61 6.36-08 LTS LIS ¥ 6.rE=04
SR==89 76 1.6E-CS 6.26~09 J.9E~(»
Yeee91 76 1.9E-05 2+9E=09 15614
TE~-127 (1 9.1E-Cs . 12607 LovEege
YEfL29» 14 1.1E-05 1.58=99 1.3E=0s
PU~-103 76 S«6E-C8 1751 3.°E=CS
TEL12%m 129 STE=DS 1.1£=09 240E-CS
TE~129 L] 6.3E-05 1.5659 2.3E~'5
CR==53 76 1.06=04 JulE-y) JeiE=1 8
CE=14) 1) h.5E-0% LR LES ¥ 1e16-46
I==129 129 S.28-07 1e1fe13 2.1€-"7
PU-239 1% be9E~05 N 2812 B.hE-CH
CS~13% 52 1.7E=(n JoPE~)2 2.28=0n
CS~13s wh J.7€E-06 R L 1Y A.wE-09
PR-=86 76 1.9€-05 1.15-13 SehE~(9

TASLE 41 == CASE [=] == SANTTARY LANOFILL = EXPOSU2E TO 9S GALLON DRUMS AFTER MO DECAY

TASLE 42 == CASE ToX =« SANITARY LANDFILL = EXPOSURE TO 5% GALLON DFUMS AFTER Ve001 YEAERS
TABLE 46 == CASE Jey ~« SANITARY LANOFILL = GROUND SURFACE EXPOSURE TO WORKEKS AFTER ) OFCAY
TASLE S22 == CASE oK == SANITAQY LANDFILL = GROUND SURFACE ExPOSURE 10 RESIDENTS AFTER S ves
VASLE 61 == CASF JI=F o« FILL WANTED DISPISAL = FOOD GROWN IN WASTE AFTER *,.§ YEARS DECAY
TAOLE 76 == CAGE IIeK == FILL WANTED = GROUND SURFACE EXPOSURE TO FELIDENTS AFTER NO OFCAY
TASLE 136 == CASF JIT+0 == SANITARY LANOFILL = INMALATION OUFING SITE EXCAVATION AFTER S VvES
TASLE 126 == CASE IV =« FILL WANTED OISPISAL - CHMILD EATS WASTE AFTIP NO NECAY

TAOLE 127 =« CASE IVvef == FILL WANTED DISPISAL = CHILD EATS WASTE AFTER .1 YEARS DECAY

TABLE 129 =« CASE IVeF == FILL WANTED DISPISAL = FOJD GRIWN IN WASIE AFTE® (.5 YEARS DECaY
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APPENDIX A

EQUATIONS USED TO DETERMINE 1HE DOSE
RATE FROM EACH NUCLIDE FOR EACH PATHWAY

Symbol Definitions
indicates that the dose rate is summed over the contributions
from the nuclide and its daughters

is the vegetation consumption rate of the meat animal (kg/day)
is the vegetation consumption rate of the milk cow (kg/day)

is the biocaccumulation factor for fish for the n-th nuclide
(pCi/kg)/(pCi/liter)

is the bioaccumulation factor for shellfish for the n-th
nuclide (pCi/kg)/(pCi/liter)

is the activity concentration of the n-th nuclide in the chain
at the time of exposure t (pCi/gm)

is the dose rate resulting from a nuclide and its associated
daughter products (mrem/yr)

is the ingestion dose factor for the n-th nuclide and the j-th
age group (mrem/pCi ingested)

is the inhalation dose factor for the n-th nuclide and the
j-th age group (mrem/pCi inhaled)

is the dose factor for a 55 gallon drum containing a solution
of water and nuclide n (mrem/hr)/(pCi/gm)

is the dose factor for a semi-infinite medium of density

1 g/cc containing a uniformly distributed source of nuclide
n (mrem/hr)/(pCi/gnm)

is the quantity of soil eaten by child (g/yr)

is the fraction of waste which 1is spilled
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is the erosion rate (3/:2/yr)

is the erosion area (-2)

is the inventory of nuclide n after a year of disposing
wvaste at the site fo)lowed by t years of decay in transit
to the watercourse (pCi)

is the concentration of waste in the air (g/cubic meter)

is the leach rate from the waste inventory (per year)

1000 - - .
{E * Svn (Uv + U. A. San + Ub * ‘b * sbn)

e.l.(u.u.u.m.l.n.m
kg > B o W »m day 1

is the equivalent ‘ntake of vegetation in gms/yr through the
food pathway (fru:ts and vegetables, milk, and seat)

(U' + Ut * 'tn + U. +* l.n) * 1000 cc/liter

(.L.h edeolBe A .ss)
LN B e B 1

the equivalent intake of water through the watercourse pathways
(includes drinking water, fish and shellfish)
is the vaste density (gm/ce)

is the stable element transfer factor for meat (days/kg)
is the stable element transfer factor for milk (days/liter)

is the stable element transfer factor for vegetation
(pCi/gm vegetation)/(pCi/gm soil)

is the duration of burial (years)
is the duration of exposure (hrs/yr)

is the breathing rate of the individual under considetration
(cubic meters/yr)
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is the consumption rate of meat for the individual under
consideration (kg/yr)

is the consumption rate of fish for the individual under
consideration (kg/yr)

is the conruwpticc rate of milk for the individual under
consideracion (liters/yr)

is the consumption rate of shellfish for individual under
consideration (kg/yr)

is the consumption rate of fruits and vegetables for the
individual under consideration (kg/yr)

is the consumption rate of water for the individual under
consideration (liters/yr)

is the vaste disposal rate (cc/yr)

is the flow rate in the watercourse (ce/yr)

Exposure Pathways

way A - Le 0 Watercourse

k
D.% ug1q\m.nrln3. l:ut""n

« Brems  pCi _ 1

mrem = |
cc pCi yr

yr

SR

yr

w B - . o Waterco
k
LITTTTE WY W TS
i

-
ne=

mrem = 1 _ ¢cc g0, Sc, Srem pCi
W il - B &
£c
yr
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Pathways C - Inhalation of Spilled waste

and D - Inhalation of Waste During Excavation

k
D=K+*y 7T an
a x

n={

2nj

*C

3
mres "B .8 , br, wsres  pCi

¥ & ¥ w 8

Pathway E - Child Eats Dirt on Waste Site

D.Et!
-
n i
()
srem = - « S€ , Brem

yr £c yr pCi

yr
hw - on of Eroded W

sane as pathways C and D

nt
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Pathway 1 - Direct Irradiation from 55 Gallon Drums

thways K - rect Irradiation from Gro Surface
-
D= ‘rx t D’bn c“
n={

srem = hrs . mrem/hr pCi
yr yr pCi/gn g

Note: For this pathway cnt continues to decay during the exposure time.
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APPENDIX B

COMPUTED RESULTS OF DISPOSAL
SCENARIO-PATHWAY EVALUATIONS

Tables representing 15 of the most
restrictive exposure pathways identified
in Tables 4-4 and 4-6 are included in this
appendix. The complete set of 143 tables
are on file at the Atomic Industrial Forum.
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TABLE 25

CASE I-E =~ SANITARY LANDFILL -
CHILD EATS DIRT ON WASTE SITE AFTER 5 YEARS

-_

ISCTCFE HALF=_IFc LIMITING 0AUGHTE= PERCENT
SURIAL
CONC:V.
(UCI/GY
Heess] 1.23c¢2% YRS 3.38=01
Ce==14 5.73%¢.3 YRS 2e282y¢
NA==24 1.5)c¢(1 HES 105037
FeealZ Leb32e7) (VYS Ledt®y?
CPeef, 24782¢,L 0VYS 1eUE*G?
UNe=fe 332802 CVS Se3ce,.
MNeeEE 2.53c%)y MRS 1.JEC7
FE=ett 2obyle 4 YRS 2edE=2
FLeecg Wedyz%. ) Y5 aedE*07
CO==£8 Teluie,., CVS hedz4,5
CCe==€, SeC0E®.) YRS 6e2F=03
N]l==Eg Be.iE% & Y35 Jeis=2
KNIeet3 34226401 YRS 1.28=02
NI==€C 2.563% y M2S PORTIYE
CU==b4 Le29E4.L KRS 1esE¢07
IN==£S 263202 TYS lelie,,
IN==£9 5.508+(1 nIN LeJE*Q7
AreeAl 2eb .20, , HZS ledee(?7
Qfeepy TeZUseLL VIN 1edE0y7
LEE Y 1 SetdZeLy VIN 1e.c0.7
KkB8e==Rg 1872451 (VS lelceQ?
+Re=qp 1Le%u3¢21 MIN legcoy7
RQ=epgr 1802051 1IN Leve®y7? Ss==489 &' Ce
EF+=4g S.L6%¢,1 CVYS dedE®Q?
Steeo( 2e88z2e3, YRS 143:=05
SR==01C Fe742%0u MRS aelJES,T Veesed: din e
€Eee=g2 2e70c*LL MRS 1.0E+Q?7
Veseg’ QeETE*(, CYS Levitir
Ye=91rD SevoZ6lL PINV 1.0E%07 Yeeedl il
Yeeoe9) S«9.E%51 (VS LelEe0?
YeesesOg J53:07, MRS der 2007
Yee=QlC del22¢)1 H3S 1edE007 NB=Q3M 52
Ib==q2eD 1.50E+.6 Y&S 2e2E+01 NO=93M 52
7R==95+0 2.5.F0L2 OVYS 1eCE%y7 NB==35 38.
JIR==97 $e7.80,.5 MRS lLeszel?
N3=G3w™ 3.7.%¢., Y35 be2i0.2
HAeegt 3.5.8¢.., 0VS 1e0ceC?
NB==§7 Lelui®’0 maS LedEoL?
MQe=gg9n 2TIE+C0 CYS 1.0E+07 TC==33 daidoe
TC=99»0 6o ) MRS 1.0E¢07 TC==9§ akloe
TCe==g0 2e2.%0.5 VY3S 1eliouL
PU=1(3 bel0E*5) LYS 1.0EeC?
FU=L(S Beb3Er iy MRS L1edEe57
2U=1CE 1eLIEeC( Y25 1elé®,. (
SW=1.5 deSuce,y CVYS LeldEey?
AGLLIO™ 206‘!’.‘ cys 70QE.LS
TELZSM Sefuityl OVS 1elE0L?
TEL27ven 1.°52+22 0YS 9.3E033 TE=1c? 10.
TE-127 F.3vE*L MRS 1e.B0,7
TEL29MC Je.bo20pL DYS CeJES(LS [==129 100
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TABLE 25

CASE I-E -~ SANITARY LANDFILL -
CHILD EATS DIRT ON WASTE SITE AFTER 5 YBARS

v

SCTOFE HALF=LIF: LIMITING DAUGHTER PEICENT
BUxIAL
CONCEN,
(UCIscm
Te=320r 1e22E%y MRS 1..E¢,7 I==123 1CCe.
TEL31mp “e2vE*LJ CYS lelZe07 Jee13: ivloe
TE=1310 20505’&1 MIN 1.JE*)7 leer3, 2C0.
TE=12Z+D 3.252¢,4 0YS le0E€e37 [==132 G,
I==129 LeBLZe 7 vas 1.3E=03
Ie=_3, Le20C*r L MRS Ak
Je=332 305,05 Cvs ledeey?
[e=132 2e2iZ o,y KRS de.8007
J*=133 2410E%0L MaS ledE+37
Ie=13¢ 5¢3.2¢2, NMIN 1.0E0G?7
Je=125p 6e7)20,0 H3S 1eE007 CE=135 iLd.
CS=13a 2e1JE*5) vRs J.2€=03
CS=135 2e..50% § vos Ge3E=.3
CE=13¢ le30€0,. Cvs aelEey?
CS=127 3o  JE®LL Y4S ae2E€=33
CSE=138 3.22E+01 MIN 1.0E%y7
BA=iL* 1.78E¢;, DVYS leUke0?
RA=141C Lef,2001 MIN LevENQ? Ce=143 live
L1 LY 120E¢ 1 mIn 1.0E+07
LA=14, deE7ES,, DVYS le.2007
LA=1461N 3.902¢0, MRS le0E®Q7 CE~i141 iCue
LA=14g Lebyze,, ¥eS 1e0E407
CE=l4: 3.252¢24 0Ovs le.E0,7
Cé=1430 1378400 CvYS 10607 OFeib6l e
CE=1uy 2e852%.2 pvs JaTie,1
PR=143 aellc* 3 NYS P LN
PR=14¢ Le732421 MIN lelceQ?
NIeLLT7? 11158031 Cvs Sebcel3 PM=147 1C0.
PM=14? 2e6,E%, . YRS 6e6Ze,2
We=1A7 2ebui®dl MRS 108007
RA=2212 lelec*,1 CVYS delEe)?
nA=226 LeFJE*. ] VE§ 2e3E=p7
AC=227+0 2.16E¢,.31 YRS SevE=,5 RA=-223 9.
THe227D 1.%22¢,. 0OVYS lecEeQ? RA=223 iid.
PA=2314p 3.258¢04 YRS LebE=yi kKA=223 LN
Ue=235 7.135’0! YRS 1.JE=Q3
NF=22g0 Ce25E%(y OVYS Se8E0,3 PU=239 * 300
PU=239 2ebuErys YRS 4¢5£-03

MASE0 ONT A MAXINUM DOSE CCMNITHENT OF 1eul MREM/YR TO CHILIREN
WHO EaT o1l KG OF CIRT IN A GIVEN YEAR
DECAY TIME FR0OM BURIAL TO INGESTION = SevEoy. YEARS
FFACTION OF SOIL WHICH IS WASTE = 23

64



oy

TABLE 29

CASE I-F -~ SANITARY LANDFILL -
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TABLE 29

CASE I-F =~ SANITARY LANDFILL -

POOD GROWN ON WASTE SITE AFTER 5 YEARS
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T4TE) ONT CONSUMATION OF €COD GROWM ON WASTE 2173 .
B WAXI™UM 2CS:z COMMITMENT CF lely MRIM/YR TO AQULTS
OQECAY TIVE FEQv BUARIAL TC INGESTION = S5,ygE+00 viare
COREUMPTION CF 135y KG CF FRUITS AND VEGETABLES Pewn YEAR
CONSUMPTTON OF 31d. LITERS OF MILK PER YviaAR
CONSUMOTION CF die KG CF MEAT Pgf vEAC
CCMSUMPTION RATE OF COW = 5., KG/DAY
CONSUMPTION FATE OF CATTLE = 50. KG/DAY
FEACTION OF SOIL WHICK IS WASTE = «10
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TABLE 41

CASE I-I -~ SANITARY LANDFILL -
EXPOSURE TO 55 GALLON DRUMS APTER NO DECAY
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TABLE 41

CASE I-I == SANITARY LANDFILL -

EXPOSURE TO 55 GALLON DRUMS AFTER NO DECAY

BASEN ON! EXTEFNAL EXFOSURE TO 55 GALLON DRUM OF waSTE
A MAXIMUM DCSE COMMITMENT OF 1400 MREM/YR
EXPCOSURE TIME = 1.LE*J2 HOURS/YZAR
DECAY TIME PRIOR TC EXPOSURE = ¢,
WASTE CENSITY = 1.0 GH/CC

YEARS
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CASE I-I ~- SANITARY LANDFILL =~
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TABLE 42

CASE I-I -~ SANITARY LANDFILL -

EXPOSURE T0 55 GALLON DRUMS APTER 0.001 YEARS
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EXTESNAL EXPOSURE TO 55 GALLON ORUM CF WASTE
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TABLE 46

CASE I~J ==~ SANITARY LANDFILL =~
GROUND SURFACE EXPOSURE TO WORKERS AFTER 0 DECAY
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TABLE 46

CASE I~J -- SANITARY LANDFILL ~-

GROUND SURFACE EXPOSURE TO WORKERS AFTER 0 DECAY

ISOTCPE HALF=LIFE LIMITING DAUGHTER PEICENT
BURIAL
CONCEN.
(UCI/’7GY)
TE~=129° 1.12E¢,, WRS L.7E=)3
TEL31+eD 1.23€E%00 OYS 1.35=05 TE=-131 8,
TE=1321+0 CeSuE®yul MIN 1.6E=y3 Ie==131 18,
TE=132+D 3:25€¢.., cYs J.7E=i 6 I==132 92.
I==129 L.EJE#%07 YRS lelE=03
Jee3 3¢ 1.24E%01 MRS l.65=05
I==131 B.05c+L0 Ccys 1e“E=y5
I==132 2+302+00 MRS Te«3E=Q5
I==133+0 2e20E¢(1 MRS 3¢ £=(5 XE=133 e
Je=134 53Jc+01 “IN 2e5E=04
I==335+D 6«7uE* L MRS 3e2e=(5 XE=135 15.
CS=13¢ 2e1UCE*L0 YRS Je8c=06
CS=135 2eLJE* 6 YRS 1.2E=(3
CS=13¢6 1.3.8¢.14 DYS 3e7E=,8
CS=127+D JCUEeGL Y3S 9.iE=06 NAL37M S5.
CS=128 Je223¢. L MIN Je7E=(0
BA=14, #D 2e28c4,1 CYS SelE= 6 LA=140 77.
SA=1c14)D LePycecl mIN leel=y3 CA=142 32
SA4=142¢D 1.10E¢01 mIn 87504 LA=142 79.
LA=14C 1.672¢40 DYS 6.TE=Q6
LA=141+0 3.90c+r¢ HRS J.2E-00% CE=1lt1 2
LA=142 Lab22¢,, KRS 1e35E=y0
CE=141 3.25€E¢(1 oyYs B.3E~(S
CE=1L3+D 1.37z¢,0 CYS 2eB8E=25 PR=143 Jee
CE~i44+D 2.85E¢72 0OYS - le3E=y5 Pk=146 96.
PR=143 1.37c+01 CVYS bedE={E
PR=144 1.73Ee.1 MIN Je3E=(3
ND=147 1.11E+"1 CVYS JTE=S
PH=147 2.602%00 ves 9.32=04
WNe=187 2eLyYESLL MRS GedE=yS
RA=223 l1.162%,1 OVYS 1.0E+07
RA=22¢% 1.6CE¢23 VYRS 16E=,3
AC=227 216E¢01 YRS SelE=0e
TH=227+0 1.82E#01 CVYS 1e.0Ee(7 RA=223 i1.
PA=231 3.25E%L & YRS 1.0E¢C7
Ue=235 T210E+08 YRS 1.0E+Q7
NP=229D 2.35E+00 OVYS 2e6E®GE PU=239 icc.
PU=-239 2ebeErDe YRS J.3E=01

PASED ONY EXTERNAL EXPOSURE TO BURIED WASTE .
A MAXIMUM DOSE COMMITMENT OF 1.0C MREM/YR
EXPOSURE TIME = 1,0£402 MOURS
OECAY TIME FROM BURIAL T) EXPOSURE = 0.
WASTE DENSITY = 1.0 GWM/C3
FRACTION OF SOIL WHICH IS WASTE =

YEARS

1.0E*BC

72



P Y YT v

ISCTCFE

Heeoead
c...1~
NA==24
Peecealo
CRe=51
MN==54
MN==5¢
FE==55
FE=etg
C0=-=58
CO-=b(
NI==£9
NI==63
NI==t5
CU~=E«
IN==65
IN==69
ARe==83+0
AF==84
BR==85T
PB==86
FR==38
SR==890
SR==89
SP==9L¢D
SP==931+D
Sk==39z+D
Y...gb
Yeeg1MeD
Yeoeoaqy
Yeeeq?
'...93
TR==93+D
IR==55+D
7R==97+0
NB8=Q3w
NB==3E
NRB==«Q7
M0==99+D
TC=99™
TC==99
SU=1(3
RU=1. 54D
RU=1(C6C
RH=1C5
AGI10M
TE125M
TE127m0
Te=127
TEL29m+0

TABLE 47

CASE I-J == BANITARY LANDFILL -

HALF=LIFE

1.232¢312
S5«73c¢L3
1.50E+01
L.632¢01
2.78c401
3.228¢.2
2.58E+00
2eb0c+(C0
G.SuceL
Teluct,1
SQZbE.ad
S.04:2204
9e.21E0(1
ZQSBE’lU
1.232¢02
2.63E032
S.5)c*,1
2.605400
3.20c%01
Jec SEOYC
L1A7TE® )Y
1.805¢01
1.50E¢01
50&65.L1
2.885¢(,
9.7UE.CJ
2.706E*20
2.67E*yy
5.C0E+G1
S.9uEel1
3.53E¢.0
1.02€+01
Le5uE®, B
6.50E¢01
le7uEel)
J.TUE+DD
3.50E¢),
1.2)E%L0
2¢73c%00
60&05’&0
2eidE*i5
el 0cE*02
beb3Eey)
1.002¢00
1.5JE+00
2.€6JE*D2
S.80E+01
1..55¢,2
F30E%00L
Je6lE+DL

YRS
YRS
HRS
DYs
oYs
CcYs
HRS
YRS
ovs
cYs
YRS
YRS
YRS
MRS
HS
CYs
"IN
HES
MIN
MIN
)
MIN
MIN
Cys
YRS
HRS
HRS
oYs
KIN
eys
HRS
KRS
YRS

oYS

HRS
YRS
ovs
MRS
cyYs
MRS
YRS
oYs
HRS
YRS
cYs
oYs
oYs
DYsS
HRS
cys

LIMITING

SURIAL
CONCENe.
(UCI/G™)

1.JE%G7
1.8:=03
1025'55
5«.JE~(05
1.8E=04
8.8E~(6
1.15=23
1.JE*G?
6«55=00
Te2E=yt
3.2€=06
lectE®(D?
1e0ce(?
105407
Cevi® b
1.2E~05
kebBE®)L
2¢9€=02
J.25001
1e5e={1
2enl=J5
T.0c435
23501
bevE=y5S
3.3E=05
6.TE=JS
3TE=Q0
3.35E=C5
8.1E-02
S.0E=J5
Fe5¢c=04
LebE=Ce
S.1E=C2
5.6E=06
2e1E=(5
13E=0e
9.1£=06
TedE=L2
J.5E=05
23E=03
SeTE=Lb4
1.2E=35
Je3E=00
8.9E-06
1evE=0+
2e75=yb
1.9E-03
1 E=Qu
seTE=(3
2+.3E=05
73

GROUND SURFACE EXPOSURE TO WORKERS AFTER .00l YR
DAUGHTER

KE=83M4

Kr.=85M

SFe==39
'...90
Y==91H
'-..92

'...91

NB8=93™
NB==35
NB8~«97

TC=394

RH=1J5
RH=106

TE=127
TE~129

PERCENT

6o
100.

10C.
79.
K
69.

93.

beo

“7.

26.

32.

10¢C.

160,
83.
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TABLE 47

CASE I-J == SANITARY LANDFILL -

GROUND SURFACE EXPOSURE TO WORKERS AFTER .00l YR

ISCYCPE HALF=LIFE LIMITING DAUGHTER PEICENT
BURIAL
CONCEN.
(UCI/GM)
TE=-320 1122456 WRS 3.8E-01
TELIimeD 1.203+04 CvS 1.6E=05 [==132 9.
TE=-1r1C 2e50C%0L PIN 8.9E~(3 Jeey31 il0.
TE=132+0 3.25%5+u(¢ 0YS 3e8E~(6 I==132 92.
I==326 1.63E¢.7 YRS Le3€=33
I==13C 1.24Ee, 1 KRS 2e5E=DS
I==131 S.05E¢04 DYsS 1.9E=35
I==132 243GE*CQ KRS 1.1E=03
I==1133¢+0 2eliE%, 1 HRS beSE=)5 XE=133 2.
I==12¢ Se2LZel1 MIN 2e3F=01
I==135+0 6+70E+C0 MRS 6« E=05 XE=1 35 26
CS=13¢4 2¢10E¢00 YRS J.3E-06
CS=135 2elyc®)s YRS 1.2E=(3
CS=136 le3C5%01 DVYS Je.8:=0¢
CS=1217+D Je.uE® L YRS 9.1E=36 3A137M 95.
CS=128 3.226%51 MIN J.1E%01
BA=14(+D 1.282¢.1 CYS LbelE=)6 LA=14: 8¢
BA=141D L1e8u5¢01 MIN 1e7c=02 LA=163 93.
SA=142D 1.1uE¢01 mIN TewE=§2 LA=142 160.
LA=14: 1.€7Z%L¢ CVYS T«%E=)6
LA=1414D 3.90€¢50 HRS 1e4E=(3 CE=1461 8.
LA=142 Le43E*Ly MRS SelE=)2
CE-1461 3.25c¢({. OVYS 8.3E=(5
CE=143+D 1.37€+L0 CYS So.E=(5 PR=143 Ll
CE~144+D 24852422 0YS 13¢5 PR=164 96.
PR=314LZ 1375¢(1 PVYS bePZ=06
PE=1tLe Le73E0 1 MIN L.6E®pB
NO=1L?7 1.31E¢.1 CVYS 3e8E=35
PM=147 2.60E+00 YRS 9.9E=D«
N==187 2LJE*0L HRS 5.1£=05
PA-222 116500 CYS lesE®07
RA-226 1.6Jc¢L 3 YRS lebE=(3
AC=227 2«16E+01 YRS SelE=Q¢
TH=227+D 1.92¢01 0YS 1.0E+07 RA=223 12.
PA=2310 325414 YRS aebzefy AC=227 iCd.
U==235 TelisEe 8 YRS 1e.E%07
NP=239D 235E¢L9 0OVYS 2.3€E¢086 PU=239 itu.
PU-239 2.buf*le YRS 3.0E-01

BASED ONt® EXTERNAL EXPOSURE TC BURIED WASTE
A MAXIMUM DDSE COMMITHMENT OF 1eul MREMZYP
EXPOSUFE TIME = 1,0E+G2 40URS
DECAY TIME FxOM BUKRIAL T2 EXPOSURE =
WASTE DENSITY = 1.0 Gu/C3
FOACTICN OF SOIL WHICH IS WASTE =

1.02=33 YEAFS

IO[E’UO

74



TABLE 48

CASE I-J == SANITARY LANDFILL -
GROUND SURFACE EXPOSURE TO WORKERS APTER 0.0l YR

-———

ISOTCFE HALF=LIFE LIMITING OAUGHTES  PERCENT
BURIAL
CONCEN.
(UCTI/G™)
Heeee3 1.23E+1 YRS 1.0E%07
Ce==14 Se732¢53 YRS 1.8E-03
NA==24 1e50£¢%,1 HRS bebE=yb
Pesa32 1.L3E+01 DOVYS S.3E=(5
CR==51 2.78E¢D1 CVYS 2edE=Qo
MN==54 3.12E402 OYS 8.8E=06
MNee=EE 2.58E¢., MRS 1e7E4yb
FE==SS 2.LJE*;Q YRS 1.JE¢]7
FEe==509 weS5use(1 DYS 69206
CO==5¢ 7.1JE+01 CYS TebiE=26
CO==¢€" Se24c* Yy YRS 32206
NI==-£g R.0ic*Cw YRS 1430607
NI==g3 S.212¢04 YRS ledc*07
NI==€5 2+56E¢00 KRS 1.0E+(07
CU==pu 1.289E¢_ 1 HR3 l1.7E=C2
IN==£5 2.L3Z#02 DYS 1.3E=(5
IN==£9 5548401 mIN aevEel?
3IF==83+C 260584,J MRS 1euE*D? KF=83nM 1d.
RY==§4 J.2CE¢51 MIN ieJE®GT?
gR ==85( 3o  JE®U0 MIN 2e1E%(2 KFe=gs5 i¢0.
RB==8¢ L.8720)1 CVYS €e9E=y5
FReegg 180351 MIN 1. E¢07
RB==ggn deS50E%l1 KIN CelE=01 Sk==89 1.0
SRe-=8¢ 5..6¢.1 DY3 bel2=J5
SRe=g(+C 24882051 YRS 2e42=05 Veesg( 87.
SPe=Q1+( F7uE*L, KRS Sewc=3 VYe=eQy 71.
SF==q2n 2.72E%0 HRS 1.6c¢03 Ye==g?2 100.
YeeeQy 2e67z%, 4 DYS 8.9E=(5
VYeeoQirl SeCOE*GL MIN 9.0E=92 Yeeaq, icve
YeeasQy Se9CE¢(2 CYS S5e2E=(5
Yeeeg2 3.53E¢(0 ¥3S SeUE®y3
VeeeaQ3 1.02E*C1 MRS JelE=y2
AL L L kL g 1.5%2¢.6 YRS 2e7E=)]2 NR=QINM 3de
7P ==q5en 6.5uEeLy1 DVYS 8.6 N8==95 10.
7R==Q7+D Le7.2¢., HRS Sev€=le NB==37 L7.
NB-QTIM 3.702¢08 Y&S 1.3E=0s%
N3==Q5 3.5u=%0.1 CYS 9.7€=C6
NR==Q7 1.235’:3 HRS 10‘5’:'
M0==Q9+D 273,y DYS 7T+3E=05 TC=99M c7e
TC=99M Bet UE*YS MRS ?:3E+01
TC==99 2e14E+,5 YRS LeTE=i &
RU=1.,3 e.LuEel1 DVYS 1e32=05
SU=iLS0C belb3ce.] MRS “weS5E=03 RH=105 100.
RU=11¢€D 1e JE®.u YRS S.)E=)6 RH=106 1.Ce
RH=1C5 1.5Cc*(§ OYS Bevwi=0&
AGiiCV¥ 2e.61E*C2 DYS 2.7E=06
TELZS5» Se.% 0=+, OYS CedE=33
TEL27™D 1.05€+02 CYS 1.3E=0¢ TE=127 10C.
75‘127 9.30E+2) MRS 6025’01
fElqu’D 30505’31 cys 2055.35 f£°129 83.
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TABLE 48

CASE I-J == SANITARY LANDFILL -

GROUND SURFACE EXPOSURE TO WORKERS AFTER 0.01 YR

ISOTOFE HALF=LIFE LIMITING DAUGHTEA PEXCENT
BURIAL
CONCEN.
(UCI/ZG™M)
YE=3129r 112E+C) HRS 1.JE+Q7? I==129 alae
TEL31reD 1.202¢(0 OVYS 6.6E=)5 Ie=331 L2
TE=131C 2.5C3¢.1 MIN 1.2¢=02 Jee 32 3i%e
TE=132¢0 3.253¢00 CVYS Te7E=3b I==132 92.
J==3129 1.60S¢07 YRS lelE=y3
I==13C 1.24E+01 KRS 2¢1E=)3
I==131 B..5c%.y OYS 2e52=05
I==122 2e3JE0,0 KRS 1.0€407
I==132+D 2e1CZ¢01 ®RS LbeBZ=dy XE=133 22,
s*=3134 Se3ic*0Gi MIN 1.03¢07
I==135¢D B7IEDS HRS bel=Q2 XE=135 87.
CS=13¢ 210E+00 YRS J.9E=06
CS=135 2o wE*)6 YRS 1.2c-03
CS=-13¢ 1.3CE5+04 QvVYs “e5c=06
CS=127+D 3. ace, i Y]S Q.lE=yb JAL3ITTH 95.
CS=312n 3.22E¢,1 W™IN levi*(?7
PA=164L G de28E¢;, OVS J.8E=Ce LA=1.C 86.
h=261" lLeB.2¢,1 MIN 245E=01 Ce=16} L.
EA=1427 1e2J8%31 MIN LeldEeQ7 LA=142 166,
LA=14( LebB7Z¢,y cYs 3elE=(5
LA=1e1r J.9uc*",; KRS ie3E=u2 CE=lel 1C0.
LA~162 1.402¢,0 HRS lLeucep?
CE=i42 3.25c¢;1 oYs Q.6E~(:5
CE=2434D L.27c¢,, 0OVYS be?72=,5 PR=14&3 82.
CE~14ten 2eASE*)2 DYS le3E=y5 Phe=lt46 96.
PR=143 137401 CYS S«8E=06
PR=14e 173c#(1 MIN 1eGE*Q7
ND=147 le11E¢(1 OYS beBE=)5
FM=1L? 2+6.E*Cy YRS 9e9E=(t
We=1A7 2ebiE®,1 MRS Sede=lb
SA~-223 l1e14E¢01 DOVYS 1.0E¢)7
RA=226 Le6yze53 YRS 1.6E=03
AC=227 2e16E+51 YFS 5:1E-Qs
TH=227+D 1.82c+21 DOYS lesc%u7 RA=223 2%
PA=2310 J.25E¢04 YRS Le6E®, AC=227 1t0.
Ue=235 T«1024y8 YRS 1.0€+07
NP=239C 2.35€E+00 DYS le4E*DB Py-239 1.0
PU=239 2ebbErSe YRS Je0E=(2

BASED ONt EXTERNAL EXPOSUKE TO RURIED WASTE
A MAXIMUM DOSE COMMITMENT OF lecl "REMYR
EXPOSUFE TINE = 1.CE*02 HOURS
DECAY TIME FROM BURIAL TO EXPOSUR: =
WASTE ODENSITY = 31.. GM/C3
FRACTIOM OF SOIL WHICH IS WASTE =

1+08=.2 YEASS

1.0E¢jC
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W

GROUND SURFACE EXPOSURE TO RESIDENTS AFTER 5 YRS

IS0oTCPe

Heeooel
c.-.l“
NA=w24
Peee3z
CReufy
MN==5¢
LIRS
Fieets
FE==59
O0==58
CO==¢(
Kleefg
NI==¢€3
NIe==¢E
CU==¢4
TN==E5
INe=EC
BF eeA?
PR 8t
AfeeREn
SReefE
ﬁq..e’
tRe=ASD
Ske==89
SPe==9(+)
§3-=3:0
St eeqz
YreeQ,
Ye=a1rD
YeeaGy
Y...gz
'...gsﬁ
IR ==gTen
Txe=gEeD
TP eeq?
NB=g3IM
NR«=Q§
NB..Q?
“0==9%0
TC=949~n
TC==99
RU=1(3
SU=4(5
*U=10€0
FH=1(5
AG1liv¥
TEL2€M
TEL27mD
TE=1c7
YEL29r0

TABLE 52

CASE I-K == SANITARY LANDFILL =

HALF=LIFE

2238003
5732433
1.50E+01
Leb3ce 2
2782051
3122452
2.592¢(C3
ceb.20l
oS uEed,
Tel3ce )
502‘&"6
,oslﬁ.u.
J.213453
20565’.:
ae232e(2
20032432
5.?&50£1
Qebicé
306.5’51
305&&’2‘
187206,
2e8o803
1.50=¢21
S5e. 654,
20"5.01
407J§.GJ
2702409
SebTz0,
50-.5’;3
5.%90E+01
3.‘35’.,
1.02%¢C2
deSrE®H
6.5ic%51
:.735‘91
374204
3.50E¢2
102‘&’(3
2.79E+00
6L JE*0)
21320, 5
o.\dé’fl
50535‘:0
10045’90
1.50E+0u
2.632402
SR)E®L
del 5c%(2
9.3JE.PJ
J.640Ee¢ 1

\LH
Yas
SEES
Cys
ovs
cvs
HRS
Y3S§
cys
rvs
YRS
Y=S
YRS
RS
HRS
rys
MIN
HES
HIN
FIN
oYs
MIN
mIN
rys
YRS
MRS
H2s
cys
MIN
cr3
H3S
KRS
YRS
cys
KRS
YRS
pys
HRS

‘€YS

KRS
2
pYs
HeS
YRS
ovs
ovs3
rys
oYs
H&S
crs

LIMITING

BURIAL
CONCEN.

(UCI/’7Gw)

77

1.02¢27
2055'0&
1.Gc+07
2e02007
1.32¢37
90’5'35
1.JE+2?
1055‘07
6.6F¢00
1e7505¢
9.3E=)7
le)E®Q?
ledie,7
;.350;7
deo2%7
007&'39
y 4.4 £ I 4
do . 20,7
1es20,7
Le220G2
de.E0L7
3i.59L7
aedc®)?
iebE* 6
JesZ= 6
7095’36
1.)E¢07
1.JE%07
1.3E¢27
SelE*)e
1e .24)7
CelCoyub
3.2E=)5
J.bE®y2
1.05047
Se3E=.5
1e 8007
1esEe0?
22843
2+5c¢04
6.;5.05
1.0E¢07
1.0c¢37
S5e3E=y5
1.JE*(7
Te2E=yS
2432406
6TES.L
asdES7
2e6E*0L

DAUGHTEP

KCe=3s5
$P=083
Y ===9Q
'.‘.9;

'.-.ax

NR=93IM
NR=g3Iw™
NB==35

TC==39
TC==939

“H=136

TE=127
Lo ¥ 4

F

aLCe

aile
S0.
i.Te

asloe

99.
e3.
€9.

P Y

iL0.

1Cd.

Ll



TABLE 52
CASE I-K == SANITARY LANDFILL -

GROUND SURFACE EXPOSURE TO RESIDENTS AFTER 5 YRS

ISCTCOFE HALFeLIFE LIMITING JAUGHTER CERCENT
BURIAL
CONCEN.
(UCI/GM)
TEe22GD 1622247y HRS 1.0E¢G? I==129 i.C.
TEL1vp le2JE%, 0 CYS 1edzeC7 XELILM 2ile
e TE=131C 2542071 MIN 1esE8y7 XEL3iM icC.
TE=132+D 3.252%54 CYS LevEe0? I==132 92.
Ie=129 LeRJc*i7 YRS 1.5€=04
ooy, 1e20z*[}1 HRS 2¢JE¢07
: [==1320 B..5€+JC CVYS 1.JE#37 Xei31m ILCe
" =13z 2.3.E4.4 RS 1026407
} Jee333C 2e3:E%.1 WRS ae.Eey? XE=133 iL0.
J==12 Se3JZ¢I1 FIN 1e.E®Q7
Jeet250 67,5400 wRS 4e5C+(05 CS-135 ibe e
CS=12¢ 2eliE® .y YRS 3.2E=06
CS=121¢ 2eNJE®;H YRS le7C=Lb
CS=13¢ 2e3208¢.3 CVS Levc®(?
CS=137+0 3.7,E%J1 VYRS 1.5c*y6 JAL3I7H Q5.
CS=12e J22E¢54L MIN LeldE®,7
EA= 44D 1.282¢.1 CYS 1eafe,7 LA=34¢ 84,
fA=161" 1e%,.c¢02 MIN dedEey? Ce=i¢ itce
Ah=l4? lelrze,i mIN lesEe27
LA=14C LeFT7E*;J CVYS l.%06¢)7
LA=14:D 3.90E¢0) HRS 1.02¢07 CE=1+4} G,
LA=34Z Lebycv,y WS Leui®,?7
CE-1u1 3.25E+401 Cvs 1.98¢37
CE=242" 1375¢() DYS lesEel7 PR=143 1(0.
CE-1644¢) 2e85c4,2 DVYS Ce2c=(b Phelub S6.
Creleu? Le3720,: COYS e 0,7
PE=qbt 1.73E¢0, »IN leak®Q7
NO=167r 1el1E%L1 CVYS SelE=y2 IM=1467 1L0.
PM=147 2.6.E*., YRS S5e3E=,b
ho=107 2ebyE®iL HRS 1eCE®)7
RA=2:3 10168432 0BVYS 1e0E¢57
FA=226 LebJE®;3 VRS 2e3E=ib
AC=2c7 2e253¢21 YRS B.7E=(5
TH=ZZ7eD 1.%25¢01 CVYS 1evEegp? XA=223 73.
PA=z3:7 3.252¢" 4 YRS bebBE=Cw AC=2c7 Lo
Uee22E TeloE®LA VYRS 102007
NP=22gn 2+75E%,0 CYS 1.6E¢05 PU=239 atCoe
PU=239 2ebbkE*(e YRS be2E~C2

BASZD OrY EXT:«NAL EXPOSURE TC BURIED WASTE
A MAXIMUM DISE COMMITMENT OF leul MIIEM/YR
EXPOSUFE TIME = 7,.CE+C3 HOURS
DZCAY TIWM:Z FROM BUKIAL TO EXPOSURE =
WASTE DENSITY = 1.0 GM/C>
FRACTICN OF SCIL WHICH IS WAST: =

S.dt¢20 YEASRS

1032'01

78



TABLE 78

CASE II-K == FILL WANTED -
GROUND SURFACE EXPOSURE TO RESIDENTS AFTER NO DECAY

- -

ISOTOPE HALF=LIF: LIMITING DAUGHTEE® SERCENT
BURIAL
CONSEN.
(UCI/GY)
Heeosel 1.23E+21 YRS 1.JZ¢07
Cee=14 5¢73c%03 YRS beS5c=00
Na==2¢ 2e502%01 HRS besZ=y5s
Peee3? leb3ce.1 [YS LeSE=y5
CR==52 2.78c%,1 CVYS leldz=, b
MNee5, 3ei22¢.2 0UVYS CewiE=lE
VNeeCE 2¢582%Ly KIS SedS=(é
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CASE II-K == FILL WANTED -
GROUND SURFACE EXPOSURE TO RESIDENTS APTER NO DECAY
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CASE III-C == SANITARY LANDPILL -
IMHALATION SPILLED WASTE APTER NO DECAY
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TABLE 96

CASE III-C =~ SANITARY LANDFILL -
INHALATION SPILLED WASTE AFTER NO DECAY
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RASEN CONY INWALATION OF WASTE SPILLEDC DU ING CIsPasaL .

A FAXIMUM N0SE COMNITHMENT OF 300 MmEM/YR TO ALULTS
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CICAY TIME FRC4 SPILLAGE TO EXPISURE = ¢, YzA&S
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CASE III-D -~ SANITARY LANDFILL -
INHALATION DURING SITE EXCAVATION AFTER 5 YRS
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TABLE 104

CASE III-D == SANITARY LANDFILL -
INHALATION DURING SITE EXCAVATION AFTER 5 YRS
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A MAXIMUM DOSE COMMITMENT OF 300 MREM/YR TO AQULTS
WASTE CONCENTRATION IN AIR = ie0 MG PEr CUBIC METER
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CASE III-F -- SANITARY LANDFILL -
FOOD GROWN ON WASTE SITE AFTER 5 YEARS
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CASE III-F -- SANITARY LANDPILL -
POOD GROWN ON WASTE SITE AFTER 5 YEARS
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