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Mr. Samuel J. Chilk
Secretary of the Commission
U.S. . Nuclear Regulatory Commission
Washington, D.C. 20555

Attention: Docketing and Service Branch

Dear Sir:

A Federal Register notice dated March 13, 1978, advised that
the Nuclear Regulatory Commission is considering amending its
regulations to provide more specific guidance for decommis-
sioning nuclear facilities. This notice invited advice and
recommendations on six questions relating to decommissioning.
We are pleased to have the opportunity to provide comments on
this important subject. This letter reflects comments re-
ceived from a numbcr of Forum member organi7ations. Many Forun
members have and will be commenting on an individual basis.

.

The Commission is to be commended for initiating extensive
studies and efforts to better define its regulatory policy rel-
ative to decommissioning nuclear facilities. However, since it
will be a considerable period of time before a significant
number of nuclear power plants will be ready for decommissioning,
it is extremely important to ensure flexibility in the regula-
tory process as additional data and information are developed.
In this context, we would like to offer the following suggestions
in response to each of the six questions raised in tho Federal
Register notice:

,

1. Is it desirable to develop more definitive decommissioning
criteria for licensed facilitics?
The need to retain flexibility in the licensing process is
a critical factor'in determining whether to develop more
definitivo decommissioning criteria at this time. For this

the development of criteria should be an evolvingreason,
process as additional knowledge and experience is ac-
cumulated. The use of guidance documents rather than rule-,

making procedures should be encouraged as one means to
maintain this needed flexibility.
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With respect te a number of aspects of decommissioning,
generic criteria are already in existence because of their
applicability to the current' regulatory process. For ex-
ample, there appears to be no' reason why generic criteria
pertinent to radiation exposure standards and ALARA princi-
ples should not be applicable to. decommissioning activities
in the same fashion as other regulated nuclear activities.
There are several additional aspects of decommissioning
where NRC generic criteria may be desirable and their de-
velopment requires careful study'because of their potential
impact on the regulatory process, both at the federal and
state level. These might include release of bulk activated
metals for recycle,. access control, surveillance and ad-
ministrative procedures. In these areas,.the Commission.is
urged to continue to follow technological advances related
to decommissioning activities and to conduct appropriate
confirmatory research and development programs to further
advance the state-of-the-art of decommissioning technology.

2. Should detailed decommissioning plans be required prior to
theLissuance of licenses?

Detailed decommissioning plansishould not be required prior
to: issuing licenses. _ It is anticipated that nuclear. power.
plants'will be operated for aLperiod of-30-40 years._ In
fact, the Electric Power Research Institute is exploring
alternatives that might extend the lifetime of nuclear power
plants even further. It is neither practical nor beneficial
to require detailed plans for an activity that will not oc-
cur until many years in the' future. - Technological advances
and additional expertise can'be developed durin'g the inter-
vening period and incorporated into'a detailed plan to be
prepared at a time closer'to the expected decommissioning.
Any plans prepared at the licensing stage should be general

*~ in nature, but adequate for prudent financial planning and
oversight by a state public utilities commission. The cur-
rent decommissioning information required by NRC-from

.

applicants appears to be satisfactory for the purpose of '

fulfilling appropriate NRC regulatory responsibilities.

3. Should funding or other surety arrangemen'ts be required before
the issuance of' licenses for all cases? If not, which cases?

I
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Funding or other' surety arrangements should not be required
before the issuance of licenses for nuclear power plants.
AIF submitted comments to the Commission on October 7, 1977,
in response to a petition.by the Public Interest Research
G;;oup, et.al. Our recommendations remain the same on this
point: (1) mechanisms used by. utilities for funding genera-
tion facilities are normally within the purview of state
regulatory agencies and requirements vary from state to state;
(2) NRC is already considering decommissioning costs in the
review of applications, including financial ability to op-

,

erate and deconmission the plant; (3) the costs of decommis-
sioning are extremely small.when compared with the funds
being' generated by a utility for future construction and
this aspect shculd not be singled out as a special issue;
and (4) "up_ front" types of funding are not cost-effective
means to provide for decommissioning.

These only address nuclear power plants; development of
criteria'for other nuclear facilities should await completion
of generic studies such as.the generic EIS for uranium mill
tailings and decommissioning of fuel cycle facilities under-
way.at Argonne National Laboratory and at Pacific Northwest
Laboratory respectively.

4. What are acceptable criteria for residual levels of radio-
activity on materials which can be released for unrestricted
use?

The acceptable criteria for residual levels of radioactivity
on materials which can be released for unrestricted use
should be no different in the case of decommissioning than
for any other nuclear activity. The establishment of ac-
ceptable criteria for residual levels of radioactivity on
materials that can be released for unrestricted use has,

been the subject of extensive study by industry. More re-
cently the Atomic Industrial Forum completed a contract
study entitled, "de minimus Concentrations of Radionuclides

--

in Solid Wastes." A copy of this report is enclosed for
your information. The methodology developed in this study

,

may be useful in establishing a minimum level of radio-'

activity for contaminated material which could be discarded
wr released without restrictic.i.
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5. Proposals have been made to raaintain reactors, which have
been closed, in protective storage for langthy periods of
time to allow for radioactive decay prior to dismantlement.
From the standpoint of determining the impact to future
generations, what is an acceptable length of time, if any,
after a facility operation ceases before the facility
should be decommissioned?

An acceptable length of time following cessation of nuclear
power plant operations in which to begin decommissioning
activities is dependent on many factors. These include:
planning for future use of the site, economics, procedures
and funding for maintaining the site in a secure manner,
state-of-the art technology for remote disassembly of
highly radioactive materials, waste disposal options, etc.
In general, protective storage should be permissible for
as long as the licensee can justify such storage consistent
with these factors. A study of nuclear power plant decom-
missioning alternatives was completed by AIF in 1976,
(AIF/NESP-009). To illustrate a possible option, one of the
more promising alternative.s discussed in that report involves
mothballing followed by a delayed removal and dismantling
procedure which suggests a delay period of about 100 years.

Certainly no arbitrary limitation should be imposed on length !
of protective storage that would preclude the use of such

'

optimum combinations of decommissioning alternatives. Since
the utility possession of the facility will remain subject
to regulatory oversight, future generations will be fully
protected.

6. Should decommissioning criteria extend to buildings, struc-
tures and components which have not been contaminated with
radioactive materials?,

NRC decommissioning criteria should not be extended to
buildings or structures and components which have not been
contaminated with radioactive material. Since radiological
health and safety will not be involved, determinations with
respect to these items will primarily relate to subsequent
land use and economics. These determinations should not be
concerns of the NRC, but are more appropriately within the
purview of the utility and local and state regulatory
agencies as in similar instances involving fossil ulants.
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This is particularly true since there is a possibility that
the non-radioactive facilities have some potential use in .

non-nuclear activities. !

Thank you for the opportunity'to provide comments related to this
matter.

Sincerely, ;

!
. t'

b E"

CW:hjn. Cg Q,jtL ;

Enclosure
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NOTICE

This report was prepared as an account of work sponsored by the Atomic
Industrial Forum. f.'either the Atomic Industrial Forum, nor any of its
employees, makes any warranty, expressed or implied, or assumes legal
liability or responsibility for the accuracy, completeness or usefulness
of any information, apparatus, product or process disclosed, or represents
that its use would riot infringe privately-owned rights.

The opinions, conclusions, and recommendations set forth in this report
are those of the authors and do not necessarily represent the views of

g'the Atomic Industrict Forum, Inc., its members, or its consultants.
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PREFACE l

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 radioactivity content, the concept is equally applicable

to such environmental concerns as free residual chlorine, atmospheric and 4

aquatic rejection of waste heat, and the impingement and entrainment of

aquatic organisms in cooling water systems.

The concept ,f "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 radioactive

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 slightiy contaminated solid wastes were suitable for a "de minimus"*

radioactivity-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

iii
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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
I

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 t

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 illustrating the basic concept. It

was found that the methodology is applicabic 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 fact that the methodology

does not include this kind of airborne pathwny to man. Nonetheless, this

t
'should not be laterpreted as a major shortcoming in the methodology, because

once the user understands its application to solid waste, he can readily+
,

iinclude analyses of additional pathways that are relevant to the particular
i'

waste being examined. !

The limiting radionuclide concentrations for solids presented in this

work are thought to be generic and independent of site-specific variables.

1
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For this study, pathways and assumptions were selected in order that i

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 be 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 t*1e primary criterion identified in this study for' I

determining "de minimus" levelu, which 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, particular'.y those involving more controlled waste disposal

conditions.
4

Philip Garrett
Project Manager
National Environmental Studies Project

.
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1.0 IhTROTCTIO!i

In 1977, the !iational Environ = ental Studies Project of the Ato=ic

Industrial Fort.= established a task force to develop the scope tf a study

aimed at deterr.ining levels of radioactivity which could be considered

"de ninicus", i.e., levels which could be considered "non-radicactive"

and such that caterials at or below these levels could be released or

discarded without restriction. As a result of the verk of this task

force, liuclear Safety Associates was co=nissioned by the Atecic Industrial
,

Forus to carry out such a study, to develop specific reco==endations for

quantitative "de nini=us" levels using spent powdered ion-exchange resins

from FG secondary systers as an eranple, and to supply the technical and

scientific base s for deter =1ning and justifying the levels t.electe.d.

In the de relop=ent of the "de ninic:as" values reported herein, the

f.ollowing basic steps were used:

Basic radiation protection criteria were identified. Clearlye

there is a direct relationship between the quantity or concen-

tration of radioisotopes which cay be released by any neans and

the degree of protection whici. is to be provided to nenbers of

the public. Tnerefore, it is first necessary to establish what.

the desired degree of protectica is. The selection of this,

criterion is discussed in Section 3 of this report.

Pathways by which released actf vity could reach =an were*

identified and described. The r_ajor = odes by which ran =ay be

exposed to anbient radioactivity are: ingestion, inhalation.

and direct irradiation. There are also a number of transport

eechanisns by which radioactive =aterial nay cove in the

1
.
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environment and thus reach man. Some of these are: suspension of
7

solid particles into air, surface runoff with water, transport

by groundwater, and physical. transport into situations wherein~ '

l

food products may be raised in proximity to the radioactivity.

A matrix of exposure pathways was set up to describe all practica-

ble ways 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 concentrationo

which allows the selected radiation protection' criterion to be

met was calculated. For each radionuclide the limiting pathway

was 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 ont is given in Section 4.3. The

extensive calculational results are summarized in Section 4.4.

Consideration was given to whether application of the principlee

as. low as is reasonably achievable ( ALARA) would result in limits

lower than those resulting from the calculations identified above. i

It was concluded that ALARA did not result in lower limits than =

|

those ca'1culated herein.
!

The "de minimus" limits discussed in Section 4 are then applied |e

r
Ito a specific case--the disposal of PWR secondary resins. In a "

!

h
| specific case, it it possible to compare activity levels to the !

"de minimusa levels calculated herein and to determine the key

| radionuclides which dominate that specific case. This is

discussed in Section 7.1. Finally, the practicality of the

specific application is. addressed by considering whether the

2
L
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normally available analytical capability is abic 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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2.0L CONCLUSIONS

, ,

The major conclunions from this investigation are:

1) A'sugger.ted appropriate l'evel of protection 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%'to the

total dose and which collectively contribute less than 25% to-

the design guide levels of 10 CFR Part.50, Appendix 1.

2) For wastes such as PWR secondary resins disposed in soils, it i

i

! 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.
f

'

3) The concentration levels required to meet the suggested "de

minimus" concentrations are in the range of one pCi/ gram. For j
i.

the-" key" isotopes, Co-60 and Cs-137, these concentrations are
-

.

Ireadily measureable'with equipment normally available at nuclear '

"
reactor sites.

,
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3.0 RADIATION PROTECTION CRITERIA ;

1
|
|

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 radioisotopes 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 celative benefits of pro-

viding protection against radiation from a specific source may also be

judged in perspective with variations in personal exposures from back-

ground sources.

The refore , the radiation protection criteria appropriate for deter-

*

mining the concentrations of radioactivity 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 iti relation to the risk

of health effects from natural environmental exposures and variations

therein.

5
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3.2 Natural Background Radiation' Exposures

The si nificance of any added exposure potential associated withE

introduction of radioactivity into the environment should bh considered

in relation to natural environmental levels of radiation ani variations

therein. A review of natural sources of radiation exposure end their

variability can provide guidance and perspective for selectorg the

boundary of "de minimus" dose rates from release of radioactive material

into the environment.

Sources of Natural Radiation

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 cosmic rays vary from about 27 to 95 mrad /yr and the population
;
i!

weighted mean ai'r dose rate has been estimated to be about 29 mrad /yr I'

(NC75). Outdoor exposure rates due to terrestrial radioactivity vary ;

from about 12 to 90 mrad /yr in the US and the population weighted mean

is about 44 mrad /yr (NC75).

People are also exposed to natural radiation by internally deposited

radionuclides that have been inhaled or ingested as well as to external

irradiation. 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.

b
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a 20 percent reduction.for' self-shielding by the body. .The dose to the
l

lung from inhaled radioactivity is tabulated separately; doses to other

tissues'from inhaled radioactivity are included with other primordial |,

radicnuclides in the body. Estimated doses to the gastrointestinal

'
tract do'not include any contribution fror. radioactivity in the contents

of the tract. .

Environmental Variations

' Individuals and population 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

peopic. 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 (Oa72). Cosmic rey dose |
:

equivalent rates experienced by the population range from 26 mrem in i
~

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 Re-226 in drinking water and in the lung .,

:

from Rn-222 progeny. i

A. typical United States resident receives.about 16 mrem per' year

bone dose and about 0.2. mrem per year to' soft tissue from ingested :
,

radium (UN72). Even if the radium concentration,in community water

supplies does not exceed the current regulatory limit of 5 pCi/ ; (EPA 76),
,

7
.
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dose rates experienced by users could be as cuch as I crea per year to

soft body tissue and about 150 crem per year to bone fro = drinking water
alone.

An average dose to the lung of about 100 nrem per year from radon >

progeny inhaled in dwellings has been attributed to construction. cate-

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 milliren per year a=ong

limited population groups in the United States.

Throughout history, tankind 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 i

coast of India, where thoriun-bearing conazite sand is abundant, external

exposurer to residents from natural radioactivity in the sandy soil

ranges up to about 2000 millirads per year. In so=e towns along tb2

coast of Brazil, external exposures from conazite sand in the soil
.

,

,

average 550 tillizads per year within a range from 90 to 2800 cillirads

annually (UN72). Even at these rates, effects on =an's health or

development have not been detected.
>

t

Variations Accordine to Living Habits. Differences in personal

living habits also affect exposure to naturally occurring radiation

and radioactive material. Within a given locality the construction

caterials and style of buildings influence indoor radiation exposure )
Gaema exposure rates in masonry (Oa72) and in slab-on-graderates.

dwellings (Fla77) have been observed to be about the sa:e as in |
;

natural outdoor areas surrounding the dwellings. But in wood frase

dwellings, gn==a exposure rates ranging fro = 70 to 80 percent of outdoor

|
i

8 I
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Icvels and averaging closer to 70 percent have been observed (Oa72).

Yeates (fc72) measured gamma radiation intensity reduccions of about

25% on the first floor and about 50% 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 con 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 Pc-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 (Ra64, UN72). This amounts to 6 to 9 riillirem per year additional

dose to the lungs of a smoker, a 5 to 7 percent increase in total lung

dose by comparison with a typical non-smoker. If 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 (Sa73). 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 (W177).

Another activity which affects exposure to r.aturally occurring
|

radiation is air travel. At the jet cruising altitude, about 33,000 to

39,000 feet, the dose equivalent rate due to 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 |
|

annually. However, if a person travels more frequently, e.g., two trips

|
per month of four hours duration each, his annual dose equivalent will '

|

be increased by about 30 to 50 millirem.

9
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Where one vacations may also influence his annual radiat.an exposure.

Spending a week skiing in Colorado will deliver about 1.5 millirem more

than a week at an Atlantic beach, for instance.

These ey.amples illustrate the effects personal living habits can

have upon exposure to naturally occurring radiation and radioactive

material. The range and variation in human exposure to aatural radiation '

as consequence of living habits and l'ocations are illustrated in

Figure 3-1.

Implication of Natural Background Exposure
>

Knowledge of population exposure rates from naturally occurring |
L

radiation and radioactive materials provides a rational basis for I

.

selecting appropriate standards for unrestricted disposal of slightly ;

radioactive material. '

It should be remembered that the doses from natural cadioactivity

'and, to a large extent, from medical administration, afhect the entire
i:United States population. Conversely, the number of pe ople exposed to |
14

"de minimus" concentrations of radioactivity will be small. In fact, a j;
I,

Flimit on the potential dose to maximally exposed persons should be an if
I"adequate criterion for determining appropriate "de minimus" radionuclide

concen'trations. At such a low individual dose rate, a cost-benefit i

*

interprecation based on an estimate of population integrated dose

equivalent would be of questionable value in providing guidance (IC73,

NC75a).

The range and variation in exposures to natural sources of radiation

experienced by the population of the United States suggests "de minimus"

dose rate of a few millirem per year to individual acabers of the ;

a

10
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population are appropriate. For example, three millfrem total body

dose per year is well within the variation 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 radiation ~ exposure to resi-

dents of the United States is now administ.cred 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-mades

radiation exposure. Estimates based on the 1970 X-Ray Exposure Study
,

were that the per capita mean active bone marrow dose to adults in 1970

was 103 millirem f*.om all diagnostic radiology procedures (Sh76). The

mean abdominal dose per capita in tlie US population in 1970 from medical

and dental radiation was estimated to be 72 millirem (Gi(7,2). 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 criterie '*
e

associated with "de minimus" releases, the existing regulations were 'i

reviewed.- Some aspects of these regulations could be interpreted as
i

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.

12
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Federal Renulations, 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

materialn in effluents may not exceed that which would occur if the groupi
I

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).
t

Part 20 also restricts the method of waste disposal (10 CFR Part

20.301-305). Disposal .into a sanitary sewage system is not allowed unlest:

1) tFt 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
l

the unrestricted MPC in water, or

b) ten times the quantity of such material specified in Appendi>:
'

C of 10 CFR Part 20
i
'

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
h

!

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 millicerie of

Co-60 or Cs-134 or 10 mill'icuries 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
~

allowed would be lower. For mixtures of beta. emitters of unknown

composition, the total inventory limit would be about 100 nanocuries,
i

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 Regult.tions, Title 10, Part 30

A person may receive, possess, use, transferi own, or acquire

materials containing byproduct radioactive material and be exempt from

the requirements for a license providing the activity concentrations of

byproduct material do not exceed those listed in 10 Chn Part 30.70

Schedule A (see 10 CFR Part 30.14). However, the introductirn of by-
*

produce material in exempt concentrations into materials and transfer of
.

i

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 Appendix I

Appendix 1 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 nrovide reasonable assurance that the following design objectives,

will be met for each reactor. Total annual radioactive releases in- 4

liquid and gaseous effluents above background from a single light-water-

cooled 1 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 radioactive iodine and radioactivei

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
?. .

j return, can for-a favorable cost-benefit ratio effect reductions in

dose to the population reasonably expected to be within 50 miles of the,

l-
Tha interim value of $1000 per total body man-rem and per man-reactor.

i
,

thyroid-rem is currently accepted in the cost-benefit analysis.! '

Operating reactor guidelines are set at one-half of the design
. ,

i

objective annual exposure based on actual releases in effluents during

any calendar quarter. They represent design objectives for releases to
*

,

the environment which are controlled and munitored prior to release and,,

are the object of environmental monitoring after release. '

These requirements apply to liquid and gaseous effluents of a

singic-light water reactor, but they are not directly applicable to solid

- wastes. .However, they do provide guidance in determining "de minimus"

IcVels for solids. .

'

,

.

'1
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Since "de minimus" wastes:would not be. subject to environmental surr,

' lance after disposal, lower activity concentration limits in "de mia

wastes.than~1n reactor effluents may be' justified,Lcven though, in v'

of variations in natural radiation background levels,' Appendix'I des

guides may be too low in the first place. .

Fedt:ral Regulations, Title 10, Part 71

Because it is likely that "de minimus" waste will have to be tr.(

ported, it is important to recognize the requirements of 10 CFR Part i
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 mil 11 curies, the exempt quantity for mixed fist i

products.
Assuming 50 mil 11 curies are packaged in a 55-gallon drum r.

density of 1.5 gram per cubic centimeter, the. activity concentrativu

be'as high as 160 nanocuries per gram. /.s will be shown~1ater, this.

limitation is higher than that calculated herein as "de minimus."-

Federal Regulations, Title 40, Part 190'

The maximum annual exposure allowed by 40 CFR Part 190 to a memb !

of the public as'the result of planned discharges of' radioactive mate-

to the general environment from uranium fuel cycle operations is 25 m:

to the whole body, 75 mrem to the thyroid, and 25 mrem to any'other o:
-

These limitations exclude operations at waste disposal sites, but do r!,

specifically exclude waste itself. However, the much lower limits of
40 CFR Part 190 make it clear that any attempt to use the exposure lio'

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

unacceptable.

16
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Proposed Federal Guidance on Transuranium Elements in the Environmeri ,

,

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 (EPA 77). 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
i

should not exceed either:

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

i
. .

.

j b.. 3 millirad per year 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
,

e

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 limits-for

planned releases of transuranium elements into the general

' environment.,- ,

One " millirad per year to the pulmonary. lung" is meant to be the equi-

librium' dose rate resulting from chronic inhalation. The corresponding

dose equivalerit rate for alpha emitting transuranics is 20 millirem per

!year.

17
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3.5 Selection of Dose Limits Appropriate for.
"de minimus" Disposal Concentrations' .7

i

Concent'rationsof. radionuclides |whichmaybeconsidered'"deminif

are directly related to dose-limits which are appropriate'for unrestr

I
disposal.- That is, selection of such limits should be guided by crit!

;
.

which reflect an' acceptable level of. health' protection.

A rational conservative criterion for sel'ecting."de minimus"-dos |

14.mits is_.to select the level below-whicfi the dose rate to maximally
.

exposed individuals is-insignifict;nt in comparison to'the' dose rate

typically experienced by a member of the population from naturally.-

occurring radiation and radior.ctivity. Considering the: natural dose

+'rate distribhtion in.the Ube., a few millirem per year more or less, -:

for instance, is not significant in comparison with the- dose rate dif f

tribution from natural sources. i

A practical criterion is that the dose limits selected must be ,

,

compatible with existing radiation protection standards and. regulatic i

or must suggest appropriate revision of the regulations. To this enc :

practicality dictates the "de minimus" dose rate limit be no more tht:

10 CFR Part 50, Appendix I design objectives and possibly less. That |

is, to be consistent with existing regulations, the "de minimus" dost !
,

limit should not exceed 3 (liquid) to 5 (airborne) millirem total boc j
,

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 Appendix B,

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

I

1

i

J
1
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in less than 0.1 of'Its maximum permissible concentration and if the su;

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 th

suggested by the combination of the Appendix I design objectives and th[

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 org;

dose limit would be 3-mrem-per year. One millirem per year to the tote

body or 3 to individual organs is hardly significant in relation to dosi

received from natural background sources,

i To further illustrate its insignificance, assuming the linear non-i-

threshold dose-effect relation and the dose-to-risk estimates presented),

in the BEIR Report 'BEIR72) hold at such a low dose rate, the additiona:

risk associated with continuing doses of one mrem per year is estimated'

j to be about one additional chance of adverse health effect-in ten-milli!

person-years of exposure. It should be acknowledged that this extremeli

low estimate of hypothetical risk is probably an unrealisti: overestime

! 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
I demonstrated risks a typical resident experiences in the course of dail

.
'

I living in the US. By comparison, the US mortility rate in 1973 attri-
I +

*
buted to motor vehicles was 265 per million person-years and that attri

I 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 belt

l
, j ..'

'
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which the. dose rate to persons maximally exposed to radi
oactivity iti

solid waste should be acceptable as "de minimus."
This radiation

. protection criterion was selected for une in connection with' t hi
. s st'

If. higher ~v~alues than one millirem total' body and'3 milli
rem to an.o!

are selected as "de minimus" dose limits, then the concentrations pri
sented herein would be scaled upward directly.
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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 GI

Bone Tract
Surfaces Marrow

Cosmic Radiation 28 28 28 28 28
.,

Cosmogenic Radionuclides 0.7 0.7 0.8 0.7 0.7

External Primordial Radionuclides 26 26 26 26 26

Primoridal Radionuclides in the Body 24 21 58 22 21

Inhaled Radionuclides 106

79 182 113 77 76
y
-

" Adapted from NCRP Report No. 45, Tabic 44.

b
Indoor dose equivalent rates.

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

i
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4.0 P.ETEODOLOGY D'.PIDYED
+

in this study. solid vastes with very Icv activity concenrr

are postulated to be placed in the environnent with and without '

ordinarily i= posed by regulaticos applicable to disposal of non-

active solid vastes. I r voluninous solid =aterial land disposa
anticipated.

One objective of this study was to develop a netho!
,

to quantify the relt. tion between the "de nininus" radiation prot i

criteria selected and the corresponding limiting concentration o:

radionuclide in solid vaste which allows the radiation protectir
criteria to be satisfied. The relation vould be deternined by e:i
nental pathway analyses.

4.1 Disposal Scenarios '

During the study, several disposal scenarios were censidered.'

the objective of selecting those which are likely to have the =os i

potential for marican personal exposure to radioactive caterial ii

the environ =ent frem the discarded solid vaste. Exaninatica of p,
,-

environ = ental pathways and survey calculations suggested that I an -,

with residents en the disposal site probably leads to the maxicc=-
.

thetical personal exposure. It should be noted that neither disp!
-

sea nor a disposal scenario that pri=arily producer airborne disp-
e g., incineration, was considered. Only the two scenarios whfuh .

,

to have the nost potential for naxinus individual exposure vere e:
in detail. In one, identified as the " sanitary landfill" scenatic s

card into a sanitary landfill with ordinary operating precedures 1-
vas postulated. Construction of a dwelling en the sanitary landfi

assused to occur five years af ter operation of the sanitary land $i ;
,

>
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ended. In the other scenario, termed " fill wanted" disposal, unregulati

use of the solid waste as landfill in a residential setting was postulat
iIn the letter case, a dwelling was assumed to exist on the landfill' '.

immediately cfter placement of the waste.
,

4.2 Environmental Pathways4

i

An array of possible environmental pathways is associated with eacl!
,

~

i
disposal method. In thi.s study, one requirement was-to conceive feasib!:

disposal scenarios with which the most important pathways are associated

and to evaluate all of the associate.1 pathways in a way which determinet:

the critical pathway for each radionuclide in discarded waste.
;

The application'of the' methodology developed in this study was >

'

confined to land disposal of a homogeneous, bulk solid waste,-namely

spent, powdered ion exchange resins from PWR secondary systems.

Han'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 suspende(!

in the air can also be direct pathways.-

other exposure pathways involve environmental transport mechanisms.

Digging in a landfill may redistribute some of the material and cause
i

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 <

$
Icontact by external irradiation, ingestion, or. inhalation are possible.
,

f

i

I

~
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The evaluation of many env'ironmental pathways is not heavil

dependent upon site specific data. The evaluation of pathways i:

hydrologic transport, namely groundwater migration or n surface

is dependent on values of site related variables, however To a.

site dependency, surface water anc ground. water migration were n~
modeled. Instead, a conservative choice of one percent of radio,

in waste discarded was assumed to leach directly into a watercou:
year. For dilution a stream flow of 10 liters per second was as

The effect of any other stream flow on estimated doses would be i

inverse proportion to the nominal stream flow assumed.

Potential dose equivalent rates associated with the sanitary.

fill and the fill wanted disposal scenarios were evaluated with e:

mental pathway models suggested in Regulatory Guide 1.109, Revisi

(RG 1.109) except as mentioned for hydrologic pathways. Specific

assumptions and values of variables assigned in the pathways evalt'

are stated in Appendix B for each pathway examined in the "sanita:

fill" and " fill wanted" disposal schemes. Otherwise, values sugge'

Regulatory Guide 1.109 for individuals were assigned. An example
specific assumptions,

taken from Case I-A for the evalua' ion of pc

lated leaching of radionuclides from solids in a sanitary landfill
.

watercourse is shown in Table 4-1. Detailed assumptions used in e

other cases and the computed results of the pathway analyses are 1
.

iin Appendix B.

Bulk solid waste containing traces of radioactivity offers th <

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

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

greatest potential for exposure of persons nearby.

24
i

.

n w-+ C



. ,

'

.
-, .

Ordinarily, radioactive material released as effluents is not'

assumed to perturb natural background exposure rates. However, bu.

solids which, in isolation, contain "de minimus". concentrations of

radioactivity, may actually reduce natural background exposure rato

at the disposal location by shielding, displacing, or diluting the

naturally radioactive environmental media (soil, etc.). Since the

criterion selected for determining a "de minimus" concentration lit:

1.e., natural background exposure rate plus an increment of one mi.

total body or 3 millirem /yr to any single organ, is so restrictive-

perturbation of the natural background exposure rate at the dispose

location may be a significant factor. For each millirem /yr reduct-

in natural background exposure rate caused by the presence of solic:

wastes, the contribution of the subject wao'e to the total exposur< :

rate (from background plus waste) could conceptually be allowed to

increase by one millirem / year without causing an environmental imp 4.

in excess of that corresponding to the criterion. Notwithstanding

likelihood that disposal of "de minimus" wastes may well result in

diminution of natural background radiation, no credit for this fac-
,

was taken in these calculations.,,
i

l

4.3 Calculational Technique

Thegeneralapproachusedtodeterminethe"deminimus"conce-).
,

1

trations was to first calculate the limiting radionuclide concentri

for each pathway separately. Then for every nuclide and pathway c-

cred, a search of all pathways was conducted to find the pathway w'

t rerulted in the most rastrictive disposal limitation for each radi

nuclide. These values represent the solution to the problem of de

mining "de minimus" concentrations.

25
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A computer program was written to execute the above general
,

cedure. Each pathway was represented by a subroutine which cale

the limiting concentrations for that pathway for the values assi/

variables. The limiting concentration was determined for each nt,

if it were the only nuclide contributing to the dose rate with ti;

exception that the de se rate associated with daughter products wC

against the parent nuclide. *his was accomplished by assu=ing t!>

concentration of each radionuclide in the waste was 1 pCi/g. Thq

pathway, the dose equivalent rate associated with each radionucl:;

its accuculated decay products, at the time of exposure was co=put

Each cocputed dose equivalent rate and the associated activity cc;

initially in the waste were scaled up or down to catch the appro;,

"de minicus" dose rate limit. In order to conservatively esticat!
,

radioactive' decay products were assumed to be transported sith tl-

parent in every pathway until taken into plants or ani=als. At t,

point, the stable element transfer data or bicaccu=ulation data i

Regulatory Guide 1.109 were used where appropriate. Detailed eqc;
1

used to evaluate each exposure pathway are given in Appendix A.
,

Af ter the limiting concentrations for each pathway were calc '

the program selected the critical pathway of each nuclide. Final'
table was generated, e.g., Table 4-3, which shcus the liciting co,

I

foreachcriticalpathwayandthe"deminimus"concentrationlisi]
!

the associated most limiting pathway. '

Figure 4-1 is a suc=ary diagram of the eethod of determining

critical pathway and deriving the "de mini =us" concentration 11=1 |

radionuclide from among any postulated set of disposal scenarios

environmental pathways.

26
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DO FOR EACH

radionuclide Assign I pCi/g initial concentration
of each radionuclide in waste |

:
i

i

if
^

dispost.1 scenario Compute dose equivalent commitment for
pathway 1 pCi nuclide/g waste (and its progeny
organ 6 total body at time of exposure

radionuclide ,

V

dispost.1 scenario Compute "de minimus" concentration limit t

Pathway "de minimus" dose limit 1pCi nuclide
xorgan 6 total body dose equiv of 1pCi/g waste g waste |radionuclide

4

?

!

V
'

,

disposal scenario . Find pathway in which most restrictive :

nuclide concentration exists, ie, findpathway .

the critical pathwayorgan 6 total body
radionuclide ,

F

disposal scenario List for each nuclide: ,

pathway e pathways with maximum d'ose potential I

.

organ 6 total body e critical pathway |
.

4

radionuclide o "de minimus" concentration limit'

. .

i
i
*

Figure 4-1 - Summary Diagram of Method of Determining i

"de minimus"-Radionuclide Concentration Limit

!

i

h

t
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4.4 Results of Calculations,

Individual Pathway Evaluation

Each disposal scenario-pathway-receptor (total body or or,

combination was computed independently to determine the "de mi.

concentration limit of each radionuclide in that case. Table

an example of the results of calculations for one casei leachis

a sanitary landfill into a watercourse with a transit time of .

Quantities assigned to environmental variables in the computer

listed at the end of Table 4-2 and in Table 4-1.

A total of 143 separate disposal scenario-pathway-o:rgan c<
.

were evaluated in four series of cases. They are identified b:

Series Disposal Scenario Receptor of Do

1 Sanitary Landfill Rhole Bcdy
11 Fill Wanted Whole Body

III Sanitary Landfill Critical Orga-
IV - Fill Wanted Critical Orga:

Computational results of 15 of these separate cases appear inf,

In each of the tables, the limiting concentration of each radi,

is expressed in units of microcurie per gram. Entries appearit.

71E07 pCi/gm represent concentrations greater than 1 x 10 pCi/.

waste. This value, equal to 10 Ci/gm, was chosen arbitrarily .

upper cutoff value.
.

Summary of Most Limiting Cases

After the limiting activity concentration of each radionu.

. each disposal scenario-pathway-receptor combination was calcuL
|

program selected the critical pathway of each radionuclide ass,

with any of the combinations evaluated. Finally, a table was ,

28
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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 limiti.

in each of the most important pathways associat

.with any of the disposal scenarios evaluated. The table also lists
"de minimus" concentration limit of each radionuclide along with its-,

critical pathway. The tabulated values of the "de minimus" concentr.
limits,

in Table 4-3 for instance, represent a general solution to t-
.

problem of determining "de minimus" concentrations based upon the mo

rectrictive disposal scenarios and environmental pathways conceived.

The results shown in Table 4-3 are repeated in. Table 4-4 but wit:

the nuclides arranged in order of increasing "de minimus" concentratii

limit.

The lowest "de minimus" concentration limits is that of Ra-226,

its critical pathway is through a child eating some of the discardeds

resin. However,
it is not a significant or limiting constituent of

reactor wastes. The next most nearly limiting radionuclides, all of

which have "de minimus" concentration limits below the pC1/ gram level

Nuclide Limiting Pathway
Co-60

Fill Wanted-Ground ExposurcSr-90
Fill Wanted-Food GrownAg-110m
Fill Wanted-Ground Exposure1-129
Fill Wanted-Food Grown

f

The "de minimus" concentration limits of every other radionuclide in i

reactor wastes is greater than 1 pCi/ gram. )
,

'

!

The use of the " fill wanted" scenario (Series 11 and IV) results|

in limits somewhat lower than would occur if it were assumed that thei

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

.
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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

i

\,

nuclides appear in order of increasing "de minimus" concentration l

limits.'

1

,

i

e

d

i
4

?

(

,

f.

m

S

.!

I
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Table 4-1

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 1 mrem /yr to adults "de minimus" dose rate _ limit

Water ingestion rate 440 liters /yr 1.2 liters / day

Fish ingestic: ate 21 kg/yr Reg. Guide 1.109, max. exposed. adult '

Shellfish ingestion rate 5 kg/yr Reg. Guide 1.109, max. exposed adult
I

Surface Watercourse flow 3 x 10 cc/yr Assigned by. authors
i.

Fresh Water Bioaccumulation factors Reg. Guide 1.109
,

Transport time, waste to consumption 1 year Assigned by authors

Fraction of tritium leached from waste 1.0 in a year Assume tritium is soluble

Fraction of other isotopes leached from 0.01 per yr Assigned by authors
,
- waste

3
i Disposal rate 150 m /yr Approximate production rate of spent

powdered ion exchange resin / reactor<

Duration of-burial 10 years Reasc.able life of a saniter*j landfill
4 operation
,

3!

Waste density 1.0 g/cm Assigned density of bulk solid waste

.

I
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TABLE 4-2

EXAMPLE OF COMPUTED CONCENTRATION LIMITS FOR
ONE DISPOSAL MODE-PATIIWAY-RECEPTOR CASE

CASE I-A -- SANITARY LANDFILL -
3,EACH INTO WATERCOURSE - TRANSIT TIME = 1 YEAR

ISOTOFE HALF-LIFE LIMITING OAUGHTER PERCEND
BURIAL
CONCEN.

(UCI/GN3

H----3 1 23E+01 YRS 4 5E+00
C---14 5.73E+03 YRS 2.5E-Ci
NA--24 1 50E+01 HRS 1 0E*D7
P---32 1.43E*Ci OYS 1 0E+0?
CR--51 2.76E*01 DYS 1 0E+Ci
MN--54 3 12E+C2 DYS 9 1E-01
MN--56 2.5SE*03 HRS 1.3E+s7
FE--55 2 40E+00 YRS 6.0E-01
FE--59 4 5CE+01 OYS 4. 3E *0 3
CO--58 7.iu E +L 1 CVS 6 0E+03
CO--60 5.24E+;C YRS 3.5E+L;
NI--59 5.C1E604 YRS 4.DE+GO
NI--63 9 21E+51 YRS 1.6E+C0
NI--65 2 56E+00 HRS 1 0E+07
CU--64 1 29E+01 HRS 1 0E+07
7N--65 2.43E+;2 DYS 9 2E-01
ZN--69 5.5JE+01 FIN 1.JE+J7
BR--83 2 40E+00 HRS 1.JE*J7
BR--84 3.20E+01 OIN 1 0E+07
BR--P5 3 00E*00 BIN 1.JE+L7
R8*-86 1 876+21 DYS 4.4E+J6
RB--88 1 80 E +.1 FIN 1.JE+07

'

RR--890 1 5CE+01 MIN 1 0E+07 SR--89 100.
SR--89 5.06E+l1 CYS 1 1E+04
SR*-90 2 88E+J1 YRS 7.9E-L3
SR--910 9.70E+00 HRS 1.wE+07 Y---91 200.
SR--92 2 73E+cd PRS 1.Ji+S7
Y---90 2 67E+fJ 0YS 1.JE+C7
Y--91F0 5.Lui+01 HIN 1 0E*07 Y---91 100.
Y---91 5 99E*01 CYS 2 8E+C6
Y---92 3 53E+C6 HRS 1.JE+67
Y-e-930 1 02E+01 HRS 1 0E+07 NB-934 100.
7R--930 1 50E+L6 YRS 2 6E+01 NB-93H ii6.
ZR--950 6.50E+L1 CYS 2 1E+04 NS--95 100. !-

7P--97+0 1 70E+01 PRS 1 0E+07 NB--97 97.
NR-93P 3 70E+0D YRS 4 15+01

* NO--95 3.50d*D1 OYS 2 3E*06
N9--97 1.20E+00 HRS 1 0E+07
HO--990 2 79E+03 OYS 1 0E+07 TC--99 100.
TC-99FP 6 00E*00 HRS 1 0E+07 TC--99 100.
TC--99 2 10E+05 YRS 5 1E+C2
RU-103 4.00E*01 OYS 4.1E+06
RU-1C50 4.43E+td HRS 1 0E+07 RH-105 100.
RU-106 1 00E*00 YRS 3.7E*J2
RH-1C S 1 50E+00 OYS 1 0E+07
AG110M 2 60E +3 2 CVS 1 3E*03
TE125M 5 80E+01 DYS 4.8E+03
TE127M+0 1 05E+02 OYS 1.6E+02 TE-127 3.
TE-127 9.30E*00 PRS 1 0E*07
TE129M 3.49E+C1 OYS 3 5E+04

32
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TABLE 4-2 (contd)
I
'

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 LIMITING DAUGHTER PERCENT
BURIAL
CONCEN.

(UCI/GH)4

TE-1290 1 12E*C0 HRS 1 3E+D7 I--129 1C0.
TE131HC 1 20E+00 OYS 1 0E+07 I--131 100.
TE-1310 2.50E+01 HIN 1 0E+07 I--131 100.
TE-132 3.25E+C0 DYS 1.3E*07
I--129 1.6DE+wT YRS 2.8E+tb
I--130 1 24E+0i HRS 1.CE+07
I--131 6.C5E+t0 OYS 1 3E*07
I--132 2.30E+00 HRS 1.0E+07
I--133 2. ice +J1 HRS 1.uE+07
I--134 5.30E*01 PIN 1 0E+07
I--1350 6.70E*GC bRS 1.0E+07 CS-135 100.
CS-134 2 13E+s; YRS 1.SE-02
CS-135 2.00E+06 YRS 5 8E-02
CS-136 1.30E*01 OYS 1.DI+07
CS-137 3.00E+G1 YRS 7 5E-03
CS-138 3 22E+01 HIN 1..E+07
AA-14C 1 2SE+01 DYS 1 3E+07
BA-1410 1.80E+01 MIN 1 3E+07 CE-141 100.
BA-142 1.iDE+.1 PIN 1.JE+07
LA-14C 1 97E+00 CYS 1.0E+07
LA-1410 3.90E+00 HRS 1 0E+07 CE-141 1GO.
LA-142 1 40E+L; HRS 1 0E+JT
CE-141 3 25E+01 OYS 1 0E*07
CE-1430 1 37E*00 CYS 1.0E*07 PR-143 100.
CE-144 2.85E+ 2 DYS 3.JE+a3s

PE-143 1.37E+C1 CYS 1 0E+07
PR-144 1 73E+C1 MIN 1.JE+07
NO-1470 1.iiE+01 CYS 3 7E +0 5 PM-147 1CO.
PH-147 2.6Ji+Du YRS 4.4E+03
W--167 2 4JE+01 HRS 1 0E607
RA-223 1 14E+01 CfS 1.0E+D7
RA-226 1 6aE*C3 YRS 3.3 E-C 5
AC-227+0 2 162+C1 YRS 7. 2E -0 3 RA-223 80.
TH-227D 1 82E*Lt OYS 4 1E+35 RA-223 10C.
PA-231&O 3 25E+04 YRS 2.6E-02 RA-223 59.
-U--235 7 1JE+08 YRS 5 3E-Ji
NP-2390 2 35E+00 OYS 4 0E+06 PU-239 100.
PU-239 2.445*04 YRS 1 3E*00

. -

BSFE3 ONI LiACHING Or WASTE INTO WATERCOURSE
A NAXI4UM DOSE COMMITMENT OF 1 0 0 HREM/YR TO ADULTC
C O NS U M PT I D'd RATE OF WATER = 4,0 0 LITERS / YEAR
CONSUMPTION " ATE OF FISH = 21.d KG/YEAE
CONSUMPTION RATE OF SHE LLFISH * 5 0 KG/ YEAR
OILUTION' FLOW RATE * 3 0E +14 CC/YE AR
FRESH WATER
TRAhSPORT TIPE FROM WASTE TO CONSUMPTION : 1.D E +00 YE ARS
FRACTION OF TGITIUM LEACHE0 FROM WASTE * 1.Os+00 PER YEAR
rRACTION or OTHER ISOT3 PES LEA HED FROM WASTE 1.EE-c2 PEF, YEA
BURIAL RATE = 1 5E+02 CUBIC NETERS PER YEAR
OURATION OF BURIAL * 10 0 YEARS
WASTE DENSITY = 1 0 GM/CC

33
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TABLE 4-3

MOST RESTRICTIVE CONCENTRATION LIMITS AND DISPOSAL-PATHWAY-RECEPTOR{ COMBINATIONS SELEm;D FROM ALL COMPUTED CASES
CONCENTRATION LIMITS (UCI/GM)-DE MINDit3

NUC LI D E _ __ LIMIT LI91TI4G LIMITING LIMITING LIMITING LIMITING LIMITING LIMITING
7A3LE CCNCEN TABLE C3NCEN TAeLE CONCEN TABLE CGNCEN TABLE CONOEN TAPLE CONCEN TABLE CCNCEN TABLE CONCEN

M----3 61 3.E-t5 62 4.E-C5 63 6. E -L 5 29 7.E-GS 3G 9.E 4 5 129 1.E-E4 131 2.E-04 130 1.E-04i C---14 129 4.E-J6 1 10 4.E-06 131 4 5-C6 132 4.E-k6 133 4.E-C6 112 5.E-66
*

113 5.E w6 114 6.E-06
'NA--2. 41 3.E-26 42 4.E-C6 46 - 8. E -0 6 47 1.E-05 76 4.E-C5 .77 6.E-05 43 2.E-04 48 5.E-04D---32 '76 5.E-C5 77 5. E-C 5 46 5.E-C 5 47 5.E-GS T8 5.E-L5 48 6.E-L5

,

cc -51 76 1.E-r4 77 1.E-C4 78 1.E-i4 46 2.E-t4 47 2.E-04 48 2.E-04
~ 41 2.E-64 42 2.E-34-
41 2.E-64 42 .2.E-G4MN--54 76 2 5-06 77 2.E-L6 78 2.E-c6 79 -3.E-G6 83 5.E 46 46 9.E-06 47 9.E-06 48 9.E-06

' MN--56 41 6 5 ~6 42 6. E-0 5 46 1. E-C 4 76 5.E-0 4 47 ~ 1.E-G3 77 5.E-33 125 4.E-ci '124 4.E-d2FF--55 129 5.E-r3 124 5.E-C3 125 5.E-[3 126 5.E-0? 127 5.E-23 133 5.E-03 128 6.E-C3 61 T.E-L3ec--59 76 3.E .6 77 3. E-0 6 78 3.E-06 79 5.E-c6 46 6.E-C6 47 T.E-E6 48 T.E-d6 41 9.E-06

'

00--59 76 3.E .6 77 3. E-C 6 7R 3. E-i 6 70 4.E-06 ~ 46 T.E-C6 47- 7.E-E6 48 T.E-06 41 9.E-36i CC--80 76 5.E-37 77 S.E-07 78 8.E-07 79 8.E-07 50 9.E-b7 52 9.E-L7 81 3.E L6 53 2.E 6 6NI*-?9 129 4.E 's 133 4. E-0 4 131 4. ti u * 132 4.E-04 133 4.E 6 4 112 6.E-;4 113 6.E-s4 114 6.E-bei NI--E3 129 '3.E-05 132 3.E-05 131 3.E-05 112 5.E-G5 113 5.E-05 132 6.E u! 114 1.E4=4 61 3.E-G4{ NI--F5 124 9.E -2 125 9.E-C1 56 2.G *L u 57 2.E+ui 134 3.E +0 3 -135 4.E+04 66 6.c+04 96 1.E*05CU--Es 41 4.E-05 42 6.E-05 46 2.E-04 47 2.E-34 76 S.E-04 77 1. E v 3 43 4.E-03 48 2.E-0 27N--f5 76 .E-C6 TT 4. E-D E 78 4.E-r6 79 4.E-06 61 6.6-36 129 9.E-06 SL 1.E-45 62- 1. E m 5
'

?N--5 9 41 7.F-;4 46 6.E-03 76 3.E-C2 42 ; * E-51 47 5.C*4. 1:4 6.E+Ls 77 2.E*ui 56' 4.t*C1w 9F--r3 41 4.C-C4 46 2.E-03 42 6.E-C3 76- 1.E-02 47 3.E-02 TT 1.E-L1 124 3.E*00 SE 1.E+0L
"

, ==--84 41 5.E-L6 46 4. E-0 4 7E 2.E u3 42 4.E-41 56 1.E+vL 124 3.E*LG 7 3.E+01 TT 2.E+w2: ac--85 41 S.E .5 46 2.E-C2 42 2.5-02 76 8.E-02 47 2.E-21 77 1.E+LO 56 2.E*01 52 4.E+G11 Da--86 76 2.F-15 77 2.E-05 78 2.E-L 5 46 3.E a5 47 3.E-C5 49 3.E-L5 41 7.E-GS 42 7.E-05? 9p--ma 41 1.F-i5 46 1.E-03 76 6.E-G3 56 2.E+00 124 3.E+40 E6 4.E+t3 134 6.E*v3 42 7.E*031 ma--aq 1 c.E-D6 46 5.E-04 70 4.E-C3 77 8.E-02 T8 S.E*J2 79 1.E-01 47 2.E-ci 48 2.E-01i Sp--m9 76 2.E 5 77 2.E-C5 78 2.E-G5 T9 3.E-05 46 4.E-L5 47- 4.E-05 48 4.E J5 *9 7.E-05Sc--oD 129 9. E* .7 133 5.E-C7 131 9.E*r7 61 1.E-a6 62 1. E u 6 63 1.E-06 112 2.E *6 113 2. E-L 6Sc--o1 41 1.F-35 42 1. E -0 5 46 4. E-C 5 47 7.E-G5 76 2.E-C4 77 3.E-34 78 3.E-03 43 v.E-0355*-o2 41 9.E*J6 42 4.E-05 46 8.E-L 5 47 4.E-04 76 4.E-J4 TT 2.E-L3 125 2.E-62 124 4.E-G3y---or 46 3.5 e5 *7 4.E-05 48 9.E-GS 41 1.E-b4 42 1.E-L4 76 1.E-04 77 1 2 44 43 3.E-d4
*

Y--21= 41 1.F 5 46 8. E-0 4 76 4. E-C 3 42 2.E-02 TT 3.E-J 2 78 3.E-G2 79 5.E-G2 47 8.E-0 2v---o1 76 2.E-C5 77 2.E-G5 7E 2.E-C5 79 3.E-05 46 5.E-05 47 5.E-05 48 5.E-L5 49 8.E-C 5v---o2 1 2.E-05 42 1.E-04 46 2.E-04 76 9.E-t4 4T L.E-03 77 5.E-b3 125 6.E v2 124 1.E-02Y---o3 41 1. E- :5 42 6.E-05 46 3.E-05 47- 1.E-G4 76 4.E-04 77 7. E-i 4 125 3.E .3 124 2.E-G3Zo--03 54 2. 5 ,5 55 2.E-t5 53 2.E-C5 52 3.E-05 92 4.E-05 93 4.E-05 51 4.E-uS 51 2.E-3470--Q5 76 2.E- 6 77 2.E-06 78 2.E-C 6 79 2.E-0 6 49 5.E-J6 *8 8.E-s6 47 9.E-06 46 .9.E-0670--o7 42 9.E-L6 46 1.E-05 47 2.E-r5 41 5.E-L5 T6 T.E-05 7T 1.E-S4 43 2 2-C4 48 5.E-04i N9-41w 76 1.E-r5 77 3. E-0 5 78 3.E-05 79 8.E 45 6C 4.E 65 52 5.E-C5 46 1.E-b4 47 1.E-g4: N1--os 76 4.E *6 77 5.E-06 78 5.E-06 46 9.E-06 47 9.E-G6 79 9.E-C6 48 1.E-G5 41 1.E-JDi No--c7 41 1.E-05 46 4.E-C4 42 - 2.E-C 3 76 2.6 u3 47 T.E-C2 77 4.E-L1 125 5.E*L2 124 3.E+bCMC--99 *+ 6 3.E-"5 47 * 4.E-05 42 5.E-i5 41 6.E-35 48 9.E-d5 43 9.E-05 77 1.E-64 76 1.E-c4
.
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TABLE 4-3 (contd).

-
,

CONCENTRATION LIMITS (UCI/GM)
'

DE MINIMUS
t4U LIFE LDf1T LIMITI4G LI' 'iNG LIMITING LIMI(ING LIMITING LIMITING LIMITING

'Atle :C5C;N TAPLE C3h EN TAnLE CONCEN 74GLE CONCEN TA8LE CCN EN TA3LE C O NC t N TA3LE CONCEN- TA9Lt- C0hCEh,

4 t r.11 t * 76. m.~ .T 77 9.E-07 78 5.E-CT 79 s.E-37 50 2.s 6 *6 3.E-;6 .. 3. E- *. 6 4e' 3.i-L6
T:12r, 123 5.E .5 15 L' k. E-b 4 E1 5.E-G4 76 7.E-c4 77 T.E-04 76 8.E-Os 79 ..E-G3 46 2.E-63
tet?7* 121 5.E-16 13s 2.E-C5 7C 4.E *5 77 4.E-G5 Ts' *.E-05 79 5.E-95 61 8.E-L5 *T 1. E -G 4
TE-127 6 9.E-04 =1 1.E-03 47 E.E-0 3 42 2.E-2 3 76 .5.E-43 124 S.E-G3 125 2.E-02 77 9.s-L3'

'E120* 74 1 5-25 77 1.E-05 73 1. E -L 5 *6 2.E 5 47 2.E 45 79 2.E 65 129- 4.E-.5 4e 3.E 45
) TE-17a .: 6.E- 3 66 2. t -0 3 76 9. E-0 3 42 2.t-G2 47 4.E-01 126 1.E+CJ 7T 2.E + 0 . St '7.E+GO'

781 ': - 41 8.*-;6 42 9. E -0 6 46 16-(5 4T 2.E 5 +3 5.E-C5 76 5.4-C5 77 6.E-L5 46 T. t-L 5
tc- ?1 1 2 5- 5 46 2.E-i3 76 6.h .3 57 9.E e3 42 1.E w2 *8 1.t-02 77 1.E u2 43 1.E 62
7E-1' w6 a.E-6 47 4.5-56 *E 4.5-26 43 T.E-&6 =8 S.c 66 76 1.E-55 TB 2.E-05 77 1. t -L 5 '

a

I--129 121 5 . r ., 7 130 5. e -t 7 131 5.6-LT 1 32 5.E t7 133 5.E 67 112 9.E 67 113 9.E-LT 114 9.E er
T-- ? 41 ..i-L6 *2 6.E-06 AE i . E -i 5 47 3.E-05 T6 1.t-L5 TT 1.s-04 124 5.k-C4 43 ~ 5.E ub-
I--171 46 2. i= .5 47 2. F -( 5 41 2.d-f 5 42 2.E-45 45 3.e-05 76 3.i-L5 124 3.E-05- 77 3.E-05

d I-- ?2 41 s . E .6 *2 5.E-05 46 4.E t 5 TE 4.E v4 47 1.t 3 1E4 2.E-c3 125 3.E-02 TT 6.E-C3
T--1*? .: 2.E s5 42 2.E-C5 46 3.E-05 $7 5.E-C5 12= 1.E-45 125 1.E-C4 TE 2.E-L4 'TT 2.t-s4

~.5 .6 46 3.E-L4 TE 1. E . 3 124 3.E-G3 42 5.E-c3 47 3.E Li 56 5.6 i l - 7 7. ' 1.E+44: I--1's 5'1.

{. T--:?M i A . f ~A 42 1. E - G 5 4E 3.E C5 47 7.E-G5 76 2.E c. 77 s.E-L* 125 2.E .3- .24 1. E-t 3-
' C"-:?w 76 1."- 6 77 1.E-06 78 1.c=06 79 1.E .6 8G 1.E-J6 52- 3.E-G6 =6 4.i-06 +7 4. E-C 6

-w r.5-i!? 5? 2.F am 53 2. E -0 = 54 2. E -S w - 55 2.L 6 4 61 3.E-G. AZ 3.E 4* 64 3.c .4 63 J.E-04,

W rr-:?6 -6 4.E- 6 47 4.E-Ch 76 m.E -i 6 77 *..E-J6 48 5.6 66 41 5.E 66 78 5.E-06 42 5.E-66
Cc 37 52 E.c A 43 2.E-C6 76 2.6-L6 77 2.E 66 78 2.E .6 79 2.E .6 91 3.t 66 8L 2. i-C 6
CS*:38 *: 5.E-(6- 66 4.c-D* TF Z.E-03 42 -4.E-01 56 1. E-01 12* 1.E+ch *T 3 . E + .1 TT 2.E+G2.

t 12-160 75 ?.5 6 77 3. E - 0 6 7A 4. E -C 6 4e ' *.E 6 47 3.2-L6 -E 5.t-06 3 6.E-66 *2 2.E-L5
's-161 s 2.:-?S u6 1.E-03 42 4. E ~ 3 76 T.E-03 *7 2.E-02 77 5.E-GE 76 1.E-01 48 3.E-G1

'

?t-162 41 2.f ;5 46 9. E -t 6 42 2.2 ;3 76 4. E-L 3 .7 7.E 62 77 4.E-L1 125 2.E*C2 124' 7.t*LO.
LA-:=0 ai 5.E .6 62 6. ' -0 6 46 7.E -5 6 k7 S.E-06 43 2.E-05 76 3.6-05 77 3.E-C5 km 3.E-GSc
La-161 -L '.!'5 -6 3.E-G4 LE *.E.4 *7 1.E-b3 76 1. E-L 3 77 *.s 63 124 1.E-02 78 1.E-624

i LA-14? 41 5.r 6 46 E.5-06 62 4.5-Cs 76 T.E-C4 47 1.E-02 TT 6.E 6 2 125 3.E*G1 124 4.t 51
CE-;w ?6 5.5 .5 77 5. E-5 5 78 5.E .5 46 9.E-J5- *T 9.d-05 %S 1.E-L4 79 1.E-G4 41 2.E-h4s-

! C;-;43 46 3.i-t5 *1 3.E-C5 47 3 6-35 42 3.E-05 76 . .E-65 TT *.E-L5 Te S.E-G5 48 5.i-L5
j C~-14* 76 4.E*(6 77 4.E-06 78 m . 6 -L 6 79 *.E-06 6C i.E-66 46 1.E-[5 47 1.E-L5 46 1.E-L5
: o -is? 76 9.F 'E 46 5 5-06 77 5.E-C6 47 5.E 6 TS 6.E u6 43 6.E .6 41- 1.E==5 42 1. E w 5

oc-;64 w; 56 5 45 3. t -C 3 76 2.E 62 124 5.E*D3 56 3.E+44 -2 T.E+ss 1 59 3.i+C6 96 1. E * 0 6.

3 MS-147 .% k.E-;5 *T .. E -0 5 76 . . E -3 5 77 4.E-05 ha 5.E-C 5 79 5.E 65 41 6.E 45 *E_ 6.t-GS
j op-16' 76- !. E-i s 77 3. E-0 4 75 3.E-.* 79 3.E-J4 84 3.E-[* 52 6.E 6* 46 1. E . 3 '47 1.E-s3

W--:*? . 2.F-05 42 2.E-05 4E *.E-G5 47 5.E-GS 76 2.E w4 43 2.E e * 77 2.E .4 *e S.E-b4
~oa-?72 12 3.t- 5 125 ?. E-P 5 12E *.E-05 56 5.E-35 57 5.E-05 58 6.E-tS_ 12T 3.E-L4 59 5.E-G,4.

O D3-;26 24 2.E- 7 26 2. i-D T 56 2.E-L7 57 2.E-07 58 2.E-07 59 2.E-07 6L 2.E-07 27 2.i-07'

A -??7 f24 1.i--S 13G 1.E-05 131 ~ 1. 5 - L 5 11E 2.E 65 129 2.E .5 1.8 2.E-65 113 3.E-s5 139 3.E-05

j)' Tw-2:7 127 9.f .4 126 1.t-C4 50 15** 125 ;.c ' 4 58 3.E-L4 1.4 J.t-24 129 1 6-02 57 2.s-C3.

o*-;?: 132 .' . E - 26 i t3 4. E -L 6 121 6.E-76 13C 7.E .6 129 7.E-C6 114 S.E-C6 115 s.E 66 113 1.E-05i U--:?S 121 5. E * 5 11C . M.E-t5 131 -5.E .5 132 5.E-05 133 5.E-65 112 1.E-34 113 1.2 u4 its 1.E-04
n '40-Z?? 124 '6.h- 3 125 7. E -[ 3 126 2.E-t 2 127 2.E+bE 104 2.E+02- 1.5 2.E+e2 16 2.E*62 1s'T 2.E+L2

- ~ - - .- ~ '' ' ~ e ~ - t s+ e_e___ x x ~ -9 x .x v a - - - -- - _ _ _ _ - _ - . _ _ _ ._ _ _ - _ ._
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TABIE 4-3 (contd)

CONCEffrRATION LIMITS (UCI/GM)

TA9LE 25 - CA!E I-E -- SANITARY L ANCFILL - CHILD E ATS DIRT ON W ASTE SITE AFT 2R S YEARS
TAaLE 26 - CASE I-E -- SANITAnY L AN0 FILL - CHILD E ATS DIRT CN WASTE SITE AFTit 10 YE ARS
TA1LE 27 - CASE I-E -- SANITARY L A NC FI L L CHILD EATS DIRT ON WASTS SITE AFTER 163 YEARS-

TABLE 29 - CASE I-r -- SANITARY L A NT FILL - F 033 GRonN ON WASTE SITS AFTER 5 YEAd!
TA3LE 3E - CASE I-F SANITARY L A NGFI L L - F033 GR0aN DN WASTE SITE AFTER 1w YtARS==

SANITARY L ANGFILL - IXA3SURE T3 55 GALL 0N CRUMS AFTER NO GECAYYAgtE 1 - CASE I-I ==

Exp3SUAE T3 55 GALLON ORUNS AFTEF 0.JL1 YEARSTABLE 42 - CASE I-I -- SANITAiY LANCFILL -

TA3LE =? - CASE I-I -- SANITARY L A NCFILL - EXp3SURE TO 55 GALLON DRUHS AFTEP 0.J1 YEARS
TA3LE 46 - CASE I-J -- SANITARY L ANCFILL - GF00ND SO4F ACc EXF050 E TO W0nKERS AFTik 0 DECA 1

GR3UND SUC. FACE EXPJSUrE TO WORKERS AFTEd .031 Y4TA9LE 47 - CASE I-J -- SANITARY L A NCFI LL -

TA9LE *8 - CASE I-J -- SANITARY L A NLFILL = GR3JNO SURFA CE EXPOSUeE TO WORKdRS AFTER u.01 YR
TA9LE 44 - CASr I*J -- SANITARY LANrFILL - G(3JND SysFACE Ex0050ci TO WORKcFS AFTER 6 1 YR$

GRJUND SUEFACE ixPJSUrf TO WORKERS AFTcP 10 YRSCASE I-J -- SANITAsY L A NCFI LLTARLt 51 --

GR33N9 $URFACf EXF05UPE TO RESIDENTS AFTEE 5 yrs iTAnLE SE CASE I-K SANITAhY LANOFILL ----

SANITARY L ANCFILL - G A33ND SU;F ACi E Xr05U6 i TO RESICcNTS AFTER 10 YFTABLE 53 * CAST I-K -- g

SANITARY LANCFILL = G 3ONS Surf A Cd E XPOS U/ c TO RsSI0tNTS AFTER 100 ' tCASE I-VTA1LE 5h **-

SANITAsY LANCrILL - GROUND SUEFACc e x PO S u e.E TO RESIDENIS AFTER 1E3 " ICASE I-K'A9LE 5! ---

(f
CHILD E A TS W ASTE AFTER NO DECAYFILL WANTED OISPOSALCASE II-ETABLE SL == =-

CHILL E AY3 W ASTE* AFicR . .uul YEAAS DECAYTa1LE 67 - CASi II-i -- RILL WANTE G DISPOSAL -

CHILC CATS WASTE AFTER s.01 ViA PS DECAY :FILL WANTED DISPOSALTA9LE SP CASE II-E --*-

TABLE 49 - CASE II-E -- FILL WANTE D DISPCS AL CHILJ i ATS dASTE AFTiR L.1 YEARS DECAY %

CHILC iATS WASTE'i YEAR DECAY bCASE II-E -- FILL WANTiD DISPLSALT AM E 6t --

F003 GNOWN IN WASTE AFTER ;.5 YEAA3 DiCAY LFILL WANT E D DISPOS ALCASE II*FTA9(E 61 ----

FILL WANTED DISPLSAL - F000 GRDWN IN WASTE AFTER 1 YEAk DECAYCASE II-FTA3LE 62 ---

CASE II-r -- RILL WANTc0 DISPCSAL - F000 GkDWN IN WASTE AFTER 16 YEARS DECAY fTA1LE 53 -

FOOD 540WN IN WASTE AFTER 15G YEARS DECAY !FILL WANT t 3 DISPGS AL'A9LE 64 - CASE II-F *--

EROS!ON IhT3 WATT COURSi AFTER NO DECAY iCASE II-G -- FILL WANTE D DISPCS ALT A4LE 60 --

FILL WANTsc - GROUND :JRFACE ixPOIURE TC RELIO6NTS AFTER NO DECAY LCASE II-KTA'L5 Ti ---

FTLL WANiiD - GRCUNC Sur,F AC: EX PCS'JFE TC RE SIDE NTS Ari t R J.;C1 YR$ 1CASE II-KTA4LE 77 ==-

T. A 3 t f 7e - CASE II-r == FILL WANTED = GROUND SURFAC* EX POSURE TO RESIDiNTS AFTsR 3 61 YEARS }4
CAsi II-r -- FILL WANTEU - GROUND EURFACi EXPOSUFE TO FESIDiNib AFTER u.1 YEAksTAngi yo -

FILL W ANTED * GRCUN3 SURF AC? fxPOSURE TO RESI3iNTS AFTEK 1 YEAP.CASE II-rTA9LE $E ---

FILL WA Nid G - CRCUNO SUPF AC: iXPO$URE TO RESIDENTS AFTER 10 YEARSTAPLE ii - CA$i II-V --
,

FILL WANTiO - GkOUND SUFFACE iXFOSUAE TG E E SIDc NTS AFT ER 1)C YEAks f? Ante 42 * CASi II-K -=

FILL WANT ED - GGCUNO Sugr 40i E XPOSLPE To RE SIDiNTS AFT ER 1000 YEARS rTA1LE %3 - CASE II=K --

INHALATION SPILLED WASTE AFTER N3 DECAY fTA4LE 46 - CASE III-C -- SANTTAiY LAN3 FILL *

SANITARY LAN3 FILL - INHALATION ?URING SITi cxCAVATION AFTER 5 YRS iTA9Li 1JL - CASE III-0 --

INHALATION JUKING SITE EXCAVATION AFTE s 10 YRS LCASE III-O -- S A NI T A RY LAN] FILLTAALE 1.E --

ATION JURING SITE EXCAVATION AFTEA typ YR tCASE III-C = = S A NI T ARY LAN3 FILL INHA$TAnLE 1;6 --
"'

INHALATION CUnING SITE EXCAVATION ArTiG 1060 YTA?LE 107 - CASE III-C SANITAR'| LAN3 FILL ---

04ILD LATS 0IDT ON WASTt SITE ArTE4 5 YEAnSTA3LE lje - CASE III-E -- SANITARY LAN3 FILL =

SHILD iATS DIRT ON WASTE SITE ArTER iu YEADS *SANITARY LAN3 FILLT A4LE 109 - CASE III-E ---

T ABLE 112 * CASE III-r *C S A NI TA D Y LAN3 FILL - FOOD Gn0WN LN WASTt SITE AFTik 5 YEARS y|
F003 G<0WN ON WASTE SITE AFTER 1) YtARS [ lSANITA<Y LAH3 FILLtAatE 113 - CASE III-F -==

F300 Gr 0 WN ON WASTE SITE AFTEP,100 YsARSTABLE lik - CASE III-r -- SANITARY LAN3 FILL '-

r033 G40WN uN WASTi SITE AFTER 1*(J YEARS IS ANIT ARY LAN3 FILLTA1LE 115 - CASE III-F ---
'

FILL W A.4T E D DISPC S AL - CHILD EATS WASTi AFIEF NG DECAY.T A 3 L E 124 - FASE IV-E --

{iT A3LE 12 5 - C A S E IV-E -- FILL WANTE D DIbPGS AL - CHILO E ATS W ASTt ArTER ;.til YE ARS CEG AY
CHILD EATS WASTE ArtfR 0.E YE AFS DEC AYTAnLE 12f - C A si IV-E -- FILL WANT E D JISPCS AL - a

CHIL0 EATS WAsit AFTEp J.1 YE ARS DEC A Y kFILL WANT E D DISPCS ALTA9LE 127 - CASE IV-E *--

FILL WANTE D DISPCSAL - CHILr EATS WASTi AFTER 1 YEAR 3EACY '|TABLE 128 - CASE IV-E --

FILL WANTt0 OISPOSAL = F000 GRJWN IN WASit AFTER D.5 YcAFS DECAY {TABLE 129 - CA$i IV-F --

FOOD GR3WN IN WASTE AFTE6 1 YEAR OtCAY IFILL WANTE D DISPCS AL1ARLE 1 30 - CASE IV-r ---
,

'FOOD GROWN IN WASTE AFTER lu YEARS 0ECAYFILL W A NTE D DISPCS ALT A1L E 131 - CASE IV-F ---

FOOD GROWN IN W ASTE AFT:k 1C. YEARS OcCAYFILL W ANT E D DISPCS ALTA9LE 112 - CASE IV-F ---

FILL W ANT E D DI SPCS AL - FOOD GRDWN IN WahTE ArTER 1L00 YEARS DECAYTABLE 13I - CASE IV-F --
,

FILL W AN T E D DISPOS AL * ikOSION INTO WATER;3URSE AFTER NO DECAY i
'7A9LE 134 - CASE IV-G --

T'A 9 L i 135 - CASE IV-G -- FILL WANTED SISPCSAL - (AOSION INTO WATE COURSE AFTER L.Cd1 YEARS
INHALATION OF WALTi tkODc0 AFTER NU DECAYFILL WANTED DISPCSALTA3LE 110 - CASE IV-H ---

i

I36
!
4

P^



.

.- .-
,

-e

TABLE 4-4i
.

,.

' k

MOST RESTRICTIVE CONCENTRATION LIMITS AND-
. -

DISPOSAL-PATIII#AY-EECEPTOR COMBINATIONS SELECTED
-'

FROM ALL COMPUTED CASES ARRANGED BY INCREASINGa

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

DE MINIMUS
MUOLICE LLM rr LIMITI1G LIMITIMG LIMITING- LIMITING LIMITING LIMITING LIMITING

Tc3tE CONOEH 7A1ti C3tCEN TAPLE CONCEN 7 A *L E CChCEN TABLE OGNOEN TAPLE CONCEN TABLE CONCEN TABLE CONCEN
,

#A-226 25 2. F - .7 26 2.E-C7 56 2.E-c7 57 2. E-0 7 59 2.E 47 59 2.E-07 60 2.E-07 27 2.E-07

|- I--129 129 5.r.CT 130 5.E-07 131 5.E-v7 132 5.E-07 133 5.E-G7 112 9.E-37 113- 9.E-07 114 9.E-GT

.Sc--ot 129 9. E *' 7 13C 8.E-C7 131 9.E-07 61 1. E -G 6 62 1.E-L6 63 1.E-06 112 2.E-46 113 ~ 2.E-06-

Ar,11L* 76 S.E-e* 77 9.E-07 78 P.E-07 79 s.E-G7 SJ 2.E-;6 46 3.E-L6 *7 3.E-06 *S 3.E-L6

CO--5 76 S.E-r 7 77 9.E-07 76 8.E-CT 79 S.E-07 50 9.E-07 52 9.E-07 si 3.E u6 53 2. E-G 6 -'

C5-174 76 1.F-06 77 1.E-C6 7A 1.E-Co 79 1.E-G6 80 1.E-J6 52 3.E-b6 46 4.E-06 47 4.E-L6

Co 177 52 2. E -S o 53 2.E-C6 7E 2 5-46 77 2.E u6 78 2.E 6 6 79 2.E-06 S1 3. E- 0 6' - SC 2.E-06

75 --o5 75 2.E-16 77 2.F-C6 78 2.E-C6 79 2.E 66 49 $.t-L6 46 8.E-C6 47 9.E u6 44 9.E-66'
*N--54 76 E.5-L6 77 2.2-06 7A 2.E-C6 79 3.E-66 80 5.E-06 46 9.E-C6 47 9.E-66 *8 9.E-06

mu-!C4 76 2 . E '. 6 77 2.F-G6 7P 2.E-r6 79 3.E-u6 83 5.6-C6 129 6.E-06 46 9.E-66 47 9.E-L6

C0--5? 76 ?.E'6 77 3.E-06 78 ?.E-t6 79 4.E w6 46. 7 . E -G 6 =7 T.E-C6 48 T.E .6 41 9.L-06

rr--E9 76 ?.f-06 77 3. E - 0 6 79 3.E-L 6 79 5.t-L6 46 6.E 4 6 47 7.E-G6 49 7.k-e6 41 9.E-C6- - ;

N1*=?4 41 Tet*;6 42 4.E-06 66 a.E-06 47 1.E-C5 76 4.E-G5 77 6.E-G5 43 2.E-04 4e 5.E-04
',

7 3 - 14 C 76 3.E-05 77 3.E-06 7* 4. E -i 6 48 4.E-06 47 5.E-G6 46 5.E-36 43 6.E-C6 42 2.E-L5
r.E-IS. 79 4.E o6 61 6.E-C6 129 9.E-C6 46 1.E-05 62 1.E-05-7 n--( T 76 k.E-t6 77 4.E-L6 78 s

W CF-16% 76 k.E-06 77 4.E-06 7e 4. E ' 6 79 4.E-L6 86 9.h 6 46 1.E-05 47 1.E-05 48- 1.E-G5,

C---14 129 4.E v6 1 30 4.E-06 131 6.E-06 132 4.E 46 133 ..E-J6 112 5.E-C6 113 5.E-06 114 6.t-06;"

TE- ?2 =6 ..? c6 *7 4.E-56 42 4.5-06 43 T.E-b6 44 S.E-t6 76 1.E-25 T8 2.E .5 ~77 1.E-05

1 I--122 +1 4.E .6 42 5.E-P5 46 6.E-05 76 4.E-L* 47 1.E-63 124 '2.E-G3 125 3.E-;2 77 6.E-93

l' CC-125 4E :..E *6 47 4.E-s6 .76 4.E .6 TT 4.E-06 45 5.E-C6 41 5.E-G6 78 5.E-06 42 5.E-0 6
I--13C ai 4. E .6 42 6.F-06 46 2.E-05 47 7.E-05 76 1.E-05 77 1.E-C= 124 5.E-04 *3 5.t-us'

!! 03-231 132 4 . c ':6 I?3 4.E-L6 131 6.E s6 13C T.E-L6 129 7.E 66 114 8.E-C6 115 8.E u6 113 .1.E-C5

|! Na--Q5 76 4.E-C6 TT 5. E -0 6 78 5.E -0 6 46 9.E-06 ,7 9.E-C6 79 9.E .6 48 1.E-45 41 1.E-C5
1 4"--84 41 3.E 6 EE 9.E-L4 76 6.E-C3 77 8.E-02 78 9.E-02 79 1.E-01 +7 2.E-01 *8 2.E-wi

i C!-13e 41 c.E- 6 46 4. E -0 4 76 2.E-b3 *2 t.5-01 56 9.E-31~ 224 1.E*La *T 3.E+01 77 2.E*u2

03-143 76 5.E "6 46 5.E-06 77 5. E -4 6 47 5.E-J6 75- 6.E-06 48 6.E 66 *1 1. E-;5 42 1.E-C5

| =c--P6' 41 5.E-t6 46 4. E-0 4 76 2.E-0 3 42 4.E-G1 56 1.E*3L LE4 3.E+c. 47 3.E*01 TT -2.E*62g
,

; I--134 41 5.E-C6 46 3. E-0 4 7E 1.E-.3 124 4.E-C3 *2 5.E-63 47 3.E-61 56 5.E-01 77 1.E*00

j La-16; 41 E.E-;6 42 6. E -0 6 46 T .E-0 6 47 S.E-36 +3 2.E-G5 76 3.E-C5 7F 3.E-G5 48 .3.E-L5

La-140 41 5.E-i6 66 2.f 64 42 4. E -( 4 TE 7.E-04 47 1.E-32 77 6.E-C2 125 3.E+61 124 4.E-61-

TE127N 129 5. E "6 130 2.E-05 76 6.E .5 77 4.E-05 TS 4.E .5 79 5.E 45 61 8.E-05 47 1.t-04
-

1 c.U-it ? 76 6.E-G6 77 6.E-06 7e 6. E-0 6 79 1.E-05 46 1.E-05 47 1.E-55 45 1.E-05 41 2.E-05

MN- c6 mi 6.E *.6 42 6. E-0 5 46 1.E-04 76 5.E ww =7 1.E-03 77 5. E-; 3 - ic5 4. E 61 124 4.E-E2

Y--;?5 41 6. E * 6 42 1.E-35 46 3.E-15 47 7.E-65 76 2.E-G4 77 4. E u 4 125 2.E-G3 124 1.E 63
<

79--47 42 S.E .6 46 1.E-C5 47 2. E . 5 41 5.E uS 76 7.t-35 77 1.E-44 *3 2.E-04 48 5.E-64

SF--o2 41 5.E-06 L2 4.E-05 46 2.E-05 47 4.E-04 T6 4.E-04 TT 2.E u3 125 2.E-02 124 4.t-03

T E 1 ?ip -41 S.E-t6 42 9.E-16 4E 1. E -t 5 47 2.E-d5 43 5.E-JS 76 5.E-GS 77 6.E-05 48 7.E-05

AC-227 124 1.E-t5 130 1.E-05 131 1.E-05 112 2.E-L5 128 2.t uS 1: S 2.E-C5 113 3.E J5 149 3.E-45

**--Sa 41 1.E-05 46 1.E-C3 76 6.E-33 -SE 2.E+G3 124 -3.E*LG 66 *.E*03 134 6.E*33 42 T.E*034

TF120* 76 1.E-05 77 1. E-0 5 73 1.E-05 46 2.E-05 47 2.E-C5 79 2.E-G5 129 '4.E-05 49 3.c-SS

No..or vi 1.E-r5 46 4.E-04 42 2.E-r3 76 2.E-43 47 T.E-02 77 4.E-61 125 5.E+42 124 3.E+0u

F -c--ci .1 1.F-L5 42 1. + -0 5 46 4.E-05 47 T.E-05 76
~5.E-G4 77 2.E-03 43 3. t .3 46 5.E-0390-109 41 1.E 25 42 4. E-0 5 46 1.E-?4 47 3.t 64 76
2.E u4 77 3.E-L4 76 3.E-03 *3 =.E-03

i v--41- 41 1.E-C5 46 3.E-C4 76 4. E -C 3 42 7.E-32 77 3.E-G2 TS 3.E-02 T9 5.E-J2 47 8.E-G2
'

I--133 wi 2.E-t5 42 2.E-C5 46 3 5-05 47 5.E-05 124 8.E u s 125 1.E-C4 76 2.E w4 77 2.E-04
4
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TABLE 4-4 (contd)

CONCENTPJkTION LIMITS (UCI/GM)
DE MINLMUS

NUCL!OE 1. M IT LIMITING LIMITING LIMITING LIMITING LIMITING LIMITING LIMITING
Tcath CON 5f te TA'Ls C3NCEN TanLE CONCEN T A9t E CONCtN TABLc CONCEN TA9LE CO NCE N TABLL CONCEN TA9LE CONCEN.

fr--82 76 2.E-J5 77 2.F-05 Ta 2. E -0 5 T9 3.E-05 46 *.E-05 47 4.E-05 44 *.E-d5 49 T.E-b5
1A-142 41 ?.'-%5 66 9.f-04 42 3.E-t3 7E 4.E-03 *7 T.i-G2 TT 4.E-(1 125 2.E*L2 124 7.t*00
'C--51 12 9 2.E-*5 134 2.E-L5 131 2.f-45 132 2.E-G5 133 2.E-65 112 3.E-L5 113 J.E-15 114 3.t .5
I--111 46 2.! .5 *T 2 5-%5 41 2.E-t5 42 2.E-C5 49 3.E-05 76 3.E-65 124 3.E-J5 TT 3.E-C5
MA-141 '.1 2.f-55 -6 1.f-03 42 4.E-L3 76 T.E-G3 47 2.E-02 TT 5.E-C2 76 1.6-01 46 3.E-b1
3a--86 f6 ?.f-i5 77 2. f -Q 5 TR 2.5 -C 5 *6 3.!-65 4T 4. c.( q .g g,g.05 41 7.E 65 47 7.6-u5
v---o1 76 2 . E .'5 TT 2 5-C5 79 2.E-05 79 3.E-L5 46 5.c-05 67 5.E-05 *8 5.E-;5 49 8.E-uS
w--ta7 1 2.f- 5 42 2.t-L5 46 *. E -C 5 47 5.E-05 76 2.E-L. =3 2.E-L 4 TT 2.E-44 46 5.E-0*
* --41 is 2.F-05 55 2. F - G 5 53 2.E -8 5 52 3.t-45 62 4.i-95 93 ..E-05 51 4.E-05 51 2.E-04
! -171 41 ?.F t5 w6 2.E-C3 76 6.E ~3 47 9.E-L 3 =2 1.E-42 48 1.E-02 77 1.E 62 43 1.E-02
v---cp 4 ? . E ,5 42 1.E-C4 46 2.E-24 TE 9 6-04 =7 1.E 43 TT 5.E 63 1i5 6.E-LZ 124 1.c-L2
rE-163 .5 ?.i.5 41 3.E-05 47 3.E-55 *2 3.E-05 76 4.E-GS 77 4.E-GS TS 5.E-05 ha 5.E-05
NY--r3 121 ? . f 'A 1 ?C 3.E-C5 131 3. E -i 5 112 5.t -4 5 113 5.2-L5 132 6.E 65 114 1.E-L4 61 3.E-G4
3 A - 22 ' 12 !.E- 5 145 3.i-25 126 4. E-t 5 SE 5.E-is 57 5.E 65 58 6.E-L5 12T 3.E-b4 59 5.E-L.
w0--o3 46 3. f ';5 47 4. f -L 5 42 5.E N 5 41 6.E-US 45 S.d-25 43 9.i 65 7T 1.E 44 T6 1.t-C4
w----! 51 ?.'*5 +2 4.1-C5 f. ? 6.6 .5 29 7.t-L5 32 9.E .5 129 1.E-&4 131 2.E-C4 130 1. E -0 4
v---at .5 1.f ~5 47 4.E-05 ** 9.E-c5 *1 1.E v4 *2 1.E-04 76 1.E-Jw TT 1.c 64 43 3.E-L4

-1 !.f- 5 42 6. i -( 5 46 8.2-15 =7 1.E-u4 76 4.E-J4 77 T.E-t* 125 3.E 43 124 2.E-03v---o! .,o

c) Ne-93* t' 3.! ;5 77 3. I-L 5 78 3. 5 -t 5 79 6.E-L 5 84 4.6 s5 52 5.E-L5 -6 1.E-J4 47 1.s-04
*c-147 6 6.f-05 47 4.E-L5 76 4. E -0 5 TT 4.E-L% 48 5.E-05 76 5.E 5 41 6.E-uS *2 6.E uS
C o--5 . 41 * .f - :5 42 6.f-c5 45 2.E-'s *7 2 0-G4 76 9. i-G 4 77 1.E-L3 43 s.c-L3 48 2. i-L 2
n---?? to 5.f r5 77 3. E -i 5 40 5.E-L5 47 5.E-45 75 5.E-05 46 6.E-s5 41 2.E-s4 =2 2.E 6 4
Cf-iki 7% 5.t- 5 77 5.f-L5 TP 5.* .5 46 9.E-L5 47 9.E-65 48 1.E-0* T9 1.E-L4 41 2.d-04
?5 125w ill 5. e .5 1!0 *.E-06 61 m . E -t , T f, T.E-us 77 T.f-0 7s 9.E-04 79 1.E 63 .6 2.c-L3
U-.275 12 ) 5.! S 13t 5. E -t 5 131 5.E S 132 5.E .5 133 5.s 65 112 1.d-C4 113 1.E-64 114 1.c-J4
00-2?1 1: 4 5.F .5 1"5 5.E-L5 125 5.E-t5 147 5.E .5 10 1 1.E-J4 16 9 1.t-L4 125 1.E-;6 124 1.t-t*
c9-144 41 3.F- 5 46 3. E -L 3 7E 2.6 -L 2 124 5.E*C3 56 3.c*ww -2 7.E+L. 139 3.E*66 96 1.E*36
TF-12o 1 f.F .5 46 2. E-G 3 7A 9.E 63 42 2.f-J2 47 *.E-L1 124 1.E*L4 TT 2.E*uD $6 T.t*LL
L3-141 wi T.'-C5 w6 3.E-04 42 6. E t * 47 1.E-C 3 76 1.e-03 77 4.E-t3 124 1.E t2 78 1.c-v2
79-227 !?P 9. f . 5 126 1. f - 0 4 59 1.6-04 125 2.E-L4 54 3.E .4 124 3.i-L, 629 1.E-42 ST 2.E-s3
,r- ee .: 4.f- 5 46 2.E-L2 42 2.6-02 TE 6.E-42 47 2.E-01 77 1.E*JL 56 2.E*01 52 4.E*01
r-qca *t o . F - ;5 42 2. r - 0 4 46 8.E t* 47 2.E-03 T6 *.E-u3 TF 1.E w2 125 1.e*20 124 4.c 91*

aw-if 5 1 9.t-ec *2 1. E - C 4 46 1. E -f * 47 1.E ,4 43 5.c-J* 76 5.E-G4 TT 6.E-34 45 6.t-44
Oc--!1 TA 1. f 34 77 1. E - 0 4 79 1. E -0 4 40 2.E-I4 47 2.f=t4 48 2.E 64 *1 2.E 64 42 2.s L4
C!-175 52 25-.4 53 2.E-C4 54 2.E-c4 55 2.t-34 61 3.E -G s 62 3.E-04 64 3.E u4 63 3.E-L,
p--147 7, 1.F-:4 77 3. E -0 4 Ta 3.E-t= 79 3.E=J. 8. 3.E-Le 52 6.E-04 46 1.e-03 47 1.E-J3
n i--! 9 124 4. E '4 1 't 4.E-L4 131 4.d-t 4 132 4.E 64 133 4.E-04 112 6.E 64 113 6.t-L* 114 6.E-E4
a8--a? 41 4.E-C4 46 2.E-C3 *2 E .E-f 3 76 1.E-02 47 3.6-L2 77 1.E-Li 124 3.E * tb 56 1.E*GG
" --! o 41 T.i-04 46 5.E-C3 76 3.E-02 42 5.E-< 1 .T 5.E*0J 144 9.E*CG TT 2.E*01 56 4.E*01.

Ti-127 64 4.E-44 41 1.E-C3 47 2.E-03 42 2.E-C3 76 5.E u3 124 S.E o3 125 2.t-L2 7T 9.E-b3
rE--55 129 5.E . 3 124 5. E 6 3 125 5. E -0 3 126 5.E-13 127 5.E-J3 13C 5.E-43 126 6.E-33 61 7.E-b3
9'-230 124 4.f- ? 125 T.E-D2 itt 2.E -f 2 12T 2.E*J2 1.4 2.t *C 2 165 2.E*C2 1*6 2.t*02 107 2.E*J2
41--*5 1'4 4.E 6 2 125 9.t-01 56 2.E*JJ 57 2.f*31 13, 3.E*J3 1?S 4.E*C4 f6 0.E*u4 96 1.E*45
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TABLE 4-4 (contd)

CONCENTRATION LIMITS (UCI/GM)

TABLE 25 - C AS E I-E -- S ANITARY LANOFILL - CHILD E ATS DIRT ON WASTE SITE AFTER 5 YE ARS
TABLE 26 - CASE I-E -- SANITARY LANOFILL - CHILO EATS DIRT ON WASTE SITE AFTER 19 YEARS
TABLE 27 - CASE I-E -- SANITARY LAN0 FILL - CHILO EATS DIRT ON WASTE SITE AFTER 100 YEARS
TABLE 29 - CASE I-F -- S ANIT ARY L AN0 FILL - F000 GROWN' ON W ASTE SITE AFTER 5 YEARS
TABLE 30 - CASE I-F -- SANITARY LANOFILL - F03D GROWN ON WASTE SITE AFTER 10 YEARS
TABLE 41 - CASE I-I -- SANITARY LANOFILL - EXPOSURE TO 55 GALLON ORUMS AFTER NO DECAY
TA9LE 42 - CASE I-I -- S ANITARY L ANOFILL - EXPOSURE TO 55 G ALLON ORUHS AFTER 0 0 01 YE ARS ,

TABLE 43 - CASE I-I' -- S ANIT A RY LAN0 FILL - EXP3SURE TO 55 GALLON ORUMS AFTER 0.01 YEARS !
TABLE 46 - CASE I-J -- SANITARY L A NOFILL - GR3UND SURFACE EXPOSuoE TO WORKERS AFTER G DECAY
TABLE 47 - CASE I-J == SANITARY L ANOFILL - GR3UND SURF ACE EXPOSURE TO WORKERS AFTtR .Os1 YR
TABLE 48 CASE I-J -- SANITARY L ANOFILL - GR3UND SURFACE EXPOSURE TO WORKERS AFTER U.01 YR
TABLE 49 - CASE I-J -- SANITARY LAh0 FILL - GROUNO SURFACE EXPOSURE TO WORKERS AFTER 0 1 YRS
TABLE 51 - CASE I J -- SANITARf L AhCFILL - GROUND SURF ACE E XPOSURE TO WORKERS AFTER 10 YRS
TABLE 52 - CASE I-K -- SANITARY L ANCFILL = GROUNO SURFACE EXPOSUPE TO RESIDENTS AFTER 5 YRS
TA9LE 53 - CASE I-K -- S ANIT A RY LAN0 FILL - GR3UND SURFACE EXPOSURE TO RESIDENTS AFTER 10 YR
TA3LE 54 - CASE I-K S ANITARY L Ah0 FILL - GR3UND SURFACE E XPOSURE TO RESIDENTS AFTER 100 Y--

TABLE 55 - CASE I-K =* SANITARY LAN0 FILL - GR3UND SURFACE EXPOSURE TO RESIDENTS AFTER 1E3 Y
TABLE 56 - C ASE II*E -- FILL WANTED OISPOSAL - CHILD E ATS WASTE AFTER NO DECAY
TA9LE 57 - CASE II-E -- FILL WANTED OISPOSAL * CHILO E ATS WASTE AFTER 0 001 YEARS DECAY
TA9LE 58 - CASE II-E -- FILL WANTED DISPOSAL - CHILD EATS WASTE'AFTER 0.01 YEARS DECAY
TABLE 59 - CASE II-E == FILL WANiiD DISPCSAL - CHILO E ATS W ASTE AFTER 0 1 YE ARS DEC AY
TA9LE 60 - CASE II-E -- FILL WANTED OISPOSAL - CHILO E ATS W ASTE 1 YEAR DECAY
TA9LE 61 - CASE II-F FILL WANTED DISPCSAL - F000 GROWN IN WASTE AFTER 0 5 YE ARS DECAY--

TA9LE 62 - CASE II-F -- FILL WANTE0 DISPOSAL * F000 GR3WN IN W ASTE AFTER 1 YEAR DECAY
TABLE 63 - CASE II-F -- FILL WANTED OISPOS AL - FOOD GR3WN IN WASTE AFTER iu YE ARS DECAY

FILL WANTED DISPOSAL - F000 GROWN IN WASTE AFTER 10E YEARS DECAYTA9LE 64 - CASE II-F -*

TA9LE 66 - CASE II-G -- FILt WANTE D OISPOS AL - EROSION INTO WATEECOURSE AFTER NO DECAY
TA9tE 76 - CASE II-K FILL WANTED - GROUND SURFACi EXPOSUnE TO RESIDENTS AFTER NO DECAY*-

TARLE 77 - CASE II-x -- FILL W ANTc0 - GRCUND SURFACs E XPOSURE TO RESIDE NTS AFT ER J.001 YRS
TABLE 78 - CASE II-K -- FILL WANTED = GROUND SURFACE EXPOSURE TO RE SIDENTS AFTER 0 01 YE ARS
TABLE 70 - CASE II-K -- FILL WANTED - GRGUND SURFACE E XPOSURE TO RE SIDENTS AFTER 0.1 YEARS

FILL WANTED - GRCUND SURF ACE EXPOSURE TO RE SIDENTS AFTER 1 YEARTAPLE SC - CASE II-K ==

FILL WANTED - GRCUN3 SURFACE EXPOSURE TO RESIDENTS AFTER 10 YEARSTA9LE 91 - CASE II=K --

FILL WANTED - GRCUND , SURF ACE EXPOSURE TO RE SIDENTS AFT ER 190 YE ARSTA9LE 82 - CASE II-K ~~

TABLE 93 - CASc II-K FILL WANTh0 - GRCUND SURFAci EXPOSURE TO RESIDENTS AFTER 1000 YE ARS--

TABLE 46 - CASE III-C ~~ S ANI T ARY LAN3 FILL - INHALATION SPILLE0 WASTE AFTEP, N3 OECAY

CASE III-0 == SANITARY LAN]F(LL - INHALATION CURIhG SITE EXCAVATION AFTER 5 YR$ !TA9LE 104 -

TABLE 135 - CASE III-D -- SANITARY LAN3 FILL - INHALATION OURINS SITE EXCAVATION AFTER 10 YRS
T A9LE 10E CASE III-0 -- SANITARY LAN3 FILL - INHALATION DURING SITE EXCAVATION AFTER 100 YR-

TA9LE 107 - CASE 221-0 -- SANITARY LAN3 FILL - INHALATION OURING SITE EXCAVATION AFTER iuc0 Y
TA9wE 1J8 - CASE III-E -- SANITARY LAN3 FILL - OHILO EATS DIRT ON WASTE SITE AFTER 5 YEARS
TA9LE 134 CASE III-E -- SANITARY LANDFILL - :HILD EATS DIRT ON WASTE SITE AFTER 10 YEAkS-

TABLE 112 - CASE III-F ** SANITARY LAN3 FILL - r000 GPOWN ON WASTE SITE AFTER 5 YEARS
TA9LE 113 - C ASE III-F ** S ANITARY L AN3 FILL * F000 GROWN OH WASTE SITE AFTER 10 YEARS
TA9LE ilk CASE III-F -- SANITARY LAN3 FILL - F000 GROWN 04 WASTE SITE AFTER 100 YEARS-

TA9LE 115 - CASE III-F -- SANITARY LAN3 FILL - FOOD GROWN ON WASTE SITE AFTER 1000 YEARS
TAILE 124 CASE IV-E -- RILL WANTED DISPCSAL - CHILD LATS WASTE AFTER HO DECAY-

FILL WANTE0 OISPOSAL - CHILO EATS WASTE AFTER J.001 YEARS DECAYTA9LE 125 - CASE Iv-E --

TABLE 126 - CASE IV-E -- FILL WANTED DISPOSAL - CHILO EATS WASTE AFTER 0 01 YE ARS DECAY
TA9LE 127 CASE IV-E -- FILL WANTED DISPOSAL - CHILO EATS WASTE AFTER 0 1 YEARS DECAY-

T49tf 128 - CASE IV-E -- FILL WANTE 0 DISPCSAL - CHILD E ATS W ASTi AFTER 1 YEAR DEACY
FILL WANTE0 DISPOSAL * FOOD GROWN IN WASTE AFTER 0 5 YEARS DECAYTA9LE 129 - CASE IV-F --

TA9LE 130 - C ASE 'IV-F FILL WANTE0 DISPOSAL - FOOD GROWN IN WASTE AFTER 1 YEAR DECAY--

TADLE 131 - CASE IV-F FILL WANTE0 DISPCSAL - F000 GROWN IN WASTE AFTER 16 YE ARS DEC AY--

FILL WANTE0 OISPOSAL - FOOD GROWN IN WASTE AFTER 100 YE ARS DECAYT A9LE 132 - C ASE IV-F --

TA9LE 133 - CASE IV-F FILL WANTE9 OISPOSAL - F000 GROWN IN WASTE AFTE R 1000 YEARS DECAY--

1A9LE 134 CASE IV-G -- FILL WANTED DISPOSAL - EROSION INTO WATERCOURSE AFTER NO DECAY *-

TAHLE 1 39 - CASE IV-G -- FILL WANTE D DISPOSAL - EROSION INTO WATERCOURSE AFTFR 0 001 YEARS
TA9LE 139 - CASE IV-H -- FILL WANTE0 OISPOSAL - INHALATION OF WASTE ERODED AFTER No DECAY
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TABLE 4-5
: -

MOST RESTRICTIVE ACTIVITY CONCENTRATION LIMITS FOR
.

,

SOLID WASTE DISPOSAL IN A SANITARY LANDFILL
,

CONCENTRATION LIMITS (UCI/GM)
,

,

DE MINDit5
NUOLICE LDt1T LIMITI1G LIMITING LIMITING LIMITING -LIMITING LIMITING LIMITING

i fs3LE ccncts faeLE C3NCEN TAeLE C34CEN TABli CONCEN TABLf CCNOdH TA9tE CONCEN TA9tE CONCEN TABLE CONCEN
<

| H----? 29 7.F-t5 30 9. E -0 5 112 2.E-04 113 3.E-L* 31 1.E-C2 114 4.t-02 25 3.E-G1 26 4.E-Li'I

C---14 112 5.E-L6 113 s.E-C6 114 6.E-C6 115 6.5-66 29 4.E-06 30 9.E-96 31 9.E-66 32 1.E-L5

i -NA--26 41 3.f * '6 42 4.E-r6 46 9.E-06 47 1.E-L5 43 2 5-b4 43 5.E-04 5 3.c+L4 13' 3.E*C4-

0---?2 46 5.F-05 47 5.E-05 49 6.E-05 41 2.E-34 42 2.E-s4 43 2.E-G4 49 :3.E-04 44 1.E-L3

I Cc--fi 46 2.E .4 47 2.E-0* 48 2.E-be 41 2.E-34' 42 2.e-J4 =3 2.E-04 49 5.E-04 44 5.E-G4a

*N--96 .6 9.E ^6 47 9.E-06 48 9.E-J6 49 1.h-05 41 1.E-b5 62 1.E-05 43 1.E-C5 44 1665 '

1 6.6 .6 42 6.E-r5 46 1.E-04 *7 1.E-03 si w.E*G2 89 4.s+L3- 96 6.E604 5 2.E +0 4

rE--55 124 2.*-J2 25 3.E-G2 112 1. E -( 2 29 5.E-L2 109 5.E-J2 26 1.E-L1 113 1 5 u1 JL- 2.E-01*N--?6 .

rE--?9 66 6.E-l6 47 7.E-C6 46 7. E -L & ' %1 9.E-C6 42 9.E-66 43 1.E-s5 *9 1.E wS *4 2.E 65

e C0--59 46 7.E-C6 47 7.E-06 46 7.E506 41 9.E-L6 42 -3 5-06 43 1.E-65 49 1.E* 5 44 1.E-45;

Co--F. 52 9.E- 7 53 2. E 6 6 46 3.E-L6 47 3.E-J6 *9 3.E 46- 49 3.t-L6 50 4.E-46 *1 5.E-06

NI- e o 112 6.E-!4 113 6.E-G4 116 6.E-C4 115 6.E-04 29 1 5-b3 3C 1.E .3 31 ~ 1.E-63 32 1.E-L3

n!--t ' 11 2 E .E .5 113 5.E*c5 114 1.E -i s 29 5.E-64 3e 5.E-64 Il 1.E-L3- 10 8 1.E u3 1L9 1.E-C3

*11 --5 5 96 1.E+05 99 1. E * C E 97 1. E * L 6 49 1.E*G6 5 2.c+C6 1 1.E*s7 2 1.E*L7 3- 1.E+GT

; 00--6= 41 4.4 .5 42 6 6-G5 66 2.E-04 47 2.E-04 43 w.E-J3 46 2.E-LZ 96 3.E+L4 39 4. E * G * -

i ni--s e .5 1.t-!5 47 1.F-C5 48 1.E-c5 49 1.E-05 *1 2.E-D5 42 2.E-35 *3 2.E-C5. 44 2.E*15

A ? N--t o 1 7. E . s 46 6.E-t3 42 5.E *1 *7 5.E*LC BS 3.i+L5 96 1.E+06 5 2.E+.6 1 1. E + 0 7 -

O lo--P' 41 = . i- N 46 2.I*03 62 6.6-;3 47 3.E-L2 5 5.E*45 15 ..E+c6 96 5.c*s6 13' 2.E * 0 6

1c--ei 41 5.!-06 46 4.f-04 62 4.c-C 1 47 3.E*01 5 4.E*05 SS 1.E+06 94 4.E*L6 13 1. E + G 6'

| 1:--45 1 9.E-05 66 2. F-0 2 62 2.5 -( 2 47 2.E 61 52 ..i+L1 53 6.i+G1 48 2.i*w2 49 ~ 2.E*02

co--PE w6 3.E-15 67 3.E-ts 48 3.E-L5 41 7.E-05 r.E v5 *3 9.E-05 49 1. E o h 44 3.E*G4
..

i on,-83 41 1. * * 5 66 1. i-C 3 42 7.d *P 3 5 1.E*GS 63 2.E*05 *T 7.h*;5 96 3.E*C6 13 2.t*06

so..so gg 5,c.C6 46 1.t-04 47 2.E-t1 se 2.E-ci *9 3.E-C1 42 1.E+LC 43 1.t+bt 44 '2.E*Gu
44: 4.c-64

so--Po sb ..E-05 47 4.E-05 48 4.5-05' 49 7.c-05 41 2.E-04 e2 2.E g4 43 2.E-44
. 1.9 1.E-L5

,

St--9* 112 2 . [ - .6 113 2.E-C6 29 2.E-C6 JL J.E .6 52 3.E-36 53 *.E-L6 118 1.E 45

;'
5F--01 .1 1. 5 ~. 5 42 1.E-t5 4E 4.E-C5 *7 7.E-OS 42 *.c-03 we 5.C-L3 41 1.E-c2 4* -7.f-G?

j 32--o2 1 .!=t6 42 4. E-0 5 46 S.E-45 47 4.E-3* 43 2.i+b2 -5 2.E*S3 59 2.E+ub 86 9.E*G3' [

: v-+-oe 65 ?.E-t5 47 4.E-t5 48 9.E s5 41 1.E-L4 42 1.E ;4 43 3.E-L4 49 4.E-01 44 -1.E+00 s

I v--11= wi 1. E - 05 46 1.E-c4 42 2.E-C2 =7 5.E-02 49 9.2 62 49 1.E-il .3 5.E o1 44 8.i-G1 i

i v---o1 46 9.! 45 %7 5.E-05 49 5.E-05 49 6.E-05 41 3 2-J6 42 3.E 64 43 3.E-u. 44 '5.E-4*

j v---c2 .1 2.f-54 42 1. E -0 4 46 2 . E -l 4 47 1.E 63 43 7.E+b2 =6 5.E+L3 96 2.E+44 89 4.E+04

.
v---o3 wi 3.i-t5 42 6. c -C 5 46 8.E-C 5 47 1.E-C4 *3 1.E-32 ss 3.E-i2 89 2.i+d3 83 1. i + 0 3

1 t e --o .t s '. 2.F-t3 95 2 5-D 5 53 2.5 t 5 5Z 3.E-L5 51 2.E-J4 5L 8.E-C4 115 3.E .! 114 3.E-G1 y

| 7E--oS 41 4.E-Cb 4s 9. E-t 6 47 9.E-06 46 9.E-06 *4 1.E-G5- *1 1.E-45 4E- i.E-J5 *3 1.i-05-

5 ro--or b2 4.F-te 46 1.E-05 67 2.E-P5 41 5.E-s5 43 2.E-04 46 5.E-0 97 3.E+43 96 2.E+03 |

Na-07* 52 5.~-?5 46 1. E -r 4 47 1. E -e 4 48 1.E-04 53 1.E-3% %9 1.E-04 SC 2.E-04- 51 9.E-04 L

i Na--oS 46 9.E-06 47 9.t-C6 48 1.E-.5 41 1.E-65 42 1.E-J5 .3 1.E*QS 49 2.E-C5 44 2.E-65

| HD*=97 .1 1.E*C5 '46 4.E*04 *2 2.E-03 47 7.E-02 16 6 2.E+t4 46 5.E+05 49 3.E+J6 1 1.c'07 - ;

j 16--49 46 3.t-b6 47 4.E-05 42 5.E-C5- 41 6.E-G5 =6 S.E-b5 63 9.E-L5 49 3.E-ti 44 3.c-Gi

! TC*o9" 41 9. E .5 42 2. E-0 4 46 8.E-c4 47 2.E-03 43 2.f*00 49 2.E+di 113 8.E+a3 112 .s.E+C3

Tc--oo 11; f.t 5 113 3. F-t 5 114 3.E t 5 115 3.E w5 52 8.c-45 53 S.d-C5 54 4.E-05 55 6.c-0 5 ~

39-10 ? 4? 1.E-15 67 1. F-0 5 48 1.E *C 5 41 2.E-55 42 2.E-05 43 2.E-05 49 2.E-C5 44 3.E-45 ;
,

. co-ir 5 41 1.E-t5 42 4.E-05 46 1.E*:4 47 3.E 4 43 3.E-c3 48 5.E-63 49 2.E+L4 44 .1.E*L4
,

44 2.E-L5
! 90-is t 46 9.f 46 47 9.E-56 48 9.c-C6 49 1.2-45 50 2.E-G5 42 2.E-G5 43 2.E 45

~ 44 2.E+03
i

'1 o.F s5 42 1. E -C 4 46 1. E -i . 47 1.E-G4 43 5.E-04 46 6.t-34 49 3.E*J3
!|i on-it 5 .

7
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TABIE 4-5 (contd)-

-

CONCENTRATION LIMITS (UCI/GM)
.

- DE MINDtl5
900 lie 5 LDt1T LIMITING LIMITING LIMITIhG LIMITING LIMITING LIMITING LIMITING

TA?Ls COMO6N TA*LE C3NCEN TAPLE CONCEN TABLE CONCEN TABLE C CNCE N TAnLE CONCEN TA9LE CONCEN TABLE CONCEN

AG11C * 44 !.E-t6 *T 3.E-06 48 3. E -0 6 49 3.E-L6 41 4.6-46 2 *.E-L6 43 4.E-J6 *4 4.E oh
TE12?* =6 2.E-L3 47 2.E-C3 48 2.E-23 '49 3.E-63 41 2.E-C2 42 2.E-E2 43 2.E-02 44 4.E-02
TE127* .7 1.E- 4 43 1.E-L4 46 1. E * 4 49 2.E .4 43 1.E-03 44 1.E-C3 SC 1.E-C3 42 2.d-0J
TE-177 =6 4.F-34 61 1.f-03 47 * E-33 42 2.E-03 48 6.E v1 43 ~7.E-61 69 3.E+o3 68 ~2.E+b3.

TE12cw '6 2.E .5 *T 2.E-05 68 2 5 -r 5 42 5.E v5 49 5.d 4 5 43 5.E-C5 .44 1.E .4 *1 -2.E-k4-

TE- ;9 41 6.E-J5 46 2.E-C3 42 2.E-L2 47 4.E-01 112 1.E+95 113 1.E+05 115 1.E+L5 114 1.E+wS
Tri?= 1 a . F- 6 42 4. F -L t 46 1.E-05 47 2.E-05 43 5.6-G5 *8 T.E-GS 49 2.t-L3 *4 3.E-C3
Tr- *1 41 2.F-:5 *E 2.F-C3 47 9.E-03 42 1.E-;2 4e 1.t-02 -3 1.t-02 *9 2.c-ci 46 2.t-Gi-
'E-132 .6 4.?-C6 67 4. E -0 6 42 * . 5 -; 6 43 T.t 66 48 8.6-G6 *1 4.E-05 49 9.E-c3 44 8.E u3
I--129 112 9.E 7 113 9.E-07 116 4.E-C7 115 9,E-07 14 9 5.E-06 1.9 5.k-G6 11L 5.t-36 111 5.t .6
I--;?. 41 4. E-- 6 42 6.E-06 66 2.E-05 47 3.6-05 *3 5.E-;s 48 2.i-03 9T 1.E+d3 96 7.66G2
I--!?1 46 2.F-b5 47 2.E-05 41 2.6-L5 42 2.E-J5 %8 3.E-L5 -3 3.E-35 69 %.E-d4 44 5.E-04
I-- ?2 41 4.F s6 62 5. 5 -L 5 46 B.E-05 47 1.E-;3 96 3.t*43 98 1.E+C* 97 4.E+a4 89 2.E*D5

i I--:33 41 2.F-45 42 2. E - C 5 46 3.6-C5 47 5.E=.5 43 3.t-04 *8 5. E . * *9 2.E*11 .4 5.E-01
!--1?- 41 f.E-06 46 3. t-0 4 4* 5.E-C 3 47 3.E-G1 96 5.E*03 98 2.E+04 13 T.E*05 5 3.E*06
I--i's 41 E.E-46 42 1. E -0 5 40 3.E-C5 47 7.E 6 5 *3 S.E-03 48 *.E-C2 97 3.E+03 96 1.E+c3

s C'- !4 52 3.E ~6 45 4.E-:6 67 4. E -t 6 48 4.E- 6 49 *.E-06 41 5.E-C6 *2 5.E-06 SC 5.E-G6
~ CC- ?5 52 '.E-th 53 2. E-0 4 54 2.5-L4 55 2.E-04 29 +.Er4 3. *.E-64 31 4.s .4 32' 4.E-G4

5-:?E 6 4.E-G6 47 k.E-G6 49 5.E-C6 41 5.E-G6 42 5.E-C6 43 0.E-C6 49 3.E-35 44 3.E-s5.

C5- *7 52 2.F-;6 53 2.E-G6 46 9. E -0 6 47 9.E-46 48 4.E-L6 49 9.E-36 SL 9.E 66 51 1.E-G5
re- !* 41 5.E s6 46 %.E-04 42 % . E .1 47 3.t+L1 5 9.i+L4 98- 1.E+C5 96 2.E+os 13 1.E+c6
on-140 41 4.E- 6 47 5.E 66 46 5 5 -t i 43 6.E .6 42 2.2 5 =9 2.E-05 .4 3.E-05 41 3.E-05
9A-161 1 2.E-05 66 1.E-03 42 4.E-C3 47 2.t-C2 68 3.E-61 43 w.E-d1 .9 5.E-Ci 44 9. 6 -G 1
it-16? 1 2.F 65 46 9.E-C* 62 3.i-03 47 7.E-C 2 96 1. E *D 6 1 1.c+C7 2 1.E* T 3 1.E+0F
LA-14 61 5.E-r6 42 6.E-t6 46 T.E-0 6 *7 8.E-C6 43 2.E 65 48 3.E-65 .9 2.E*61 *4 2.E*01
ts-161 41 7.E-'S 46 3.E-94 42 4. E *. 4 47 1.E-03 48 2 6-L 2 43 3.E-02 49 4.E-02 *4 7.E-02
La-;62 1 c.4 a6 46 2.F-04 42 4.E -0 4 47 1.1 -G 2 96 2.E*05 98 2.E+35 1 1.E+er 2 1.E+0F
CE-:41 .6 9.E-55 47 9.E-C5 48 1. E -C * *1 2.d-04 42 2.E 6 * 43 2.E-04 49 2.E-64 44 3.E-cw
CE-143 46 2.E 'S 41 3.E-C5 47 3.E uS 42 3.E-G5 48 5.E-05 43 9.E-05 49 3.E .4 *4 7.e-ds
CE-144 46 1.E .5 47 1.E-t5 AP : . E -* 5 49 1.E-05. 50 3.E-05 -2 5.E-G5 43 5.E-G5 46 5.E-05
oc.ik3 46 5.E-L6 *T 5.E-06 49 6.E-i6 41 1.E-65 42 1.E-;5 .3 2.E-65 %9 3.E uS 64 8.e-0 5
DE-16% 41 5.F-L5 66 3. E -3 3 42 7. E +t + 96 1.E+C6 47 5.s+L6 1 1.E+LT 2 1.E+tr 3 1.E+c7
Nr-;47 .6 4. F- E5 47 4.E-C5 48 5.E-05 41' 6.E-C5 42 6.E-05 43 T.E .5 *9 4.E-;4 44 6.e-C4

* 0"*147 52 6.E- 4 46 1. i-C 3 47 1.E-03 *8 1.E-03 49 1.E-03 56 1.E-03 53 2.E u3 51 1.E-C2
w--147 61 2.E-L5 62 2. E-D 5 46 4. E -C 5 47 5.E-G5 43 2.E-Go *8 5.E-Js 89 1.E+u3 86 e.E+02
DA-22! 16 6.E+ L 97 6.E+6L 98 T.E +5 0 88 4.E+C1 69 5. 6 +31 99 5.E+hl 94 6.E+31 5 7.E+01
DA-226 25 2.r-17 26 2.E-GT 27 2.E-: T 28 4. t 6 7 1J8 5.E 47 1. 9 5.E-;T 29 5.E .T 3C 5.t-d7
ac-227 112 2.r-(5 iL9 2.E-C5 113 3.E-C5 109 3.E-45 25 5.E-0 5 26 6.E-G5 104 S.E-G5 29 8.E-J51

T4-2:7 96 4.F*UC 07 4.F+0C 98 4.E*G0 -99 8.E*CL 91 1.E+J2 ab A.E+02 8 2.E*G2 89 3.E+32
PA-2?1 114 9.E-t6 115 8. E -C 6 113 1.E-r5 ilt 1.E-05 111 1.E-65 '112 1.E-C5 106 2.E uS 147 2.E-G5
u--2?5 11 2 1.E-J4 113 1.E-04 114 1.E .4 115 1.E .4 1C 8 2.E-L* 1. 9 2.E-Gs 110 2. E - d4 111 2.E-04
40-234 13* 2 . E * '. 2 1C5 2.E+C2 156 2.E+C2 107 2.E+42 1CS *.6+L2 1;9 .s.E+G2 111 4.E*02 lib 4.E*D2
D0-231 13 4 5.E-f5 ILS 5.E-D5 106 5.E-C5 107 5.E-GS 10 8 1.E-C* 1.9 1.E-04 111 1.E-b4 11u 1.s-0*

, . _ _ _ _ _ . . 1~.
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TABLE 4-5 (contd) .

.

CONCENTRATION LIMITS (UCI/GM)

CASE I-A *- S ANITARY . LA NCFILL ' - LE ACH INTO WATERCOURSE - TRANSIT TIME = 1' YEAR..TA1LE 1 - t4

SANITARY LANCFILL - LEA 3H INTO WATEDCOURSi -~ TRANSIT TIME - 10 YRS *
i Ta1LE 2 CASE I-A ---

TRANSIT TIME = 100 YRS jTA9LE 3 - CASE I-A -- SANITA47 LANUFILL - LEAOH INTO WATERCOURSE -

. TA3LE 5 - C ASE I-P -- S ANITARY LANCFILL -~ SPILLAGE INTO WATERCOURSE - NO DECAY
'

| TA1LE A CASF I-r -- SANITARY LAN0 RILL - SPILLAGE INTO W ATERCOUCSE -01 T2ARS DECAY.-

YA9LE 13 - CASE I-C -- SANITARY LANCFILL -'IhHALATIch 0F SPILLt0 WASTE AFTEk NO CiCAY
TA3LE 25 - CASC I-E -- SANITARY L AhCFILL CHILD E ATS DIRT ON WASTE SITE AFTER 5 YE ARS

CASE I-E -- SANITARY L AhCFILL - CHILO - E ATS DIRT CN WA>TE SITE AFTER 10 YEARSTAaLE to -

SENITARf LANorILL - CHILD E ATS 3IRT ON WA;TE SITE AFTER iLJ YEARSTA3LE 27 - CASE I-5 --
1

TA=LE 2e - CA!E I-E -- SANITARY LANCFILL - CHILD EATS 3IET CN WA:TE SITE AFTER 1CJC YEARS'

CASE I-F J. SANITARY LANCFILL - FC31 GROWN ON WASTE SITE AFTEF 5 YEARS' Ta3tE 29 -

CASE I-r -- SANITAhY LANCFILL - F033 GROWN ON WALTE SITE AFTER 10 YE AES; TA1LE 30 -

SANITARf LANCFILL - F003 GROWN JN WASTE SITc AFTER lbc YEARSCASE I-FTA1LE 31 ---

'
SANITARY L A NT F I L L - F000 GROWN ON WASTE SITc AFTER 1u0 3. YEARSCASE I+FYA1LE ?; ---

CASE I-I -- SANITAdf L ANOFILL - E XP3SURE TG 55 GALLON 0%UMS AFTIR NO DECAYTA9tE 41 -
,
'

TA1Lf 42 - CASC I-I -- SANITARY LANOFILL - EKDOSURE T3 55 GALL 0N DRUMS AFTES 4.061 YEARS *

TA1LE 43 - CASE I-I -- SANITARY LANtrILL - iXP3SURE TO SS GALLON CiUMS AFTek 3 61 YEARS,

CASE I-I -- SANITARY LANCFItL - ExD3SURE TO 55 GALLON CROMS AFIER 4 1 YEARS ;Ta1LE 44 -

CASE I-J -- EANITARY LA NCrILL - GR3ONO SUE FACE E XF350tE To dORKcRS AF'ER 0 DECAYTA*LF 4E -

CASE I-J -- SANITARY LAN0 FILL - GROUNO SURFACE ExF050AE TO WOEKERS AeTEA .001 YRTA1LE *7 -

CASE I-J -- SANITARY LANGFILL - GE3LNO SU7 FACE EXPOSU:E TO WCRKERS AFTER Q.61 YR; -A1LE 48 -
~

TA1LE s9 - CASE I-J -- SANIYAdY LANCFILL - GROUND SURFAC: ExDOSU'E TO WC5XERS AFish J.1 YRS v

8 TAaLE 50 CASE I-J -- S ANI T A DY LANCFILL - GROUNO SUCFACE EXroSU;E TO WORKERS AFTER 1 YEAR" -

CASE I-J -- EANITASY LANDFILL * GROUNO SuirACc EXPOSU*E TO WORK:RS AFTEk lu YRST23LE 51 -

SANITARY LANCFILL = GR30ND SgRrACE EXPOSU E TO RESIDENTS AFTER 5 YRSCASE I-KTA3LE 52 - --

SANITARY LANDFILL - GDOUND SutFACE E XPOSUtE TO RE SIbENTS AFTER 10 YRCA!E I-KTA1LE 57 - --
:

S TA1LE 54 SANITA4Y LANCFILL - GC.3UNO SUDFACt E XFOSU6 E TO RESIDENTS AFTER ILJ YCASE I-K ---

EANI ARY L ANCFILL * GROUND SUFF AC: Exp05U E To RESIDENTS AFTER 1E3 Y
,TAats 55 CASE I-K4 ---

CASE III-e -- SANITARY L AN3 FILL - 3 PILL AGE INTO WAT=FCOUcSE - NO CECAY !TA1LE 9P *

?AaLE io - CASE III-D -- SANITARY LAN3 FILL - 5)ILLAGE INTO WATERCOUESE - b.6s1 YEAks DECAY
C*SE III-B -- SANITARY LAN3 FILL -DILLAGE INTO WATERCOURSE - L.01 YEARS DECAYTA1LE 40 -

4

' SANITARY LAN3 FILL'- SDILLAGE INTO WATERCOURSE - L.1 YEANS OcCAYT43LE 41 - CASE III-D --

S ANI TAD Y LAN3 FILL - INHALATION SPILLED WASTE AFTER N3 CECAYCASE III-CTA9LE M - --

S ANI T ARY LA43 FILL - INHALATION SPILLE0 WASTE AFTER G.L61 YEARSCASE III-CTAate 47 ---

CASE III-C -- SANITARY L AN3FIL L - INH AL ATION SPILLE0 WASTE AFTER d.L1 YEARSTA9LE 44 -

CASE III-C -- S ANI T AR Y LA43 FILL - INHALATION SPILLEC 4ASTE AFTis t.1 YEAMS DECAYTA*LE 19 -

CASE III-D -- SANITARY LAN3 FILL - INHALATION DURING SITE EMCAVATION AFTER 5 YPSTA9LE 104 -

TA9LE 1e5 - CASE III-D -- SANITARY LAN3 FILL - INHALATION 00 RING SITc EXCAVATIO 1 AFTE R 10 YRS
SANITARY LAN3 FILL - INHALATION DURING SITE EXCAVATION AFTER 1ac YRCASE III-0; TA3LE 136 ---

CASE III-g -- SANITARY L AN3 FILL - INHAL ATION DUGIhG SITE EXCAVATION AFTER 1000 Yt TAats g,7 -

SANITARY LANJFILL - SHILO EATS DIRT ON WASTE SITE AFTSR 5 YEARSCASE III-EYA3LF 10P ---
.

.
TA1LE 10 9 - CAS E III-E -- S A NI TARY LAN3 FILL - CHILD E ATS DIR T ON WASTE SITE ArTER 10 YEARS

CASE III-E -- SANITADY LAN3 RILL - CHILD EATS DID.T ON WASTE SITE AFTER 1CO' YEARS'
TA9LE Ili -

SANITARf LAN3 FILL - CHILO EATS DIRT ON WASTE SITE AFTER 1000 YEARSCASE III-ETA9LE 111 ---

TA9LE 112 - CASE III-F -- SANITARY LAN] FILL - FOOD G<CWN ON WASTE SITE AFTEA 5 YEARS
SANITARY LAN] FILL - FOOD GROWN ON WASTE SITE AFTER 13 YEARSTA3tE 113 - CASE III-F --

SANITARY LAN3 FILL - FOOD GROWN ON WASTE SITE AFTER 100 YEARSCASE III-FTA9LE 114 ---

SANITARY LAN0 FILL = F000 GDOWN ON WASTE SITE AFTER 1CGO YEARS*

TA9tE 115 - CASE III-F --

i
i

,

fj
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. TABLE 4-6 ' , .'

MOST RESTRICTIVE ACTIVITY CONCENTRATION LIMITS FOR .

SOLID WASTE DISPOSAL IN A SANITARY LANDFILL
ARRANGED BY INCREASING "DE MINIMUS" CONCENTRATION LIMIT

DE Mitt!MUS
N90LIPE' __ LDtir - LIMITI4G LIMITING LIMITIAG L1*ITING LIMITING LIMITING LINITING'Ta9Lt 20NC'N 7APLE C3hCEN TAULE CONCEN TABLE CONCEN TABLE CON 0E N TAqLE C ONC E N TABLE CONCEN TABLE CONCEN

3A*226 25 2.E-07 26 2. E-0 7 27 2.E-07 28 4.E-07 108 5.E-cr 129 5.E-67 29 5.E u7 34 5.i-07'!*=129 112 9.E-C7 113 9.E-07 114 9.E-07 115 9.E-C 7 los 5.E-06 129 5.E-C6 lit 5.E-06 111 5.E-06
,

Oc--Ft *2 1.f-67 53 2. E - 0 4 46 3.E-16 47 3.E-06 49 3.E u6 49 3.E-06 SL 4.E-L6 41 5.E-36C?-137 52 2.E 6 53 2.E-tb AF 9.E-L6 47 9.E-36 48 9.6-G6 *9 9.k-L6 SG 9.E-L6 51 1.E-J550--42 112 2.F-t6 113 2.E-C6 29 2. E -t 6 3; 3.E 66 52 3.E oo 53 4.E-b6 1a8 1.E-05 109 1.E -0 5AG11r* '. E ?.i'L6 47 3. E = 0 6 49 3.E-06 49 3.E-06 41 4.1-w6 42 4.E-L6 43 4.E-06 44 4.E-069A*-24 41 3.E "6 42 ..E-06 46 9.2-06 47 1.E*ws 43 2. t -L * *8 5.E-34 5- 3.E+44 13 3.E+=4CS-1?k 52 3.E -6 46 4.E-t6 47 4. E -f 6 48 4.i-06 49 4.c L6 41 5.E .6 *2 5.E-36 56 5.E-06T E-1 ?2 46 4.5-C6 47 4.E .6 4E 4.En 6 43 7.E-L 6 48 d.i .6 41 4.E-05 49 9.E-03 44 8.E-G3
*

1 I--132 41 4.E-46 42 5.E-C5 44 9.E-05 47 1.E 63 96 3.E*01 48 1.E+G, 97 4.E*04 $9 2.E+05" C5-176 46 k.E-46 67 4.E-06 km 5.E 6 41 5.E-G6 42 5.E-96 43 6.E-C6 49 3.E uS 44 3.E 651A-14 44 ..E 6 47 5.E-06 46 5.E-36 *3 6.E-36 42 2.E-05 49 2.E v5 44 3.E-05 41 3.E-C5
I-.13' 41 4.e-'6 42 6.E-46 46 2. 5 . 5 47 3.E a5- 43 5.E-C. 48 2.E-C3 97 1.E*03 96 7.E+J2>a--80 41 5.!-C6 46 5. E-G 4 47 2. E -C 1 46 2.E-41 49 3.E-si 62 1.E*c0 %3 1.E*4; *4 2 6+C0C5-13a -1 T.E .6 66 4.E-G4 42 4.E-C1 47 3.E631 5 3.E+ 4 48 1.L+55 96 2.E+d6 13 1.E+06oc-143 46 3.E-06 47 5.E-C6 49 6.E-L6 *1 1.E-45 42 1.E-;5 *3 2.t-L5 49 J.E w5 44 8.E-L5$ Ac==a4 41 5.h- 6 *6 4. E -t 4 42 4.E-r1 *7 3.E*01 5 4.c*C5 98 1.t+06 96 4.E+66 13 1.E+L6
I--134 41 4.f- 6 46 3.E-04 42 5.E-C3 47 3.E-C1 96 5.E *L 3 94 2.E* - 13 7.E+05 5 3.E+C6
LA-140 $1 3.F-06 *2 6. E * L E 4E 7.E-06 47 8.E-06 43 2.c-;5 48 3.E-C5 49 2.E*C1 44 2. E + 01LA-tu? 41 5.E-96 46 2.E-04 42 4.E-C4 47 1.E-G2 96 2.E+.5 88 2.t*J5 1 1.E*17 2 1.t+GT
C---14 112 5.t- 6 113 5.E-66 114 6.E-06 115 6.E-L6 29 3.E-C6 30 9.E 66 31 9.E-06 31 1.E-C5

3 -c.--56 1 6.5- 06 42 6. E-O ! 40 1. E -u * 47 1.E-63 65 4.E+g2 19 ..E+C3 96 6.E*b4 5 Z.E+0*
f I--1?5 41 6.E e6 42 1. E -; 5 4F ? . 5 -' S 47 7.E-L5 *3 8.E-L 3 =8 4.E-C2 97 3.E+03 ~96 1.E*b3r?--59 4o a . E - 36 47 7. E-C 6 kn 7. E -0 6 *1 9. E . 6 42 9.E .6 43 1.E-05 49 1.E a5 44 2.E-c5

00--53 46 7.'-G6 47 7.E-CE 49 7.E-L6 41 9.E-C6 42 9.E 66 43 1.E-05 49 1.E-05 44 1.E=05'o--or 42 m.F-;6 46 1.E-05 47 2.2-C5 41 5.F-35 45 2.d-04 48 5.f-L4 97 3.E+03 96 7.E*L3
30--o2 41 * . f ~6 42 4. E-C 5 46 5. E -r 5 *7 4.E w4 43 2.E+02 48 2.E+G3 89 2.t+04 58 9.E+03
Pc--45 49 a.F-06 48 9.F-L6 47 '2.E 6 46 9.E-56 4* 1.E-;5 41 1.E-65 42 1.E-05 43 1.E-C5TE131* 41 9.i-C6 42 9.E-06 4E 1.E-05 47 2.E-;5 43 5.E-05 68 7.E-C5 *9 2.E-33 44 3.E-03
04-221 11= *.E-06 115 4. E-t 6 113 1. c -C 5 11L 1.E-G5 111 1.E-25 112 1. E -0 5 146 2.E-05 1d7 2.E-;5
*N-*S4 46 9.E s6 47 9.E-06 48 9. t -L 6 49 1.E-C5 41 1.E-J5 42 1.E-e5 43 1.E-05 44 1.E-05py-1CE 46 1. E . 6 47 9.E-G6 4e 9.E 6 49 1.E-L5 SC 2.i .5 42 2.E-k5 43 2.E-J5 *4 2.E-05
1'--o5 46 3.e-L6 47 9. E -C 6 46 1.E-05 41 1.E-;5 42 1.E-65 -3 1.E-05 49 2.E-05 44 2.E-05
05--am 1 1. E ',5 46 1.E-C3 42 7.E+03 5 1.E+35 88 2.E+;5 47 7.E+LS 96 3.E+L6 13 2. E +L 6't--*5 4,6 1.F 'S 47 1.E-ts 48 1.E-15 49 1.E 65 41 2.E-G4 -2 2.E-L5 43 2.E-15 44 2.E-65
No--or 41 1. t .5 46 4.L-04 42 2.E-73 47 7.t-02 S8 2.E+0* 46 5.E*G5 99 3.E+06 1 1. E + 0 7
:U-1C 3 46 1.f-C5 *7 1.E-C5 44 1.E-C5 41 2.E uS 42 2.E-05 *3 2.E-L5 49 2.E-s5 44 3.E-L5
ou-il s 41 1.f-05 42 4. E-E 5 46 1.E-64 47 3.E-04 *3 3.E .J 48 5.E-C3 49 2.E*64 44 1.E*d4
ss--91 41 1.f-;5 42 1. E - 0 5 46 4.E-05 47 7.E-L5 43 4.E 63 48 5.E 63 49 1.E a2 44 * E-62.
v--ole 41 1.E 5 46 s.E-04 42 2.F-C2 47 8.E-02 44 9.6-02 49 1.E-61 43 5.E-01 44 a.E-01CE-144 46 1.F- 5 47 1.E-05 AM 1.E-05 49 1.E-05 50 3.E-L5 62 5.E-05 43 5.E-b5 44 5.c-05
I--137 41 2.0 = e5 42 i. E -L 5 46 3.5 i s 47 5.t-;5 43 3.E u4 46 5.E-G* 49 2.E-01 44 5.E-01

. 21 162 1 2.E-05 46 9.E-C4 42 3.E t 3 47 -7.E-02 96 1.E*.6 1 1.E*LT 2 1.6+47 3 1.i+07
I--121 46 ? . 8 - 05 47 2.E-05 41 2.E-05 42 2.E-OS 48 3.E-C5 43 3.E-65 49 4.E-44 44 5.E-0*
93-141 41 2.E-35 46 1.E-03 42 4.E-03 47 2.E .7 43 3.E-01 43 ..F-G1 *9 5.E-41 44 9.E-s1

~
_-_. _ __

r.w%- -



.

.
~

. .-

.

'':. -

TABLE 4-6 (contd)1

-
; .-

a

CONCENTRATION LIMITS (UCI/GM)

DE MINDES
MUC4IDE LNIT LIMITI1G LIMITING LIMITING LIMITING LIMITING LIMITING LIMITING

'

TA3LE 00hCEN TA9tE C3 NCE N TABLE CONCEN T A 9tE CONCEN TABLE CONCEN TA3LE CONCEN- TABLE CONCEN T A6? E.
CONCEM.

;
,

u--197 41 2.E-05 42 2. E-0 5 46 4.E-05 47 '5.E-05 *3 2.E 64 4S 5.E-C4 39 1.E+C3 88 8.E+s2

yp--c) Sg 2 E-05 55 2.E-0 5 53 2.E-05 52 3.E-05 51 2.E-04 50 8.E-04 115.- 3.E-03 114 '3.E-03'

A0-227 112 2.F-05 1La 2.E-05 113 3.E-C5 109 3.E-3 5 25 5.E-L5 '26 6.E-05 1C C 8.E-h5 -29 8.E-05-

TE-131 41 25.5 46 2.E-03 47 9.E-E 3 42 1.E-C2 48 1.E c2 43 1.E-62 49 2.E-01 44- 2.E-01

v---92 41 2.E-C5 42 1. E-0 4 46 2. 5 -r g 57 3.5-c3 .3 7.E*G2 48 5.E+t3 96 2.E*b4 89 : 4.E*04-

TE120* 46- 2.E-G5 47 2.E-C5 48 3.E-05 42 5.E-05 49 5.E-05 43 5.E-35 44 1.E-b4 *1 -- 2. E -0 4,

i s?--a6 46 3.E-25 47 7.E-C5 48 3. E -6 5 41 7.L-04 42 7.E-in 41 8.E-C5- 69 1.E-0 4 44- 3.E-L4.

; Tc--o9 112 3.E-t5 113 '3.E-L5 114 3.E-C5 115 3.E-05 52 S.E-05 53 8.E-05 54 S.E-05 55 8.E-05 2

1 'Cc-141 46 1.E-t5 41 3.E-C5 47 3.E 55 42 3.E-45 48- 5.2 .5 43 9.E-L5 49 3.E-04 44 7.E-04-

i MO--o9 46 3.E-05 47 4.E-05 42 5.E-C 5 41 6.E-65 48- 3.E-05 43 9.E-05 49 3.E-Gi- 44 3.E-01

+---90 46 3.E-05 67 4.5-05 48 9.E-C5 41 1. E-3 , 42 1.t-4* -3 3.E-;* 49 4.E-C1 44 1.E+64
'

v---93 41 2. E .5 42 6. E-0 5 46 8.E-05 47 1.E-04 *3 1.E-62 *S 3.E-02 89 2.E*L3 88 1. E *0 3 +

r- 97-167 46 4.f t5 47 4.E-05 48 5.E c5 41 6.E-45 42 6.E-;5 43 7.E-G5 49 4.E-04 4* '6.t-04

CU--5L 41 4. F .5 42 6. E -C 5 40 -2.E-Cs 47 2.E us %3 4.E-03 LS 2.E-C2- 9 6 .. 3.E + 6 4 . 59 4.E*G4

59--80 46 4.E-C5 47 4. E-0 5 48 4.E-c5 *9 7.E-J5 41 2.E-34 42 .2.E-G4 43 2.E-c4 44 %.E-04
49 3. E-0 4 : 44 1.E-83

p---32 *6 5.E '5 47 5.E-L5 4R 6.E-05 z41 2.E-J4 42 2.E-44 43
2.E-0* . . 138 1.E*C3 109 ~1.t-03

,

9I--63 112 5.9- 5 113 5.i-C5 114 1.2 .* 29 5.E-J4 30 5.E-34 31 1.t-03-

$ 09-230 13* 5. C- 55 iLS 5.E-C5 106 5. E -0 5 107 5.E-05 138 1.E-G4 169 1.E-C4 '111 1.E-C4 11C. 1.E-0*

y---o1 46 5 . E - r:5 c7 5. E-G 5 49 5.E-05 49 8.E-L5 41 3.E-;* *2 3.E-b4 43 3.E-04 44 5.E-G4'

oc-144 61 5.E-15 46 3 5-C 3 42 7.E+C4 9E 1.E+C6 47 5.E+J6 1 1. E * U T . 2 1.E+67 J 1.i+37

No 22u- 5? 5.F- 5 46 1.E-t4 47 1.E a4 48 1.E 64 53 1.t-04 49 1.E-04- SG 2.E-04 51 9.E-04,

i Te-124 *1 6.E-C5 46 2.E-G3 42 2.E-02 47 4.0-d1 112 1. E * C 5 113 1.E*05 115 1.E+u5 114.. 1.E*05,

'

4----? 23 7.E-t5 30 9. E-0 5 112 2.E-t* 113 3.E-J* 31 1.E 2 114- 4.E-u2 25 3.t-ci 26' 4.E-01

LA-141 41 7.F-45 46 3.E-04 42 *.E-C* 47 1.E-03 48 2.6 s2 43 3.E-C2 49 4.E-t 2 44. 7. E -i 2

te-.85 21 4.E 5 46 2.E-CZ 42 2.E-32' 47 2.E-J1 52 *.E+D1 53 6.E+31 46 2.6+C2 '49 2. E + 0 2 -'

TC-on* 41 0.F :5 42 2.E-G4 46 m.E-64 47 2.E-01. 43- 2.E*00 43 2.E*61 113 8.E+u3 112 8.t*u 3

ow-:C 5 +1 9.E .5 42 1. E - t * 4F 1. E -C . 47- 1.E-04 43 5.E-04 48 6.E-C4 *9 3.E+03 44 2.E+C3'

CE-141 46 9.E-29 47 9.E-05 49 1. E -C 4 41 2.E w4 *2 2.E-C4- 43 2.E-C4 49 2.E v4 44 3.t-04,

9--?35 112 1.F-;k 113 1.E-C4 114 1.E-L4 115 1.E-04 108 2.E-G4 1L9 2.E-04 11L 2.E-u4 111' '2.E-G4

I TF127* 47 1.E-th sm 1. E -C 4 4F 1.E-64 49 2.E-04 43 1.t-03 44 1.E-G3 54 1.E v3 42 2.E-G3

; CS-135 52 2.E- 4 53 2.E-C4- -54 2.E-04 55 2.E-;4 29 4.E-L4 30 4.E-us 31 4.E-44 '32- .4.E-G4

; co--91 46 2.E-C4 47 2. E-0 4 48 2.E -L 4 41 2.E-;4 42 2.E 44 43 2.E-L4 49 5.t-C4 44 5.E-Gs

93--93 41 4.E-L4 46 2.F-03 42 E.E-G3 *7 3.E-02 5 5.E*C5 88- i.E+C0 96 5.E*G5 13 2.E+06

j pp-147 52 E.E-04 46 1.5-03 47 1. E -0 3 48 1.E-33 49 *.E-03 50 1.E-03 53 2.6 o3 51 1.i-G2
.

' MI--59 112 6.E a4 113 6. E -0 4 114 6.E s* 115 6.E-64 29 1.E-C3 tJ 1.E-52 131 1.E-03' 32 1.E-J3

; TM--Eo 41 7.t-04 46 6. E*L 3 42 5.E-41 47 5.E*Je 86 3.E*c5 96 1. E $ L 5 2.E+C6 1 ' t.E *G T

j. 'E-127 46 7.E-04 41 1.t-03 47 2. E-C 3 42 2.E-03 4$ 6.E-Li 43 7.E-01 69 3.E+03 SP- 2.E*63'

- TE125p 46 2.E-;3 47 'E.E-C3 48 2. E -t 3 49 3.E-03 41 2.E-C2 42 2.E-32 43 2.E-02 44 4.E-G2

i rE--55 139 2.E-'2 25 3.F-02 112 3.E-C2' 129 5.E-02 139 4.E-S2 26' 1.E-G1 113 1.E-01 3L 2.E-G1

Tu-227 96 4.E+rj 97 4.E*CL 93 4.E+cJ 99 8.E+ 3 91 1.E+32 AC 1.E+02 8 2.E+02 89 ' 3.E +0 2 -
! 03-223 96 6.5600 97 6.E+CC 99 T*E+LO 88 4.E+01 89 .5.E*01 99 5.E*01 '90 6.E+C1 5 7.E+01:

Nc-??o 11 4 2.E+02 1LS 2. E + C 2 106 2.E*C2 107 2.E+02 '1G 8 4.E* 2' 1. 9 4.E+L2 111 4.E+C2 11. 4.E*w2

HI--65 36 1.E*?S a5 1. E + i S - 97 1.E+L6 89 1.E+06 5 2.E*06 1 1.E+C7 -2 1.E+G7 3 -1.E+ut
*

i

i F
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TABLE 4-6 (contd) ' '
-

CONCENTRATION LIMITS (UCI/GM)
'

SANITARY LANOFILL - LEACH INTO W ATERCCURSE - inANSIT TIME = 1 YE ARTABLE 1 - CASE I-A --

TA9LE 2 - CASE I-A -- SANITARY LANOFILL - LEACH INTO WATERCCURSt TRANSIT TINE = 10 YRS-

SANITARY LANCFILL - 1.EAGH INTO WATERCOUCSE - TRANSIT TIME = 1.0 YRSTA1LE ? - C4!E I-A --

TA9LE 5 - CASE I-B -- SANITARY LANOFILL - $ PILLAGE INTO WATERCOU2SE - NO DECAY
TA3LE 9 - CASE I-0 -- SANITARY LANCFILL - SPILLAGE INTO WATERCCURSE - u.1 YEAES OECAY
TA9tE 13 - CASE I-t -- S AN1T ARr L A NOFILL - IN9 AL ATION OF SPILLt0 WASTE AFTER NO DECAY
TA3LE 25 - CASc I-E -- SANIYARY LANOFILL - CHILG EATS OIRT ON WASTE SITE AFTER S YEARS

CiSE I-E -- SANITA4Y L A NCFILL * CHILO E ATS OIRT ON WASTE SITE A9Tc4 14 YEARSTA4LE 26 -

CHILO E ATS 3IET ON WALTc SITE AFTE4 100 YEARSTA9LE I? - FASC I-E -- SANITARY L A NCF IL L -

SANITA4Y L A NCFI L L - C,H IL O E AT S 3I OT ON HASTE SITE AFTER 1LJ3 YEARSTA9LE 28 - CASE I-E --

SANITARY LANCFILL - F039 GNOWN ON WASTE SITE AFTER 5 YEARSTA3LE 20 CASE I-F- --

Sar1T A4f LANOFILL - F303 SROWN ON WPSTc SITc AFTEk 16 YEAFSCASE I-FTA1LE R - --

S ANI T A RY L A NLFI L L - FC33 GROWN ON WASTE SITE AFTER 1EJ YE.NIYA9tE 31 - CASE I-F --

TA1LE 12 - CASE I-r -- S ANIT A RY LancFILL - F033 GROWN ON WASTc SIf6 AFTEE ILLS. VEAES
CASE I-I -- SANITARY LANCFILL - CAP 3SURE TO 55 GALLCN ORUMS AFTER NO CECAYTAati 41 -

EXD3SURE TO 55 GALLUN OkUMS AFTER v.001 YEARSTA9tE 4I - CASE I-I -- SANITARY LANDFILL -

TAqLE 3 - CASE I-I -- !ANITARY LANCFILL - EXP3SURE TO 55 GALLCN CiUMS AFTEN b.01 YEAe5
YA1L: 46 - CeSE I-I -- SANITARY LANCFILL - tXSJSURE TO 55 GALLON 04UMS AFTEN 3.1 YEAkS

CASE I-J -- SANITARf LANPFILL - GR]UNO SugeACE EXFOSUGE TO WCk(EES AFThR 6 CEChYTalLE 40 -

TA9tE .7 - CASE I-J -- SANITARY LANCrILL - GR3UN3 Su; RACE EXPOSuiE TO WORwiRS AFTER .301 YR
CASE I-J -- SANITARY LANDFILL - GR3UND SUhFACE EXPOSU E TO WOkKERS AFTEk L.01 YRTA?LE 49 -

CASE I-J -- SANITAMY LAN? FILL - GROUNO St9 FACE EXCOSU-E TO WORKERS AFTED u.1 YESes TA3tE .o -

v5 GEJUND SURFACE EXF0504t TO WORKtES AFTER 1 YEARCASE I -J -- SANITARY LANCFILLTa1LE 5! - -

CASE I-J -- S A NI T A G.Y L ANE FILL - GRGUNO SMRF ACE EXPOSU-E TO WCF KELS AFTE4 1J YPSTA9Le 51 -

PASE I-r -- SANITARY LANCFILL - G#3OND SU FACT eXFOSUit TO RcSIDENTS AFTER 5 YRSTA3LE 32 -

TA9LE 53 - CASE I-X -- SANITARY LANCFILL - GR3UNO SURFACE fxPOSU;E TO AESIDtNTS AFT ER 16 YR
SANITARY LANOFILL - GR3UNO SUkFACE EXP050 E TO KESIGcNT5 AFTFo las YCASE I-KTAnLE 54 ---

i TAeLE 55 - CASE I-K SANI!ARY LANCFILL = GD3OND SURFACE EXF050-E TO RESIDENTS AFTER 1E3 Y--

) SANITARY LAN3 FILL - SPILLAGE IhTO WATERCOUESE - NO CECAYCASE III-PYARLE 48 ---

CASE III-A SSILLAGE INTO WATc6COUESE - C .6t 1 YtAES DECAYTalLE 44 SAMITARY LAN3 FILL--- -

TA*LE E SANITARY LAN3 FILL - SDILLAGE INTO WATERCOUPSE - c.L1 YEARS OFCAYCASE III-a- --

T AS E III-n -- S ANIT A RY LAN3 FILL SPILLAGE INTO WATcFCouaSE - E .1 YcAFS OcCAYTA9tE 11 - -

SANITARY LAN3 FILL - ?NHALATION SPILLEb 4ASTE AFTER N3 OEC4YCASE III-CTA9LE 46 ---

CASE III-C -- SAN!TARY LAN3 FILL - INHALATION SPILLcc WASTE AFTEJ (.6c1 YEARSTA9tf 47 -

TA1LE is - CASE III-C -- SANITARY LAN3 FILL - INHALATION SPILLE D WAST E AFTtR 0.L 1 YEAcS
CASE III-C -- SAN!TARY LAN3 FILL - INHALATION SPILLE0 WASTE AFTER i.1 YEARS OECAYTaste lo -

CASE III-C -- SANITARY LAN] FILL - I NH AL AT IO'4 00 DING SITE EXCAVATION AFTER 5 YRSTA9tE 104 -

CASE III-D -- SAhITARY LAN3 FILL - INHALATION OURING SITE EXCAVATION ArTER 1J YRSTAqLE 155 -

TA3tf 146 - CASE III-C -- S API T ARY LAN3 FILL INHALATION 00 KING SITE EXCAVATION AFTES 100 YR-

TA3tE is7 - CASE III-C -- SANITARY LAN3 FILL - INHALATIuN 3JEIhG SITc EXCAVATION AFTER 16.0 Y
YAqLE 1m - CASE III-E -- SANITARY LAN3 FILL - CHILD :ATS DICT UN WA3TE SITE Aritt 5 YEARS
TAALE 139 - CASE III-E -- SANITARf LAN3 FILL - CHILO EAT 5 OIRT ON WASTE SITE AFTER 1J YEARS

S A NI TARY LAN3 FILL HILO dATS DIRT ON WA3TE 5ITE AFTER 1.C YEARSCASE III-ETAiLF ilt - --

CA?E III-E SANITARY LANDFILL - CHILO EAT 3 JIRT ON wASTt SITE AFTER iksQ YEARSTAeLE 111 - --

SANITARY LAN3 FILL - F000 G*OWN ON W ASTE SITE AFick 5 YE ARSAaLE 1.2 - CASE III-F --

SANITARY LAN3 FILL - F000 GC.OWN ON WASTE SITE AFTER 13 YEARSTARLc 112 CASE III-F- --

F003 G40md UN WASTc SITE AFTEh 1Ju YEARSYAqLE 116 - C156 TII-F SANITARY L AN3F IL L-- -

CASE III-F SANITARY LAN3 FILL - FOOD G;0WN ON WASTE SITE AFTER 1L43 YEARSTA1LE 115 - ~~

- -- - - , - ~ _ _ _ _ .
- __ _ - _

_ _ _ _ . _ . _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ . . . _ _ _ _ _ . _ . _ _ _ _ _ _ _ . _ _ _ _ . . _ _ . _ _ _ _ __
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5.0 COST-BENEFIT CONSIDERATIONS
$ 9 .

!*;

Conceptually, cost-benefit analysis can be applied to disposal of
i
'

solid wastes with a "de minimus" radioactivity concentration by weighting a.

costs and benefits of alternate means of disposal. In lieu of any other -

h
the interim value of $1,000 per total body man-rem from iguidance,

Appendix 1 is used herein. ?n practice, the limited distribution of
r

discarded bulk solid wastes and the critical pathways for exposure of |

f

man limit the number of people potentially exposed to those who live
Therefore, large j

on the disposal site or who eat food grown thereon. l
'

population doses will not result from disposal of material with "de

minimus" concentrations of radioactivity. .

i

Assuming the cost of unrestricted disposal of "de minimus" solid |

the cost of shallow-land burial of low-1cvel radioactivewaste is zero,

waste is $6/ft , and the population dose associated with shallow-land

then a practical cost-benefit criterion for unrestricted j
burial is zero, !

disposal of solid waste is that any waste having an associated population
i

dose potential of less than 6 man-millirem per cubic foot of waste

discarded in an unrestricted manner is "de minimus." f

i -

As an illustration that the individual dose rate criterion is more !

consider the example of thelimiting than the cost-benefit criterion,
.

disp; sal of 150 m of spent, powdered resin, approximately the volume3

If
generated annually at a large light-water reactor power station.

or about 30 man-unrestricted disposal causes more than 6 man-mrem /ft ,
then the alternaterrem for disposal of the total volume of the waste,

Sinceshallow-land burial, would be indicated by ALARA considerations.

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

46
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i
i

rate to 1 mrem total body dose per year, about 600 persons, each receiving T
4

1 mrem / year for 50 years would be required to reach the limit associated I
+

3' i

with the cost benefit criterion, 30 man-rem, for disposal of the 150 m j
of waste. Since all of the limiting pathways require that the exposed

1
i

individual reside directly on the disposal sites or eat food grown there- {

on, it is hardly reascinable to expect the population exposure to reach
?the limit of the cost-benefit criterion. Hence, the "de minimus" limit

based on individual dc se will result in a lower limit than one based on j

ALARA considerations. i

|
With such a low sndividual total body dose rate of one millirem

|,

per year or lessi any cost-benefit interpretation based on an estimate

of population integrated dose equivalent is probably unrealistic. The

NCRP and ICRP cautionL in regard to the inapproprinteness of quantita-

tive risk-benefit balt.ncing at such a low dose rate is thus persuasive

against the use of such an analysis for decisionmaking in connection g

with "de minimus" waste disposal (NC75a, IC73).

i
i

k
4

.

t
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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 1n homogeneous, bulk solid wastes so that

thcy may be disposed of in the manner of ordinary domestic solid wastes '

without any special requirements because of the low radioactivity '

content. The methodology developed has been applied to land disposal
s

of spent, powdered resin from PWR secondary systems as an example.

Neither initial dispersion by air or water, i.e., incineration or sea

dumping, were ccasidered; however, the methodology developed can be

applied to other materials by considering the nature of the source,

feasible dispesal scenarios, and environmental pathways to man.
i

6.1 Application to Secondary Resins s

As an extmple 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 Nuc1 car 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 concentraticas to the "de minimus" cortentration limits, it

is possible to rank the isotopes in order of significance. The sum
i
iof the ratios of expected to "de minimus" concentrations of all '

radionuclides in the waste must not exceed unity if the waste itself
,

|

1s to be "de minimus." This method is also summarized in Figure 6-1.

,

(

l

|

48
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DO FOR F.ACH

radionuclide Calculate the expected radionuclide
concentration in vaste

7,gg gg, Calculate the ratic:
_ expected nuclide concentration in vaste

dt; cinicus concentration limit

U

radionuclide List the ratios and associated nuclides
in order of decreasing value of ratio

.

Y
_

Sum the ratios and compare with unity.
A solid waste is de cinicus if:

radionuclide .

exnected concentration.

g
,de minicus concentration limit M ,

:
all

|nuclides ;

. .

Figure 6-1 Sucmary Diagram of Method of Calculating.
Whether Waste is "de minimus* '

i

|
,
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96.0 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 radioactivity

The methodology developed has been applied to land disposalcontent.

of spent, powdered resin from PWR secondary systems as an example.

Neither initial dispersion by air er 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.

I6.1 Application to Secondary Rceins '

As an example of the application of the method, the expected
I i

concentration of each radionuclide adsorbed on spent, powdered resin i i

from PWR secondary systems has been computed using the PWR GALE code

(NRC76) to calculate primary coolant concentrations and the SECONDARY

cede (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 i)
of the ratios of expected to "de minimus" concentrations of all

, 1
I
; I'

!radionuclides in the waste must not exceed unity if the waste itself
|

is to be "de minimus." This method is also summarized in Figure 6-1.

!

i
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DO FOR EACH
't

radionuclide Calculate the expected radionuclide
concentration in Waste E!

y,

a

radionuclide Calculate the ratio:
exoccted nuclide concentration in vaste '

e minir:us concentration limit

,

'
V

,

,

radionuclide List the ratios and associated nuclides
in order of decreasing value of ratio (

!- Y

Sum the ratios and coepare with unity. I

A solid waste'is d_e einimut if: , >e
radionuclide i. I

'

exnected concentration
[, de minimus cor centration limit
i,

,

all
| t !

nuclides.

,

! i

! [
'

i
;

L'
aFigure 6-1 Simmry Diagram of Method of Calculating

. Vhether Waste Is "de mininus"
4

<
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6.0 APPLICATION OF THE GENERIC HETHOD' . . ,

..

'The aim of this study has been t.o develop a method for determining 4j

"de minimus" concentrations in homogeneous, bulk; solid wastes so that

they may be' disposed of'in the manner of ordinary domestic solid wastes #j

.

without any.special requirements because of the low radioactivity

content. 'The methodology developed has been' applied to land disposal

of spent, powdered resin from PRR secondary systems as an example.

Neither initial dispersion by air or water, i.e., incineration or sea I
,

dumping, were considered; however, the methodology developed can be
+

i

applied to other materials by considering the nat.ure of the source,

feasibic disposal scenarios, and environmental pathways to man.
i

f'i
6.1 Application to Secondary Rerins

f.
o

As an example of the application'of the method, the expected ,

L

concentration of each radionuclide adsorbed on spent, powdered resin | r
frcm PWR secondary systems has been computed using the PRR GALE code |

.

.!(NRC76) to calculate primary coolant concentrations and the SECONDARY i L

rcode (by Nucicar Safety Associates) to calculate activity concentrations

of t.he spent resins. The "de minimus" concentrations calculated in |

*

Section 4 apply, of course, to this type of waste. By comparing the

cxpe:ted concentrations to the "de minimus" concsntration limits, it*

is possible to rank the isotopes in order of significance. The sum t-

of the ratios of expected to "de minimus" concentrations of all
iredionuclides in the waste must not exceed unity if the waste itself

is to be "de minimus." This method is also. summarized in Figure 6-1.
>

I

>
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DO FT)R FACII

radionuclide Calculate the expected radionuclide
concentration in vaste

P

radionuclide Calculate the ratio:
_expceted nuclide concentration in waste

de minimus concentration licit

V

radionuclide List the ratios and associated nuclides
in order of decreasing value of ratio

Y
.-

Swa the ratios and compare with unity.
A solid waste is de minimus if:

radionuclide
expected concentration

, de minimus concentration limit '

all
nuclides

.

.

Figure 6-1 Summary Diagram of Method of Calculating
Whether Waste is "de minimus"
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eters will be very much lower than the assumed values. Consequently,
f

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 Icvels at which nuclides must be measured to demonstrate compliance

with "de minimus" concentrations are in the range of 10" pCi/ gram. In |

the case of a specific waste type, 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 small.

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

gamma 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.

.

h
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Table 6-1 +
-

.

Comparison of Computed Activity Concentrations in Spent Resin * -

with "de minimus" Concentration Limits Appropriate
_ for Land Disposal of Homoneneous Bulk Solid Waste

Activity on Resin Decayed for 3 Months Before Disposal * 4

t

!

IN ORCE& OF DECHf A5ING FATIO Or E XPECTED TO LIMITING VALUES ' '. !
)

ISOTOPE TABLE LINITING EXPECT [0 RATIO Or !<

CCN*EN. CONCEN. EXP 10 LIH
(UCI/GHI (UCI/GHI CONCEN.

C5-134 76 9 9E*L7 2 6E-04 262.5495CS-137 52 1 5E-D6 2.35-04 156.3462CD--Et T6 8 1E-0T 2 4c=?5 29.6624
00--5P T6 2.6E-06 2.4E-05 9 1129

,

HN-*54 'T6 2 4E-56 ' 2 3E-0 6 .9575FE--59 'T 6 2 8E-06 5.7E-01 2052SR--9r, 129 T.5E-CT 1 3E-07 .1736TE127H 129 5.3E-06 T.TE-0T 144TCE-144 76 3.6E-06 2.JE*BT .0665 '

77-*95 76 2 1E-06 T.6F=0$ .036C
TE129H 76 1 1E-05 3 9E-07 '.0351 '
RU-106 76 2.4E-06 8.cE*ve .0335N9--95 T6 4.4E-06 1 4E-DT .0318CS-13E 46 3.TE-06 6.8E*05 .0182SR--89 76 1 6E-C5 2.66-07 .D1651--131 46 1.sE-05 2 16 07 .C118TE-129 41' 6 3E-&5 3.9E-DT 0061 '

PA-144 41 5.2E-05 T.3E-DT .0345
Y---9[ 46 3.4E-b5 1 3E-DT .CO38 >FE**SS 129 4.5E-03 1.TE-55 .C338
Y-*a91 76 1 9E-05 T.25-08 .0338
RU-10 3 76 5.6E-00 1 9E-08 .0334
CR=*51 76 1.3 E -0 4 2.Si-CT .0328
TE-127 46 9 1E-04 T.6!-JT 8.3E*C4TC--99 61 6.3E-08 4 32-11 6.aE-04
TE125H 129 4.TE-Of 2 95-JS 6 2E-04
CE*141 T6 4 5E-GS 1.7E*ps 3.6E*04
BA-140 76 3.1E-06 1.JEa*9 3.4E =E 4LA-14r 41 5.CE-06 1 2E*09 2.kE*04
RD--86 16 1.9E-05 2.8E-J9 1.5E-04

TA9;E 41 -- CASE I-! -- SANITARY LAN3 FILL - EXPDSURE TO 55 GALLON OpVHS AFTER NO DECAY
T69tE 42 -- CA3E I-I -- S ANIT AR Y L AN3 FILL - E XP0590E TO 55 GALLON DsuMS AFTER u.001 YEari
TABLE h6 -- CATE I*J ** SANIT40.Y LANDFILL * GROUeG SURFACE LXPOSURE TO Woc (ERS AFTE R 0 N i ''
T & 9t E 52 -- C A3E I-K -- SANITAlv LANCFILL - GROUND SURrACE EXPOSU3E TO FESIDENTS AFTE4 5 ' i

189t f ' 61 Call II-F -- FILL W ANTE D DI!P3S AL--

F030 GRGWN IN W ASTE AFTER J .5 YE AR$ O!C AT-

TAqLE T6 -- C A3 E II*t FILL WANTED - C43UNO Suor4CE EvP03URE TO CE ! DENTS AFTEC NO O' ' !'
--

1ARLE lik C43E !!!-D ** SANITAFY LANPFILL - INHALAT'ON OUh!NG SIT E EXCAVATION AFTEF 9 "
--

,

TA9LF 124 CAIF IV-E -- FILL W ANTED O!$POS AL - CHILD E A TS WA3f E ArtiR no DECAY
**

TABLE 127 CASE IV-E -- FILL WANTED DISP 3 SAL - CHILO EATS WAiff AFTFP C.1 vfA8.5 DECAT
--

'

TABLE 129 CA3E IV=F FILL WAhTED DISP 3!AL== ** F030 G40HN IN WALil AFTER . 5 YEARS Dif8'-

:

?
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Table 6-2

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

for Land Disposal of Homogeneous Bulk Solid W ste
,

Activity on Resin Decayed for 6 Months Before Disposal

IN ORDEF Or DECREASING EATIO OF Ex*ECTED To LIMITING VALUES

ISOTOPE TAqtE LIMITING EXPECTE3 RATIO OF
CcNOEN. CONCEN. ExP To LIH

(UCI/GHi (UCI/GHB CONCEN.

CS-134 76 9.9E-07 2 4E-04 241.T684
CS-137 52 1 5E-06 2.3E-04 155.4462
CD--60 16 8 1E-07 2.3E-05 28.6981
CO--58 76 2.6E-06 9. TE-0 6 3.7392
HN-*54 76 2.kE-06 1.9E-06 .T818 i
SP--90 129 7.5E-07 1.3E-07 .1T26
TE12TH 129 5.3E-06 4 2E-CT .0792
CE-144 76 3 6E-06 1 9E-07 .C517
FE--59 76 2. 8 E -0 6 1 4F-07 .0503
00-106 76 2.4E-06 o.8E-08 .0282
IR--95 T6 2 1E-0 6 2.9E-08 .0136
NB--95 76 4.4E-G6 5.8E-06 .0132
TE129H 76 1 1E-05 6.0E-09 .0355
SR--89 76 1 6E-05 7 5E-06 .0347
Y---9E 46 3.4E-05 1. 3 E -D T .0138
PR-144 41 5.2E-05 1.9E-07 .0C36
FE--55 129 4 5E-03 1.6E-GS .0035
Y---91 76 1 9E-05 2. te E - 0 8 .C313
TE-129 41 6 3E-05 6.sE-CS 9 6E-[4

,-
,

RU-1[ 3 76 5.6E-06 4.CE-t9 7 1E =L 4
TC--99 61 6.3E-08 4 3E-11 6.aE-C4
TE-127 46 9 1E-04 4 2E-07 4.EE-04
CR--Si 76 1.uf-C4 2 9E-06 2 9E-04
TE125H 129 4.7E-05 9 8t-03 2 1E-[4
CS-136 46 3.7E-06 5 2E-10 1 4E-04
CE-141 76 4 51-05 2.4E-39 5.4E*05
FO-*86 76 1 9E-05 9.5f-11 5.'E-06
I--131 46 1.?E-05 8 2E-11 4.FE-(6
RA-140 76 3.1E-06 T.4E-12 2.4E-06
LA-14L 41 5.vE-06 8 6E-12 1 7E-t6

TA9LE 41 == CA3E I-I -- S ANIT A,1Y LAN3 FILL * E XDOSURE TO 55 G ALLON OFUHS AFT EP NO DECAY
TAnLE 42 -- CA3E I-I -- SANITARY LANOFILL - EXPOSURE TO 55 G ALLON ORUMS AFT ER 0.0 01 YEAES
TABLE 46 -- Calf I-J -- SANITARY LAN3 FILL - GROUN3 SURFACE Exp0SURE TO WORKEPS AFTEc 0 OECAY
TA9LE 52 -- CA3E I-K -- EANITARY LANDFILL - OkOUND SURFACE Exp0SURE TO RESIDENTS AFTER 5 YRS
TAnLE 61 -- C AiE II-r -- FILL W ANTE D DISP 3S AL F330 G4OWN IN WASTE tFT E R 0.5 YE ARS PEC AY-

f t9LE 16 -- CAiE II*K FILL WANTED - GROUND SUqrACE EsPOSURE TO REFIDE NTS AFTE R NO DE CAY*-

TAntE 134 -- CA3E III-D -- SPHITArY LANDr!LL - INHALATION DUFING SITE EXC7VATION AFTER 5 YPS
TARLE 124 -- CASE IV-E -- rTLL WANilo DISP 3 SAL CHILD EATS WA5TE AFT.iR NO DECAY-

TABLE 121 -- CASE IV-E FILL WANT!O DISD35AL - C4ILD EATS WASTE AFTrp 0 1 YEARS DECAY--

f t,0 E 129 -- CA3F I V-F FILL WANTE 3 OISPOS AL r030 GROWN IN WASTE AFTE R 0.5 YEARS PECAY I
-- -

I
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Tabic 6-3
.a.'

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

iifor Land Disposal of Homonencous Bulk Solid Waste

Activity on Resin Decayed for One Year Before Disposal- *

>

IN OR0f r or OECRE ASING RATIO OF EXPECTED 10 LIMITING VALUES

IS0 Tore -TA9LE LIMITING EXPECTE0 RATIO OF
CCN*EN. CONCEN. EXP ?Q IIM

(UCI/GHI (UCI/GM) CONCEN.

CS-124 76 4.9E-07 2.08-04 2C 5.01C S ',CS-1?T 52 1 5E-06 2 3E-04 153.6618'
'

CO--E0 76 :8 1E-07 2 2t-0 5 26.8626-
C0--16 T6 2 6E-06 1 6E-06 .6296
MN-*th 76 2 4E-06 1 3E-06 .5212
S R - - C. E 129 T.5E-LF 1 3E-CT .1705
CE-164 76 3.6E-06 1 2F-0T ..C331
TE127H' 129 5.3E-06 1 3E*07 .0237 .

RU-it6 16 2 4E-06 4.8E-04 .0199
Y---tl 46 3 4E-L5 1 3i-37 .03J8
FE--55 1 P.9 4.5E-03 1 4E-05 .0031
FE--59 F6 2.6E-06. 4 S.5E-39 .0030
PR-ikk' 41 5 2E-05 1 2E-07. .0223
NS--95 76 4.4E*06 8.7E-09' 0020
ZR--95- 76 2 1E-C6 4 1E-09 .C:19 jTC--59 61 6 3E-08 4.35-11 6. a E-0 4 !

SR--e9 76 1 6E-C5 6 2E-09 3.9E-L4 h
1Y-- ^1 76 1 9E-05 .2 9E-09 1 5E-L k
|4

TE-127 46 9 1E-04 1.2E-07 1 4 E-0 4
TE129P 76 1 1E-05 1 55-39 1 3E-L4 '

PU-103 76 5 6E-C6 1.TE-13 3.;E-05,

TE12?H 129 '4.7E-05 'i.1E-09 2 6E-C5
TE-129 41 0 3E-f5 1 5E-09 2 3E-!5

iCR--51 76 1 0E=0h 3.1E-1J 3 1E-f 6
'

.CE-141 76 4.5E-05 4.98-11 1 1E-L6
I--129 129 5 2E-07- 1.1E-13 2 1E '.7
P0-239 114 4 9E 05 4 2E-12- 8.6E-C 8
CS-135 52 1.7E-(b 1 7E-12 2.?E-08 *

CS-136 46 327E-06 1.1E-14 A.=E-09.
CB--86 76 1 9E-05- 1 1E*13 5.AE-09

TA9tE 41 CASE I-I ** SANITARY. LANDFILL * EXPOSJRE TO 55 GALLON CRUNS AFTER NO DEC AY
--

TA9LE 42 -- C 4 3 E I"I -- SANITAyY L AN1 FILL '- EXPOSURE TO 55 G ALL ON OF.UH3 AF T ER b.0 31 YEACS
TA9LE 46 *= CASE I"J == SANIfARY LAN3FIL'. - GROUN3 SURrACE EXPOSURE TO WORKEES AFTER J C'rd'
TA9LE 92 *- Cdit laK -- SANITARY LAN3 FILL. GPOUU3 SURFACE EXPOSURE 10 hESIDENTS AFTF? C ru ,

TA9tE 61 -- CASE II-F ' fit.L HANTE1 DISP 3 SAL - r330 Gr.0WN IN WASTE AFTEC, .5 YkAqs DECAv* I--

TAOLE 76 CAIE II-K -- RILL WANTin - GoDUNO SUkFACE E1003U,F TO FE!.IDE NTS AFT ER NO Dr r A v--

' ' TA4LE 13b Calf III-0 ~~ SANITARY LANOTILL - INHulA110N OUFING SIT E ErC AVATION AF T ER % V''--

TA9LE 12k CA3E IV-E -- FILL W ANT!D DISP 3S AL - CHILD EATS WASTE AFT!D NO CECAY-*

TA9LE 127 CASE IV-E -- r!LL WANTE0 OISp3 SAL - CHILO EATS WASTE ArTrR f.1 YEARE DECAY--

TanLE 120 CA3E IV-F == FILL 4ANTiO DISP 3!AL - F330 GW)WN IN W ASlE AFif e. C .5 YE ARS OErav--

.;
1

:

I

!
|

1

I

l
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APPENDIX A,

EQUATIONS USED TO DETERMINE Tile DOSE
RATE FROM EACH NUCLIDE FOR EACl1 PATHWAY

,

i

Symbol Definitions

k

}] indicates that the dose rate is summed over the contributionsn=i from the nuclide and its daughters

A is the vegetation consumption rate of the meat animal (kg/ day)b

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

B'" is the bioaccumulation factor for fish for the n-th nuclide
.

(pCi/kg)/(pCi/ liter)

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

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

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

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

DP
") is the inhalation dose factor for the n-th nuclide and the

j-th age group (mrem /pCi inhaled)

DF
3" is the dose factor for a 55 gallon drum containing a solution

of water and nuclide n (mrem /hr)/(pCi/gm).

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

1 g/cc containing a uniformly distributed source of nuclide-
n (mrem /hr)/(pC1/gm)

E is the quantity of soil eaten by child (g/yr)
F is the fraction of waste which is spilled

.
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G is the erosion rate (g/m /yr) ^

H
.

is the erosion area (m )
I

is the inventory of nuclide n after a year of disposingnat

vaste at the site followed by t years of decay in transit
to the watercourse (pCi)

s

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

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

Q, 1000
* Svn * (U + U, * A * Smn + Ub * ^b *f :=

y
bn

M M * 1 * [k
\yr

M , ky , days 1, , kJ , days2=
yr kg yr day kg yr day 1

is the equivalent intake of vegetation in gms/yr through the
food pathway (fruits and vegetables, milk, and meat)

Q, == (U +U *B +U * B ) * 1000 cc/ literf f s

( L + h * L . ka * L * sc)cc
==

yr \yr yr kg yr kg 1/

the equivalent intake of water through the watercourse pathways(includes drinking water, fish and shellfish)
R is the waste density (gm/cc)
S A* * * * I' 'I'"*" ''""" '' * * * ' ' ' " ' 0'Y' E

bn

S
is the stable element transfer factor for milk (days / liter)mn

is tiic. stable element transfer factor for vegetationS
""

(pCi/gm vegetation)/(pCi/gm soil)
T

b is the duration of burial (years),

T is the duration of exposure (hrs /yr)

U is the breathing rate of the individual under consideration"
(cubic meters /yr)
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4Pathways C - Inhalation of Sp.111ed waste
and D'- Inhalation of Waste During Excayation +

t
k

D=K*U *T - DF *C 1

4

a x 2nj nt
n=i '''

3-
mrem = g , m , M , mrem , pCi .,jyr m hr yr pCi gm

Pathway-E - Child Eats Dirt'on Waste Site
k

4D=E* DF *C
inj nt !'

n=1

mrem = gm , mrem , pCi
yr yr pCi gm soil . , '

-

. Pathway'F - Food Crown on Waste Site ,

k
D= - Q * DF *C,- fm inj' nt

n=i

.. t

mrem = gm , mrem , pCi
yr yr pCi gm

Pathway G - Erosion of Waste into Watercourse
!

-

k
D=G*H Q ~* DF *C

y wn inj. nt
n=1

>

pms *m
- 2 !mrem = m -y , c3 , mrem , pCi

;yr cc yr pCi gm
y j.

.

1,

Pathway H - Inhalation of Eroded Waste

i

same as pathways C and D '

|

1

I

l
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Pathway 1 - Direct Irradiation from-55 Gallon Drums I

k -

D=T T DF ~* Cx- L 3n nt ,

n=1 i '

,

arem = hrs , mrem /hr , pCi ;.

',yr .yr' pCi/gm gm
'

'?
d

' Pathways'J and K - Direct Irradiation from Ground Surface I

'k
D ='T DF4n*Cx -

nt
n=i

j

i

mrem = hrs ,_ mrem /hr , pCi
yr- yr pCi/gm gm

i

i

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

COMPUTED RESULTS OF DISPOSAL
SCENARIO-PA111WAY EVALUATIONS

Tables representing 15 of the most
restrictive exposure pathways identified
in Tables 4-4 and 4-6 are included in thisappendix. The complete set of 143 *. ables
are on file.at the Atomic Industrial Forum.

,

4
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TABLE 25.*
,

. .

CASE I-E -- SANITARY LAi,'DFILL -4 '

CIIILD EATS DIRT ON WASTE SITE AFTER 5 YEARSISOTOFE' HALF LIFE L1HITING DAUGHTE DED. CENT?

9URIAL
1
4 CONC:N.

.(UCI/G1),

H----3 1 23E+:1 YRS 3.35-01
.
'

C---14 5.73i+ 3 YRS 2.2E v2i NA--24 1. 5 )6 + C 1 H 0.S 1 0E+;7
F---22 1 4 35 + 1 CYS 1.s s +v 7

1 Oe-.51 3 733+;1 cys : . .; E + 0 7
"N--54 3 12E+;2 CYS 3 . 3 d + ', .-
MN--56 2 53E+]U HRS 1.JE+07rE-*55 2.4v E + . o YR5 2.9E-C2FE--59 4 5. 3 +.1 TY5 1.Jd+07
CO--Se 7.isi+.1 CYS 4.96+;$
CC--6L 5 24E*;) Y iS 6.29-03
NI--59 8 . 15 + ; * Y R S 3 15-;2
NI--63 9.21d+C1 YRS 1 2E-02
tJI -- 0 5 2.E65+ J H45 1.JE+07C0--64 1 296+Gi PRS 1 3E+07'

ZN--65 2.43E+L2 CYS 1 3E+.w7N--E9 5.50E+C1 t.IN 1.)E+07NF--B! 2.L.'s+., H75 1.Jd+07
4F--F~ ?. IGE +;; FIN 1.aE+07
9 c. -- 6 5 3.LJi+'m FIN 1.ad+;7
R9--86 1.876+U1 fYS 1 0i+07
*B--96 1.8wi+C1 FIN 1.JE+07
R9--F9C 1. 5.L 3 + 01 l'IN 1 0E+v7 SE--89 1( C .i SF--89 5.f,65+si CYS 1.JE+07SE--oC 2.63E+C1 YP3 1 3f-05

.

ER--910 9.7;E+6s HR$ 1. J E &O 7 Y---91 1.s.
,

; 50--92 2.70E+;C HRS 1.JE+07
| Y---9^ 2.E75+CJ CYS 1.wi+07-

Y--9160 5.i;E+01 PIN 1 3E+07 Y---9; ALG.
'

Y---91 5.9;E+;1 CYS 1. .' E + 0 7 *

i Y---oE 3 5 3E &r , HRS 1..f+07
Y---930 1.'.2E& 11 H .S 1. ] E +C 7 NO-93M 52.ZF--9?+C 1 50E+;6 VRS 2.2E+01 NO-93M 52.j 7R--95+0 9.9.) E + ;; C Ys i .C E +' 7 NB--95 3S.J
7R--97 1.7 3+.; FPS 1.si+97

| N9-93M 3.7.E+., YRS 6 2i +i 1
.

! Un. 9E 3.5;E+.1 CYS 1 0E+07
.

NB--97 1. 2 . 2 + *. ; ess 1.J E +L 7
40--990 2.79E+00 CYS 1.JE+07 TC--99 1.2.TC-49&C 6..Jd+.0 HRS 1 05+07 TC--49 1L0.

,

TC-~99 2 1:s +. 5 YiS 1.Ji+cb
OU-1C 3 4 00E+01 CY5 1 0E+07
F U-1C S 4.4 3E + $ e H45 1. J i + ; 7
7.U-: C E 1.CJE+60 YRS 1.1 E +i '

I
:H-16 5 1. 51s + > C YS 1 0E+e7. <

AG110M 2.6si+.2 CYS 7 . * E + t.1
TE125H 5.9,i+.. CYS 1.:E+07
T E ; 2 76' + 9 1.' 52 +J 2 DYS 9 3E+03 TE-li7 10.TE-127 9. 3 a E + 6 , HR5 1.,E+w7

. TE129MC 3.L;5+L1 DYS 2.3E+05 I--129 itC.t
j

63
..



. -

. . - ,

*
..

. .

.

TABLE 25 4

4

CASE I-E -- SANITARY * LANDFILL.-
CHILD EATS DIRT ON WASTE SITE AFTER 5 YEARS

1

+

ICOTOFE HALF-LIFE LI MIT I NG DAUGHTEn PERCENTBURIAL .

CONCEN.' *

(UCI/GM)
TE-129r 1 12E+Cs HRS 1..E+J7 I--129 100.

,a

TE131HD 1 26d&LJ CYS 1.]E+07 I--131 160.TE-1310 2.5JE+01 MIN 1.JE+07 I --131 100.TE-132+0 3.?5E+su DYS 1.0 E +0 7 T--132 4I--129 1 60!+( 7 YRS 1 3E-03I--134 1 24E+ti HRS 1.JE&J7I--131' S.05E&LO CYS 1.]E+d7
-

T--132 2 342&uu HRS 1.JE+07I--133 2 13 E + 01. H4S 1.JE+07I--134 5 3;E+: 1 8IN 1 0E+07I--1350 6. 7 -) E + ; 0 HRS 1. ] E +0 7 * C S-13 5' 100.
,.

CS-13h 2 1JE+0-J YRS 3 2E-03CS-135 2...E& 6 YRS 6 36 s3 e

CS-13E 1.3JE+C1 CVS 1.JE+07
'

CS-137 3."JE*01 Y4S 1 2E-03CS-138 3 22E+di PIN 1 0E+07GA-1Lf 1 73E+;1 DYS 1 0E+07 ;_

nA-141t 1.9,2+ci MIN 1. s E + 0 7 cc-141 itL.9A-142 1 1GE+ti- PIN 1 0E+07LA-141 1 675+,, OYS 1.,E+07
LA-1410 3.90E+0J HAS 1 0E+07 CE-141 106.LA-142 1.49E+t; PFS 1.GE+07 !
00-141 3.25E+:11 DYS 1.;E+i7 )
CE-1430 (.37E+CJ CYS 1 0E+07 DF-143 1L0. |

i

CE-144 2 85E+L2 Ov5 3.7E+01PR-143 1.? 7E M I CYS 1.a3+;7 |
PR-144 1.73E+01 HIN 1 5E+07 !

NO-147T 1 11E+01 LYS 5.6 6 +C 3 PM-147 100.
5

|
P 61-14 7 2.6,5+t; YRS' 6 6E+91W--187 2.4v2+01 HRS 1 0E*07RA-223 1 1*E+vi CYS 1 0E+07nA-226 1. F .' E + ; 3 Yes 2.3E-07 .

AC-227+9 2 165+ 1 YRS 5.42 .5 RA-223 90.
{

,

j

TH-2270 1.425+vi CYS 1.JE+07 iA-223 lid.
]CA-231+0 3 25E+04 YRS 1 65 u4 (A-223 44.U--235 '7.10E+0S YRS 1.JE-03 l

NP-2390 2 35E+CV GYS 5.BE+c3 30-239 100.

'

90-239 2.44E+0* YRS 1 5E-03

44550 ONt A MAXIMUM 00SE CCHMITHENT 3 1.u0 MAEM/YR T O Q .I I L O P. E b |WHO EAT .1C KG OF DIRT IN A GIVEN YEA 9
DECAY TIh5 FROM EURI AL TO INGESTION i

5.si+6. YEARS i i
=

FFACTION OF SOIL WHICH IS WASTE = .23
4
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' TABLE 29.

. .

CASE I-F -- SANITARY LANDFILL -
!

FOOD GROWN ON WASTE SITE AFTER 5 YEARS
ISOTOPE HALF-LIFE LIMITING OA UGHT C.4 GERCENT

,

BURIAL |
,

| CONCEN. '

(UCI/GM) Ir

H----? 1 23E+01 YPS 6 6E-05
C---14 5 73E+.3 YRS 91E 6'

NA--24 1 43E+;1 HR$ 1.sE+G7
P---32 1 4 3d +;1 OYS 1.JE+C7i CG--5 2 7Bi+vi CYS 1.0E+J7
"N--54 3 12E+.2 CYS 1 55 .1
"N--56 2 53E&C0 HRS 1.!E+07
rE--55 2.4c5&LL YRS 4 65-(2
FE--59 u.50E+*1 CYS 1.]E+J7
CO--Se 7.1.E+;; CYS 2...E+c5
CC--6( 5.24E+0] Y;S 2.5E-03
NI--59 S .r 13 + c 4 y e.S a,35.g3
NI--63 9 21E+Ji Y4S 4.9E-04
NI--6E 2.56E+.. HS 1.JE+07

6 C U - - F. 6 1 29E&01 H05 1.)E+07
2H--L5 2.L5i+'s? CYS. 8.55 u4
7N--69 5. 5 0 E +' ; HIN 1 0E+07s
Sh--83 2.43E+C) HRS 1.3E+07,

j AR--64 3 0)E+J1 MIN 1.JE+07
1 90--85 3 . . E + 0 .- MIN 1. s s + L 7.

g c9--F6 1 87E+01 CYS 1 05+07
CR--68 18 E+S1 MIN 1.JE+v7
39--990 1 5;E+01 MIN 1.JE+v7 SS--S9 .CL.
SR--89 5.C6E+C1 CYS 1.JE+07
SE--90 2 . P. 9 E + ~ 1 44S 2.2c-06
5R--919 9.7vE+ J PRS 1. s i +L 7 Y---91 100.
Sr--02 2 7JE 'LO bis 1.JE+C7
Y - - - 0, 2 67E+0J CYS 1. J E + C 7
Y--91Pn 5.LsE+31 MIN 1.aE+37 Y-~~92 16 6 .

|Y---91 5 90E+;1 ;VS 1 0E+37
iY---90 3 535 +i J HRS 1 0E+07

Y---930- 1 92E+0i HRS 1.JE+37 N3-93d 99. l
7 F;-- 4 3 + 0 1.50E+'6 YRS 2.6E+ot N9-93M 99. l

.

-| 74--95+3 6.535*C1 CYS 1..E+07 N9--95 98.
7?--97 1.7.E+21 HoS 1.vi+L7 |
fe3-93" 3.7;E+... YRS 3. 9E + ' . - |

;
'

NA--95 3.c)E+ci CYS 1.JE+07
|ue--97 1 2;E+.s H9S 1 4E+07

40--990 2 79E+'s CYS 2.9E+04 TC--49 100.;
TC-99PO 6.GJd+JJ HR$ 3.2E+35 TC--99 100.-
TC--99 2 1;E+ 5 Y45 1 15-03
RU-103 w.0GE+L1 CYS 1..E+07
C. U - 10 5 4.43E+09 HoS 1 0E+07
5,U-1LE 1.seE+20 YR$ 5.sE-02

i H-1,5 1 56E+J i CYS 1.si+.7
l' AGiltM 2.6,E&;2 CYS 1 1E-L1

TF125P 5.S]E+L1 OYS 3 1E+C5 t

TE1278+0 1.i55+02 OYS 7..E+0L Tc-127 3. !.TE-127 9.305+CJ HRS 1.JE+.7 1
, -TE120F0 3.4;E+.1 CYS 3.iE+C4 I--129 itu.
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TABLE 29 \.
., ,

,j
CASE I-F -- SANITARY LANDFILL -

FOOD GROWN ON WASTE SITE AFTER 5 YEARS. !1S07005
HALr-LIFE '

1

LI MI TING DA UGHT EE.BUsIAL cEiCEu }CONCEN..
(UCI/GM) 1

TE-1299_ 1 12i+Cs HR$TE13;FC 1.ji+17 I--129 ^

T6-1310 1 20f+Cu OYS 1CJ,1.s E +C 7 I--1 31'TE-132 2 5,5 +t 1 MIN
1 0E+C7 I--131 1((,3 2 5E + ,s CYS

,

I--129 1.CE+C7 is
1 6 d +' 7 YRS 2 2 E -L. 4

, ,

I--13f 1 24s+t; FC5 1.JE+07I--1M $. 5f+;, CYS
1.sE+s7I--132 2 33E+C; HsSI--133 1 3E+J7

I--1?L 2 19i+.1 FRS 1. ] s tu T'5 312+ci PINI--1350 -1 3E+076.7.i+., PCS 9.75+LS CS-135CS-13e
CS-135 2.1)E+r, YRS

1 3E-C4 Its.
'

2.t iE+;6 YRSCS-i?e 3. 7E-U 41 3 i+.1 CVSCS-137 1.;E+47 '

3.L S E +01 Y .5C5-138 4 65-C53 2 25+vi t:IN 1. E+v74A-16t
1 28E+01 OYSRA-1 lip 1.UE+371. %: s +;1 MIN 1.ji+J77A-142 1 193+:1 NIN CE-lui

1. Q E &c 7 itC.L A-1L;
LA-1420 i.67E+0c rYS 1 06+C7.3.T,2+$. FAS 1. 6+.7 CE-1*1

&

LA-l'2 1.4si+,0 FES 1.JE+67 1sc.CE-141
3.255+.1 CYSCE-1430 1.Ji+C7 f

1 3 7E +t , CYS 1.js+;7 DA-143
'

Cb-144
2.45f+02 CYS 6 1h+01 iLO.PP-143
1 373+6A CVS 1. ; i + C 7CR-1LL *

73s+.1 MIN.NO-1470 1.sE+17
FM-147 1 115+0i CY3 2.96+03 DM-1*7 i

2.6.dteJ YkS 3 5f+C'; 1CC.W--147 i2. 4~s i & 51 HR$ 1.,5+;7'A-2E3
1 1*s+Ca CYS 1.CE+37EA-2Ef
1.6]f+]3 YRSAC-227+0
2 16 6 + C 1 YRS 8.+ f L 5 dA-223

5.Ji-07 e

TH-2'70 '

1.32i+J1 CYS 1. s E +C 7 RA-423
69.CA-231+3 3 253+)4 Y'S 1. s E -; 4 RA-223

100.U--235
7 155+Ci YSS 5 2E-04 13.

.

h'P-2 3 90
2.35E+LJ CYS 5.* E +C 490-??9
2.44E+C4 YRS 0U-2391 4E-02 itt.

TASi) Okt
CChSUMa' ION OF ,

CC00 GROWh ON WASTEA 9A)I"UM JIT!
105- COMMITMiNT GF_

DECAY T I v E rr.JM BUhIAL TG INGESTION :MR2 M/YR TO ADUL TS
1.LJ

GChSt'MPVIGN CF 5 06+00 Y6ARR
CGFiUMOTTON OF

15s.
<G CF-FRUIT 3 AND VeGETAA

CONEl'MDTION Cr 510. LITEh5 Or HItg pEq yE AR LES Pdn YdAE
11. <G CF MEAT Pik YdAcCGbSUMPTION F,AT~
OF C3W = St. KG/0AYCChSUMP*IO9 CAff 0F CATTLE :

FfACTION OF SJIL WHICH 15 WASf650. KG/ DAY
= 10
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- TABUS 41

CASE I-I -- SANITARY LANDFILL -
EXPOSURE TO 55 GALLON DRUMS AFTER NO DECAY

ISOTOFF PALF blFE LIMITING DAUGHTEF PERCENT
,

GURIAL
CONCEN.

(UCI/GM)
iH----? 1 235&.1 YCS 1.)2+C7 i

.

C---14 5.7 3f &; 3 YRS 8.2E 2
NA--24 1 50E+Ci HRS 2.9E-06
P---32 1 4 3d &,1 CYS 1 6 -04
C9--51 2.792+.; CYS 2 2 E-0 4

:

-4N--54 3.125+;2 PYS ;.2E 5
"N--56 2.53E&CC HRS 5.4E-06
FE--55 2.466& s Y E,$ 1 3E&C7

,:rE--59 4 5.5+: 1 CYS 9.JE-06 ''

CO--5P 7 175+''1 CYS 9 9E-16 !
CO--E C 5.2+E&GJ YOS 4.5E-06
NI--50 4.Lis+;4 YOS 1. 5+G7 !:

NI--E3 9 21E+01 Y?S 1.JE+07'
||NI--65 2 565+Lc HAS 1.JE+07

.

CU--64 1 296+21 HRS 3.95-05 !
3

!

/. N - - 6 5 2.L 3E &L 2 CYS 1. ': o S
j7N--69 5.5]E+.. I'I9 7. E-Cu '

00--43 2 40i+0J HRS 4.4E-04
QF--84 3.2u2&0i MIN 4 96-06 ;jER--85 3 . . . s + L .' MIN 8 32-65 :i

RB--86 1.972+01 CYS 7.id-J5 I)t.8--A6 1 8 s E+C 1 "IN 1.ic-05 ''

c9--89 1. 5 6 6 +01 LIN 4.oc-06 ;
!

SP-'89 5 . . 6 5 + .' 1 CYS 2.36 ;+ !;
SR--Al 2 835+;; YRS 2.5: .3 '
SC--91 9.7ci+C0 H95 1 3E-05

.
|ST.--o2 2 7 i& u HRS 7 32-u6 i

Y---9t 2 . E. 7 5 + c )' CYS 1. E-J4 (,Y--9;P 5. .i& MIN 1.'35 s5
j'I

$ .

Y---91 5.935&~1 CYS 3.;E-04
4

Y---02 3.535$o u his 2 36-05 t

iY---93 1.C2E+;1 F45 3 4E-05
;26--93 1 543&,6 Y :' S 3 26+01 '

'

7f--95 6.53f+C1 CYS 1 26-J5 i

25--97 i 7 'i &;1 F7S 4.7E-05 |!NP-93P 3.7;E+CU Yd5 5 7E-/1 'i
*

NP--45 3.5vi+;1 tYS 1.2E-05
,' INB--Q7 1.2 E&Js PPS 1 2E-05.

MO--99 2 795+;) CYS 5.8E-05 '

TC-99* 6. Ji& 6) HRS o.75-15 '

TC--99 2 1Ji+;5 Yss 1 35-02 i

RU-il3 4..
iwi+;i DYS 1 56-C5 '

* U-it 5 9.4 35 + 6 0 HR$ 1 2E-05 i

RU-h 6 1.' ;E&.-J YR$ 4.45+)3
4H-1C E 1.5SE&L0 DYS 6. 7E-J 5

' AGlit P 2.Ess+;2 DYS 3.7E-C6
TE125F 5.80i+61 CYS 2.3E-02 #

TE127H 1.!5d+1'.2 CYS 1."E-01
'TE-iE7 4.?JE+(. F15 1 1E-C3
ic129P 3.40:+r1 OYS 1 9E-L4 '
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TABus 41..
. .

F

CASE I-I -- SANITARY LANDFILL
EXPOSURE TO 55 GALLON DRUMS AFTER NO DECAY

''

'

ISOTCFf
HALF-LIFE ,

LI MI TING 3 AUGHT:P '

BURIAL- PE RCi n
CONCEN.

(UCI/GM)
TE-J29
TE131P 1 12E+00 HRS

.

6 3E-05
TE-131 1 2;E+00 CYS

8 1E-06
TE-132 2 5dE+C1 MIN

-

I--129 3 25E+00 CYS 2 2E-J5
3 95-051.60 +s7 YRS 2 2E-021--130

I--131 1 24E+31 HRS
I--132 B.C SE+00 DYS 3 9 E-0 6

I -133 2 3JE+00 HRS 2 16-05
3 7E-L62.ijE+;1 HRS 1 56-05I--134

5.3 E&O1 NINI--135 4 92-066.70d NG HRS 5 9E-u6CS-134
2 10E+00 YRS 5 26-06CS-135
2 60E+06 YiSCS-136 3 65-02'1 30E&01 CYSCS*:37 4.66-063.tpi+Ji YRSCS-1:3 2 2 E s' 33 22Eh1 MIN4A-140 4.75 u61 28E+01 OYS 3 25-053 A -141

6A-142 1 8vi+01 hIN 1.85-051 1CE+Li MINLA-14: 1 6f-051 67E+.'s CYSLA-1Li
LA-142 3.90E+00 HRS 5.JE a6

7.4E-SS
CE-141 1.40E+C0 HRS 5 2E-063 25E+01 CYSCE-143 1 62-04
CE-144 1 375+;u CYS 2 9E-L52 35E+02 CYSPR-143 6.6E-0*1 376+S1 OYSPR-144 1 25-051.73E+e1 HINNO _.14 7 5 2E-D51. i i E + ',1 CYS 5 75 .5PH 14 7

2.60E+00 YRS 2.95-32W-=le7
FA-223 d.4"E+31 HRS

-

.

1.9E-J51 14E+01 C YSRA-226 1 0E+07
AC-22 7 1.EJE+03 YRS 1

TH-227 2 162+0i YRS c . 0 E - J' 3
7 96 u31 82E+01 CY5 +

PA-231 1. s s + r. 7
3 25E+C4 YRS

'

1 0E+07 j.U--235
7.i iE +. 3 YRS 1.J:+C7NP-239
2 35E+00 DYSPU-239 1 05+072.44E+Lg Y o,$ 6 8E ,1

BASED ON EXTERNAL
A MAX 11UMEXFOSURE TU 55 GALLON .

DRUM OF W4STEOCSE CCMMIT1ENT OFEXPCSURE TIME = 1.DC PRE 4/YR
TIME FRIOR TC1.bE+J2 HOURS / YEARDECAY

EXPOSURE =WASTE CE N 3I T Y t.
1.C Gi/CC YEARS l

=

,
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TABLE 42
,

,

* '

CASE I-I -- SAMITARY LANDFILL -
EXPOSURE TO 55 GALLON DRUMS AFTER 0.001 YEARS

ISOTOFf HALF-LIFE LI MI T I NG OAUGHTEk PERCENT
9URIAL
CONCEN.

(UCI/GM)

H----3 1.23E+0; YCS 1.yi+e7
C---14 5.7356'3 YRS 8 22-?.2
NA--24 1.535'31 HRS 4 35-06
P---32 1 43E+wl CYS 1.7E-C4
CE--51 2 . 7 8 5 + f.1 LYS 2.25-;*
MN--54 3.12i+'2 (YS 1 26 '.'5
MN--56 2.565+sc HRS 6 35-05
FE--E5 2 4 0 5 + '.' J YRS 1.Si&s7
rE--59 4.50i+;1 CYS 9 1E-06
CO--EF. 7 1. &.1 CYS 9.45 .6
CO--6C 5.243&00 YRS %.56-06
NI--59 B. 15+C4 Y O.S 1..E+J7
NI--63 9.21E+01 YRS 1 0E+07
NI--65 2 5 6 3 + , ., HRS 1 0E+C7
CU--fL 1.2 96 +;1 HRS 6.JE-US
7N--65 2.43s+;2 CYS 1. 76 v 5
7N--69 9.5DE+.ji PIN 5.3E=J1
0'--83 2 4JE&a0 HRS 5.55-L3
'4 R - - t 4 3 20E+01 MIN 4.3E-J1
ac.--853 3.CJi+.w- MIN 2 15-02 KP-85M 100.
AG--P6 1 873+.1 DYS 7.25 5.

C9--68 1 80i+ 1 FIN 6.92+03
39--89r 1.5)E&c; MIN 1 15 + 0 C- SF--89 ILO.
SR--89 5 . 2 6 E + .' 1 PYS 2.35-;4
SP--9C+3 2.88:+0i IRS 7.76-04 Y---9e 69.
9e--91+3 9. 7 E +. a PRS 1. ' 5 , 5 Y--91M 39.4

SH--0Z+0 2 70s+:) HRS 4.2:=05 Y---92 44.
Y---9L 2.675+ 0 CYS 1 16-tb
Y--91P+3 5 00E+C1 PIN 1.iE-02 Y---91 3.
Y---91 5.4si+ 1 LYS 3.JE-04

| Y---92 3.53E+LO hrs 1.36-04
Y---93 ..;22+.1 FRS 61EL5
7R--03 1 5 E+,6 YRS 3.2E*Li
vr--95 6.9):+.1 CVS 1.22-05
7P--97+C 1 7;i+.1 H -2 S 7.52 J6 NB--97 43.
NO-9?P 3.7.E+,. YRS 5.72-L;
NA--95 3.50i+01 DYS 1 2E-C5

'

NO--97 1 2;E+;J HRS 1.86-03
90--99+G 2 79E+C] (YS 4 6E-C5 TC-99H 2B.
TC-90F 6. 05+wJ HRS 2.46-J9

' TC--9c 2 10 i +; 5 YCS 1 3E=C2
| c.U-1 2 9 . /. E + 1 CYS 1. 6E - 0 5

RU-1.5+0 4.435+,, HRS 4.45 J5 RH-135 w.,

I CU-il60 1. '' i i &id Y P.S 2 26-C5 RH-136 100.
' RH-1(5 1 5,: ' PYS 1.sf ,4.

AGliC M 2 6Ci&i2 DYS 3.7d-06
TE125F 5.*Ji+v; OYS 2 3E-02
TE127P+0 1."5E+C2 UYS 2.?i t 3 TE-127 99.
TE-127 3 . 3 , i + '. J F ;. S Z.wc-03
TF129F+3 3.4,E+01 C 'S 4.8c-c5 Ti-129 75.
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TABLE 42
!

CASE I-I -- SANITARY LANDFILL -
.

EXPO;J'RE TO 55 GALLON DRUMS AFTER 0.001 YEARS
*

'ISOTCFE HALF-LIFE LIMITING 9 AUGHT 6F PE; CENT

..

.

BURIAL
CONOEN.

(UC I/ G M) ~

T6-129 1 12E+LG HRS 1.5E-J2TE13M+0 1.2JE+CG CYS 9.25-06 T E -131 7.
*

TI-1210 2.5,5+.1 HIN
t . ,i-J 2 I--131 100.TE-i?2+0 3.25E+CG OYS 3.9E-b6 I--132 91.I--129 1.ASE+07 YRS 2.2E-02I--L?s 1.24s+11 PRS 6.3E-06 I

I--131 9.CSE+;0 DYS 2.22-35I--132 2.30s+CL H4S 5.2E ; 5 !

I--133 2.iaE+31 HRS 2 16-05I--134' 5 395+C1 FIN 4.Ti-J3-I--i?9+0 6.7]E+us HRS 1 2E-0 5 XE-135 11.CS-134 2 10E+L0 VRS 5.25-06CS-135 2. . , E + . 6 YRS 3.62-02
*

CS-126 1.3SE+01 rYS 4.76-06CS-137+0 3.GCE+G1 YCS 1.3E-J5 3A137M 99.CS-136 3 22E& MIN 3.95 ; ; -

DA-14L+0 1 23E+;1 GYS 1.7E-C5 LA-14L *8.4A-1410 1s90E+Ci FIN 4 25-J3 LA-141 99.DA-1L20 1 125+C1 FIN 2.75-)3 LA-1*2 10L.

.

L A -14f 1. F 7! &; 5 CYS 5.3 E t 6LA-141 1. 9 ' E + , , HRS 3 5E-.4.

LA-142 1.4 h h 3 H 3. S 4.JE-04C6-141 3 25Eh1 DYS 162 ' uJCE-143+0 1 2 7E + 1u CYS 3.4E-05 PR-143 5.CE-144+0 2 65E+C2 PY5 *.4E-05 3R-14w 93.D.T-143 1 375+p1 OYS 1 22 L5OR-144 1.73E+01 MIN 7. ?i +L 4
'

t!O- 14 7- 1 11E +01 DYS 5.4E v5PM-147 2.6s E % J Y P,5 2.oE-02W--187 2.4Ji+"21 FRS 24595na-223 1 14E+C1 CYS .)E+s7*

CA-E2E 1 6]E+L3 YS E.;E-03AC-227 2 16E+L1 Y15 7 6E L3TH-227+0 1 92i h t CYS 1..E+L7 RA-223 2.

,

DA-231C 3 23E+0* Y c.S L.*E+02 AG-227 100.U--235 7.iJi+08 YRS 1..E+c7NP-2390 2.35E+0L CYS 1.U!+07 PU-239 100.0U-239 2.4*E+04 YRS 6.45-01

GASEC CNt EXTENAL- EXPOSU:tE TO 55 GAL 60N D E.U M CF WASTEA MAXIMUM OLSE CLPHITisNT Oc 1.% MsEM/Yi!XPOSURE TIPE = 1.LE+32 HOUSS/Yia?
CECAY TIdi PRIOR TO EXP030Ei 1 06-03 YEAkS=
WASTE CENSITY = 1.C G9/CC

70 ,

'

.
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TABLE 46i, '.

~! .

CASE I-J -- SANITARY IANDFILL -
GROUND SURFACE EXPOSURE TO WORKERS AFTER O DECAY',

ISCTOPE H AL F-L IFE LIMITING 010GHTEH FERCENT'

CURIAL
CONCEN..,

(UCI/GM)

H----3 1 23E+01 YRS 1 3E+J7
C---14 5 73E +03 YRS -1 8E-03, *

NA--24 1 50E+01 HRS 6 1E-G6
P---32 1 43E+.1 CYS 4.45-05
CA--51 2 73E+C1 OYS .i.36-04
MN--54 J.12E+C2 OYS- 8.7E-06
9N--46 2 53E+CG HRS 1.JE-04

-

FE--55 2 4,E & N Y95 1.]E+37
CE--69 4.5ss+C1 CYS 6.42-36
C0--58 .7 1rE+:1 .0YS 7 2E-26
CO--60 3.24E+JO YRS 3 26-06
NI--59 3 015+04 YAS 1 0E+07
NI--63 9.21E+Ci YRS 1.ss+07
NI--65 2 56E+C. HRS 1 0E+J7
CU--64 1 296+C1 Ho.S . 1 1E s4
7N--(5 2 43E+v2 CYS 1 2E-05
7N--E9 5.5CE+;1 MIN 61563
3C.--83+0 2.4CE+.. HoS 2.4E u3 KR-83M 2. !'

,

BR--Rh 3.2JE+01 PIN 3 7E-04 1;
'R--65+0 3 00E*CC HIN. 1 7E-02 <k-S5H 34.
48--86 1.872+C1 CYS 2.6E-05
09-~96 1 49E+;1 FIN 1.iE-03 '

59~-89 1. 55 E + 01 FIN 8.iE-04
S4--89 5 . 5 o f + >.1 CYS 4.ss-L5
59--9C+0 2 44E+01 YRS 4 25-05 Y---90 77.S9--91+0 9.7JE&;v HRS' 3.7E-;5 Y --91 M 3 2. -SR--9260 2.70E+00 HRS 3 16-05 Y---92 36.Y---90 2.675+00 DYS 3.45-05 '

Y--91M 5.rJE+;1 MIN 7.42-04
Y---91 5.90E+01 CYS 5 0E-05
Y---92 3.53E+6a HRS 1 7E-C4
Y---93 1.g2E&01 HRS S.JE-05
7E--43 1.55E+:6 YRS 3.2E-D2
7R--95+0 6.50E+C1 PYS 6.7E-J6 NB--95 4.7E--97+0 1.7dE+01 HRS 1 46-05 NO--97 45.NS-92F 3.7)E+00 YRS 1 3E-04
NP--95 3.5.E+61 CYS 9 32-06

'

N9--97 1.2JE&CG HRS 4 95-04
-

MO--99+0 2.79E+t] CYS 3. 3E 0 5 TC-999 25.TC-90P 6.. s E + t c HRS 4 2d v4
TC--09 2.id E +: 5 YRS 5.7E-04
'U-1L 3 4.P JE N 1 CVS 1.2E-C5
FU-105+0 4.43E+v0 H45 1 16-J4 3. H - a 5 11.
C V-10 60 1...E+;0 YRS 3.16-06 iH-166 ILL.
RH-16 5 1.E'.E:s) FYS 1 2s-L4
AGin M 2.6;E+ 2 CYS 2 7E-J6 '

. 1

.TE12FF 5.*3E+C1 DYS 1 92-03
sTE127PD 1..SE+:2 OYS 1 4 E-0 4 TE-127 100..TE-127 9.3Ci+ 1 HRS 9 1E*)4

TE129N+0- 3.40E+C1 CVS 2 1E-05 Yc-129 82.
71 ' .

!
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, , TABLE 46 -

CASE I-J -- SANITARY LANDFILL - t

GROUND SURFACE EXPOSURE TO WORKERS AFTER 0 DECAY
,_

ISOT0FE HALF-LIFE LIMITING DA UG HT ER PERCENT ''

BURIAL '

CONOEN.
(UCI/GH

TE-129 1 12E+W HRS 1.7E-J3
TE131M+0 1 20E+00 DYS 1 35-05 TE-131 8.TE-131+0 2 5eE+01 NIN 1 6E-03 I--131 18.TE-132+0 3.25E+n u CYS 3 7E-L6 I--132 92.
I--129 1.6JE +0 7 YRS 1 1E-03
I--130 1 24E+91 HPS 1.6E-05
I--131 8.C5E+LO CYS 1.dE v5
T--132 2 30E+00 H RS 7.95-05
I--133+0 2 10E+01 HRS 3. . E -0 5 XE-133 2.I--134 5 3JE+01 MIN 2.6E-04
I--135+0 6.7uE+LC HRS 3 2E-L5 XE-133 15.C5-134 2 10E+00 Y15 3.BE-06
CS-135 2 0JE+56 YRS 1.2E-03 '

CS-136 1.3,E+,1 DYS 3.7E 66
CS-137+0 3.C0E+0i Y75 9 1E-06 OA137M 95.CS-138 3 22E+L1 MIN 3.75-04
BA-16t+0 1 23E+61 CYS 51E L6 LA-1*0 77.DA-141+0 1.a06&J1 MIN 1.4E-63 LA-141 32.9A-142+0 1 10E+01 MIN 8.7E-04 LA-142 79.LA-140 1. 6 7 E + 0 0 DYS 6.7E-06
LA-141+0 3 90E++0 HRS 3.2E-04 CE-141 2.LA-142 1 4JE+w) HRS 1 52 s4
Cf-141 3.25E+C1 DYS 8.3E-55
CE-143+0 1.37E+60 OYS 2. 8E-0 5 D C.-19 3 3*.
CE-144+0 2.85E+.'2 CYS 1 3E 65 Pk-144 96.
DR-143 1.372+01 CYS 4. d E-i 6
PR-144 1.73E+i1 MIN 3 3E-03
ND-147 1 11E&*1 DYS 3.7E w5
PM-147 2.60E+00 YDS 9.95-04
W--187 2.40E+01 HRS 4.JE us
C.A-223 1 14E+L1 OYS 1.0E+07
RA-226 1 6JE+$3 YRS 1 6E .3
AC-227 2 16E+01 YRS 5 16-04
T H -2 2 7 + 0 1 82E+01 CYS 1 0E+07 RA-223 11. !
CA-231 3.25E+L4 YRS 1. 0 E + 7. 7.

U--235 7 10E+0S YRS 1 0E+07
NP-2390 2 35E+00 OYS 2. 6E +0 6 PU-239 iL C . |PU-239 2.4*E+04 YRS 3 3E-01

|

DASED ONt EXTERNAL E XPOSURE TO BURIED W ASTE
A MAXIMUM 30SE COMMITFENT OF 1 00 MREM /YR
EXPOSURE TIME : 1.0E+02 HOURS
DECAY TIME FROM BURIAL T3 Eyo0SURE : U. YEA'S
WASTE OFNSITY = 10 GH/C0
FD. ACTION OF SOIL WHICH IS WASTt : 1. v E + 0 C

!
|

72
,

'O

- . _ , .- _ . . _ . . - ~ _ _. _ , , . . .-
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ITABLE 47*
.

|,

CASE I-J -- SANITARY 1ANDFZLL - ]*

SURFACE EXPOSURE TO WORKERS AFTER .001 YR
,

GROUM)

ISCTCFE HALF-LIFE LINITING DAUGHTEP PED. CENT

GURIAL
CONCEN.

(UCI/GH

H----3 1 23E+01 Y?S 1 0E+07
C---14 5.73E+03 YRS 1 8:-03

NA--24 1.50E+01' HRS 1 2E-05
P---32 1 43E+01 OYS 5.JE-05
CR--51 2 762+01 OYS 1.6E-Uw
MN--54 3 12E+02 OYS 8.8E-06
MN--96 2.585+00 HR$ 1 15-33
FE--55 2 40E+00 YRS 1.0E+07
FF--59 4.50E+0i OYS 6 55-06
C0--58 7.10E+.1 LYS 7.2E-u6
C0--64 5.24E+0-s YRS 3.22-06
NI--59 3 012&O4 YRS 1 0E+07
NI--63 9. 21E +01 YRS 1 0E+07
NI--65 2 566+tu HRS 1 0E+L7
CU--64 1 292&C1 HRS 2.*E-c4
7N--65 2 43E&O2 CYS 1 2E-05 '

7N--69 5.53E+wl HIN 4.6E&J0

RR--83+0 2 40E+00 HFS 2 9E-02 KR-83M 6i .

9E--84 3.20E&01 HIN '3 2E*01
GF. -- 8 5 C 3 40E&C0 HIN 1 9E-01 K F.- S 5 H 100

R0--86 1 87E&91 CYS 2 66-J5
PB--88 1 80Ev01 YIN 7.02+35

RB--890 1 50E(U1 HIN -2 3E-01 SF--89 100.

SR--89 5.e6Etoi DYS 4.JE-c5
SF--9L+0 2 865+01 YRS 3 3E-05 Y---90 79

SF--91+0 9 7sE+CJ HRS 6.72-05 Y--91H 34.

SK--92+0 2 70E+N HRS 3 76-04 Y---Q2 69.

Y---99 2. 67E + 00 OYS 3.SE-05
Y--91H+0 5 00E+01 HIN 6 1E-02 Y ---91 93.

Y---91 5 9uE+31 OYS 5 0E-J5
Y---92 3.53E+iG HRS 9.56-04
Y---93- 1 02E+01 HRS 1 4E-04
7.R--93+0 1 5si+ 6 YRS 3 12-02 NB-934 4.

Z9 --9 5 + 0 6.505&G1 DYS 8 6E-06 N9--95 5..

7R--97+0 1 7;E H 1 HRS 2 15-L 5 NB--97 47.

N9-93M 3.7]E+;0 YRS 1 3E-04
N8--95 3 50E+31 DYS 9 12-06
NB--97 1 2JE+Ls HRS 7.JE-L2.

40--99+0 2 792600 OYS 3.5E-05 TC-99M 26.

TC-99M 6.idE&;G HoS 2 3E-03
TC--99 2 1;E+;5 YRS 5.76-L4
RU-il3 v.L0E+01 DYS 1 2E-35
RU-it5+0 9.43E+ud HRS 3 3E-04 o k-10 5 32.

RU-106C 1 0JE&O0 YRS 6.9E-06 RH-106 -100.
r

EH-105 1.50E+00 DYS 1 4E-04
AG110H 2 60E+32 OYS 2 7E u6
TE125H 5.80E+01 0YS 1 9E-03
TE127HO 1.L5f+.2 OYS 1. E-04 TE-127 100.

.TE-127 9'.3;E+yb HRS 1 7E-03
TE129H+0 3 40E+01 CYS 2.3E-05 TE-129 83.,

73
1 f
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TABUS 474 8

e

CASE I-J -- SANITARY LA!!DFILL -
GROUND SURPACE EXPOSURE TO WORKERS AFTER .001 YR

.

, ,

ISCTCPE HALF-LIFE LIMITING DAUGHTER PERCENT
- *

BURIAL
C09CEN.

,

( UC I/ GM)
TE-129 1 12E+59 Hs3 3.SE-01 ,TE131H+D

1. 2 0 i + 0 4 CYS 1 6E-05 I--131
'

T E -1310 2.5GE+01 FIN d.$E-03 I--131 9.TE-132+0
3 2 5 E + u t- OYS 3.BE-L6 I--132

' 4

ILO.I--129 1.6JE+;7 Y R.S 1 16-33 92.I -130 1 24E+si HRS' 2.65-J5I--131
S.C5E+00 DYS 1.4E-05I--132 2.30E+00 HRS 1 1E-031--133&O 2 10E+41 HRS 4 56-05 XE-133I--134 5.3LE+C1 PIN 2 5E-01 2.I -135+0 6.70E+00 HRS 6.'E-05 XE-135CS-134 2 10E+00 YRS 3.SE-06 26.CS-135 2.l0E+36 YRS 1 25-03CS-136 1 3CE+C1 OYS 3.85-06CS-1J7+0 3 1.E+L1 YRS 9 1E-0 6 3A137MCS-128 3 22E+01 MIN 3 1E+0i 95.0A-14L+0 1 28E+Li CVS 4.76-36 LA-14L 80.BA-1410 1 865+0i MIN 1.76-02 LA-141 93.

'9A-1420 1 19E+01 MIN 7. * E *' 2 LA-142 100.L t. - 14 t - a1,675+0c CYS 7.3E-36LA-141+0 3.90E+00 HRS 1.4E-03 C E -141LA-142 1.4 'j d + 0 0 HR S 1 1E-32 8.CE-141 3 25E+L1 OYS 6. 9E-C 5CE-143&O 1 37E+LO CYS 3. 6-65 DR-1*3 41.
06-144+0 2 85E+02 OYS 1.3E-c5 DR-149 96.PR-143 1 3?E+C1 PYS 4.oi-06PR-144

1 7 3E & a l HIN 4.65+06NO-147 1 11E +' l LYS 3.6E-J5PM-147 2 60E+00' YRS
,

9.9E-04W--187 2.60E+01 HRS 5 1E-05DA-223 1 14E+01 DYS 1.aE+079A-226 1 6JE +L 3 YRS 1.6E-L3AC-227 2 16E+0 i YRS 5.iE-04TH-22760 1.82E+01 OYS 1 0E+07 RA-223 12.PA-2310 3.25E +! 4 YRS 1 65+51 AC+227 100.U--235 7.i sE +t 8 YGS 1.;E+'7
,

'

hP-2390 2 35E+LO CYS
.

2 3E&O6 PU-239 100.PU-239 2.44E+0* YRS 3 0E-01

9ASEO CNt EXTERNAL EXPOSURE TC BURIED WASTEA
MAXJ. MUM DOSE CO MMITMENT Cr1.ub % EH/YEEXPOSUFE TIME : .i.0E+02 iOURS

DECAY TIME Fs0M BURI AL T3 EXPOSURE :1.C :-; 3 YEACSWAITE DENSITY 1 0 GM/C:

FCACTIGN OF SOIL WHICH IS WASTE : 1 1E+ve -

.74
f

e
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TABLE 48*
.,

- ,

CASE I-J -- SANITARY LANDFILL -
GROUND SURFACE EXPOSURE TO WORKERS AFTER O.01 YR

#

ISCTCFE HALF-LIFE LIMITING OAUGHTE5 PERCENT
BURIAL
CONCEN.

(UCI/GM)

H----3 1 2 3E +01 YRS 1 0E&07
C---14 5.73E+03 YRS 1 8E-03
NA--24 1 5wd &.1 HRS 4.65-J4
0---32 1 4 3 E + 01 DYS 5.$E-G5
CR--51 2.785+01 OYS 2.dE-04
HN--54 3 12E+02 OYS 8 82-06
MN--56 2.5$E604 HRS 1 7E+a6
FE--55 2 4]E+00 YRS 1 0E+07

- FE--59 4 505601 OYS 6 96-06
C0--58 7.1JE+G1 CYS' 7 4E-36
CO--Et 5 29E+('; YRS 3 25-06
NI--59 4.31E&C4 YRS 1 0E+07
NI--63 9 21s+01 YRS 1.Jc607
NI--E5 2 566+00 PRS 1 0E+07
CU--64 1.29E+.1 HRS 1 7E-02
IN--65 2.L3E+02 OYS 1.3E-05
ZN--69 5.50s+01 MIN 1 0E+07
9R--83+0. 2.40E+LJ HRS 1.JE+07 K F. - 8 3 M 10.

RR--64 3 20s+G1 MIN 1.3E&07
BR --8 5 0 3.?;E+00 MIN 2.1E+02 KO--85 100.
RB--86 1 875+21 CVS 2.92-a5
90--88 1.80E+Ji HIN 1. E+07
RB--890 1 50d +C1 MIN 2 1E-01 SR--89 L L' O .

SR--89 5.t. 6 5 + 21 OYS 4 26-J5
2. ' E-0 5 Y---90 87.SR--964C 2 88E &Oi YRS 4

S0--91+0 9.7v6+w. H o.S 5.*d-J3 V---91 71.

SF--42D 2 70E&C0 HRS 1.6s+03 Y---92 100.
Y---90 2.675 &L u OY3 S.9 6 -L 6

-

Y--91MC 5 00E+61 MIN 9.0E-02 Y---91 155.
Y---91 5.9;E+01 CYS 5.2E-GS
Y---92 3.53E&C0 PRS 5 0E+0 3
Y---93 1.C2E+C1 HRS 3 12-02
7c--97+0 1,5cE+.6 YRS 2.?E-02 NO-93M 30
7P--95+0 6.5uE+C1 OYS 8.4E-L6 NS--95 10.

7R--97+0 1 7.5+ 1 HRS 5. 6-S4 N9--97 47.

t9-9?M 3 70d+0J YQS 1 3E-04
N3--95 3 5vitsi CYS 9 7E-06'

WR--97 1 2;E+0.- HRS 1. v E + t 7
40--Q9+0 2 79E+CJ OYS- 7.9E-05 TC-99M 27.

TC-99H 6. vi+93 HRS 2 0E+01
T C --9 9 2 1JE+,5 YoS 5.75 64 7

RU-1C3 4.0uE+01 OYS 1.3E-05 !

U-1L 50. 4.435&JG HRS 4.5E-03 RH-105 100.
.

RU-into 1. JE+wu YRS 9.jE-36 R H-10 6 1LC.
RH-1C5 1 50E +L O CYS 6.*E-04 y
AG110P 2 605+C2 OYS 2 7E-06 4

.'-TE125F 5.90E*Li DYS 2.JE 43
-TE127MO 1 05E+02 CYS 1 3E-04 TE-127 100. ''
- TE-127 9 3tE+0J HRS 6 2E-01
TE129e+0 3.40E+01 CYS 2 5E-35 TE-129 83. i

75 3

n

== ex 4%

4-e-'w -'e'W , eye--e --- e +-- my--m- g- 4 3+- e'W' y, --t- 3+mA g---p y-eye'e- d J % e hT' '= yve Wgrr-- pwwPw$w *=
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TABLE 48 *i
i

CASE I-J -- SANITARY LANDFILL -
GROUND SURFACE EXPOSURE TO WORKERS AFTER 0.01 YR

*

IlISOTOFE HALF-LIFE LIMITING OAUGHTER DERCENT
BURIAL .

CONCEN. i

It(UCI/GM)

TE-1290 1 12E+0) HRS 1.)E*07 I-*129 105.
.

TE131P+0 1 20E+C0 OYS 6 65-05 I--131 42.TE-1310 2 5tE+61 PIN 1 26-02 I --131 its.

''

TE-132+0 3.25E+00 CYS 7.7E-06 I--132 92.I--129 1 605 +0 7 Y4S 1 16-33
I--130 1 24E+01 HRS 2 1E-03I--131 S.l5E+Js DYS 2.56-05
I--132 2.3 3E N D HRS 1 0E+07 , ,

I--133+0 2. ICE +01 FRS 4 65-34 XE-133 22.
j

'

!--134 5 30E+0i MIN 1 0E+07I--135+0 6.7SE&D0 HRS 4 12-02 XE-135 87.CS-134 2.10E+00 YRS 3.9E-06
'

CS-135 2.t us+)6 YRS 1 2E-03 t

CS-136 1 3CE+01 DYS 4.52-06CS-137+D 3.'JE+'i YRS 9 16-06 3A137H 95.
,.

CS-138 J 22E+vi FIN 1 0E+07DA-140+0 1.?3E+01 DYS 3.3E-06 LA*1*C B6.aA.1417 1. 8,2 +01 MIN 2 5E-01 CE-141 itJ.cA-1420 1.1)E+01 MIN 1 3E+07 LA-142 100. ~

LA-14C 1 676+.0 CYS 3. J 'E - 0 5LA-141n 3. 4a E + r ., HRS 1 9E-J2 CE-141 100.LA-142 1.4]E+JJ HRS 1.us+07CE-i41 3.25E+C1 OYS 9 6E-05CE-143+0 1 376+6% OYS 4.76 ;5- OR-143 62.CE-144+0 2.85E +3 2 DYS 1 3E-05 DR-144 96.PR-143 1 375+01 CYS 5.3E-06PR-144 1.7 3d +C 1 MIN 1.GE+07HD-147 1 11E+C1 OYS' 4. 6E-0 5PH-147 2.6;E+Cs YRS 9 92-64W--187 2.40E+.1 HRS 5.)E e4OA-223 1 14E+01 DYS 1 0E+07RA-226 1.692+04 YRS 1.6E-03,

AC-227 2 16E+31 YFS 5.1E-04TH-227+D 1.82E+.'1 CYS 1 5E+a7 (A-223 24.
i

PA-2310 3 25E+04 YRS 1 66+60 AC-227 1L0.

*

U--236 7 105&d3 YRS 1 0E+07NP-2340 2.35E+C0 DYS 1 4E+06 00-239 ic0.PU-239 2.44E+3* YRS 3 0E-01

nASED ONt EXTERNAL. EXPOSURE TO 9URIE 0 - W ASTE
A HAXIMU9 00SE COMMITMENT OF 1.s0 MREP/YR
EXPOSURE TIME = 1.CE+02 HOURS
DECAY TIME Fs0H GURIAL TO EXPOSURE 1 42 2 YEARS=
WAETE OENSITY = 1.L GM/C0
FRACTION OF SOIL WHICH IS WASTE : 1 0E*JC

76
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TABLE 52*
.

,.

CASE I-K -- SANITARY IANDFILL -'

GROUND SURFACE EXPOSURE TO RESIDENTS AFTER S YRS
ISOTCFE HALF-LIFE LIMITING DA UGHT EP FERCENT

BURIAL<

CONOEN.
t

( UCI/ G H
,

H----3 1 23E+C1 Y4s 1 0E+37'
C---14 5.73E+53 Y35 2 65 a4NA--24 1 5DE+31 F35 1.GE+07

,

P---32 1.43E& 1 CYS 1 0E+C7j CF--fi 2 785+31 DYS 1 3E+37'

MN--54 3 12i +' 2 C YS 9.73-J5si 94--96 2 93E+CJ-HRS 1.JE+C7ri--55 2.4. 5 & * YRS 1 0d+07.

FE--50 *.Ess+31 DYS 6.66 +3 6C0--56 7 106+.'1 OYS 1. 7 E +;' 2CO--fC 5 24E+6C YRS 9.3E-J7NI--f9 S..id+s, YRS 1.)E+07NT--63 9 2iE+31 Y 2.5 1.JE+)7NI--65 2 56E+..' PTS 1.:5+L7CU--fL 1 295+Ci HRS 1.,E+07
7t--E5 2.43d+32 CYS 4.7E-0*2N--fo. 5.c6E&C1 MIN 1.C:+C78F--83 2 . u *. E & -.; PS a..i+L7PR--84 3.c,E+.1 FIN 1.Ji+.7ac--857 3 . . o E + .w PIN 4 2E+01 <c--85 100.09--66 1. 9 7 3 +i 1 DYS 1..E+C7L.9--88 1 8 s E & ' 1 - t'IN 1. . E + '. 7.

53--390 1 50i&01 PIN 1. C E & O 7 SP--89 iiC.S4--89 5. 6E+J1 rYS 1.6E+s6SR-~9C+3 2. 8 S E + .1 YRS 3.;E .6 Y---90 90.S:--910 4.7;E&O; HRS 7 . 4 E 5-2 6 Y---91 IL C .SL--92 2.70E+Ju h45 1.JE+07Y---9. 2.ETE+.; CYS 1 3 E +0 7Y--91PO 5.. ;E & J a t:IN 1 3E+37 Y---91 1; t .v---91 5.qJE+01 OY3 5 1E + 3'4Y---92 3.C3E+., HRS 1..E+17Y---93P 1.CZE+01 H;$ *.1E+uk NR-93H 99.76--93+0 1. F E +i 6 YRS 3 4E-05 NA-93M 09.7R--95+0 6.5Ji+G1 OYS 3 6E&u2 NS--95 69.?c--97 1.73i+ft FRS 1.Ld+a749-93t* 3.7;E +e : YRS 5. 3 E -;. 5NA--95' ?.5SE+C1 DYS 1.cE+07
,

NB--97 1.?is+~.; F7S 1.LE+0790--990 2.79E+03 CYS 2 2t+L3 TC--99 ha.TC-9CPP. 6.C Ji+ 6] FRS 2.5E+04 TC--99 ILO.T C --99 2.135+65 YDS 812 5sRU-it 3 4.t0E+J1 CYS 1 0E+07K U-il 5 a.43E+0) HoS 1 0E+07RU-ist? 1.usE&c0 YRS 5 36-05 (H-106 IL O .T H-1( 5 1.50E+0h GYS 1.JE+07AGil;P 2 63E+s2 CYS 7 2e uS
T E 12 c ti 5.8]E+*i PYS 2.9E*06
TE127HO 1.LSE+C2 DYS 6. 'E N L TE-127 1CO.TE-ti7 9.3.'E+r a HRS , .J : +i 7
TE129Pr 3.40E+;1 OYS 2 6E+C4 I--129 1LL.77

.
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-TABLE 52

4|,

CASE I-K -- SANITARY IANDFILL - e

GROUND SURFACE EXPOSURE TO RESIDENTS <AFTER-5 YRS '*l
..

'lISGTOFE HALF-LIFE LIMITING DAUGHTER cERCENT '
.

BURIAL
CONCEN. I-

(UCI/GM)
.]

|TE-129D 1.12s& n HRS 1.CE+07 I--129 1GO.
TE1?iPD 1 23E%0 OYS 1.UE+C7 XE131M 1EO. ''

TE-132C 2 5sE+: 1 MIN 1. s E + J 7 XE131M 100.
TE-132+0 3 25E&GO OYS 1. w E +0 7 I--132 92.
I--129 1. AGE +07 YRS 1 5E-04-
I--13s 1.24E+fi H D. S 1 3E+07
I--131D S.C5E+]O DYS 1 3E+07 XE131M 100.
I--132 2.3,,Eh J HRS 1.JE+07 i
I--133C 2 122+,1 HRS 1.;E+v7 XE-133 iL O .
I--134 5.30E+C1 MIN 1.;E+07 '

I--1350 6.70E+00 HRS 4.5E+05 CS-135 iL;. !'

CS-134 2.1;E+wd YRS 3 2E-06 ';

CS-135 2.r JE +;6 YRS 1 7E-L4
CS-136 1 30 E +.1 CYS 1.cE+C7
CS-137+0 3.1,E+;1 'IR S 1 5E-46 3A137M 95. ij
CS-13e 3.22E+01 MIN 1 3E+J7 |~<EA-14 +0 1 28E+J1 CVS 1.JE+07 LA-14( 88.
9A-1410 1.96E+01 MIN 1 3E+07 CE-141 100.

3GA-142 1.ied+Ji MIN 1. s s + L' 7 /
LA-14C 1.675+00 CYS 1.CE*J7
LA-141D 3.90E+03 HRS 1 0E+C7 CE-141 iLO.
LA-142 1 49E+Lu HRS 1.sE+v7
CE-141 3 25E+01 OYS 1 0E+07 1

CE-1430 1.375+CJ OYS 1.CE+C7 P C.-14 3 100.
CE-144+0 a.85E+J2 DYS 2 2E-04 PR-144 96.
DE-143 1 372& i OYS 1. , E + , 7
PR-144 1 7 3 E + 01 HIN 1.JE+07
NO-147C 1 11E+L1 CYS 5.t:6-62 DM-147 100.
PM-147 2 6,E+'.. YRS 5.96 ;4
h--167 2.40E+01 HRS 1 0E+]7
RA-223 1 14E+01 OYS 1.UE&J7
FA-226' 1 6)E+i3 YES 2 3E-L4
AC-227 2 165+: 1 YRS 8.7E-t5
TH-227+D 1.92E+C1 CYS 1.SE+07 iA-223 73.*

PA-2310 3 25E+t.* YRS 4 6E-09 AC-227 it L . .

U--235 7.1GE+C8 Y C.S 1 0E+07
HP-2290 2.35E&L0 DYS 1 6E +0 5 PU-239 at 0.
PU-239 2.44E+0* YRS 4 2E-02

9

9ASEO 0L1 EX'isNAL EXPOSURE TC 00RIED WASTE
A MAXIMUM 00SE COMMITPENT OF 1.sL MIEH/YR
EXPGSUAE TIME 7.LE+C3 HOURS=

DECAY TIME F<0P RURIAL TO EXP03URE = 5 0t+J0 YEARS
WAETE DENSITY = 1.0 GM/C0
FRACTIGN OF SOIL WHICH IS WASTE = 1.JE-01

78
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~' TABLE 76.

* .

CASE II-X -- FILL WANTED -
GROUND SURFACE EXPOSURE TO RESIDENTS AFTEF. NO DECAY

ISOTOPE HALF-LIFd LIMITING DA UGHT EE SERCENT
BURIAL
CONOEN.

( UC I / G'il

H----3 1 23E+C1 YRS 1.]E&O7
C---14 5.73d+C3 YRS 4 56-04
NA--26 1 50E &~ 1 HR$ 4.)E-05
D---3E 1 43d+ 1 DYS 4.5E u5
CR--51 2 73E+.1 CYS 1.Jd .4
MN--5L 3 12E+C2 DYS 2 6.E-J6
"N--E6 2.SSE+td HRS 5 05-04
rE--55 2 40E+00 Y15 1.JE+G7
FE--59 9.5;6+:i OYS 2.iE L6
CO--56 7.isE+01 CYS 2.6E-06
CO--6( 5 24E&;C Ye$ 8..E-J7
f.I--E 9 3.01E+04 YES 1.JE+G7
NI--63 9 212+.. YF.S 1.JE+07
NI--65 2.56E+C0 HRS 1.0E*C7
CU--6u 1 292+51 HS 7 55-04
7N--65 2 436+~2 0Y5 3 55-06
ZN--69 5.5si+)1 PIN 3 16-02
ao.--8?+0 2 4;E +SC HRS 1.2E-J2 0-831 2.

GR--84 3 20E+31 9IN 1.3E-33
3R--95+0 3.C JE + .0 MIN 8.*d-02 KR-SSM 34.
79--86 1 87E+;; CYS 1 9E-05
38--88 1 83E+01 MIN 5.6E-03
kB--69+0 1.5Js+J1 HIN 3.-E-L3 SF--69 5.

SR--89 5.';6E+C1 OYS 1 6E-05
S?--90+0 2.BSE+;1 YES 4 9E-06 Y---90 39.
S c. -- 01 + 0 9.7;E+C0 HS 1.7E-04 Y--31M 34.
SR--92+0 2.7]2+GU HRS 4.iE-C4 Y---92 36.
Y---90 2 67E+;C DYS 1 1E-04
Y--91F+O 5 ." 0 6 + .1 FIN 3.66-L2 Y---91 11.
Y---c. 5.9)E+2a EYS 1.iE-05
Y---92 3 53E+30 H9S 8.55-0*
Y---93 1 02E+;1 HDS 4.,E-J4

ZR--o3+3 1.E0E+L6 YRS 1 4E-03 NB-931 83.
TR--95+) 6.5sE+01 DYS 2 1 E-0 6 N8--95 36.

?&--97+D 1 70E+si bis 7 16-05 NB--97 45.

NO-93* 3.7sEh J Y45 3.*d-05
'

NB--95 3.5sd+31 OYS 6.4c-66
49--97 1 235+6C HRS 2 2E u3
MO--90+0 2 79E+60 CYS 1 3E-04 TC-999 26.
TC-90M 6.La2+t0 HRS 4 1E-03 ,,

IC--99 2 10E+C5 YRS 1 42-04 9

FU-li 3 4 00s&L1 DYS 5.65-06 j

PU-1C 5 + 0 4.63E&C0 HRS 5 4E-34 (H-10 5 13. !

CU-1L60 1 00E+CO'YES 2 4E-06 RH-106 1. D . i

H-1L 5 1.5 E+;] CYS 5.]6-34
AG11(P 2 6's+;2 CYS 7.56-07
TE125M 5 8?E+C1 CYS 7.4E-64 ,

TE127PP 1 75d+T2 PYE 4.)E-05 Td-127 100. '

- TE-127 9 3t s +LJ H95 9.56-03
TE129P+D 3 435+C1 CYS 1 16-05 TE-129 42.

79 F

.ii
L

._

-=v M tgm-a ' + = -wr my -ere + g r - - p w-



1-
L. .

TABLE 76 |.

| t.,

J'CASE II-K -- FILL WANTED - F;
GROUND SURPACC EXPOSURE TO RESIDENTS AFTER NO DECAY

1,

ISOTOP6 HALF-LIFE LIMITING DAUGHTER 7ETCENI
BURIAL
CONOEN.

(UCI/GM)

H----3 1.23E+01 YRS 1.]E+C7
C---14 5.73E&L3 YRS 4 5E-04 L

,

NA--24 1. 5C E &; 1 HRS 4.sE-05 h

D---3E 1 4 3E & ,1 DYS 4.3E 95 i;
CR--51 2.7BE+.1 CYS 1. j E '. 4

!

MN--54 3.12E+C2 OYS 2.ui-J6 L
"N--E6 2.58E+td PRS 5.JE-Gv
rE--95 ?.4JE+00 Y75 1.JE+37.

FE--59 * . S . E + =. 1 OYS E.iE v6

C0--56 7 15E+01 CYS 2.6E-06
CO--M 5.245&;C Y4S 6..E-J7

NI--E9 3 01E+G4 YRS 1.JE+07
NI--63 9 212+.A YRS 1 3E+07
NI--65 2.96i+iG HRS 1.;6+C7

CU--6- 1.29E+31 HS 7.55-04 ,
'

7N--65 2 43E+02 GY5 3 5E-06
ZN--69 5.5si+)1- PIN 3.iE-02

0D--83+0 2 40E +0C HRS 1 2E-52 <F -83 9 2.

9R--84 3.20E+31 9IN 1 3E-J3
3R--95+0 3.C sc+,0 MIN B.*E-02 KE-S$1 34.

38--86 1 87E+;; CYS 1 9E-C5
48--P8 1 83E+C1 MIN 5.6E u3
ka--89+0 1 5-)E+J1 NIN J.rs-L3 SF--89 5.

II
SR--89 5 . '; 6 5 + L 1 OYS 1 65-35
SP--90+0 2.BSE+;1 Y;S 4.9E-06 Y---90 39.

59--o1+0 1 7;E&CG H:S 1.7E-04 Y--91M 30. .
.

Sc--92+0 2.7)E+60 PRS 4.1E-C4 Y--=92 36.
|

Y---90 2 67E&JC DYS 1.iE-04

Y--91P+D 5." 0 E + .1 PIN 3.6E-L3 Y-~~91 11.

Y---c; 5 9)E+;i CYS 1.iE-05
Y---92 3.53E+50 boS A.55-0*

Y--*93 1.C2E+;i bd5 4.,6-J4

ZR--03+9 1 50E+L6 YRS 1 42-03 N6-931 83.

7 F --9 5 + 3 - 6.5sE+01 DYS 2 12-06 NB--95 36.

7k--97+0 1 70E+wi bis 7.1E-C5 NB--97 45.

NO-93* 3.7sE&tJ Y4S 3.*E-C5
4

NB--95 3 5sE+31 OYS h.4:-Lo

NO--97 1 23E+LJ HRS 2 2E 93
MO--90+0 2 795+50 CYS 1.)E-Jw TC-99M 26.

TC-90M 6.L2E+0J HRS 41E u 3 7'
i

TC--99 2 10E+C5 YRS 1 4E-04
l|

90-113 4.t0E4L1 DYS 6.65-06

JU-1C5+D 4 43E+C0 HRS 5 4E-39 (H-105 13. I;

cU-1L60 1 0 0 E +0 0 YES 2 4E-Ob r.H-106 16. j

th-1L5 1 9.6&;3 CYS 5.JE-J4 g

A G11( M 2 6 *. E 6 . 2 C Y S 7.5E-y7 *

TE125M 5 8?E+C1 CYS 7.4E-64
TE127PP 1 Si+r2 0YS 4.)E-u5 TE-127 100. . |

4 '

TE-127 9 3ti+Lo HRS 9 . 5 E -'J 3

TE129P+0 3 43i&s; CYS 1 15-05 TE-129 82.

79
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TASLE 96 4
*

.

4 1

CASE III-C -- SANITARY LRNDFILL -
INHALATION SPILLED WASTE AFTER NO DECAY

ISCTOPE HALF-LIFE LI MIT I NG D A U G H T E F, P E v.C E N T
BURIAL
CON 0EN.

(UCI/GP)

H+---3 1.23E+C1 YRS 1 1E+)6
C---14 5.73E+33 YRS 6 65+04
NA--24 1 50E >01 HRS 8.96+L4
P---32 1 43E+01 OYS 9 1E+02
CF--51 2 78E+i1 CYS 8 3E+C4
. 4N--54 3.125&.2 CYS 6.65+e2
NN--56 2 5656cJ HRS 5.96+04
FE--55 2 4us &t u YRS 1 5E+L3
rC. 59 *.5CE+J1 CYS 4.3E+01
CO--Eh 7 . i w s + /.1 DYS 1 3E+L3
CO--FC 5.2*E*JS YRS 2 0E+02
NI--59 8 015+64 YR$ 1.SE+0*
NI--63 9 21E*C1 Y o.S 2.3E+03
NI--65 2.565+.J HRS 9."E+0*
CU--E4 1.2 9E & O 1 H P.S 2.5E&D4
ZN--65 2.a35 % 2 DYS 1 4E+S3
7N--E9 5.50E*C1 MIN 1 3E+06 '

3A.--63 2.4CieCJ HRS 5.JE+06
GR--84 3.2 L 2 + C 1 MIN 3.3s+06
cc--85 3 . t. 0 E + i 's MIN 1.;E+07
RB--80 1.97E+C1 CYS 8.9E+J3
9--88 1 6Ci+;1 MIN 3 15+06.

RG--89 1.5wE&D1 MIN 4. 75 +0 6
SP--89 5. 65+al GYS 8.6E&;2
SR--9 2.84E+.1 YRS 1 2 E + ,1
SR--91 9.7ai+00 HIS 5.3s+03
Eo--o2 2.7'i+00 HRS 2 35+0*s

Y---9C 2 676+6 DYS 2 4E+03o

Y--91F 5.. , E h 1 MIN 6 2E+.5
Y---41 5.4.E+01 CYS 7 0!+02
Y---92 3.53E+"O HRS 1 66+0*
Y---93 1.02E+C1 HRS 2.$E+03
70--93 1. 5.' s + * 6 YRS 2 4E+03
7R--95 6.5 ;5 + C 1 PYS 6.9E+C2

'

ZC--97 17si+;i FRS 2 3E+b3
48-939 3.70E+00 YRS 4.;E+ 3
NS--95 3.50E>C1 OYS 2.<s+03 |

'

49--97 1 20E+ 0 HRS 5.as+05 I.

40--99 2.792+*J DYS 4 3E+03
TC-99F 6.!.5+c9 HRS 2 9E+L5 ,{
TC--99 2 10E+C5 YRS 1 1E+03 '

CV-10 2 *.C'JE+ a OYS 2.+s+03 Ia

R.U-il 5 4.43f+00 Ho.S 2 5E+0* *|
RU-it6 1.C)f+ta YRS 1.3E+.2
RH-105 1 50E*20 OYS 1 4E+3
AG11LP 2.6]s+C2 DYS 2.66+02
TE125M 5.80E+01 CYS 3.BE+03
TE127F 1. 55+J2 OYS 1 3s+03
TE-127 9.30E+u0 HRS 2 1E+04
TE124H 3 4L6+01 GYS 1.Li+03

81 p
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TABLE 96 j'

.

CASE III-C -- SANITARY LANDFILL - .

INHALATION SPILLED WASTE AFTER NO DECAY
1

'

ISOTOPE HA4F-LIFE LI MI TI flG DAUGHTEA PERCENT
'

BURIAL
CON;EN.

(UCI/GM)
.

TE-129 1 12E+Cd HRS 6 2E+05
TF131H 1 2]E+C0 CYS 2 2E+03 -

TE-131 2.5C5+.a FIN 8.6E+LS
TE-132 3 25E+00 DYS 2.4E+;3

I--129 1.o0d+37 YES 2.75+31
I--13i 1 24E+;1 HRS 6.9E+02
I--131 8. 5E+.5 DYS 1.sE+J2.

I--132' 2 3ws+.) HRS 2.76+v3
I--1?3 -2 1SE+sa H3S 4 1E+02
I--134 5.30s+.1 NIN 5.2E+03
I--135 6.7.E+c0 PMS 1.!E+03
CF-134' 2.1,5+.y Y O.S 1 4d+03 ..,

CS-135 2.ud E +3 6 YRS 1.Js&O4
CS-130 1. ? i. E & *s i CYS' 8 2E+03
CS-i37 3 0 ii E + C 1 YPS 1.9E+03
CS-13A 3.2i's+;; FIN' 1.'s+06
AA-14L 1 2?E+C1 CYS 9.4E+02
9A-141 1.6Cd+C1 NIN 6. 22 +L 5
9A-142 1 1Gi+;1 l'I N 1 0E+06
LA-14f 1 67i&,b CYS 2.6:+03
LA-141 3.9Li&LO HRS 2.1E+0*
LA-142 1 4.N^s. FiS 1.dE+s5

'

CE-141 3 25E+"i 0YS 3.3E+J3
CE-ik? 1.37E+JO CYS 5 3E+03
CE-141 2.95E+C3 CYS 1.5d+C2
P8-142 1 375+,; CYS 4.3E+e3
0P.-144 1.7 32 + . MIN 1 3E+;6
NO-147 1 11e+r.1 CYS 5.4E+03
PM-147- 2.6s:+.u VRS 1.BE+v3
W--187 3 . 4 t s + ;.1 E 'S 7.75+C3
RA-223 l '. i. 4 E + . . DY; 5 . 9 2 + ~. L

4A-226 1 60E&~3 Y e,i 1.2E&CD
AC-227 2 165+C1 YRS 6 55 s2
Tu-227 1 82E+31 CYS 4.0E+0LI i

PA-231 3 255+ 4 YRS 3.ai-02
U--23E 7.1SE+33 YRS 3.iE+90
NP-239 2 35E+su CYS 1.gE+J4
PU-239 2.446+C4 VRS *.95-02

l

I 4A5fn CNt I t.H AL A TI Oi, Or WA ST E SPILLE C OU 'ING C~ SPO S AL
! 'A t AXIMUM 705d COMilIT HEN' 0F 3.00 t%EM/YA TU ALULTS

WASTE CONCENT: ATIDN IN AIF = 2 05-0 2 MICrs]GR AHS PER CU3IC "dT: F
EtPOSURE TIME = 1 0Et33 HOUnS/YEAk
GREATHING SATE = 10 OUBIC METERS PER HOUR
DECAY TIMi F r< C 1 3 PILLAGE T0 s X P3 5 U 6.5 : C. Y:ARS
FaACTION OF v' A i d R I A L INHALEC WHICH I3 WASTS = 1 326

82
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TABLE 104'*
.

. . ..

CASE III-D -- SANITARY LANDFILL -
INHALATION DURING SITE EXCAVATION APTER 5 YRS

ISOTCPE HALF-LIFE LIMITIr4G 01UGHisA FERCENT
BURIAL
CONCEN.

(UCI/G'O

H----3 1.23E+Di YRS 1 5E+C3
C---14 5 . 7 3 E + '. 3 - Y A S . 6.6i+w;
NA--24 1.c;s&O1 HRS 1 25+07
P---32 1'. 4 3 5 * s i CYS 1.3E+u7
CP--51 2.73E+Ci CYS 1.sE+07
MN--54 3.12i+.2 CYS *.4E+]1-

MN--T6 '2.516+.0 HR$ 1.JE+C7
FE--55 2.4Ji+3u YRS 6.wi+st
CE--59 4.5GE+01 CYS 1 05+07
CO--58 7.1v5+;; CYS 1 0E+07
CO--64 5 2*itu, YRS ~ 3.36-U1
fI--59 3. .15+.* YRS 1.aE+01
NI--63 9.215+'l YRS. 2.9i+3.
NI--65 2.E66+0) H45 1 5E&C7
CU--6u 1 2 93 +C 1 H05 1. E+C7 1

7N--f5 2 43d+i2 CYS 2.66+42 i
'ZN--60 3 5 :+.1. MIN 1. s i + J 7-

9E--87 2.4JE+.) P ;.S 1.JE&C7
4R--8L 3 20i+;i i;IN 1.;s+07
G4--PE 3.s35+65 MIN 1.Os+b7
10--66 1 8 7 i + ,*.1 CYS 1.Ji+07
3.P--88 1.a sit 01 *IN 1. ) E & 0 7 |
t.9--690, 1 5 . i t ,* 1 l-:IN 1. 5 + /; 7 Sh--89 100.
SF--P9 5. of+.1 CYS 1.Ji+C7

,

|

St--9( 2 6 3E +;1 YRS 1 4E-D2 1

S'.--910 9.7Ci+ *, FRS 1..i+,7 Y---91 1CO..

FE--42 2.7,5+.; HRS 1.Ji+07
Y---90 2.675&;G CYS 1.J~+37
Y--CiFC- 5 . .. s i + i 1 MIN 1.si+,7 Y---91 iLC.
Y---41 5 . o ., 5 + ; i CYS 1. 5+s7 ,

Y---92 3.03E+',) FS 1.JE+07 |

Y---93C 1.,2s+ji H S 1 0d+67 24--33 7%.
7c--93+0 1.E,5+;6 Y:S 2 1 +.C N9-93H 26.
70--95+0 6. 5 L i & r.1 PYS 1. E+C7 'J9--95 33.
?.--97 1 736+Li F45 1.Ji+37
r.0-c2P 3.'is+0" YPS ;.22+0i

' N f --9 5 ' 3.55-&.1 OYS 1.'Ji+J73

NO--97 1 2,5+., FRS 1.'Ji+.7 |

M C - - o o fi 2 795+.J CYS 1.Ji+C7 TC--99 iLO.
T C -90 PC 6.i.i+,a H ~. S 1..i+.7 TC--99 ice. y;
TC--99 2 195&C5 Yx5 1 1E+Gs i

y

RU-1L3 4.;;i+.i1 OYS 1 05&'.7 j
*U-1: ? 4.43i++: H;5 1.11+C7 >

RU-100 1.C0d+0] YRS 4 12 + . l.

RH-iL E 1.E]i+;v CYS 1.35+G7
AGliLP 2 6;s+.d OYS 3.4E&J1
TE125H 5.8Js+;1 CYS 1.]E+c7
TE1E7M+0 1. 5s+.2 OYS 2.Ji+.5 Tc-127 6.

TE-127 7 3si+w] HAS 1. J i + C 7 j'
-TE129PP 3 4;i+ i CY3 4.EE+]6 I--129 16.. I-

"83
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TABLE 104

CASE III-D -- SANITARY LANDFILL -
INHALATIOll DURING SITE EXCAVATION AFTER 5 YRS

ISOTCPE HALF-LIFE LIMITING DAUGHTER PERCENT
BURIAL
CON 0EN.
(UCI/GH

TE-1290 1 12E+LO HRS 1.JE&O7 I--129 iLO.
TE131PP 1.20E+00 CYS 1 aE+07 I--131 it c . |
TE-131D 2.50E+01 MIN 1 0E+07 I--131 100.

ITE-132+D 3.25EF0u CYS 1 0E+07 I--132 47.
I--129 1.60E&C7 YRS 2.7E-02
I--130 1 2*E&C'1 HRS 1 3E&O7
I--131 8.tSE+00 OYS 1.JE+07
I--132 2 396&L3 HRS 1. J E + L' 7
I--133 2.10E+01 HRS 1 3E+07
I--134 5.3CE+0i MIN 1.dE+07
I--1350 6.70E&G0 HR$ 1 3E+07 CS-135 100.
CS-134 2.idE&LO YRS 7.*E+0C
CS-135 2 00E&J6 YRS 1..E+01
CS-136 1.33E&G1 CYS 1 0E+07
CS-137 3.!sE*.1 YRS 2 2E+00
CS-136 3.22E+31 FIN 1 3E+07
EA-14C+0 1 2SE+0i CYS 1.JE+C7 LA-146 29.
9A-1410 1 8)E+01 MIN '1.JE+07 CE-141 1C0.
9A-142 1 1]E+r1 MIN 1.wi+07
LA-140 1 67E&C; GYS 1.;E+07
LA-1410 3.9066'.0 HRS 1..E+b7 CE-iwi i;0. *

LA-142 1 4wE+t0 HRS 1.sE+D7
CE-141 3 25E+vi GYS 1.jE+b7
CE-1430 1.37E+00 OYS 1.JE+07 PR-143 100.
CE-144 2.85E+02 DYS 1 3E+01
DR-143 1.375+t1 CYS 1. s E +'; 7
PP-144 1 73E+C1 FIN 1.JE+07
NO-1470 1 11E+01 DYS 5.7E+02 PH-147 100. i

PM-147 2.665+s.. YRS 6.$E+Le
W--187 2 406601 H.iS 1 0E+07
r,A-223 1.i*E*01 DYS 1.JE+07

1.6us+L3 Yo.S 1 2E-u3FA-226 -

AC-227+0 2.16E+vi YRS 7.5E-L5 TH-227 2.
TH-227+0 1.a26+61 DYS 1 0E+J7 RA-223 64..

PA-231+0 3 25E+04 YRS 2 95-05 AC-227 6.
U--235 7.idE&O3 YRS 3 1E-03 >

NP-2390 2 35E+7 DYS 1 95+'J2 PU-239 100.
PU-239 2.44E+04 YRS 4 9E-05

3ASEO ONt INHALATION OF AIRBORNE WASTE BY INTRUDER I

.A HAXIMUM DOSE COMMITHENT OF 3.0J MREH/YR TO AOULTS l'

WASTF CCNCENTRATION IN AIR = 10 NG PEk CUGIC HETER
EXPOSURE TIME 1.CE+62 HOURS=

PREATHING RATE = 1 0 CUGIC METERS PER HOUP
DECAY TIME FROM BURIAL TO EXPOSURE 5.CE+00 YEARS=

FRACTION OF MATERIAL INHALE 0 WHICH IS WASTE = .200
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TABLE 112 i

.
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I
CASE III-F --' SANITARY LANDFILL - ;

FOOD GROWN ON WASTE SITE AFTER S YEARS
ISOTCPE HALF-LIFE LIMITING OAUGHTEh FERCENT '

BURIAL ,

CONCEN. '

(UCI/G4) '

!

H----3 1 23E+01 YRS 2.JE-04 ''

C---14 5.73E+.3 Y4S 5 4E-06 .

NA--14 1 5.E+,1 HRS 1 4E+,7
P---32 1.436&01 CYS 1.JE+07 s. O

CR--51 2 786+C1 CYS 1 5E+07
4N--54 3 12E+02 CYS 2.45-02
"N--56 2.56E+ . HWS 1.v2+]7
FE--55 2.4.5+00 YRS 3 15-02
FE--59 * .5 0 E +31 CYS 1.us+07
CC--56 7.1]E+01 CYS 6.75+04
CO--6' 5.L*E+CS YR$ 8.o -Cwc

NI--59 8.016&29 YOS 6 32-]*
NI--63 9 21E+:1 Y 'is k.06-05
NI--65 2.SoE+00 HRS 1 0E+G7
CU--6w 1 295+01 HRS 1.JE+J7 *

7N--65 2.6 3E +2 2 CYS 1.25-u3
7N--00 5. 5 U 5 + C i P.I N 1.JE+L7
RF--83 2.40E+JJ HRS 1 0E+07
PR--n4 3.2sf&.1 MIN 1.JE+07 [
o c - - 9 r, 3.t.')E+w0 FIN 1.]E+C7
R9--86 1 8 7E &.1 DYS 1.;E+.7
R8--88 1.8JE+01 FIN 1.v2+;7
L.0--!)90 1. 5 ] E & 'a l PIN 1.JE+07 SR--89 100.
SR--89 5.!6E&.1 CYS 2 5E+)6
SR--90 2 83E &L1 YRS 1 65-:.6
Sk.--Q1C 9.7;s&Cu HRS 1.JE+07 Y---91 100.
SR--9E 2 7]E +f.a HRS 1.si+S7
Y---90 2 675+C0 DYS 1.si+27
Y--91N9 5..$5+;i PIN 1.uE+07 Y---91 100.
Y---91 5.9 6+.'1 CYS 2.JE+36
Y---92 3 53E+ . FRS 1. -) E + s 7.

Y 5-930 1 02E+C1 HRS 5.62+36 N9-93M 99.
Ze--93+0 1.5sE'+*6 YIS 4 2: s3 NB-939 99.
?C--95+D 6.6)E+01 CYS 5.3E+C4 NB-~95 99.
7R-~97 1.7iE+s1 HR$ ..|E+s7
N9-939 3.7.E+., YRS 62E.3,

NA--95 3.5JE+;l CYS 1. 6&D7
NS--Q7 1 21E+,0 HRS 1. J E + '; 7
90--99h 2 795+00 CYS 7 2E+02 TC--49 1. .. .
TC-94MG 6.;CE+C] HR$ 6.JE+;J TC--99 100. ~

TC--99 2 1]E +; 5 YRS 2 66-u5 !

RU-103 4...d&;1 CYS 1.si&.7.

C V-ii 5 *.435&wC HRS 1. J E + 0 7
#U-il6 1 4UE*;. YRS 2 96-0*
RH-if 5 1 50E+C0 CYS 1.JE+07
AGin M 2.6]E+.2 CYS 4.6E 4

TE125M 5.9JE+61 CYS 3 3 E +0, j

TE127F+C 1 15E+D2 CYS 5 36-01 TE-127 24. i

TE-127. 9.35.E+. HRS 1. s i + .- 7 |'
TF129MC 3.4sE+61 CVS 1.5E+02 I--129 1L 0. 4;85
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," TABLE 112,

.

CASE III-F -- SANITARY LANDFILL - '

FOOD GROWN ON WASTE SITE AFTER S YEARS *

ISOTCFE HALF-LIFs LI MI TING - DAUGHTEb PERCENT .

907IAL
1

CON 06N.
( UC I/ G H -

TE-1290 1 12E+0J H95 1 1E&O5 I--129 \ 100 . "

iTE131PD 1.2]E+c5 CYS 1.JE+07 I--131 16t.TE-1310 2 5;E +0i HIN 1.J6+07 I--131 1(0. *

TE-i?2+0 3 25E+i) CYS 1.JE+C7 I--132 2.
I--129 1.C35+07 YRS 8.5E-07
I--1?L 1.Z*i&;1 b:.S 1.JE+07
I--131 1 056+LO CVS 1 0E+07
I--;?2 2 3 15 & . .' HR$ 1.JE+07
!--133 2. IGE *: 1 HRS 1.jE*37
I--334 5.30E+'1 MIN 1..f+07s
I--139h 6.73E+00 HRS 1 2E+66 CS-135 100..CS-124 2.isE&;J YCS 3 16 'J4
CS-13E 2.(vi+,6 Y P, S 4.5E-u4
CC-136 1.3,5+.. CYS 1. ) : & .,7
CS-137 3.L vi&C i Y ts 9 1E s5
CS-136- 3 22f+si PIN 1.)E+C7
3A-14f+3 1 2BE+;. CYS 1.sE+J7 LA-1% E5.9A-1LIC 1. 3 a E + C i FIN 1 32+07 Cc-141 iCc.

,

9A-142 1 145&;1 MIN 1.sf+b7
.

LA-14 1 67s &s ' CYS 1.sE+s7 '

LA-1410 3.90d+0s HRS 1..E&L7 CE-141 106.
'

LA-142 1.c as +; s HRS 1.JE+07' I

CE-141 3 25E+.1 FYS 1.95+07 >

C E -14 3 0 1.37E+50 CYS 1.JE+07 As-143 itC. iCE-144 2 85E+ 2 CYS 3.8E-02
( jPF,-143 1 7756'1 CYS 1.si+.7

iP';-144 1 73C &O1 hIN 1 3E+07 |

NO-1L7P 1 11c+.1 DVS 2 8s+CG PM-147 iCo.
PM-147 2 6st* a YRS 3 3E t 2
W--1H7 2 4sE&D1 HaS 1.GE+C7
DA-Zi3 1 1*E+61 CYS 1. 5+)7
*A cE6 1.6uE+03 YRS 1.1E-06
AC-Ew?+D 2.16ftti Y;5 2.15 .5 iA-223 27.
TH-2E7+D 1.R25*si CYS 1.JE+b7 RA-223 78.
PA-231+D 3 25f+'* YRS 1.3E .5 A0-227 6.

.

U--235 7.ius&L4 YRS 9.5E-05
NP-239C 2.356+00 CYS 4 3E+03 PU-239 1.C.
FU-239 2.4*d+C4 Y:S .1E-03

1AEE3 CNt C0t.!UMDTION OF C000 GROWN ON WASTE 5ITE
A PAXIMU" 00Si COMMITMcNT CF 3.00 MsEM/YR TO ADULTS
DECAY TI*E re04 BURIAL TO INGESTION 5.JE+tJ YrARS l

=

CCN SL'M PT I ON O F 159. KG CF FPUITS ANO VdGETAB;ES PEG YEAR
CLf!SUMPTI3N OF 21 . LITERS OF MILK PcR YEAF.
CCNSUMPTION CF 11. (G CF MC AT DER YEAR

' C Cf. S t.'M P T I O N CATE Or C3W = 50. KG/ DAY
CCtSU4PTION FATE Or CATTLE = 53. KG/ DAY
FriCTICt. Jr 50!L WHICH IS WASTI = .1;
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TABLE 114. ,

+ .

CASE III-F -- SANITARY LANDFILL -
fFOOD GI:OWN ON WASTE SITE AFTER 100 YEARS

ISLTOFE HALF-LIFE LIMITING DAUGHTEc OERCENT
BU .I AL
Co CEN. .

(UCI/Gil

H----?. 1 25E+01 YoS 4.3E-52
C---14 5 73E+.3 YR5 5 55-J6
NA--24 1,6.i+*1 HR5 1.si+.7
P---32 1 4J3+0. CY5 1..d+07
CE--51 2.73E+51 DYS 1. j $ + , 7
94--54 3 122+.2 CYS 1.JE+07
"N--56 2.9 4E +; s H 3. 5 1..:+,7,

rE--95 2.4. +0, YRS 1.,6+07
FE--E4 4.5,f+;; CYS 1.,5+07
CC--Et 7 162+L1 CV5 1.3E+a7
C0--6 5 2*5+,L Y +;5 2.Ed+02
NI--59 4.Caf+: 4 YC5 6.3E-3-

iNI--63 9 21E+t1 Y?S 1.,E tu
NI--EE 2 565+' bRS 1 25 +C 7 '.

CU--64 1 29:+C1 FR5 1 2 +C7
7N--69 2.43d+C2 CYS 1.CE+C7
7 N - . (- g 3,99~+g; t- { N ;.;j+,7
15. - - P 3 2.4Li+CJ bRS 1. C f + .,7
P.&--5- 3 2si+.; PIN 1.Ji&O7
15--85 3.L ;' ea] MIN 1.Ji+J7
D9--F6 1 8 7I +.1 PYS 1..f*.7
48*-84 1 9.d+.. PIN 1. 66.7
ER--890- 1.Sif+01 TIN 1..5&D7 SP--69 ILO.
Sr.--89 5. 65+ 1 CYS 1..E*s7
E R--9: 2.845*.1 YRS 1 6E .5
53--910 3 7af+;; HR5 1 0d+07 Y---91 iL O .
SF--92 2 7.f+.) bSS ..JE+07 *

Y---C. 2 673+.a CYS ..J:+ 7
Y--91FC 5.6.~+J1 MIN 1.J5+L7 Y a- - - 91 1LC.
Y---91 5.9.f+: 1 CYS 1.JE+J7
Y---92 3.53s+., H4.5 1..i+ 7.

Y---930 1.;2E&L1 HC5 3 3E+]6 NB-93M 99.
76--o3+3 1 50i+t o Y5 2.5E-03 10-939 99. ;

6.5Ji+;; OYS 1.JE+C7 N9--95 99.70--95+0 '-

Z2--47 1 795+C1 b"5 1.JE+07
N9-92t 3.7.f+.. Y?S 3 3s+.5.

No. 95 3.p;e+;1 tys :.;g+c7
NO--97 1 2aE+v2 b r,g 1.; +g7
*10--990 2.79E+LS CYS 7.2s+v2 TC--99 l '. b .
TC-90P.C 6.tci+LG H?S 3.si+C3 TC--99 100 . r-
YC -- 9 Q 2.luf+'.9 YRS 2 6E .5
uu-1 3 4 . .~ s i + - 1 CYS 1. .' i + '. 7
- U-10 5 4.43E*J; Pas i.Ji+]7
(U-if f 1.cCi+63 Y49 1..i+.7
eH-105 1.E0f+i] CY5 1 3f+D7
AG11( P 2 3;i+;2 OY5 1.ji+37 |
TE125P 5.FCE*61 CYS 1.,i+.7 i
TE127P+0 1. 53+;2 CY5 1..f+u? T5-127 24 '

TE-127 1.33E+.0 HR5 1 5E+07- |
TE129FD 3.hti+Ja DY5 1 5f+02 I--129 1.s. L

87 '
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CASE III-F -- SANITARY LANDFILL - i

FOOD GRO*.m ON WASTE SITE AFTER 100 YEARSIS0TOFE HALF-LIFE LI MITING DAUGHTER PERCENT
'

BURIAL
CONOEN.

(UCI / G H t-

TE-1290 1 12E&00 HRS 1 1E+05 I--129 100.'E131F 1 2GE+CJ CVS 1.dE+07TE-131 2.5 s E +' 1 MIN 1. ? E + t 7TE-132 3.25E+v0 DYS 1.?E&O7I--129 1.60E +( 7 YiS 6 5E-;7 i
I--130 1 24E+ol HRS 1 0E+07I--131 4..' 5E +: CYS 1 3E+C7s .

I--132 2.3;E+;C HRS 1.uE+37I--123 2.1;E+C1 HRS 1.sE+L7 ,

I--134 5 30E +01 i:IN 1.sE+.7
"

I--13CD 6.7)E+CG HAS 1 2E+06 CS-135 iLE.CS-134 2.1JE+C: Y 4.5 1. E+.7CS-135 2.sJE+;6 yds 4 5E-04 (CS-136 1.3sE+31 DYS 1.jE+07 sCS-137 3.CCE*El Y<S 6 25-b4 1,

C5-138 3 22E+Li l'IN 1.bE+07 |'
9A-iu 1.2eE+.. LY3 1.ss+,79A-141 1 9aE+31 MIN 1 0E+07BA-142 1.lus+01 MIN 1 45&07

'

iLA-140 1. 6 7E + 5 0 CYS 1 0E+37 )
LA-141 3.9 E+.. HiS 1.JE+07LA-142 1 40E+SL HRS 1.0E+07CE-141 3 25E+Li OYS 1.sE+;7 qCE-143 1.37E+GG CYS 1 .; E +.' 7 iCE-144 2.85E+Ja OYS~ 1 0E+07 5
FF-143 1 375+L; OYS

- 1. G E & C 7 ?,
DP-144 1.73E +;; MIN 1. / E &L 7 [INO-1470 1 11E+51 CYS 1. ,5 + t 7 Pti-14 7 100. ?PN-167 2.FJE+LU Y4S 1..E607

,

W--187 2.4wi+%1 PRS 1.sE+47 [,RA-223 1 14E+31 CVS 1 1E +t ?
'

FA-226 1 00E+C3 Y45 1 1E*C6 - ;

AC-227+D 2.16E+01 YRS 4 56-C* RA-226 27.
!TH-227 1 42E+D1 CYS 1..)E+s7 |PA-231+0 5 25E+C, YRS 6.4E-06 AC-227 23. !U--235 7.1 s s +. S YRS 9.5E ,5 i' NP-2390 2 35E+ .s CYS 4.;E+.3 00-239 100.
1

DU-239 2.4*E+34 YoS 1 1E-03

4ASL) ON! CCtSUMPTION OF FCOD GROWh ON WAST: SITE
A MAXI'109 DOSE COMMITME NT OF 3.Lu MAE P/YR TO A00L TSDECAY TINE F F O'i AURIAL TC INGESTION 1 2E+C2 Y:ARS:
COLSUMPTION CF

15s. <G CF FROITS ANC VEGET A ELcS PER YEAR
iCCNSUHDTION OF- 310. LITLRS OF MILK PER Y:ARCGLSUMDTION CF 11. <G CF MEAT PER YE AR

CONSUMPTION RATE or COW = 50. <G/0AY
C 0h S tim D T I O f4 CATE OF CATTLE: 53. KG/3A)FRACTION 0 S3IL WHICH IS WAST: = .1;

;-
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TABLE 129
,

CASE IV-F -- FILL WANTED DISPOSAL -
FOOD GROWN IN WASTE AFTER 0,5 YEARS DECAY

IS CT 0f b HALF LIFE LIMITING DAUGHTEF 'ERCENT
ESURIA4

CONCCN. |
(UCI/GH ,

H----3 1.23E+01 YRS 1.05-04
C---14 5.73E+s3 YC,5 3 75 o6
NA--24 ' 1. 5., i + J 1 HRS 1.JE+L7 <

P---32 1 43E+C1 CYS 1 39-03
C9--51 2 7SE &61 OYS 5. E+01
HN--54 3 12E+:2 CYS 3.6E-b4
MN--56 2.54E+... HRS 1.JE+;7

FE--5E 2 40E&OO Y45 4.56-C3
rE--EQ 4.5 5&01 CYS 6.;E-02

00--58 7 13E+31 DYS 3.3E-03
CO--EL 5.2*E+Lu YRS 2. :E-C 4
NI--59 3.C1E+0* YRS 3.96-04
NI--63 9 2ic+.1 YR$ 3.;E-Q5

'

NI--65 2 56E+CL HRS 1 0E+07
CU--fe 1 29E+C1 HRS 1 0E+07
7N--65 2 43E&C2 CYS 6 7E-36
ZN--64 5.5J+;1 hIN 1.si+c7
3R--83 2 40E+C0 HRS 1.CE+07
PR--P4 3 2 3 E +C1- MIN 1.si+C7
14--85 3.0JE+;0 HI9 1 35&07
?.B--86 1 875+C1 DYS 1 2i LE
R9--8A 1 6 ;E + .1 MIN ..si+,7

c--890 1 50E+0i MIN 1 1E+30 SR--39 iL C .'

SR--P9 5. 65+;1 CYS 2 25-L4
SR--90 2 835 6.1 YR$ 7.5E-;7

SP--910 9.70E+'.0 HoS 6 15-01 Y---91 100
59--92 2 7si+r. bRS 1 2E+07 .

Y---Q, 2 675+,. CYS i.Ji+JP
Y--91*.9 5.00E+0i PIN 7.2E+JO Y---91 100.
Y---91 5 9si+*; CYS 4 2E-03
Y---92 3 5 3E +4 HRS i.,5+a7*

Y---030 1. ' 25&C1 HR$ 1.)!&D7 NB-93M 93.

7F--93+0 1 5 ;E +; 6 YPS 1.*E-02 N8-93H 93.

7r.--05+0 6.532+01 CVS 9.3E-34 NB--95 99.

Z'--97+D 1 7JE+01 HRS 1 3E+07 NP--97 5.

Nn-93s 3.vaE+;3 yqS 1 4c-03
NO--95 3 5;E+]1 rYS 8.7E-;3'

NB--97 1 20E+50 HRS 1 0E+07
4

PO--990 2 795+i. CYS 4.65+02 70--99 100.
TC-99PD 6.(3E+.0 b 7.3 5.+E+C3 TC--99 100. ,

TC--99 .1JE+s5 YRS 1.$E s5'
'

30-103 t .CGE+01 OYS 6.45-04
.

RU-il50 4.43E+6J HRS 1.JE+07 RH-1.5 10 0 .

RU-it 6 1. ;E+CJ YRS 6.45 w6 t

:

RH-1C5 1.5]E+C0 C'YS 1.JE+C7 ; ,

AG11CP 2 0JE+02 DYS 4.9c-06
75125H 5 8sE+;1 GYS 4.7E-uS
T E i-27 H + 0 1..~5E+52 CYS 5 3c'-06 TE-127 24. , .

TE-127 9.3'JE+.0 HRS 1.;E+b7
'

.

TF129M 3 4JE+31 CVS 4 1E-05
89 .,

>
..
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TABLE 129 f~
*

'

I
CASE IV-F -- FILL WANTED DISPOSAL - '<

FOOD GROWN IN WASTE AFTER 0.5 YEARS DECAY a.

IS0TOFE HALF-LIFE LIMITING DAUGHTcF cERCENT I;
BURIAL I

"'
CONCEN.

!
(UCI/GM)

-
.

-TF-1290 1 12E+LO HRS 6 6E +0 4 I--129 1L C . I'l
T E131tte 1 2;E+vu OYS 7.4E+J1 I--131 lu0. |
TE-131D 2 902+01 MIN 6.JE&03 ,I--131 1L0. ~|TE-132+0 -3.25d&3s CYS 1. ', 5 + 3 7 I--132 1.
I--129 1 0dE+37' YRS 5 2E-07.

I--13L 1.24E+L1 FRS 1..E+07 |-I--131 8.i55+L; CYS 1.3E+)1 i
'

I--132 2.595+ ) HRS 1.;E+.7
I--133 2. sd*C1 HRS 1.J5+07
I--134 5.705+01 MIN 1 0E+u7
I--1350 6.706+3J HRS 8 2E+05 OS-135 100.
CS-134 2.:SE+03 YRS 4 9E-05
CS-135 2.C C 6 +,6 Y 3S 3.15-04
CS-130 1 30d+C1 DYS 4 3E+30
CS-137 3 . r. u i + 1 1 YRS 5 7s-05
CS-126 3.2 2 5 + .1 MIN 1.JE+07
' A - 14 L' + 0 1 26E+01 OYS 4.is+u; LA-140 55.
BA-141D 1.e.5+0i FIN 2.3E+02 CE-141 160.
44-142 1.iuE+C1 HIN 1. 3 E + L 7
LA-140 1.fi7E+00 CYS 1.JE+07
LA-141P 3.93E&05 HR$ 1.66+01 CE-1 1 103.
LA-142 1.4Ui+CL H v,5 1.JE+07
CE-141 3 25E+si DYS 7.35-02
CE-1430 1 37E+C3 CYS 8.3E+01 PR-1*3 100.
CE-144 2 855+02 CYS 3. E-0*
DF-143 1.375+01 CYS 1.jE+01

i

PR-144 1.735+ 1 MIN 1.us+07 '

N0-1470 1 116+01 CYS 4 26-01 PH-147 1LO.
DM-147 2.E0E+03 YRS 5.JE-03 :
W--187 2.4LE +! 1 HRS 1. 3+}7
FA-223 1 14d +' i C YS 2.7E+LOa

L.A-220 1.035+33 Y1S 6.92-J7
i

AC-227+0 2 16E+01 YRS 9.66-06 RA-223 23. '

TH-227+0 1.325+01 DYS 1 2E-02 RA-223 73. i 1

PA-231 3 . 2 5 E + [. 4 YC.S 7.45-36,

'U--235 7 1:.i+.3 Y s, S 4.95-.5
NP-239C 2 35E+Ce CYS 2.JE+03 DU-239 100. !
PU-239 2.49E+04 YRS 5.3E-0,

?,

4455) ONt CONSUMoTION OF FOOD GRCWN CN WASTE SIsi |A t' A X IM UN 0052 COMMIT 9EN1 0F 3.0L MidM/YR TO ACULTS :

DECAY TIME FP01 RURIAL TC INGESTION = 5.bE-01 YEA (S |
CONSUMPTION OF 150. <G LF Fh0ITS AND VEGcTA9LtS PER YEA 4 >

CCNSUMDTION or 155 LITERS OF MILK PE { YEAR |
CONEUMDTION OF 11. KG CF NEAT pen YEAR
CCNSU1PTION RATE OF COW = 5 :, . <G/0AY

CONbuMPTION NATE OF CATTLE : 53. KG/ DAY ; !

FfACTION OF SOIL WHICH IS WASTE = .20
,

90
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TABLE 132
*

.
9

CASE IV-F -- FILL WANTED DISPOSAL -
FOOP GROWN IN WASTE APTER 100 YEARS DECAY

ISOT0FE HALF-LIFE . LIMITING OAUGHTER ~ERCENT
90 RIAL
CONSdH.

(UCI/GM)

H-**-3 1 23E+'.1 YRS 2 8E-02
C---16 5.73E+C3 YES 3.7E-06
NA--24 1.5;ji+ci HRS 1..E+97
P---32 1 43E+0i DYS 1.;E+07

CR--51 2.766 +(1 0Y4 1.vE+;7

PN--54 3 122+02 CYS 1.JE+07
FN--56 2 53E+3 HoS 1.oE+37
rg--55 2 . L D E *1 U Y D.S i.)i+07
CE--E9 4.5Ji&el CYS 1. ., 5 + s 7

CC--5B 7.ivE+.1 CYS 1 3E+07
CD--6C 5.2*i+00 Y;S 1 3E*CE
t.I--59 S .21s & ; 4 YRS 3 95-04
f.I--63 9 213+31 Y~S 6 3E-05
r.I--65 ? . 5 6 2 + ir ; HES 1.*E+a7
CU--E4 1 292+C1 H;S 1.;E+07

ZN--65 2 43E+;2 OYS 1..i+07 *

7N--69 5.53E+C1 PIN 1 3E+C7
3P--F3 2.435+bC H =. S 1 35+07
3D--84 3 203+L1 FIN 1. i+L7
GF--85 3 0)E+30 MIN 1.JE+07
AB--96 1 475+C; CYS 1 3E+07
rB--BF 1 8ci+0; PIN 1.;5+07

30--89" i.51s+,1 MIN 1. 5+67 Sh--39 li. 3 .
SG- a4 5 . t. 6 E & G 1 CYS 1.JE+07
S A --91 2. B BE & r,1 YRS 8 25-J6
M--910 9.7a5 +: . H 5 A..Ji+.7 Y---91 160.
S0--02 2 73E+sJ HRS 1.si+S7
Y---9( 2 675+6; EYS 1.]E+07 ,

Y--91PD 5.i.E+.1 NIN 1. s s + ., 7 Y---91 l i. 0 .
Y---91- 5 0,5+;; CYS 1 35+57
Y---92 3.53E+0J HRS 1.Ji+07
Y---030 1 025+L1 HRS 1 7E+06 .wB-93M 99.

ZR--93+0 1.5us+.6 Y95 1.Ji-03 N9-934 99.
77--95+0 6.5/E+01 OYS 1.SE+07 NB--45 99.

ZR--97 1 71E+C1 P45 1 35+L7
N9-93P 3 7 E+.3 YRS 1 7d& 5
NP--95 3. Fed +;1 CYS 1 3E+07,

NO--97 1 2*J i + ., 0 H ?.S 1.JE+w7
HO--99D 2 79E+00 OYS 4.iE+02 TC--99 100.
TC-99PD 6 03E+s0 PRS 5.45+03 70--99 l e f' . ,;
TC--99 2 1.d+.5 YRS 1.35=,5

'

F U-1C 3 4.LJE+;; DYS 1 3E+07
:U-;i s 4.4 35 + C w . hES 1.: 3+07
RU-il6 1 0,i+.J YRS 1. , 5 + ., 7

4H-105 1 5 Git tC OYS 1.JE+07
AG11L M 2.0)E*.2 OYS 1 3f+07 :

TE125M 5 806+01 TYS 1 0E+07 |
TE;27Pt0 1.CSE*L2 CYS 1. 5+37 TE-12' 24 ;

TE-iE7 4 30 5 + d b4S 1.JE+27
TE1E9MC 3 40E+31 CYS 9.Ji+01 I--129 100.

91 r.
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TABLE 132 }.
|*

CASE IV-F -- FILL WANTED DISPOSAL - ~

FOOD GROWN IN WASTE AFTER-100 YEARS CECAY

ISCTCPE HALF-LIFE- LIMITING OAUGHTEP EERCENT
BURIAL .

CONOEN.
(UCI/GH f'

TE-12AC 1 12E+;. HRS 6 6E+,4 I--129 100. I'

TE131H 1 20E+G3 CYS 1. 5&.7
TE-131 2 5sE%1 HIN 1.,E+;7 i|
Tt-132 3 25E+03 CYS 1.sE+07 |

I--129 1 6dE+37 Y15 5 26-C7 - '

I--130 1 2*E+wi HRS 1 3E+07 f

I--131 8.iSE+;s CYS 1.0i+07 .

l .IT--132 2 30E+00 HRS 1.3E+07
I--133 2 10E+c1 HRS 1 2E+o7 i

I--134 5.3)E+C1 MIN 1.dE+07
f'I--1300 6.75E+C0 HR5 6 2E+05 CS-135 100.

CS-134 2 10E+Cd YRS 1 0E+07 !
CS-135 2.J0E+.6 YRS 3 1E-04
CS-13E i.73E+0i PYS 1..E+07
CS-137 3 . O s s + 4.1 YAS 5.66-04

-

!CS-130 3.225+;1 MIN 1.sE+v7
I

'A-140 1. '2 3 E + 01 DYS 1.CE+07
f;8A-141 1 8eE+si MIN 1.3E+07

9A-142 1 10E+01 HIN 1 0E+07
LA-14C 1 07.i+$0 CYS 1.dE+07
LA-141 3.9dE+f. HRS 1 0E+07
LA-142 1 4JE+0J HPS 1.GE+07
CE-thi 3 25E+fi CYS 1.;E+c7
CE-143 1 375+LO DYS 1.JE*07
CE-144 2 8 5 5 + 's 2 OYS 1.SE+;7

PF-143 1 376+01 CYS 1.6E+07
PN-144 1 73d+;1 HIN 1 0E+07 i

NO-147D 1.11E+;1 CYS 1.JE&D7 PH-147 100.

PH-147 2 60E+00 YDS 1.JE+07
W--187 2 40E+0i HRS 1 3E+07
RA-223 1.14E+31 DY3 1.JE+J7
LA-2E0 1 6 ]i h .3 Y .S 7.2E-07
AC-2d7+D 2 16E+;. YPS 2 4E-14 RA-223 23.

Th-2C7 1.825+C1 CYS 1..E+07 1
*

PA-231+3 3 25c+04 YRS 4.3E-06 AC-227 24.

U--27r 7,1)g og 3 yqs 4,gs.g5 ,

NP-2290 2 35E+05 OYS 2 05+03 PU-239 100. !

PU-239 2 44E+04 YRS 5 3i-04 |

f

3ASE3 ON: CONSUMP'23N OF FOOD GROWh ON WASTE SITc
A MAX 1"UM JOSE COMMITME N1 0F 3.00 MRE M/YF. TO ADULTS ,

DECAY TIME FR0i BuiI AL ' TC INGESTION = 1.dE+J2 Y ARS }

CONSUMPTION OF 150. <G OF FRUITS ANO VEGET APLES PEk YE AP I

C0t! LUMP ION OF 155. LITtRS OF MILK Pc4 YEAR ,
>

CONSUMPTION OF 11 KG CF ME AT PE R YE AR
50. KG/ DAY )' CONSUMPTION FATE OF CCH =

CONSUMPTION : ATE OF CATTLE = 53. KG/ DAY |
'

FRACTION Or 50IL WHICH IS WASTE : .20
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NESP SPONSORS
.

Chas. T. Main, Inc.
AKK Atomkraftkonsortiet - Merrill L ynch, Pierce, Fenner & Smith, Inc.

(AKK Atomic Power Group)
Metropolitan Edison Company("ed ChemicalCorporation
Middle South Services,Inc.

. Arizona Public Service Company
Nebraska Public Power District 7

; Atlantic CityElectric Company
New York State Electric & Gas Corporation

Atomic Internationa/ Division
Niagara Mohawk Power CorporationThe Babcock & Wilcox Compant
Northeast Utilitie,; Service Company

Baltimore Gas & Electric Company
Nuclear Energy Liability-Property

BechtelPower Corporation
insurance Association (NEL-PIA)Black & Vectch, Consulting Eng'neers '

Nuclear Energy Services,Inc.
Bonnevine Power Administratio, .

NUS Corporation
Boston Edison Company

Offshore Power Systems
Brown & Root Inc. Ohio Edison Company
Chem Nuclear Systems,Inc.

Omaha Public Power DistrictThe CincinnatiGas & Electric Company
The Cleveland Electric luuminat ng Company

Pacific Gas & Electric Company

Columbus & South Ohio Electn: Company Pennsylvania Electric Company

Combustion Engineering,Inc. Pennsylvania Power Company

Comissao Nacional De Energia Nuclear Pennsylvania Power Et L|ght Company
Phelps Dodge Corporation 'Commonwealth Edison Company
Philadelphia Electric Company

Consu ners Power Company
Pinnacle Exploration,Inc.

The Daytan Power & Light Company
Portland GeneralElectric Company

The Detroit Edison Company
Power Authority of ti.e State of New York

Duke Power Companv
Public Service Company of Colorado

Duquesne Light Company
Public Service Company of New Hampshire

Envirosphere Company
Public Service Electric & Gas Company

Exxon Nuclear Company,Inc.
Puget SoundPower & Light Companyflorida Power & Light Company
Sacramento Municipal Utility District '

Fluor Engineers & Constructors, Inc.
San Diego Gas & Electric Company iGeneralElectric Company

GeneralPublic Utilities Corporation Sargent & Lundy
South African Atomic Energy Board

Georgia Power Company South Swedish Power Company, Ltd.
Gibbs & Hill, Inc.

Southem Califomia Edison Company
Gilbert Commonwealth Companies

Southern Company Services,Inc.
Goodyear Atomic Corporation

Stone & Webster Engineering Corporation
GPUService Cornoration Tennessee VaHey Authority
Gulf States Utilities Company

The Toledo Edison Company
Hittman Associates, Inc.

UnitedNuc' arIndurtries,Inc.,

IHinois Power Company
Iowa-lHinois Gas & Electric Company Virginia Electric & Power Company

Werner & Pfliedcrer Corporation
lowa Power Et light Company

Westinghouse Electric CorporationJersey CentralPower & Light Company '~'

Wisconsin Electric Power Company
JA. Jones Construction Company

Wisconsin Power & Light Company
Lawler, MatusAy & SAelly Engineers

Wisconsin Public Service Corporation
Long islandiighting Company

Woodward-Clyde Consultants
Department of Water & Power

Yankee Atomic Electric Company iThe City of Los Angeles
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