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1.0 INTRODUCTION.

This report presents the methodologies utilized to calculate poten-
-tial impacts resulting from the management of low level radioactive
waste (LLW). The report considers three phases of waste management
that may result in various types of impacts: (1) processing of the
waste at the génékation source or at a centralized location prior to
aisbosa], (2) transportation of the waste from the generation, source
to the disposal location, and (3) disposal of the waste.

Potential impacts resulting from the management and disposal of LLW
are expressed through "impact measures." - Five quantifiable impact
measures have been selected for treatment in this report: dose to the
members of the public, occupational exposures, costs, energy use, and
land use. Other impact measures may be quantified; however, the above
five measures have been selected since they'imp]icitly reflect many of
the other impact measures.

The methodologies considered in the report include calculational
procedures to determine: )

0 the occupational exposures and the exposures to the members of
the public (individuals and population) resuiting from the
disposal of LLW; '

0 the occupational "and the population exposures resulting from the
' processing of the waste at the generator location or at a cen-
tralized location (assumed to be at the disposal site), and the
transportation of the waste from‘the waste generators to the
disposal site;

0 the costs and the energy use associated with processing, trans-
portation, and disposal of LLW; and

o the land area committed to disposal of LLW.

1-1



These methodo]ogie; may be applied to a number of alternatives for
waste form and packaging, disposal facility location, facility design
and operation, and institutional controls to determine performance
objectives and technical requirements for acceptable disposal of the
wastes and to determine the environmental impacts of the selected
alternatives.

This chépter provides an overview of the purpose and app]icétion of
the impact analysis methodologies, presents the'background rationale
for the fundamental assumptions utilized in the development of the
methodology and the data bases, and presents the approaches adopted to
define the interfaces of the three phases associated with the manage-
ment and disposal of LLW.

Chapter 2.0 discusses the waste-to-human pathways involved in the
calculation of exposures to the members of the public. It includes a
discussion of the basic rationale and background of the pathway
analysis methodology, presents and analyzes the generic pathways
considered in this report, and develops the equations applied in
‘subsequent chapters.

Chapters 3.0, 4.0, and 5.0 address thé three phases associated with
the management and disposal of LLW, and discuss the disposal impact
measures, transportation impact measures, and waste processing impact
measures, respectively. Additional backup data and discussfon re-
~ garding the pathway analyses are provided in three appendices address-
~ing the pathway transfer factors, dose conversion factors, and refe-
rence disposal locations, respectively. '

Finally, Chapter 6.0 contains a discussion of the computer codes
written to perform the impacts analyses. Included in the discussion
are the basic assumptions, general approach to the development of the
codes, and a discussion of the analyses performed by each code. The
listings of the codes and data bases utilized in the analyses are
provided as Appendix D. '

1-2
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facilities. One of the tools needed to provide this guidance is a
workable methodology for determining what disposal requirements are
applicable for a given type of waste -- i.e., a waste classification
methodology.

The primary reason for the development of a waste classification
methodology is the need to assure that uniform and environmentally
acceptable practices -are adopted throughout an extremely diverse
industry that generates LLW with varying physical, chemical and
radiological characteristics. Definition of specific waste cate-
gories, to allow for a commonly understood basis for managing LLW,
would resolve many of the issues facing the industries that produce
and dispose of LLW. ’

Several waste classification systems have been proposed and are
summarized in reference 7. Based on a review of these prdposed
systems, reference 7 concludes that a viable waste c]assification
system should be based on the ultimate disposition of the waste
material. It further outlines three potential methods for disposition
of the wastes,'name]y; (1) discharge directly to the biosphere for
innocuously low-level wastes, (2) active confinement for low-level
waste, and (3) isolation for high-level waste. This classification
system is illustrated in Figure 1.1.

Reference 7 also concludes that the method governing the disposition

of the waste should be based primarily on its hazard potential and

expressed in terms of radioactivity per unit volume or mass at the

time of disposal. The reference goes on to note that the interfaces

of the three disposal categories are yet to be established, that the

issue of whether or not specific activity limitations should be

established for individual isotopes or groups of isotopes has not been

resolved, and that a total activity inventory limit may have to be
established for each disposal facility in order that the radiological

impacts remain below the established guidelines.

1-4
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A subsequent attempt to quantify the interfaces of the above three
disposal categories is presented in reference 8. This report details
a three-category waste classification system determined by two refe-
rence disposal methods and the éorresponding acceptance tests. The
reference disposal methods which determine the interfaces of the three
classes are basea on the shallow land burial and sanitary landfill
disposal concepts. - A following 'report(g) expands on the "work in
progress" presented in reference 8§, and outlines a classification
system composed of five classes which are delineated by radiocactive

concentration guides.

The impact analysis methodology presented in this report is one of the
tools which may be used to develop a waste classification system and
determine the interfaces of the eventual disposal categories. This
Areport devotes considerable attention to the variable conditions of
LLW and potentially viable different disposa1 technologies.

1.3 General Approach

The most important rationale governing the selection of the metho-
dologies and the calculational procedures used in this report is
the generic nature of the analysis. The methodologies are focused
toward helping to establish generic criteria for LLW management and
disposal rather than calculating impacts at a particular disposal
facility.

This is eépecia]ly significant in view of the level of information
available for a generic analysis as opposed to the level of data
which will be available for a specific disposal facility site.
Increasea complexity and sophistication of a calculational procedure
cannot compensate for a lack of data. Moreover, increased complexity
and sophistication cannot compensate for the fact that all calcu-
lational procedures are based on an idealized picture of the system;
this is an integral aspect of all predictive tools which afe an

~
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“Another exampie of a factor complicating an accurate definition of

the interfaces is the possibility that the waste processing may occur
at the waste generator's site or at a centralized regional location.
This aspect has to be included in the calculation of the impact
measures, specifically the transportation impacts. |

A third rationale for the selection of the methodologies is the need
to have a flexible methodology that can be updated in a straight-
forward manner as additional information is obtained. Any methodology
that cannot accommodate timely changes is bound to become obsolete in
a short time. The methodologies selected provide for continuous
updating of the calculational techniques and the data base used for
the analyses.

The general criteria used in the development of the impact analyses
methodology (IAM) are as follows: '

o The IAM should be constructed in terms of measurable properties
of the waste and the disposal environment;

o The IAM should be able to treat extreme Vaiues of these measure-
able properties;

o The IAM should be .able to consider diverse impact measures
associated with the disposal of LLW;

o The IAM shoulq be capable of rapid calculation of these impact
measures;

o The IAM should be able to assess the comparative importance of
the measurable parameters in affecting the impact measures; and
finally, |

o The IAM should allow the incorporation of more complex and
-sophisticated calculational procedures, if necessarj.

1-8



1.47 ‘impact dMeasurss

Five basic impact measures ‘are guantitiec in this report o determins

a preferred aluernative or oplior associated with Management. anc
disposal of LLW. Two of. these measures - individual ano populavicn
exposures associated with the handiing anc agisposal of the waste - ave
representative of the level of Tong-term proiection of ithe humar
environment from raaiologic impacts. - The other measures ~ cosis.
energy use, and commitited land area associated with the disposay oV
waste - are representative of the Tevel of. long~term protectiorn of the
human environment from soccioeconomic impacts. Uther petential impact
measures, such as man-hours and-material requirements fe.g., clav,
gravel, concretej, are. implicitly included in the above f;ge Tmoah
measures. in view of past disposal history and practices, th impact
measures related to Tong-term protection of the human envircnment are

stressed¢ in this report.

The methodologies selected for determination of individual and popu-
lation exposures resulting from the disposal of waste, which are
discussed in Chapter 3.0, are primarily geared towards the generic
pature of the analysis. Accordingly, determinetion of the rela-

fects of various barriers bDelween the waste and the

TIVe 2

. e g y e PR PP S
waste vorm and packaging,

. apd institutional conerois

SO THTEER I

The impact measures asseciated with waste processing and Lignspori-

ation -= i.8., occupational and population exposures, costs, and
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energy use -- are all representative of the level of short-term
protection of the human environment afforded by the alternatives
considered; it is assumed that no land is perméhently committed during
waste processing and transportation activities. Again, impact
measures other than these four are implicitly included in the selected

set of measures.

The transportation impact measures are straightforward functions of
the packaging and shipping-mode assumptions detailed in Chapter 4.0,
and the population exposure calculational procedures given in docu-
ments such as references 15 and 16. Impact measures associated with
waste processing, presented in Chapter 5.0, are calculated based on
the assumptions presented in reference 14 and the transfer factors
developed in Appendix A.

1-10
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location to another through the atmosphere or soil by a transport

“agent), and thereby become accessible to humans through various

pathways. Human access to the radioactivity may result either through
direct human -contact with contaminated material (e.g., inhalation
of air, ingestion of water, or direct exposure to radiation) or
indirectly through contaminated biota (through a multitude of pathways

“involving vegetation and animals) which have come into contact with

contaminated material.

Each of these radionuclide release/transport/pathway combinations
(scenarios) represents a complex series of interactions which are
affected by a wide range of parameters such as waste properties,
disposal site properties, and operational procedures. These diverse
release/transport/pathway scenarios must be unified so as to achieve
a simple, accurate, and readily usable methodology for pathway ana-
lysis. The development of the methodology employed in this report for
pathway analysis is based on the following procedure:

o Define and analyze, as completely as is practically possible, all
the potential release/transport/pathway scenarios that may lead
to radiation eXposureS'to either individuals or populations, and
select the significant scenarios for further analysis.

-0 Simplify the structure of the selected release/transport/pathway
scenarios by separating the radiation release and transport
mechanisms from the pathway mechanisms. In other words, separate
the calculational procedures used to model release of radionuc-
lides from the wéste and movement of radionuclides through the
environment from those calculational procedures used to model the
resulting dose to humans. o

0 Determine applicable radionuclide-specific dose conversion
factors for various human organs from human exposure to conta-

minated material for all release/transport/pathway scenarios.

2-2



nse conversion factors, henceforth called the pathway dose

conversion factors {FDCF's) te distinguish them from the conven-

tional use of the term "dose conversion factor" (which are
referred to as fundamental dose conversion factors in this
report}, are determined for an entire pathway to permit rapid

determination of dose equivalent vates to human organs.

o0 Model the radioactivity release and transport mechanisms between
the disposed wastes and the locations where the radionuclides
may be contacted by humans (the "biota access locations"). Then
identify the control mechanisms and barriers that may be techno-
Togically or administratively implemented that affect these

release and transport mechanisms.

o Utilizing the infermation presented in references 1, 2 and
Appendix C, determine the various options available for these
control mechanisms in terms of waste form and packaging, facility
site selection, facility design and operation, and institutional

requirements.

0 Finaily, determine the potential radiological impacts from the

[]

disposed LiW for various alternative aptions.

The methodoiogy considers only one radionucliide at a time. Total
impacts resuliing from the movement of radionculides from the waste
and through the environment are obtained by summing over all of
the radionuclides assumed toc be present in the LLW. Several radio-
nucltides consideredy(l) however, result in decay chains. These
decay chains are implizitly included by incorporating the effects
of the daughters throudh the dose conversion factors for the parent
radionuclide or by decaying the appropriate fraction of the parent
radionuctide and adding it teo the daughter radionuclide inventory as
in the case of the decay of Pu-241 to Am-241. However, more detailed
consideration of radionuc)lide chains would be appropriate during an
anatysis for a specific disposal facility location. |
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2.2 Re]ease/Transport/Pathway Scenarios

In accordance with the first two steps outlined above, the defini-
tion and simplification of the potential release/transport/pathway
(RTP) scenarios that are quantifiable and can lead to significant
radiation exposures to humans are discussed in this section. The
approach to the definition of the RTP scenarios is presented in
Section 2.2.1, applicable release/transport scenarios are discussed
in Section 2.2.2, control mechanisms that may be applied to these
scenarios are discussed in Section 2.2.3, and the RTP scenarios not
included in detail in this report are considered in Section 2.2.4.

Z2.2.1 Approach

The conventional approach to quantifying the routes and pathways
between radioactive materials and humans, ana thereby determining the
resulting radiological impacts, is widely known and can be found in
the ]iteraturé.(3'5) A representative diagram is given in simplified

form in Figure 2.1.

As shown in this figure and beginning with the disposed waste, the
transfer of radionuclides (and/or direct ionizing radiation) is traced
along numerous transport paths as the contamination is transferred
between adjoining compartments ana is eventually taken up by humans.
The boxes represent the contaminated media and the arrows indicate
that contaminant transfer can occur between adjacent compartments via
the stated radionuclide-mobilizing mechanism.

This classical pathway methodology 1is very useful in determining
specific impacts associatea with a particular disposal facility,
but is unfortunately a bit awkward for use in determining generic
regulatory requirements. This results from the fact that most of the
arrows between the boxes represent environmental parameters that are
site specific, and depend on the location of the disposal facility.
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Moreover, the diagram does not permit rapid identification and ana-
lysis of alternative control mechanisms, which may' be used to reduce
or eliminate the potential radiological impacts.

To aid in éna]yzing alternative overall fperformance objectives and
technical criteria, a more practical calculational procedure is needed
which separates those parameters that can be controlled (through
technological and/or administrative requirements) with a high degree
of confidence from those that cannot be controlled with the same
degree- of confidence. For example, waste form and paékaging are
parameters that may be potentially controiled with a higher degree
of confidence than such parameters as the irrigation rate of crops,
which must be assumed to be uncontrollable. A pathway diagram that
has been rearranged in order to‘satisfy these conditions is presented
in Figure 2.2. " '

As can be seen in this figure, most of the site specific pathway
compartments and parameters have been separated from the rest of the
diagram at what are. termed the b1ota access locatmns Most of the
parameters which can be contro]]ed (which are the solid waste/soil
mixture box and the connections of this box with the other biota
access locations) have been sépar;ated'from the rest of the diagram.
The significance of this separation is that performance objectives,
technical requirements, and administrative regulations which would be
formulated to reduce the rad1o1og1ca’l 1mpact of LLW disposal would be

aimed at the controllable parameters.

After the contamination reaches a biota access locatiori, it becomes
available for immediate or eventual uptake by humans. Comparatively
little control (mostly through site selection) can be 1mp1 emented over
the segments of the pathways beyond these biota access locations
(e.g., selection of a desert location may minimize ingestion path-
ways). Because of this compa‘rative lack of control, movement of
radionuclides through the pathways beyond the biota access locations
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and the resulting human exposures may be expressed through radionuc-
lide specific pathway dose conversion factors (PDCF's) that are

independent of the original means of contamination. Based on an
appropriate ' reference concentration at the biota access location
(e.g., 1 Curie/m3 of contaminated media), the dose to humans may be
calculated for each bathway from the biota access location to the
_ pdint of eventual human exposure. In other words, once the radio-
nuclide concentrations at the biota acceSs locations are known,
potentia]/human exposures‘may be determined by multiplying the actual
access Tlocation concentrat1on C (in units of Ci/nﬁ) by the PDCF
(in units of millirem per C1/m ):

H = PDCF x C_ o ’ (2-1)

where H is the human dose in millirem (see Section 2.3). As an
example of the‘dévelopment and use of a particular PDCF, consider the
impacts that could result to a human from the presence of a concen-
tration of radioactivity in off-site air. Potential exposures could
‘result from the following uptake pathways:

o Inhalation of the contaminated air,

* » . .
o Direct ionizing radiation exposure from standing in the conta-
~ minated air; ‘ '

o Consumption of leafy vegetables dusted with radionuclides settled
out of the air,

. *-
o Direct ionizing radiation exposure from contaminated dust
deposited on the ground;

* Direct ionizing radiation referred to in this report includes
alpha, beta, and gamma radiations. Alpha and beta radiations have
very short ranges and usually only gamma radiations are considered
in the impact calculations. However, beta radiation has been
included in this work in the fundamental dose convers1on factors
for the above exposure scenarios (see Appendix B).
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o Inhalation of contaminated dust which has been resuspended from

the ground surtace;

o Consumption or vegetables containing radionuclides transferred
into the plant ihrough voet pathways; and

¢ Consumption of Tood <ontaining radionuclides transferred to the
food through veirious pathweys such as plant-animal-meat or

plant-animal-milk.

At & specitic site, the dose vesulting from these uptake pathways
wou'l< be detervinined through the use of (1) transfer factors such as
air-to-lea¥ and scil-to-air {ransfer factors, and (2) fundamental
dose conversion faciors (DCF) such as the inhalation DCF (50-year
comnitted dose per pCi inhaled), ingestion DCF (50-year committed
dose per pCi 1ingested}, and direct radiation DCF (annual dose per
unit concentration in the contaminated medium). The transfer factors
and the actual potential impacts would be specific to particular
environmeniel conditions (e.g., humidity, types of food grown, etc.)
and specific human actions at the location where the airborne conta-

mination occurvred.

O3 iz analyses, reasonabie yet conservative assumptions

riironmental chavacteristics and human actions.
Ji0nE, 2 unit concentration of a radionuclide

and the vundamental dose conversion factors

external exposure), the potential

aocur as a3 result of each uptake
tated. Then the doses from each uptake pathway
zach individual organ, a single pathway

O T [P | e T o e gy
flay e sulllinsd ©0 YO, Yol

40se conversion tacuor that vepresents the total potential dose

received Trom ail wuph:

he end result is the ability to

quickly determine on & generic basis (e.g., by consulting a table and
multiplying), the total potential organ doses received by a human

from any concentration of radiconuciides in air.
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This approach introduces a conservatism in the calculation of doses
since not all of the uptake pathways 'may be applicable for every
release pathway and environmental setting. The generic nature of the
analysis, however, precludes a detailed consideration of site specific
pathway factors. ' '

2.2.2 Release Scenarios

There are three fundamental transport agents which can mobilize
radioactivity from disposed waste:

o Direct Contact - The waste may be directly accessed by humans
through ionizing radiation exposures or through human activities

which contact the waste/soil mixture.

o Air - Air can mobilize radioactivity from the waste when the
waste is directly exposed to the atmosphere.

o Water - Ground water and surface water can act as transport
agents to mobilize radioactivity from the waste.

Moreover, there are two comparatively distinct time periods of the
site lifespan during which releases from LLW can reach a biota access
location: the operational period and the post-operational period. The
post-operational period may be further divided into the closure and
observation period, the active institutional control period, and the
passive institutional control period. '

Operational Period - The operational period includes the time during

which the waste disposal operations takes place. During this period,
the principal mechanism at a disposal facility that can result in
significant transport of radiocactivity to a biota access location is
an operational accident. In this case, wind is the primary transport
agent, the biota access location becomes off-site air, and the expo-
sure period is acute - i.e., a discrete event occurring over a short
time span. ‘
2-10
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site owner. During this period, the facility operator is responsible

for the control and maintenance of the site. The groundwater scenarios
are initiated during this period. Groundwater may transpbrt radioac-

tivity to locations where the radioactivity may be accessed by humans.

Possible access locations would include either a well drilled into the:
contaminated aquifer or open water (e.g., a stream) into which the

contaminated aquifer has discharged. For both of these cases the

exposure periods are chronic (i.e., continuous events).

Active Institutional Control Period - This period lasts from the
transfer of the title of the site by the site operator to the site
owner until a point in time at which a breakdown in active institu-
_tional controls is assumed to occur. During this period, the waste is
not exposed to the atmosphere. The waste may, however, interact with
humans through direct radiation attenuated through the disposal cell
cover. Thus, the waste itself is an access location. The other

principal agent that can transport radioactivity from the waste during
this period is groundwater, ‘which continues during this period.

Prior to the transfer of the title to the site owner, the site will be
closed by the site operator. A desirable goal during the closure
activities is that the site will have been stabilized so that there is
essentially no need for active'ongoing maintenance by the site owner.
During the active institutional control period, the site owner is
responsible for the care and maintenance of the site. Access to the
site is restricted (e.g., fenced) and/or controlled by means of some
manner of licensed surface use. The direct radiation exposure sce-
nario, in comparison with other scenarios, is 1ikely not to be signi-
ficant since the radiation must pass through the intact trench cover.
The groundwater scenarios are assumed to continue during this period.

Passive Institutional Control Period - During the passive institution-

al control period (after active institutional controls are assumed to
have broken down), the waste may be exposed to the atmosphere through
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erosion or human activities. During this period, the waste/soil
mixture may, potentially, be directly accessed by humans. For example,
a house could be inadvertently constructed on the waste disposal
facilty and after the house is constructed a person or small group of
persons could live in the house and possibly consume garden vegetables
inadvertantly grown in the waste/soil mixture. These two potential
inadvertent intruder scenarios are referenced several times in this
report and are referred to as the intruder-construction scenario and
the intruder-agriculture scenario. In addition, wind and water may
act as transport agents that may lead to dispersion of radionuclides
and off-site contamination of air and open water, respectively. In
the case of direct human contact with the waste/soil mixture, the
exposure period is acute for the inadvertant intruder-construction
scenario, and chronic for the inadvertant 1ntruder-agricu1turelsce-
nario. For scenarios involving the wind and surface water transport
agents, the exposure periods are chronic. The groundwater scenario
continues during the passive institutional control pericd.

During the active institutional control period, it may be assumed that
active controls exercised by the site owner on the closed disposal
facility will gradually lessen. The period of time between the site
inspéétion and koutine monitoring of the site will lengthen. Even-
tually a passive institutional control period may be assumed during
which the control of the site is principally expressed through site
ownership and control of land use. During this period, there may be
occasions in which inappropriate use of the facility by people occurs.
As extreme examples of inapropriate use, a house may be constructed on
the disposal facility and persons may live in the house. It is
likely, however, that the passive institutional controls would pre-
clude continuation of inappropriate site use for long time periods.

The seven pathways that have been discussed above (one for the ope- »
rational period, two for the closure and observation period, one for
the active institutional control period, and three for the passive
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_institutional control period) are summarized in Table 2-1. A brief

discussion of the release/transport/pathway scenarios not considered
quantitatively in this report is given in Section 2.2.4.

For calculational purposes, it is convenient to reorganize these seven .
pathways. This modification involves breaking up the passive institu-
tional control period on-site soil exposure pathway into two exposure

-. scenarios (inadvertant intruder-construction and inadvertant intruder-

agriculture), and eliminating the active institutional control period
on-site soil exposure scenario since it involves potential radiation

~ exposure attenuated through an intact disposal cell cover. These

exposures are not expected to be significant as long as the disposal
cell cover is intact. Direct radiation exposures to a potential
intruder are considered as part of the above inadvertant intruder
scenarios. The resultant seven pathways are illustrated in Figure 2.3.

A1l of these pathways involve PDCF's which are composed of more than
one uptake mechanism, i.e., there are secondary biota access locations
such as off-site air containing wind suspended radionuclides that were
deposited after wind transport from the waste. Additional information
on secondary biota access locations is provided in Section 2.3.2.

2.2.3 .Control Mechani;ms

The release and transport of radioactivity from the disposed LLW
are significantly affected by the _properties and characteristics of
the waste form and packaging, site design- and location, disposal
practices, etc. . Most, if not all, of these items are controllable to
some degree. Specific controls of these items can be made mandatory
through administrative regulation; hence these may be termed regu-
latable items or control mechanisms.

In order to permit the specification of controls and the quantitative
assessment of their effects, these control mechanisms should be
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TABLE 2-1

Major Pathways for LLW Disposal Facility

Period
Pathway Initiated

Operational Period

vC]osUre and

Observation Period

‘Active Institutional

Contrb] Period

Passive Institutional
Control Period

Transport Agent

Wind

Groundwater
Groundwater

~ Direct Radiation

Direct Access

Wind

'Surface Water

Biota Access
Location

Off-site Air

Well Water
Open Water

On-site Soil

On-site Soil

Off-site Air
Open Water

Exposure

Period

Acute

Chronic
Chronic

Chronic

Chronic

or Acute

Chronic
Chronic



SOURCE

RADIOACTIVE

FIGURE 2.3 :

Simplified Pathway Diagram

Release/Transport Biota Access Pathway Dose
Scenario Location Conversion Factor

Accident [Offsite Air ] Multiple (see text)
Intruader-
_Construction | Onsite Soil | Multiple
Intruder-

Agriculture [ Onsite Soil | Multiple
Groundwater [ Well water | Multiple
Groundwater | Open Water | Multiple

Surface Water { Open Water | Multiple

Wind Transport | Offsite Air] Multiple

2-16

EXPOSURE

HUMAN




identified unambiguouslyi To accomplish this, each release/transport
mechanism may be broken down into its component parts. This breakdown
is illustrated in Figure 2.4 and in the following example regarding

potential groundwater migration.

Figure 2.4 schematically traces the 'progréss of a given transport
agent (é.g., water) from initial 1nput't6”the waste to eventual output
at the biota access location. For example, consider the action of
rain watekqu:a'sha110w land burial facility. Rain water (the initial
form of the transport agent) may seep down into the waste, contact and
leach radioactivity from the waste (thereby becoming leachate), become
contaminated and continue seeping downward. The contaminated water
may then move through the tranSport medium (e.g., underground satu-
rated or unsaturated zones) to a well or to a river (biota access
location) where it is withdraWn for use in'human'consumption, crop
irrigation, animal watering, etc. Identification of the basic struc-
ture of the release/transport mechanisms permits strafghtforward
postulation of barriers that can impede the movement of the transport
agent or 1its associated contamination from one compa%tmént to the
next. The following barriers and control mechanisms can be identified
using the abdver example of rainwater infiltration and transport.

o Rainwater infiltration into the waste cell can be reduced
by a 1ow¥permeability c]qy cover over a waste disposal trench.
This barrier can be controlled through site design and stabili-

zation operations during site closure.

o Water that does enter the trench can be parfia]]y inhibited from
picking up contamination from the waste by either assuring that'm
‘the waste container does not permit contact between the waste and
water (this may be accomplished through the use of a high integ-
rity container) or by permitting only the disposal of waste that
releases radioactivity very slowly upon contact with water. This
barrier can be controllied through waste form and packaging.
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Release of contaminated water from the trench may then be
reduced by another low-permeability clay layer at the bottom of
the trench. However, this barrier should be implemented with
caution. Otherwise, accumulation of leachate could occur which
could eventually fill up the trench and posssibly overflow the
trench.  This barrier can be controlled through site design.

After the water enters the transfer medium (i.e., the soil), the
natural geologic barriers that can impede and/or reduce the
magnitude' of the radionuclide transfer include adsorbtion onto
soil particles as the water moves through an underlying strata,
dispersion of the radionuclides during migration, and radioactive
decay during the contaminant travel through the geologic medium.
These barriers can be controlled through site selection.

Once the transport agent reaches the biota access location,
another mechanism that would reduce the magnitude of the conta-
minant concentration is dilution with uncontaminated water at the
discharge location. For example, the flow rate of a river or the
pumping rate of a well affects the degree of dilution achieved.
This barrier can also be controlled fhrough site selection.

Finally, the point in time at which the groundwater scenario is
initiated depends orn the waste form and package,-site operational
procedures, and administrative requirements. For example, the
waste may be packaged in a high integrity container. This
resuits in a time-delay factor, due to radioactive decay, that
can reduce the magnitude of the source term significantly.

The barrier concepts that have been discussed above can be generalized

and applieda quantitatively to each release/transport scenario. This

may be accomplished by using an interaction factor (denoted by the

symbol 1) that relates the radionuclide concentration at the biota
access location to the radionuclide concentration in the waste:
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Ca =1x Cw (2-2)
where (Ca) and (Cw) are the concentrations of the radionuclide of
concern, in units of (Ci/m3),'at>the biota access location and
in the waste, respectively. The interaction factor (I) can further be
compartmentalized in terms of the barriers discussed above:

I=f,xfyx f, X fe (2-3)
where

f = time-delay factor. This factor accounts for all the control
‘mechanisms that increase the time period between the termina-
tion of waste disposal at the site and the initiation of
contact between the transport agent and the waste.

f, = site design factor. This factor includes the effects of any
engineered barriers designed into the waste disposal opera-
tions at the site, plus any site operational practices that
may reduce transport.

f = waste form and package factor. This factor accounts for the
physical and chemical characteristics of the waste, ‘at the
time of the initiation of the release/transport scenario, that
may inhibit contaminant transfer to- the transport agent.

~f_ = site selection factor. This factor includes the effects of
the natural site environment that contribute to reducing the
contaminant concentrations at the biota access location.

These -four barrier factors may be used to represent the control
mechanisms. Regulation through these factors may be accomplished by
either specifying the value required for a given barrier factor, or by
defining the characteristics of the barrier needed to achieve the

desired effect. ’ ’
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2.2.4 Other Potential Exposure Pathways:

The above seven release/transport mechanisms are comparatively the
most significant potential pathways to human exposure, and calcula-
tional procedures are developed in this report to determine potential
human exposure levels resulting from these pathways. The calcula-
tional procedures are used to help determine overall performance
objectives and technical criteria for near-surface radioactive waste
disposal. There are other potential pathways to humans which may be
considered during deve]dpment of the performance objectives and
technical criteria, but calculational procedures to estimate specific
exposure levels are not developed in this report. These potential

A7)

exposure pathways include the following:

o Groundwater migration during the operational period of the
facility 1ifespan;

0 The bathtub effect -- i.e., filling up of the disposal cells with
accumulated leachate and subsequent overflowing;

o Diffusion of  radioisotope-tagged decomposition gases through
disposal cell covers;

o Dispersion of radioactive material by means of surface runoff or
wind dispersion from accidentally contaminated site surfaces and
equipment. '

A1l of these potential pathways have been obsefved at commercial
(8-13)  1pe first three
pathways are fundamentally caused by site instability problems--that

and/or DOE operated disposal facilities.

is, by degredation of compressible material within a disposal cell and
subsequent subsidence of the disposal cell contents, leading to
cracking and slumping of disposal cell covers and increased infiltra-
tion of rainwater into the disposal cell. At sites with moderate to
high permeability soils, an infiltration problem (resulting from a
subsidence problem) can lead to migration of some radionuclides being
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observed during the operational beriod of the facility life. This
would principally involve very mobile radionuclides such as tritium.
However, during site operations the potential for groundwater mig-
ration would be monitored and if it occurs, the licensee would take
steps to correct the situation. Of more concern is the potential
Tong-term migration of all the radionuclides in the waste after site
operations have terminated. At sites with very low permeability
soils, an infiltration problem can lead to collection of trench
leachate 1in disposal cells. This leachate would have to be removed
and treated during disposal operations.

It has been demonstrated  that 'potential problems of increased in-
filtration -- migration during the operational period or the bathtub
éffeét -- can be minimized or avoided during the operational period
through siting or operational procedures. For example, increased
attention paid to compaction of disposal trench covers can greatly
reduce’ the maintenance required during site operations. 0f more
interest is the long-term stability of a disposal facility, and
methods which may be used to ensure this stability. Impacts from the
bathtub effect could ultimately inciude overland flow of a few to some
hundreds of gallons of leachate. The prihcipa] impact, however, is
likely to be the very high costs df remedial action, which could
include pumping, treating and solidifying leachate, and restabiliza-
tion of trench covers. This remedial action could result in an
expense to a site owner of better than a million dollars per year, for

(

or waterborne release of radionuclides.

a number of years. 14) Treatment of leachate could involve airborne

Past disposal experience indicates that potential diffusion of radio-
isotopetagged decomposition products such as methane or carbon dioxide
can be significantly retarded by facility design and operating prac-

tices such as thicker trench-éovers.(12'13) 'In any case, generation
of decomposition gasses would be reduced through efforts to minimize

the degredation of trench contents. In other words, actions undertaken
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promote site stability and to minimize or eliminate trench subsidence
will also serve tc significantiy reduce generation of radioisotope-

tagged decomposition gases.

Potential operational impacts due to run-off or wind dispersion of
contaminated site surfaces are site specific and would be addressed as
part of the Tlicensing of individual disposal facilities, and calcu-
lational procedures to estimate the Tevels of these potential impacts
are not developed in this report; In any case, these impacts can be
reduced to negligible levels through strict on-site contamination
control at a disposal facility, and through better attention paid to
packaging of wastes for transportation. In the past, one of the most
significant contributor to on-site contamination has been accidental
spillage of trench leachate during pumping for treatment. In addition,

- another significant contributor to .on-site contamination has been

accidental spillage of low-level liquids which were at one time
delivered to some disposal facilities for solidification and disposal.
More recently, however, this practice has been discontinued and all
disposa] facilities accept only solid wastes for disposal. Probably
another cause for on-site contamination is through excessive free-
standing liquids in (and leaking out of)‘disposal containers.

rotential intrusion by deep rooted plants or burrowing animals through
disposal cell covers is another potential pathway. This dintrusion
could potentially result in increased human exposures by three general

mechanisms:

{1} surfacing of radicactive material which could then be dispersed

by wind or water,
{2} human consumption of contaminated plants or animals, or

{3} increasing rainwater percolation into the disposed waste through
rgot channels and animal burrows, thereby potentially increasing
radionuclide migration through groundwater.
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4
These potential exposures, particularly the first two mechanisms,

are difficult to quantify. Past occurrences of plant and animal
intrusion at existing disposal facilities, potential exposure pathways
to humans, and methods to reduce or preclude such intrusion are site
specific and are not quantified in the generic analysis developed in
this report. In any case, the major impact of deep-rooted plant and '
burrowing animal intrusion at é disposal facilty is likely to be an
increase in the potential for groundwater migration. This potential
effect on groundwater migration is quantitatively considered in this
report (see Section 3.5). However, for perspective, a brief discus-
sion based on reference 13 of potential deep-rodted plant and animal
intrusion is presented below.

For uptake by vegetation, a biomass model, using the parameters of
the ecosystem that follow the generation and transfer of biomass,
assumes that 0.2 percent of the root mass of a mature tree is below
1.5 m from the soil surface with the uptake linearly proportional to

(13) An evaluation of uptake for wastes containing

this fraction.
plutonium at a concentration of 10 nCi/g was performed and yielded
a concentration 8x10'64nC1/g at the soil surface after 5000 years.(13)
From these results, reference 13 concludes that this mechanism is
unlikely to produce surface concentrations exceeding the original
waste concentrations. Therefore, the intruder scenarios will be the

1imiting scenarios.

The other mechanism is potential animal or insect intrusion. The
depths of burrows or tunnels for some typical animals and insects are

given be]ow:(13)
Maximum Typical Burrow
~ Species and Tunnel Depth
Harvester Ant 3 m
Moles 1.2 m
Pocket Gopher 0.6 m
Pocket Mouse l.6 m
Deer Mouse 0.6 m
Field Mouse 0.6 m
Earthworms 0.5m
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As can be seen, the probability of animals other than harvester ants

(13)

significant erosion of the waste cover, the surface concentrations

reaching the wastes with a two meter cover is 1ow. Even after
will be lower than the wastes and the doses will be controlled by the
pathway of people living on the area after the wastes are exposed by
erosion. 13 This implies that the intrudérAscénarios will again be
the limiting scenarios. In any cése, burrowing animals that may be
fdund in vérious regions of the continental U.S. are discussed in
Appendix C for four hypothefica] disposal facility sites.

2.3 Pathway Dose Conversion Factors

This section considérs the pathway dose conversion factors (PDCF'S)
introduced in equation 2-1. It presents a background on dose calcu-
lational procedures, presents detailed pathway diagrams for the seven
pathways‘considered in Section 2.2, discusses the biota access loca-
tions, and gives PDCF values for the seven pathways of concern for
the seven human organs and 23 radionuclides selected for consideration
in this report. o

2.3.1 Background

The use of the pathway dose conversion factors (PDCF's) in the calcu-
Tational methodology is straightforward. It is multiplied by the
radionuclide concentration at the biota access Tocation(s) (Ca) to
obtain the human exposures:

H = POCF x C, | (2-1)

where PDCF stands for the pathway dose conversion factor in units of
millirem (mrem) per Ci/m3 for the acute exposure scenarios and in
units of mrem/year per Ci/nﬁ for the chronic exposure scenarios.
The radionuclide concentration at the biota access location (Ca) is
in units of Ci/m°. ,
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In this report, for acute exposures, H will be taken as the dose in
mrem, received dur1ng 50 years following a one—year exposure to the
‘radioact1ve material; and for chronic exposures, H will be taken as
the dose rate in mrem/year, received during the SOth year of an
exposure per1qd lasting 50 years. ‘These two definitions result in
‘use of the same fundamental dose conversion factors for the chronic
and acute scenarios. Hereinafter, the qualifier equivalent is assumea
to be implicit in the term ggsg;'similarly, the dose equivalentvrate
will be referred to as the dose rate.

~ Some of the acute exposure scenarios last for much shorter periods
than one year. However, for calculational convenience all acute
exposures will be assumed to last one year. A correction factor, used
to normalize acute exposure pékiods to the one-year reference value,
will be incorporated into the release/transport portion of the sce-
nario, usually into the site se]ect1on factor fs, as appropriate to
the scenario.

Use of the POCF requires a clear quantitative pathway model, which is
arrived at through the following steps:‘d)

(1) defining the objective of the modelling effort,

(2) forming. the block diagram of the system identifying the ecolo-
-gical and environmental compartments,

(3) identifying and quantftati#ely determining the "“translocation"
parameters of the system,

(4) predicting the response of the system to the input parameters by
using either the concentrat1on factor (CF) methoa or the systems
analysis (SA) method, and '

(5) analyzing this response for the critical radionuclides and
pathways and the effects of parameter uncertainties.

2-26



These steps are straightforward, except for the definition of the
“translocation" parameters (which are referred to as transfer factors
in this work) and the use of either the CF or the SA methods to
predict the response of the system. These are briefly summarized
below.

The transfer factors are simply the transfer functions or coefficients

_that express contaminant exchange between the various environmental

compartments of the pathway diagram -- e.g., animal bioaccumulation
factors, plant uptake factors, etc. A survey of the literature yields
a considerable range of values for these parameters dependent on the
human environment. One may obtain preliminary values from laboratory
and field experiments, but these should be refined by observations in
the actual system. Values for the transfer factors utilized in this
work are detailed in Appendices A and B.

In order to mathematica]Ty model theimovement of a radionuclide
from its source to its uptake by a human population, two modeling
systems may be used. They are referred to as the CF and SA methods.
Both require the conceptualization of the actual system as a series
of compartments through which the radionuclides pass (e.g., as in
Figures 2.1 and 2.2). The movement of radionuclides from one compart-
ment to the next (é.g., soil to crops) is characterized by a transfer

pathway that may be quantified by a mathematical representation of the

transfer mechanism. The two systems differ primarily in the degree of
complexity to which the transfer mechanisms are treated.

In the‘ CF method, time-dependent behavidr is neglected. In other
words; chronic releases of a contaminant are treated as time-averaged
concentrations (usually on an annual basis), and acute releases are
treated as time integrated quantities.‘ The transfer pathway is thus
reduced to a single factor that, when multiplied by the concentration
in a given compartment, yields the concentration in the next compart-
ment. The result is that a very simple series of computations can
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trace the radionuclide concentration through the--various compartments
postulated for the model.

The SA method is utilized-in systems where the compartment transfer
mechanisms are time dependent. An example of this would be the
release . of radionuclides into a soil where chemical reactions may
take place that result in irreversible fixation (reversible sorption
is assumed ‘in this work). This represents a time-dependent concen-
tration reduction mechanism other than simple dilution and can be
modeled with the SA method using reaction rate data. The end result
of using the SA method is a series of differential equations that must
be solved in order to follow the dynamics of radionuclide movement
through the model system.

The choice between the two methodologies is generally based on the
state of knowledge of -radionuclide movement through a transfer path-
way. If Tittle is known about the dynamics of the system, the CF
method must be used to obtain first order estimations of concentra-
tions at biota access locations. If transfer mechanisms are known
in sufficient detail and timeédepehdent factors are important, then
the SA method should be used. Because of the generic nature of the
impact analysis methodology, the CF method has been utilized through-
out this report.

2.3.2 Pathways

The- PDCF's for the~pathways indicated in Figure 2.3 are the total
dose conversion factors for the individual pathways of importance in
contributing to human exposures from concentrations of radionuclides
at biota access locations. The individual pathways that comprise the
total pathways are shown in Figure 2.5. Also shown are the PDCF.
symbols for groups of uptake pathways that will be utilized in this
repdrt. These individual uptake pathways that comprise the total
pathways are discussed below.

2-28



Figure 2.5 . Details of Uptake Pathways

Biota Access PDCF
Scenario Location Uptake Pathways : Symbol

Inhalation (soil)

Soil 1rect Radiation (area) v
Accident I 0ffs1te Air D1rect Radiation (air)
(Acute) Inhalation (air) PDCF-1

~Direct Radiation (air)

: Inhalation (air)

Intruder- Air JQEEDirect Radiation (air) PDCE -2
Construction | Onsite Soil \Food (air)
(Acute) Direct Radiation (volume) PDCF-5

Inhalation (air)

Intruder- Air Direct Radiatjon (air) PDCE-3
Agriculture [ Onsite Soil Food (air)
(Chronic) Food (s0il) PDCF-4
~Direct Radiation (volume) PDCF-5
Inhalation (soil) W
Leaching & Soil Direct Radjatjon (area)
Migration | Well Water Direct Radiation (air) b POCE -6
(Chronic) Food (water)
4
Inhalation (soil)
Leaching & Soil Direct Radiation (area) |
Migration { Open Water Direct Radiation (air) |
(Chronic) Food (water) PDCF-7
~ngestion (fish) B
Inhalation (soil)
Surface Soil Direct Radiation (area) )
Water Runoff [ Open Water Direct Radiation (air) |
(Chronic) Food (water) PDCF-7
~Ingestion (fish) )
Inhalation (soil) _ 9
Atmospheric ' Soil kI Direct Radiatijon (area)
Transport . | Offsite Air Direct Radiation (air)
(Chronic) Inhalation (air) b PDCF-8 .
~Direct Radiation (air)
N Food (air) )
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As presented in Figure 2.5, all of the scenarios involve a secondary
biota access location resulting from the primary access location. Two
of the scenarios have four uptake pathways, four have five, and one
has six, yielding a total of 34 uptake pathways. However, of these
34 uptake pathways only 9 are unique types of uptake pathways, if only
the uptake mode and transport agents are considered. These nine
distinct types of uptake pathways are described in Table 2.2.

Only primary and sécondary biota access locations are considered in
the determination of these uptake. pathways. The effects of possible
tertiary access locations, such as air contaminated due to natural
suspension of raaioactivity from soil which is originally contaminated
from deposition of radioactivity from air, are not considered. These
- effects are considered, however, in the selection of transfer factors
between the uptake pathways. ’

The accident scenario includes offsite air as the primary access
location leading to two uptake pathways: inhalation (air), and direct
radiation (air); it also includes soil contaminated by radionuclide
deposition as the secondary access 1ocation leading to three more
uptake pathways: inhalation (soil), direct radiation (area), and
direct radiation (air). Since the exposure period is acute, the food
(air) uptake pathway has been excluded from this scenario. However,
the direct radiation (air) uptake pathway is included in the secondary
access location in addition to the direct radiation (air) from the
primary access location.

The construction scenario includes onsite soil as the primary access
location leading only to the direct radiation (volume) uptake pathway.
The scenario also includes onsite air as the secondary access location
leading to three uptake pathways: inhalation (air), direct radiation
(air), and food (air). Although the exposure period is acute, the
fooa (air) uptake pathway is includea with a moaification to account
_ fof non-equilibrium deposition and root-uptake conditions.
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TABLE 2-2 . Access Location-to-Human Pathway Descriptions

Pathway Designation

Description

Food (soil)

Food (air)

Food (water)

Ingestion (fish)

Inhalation (air)

Inhalation (soil)

Direct Radiation
(volume)

Direct Radiation
(area)

Direct Radiation
(air)

This uptake pathway includes a total of three
subpathways and denotes uptake of radionuclides
originating in plants via soil-to-root transfer
from contaminated soil:

plant-to-human

plant-to-animal-to-human

plant-to-animal-to-product-to-human

This uptake pathway includes a total of six
subpathways and includes the above three food
(soil) subpathways resulting from uptake of
radionuclides originating on plant surfaces via
deposition from contaminated air and the same
three food (soil) subpathways resulting from
fallout contamination of the ground.

This uptake pathway - includes a total of nine
subpathways and includes all the food (soil)
pathways resulting from radionucliides originating
on plant surfaces via irrigation deposition from
contaminated water and from irrigation contamina-
tion of the ground. The following three subpath-
ways in addition to the plant pathways are added:

water-to-human

water-to-animal-to-human

water-to-animal-to-product-to-human

Uptake of radionuclides from eating fish caught
in contaminated open water.

Uptake of radionuclides from breathing air
contaminated aue to suspension of contaminatea
soil particulates by human activities.

Uptake of radionuclides from breathing air
contaminated due te natural suspension and
volatilization of surface soil.

Direct exposure to ionizing radiation from
standing on ground homogeneously contaminated.

Direct exposure to ionizing radiation from
standing on ground whose surface is contaminated.

Direct exposure to ionizing radiation from
standing in air homogeneously contaminated.
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The agriculture scenario. also includes onsite soil as the primary ’
access . location; however, the food (soil) uptake pathway is included
in this case in addition to the direct radiation (volume) uptake
pathway. The scenario also includes onsite air as the secondary
access- location 1éading to the same three uptake pathways as the
construction scenario secondary access location: inhalation (air),
direct radiation (air), and food (air). However, in this case,
chronic conditions are assumed to prevail, and equilibrium conditions
are assumed for the food (air) uptake pathway.

The next three scenarios involving water are very similar. As a
matter of fact, the two open water scenarios are identical. The only
additional uptake pathway in the open water scenario as opposed to the
well water scenario is the ingestion (fish) pathwéy. This pathway
is included since the bioaccumulation factors for several fish species
are significantly greater than unity. However, direct radiation
exposure to contaminated water was omitted; it turned out to result in
neg]iéib]e additional exposures (less than 0.1%) when compared with
the other uptake pathways. |

The last scenario, the atmospheric'transbort scenario, is identical
with the accident scenario with the addition of the food (air) uptake
pathway to the primary access location. In this case, however, the
| exposure is assumed to be chronic as opposed to acute for the accident
scenario.

As can be seen from Figure 2.5, five of the release/transport/pathway
scenarios are represented by a single PDCF. However, the other two
. scenarios involving intrusion are more complex since different trans-
fer factors are applicable to the individual uptake components of the
intruder-construction and intruderfagricu1ture scenarios. The diffe-
rences in the transfer factors result from either differences in the
mechanism mobilizing the radioactivity or differences in the access
locations. |
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2.3.3  Pathway Dose Conversion Factor Tables

This section presents the calculated values for the eight pathway dose
conversion factors (PDCF's) identified in Figure 2.5 which will be
utilized in the radiological impact calculations. Seven human organs
are considered in this report for each radionuclide and each pathway:
total body, bone, kidney, thyroid, liver, lung, and gastrointestinal
(GI) tract. These pathway dose conversion factors have been derived
from the 9 independent pathways presented .in Table 2-2. The informa--
tion utilized in the calculation of the PDCF's includes human physio-
logical parameters (e.g., breathing rates, nuclide metabolism), die-
tary intakes, and nuclide-specific food chain transfer rates.(15_26)
A brief aiscussion of ‘the calculational methodology is presented
pelow. Details of the calculation (including the computer'code used

in the calculation) can be found in Appendix B. .

The POCF's have been calculated for 23 radionuclides. These radio-
nuclides have been selected based on the discussion and considerations
presented in reference 3. Uptake pathway data on other radionuclides
is presented in Appendix B, and calculation of the PDCF's for other
raaionuclides is straightforward. The radionuclides considered in
this report are summarized in Table 2-3.

A1l the PDCF's are calculatea based on five sets of fundamental dose
conversion factors. Two of the sets include DCF's for detekming
the inhalation 50-year committed dose in units of mrem per pCi inhaled
and the ingestion 50-year committed dose in units of mrem per pCi
ingested. Three different direct radiation exposure DCF's are used
depending on the particular biota access location considered. These
include DCF's for volume contamination of soil (mrem/year per pCi/m3),
surface contamination of soil (mrem/year per pCi/mz), and air conta-

‘mination (mrem/year per pCi/m3). These fundamental DCF's are a

function of the radionuclide of concern and the organ receiving the
dose. A brief description of the fundamental DCF's is provided below.
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TABLE 2-3 . Radionuclides Considered in Analyses

Half Life Radiation

Isotope (years) Emitted Principal Means of ‘Production

H-3  12.3 g Fission; Li-6 (n,a )

c-14 5730 B N-14 (n, p)

Fe-55 2.60 " X-rays  Fe-54 (n,y)

Co-60 5.26 B sy Co-59 (n,vy)

Ni-59 80,000 X-rays  Ni-58 (n,y )

Ni-63 92 B - Ni-62 (n,y)

Sr-90 28.1 | B Fission

Nb-94 © 20,000 B sy Nb=93 (n,y ) -

Te=99  2.12x10° B Fission; Mo-98 (n,v ) Mo-99 ( 87)

1-129 ~ 1.a7x10’ B,y Fission

Cs-135 3.0x106 B Fission; daughter Xe-135

Cs-137  30.0 B,y Fission '

U-235 7,1xlu8 a,yY Natural

U-238 4.51x10°  a,y  Natural

Np-237  2.14x10° o,y U-238 (n, 2n) U-237 ( 87)

Pu-238 86.4 @,y  Np-237 (n,v) Np-238 ( B8°);
daughter Cm-242

Pu-239 24,400 @,y U-238 (n,y ) U-239 ( 8") Np-239 ( 8")

pu-240{3) 6,580 @,y Multiple n-capture

Pu-241 13.2 as B,y Mu]tib]e n-capture

Pu-242 2.79x10° a Multiple n-capture; daughter Am-242

Am-241 — 458 o,y -Daughter Pu-241

Am-243 7950 o, Y - Multiple n-capture

Cm-243 32 ‘ TS Y Multiple n-capture

Cm-244 17.6 A, Y Multiple n-capture

(a) Pu-239 and Pu-240 are considered as a single radionuclide in the
impact analyses since they generally cannot be radiochemically
distinguishea. The activity of Pu-240 is added-to that of Pu~239.
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The 'most comprehensive cbmpi]ation of information on the initial
deposition of inhaled particles in the respiratory tract was published

by the ICRP Task Group on Lung Dynamics in 1966.(15)

This report
includes an anatomical description of the respiratory tract, charac-
teristics of particie size distribution, and physiological parameters
describing the inhalation process. Based on these parameters, a
quantitative model for initial respiratory tract deposition was
developed. The report also describes a lung clearance model that is
more comprehensive than those used previously; it is based on exten-
sive studies with laboratory animals and results of human contami-
nation cases and it also incorporates the major clearance processes.

With this model, various retention characteristics are described for

‘compounds of all the elements in the periodic table.

The complete lung model, as proposed by the Task Group(ls’lb) has

been utilized in this report to calculate the fundamental inhalation

. dose conversion factors. This model permits a more realistic calcu-

lation of raaiation dose to the human respiratory tract from inhaled
radioactivity than does the initial ICRP 1lung mode].(17) The inha-
lation DCF's utilizea in this report have been obtained by utilizing a
computer code called DACRIN.(18) A description of this coae is
summarized in Appendix B. '

For the fundamental ingestion DCF's, existing models that are pre-
sented in several documents are considered to be reasonable represen-

(17,19,20)

tations of the human organism, and ingestion DCF's given

in reference 20 have been utilized in this report.

The need to use three different fundamental direct radiation exposure
DCF's arises from the geometry of exposure, and the attenuation and
buildup afforded by the different contaminated media. These con-
(17,20,21) In this

work, fundamental direct radiation (volume) DCF's have been calculated

siderations are detailed in many references.

based on the equations presented in reference 21 and the emitted gamma
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energy characteristics of the radionuclides considered.(zz) The
details of the calculations can be found in Appendix B. - For the
fundamental direct radiation (area) and the direct radiation (air)
DCF's, the tables given in reference 23, which include effects of beta
radiation in addition to gamma radition, are utilized.

The PDCF's calculated based on these fundamental dose conversion
factors and pathway uptake factors (i.e., the translocation para-

(4,6,19,24-26) are presented

meters) obtained from several references
in Tables 2-4 through 2-11. The most recent information available on
the transuranic translocation parameters has been utilized in these

computations (see Appendix B).

The I1-129 PDCF for thyroid requires further discussion. The calcu-
Tated I-129 PDCF's in Tables 2-4 through 2-11 do not take into account
the dilution of I1-129 with natural iodine. Environmental concentra-
tions of I1-129 with respect to natural iodine (1-127) has been the
subject of several studies.(27'29) One study indicates that around
existing nuclear facilities, the atom ratio of I-129 to that of 1-127
measured in biota ranges up to 3.9x10'5 in thyroid tissues of animals
other than bovine (deer around the Hanford Reservation), and up to
1.7x10'6 in bovine thyroid tissues (around Northeastern Oregon).(27)
In another study, bovine thyroid tissues have been observed to have an
1-129/1-127 atom ratio of 4.5x107 around the Savannah River Plant.(28)
It has also been estimated that the 1-129/1-127 ratio may possibly be
"as high as 0.0035 in the waste/soil mixture in a disposal site.(2%)
This calculation assumes the disposa]lof waste from 25 reactors and a
cbnservative]y low average 1-127 concentration in soil of 1 ppm (parts
per million). Reference 29 further calculates that if this atom ratio
is below 0.02 it would not be possible to exceed the existing dose

guidelines for thyroid exposures.

Experimental environmental data and calculations such as the above
have led some investigators in the past to utilize the total body dose
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Nl =59
N[=-613
GR=9N
NB=94
TC=9Y
[-129
CS-135
CS=-137
(=235
1=238+N
NP=237+D
Plj=238
Py-2139
PU=-241
Pl=242
AM=241
AM=243
CM=243
CM=244

TABLE 2—5 . Pathway Dose Conversion Factor - 2

TOTAL BOLY

1.17€+10
b.oHE+]1G
9. 28E+09
1.24E+11
J.B87E+10
loQabE+11
5.52E+13
1.39E+10
2.25E+09
2.00FE+]12
1.57E+11
leaDE+12
2eb4t+]12
2.43E+12

. B.21E+14

2.0NE+14
2.24E4+14
3.05E+12
2.16FKE+14
5.05E+14
4.97E+14
3.85E+14
2.30E+14

BONE
5.19E+07
3.32E+11
4,82E+10
2.2RFE+10
2+33t+11
3.15E+17
2.23E+14
1e91E+10
3.64E+09
b.HBE+]11]
4.,21E+11
le72E+12
4436FE+]13
44,15E+173
1.20E+16
4’. 09541‘;
4,81E+15
TeaTE+13
4,49E+15
T«13E+15
7.,U05E+15
bl7TE+15S
4,41F+15

LIVER
FabBE+]LN
3.94E+10
T.60E+10
B.l3E+19
2.13E+ 11
1.76E£+09
1.45E+10
h.26E+09
5.91F+11
3.R3E+11
?.35E+12
1.59£+09
R.STE+07
1.12E+15
2«8BOE+]S
3.12E+15
4.,56F+]13
3.04E+15
habLE+]S
Ae4RBE+15.
5.60E+15
4y)l6E+]S

THYROID
1.17E+10
E+ABE+LN
S5.08E+07
2ePRE+1D
Se93E+NT
1.55E£+08
1. 74E+09
1o 3PE+10
T.60E+08
1.87E+15
S.NRE+NR
1.%35.*?)()
1.57E+09
BSTE+NT
e NE+NB
B.RTE+07
S.17E+07
4,78E+07
6.,93E+07
3.80E+nR
6.09E+03
2e2HE+NY
7.23E+07

K IDNE Y
1.17E+10
6.68E+10
S.08E+07
2.28E+10
S5.98E+07
1.56E+038
1.7AE+09
1.,45E+10
T.00E+1D
1.276+12
1.,476+11
B,01e+11
1,01E£+13
9,45E+12
3.385£+15
§.,81E+14
9.,61E+14
1.44E£+13
G9.61E+14
3.85E+15
3, 77E+15

1.,76E+15

1.23E+15

LUNG
1.175+10
A.H6HE+L0
2el0F+11
2e40FE+13
3.21E+10
H.82F+10
3.306+10
Te33F+11
TeT4FE+09
6.37E+09
4.89E+10
2.94F+11
3.36E+15
3.12E+15
3.60FE+14
QOOBF—‘IS
3.84F+15
6.80FE+12
3.68E+15
4, 24E+14
4,00E+14
4,40F+14
4,40E]4

GI-LLI
1.05E+10
b.61E+10
2sl2E+10
Be59E+11
1.44E+10
3.91E+10
3.69E+12
4,43E+11
1,38E+11
9.,45E+10
8,01E+00
3.92E+10
1.59E+12
1.15E+12
1.55E+12
"1e51E+12
l.39E+12
2.86E+10
1.35E+12
1.51E+12
l.71E+12
1,59E+12
1.53E+12



6€-¢

AGRICULTUR _
TOTAL RODY

He=3
C=14
FE=99
CO=6n
=59
NI=63
GR=9¢
Nd=94
TC=99
I=12v
Cs=135
Cs=-137
H=?3%
1j=238+D
NP=237+D
PU=238
Pi=239
Bi=241
Qy=-247
aM=241
AM= 243
CM=243
CHM=244

TABLE 2-6 . Pathway Dose Conversion Factor - 3

LoaS5E+ 10
CohbHE+T]
J3o22t+10
J.T0E+1]
1.25E+11
3.34F 41
1.53E+14
LoaE+11)
5.616+09
HedBE+12
5.73E+11
5.,12E+12
5.156+12
w,776+12
5.,24E+14
2o0lE+1a
o255+ 14
3.06E+12
ColTE+14
S5.NAE+14
S NNE+14
3.87E+14
2.82E+14

BONE
S5.19F407
1oY0iE«ll
2.28E+1D
To4BE+11
1,002+ 3
bal2lE+14
1e55E+1D
1.20F+10
LoB4E+]12
leaat+1?
HeHTE+]1?
HeS0E+13
Bell+13
1o21t+16
Lel3FE+15
4,85F+15
To95F+13
4o53k+15
lolntels
Tolur+ls
6.20E+15
4.,43E+15

LIVER
4,45E+10
2obARE+]]
1.38E+11
1.876+11
2o5BE+]]
He9I3E+11
1.76E+09
1.47E+10
1.,87E+10
2o44E+]?
1.33E+12
R.O3E+12
1.59E+00
R.57E+07
1.13€E+18
2.81E+15
3.13E+15
4.57E+113
3.05E6+15
hebHE+]S
6.50E+15
5.62E+15
4.1TE+15

THYROTD
4.45E+10
2ehobE+]11
SeNAE+NT
2e.2BE+10
5.98E+07
IOSbE"'UH
l.75E+0Q
1e32E+10
T.60E+0n8
6033F"l(§
HeNBE+NA
1.53E+09
1.59E+09
BeHTE+NT
RJ4NDE+NR
HGRT7E+NT
S5.17E+n7
4,73E+07
A Q3E+NT
3.ROE+0H
A.NIE+N8B
20?6E"‘09
7Te23E+07

K IDNEY
4.,45E+410
2.H6E+11
S.0BE+07
2.,28E+190
5 9BE+07
1.56E+08
1.76E+0°
1.46E+10
2.2TE+11
S.24E+12
5,02E+11
2.l13E+]12
1.986+13
1.,856+13
3.87E+15
8,85E+14
9.56E+]14
1,45E+17
Y,65F+14
3,87E+15
3, 73E+15
1.77E+15
1,29F+15

LUNG
4,45E+10
2.66E+11
Zeb4uf+ll
2s40F+13
3.21E+10
B.B2E+10
3.30FE+10
T.33E+11
ALROF+Y9
6e3TE+D
1.55E+11
9.35E+11
3.36E+15
3.12E+15
3.A0E+14
4.08F+15
3.84FE+15
6.80£+12
3.68F+15
4o P24E+14
4,00E+14
4,40F+14
GauDE+]14

GI-LLI
4,33E+10
2.65E+11
7.75E+10
2.95E+12

5.08E+10

1.38E+11
1.526+13
1.56E+12
5.,45£+11
3.87E+11
3,00E+10
ledHE+11
5.62E+12
3.99E+12
5.,65E+12
S.28E+]12
4,83E+12
1.01E+11
4.72E+12
S.36E+12
6.22E+12
5:63E+12
S5.43E+12



ot-¢

FOOu

H=3
C-1l4
FE-5S
C0-60
NI=59
LI-63
SR=-90
NB-9Yy
TC-99
1-129
€CS=-135
CS-137
U=235
Li=238+D
NP=237+)
PU-238
PU=239
PU=24]
PU=247
AM=241]
AM=243
CM=243
CM=244

TABLE 2-7 . Pathway Dose Conversion Factor - 4

TOTAL BOLY

5.99E+04
3728405
3.4H8E+01
S.27E+03
3,69F£+03
9.H8E+03
3.76E+06
2.12E+00
1.,53E+03

F,5NE+03
B,49F +04
l.44E+04
1.35E+04
loqu*O“
1.14E+03
1.27E‘03
2,21 +01)
1.22E+03
3.60E+04
3.53E+04
l1.11E+04
be52E+013

dONE

De
1.36E+06
Cel6E+02

0,
2.21E+N4
2.95£+05
l1.53E+07
7.08E+00
3.82E+03
Te7TE+03
2e32E+04
9.48E+04
2e3BE+QS5
2.28E+05
4,07E+05
4,52E+04
1.105+03
4 ,858+04
S5.45£+05
S.44F+)8
1.90E+05
1.43E405

LIVER
S5.99E+04
1.649E+02
2. 39E+073
T.59E+073

2.04E+04

0.
3.94E+00
5.,6RE+(3
6.68E+073
2elab+04
1.30E+05

0e

0e -
3.53E+04
Ae37E+07

7.05E£+03

S.61E+01
6. THE+D3
1,92E+05
1.85E8+05
T.15E+04
A.15E+04

THYROID
5.99E+04
3.72E+05

0.
0.
O
(1
0.
0o
0.
1.72E+07
(U
O
0.
Oe
0e
0
0D
0.
0.
0
O
0.
O

KIDNEY
5.99E+04
3,72E+05

1
0
0O
0.
O
3.89F+00
7.15E+04
l1.44E+04
3,10E+03
4,40FE+04
5.55E€+04
5.,20E+04
1.22E+05
4,87E+073
5.39E+03
1.02e+02
S5.19E+03
2.71E+05
2.65E+05
5.20E+04
3.98E+04

LUNG
5.99E+04
3.72E+05
Be33F+01

0.
0.
Oe
O
0.
4.83£+02
0e
2+43F+03
1.46E+04
0o
N
(N
0
0o
0e
O
O
0e
De
U

GI-LLI
5.99E+04
3.72E+05
B.,57E+01
4.49E+04
1.56E+03
4.26E+03
4,42E+05
2+39E+04
1.86E+05
1.06E£+03
5,01E£+02
2.51E+03
2¢32E+04
1.63E+04
4.B5E+03
4.43E+03
9.31E*01
4,34E+03
QOQ‘QE‘O“
5.79E+«04
2.32E+04
2.24E+04



v-¢

VIR

H=-3
C-1la
FE=-5%
CO=60
NI=59
NI-63
SPR=99
NB=-Q94
TC-99
1-126
CsS-135
€sS-137
1)=235
U=238+0
NP=237+D
Pl=234
pPU=239
pPl=-241
PU=2472
AM=24]
AM=243
CM=243
CM=244

GAMMA

TABLE 2-8 . Pathway Dose Conversion Factor - S

TOTAL BORLY BONE
e 0,
e 0
0 0o

LIVER
0
O
Ol

THYROID
(e
0.
0.

1o54F+07 1.54E+407 1.54E+07 1.54E+07
6. 2NE+03 H20E+03 A.20E+03

().
3.N6E+04
G.A3E+NA

n,
1.92E+04

00
3.50E+05
1 eB0E+05
S.16E+93

1.93E+01
3398401
3.43E-01
0.
TeT1E+04
1.86E£+05
3.82E+05

0
3006E*04
Y.63E+06

N,
1e92F+04

Ue
34950E+0A
1.50E+05
Se16F+03

1493E+01
G,39E+01
3e43E=-0]
0,
TellE+D4
1.86E+05
3.82E+05

0.
3. 06E+04
9,63E+06A
0.
1 e92E+04
O.
3.50E+06
1.50E+05

5e20E+03
Ue
3.06E+04
G.A3E+N6
0.
1.92E+04
0O
3.50E+06
1.50E+05

K IDNEY
0
O
0.
1,54E+07
6.20E+03
0.
3, 06E+04
9.,53E+06
0
1.92E+04
O
3.,50E+06
1,50E+05

S.16E+03 S.16E493 5,]16E+03
6.56F+04 6.56E+04 6,56F+04 6.56E+04 6,56E4+04

1.93E+01
9,39E+01]
3,43E-01
0.
7.71E+04
1.B6E+05
3.82E+0%

1.93E+n1
9.39E+01
3.43E-01
0.
T«71E+04
1.86E+05
J«R2E+05

5.64E+0) 5464401 S.64E+01 S.h4E+0]

1.93E+01
9.39E+01
3,43E-01
04
7.71E+04
1,R6E+05
3,82E+05
5.64E+01

LUNG

(Jo

0

0
1.54E407
6.206+03

© 0o
3.06F+04
G.63E+06

0.
1.92F+04

Ne
3.50F+06
1.50E+05
S5.16E£+03
6.56F+04
1.93F£+01
9,39F+01
3,43F=01

0
TeT1E+04
1.86E£+05
3.82E+05
S.64E+01

GI-LLI
0
0.
U
1.54E+07
6.20E£+03
O,
3.06E+04
9,63E+06
(U
1.92E+04
' 0.
3.50E+06
1.50E+05
Sel6E+03
6.56E+04
1.93E+01
9.,39E+01
3.43E'01
0.
7.71E+04
1.86E+05
3.B2E+05
S.64E+01



-2

wELL

H=3
C-14
FE=55
CO=60
NI=S9
rMI=-63
SR=91)
WH=94
TC-99
I-129
CS=-135
Cs-137
1J=239
ti=2 38+
NP=237+0D)

- PU=238

FU=-239
pPU=241
Pl=247
AM=24 1)
AM=243
CM=2473
CM=244

WaTER
TOTAL 400DY:

TABLE 2-9 . Pathway Dose Conversion Factor - 6

2e37E+06
lo'ﬁaE"‘() 7
2.73E+06
le43E+0H
8.54E+06
1925 +07
T.61FE+09
3.19E+07
3.50E+05
G,1HE+07
3.32E+07
3.09E+04
2.07E+08
1e83E+08
2.31E+0R
T.02F+07
T.77E+07
1.3aE+06
Te52E+07
2e25E+0H
C.21E+0R
1.65E+04
l1e17E 408

8ONE

].QI'*P_E‘OI
Te2lE+07
1.24E+07
l.24E+0#
Go42E+QT
Se715+08
3.10E+10
3.20E+07
Be96E+0S
1.72E+07
He09E+0T
Je44E+NHA
3.24E+09
3.09E+09
2.74£+09
3.17E+09
Hebat+07
3.34E+09
3634F +00Q
2.60r+09
1.95E+09

LIVER
2.37E+06
1. 64E+Q7
B H6E+06
1 a33E+0R
1.61E+07
3.96E+407
8.83E+06
3.19E+407
1.33E406
1.53E+07
T 4TE+07
4.65E+08
1.18E+07

TeT6E+0S

4 ,BEE+08
3.93E+08
4.34E+08
3.51E+06
4,]18E+08
l.19FE+09
1.15E+09%
Q9.97E+04
Reaub+0Rr

THYROID
2.37E+06
1e44E+07
B.61E+05
1.24E+128
1.38E+06
B.H3E+06
3.109E+07
2.,08E+00
2.99E+10
1.39E+00
1.29E+07
1.1RE+n7
TaT74E+05
7.13E+06
1.03E+05K
3,93£+05
1.31E=01
T6TE+DS
44.19E+n6
4. an"’)é
1.30E+97
9,09E+05

K IDNEY
2.37E+06
l,44E+07
BH,61E+05
1.,24E+08
1.3BE+06
AOZBE-OI
B.33E+06
3.19E+07
1.68BE+07
2.87E+07
2.,R3E+07
l.666+08
7.54E+08
7.,05E+08
1.67E+09
2.97E+08
3.28E+08
6.18E+06
3.17E+08
1.66E+09
1.63E+009
7.,21E+08
S.43E+018

~ LUNG

2.31€+06
1e44FE+07
5.33E+06
1 24E+08
le38E+06
2.42F 02
B.B3F+06
3.19F+07
1.13F+05
3.64E+06
B.4bF+06
Fe39E+07
2.10E+07
9.32E+06
8.,11E+06
1.22F+07
1.09E+07
1.866+04
1.09+07
5.35F+06
5.93E+06
1e42E+07
2.12F+06

GI-LLI
1.44E+07 ‘
2.89E+08
4,41E+06
B.26E+06
9.,04E+08

1.47E+08

4.,36E+07
5,48E+06
1,75E+06
2.16E+07
3.26E+08
2+22E+0R8
3.,26E+08

2494E+08

2.68E+08
5.62E+06
2e63E+08
3.05E£+08
3.57€£+08
3,27€+08
3.04E+08



£v-¢

SURF -wATER
TOTAL RODY

H=-3
C=1la
FE=55
Co=60
NI=59
MI=-63
SR=90
NB=-94
TC=99
I-129
CS=-135
CS=-137
1j=235
=238+
NP=237+10)
PLj=238
D =239
Ply=24]
PU=242
AM=24])
AM=243

CM=2413

CM=244

TABLE 2-10, Pathway Dose Conversion Factor - 7

2e3TE+Nb
3.76E+07
G4.45F+06
Jod4bE+08
G.82FE+006
2.26F+07
8.,18E+009
3.236+07
3.65E+05
4,2BE+07
le44F+08
1.30FE+09
2e11E+058
1.B7E+08R
2.STE+(R
Toladb +07
8.,29E+07
1e43E+05
BeQ2E+07
3.72E+08
3.H5E+048
2.09E+08
1.51E+03

BONE
le42t=01
1.88E+0%
2e31E+07
le24E+08
S.20E+07
6. T4F 0K
3.33E+10

3.32E+07.

9,09E+0%
1o 75E+07
3.52E+08
leQSE‘“O";
3.29E+09
3s14E4+09
HelGF+0NY
Ce93E+0Y
3.39£+09
Te09E+07
3claF+09
5.57E+09
5.57E+09
3.35%+09
2e52E+09

LIVER
2.37E+06A
3.76E+07
1.63E+07
1.34E+08
1.87E+07
L,67E+07
B.83E+06
3.,27E+07
1.35E+06
1e56E+07
3.25E+08
1 .9RE+049
lelBE+QY
7e74E+05
S.44E+08
44,19E+0R
1‘.63E"’08
I.T4E+0A
G.46E+08
1,97E+09
1.91E+09
1.2RE+00
1.09E+009

THYRQID
2.37E+06
3.7AE+07
B.61E+0S
1. 24E+0R
1.38E+06
4.28E"01
B.R3E+06
3.19E+07
2.08E+00
3.07E+10
1-395*00
1.29E+07
1.].8[?:"’07
T.74FE+05
7.13E+06
1.03E+0n6
3.,93E+n5
le31E=01
TenATE+DS
4,19E+n6
4 4R4E+(6
1.30NE+07

9. NIE+05

K IDNEY
2.3TE+06
3.76E+07
B,61E+05
1.24E+0R8
1.3BE+06
4,28E=01
8,83E+00
3.26E+07
1, 70E+07
2.93E+07
1.23E+08
6.81E+08
T.78E+08
7.18E£+08
1.,87E+09
3,17E+08
3.51E+08
6.60E+06
3.38E+08
2.77E+09
2.T2E+09
G,265+0%3
T.00E+08

LUNG
2+37TE+06
3.76E+07
9.45FE+06
1e24K4+08
1.38E+06
242F+02
B.B3FE+06
3.19F+07
1.15E+05
3.64F+06
3.68E+07
2«35F+08
2. 10F+07
9.32EF+06
B.11F+06
1.22FE+07
1.09F+07
1 REF+04
1.09€+07
5.35E+06
5.93E£+06
1.42F+07
Ce.l2K+06

GI-LLI
2.37E+06
3.76E+07
9.69E+06
3.11E+08
4,95E+06
9,74E+06
9,71E+08
4,50E+09
4,42E+07
7.60E+06
5.09E+07
3.32E+08
2el6E+08
3.63E+08
3.14E+08
2.86E+08
6.00E+06
2.8lE+08
5.,07E+08
5.,94E+08
4.18E+08



vy-2.

£ TMOSPHEKE

H-3
C-14
FE-55
CO-60
NI =5y

" NI-63

SR=90
NB=94
TC=99
1-129
CS=135
Cs=-137

U=235

ti=238+0
NP=237+D
PU-2383
PU=239
PU=-241
Pu=-242
AM=241
AM=243
CM=243
CM=244

TOTAL

TABLE 2-11 . Pathway Dose Conversion Factor - 8

4.45E+10
2+.66E+11
4,33E+10
2.68E+12
leS0E+11
J.34E+11
10535‘14
6.10E+11
S5.61E£+09
bBeYlE+12
S.73E+11
5.36E+12
5.37E+172
G4,T9E+12
S.24E+14
CellE+14
2.25E+14
3.06E+12
2.l7E+14
S.08E+14
S.00E+14
3.87E+14
2.82E+14

ROVY

HONE
5.19E+07
14633E+12
2.06E+11
2e34E+12
Te73E+11
l1«00E+13
6.21E+14
6.12E+11
1420E+10
3.69E+12.
letaE+12
6.12E+12
Ren2E+13
HellE+173
l1.21E+16
4.13E+15
4.85E£+15
7T.55E+13
4.53E*15
T.18E+15
Tel0E+15
6.20E+15
4443E+15

LIVER
4.45E+10
2.66E+11]
1.54E+11
?.50E+12
2.84E+1]
6.93E+11
1.,67€+11
6.11E+11
1.87E+10
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fo humans as a better indicator of the limiting exposure due to I-129
than the thyroid dose.(30) This selection results in a significant
difference in limiting exposures since the fundamental dose conversion
factors for thyroid are about 1000 times that of total body (see
Tables 2-4 through 2-11). A correction to the calculated I-129
thyroid PDCF's to account for dilution with natural iodine has not
been made in this report, however, in view of the evidence, judicious
use of the 1-129 thyroid PDCF's is indicated.

2.4 Release/Transport Scenarios

The connection between the radioactive concentrations at the various
biota access locations and the potential radiological dose to man was
examined 1in the previous section. This section introduces and sum-
marizes the remaining part of the waste-to-man connection, namely the
release/transport scenarios that relate the radioactive concentra-
tions in the waste to the radionuclide concentrations at the biota
access locations. Considerable additional information regarding the
release/transport scenarios is provided in.Chapter 3.0.

As detailed in Section 2.3, phere are seven release/transport sce-
narios to be considered. Three of these scenarios - the accident,
construction, and agriculture scenarios - depend on the concentration
of the individual waste streams, and hence are termed the "concen-
tration scenarios". The other four - leaching and migration with well
and open water access, surface water transport of exposed waste, and
atmospheric transport of exposed waste - depend on the total inventory
of radioactivity and the total volume of the disposed waste, and are
termed the "total activity scenarios.” These are examined below.

2.4.1 Concentration Scenarios

The first scenario considered concerns accidents that may happen
during the operational period of the disposal facility lifespan, and
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which may result in off-site atmospheric transport of radionuclides.
The other two scenarios are concerned with exposures to a potential
inadvertant intruder. An intruder may unintentionally come across a
closed waste disposal site due to a temporary breakdown in institu-
tional controls, and subsequently modify it for a specific purpose,
such as housing construction or agriculture. As a result, short- and
long-term radiation exposures to the individual can ensue.

Two of the concentration scenarios (accident and inadvertant intru-
der-construction) are acute exposure events. That is, the release
and subsequent exposure occurs for a limited period of time (less than
a year). The other scenario (inadvertant intruder-agriéu]ture),'
however, is assumed to be chronic, since it is possible (but unlikely)
that the intruder would live for several years at the site before it
is discovered that there is a hazard.

Very few individuals are involved in the concentration scenarios, and
they may also be distingdished from the total activity scenarios by
the dose limitation criteria which may be applied. In other words,
different limits on allowable human doses may be used, depending upon
whether a ftew individuals or populations are exposea.(2’3’13’l7)
The equation generally applicable to the above concentration scenarios
is:

Ca =1xC, (2-2)
where (Ca) denotes the radionuclide concentration at the biota access
Tocation and (Cw) denotes the radionuclide concentration of the waste,
both in units of (Ci/m3), and (I} is the dimensionless interaction
factor, which depends on the specific scenario considered.

For these scenarios, the as-generated waste radioactive concentrations

(1)

. are utilized. For the intruder-construction and intruder-agricul-

ture scenarios, this is conservative since it is equivalent to the
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assumption that the inadvertant intruder initiates the scenario
at a location containing waste from the last year of disposal facility
operation.

The 1interaction factor (I) can generally be expressed through the
following equation: '

L= f) % fyxf, x fg (2-3)

where all the parameters are dimensionless, and where

f, = time-delay factor;

fd = site design and operation factor;
fw = waste form ana package factor; and
fs = site selection factor.

The time-delay factor (fé) is expressed as an exponential radio-
nuclide decay factor and incorporates the effects of the closure
period and the active institutional control period. The activities
are decayed to the time that the specific scenario is initiated.
This factor is a property of the scenario and the disposal technology
peing considered. For the accident scenario, no credit for radioactive
decay can be assumed and (fo) will be taken equal to one. However,
for the construction and agriculture scenarios, it is given by the
formula:

f, = expl -2 Tl (2-4)

where A is the radionuclide decay constant in units of yearhl,
and T is the period between the cessation of disposal operations and
the end of active institutional control period.

The site design and operation factor (fd) expresses the waste frac-
tion that is available to the transfer agent. It usually depends on

2=47



the efficiency of the disposal design. Furthermore, its definition
and value depends on whether the scenario is an inadvertant intruder
scenario or an accident scenario (see Sections 3.3 and 3.7).

The waste form and package factor (fﬁ) expresses the resistahcé of

-the waste to mobilization by the specific transfer agent initiating
the scenario. Fbr example, this factor would be considerably less
than unity for waste streams solidified in a matrix and/or packaged in
containers that are likely to retain their integrity at the time of
inadvertant intrusion. This factor is a property of the waste stream
as it is being disposed.

The site selection factor (fs) depends on many parameters. In some
cases, it is proportional to the fraction of a year that the human
exposure episode takes place. Since the dose conversion factors
presented in Section 2.3 have been calculated for a full year exposure
period, the factor (fs) must compensate for this calculational con-
venience. In other cases, however, (fs) is also proportional to
the release/transport/transfer factor between the biota access loca-
tions. For example, for the inadvertant intruder-construction sce-
nario, it is proportional to the transfer factor between contaminated
soil and contaminated air. This factor is examined in greater detail
in Appendix A.

A brief description of the concentration scenarios is presented below.
Specific values of the transfer factors used to calculate impacts are
discussed in Chapter 3.0 and Appendix A.

Accident Scenario

Non-occupational acute radiation exposures may result from planned and
unplanned releases of material to offsite environs during the opera-
tional life of the facility. Planned releases would be addressed on a
site-specific basis during the 1icensing phase of site startup. This
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report. considers only the -unplanned (accidenta]) releases. Two

accidental - release scenarios can be postu]ated. One of them involves

a postulated breaking open of a waste container and subsequent release
of airborne radioactivity, and the second scenario considers the
consequences of a fire igniting in an open disposal trench, with
subsequent burning of a portion of the waste and airborne release of
combustion products. The comparative severity of these two scenarios
depends on various parameters including those associated with the

waste form and with site operations.

Construction Scenario

An inadvertant intruder may choose to excavate or construct a building
on a disposal site. Under these circumstances, dust will be generated
from the application of mechanical forces to the surface materials
(soil, rock) through tools and implements (wheels, blades) that
pulverize ‘and abrade these materials. The dust particles generated
are entrained by localized turbulent air currents. These suspended
particles can thus become available for inhalation by the intruder.

The intruder may also be exposed to direct gamma radiation resulting

from airborne particulates and by working directly in the waste-soil
mixture, etc. (See Section 2.3 for the uptake pathways considered.)
For convenience, this scenario is called the intruder-construction
scenario, and appropriate values applicable..to typical construction
activities are used.

Agriculture Scenario

In this scenario, an inadvertant intruder 1is assumed to occupy a
dwelling located on the disposal facility and ingest food grown in

‘contaminated soil. Garden crops may be subject to radionuclide

contamination as a result of direct foliar deposition of fallout
particulates. Garden crops may also uptake radionuclides via soil-
root transfer from contaminated soil. The soil may be initially
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contaminated, or it may become contaminated as a result of deposi-
tion. The inadvertant intrider may also be exposed to direct ionizing
radiation such as beta and gamma radiation from the naturally sus-
pended radioactivity and from the waste-soil mixture. He may also
inhale contaminated air partiéu]ates,'etc.' (See Section 2.3 for the
‘uptake pathways considered.) This scenario is called the intruder-
agriculture scenario.

2.4.2 Total Activity Scenarios

This section considers those release/transport scenarios that are
dependent upon the entire activity disposed of at the site. There-
foré, all the waste streams disposed at the site contribute to the
radionuclide concentrations at the biota access 1ocations. The degree
of contribution from a given waste stream is a function of its volume
and characteristics -(e.g., its form and packaging) and facility design
and operating practices (e.g., waste segregation). 4

A1 of the total activity scenarios are chronic exposure scenarios
(i.e., continuous release and exposure). Theoretically, all four
different types of biota access locations are possible as a result of
the total activity scenarios. Some of the release/transport scenarios
that lead to them are considered below.

The equation applicable to the total activity scenarios for each
radionuclide is: o

C, = Zli x C,. (2-5)

where (Ca) and (Cwi) denote the radionuclide concentrations at the
biota access location: and in the waste stream, respectively,
in units of (Ci/m3), and (Ii) is the interaction factor between
the (i)th waste stream and the biota access location. The capital

sigma indicates that the total radionuclide concentration at the

()"
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biota access location is a summation of the radioactivity contributed
by each waste stream. This summation may also include any potential
integration that must be performed due to the areal extent of the
disposal site and the areal distribution of the waste streams.

For these scenarios, generation time-averaged radioactive concentra-
tions averaged over the time of waste ‘generation and disposal are
utilized as a source term.(l)
waste streams that are disposed of at the beginning of the disposal
site operational period are decayed to the end of the operational

In other words, the radionuclides in

period. The need for this averaging is obvious since the entire waste
volume interacts with the environment.

The interaction factor (Ii) can generally be eXpressed through the
following equation: :

x f . x f_. (2-6)

I; = fo X fdi wi Sj

1

where the subscript i denotes the waste stream, and where:

fo = time-delay factor (dimensionless);

fdi= site design and operation factor3(dimension]ess);
f,;= waste form and package factor (m”/yr); and

f .= site selection factor (yr/m°);

and where the values of fdi’ fwi and fSi may be functions of the

properties of the individual waste streams.

Groundwater Scenarios

There are several groundwater scenarios depending on the assumed
access location. One of the access locations is an on-site well which
may be drilled and used by a potential inadvertant intruder (intruder-
well scenario); another is a well at the boundary of the site which
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may be wutilized by individuals (boundary-well scenario), a third
location is a well pumped for common use by a small population some
distance away from the disposal facility (population-well scenario);
and the fourth location is a stream that receives the discharge from
the unconfined groundwater table and which may be used by a larger
population (population-surface water scenario).

In this report, it is assumed that the water table gradient underneath
the site is unidirectional, and that the individual-well located at
the boundary of the disposal area (rather than the boundary of thé
site) contributes to the intruder scenarios. This location is more
conservative than a well Tocated in the middle of the site since only
about half of the potential effluent from the site would contribute to
the contamination at a well in the middle of the site whereas all of
the potehtia] effluent from the site would contribute to the location
assumed for the intruder-well.

The factqrs fdi and fwi are assumed to be independent of the areal
extent of the disposal facility, however, the factor fsi represents
these areal relationships. The factors fdi and fwi and their
computations are straightforward and representative values for
these factors are giVen in Section 3.0. However, a brief discussion
Of,fsi is presented below.

The following general equation is applicable to determine the site

selection factor fsi;(31’32)

f.. =

si = fg"ti /0 - (2-7)

where

rg = dimensionless time independent reduction factor dqe to
the transverse (perpendicular to the groundwater velocity
direction) spatial relationship of the disposal facility with
the discharge location;

RN
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Tyt dimensionless reduction factor due to migration and radic-
- active decay; this factor is dependent on both space and time
including the longitudinal (in the direction of the ground-

water Ve]ocity) spatial relationship of the disposal facility

with the discharge location; and
Q = dilution factor in units of volume/time.

The factor Q is independent of the characteristics of the disposed
wastes and is also independent of the geometrical relationship of the
disposal facility with the discharge location. The factor Q may be
the pumping rate of a weli or the flow rate of a river. The factors

rg and ryi are discussed in Section 3.5.

Exposed Waste Scenarios

In these scenarios, part or all of the surface area of the disposed
waste is assumed to be exposed through some means, and this exposed
waste is assumed to be accessed by transfer agents such as wind or
water. The mechanism that initiates uncovering of the waste may be
erosion of the waste cover by surface water or wind action, or it may
be anthropogenic activities such as construction or farming. Initi-
ating mechanisms velated to human activities are examined in the
intruder-agriculture and intruder-constructicen scenarios, and initi-
ating mechanisms related to erosion of the waste cover are examined in

Appendix A.

There are two basic exposed waste scenarios depending on whether the
transfer agent is wind or surface water. For the wind transport
scénario, only population exposures are consideréd; individual expo-
sures are bounded by the above ‘intruder-construction and intruder-
agriculture scenarios. .The entire exposed waste area is assumed to be
a point source for the impact calculations since the population is
assumed to be comparatively distant.
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For. the -surface water: transport scenarios, exposures to individuals
consuming water from an open water access location 1is considered.
Again the disposal facility is considered a point source for this
scenario since it is not possible to consider the areal extent of the
facility for surface water transport.- The equations and values for
-the various barrier factors used in the calculations are examined in
-Chapter 3.0 and Appendix A.
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3.0 DISPOSAL IMPACTS

This chapter further develops the calculational procedures utilized
to determine the impact measures associated with the disposal of LLW.
These impact- measures include individual and population exposures,

occupational exposures, costs, energy use, and land use.

Section 3.1 is an introduction to the chapter and presents a discus-
sion on the information base and the approach utilized in the radio-
logical dispdsa] impacts calculations. Following this introduction,
Section 3.2 presents the background assumptions regarding the disposal
technology alternatives considered, discusses how these assumptions
are incorporated into the impact calculations, and presents background-
information on the specific values utilized to quantify the effects of

~these alternatives. Section 3.3 presents procedures through which

the effects of waste form and packaging are 'ihcorporated into the
calculations, and presents background information on the specific
values selected to quantify the effects of waste form and packaging on

“the impact calculations.

Following these three background sections, Sections 3.4 through 3.7
present the equations and specific parameter values used to calculate
individual and population exposures for the scenarios considered in
Chapter 2.0. Finally, Section 3.8 details the calculation of many of
the other impact measures considered in this report, including occu-
pational exposures, land-use, dispoSé] costs, and energy use.

3.1 Introduction
The impact measures associated with the disposal of LLW are stfong]y

(1)

facility environment, design, and operating practices.

and disposal
(2,3) This

section presents a discussion on the information base utilized in this

dependent on waste form and package properties,

report and the general approach adopted.
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3.1.1 Information Base

The information base for disposal impact calculations includes three
main components: waste characteristics, disposal facility environment,
and disposal facility design. In this report, the continental U.S. is
assumed to be divided into four regions, based on the 5 U.S. NRC
regions (see Appendix C): the northeast (Region I), the southeast
(Region II), the midwest (Region III), and the west (Regions IV and
V).(l) Waste characteristics and disposal facility environment are

correlated with these four regions as discussed below.

The first component of the information base is on waste characteris--
tics. The calculational methodology allows consideration of a wide
range in waste forms and processing options. In many previous studies
on LLW management and disposal, the disposed waste was usually assumed
to be a mostly uncharacterized mass with little attempt to distin-
guish, in a quantitative manner, the different waste forms. 1n this
work, however, LLW is separated into 36 waste streams and each waste
stream is characterized in terms of its physical, chemical, and
radiological properties. The volumes of each waste stream are con-
sidered on a regional basis. That is, the volume of a given waste
stream is projected for each of the above four regions over the next
20 years, which allows consideration of regional impacts of management
and disposal of LLW. Furthermore, four generic alternative waste form
and processing options are considered. These generic processing
options, called "waste spectra," represent four relative levels of
waste processing activities applied to the 36 waste streams charac-
terized. The waste spectra have been developed to 1imit the number of
waste form and packaging alternatives that would have to be analyzed,
since an infinite number of possible combinations of various waste
streams and processing options are available. The waste spectra
considered (see Chapter 6.0) range from Waste Spectrum No.l, which
characterizes a continuation of existing or past waste management
practices, to Waste Spectrum No.4, which characterizes the maximum
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volume reduction and imprdved waste forms that currently can be
practically achieved. The waste streams corresponding to a given
spectrum may be transported to and disposed into facilities located at
the regional sites and the resulting potential impacts calculated.

The second component of the information base is the disbosa] facility
environment. In each region, a hypothetical regional disposal faci-
lity site has been characterized (see Appendix C). These sites, while
"not representing any particular location within the region, represent
typical environmental conditions within the regions. This allows
consideration 1in the calculational methodology of a wide range of
environmental parameters such as the amount of rainfall or the average
distance from the waste generator to the disposal facility site. (One
of these four sites, the southeastern site, is frequently referred to
in this work as the reference disposal facility site.)

The third component of the information base is the disposal facility
design.' -To develop the calculational procedures, a reference near-
surface disposal facility is assumed. A description of this disposal
facility design, which is condensed from Appendix E of the U.S. NRC
environmental impact statement on management and disposal of LLw,(3)
is provided in Appendix C of this report. A number of alternative
disposal facility designs and operating practices (e.g., thicker
disposal cell covers, use of cement grout) may be considered to
estimate the effect of these alternatives on the impact measures.

3.1.2 General Approach

From the above information base, it can be seen that, when considering
the effect of alternative regional, waste form, and facility design
characteristics on the magnitude of the impact measures calculated, an
extremely large number (thousands) of possible permutations can be
generated. To enable development of performance objectives and
technical criteria for LLW disposal, the number of these permutations
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must be controlled and analyzed in a systematic manner. To do this,
two features in the disposal impacts analysis have been adopted:
(1) use of a reference disposal facility and a reference waste volume
distribution, and (2) extensive use of computer technology including
the use of waste form and disposal technology indices.

For the first feature, a reference disposal facility is assumed which
is located in the humid eastern U.S. For this work, the reference
disposal facility site is assumed to have environmental characteris-
tics qorresbonding to the southeast regional site, although either the
northeast regional site or the midwest regional site could have been
used for this purpose.(3) The reference waste volume distribution
is generated through summing all the waste volumes projected to be
generated in each of the four regions for each of the 36 waste streams,
and“normalizing these volumes to one-million m3 of waste for Waste
Spectrum 1.(1) This allows the effects of alternative waste spectrum
and disposal facility designs to be compared on a common basis.

For the second feature, five computer codes have been written to
manipulate the altérnatives and determine impact measures.  These
include the codes INTRUDE, GRWATER, OPTIONS, INVERSI, and INVERSW, and:
a description of these codes is provided in Chapter 6.0. In these
codes, extensive use of "indices" have been made to characterize waste
- stream properties or disposal facility environmental and design
alternatives (see Sectioﬁs 3.2 and 3.3). In other words, the value of
the indices are used to initiate specific calculational procedures or
use specific values of appropriate parameters. Use of integer indices
enables rapid and convenient consideration of alternatives for rule-
making. In addition, use of indices enables dpdates of the data base
and .calculational procedures to be readily accomplished without
changing the values of the indices or the structure of the calcula-
tions. In the remainder of this report, the calculational procedures
are developed and discussed in the context of these indices.
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3.2 Disposal Technology Indices

In order to analyze the impacts from disposal Qf~LLw, alternative
disposal technology prbberties and their effect on the impact measure
calculations must be quantifiéd;"For example, depending on specific
operational procedures such as random or stacked disposal, the values
of the barrier factors preSented in Section 2.2 vary. In this report,
the disposal technology properties have been expressed in the form of
integer indices that refer to a specific procedure used in the barrier
factor computations or determine a specific value of the environmental
parameters. These indices, which will be referred to as the disposal
technology indices, basically denote the selection options available

for a specific property. These selection options may be in the form
of a specific calculational procedure or a specific value for an

environmental property.

The disposal technology properties that have been considered in the
ca]cu]ation of impacts in this report are summarized in Table 3-1, and
are discussed below.

3.2.1 Region Index - IR

This index, whose value is 1 or higher, is set depending upon the
region considered and determines use of a specific set of environmen-

tal properties in the impact calculations. The main effect of the
~region index is on the site selection factor. Environmental proper-

ties that depend on the region index are presented in Table 3-2.

The value of this index corresponding to each of the regions consi-
dered (see Appendix C) are as follows:

IR =1 Northeastern Region
IR =2 Southeastern Region
IR =3 Midwestern Region
IR =4 Western Region
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“‘TABLE 3;1‘. Disposa] Technology Indices

Property and Index

Description

Region -
Design _ -

Cover -

Emplacement

Stabilization

~Layering -

Segregation

Grouting

Hot Waste
Facility

Closure Index

Care Level
Index

Post Opera-
tional Period
(Years)

Institutional -
Control Period
(Years)

IR

1D

Ic

IE
IX

IL
IS

IG

IH

1Q

ICL

1P0

IIC

Geographic location of the disposal facility.

- Two options are. considered: regular trenches,

and the so-called "concrete walled" trenches.

Three options on the cover between the waste
and the atmosphere are cons1dered regular,
thick, and intruder barrier.

Three options on the emplacement of the waste
are considered: random, stacked, and random
combined with decontainerized disposal for
unstable wastes. :

Three options on the stabilization program
applied to disposal cells, which may contain
structurally unstable wastes, are considered:
regular, moderate, and extensive.

Option on separating and putting selected waste
streams (usually with higher external radiation
levels). at the bottom of the disposal cell.

Option to segregate and separately dispose of
wastes that are combustible/compressible and
those that could contain complexing agents.

Option on filling of the interstitial spaces
between the wastes with grouting material.

Option on having a special area within the
disposal facility with special procedures to
handle high activity wastes.

This index indicates the activities during the
closure period (regular or extensive).

" This index indicates the care level anticipated
~during the active institutional control period

(Tow, moderate, and high).

Duration of the period between the cessation of
active disposal and the transfer of the title
from the site operator to the site owner.

Duration between transfer of the title to the
site owner and the assumed time for loss of
institutional controls over the site.



TABLE 3-2 . Region Index Dependent Properties

Symbol Scenario Environmental Property

TPO Accident Air-to-air transfer factor
FSC Construction Soil-to-air transfer factor
FSA Agriculture , ~ Soil-to-air transfer Factor
QFC Groundwater Dilution Factor

T™ " Water Travel Time

DTTM _ Incremental Water Travel Time
TPC " Peclet Number

DTPC Incremental Peclet Number
RGF " Factor rg

RET " Retardation Coefficients

PRC " Infiltrating Percolation

POP Expdsed Waste Air-to-air and surface water

transfer factors.

DIST ‘Transportation One-way travel distance
STPS " Number of stops per trip

CASK - " Cask days per round-=trip



In this report, the southeastern region environmental characteristics
are. used to represent the environmental characteristics of the refe-
rence disposal facility site. Variations of the values assumed for
the regions (e.g., to perform sensitivity analyses) can also be
triggered through the use of the region index.

3.2.2 Design and Operation Indices

There are four design and operation indices: design index - ID, cover
index - IC, emplacement index - IE, and stabilization index - IX. The
values of these indices are 1 or higher denoting the options available
in the design of the disposal facility; details of the options can be
found in Appendices E and F of reference 3. These indices are consi-

dered below.

The Design Index - ID characterizes the disposal cell design used for
radioactive waste disposal. Two options have been used in this study:
regular trench disposal and concrete-walled trench disposal. This
index primarily affects the site design factor.

In this report, three different "efficiencies" are utilized to des-
cribe the specific procedures employed in the disposal of wastes:

(1) the volumetric disposal efficiency which is defined as the volume
of disposal space available in the disposal cell (in m3) per

unit surface area (in m2) of the disposal cell,

(2) the emplacement efficiency which is the volume of waste emplaced

in the disposal cell (in m3) per unit volume (in m3) of available
disposal space, and

(3) the surface efficiency which is defined as the ratio of the
surface area occupied by the disposal cells to the surface area

occupied by the disposal cells plus the surface area between
these cells that have not been utilized for disposal.
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The design index determines the volumetric disposal efficiency and
the surface efficiency of the design,' The emplacement efficiency is
discussed below. Use of a hot waste facility (see Section 3.2.3},
which is defined as a special group of disposal cells used for dispo-
sal of re]ative]y high activity waste, is not included in the .above
definitions; its efficiencies are assumed to be independent of the

design index. '

The Cover Index - IC can be either 1, or 2, or 3, and it denotes

whether a “regular” cover (denoted by 1), a "thick" cover (denoted by
2), or an “intruder barrier" cover (denoted by 3) is placed over-the
disposed waste. These three options are described in reference 3, and
are summarized below. |

A regular cover refers to a 1 meter thick cover below the existing
grade plus a minimum of 1 meter cover above grade. A thick cover
refers to the same 1 m thick cover below the existing grade plus a
minimum of 2 meters thick engineered cover (e.g., containing low
permeability layers) to minimize infiltration of precipitation. An
intruder barrier cover refers to the same 1 meter thick cover below
the existing grade plus a minimum of 5 meter thick engineered cover
(e.g., low permeability layers, interbedded sand/gravel/boulder
layers) to minimize infiltration and prevent intrusion for at least
500 years.

Successful coverage of a waste disposal cell with an "impervious"
system of layers is an important engineering barrier against perco-
lation of precipitation into the waste mass. It also increases the
stability of the waste by minimizing the effects of external agents.
This option -affects both the site design factor and the waste form
 factor.

The Emplacement Index - IE denotes the specific method used to emplace

the waste in the disposal cells and primarily affects the site design
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factor. The three options considered and the associated emplacement
efficiencies are discussed below.

Random emplacement (index value 1) involves simply dumping the
waste directly into the disposal cell. It is the fastest method
which can be used, and therefore leads to the lowest occupational
exposures. However, random emplacement of waste containers may
be accomplished with only about 50% emplacement efficiency
(one-half the available space is empty or filled with earth or
other material), and there is a higher probability of the
occurrence of accidents as well as container damage during
haphazard dumping.

Stacked emplacement (index value 2) ihvo]yes stacking waste
containers in neat piles, using cranes, fork 1ifts, etc. This
technique may be difficult to employ on a routine basis but
represents the maximum practical volume utilization. In this
case, the potential for accidents and waste container damage is
much lower, and approximately 75% of the available disposal “space
is used - i.e., the emplacement efficiency is 0.75. However,
additional fuel must be used to operate the heavy equipment used
for emplacement, and occupational exposures increase as more men
must spend more time near the disposed waste.

Decontainerized emplacement (index value 3) involves randomly
disposing of all structurally stable wastes, and decontainerizing
and disposing those low-activity wastes thét are, over the
long-term, structurally unstable. In this case, the disposal
facility would be operated somewhat like a sanitary landfill.
This option can substantially reduce disposal cell instability
problems by accelerating the compression of unstable wastes.
However, it requires a significantly increased effort by the site
operator and leads to higher occupational exposures.(B) The
emplacement efficiency of this option is estimated to be about
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0.5 since part of the waste containers are réndom]y emplaced, and
additional material .such as soil or sand between wastes is likely
to be required during emplacement of decontainerized wastes.

The Stabilization Index - IX, whose value cah be either 1, 2, or 3,

denotes the extent to which the disposal cells are stabilized. Such
stabilization measures may be implemented during disposal operations
and/or during closure afier the "cessation of disposal operations.

(4)

experienced at several existing disposal sites may have resulted from

Past disposal experience indicates that the difficulties currently
the natural compaction and decomposition of the wastes leading to
subsidence of the disposal cell cover and increased rainwater perco-
lation.

A stabilization program with no special compaction procedures other
than the use of the weight of heavy equipment is denoted by 1. A more
extensfve stabilization program involving sheeps-foot rollers and/or
vibratory compaction during operatiéns is denoted by 2. A program
involving Qé}y extensive techniques such as dynamic compaction or
similar measures is denoted by 3. This option affects the site design
factor and the waste form and package factor.

3.2.3 Site Operational Options

Four operational options which may be exercized in the design of the
disposal facility are considered: layering - IL, segregation - IS,
grouting - 1IG, and use of a hot waste facility - IH. The values of
all these indices are either 0; signifying that the option has not
been exercized, or 1, signifying that the option has been implemented
in the design. These options are briefly discussed below.

Layering Option - IL denotes whether selected waste streams (usually

those with higher external radiation levels) are separated andrdis-
posed of "‘at the bottom of the disposal cells. This practice is
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" frequently implemented at the existing sites to minimize occupational
exposures. This option, however, affects the site design factor
significantly by limiting access of potential inadvertant intruders
to the layered waste streams.

Segregation Option - IS indicates whether, during the disposél opera-
tions, the wastes are segregated and disposed of in separate disposal
cells based on their compressibility/combustibility and whether they
contain radionuclide-complexing chemical agents. Implementing the

segregation option increases the performance capability of the dis-
posal cell covers by limiting expected long-term waste volume reduc- -
tion after disposal to those cells containing unstable wastes. It
also limits the effects of chemicals that may increase radionuclide
mobility to those cells containing t_hese chemicals. This index
primarily affects the groundwater scenario through the site design
factor and the waste form factor.

Grouting Option - IG indicates whether the interstitial spaces bet-
ween the waste packages are filled with a material that will improve

disposal cell stability. During the grouting operation, as each
layer of waste is emplaced in the disposal cell, pumpable concrete
(grout) is pumped in to fill all interstitial spaces between the waste
containers. Some grout is also placed under the lowest layer of waste
and on top of the total waste mass. Grouting is expensive, but its
use 1is advantageous in that the waste is totally encapsulated and
immobilized. There is 1ittle opportunity for infiltrating precipita-
tion to contact the waste, the grout provides stability, and potential
long-term migrational and intruder impacts are minimized. This
option affects the site design factor and the waste form factor.

Hot Waste Facility Option - IH indicates use of specially designed

disposal cells utilizing special operational procedures to dispose
of certain high activity waste streams. In this report, if a hot
waste facility is used, it is located at the center of the disposal
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facility. Confineméhf of the wastes and limiting theif interaction
with transport agents such as wind and water are the pr1mary consi-
derations in hot waste fac1]1ty des1gn, other factors such as costs
and surface efficiency are secondary de51gn objectives. Consequently,
the hot waste facility represents an "idealized" confinement concept
which is nonetheless achievable utilizing existing disposal techno-
logy. If the hot waste facility option has been included in the site
design, each waste stream is tested for acceptability at the hot waste
facility if it fails an acceptability test for other and more conven-
tional near-surface disposal cells (see Section 3.4). Various example
"hot waste facility designs" Suchb as use of caissons and concrete
walled trenches are considered in Appendix F of reference 3. In this
report, thé'hot waste facility is assumed to be composed of concrete
walled trenches.

,3.2.4 Post Operational Indices

There are four post operational indices: closure index - IQ,'care
level index - ICL, post operational period - IPO, and active insti-
tutional control period - IIC. These are considered below.

The Closure Index - IQ, whose value can be 1 or 2, refers to actions

implemented during the closure period after the cessation of disposal
operations and prior to the transfer of the site title to the site

owner.

An index value of 1 indicates that closure operations are assumed to
last two years and involve a relatively modest level of effort by the
facility operator. Closure operations are assumed to consist of
dismantlement and decontamination of site buildings (except those
necessary for the site owners during the'active institutional control
period), disposal of wastes generated dUrjng the dismantlement and
decontamination operations, final contouring (1nc]udin§iimplementation
of final surface drainage systems) and vegetation of the site, final

radiation surveys, etc.
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An index value of 2 indicates that a complete site restébi]ization
program is carried out at site closure in addition to the other
closure operations discussed above. This closure program, which is
assumed to increase the closure period to four years, is intended to
enhance the integrity of the disposal cell covers and therefore reduce
the amount of water potentially infiltrating into the disposal cells.
The restabilization program involves: (1) stripping off the existing
disposal cell covers, (2) use of vibratory compaction or similar
measures to accelerate disposal cell compression, (3) backfilling
the resultant compressed areas, (4) reconstruction of the cell covers,
and (5) revegetation of the covers. Implementation of these closure
measures is assumed to be equivalent to the implementation of a
stabilization program during dispoéa] operations corresponding to
an IX value of 2.

The Care Level Index - ICL, whose value can be either 1, 2, or 3,

refers to activities during the active institutional control period
that are implemented by the site owner. Different measures may have
to be implemented depending on operational parameters such as the use
of a particular stabilization program, whether the segregation option
has been implemented, the type of'disposa] cell covers utilized, etc.

The level of care may range from routine surveillance and maintenance
of the disposal facility (e.g., cutting the grass) which would not
include any active maintenance such as cover engineering (low care
level denoted by 1) to exténsive stabilization and remedial programs
similar to those being implemented at the Maxey Flats disposal faci-
lity (high care level denoted by 3). These care levels primarily
affect the costs of the disposal facility. They are discussed briefly
in Section 3.8 and more extensively in Appendix Q of reference 3.

The Post Operational Period - IPO is a prdperty of the disposal
technology utilized, and denotes the number of years between the

cessation of active disposal of waste and transfer of the site title

{
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to the site owner. It includes the closure period and any observation
period implemented by the site operator, and it affects the time-delay

factor.

At a minimum, it would be equal to the two years required for the
actions by the site operator to close- the site prior to the transfer
of the site title to the site owner. . At a maximum, it may include
four to possibly thirty years which may be required for site closure
plus verification that the site condition is suitable for the transfer
of the site title to the site owner.

The Active Institutional Control Period - TIC is also a property of

the disposal technology, and it indicates the number of years between
the transfer of the site title to the site owner and the assumed loss
of active institutional controls. This period also affects the
time-delay factor.

3.3 Waste Form Behavior Indices

This section presents the manner in which waste form and packaging
properties are handled in the impact calculational procedures. The
waste form properties are considered in the impact caléulations in a
manner similar to the disposal technology properties. They have been
expressed through discrete indices, which are called the waste form
behavior indices, thﬁt indicate a certain property of the waste form

or a specific calculational procedure to be utilized in the impact
calculations. The indices utilized in this report are summarized in
Table 3-3.

It has been common practice in the past to give partial or no credit
to the waste form properties in the calculation of impacts.(5’6)
Some credit was sometimes given to the comparative 1eachabi]ity of
the solidification agent utilized and this effect was considered in

groundwater impact calculations. However, a quantitative analysis of
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TABLE 3-3 . Waste Form Behavior Indices

~~ Parameter and Symbol

‘Indices

Flammability  (I4)

Dispersibility (I5)

Leachabi]ity(a) (16)

Chemical Content(I7) .

Stability (18)
Accessibility (19)

W == =~

-

WO W

- O W =

#onon o

non-flammable

Tow flammability (mixture
of material with indices

of 0 and 2)

burns if heat supplied

(does not support burning)
flammable (supports burning)

near zero
slight to moderate
moderate

severe

unsolidified waste form

solidification scenario A
solidification scenario B
solidification scenario C

no chelating chemicals
chelating chemicals are likely
to be present -in the waste form

structura11y}unstab1e'waste‘form
structurally stable waste form

readily accessible
moderately accessible
accessible with difficulty

(a) Solidification scenario A is assumed to be 50% cement and
50% urea-formaldehyde; solidification scenario B is assumed
to be 50% cement and 50% synthetic polymer; and solidification
scenario C is assumed to be 100% synthetic polymer.
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the mechanical strength, thermal properties,ﬁresistance to chemical
and biological attack, resistance to leaching, and other properties of
the waste form and their effects on all the pathways considered has
not been performed. o o

The primary reason for this past conservatism has been the lack of
detéi]ed data on the different types of wéstés included in the impact
analyses. Al1 the LWR wastes.or all the noﬁque1 cycle wastes, or
both, were considered as one stream. A cbntributing reason for this
conservatism has been the lack of data on the performance of the waste
form overviong periods of time. However, in this report, the waste
has been separated into 36 fndividua] waste streams and each stream is
considered separately in the impact calculations. Consequently, wide
variations in waste stream properties may be quantified based on the
available qualitative and comparative data on the properties of each
of these waste streams. Therefore, an attempt has been made in this
report to quantify the waste form properties and their effects on the
impact calculations.

As shown in Table 3-3, six indices have been assigned to each waste
stream for each waste spectrum considered: a flammability index,
denoted by I4, a dispersibility index, denoted by I5; a leachability
“index, denoted by 16, a chemical content index, denoted by 17, a
stability index, denoted by I8; and an accessibility index, denoted
by 19. The waste streams considered in this work are summarized in
Table 3-4, and the integer values for these six indices that have been
assigned to each waste stream for the_four waste spectra considered
are given in Table 3-5. ’ ‘

In addition to these six indices, two more indices for each waste
stream are utilized in the impatt calculations: the waste processing
index - denoted by I10 - is explained in Chapter 5.0; and the "dis-
posal status index" - denoted by Il1 - is calculated during the
impacts analyses and is exp]aineﬁ in Section 3.4.
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TABLE 3-4 . Waste Groups and Streams

Waste Stream

Group I : LWR Process Wastes
PWR Ion Exchange Resins

PWR Concentrated Liquids

PWR Filter Sludges

PWR Filter Cartridges

BWR Ion Exchange Resins

BWR Concentrated Liquids

BWR Filter Sludges

Group Il : Trash

PWR Compactible Trash

PWR Noncompactible Trash

BWR Compactible Trash

BWR Noncompactible Trash

Fuel Fabrication Compactible Trash

Fuel Fabrication Noncompactible Trash

-~ Institutional Trash (large facilities) -
Institutional Trash (small facilities)
Industrial SS Trash (large facilities)*
Industrial SS Trash (small facilities)*
Industrial Low Trash (large facilities)
Industrial Low Trash (small facilities)

Group ITI : Low Specific Activity Wastes

Fuel Fabrication Process Wastes

Process Wastes

Ingtitutional'LSV Waste (large facilities)*
Institutional LSV Waste (small facilities)*
Institutional Liquid Waste (large facilities)
Institutional Liquid Waste {small facilities)
Institutional Biowaste (large facilities)
Institutional Biowaste (small facilities)
Industrial SS Waste*

Industrial Low Activity Waste

Group IV-: Special Wastes

LWR Nonfuel Reactor Components

LWR Decontamination Resins _

Waste from Isotope Production Facilities
Tritium Production Waste

Accelerator Targets

Secled Sources

High Activity Waste

* 5SS : Source and Special. Nuclear Mater1a1
Scintillation Vials.
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LSV :

Symbol

P-IXRESIN
P-CONCLIQ
P-FSLUDGE
P-FCARTRG
B-IXRESIN
B-CONCLIQ
B-FSLUDGE

P-COTRASH
P-NCTRASH
B-COTRASH
B-NCTRASH
F-COTRASH
F-NCTRASH
I-COTRASH
I+COTRASH
N-SSTRASH
N+SSTRASH
N~LOTRASH
N+LOTRASH

F-PROCESS
U~PROCESS
I-LIQSCVL
I+L1QSCVL
I-ABSLIQD
I+ABSLIQD
I-BIOWAST
I+BIOWAST
N-SSWASTE
N-LOWASTE

L-NFRCOMP
L~-DECONRS
N-ISOPROD
N-TRITIUM
N-TARGETS
N~SOURCES
N-HIGHACT

Liquid



TABLE 3-5 . wésié'?orﬁ'Behavior Index Values

Waste Spectrum 2 Waste Spectrum 3 Waste Spectrum 4

Waste Spectrum 1
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This section discusses the procedures through which these indices are
incorporated into the analysis. Specific values assigned to the waste
form properties which are denoted by the waste form behavior indices
are discussed in Appendix D of reference 1. Below is a summary of the
information presented in that reference. . ‘

3.3.1 Flammability Index (14)

This index ranks waste forms according to their flammability. Waste
forms which will not burn even on prolonged exposure to open flame and
moderately intense heat are assigned an index of (0). These consist
of waste forms that experience no evidence of combustion or decompo-
sition upon exposure to 1000°F for 10 minutes. Those waste forms that
will sustain combustion are assigned an index of (3). These include
waste forms such as liquids with flame points around 600°F. Between
these extremes are two additional flammability categories. Waste
forms which show evidence of combustion and/or decomposition upon
exposure to 1000°F for 10 minutes but will not sustain burning when
the heat sourcé is removed are assigned an index of (2). Waste
forms consisting'of"a mixture of materials with flammability indices
(0) and (2) are assigned an index of (1).(1) '

The only scenario in which fhis/index is utilized is the accident=fire
scenario. Each waste stream is subjected to the accident scenarios
separately. The accident-fire scenario is assumed to be possible only
if (1) the waste stream being tested can support combustion (i.e.,
14=3), or (2) the waste stream being_tested is mixed during disposal
with other waste streams containing combustible material. This latter
case is possible only if there is»qo’waste segregation (i.e., IS=0).

In the accident-fire scenario, the total volume of waste subjected
to the fire is assumed to be 100 m3 (about 250 55-gailon drums or
équiva]ent volume). This volume is estimated from an assumed vo-
Tume of 200 m3 of waste received daily at the disposal site (which
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corresponds to about 1,000,000 m3 of waste over 20 years). Two
disposal cells are assumed to be simultaneously 1in operation, and
the waste in one of the disposal cells is subjected to the accidental

fire scenario.

In another study, the fraction of waste released into the atmosphere
as tﬁe result of an accidental fjre involving LLW has been estiméted
to be about 1072
solidified resins;(7) it was estimateq in this study that most of
the radioactivity will remain in the ashes which remain localized. In

for combustible material, and about 107> for un-

a more recent report, it has been estimated that the fraction of
combustible material released from an accidental fire involving LLW

“is about 10’3.(8)

In this report, all unprocessed fuel cycle compactible trash, most
of the institutional streams, industrial Tow specific activity waste,
and industrial tritium waste have been assumed to be combustible
(see Table 3-4), and have been assigned a flammability index of 3.
Similarly, unprocessed LWR resins and cartridge filters, some of the
industrial trash, and wastes sb]idified in a synthetic polymer (soli-
dification scenario C) have been assigned a flammability index of 2.
LWR concentrated Tiquids and filter sludge have been assigned an index
of 1. Non-combustible trash, process waste from fuel fabrication and
UF6 conversion plants, and high specific activity industrial waste
streams (see Table 3-4) have been assigned an index of 0.

In this report, waste streams with indices of 3 and 0 have been as-
sumed to release a fraction of 0.1 and 1.25 x 10"5 of their activity
into the air, respectively, upon being subjected to the accident-fire
scenario. The waste streams with flammability indices between these
two extremes have been assigned a release fraction calculated from the
geometric mid-points of these two values (each index value is 20 times
the adjacent lower index value). The following table gives the
assumed fraction of waste released for the respective indices.
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_14 f
0 0.0000125 -
1 . 0.00025 .
2 0.005
3 0.1

In other words, f_can be expressed by the mathematical relationship
0.1x20(14-3)
release fraction for combustible material is assumed to a factor of 10
to 100 higher than in other studies.(’>8)
“non-combustible material'(Iﬁ = 0) is slightly greater than the value

- These assumptions are extremely conservative. The
The assumed fraction for
previously quoted for unsolidified resins.

3.3.2 Dispersibility Index (I5)

This index is a measure of the potential for suspension of radioac-
“tivity should the waste form be exposed to wind or mechanical abrasion
after a significant period (on the order of 100 years). That is, this
index is a measure of the degree to which individual waste streams may
be suspended as respirable  particles 'into the air by wind or the
~actions of a potential 1nadvertant intruder. Waste forms which are
assumed to have a low probability of becoming suspended into res-
pirable particles are assigned an index of (0). Those waste forms
which are assumed to have a high potential of becoming suspended are
~assigned an index of (3). Waste forms which tend to crumble or
fracture eXtensive]y and those forms'that,aré subject to relatively
rapid (within about 100 years) decompositfbn'are assigned an index of
(2). Waste forms consisting of a mixture of materials with dispersibi-
- lity indices of (0) and (2) are assigned an index of (1).

The dispersibility of the waste form is dependent on the resistance
of the waste form to chemical and biological attack.(l) Another
property of the waste form that can be used to estimate the compar-
ative values of this property is the compressive strengths of “the

(1)

waste forms.
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As a upper bound for this property, the.most dispersible waste form
(I5 = 3) has been assumed to be equivalent to soi] and no credit has
been considered due to waste form. This value is believed to be
conservative considering that the fraction dispersible into respirable
particles of powder PuO2 packages in transportation accidents have

been assumed in the past to be 0.001.(9)

In the radiological impact
analyses, unsolidified LWR filter sludges, all fuel-cycle process
waste other than LWR process waste, all non-trash low activity wastes
from industrial sources, and all non-trash institutional wastes have
been assumed to be readily dispersible into respirable particles after

a long time and have been assigned a dispersibility index of 3.

In comparison, waste forms such as trash are taken to be not as
readily dispersible into respirable particles as waste streams such as
filter sludges. These wastes easily decompose. However, the decom-
posed residues are likely to contain water and other liquid decomposi-
tion products which will cause the residues to aggregate into a less
dispersible state. Similarly, unso]idified LWR resins would appear to
be less dispersible into respirable particles than LWR filter sludge.
These waste forms have been assigned a dispersibility index of 2 and
the dispersible fraction is assumed to be 0.1.

Waste streams solidified in accordance with solidification scenario A
and B procedures may be represented by cement properties. Cement is
an inert material, and wastes solidified in cement are 1likely to
retain their form over very long periods of time as'long as no mecha-
nical forces are applied . Similarly, wastes subjected to solidifi-
cation scenario C, which may be represented by the properties of
vinyl -ester styrene_(VES)'solidifed waste, are also likely to resist

biological and chemical .attack.(l)

Compressive strengths of most
cement waste forms are of the order of 100 psi and compressive
strengths of VES solidified waste forms range from 1700 to 7000 psi.
The compressive strengths of unsolidified wastes forms are of course

neg]igib]e.(l)
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I-.l' .

Based on this information, wastes solidified using solidification
scenario A or B procedures have been assigned an index of 1 and are
assumed to have a fraction of 10'2 of the waste volume dispersible
into respirable particles. Waste streams solidified using solidifi-
cation scenario C procedures have been assumed to result in a near
zero dispersible state, have been assigned an index of 0, and are
assumed to have a fraction of 1073 of the waste in a dispersible

form.

To summarize, the fraction of the fespirab]e dust loading in air that
is contributed by each waste stream as a result of intruder activities
or wind action are assumed to be the following:

_I5 f
3 1
2 .1
1 .01
0 .001

In other words, the factor f. is given by the relationship 10(15-3),

The dispersibility index is applied to the intruder-construction,
intruder-agriculture, and exposed waste wind transport scenarios.

3.3.3 Leachability Index (I16)

This index is a measure of a waste form's resistance to leaching -
and is primarily determined by the solidification procedures used.
Unsolidified waste forms, which are assumed to be readily leached,
are assigned an index of 1. Waste streams solidified according to
solidification scenarios A, B, and C are assigned indices of 2, 3,

and 4, respectively.
The solidification scenarios represent varying levels of performance
that can be achieved through available solidification techniques. In

this report, a level of performance designated by solidification
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scenario A has been simulated by assuming that half of the waste is
solidified using urea-formaldehyde and the other half using cement; a
level of performance designated by solidification scenario B has been
simulated by assuming that half of the waste is solidified using
cement and the other half using synthetic organic polymers (assumed
to be equivalent to vinyl ester styrene); and a level of performance
designated by solidification scenario C has been sjmulated_by assuming
that all of the waste is solidified using synthetic organic polymers.

The primary purpose of this index is to assign values to the estimated
leachability potential of solidified waste streams in comparison with
unsolidified waste streams. Radionuclide-specific leaching fractions
for unsolidified waste streams have been estimated based upon actual
leaching data from two existing disposal facilities and are presented
and discussed in Section 3.5.1. The leachability index assigns values
to a multiplier of these unsolidified waste stream leaching fractions.
The product of the multiplier and the unsolidified waste leaching
fractions gives, for each waste stream, the actual leaching fraction
used in the radiological 1impact calculations. The multiplier is
assigned a value of unity for unsolidified waste streams such ' as
dewatered resins or trash and a value less than unity for solidified
waste streams. The multiplier value assigned to solidified waste
streams 1is dependent upon the particular solidification scenario and
agent considered.

A]thbugh a large amount of experimental data is available on the
leaching characteristics of various solidified waste forms, lack of
widely used standardized testing procedures make quantitative compa-
risons difficult. Some comparisons can be. made using the data pre-
sented in Reference 1. Table 3-6 is obtained from reference 1 and
gives the leachabilities for various waste-binder combinations rela-
tive to that of unsolidified 'wastes. Experimental data was used
for leaching of unsolidified resins; in. all other cases complete
leaching of the unsolidified wastes is assumed.
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TABLE 3-6

Leachability Relative to Unsolidified Waste?

_ Urea- Vinyl
Waste Type Cement Formaldehyde Ester Styrene
Resins 5 0.70 2.5x107%
Concentrated Liquids
BWR's : 0.5 0.83 0.07
PWR's 0.02 0.9 0.04

Diatomaceous Earth - 0.70 0.4

(a) Averaged over all radionuclides reported.

Source : Reference 1.
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Calculating the geometric means of the relative leachabilities given
in Table 3-6 allows an estimate of the values to be assigned to the
leaching indices. Solidification scenario A 1is applied only to LWR
concentrated 1iquids, the geometric mean of the four applicable values
from Table 3-6 (0.5, 0.02, 0.83, and 0.9) is 0.29. Solidification
scenario B may be applied to all the streams; the geometric mean of
the eight applicable values from Table 3-6 (5, 0.5, 0.02, 0.7,
2.5x10'4, 0.07, 0.04, and 0.06) is 0.079. Finally, solidification
scenario C may also be applied to all the streams; the geometric mean
of the four applicable values from Table 3-6 (2.5x10'4, 0.07, 0.04,
and 0.06) is 0.014. These values are approximated by assigning simple
fractions to the leachability index as shown below:

16 Multiplier
1
1/4
1/16
1/64

WP =

These values are applied primarily to the groundwater scenarios.
Another scenario which may also be affected is the food (soil) uptake
pathway of the intruder-agriculture scenario since the level of
contamination in interstitial soil water available to vegetation may
depend on the leachability of the waste. The use of the leachability
index in the intruder-agriculture and groundwater scenarios is dis-
cussed in Sectibns 3.4 and 3.5, repectively. The values assigned to
the index, 16, however, may be modified further depending on proper-
ties of the waste and the disposal technology implemented (see below).

3.3.4 Chemical Content Index (17)
This index denotes whether a waste stream may contain chelating or
organic chemicals that may increase the mobility of radionuclides

during and/or after leaching. An index value of 0 indicates the
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1ikelihood that these égents are absent in the stream, whereas an
index value of 1 indicates that the stream is likely to contain

che]éting or organic chemicals.

This index, in conjunction with the segregation option index IS (see
Section 3.2.3) 1is used to modify the multiplier values assigned to
the leachability indices for the groundwater and intruder-agriculture
scenarios. The following table is used in determining the fraction

leached from a particular waste form:

Mult(16,17,IS)
16 I1S=1 and 17=0 1S=0 or I7=1
1 1 1
2 1/4 1
3 1/16 1/4
4. 1/64 1/16

This table should be interpreted as follows. For a waste stream
with a given leachability index (I6), if the waste streanf either
contains chelating agents (I7=1) or is disposed mixed with other waste
streams containing chelating agents (IS=0), then the higher Tleach
fraction multiplier is used. If the waste stream does not contain
chelating agents (17=0) and it is not mixed with other wastes con-
taining chelating agents (IS=1), then the lower leach fraction mul-
tiplier is used.

A similar procedure is applied to the soil retardation coefficients
assigned to individual radionuclides. Retardation coefficients denote
the potential of the disposal facility site soils to retard the
radionuclides during groundwater migration. If there is no waste
segregation at the disposal facility, then the retardation potential
of the disposal site soils is assumed to be reduced as discussed in
Section 3.5. -
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3.3.5 Stability Index (I18)

This index denotes whether the waste form is likely to reduce in
vo]umé after disposal due to compressibility, large internal void
volume, and/or chemical - and biological attack (no credit is taken
for the waste containers). An index value of 0 ind;cates'a likeli~
hood of structural instability, whereas a value of 1 indicates a
structurally stable waste form.

The stability indices presented in Table 3-5 have been assigned based
on the physical descriptions of the waste provided in reference 1. 1In
general, this index has been assigned based on the void volume and/or
compressibility of the waste and its biodegradability. For example,
all trash waste streams are assumed to be unstable unless they are
incinerated and/or solidified. A1l waste forms expected to be pack-
aged in trash or similar degradable void fillers, éuch as LWR non-
compactible trash streams, are also assumed to be unstable.

The use of this index in the impact calculations depends on the
stabilization index IX. If IX is 3 (extensive stabilization measures
are implemented), then the index 18 is ignored in the calculations.
If IX is 1 or 2 (regular or moderate stabilization measures), then
the segregation index IS also affects the calculational procedure. If
IS = 1 (segregation), then the higher percolation estimate is adopted
for wastes that are unstable (18 = 0), and the lower percolation
estimate is adopted for wastes that are stable (I8 = 1); if IS =0
(no segregation), then the higher percolation figure is adopted for
all the streams (see Section 3.5).

Similarly, in the disposal cost calculations, if there is segrega-
tion, then any moderate or extensive stabilization measures (IX=2 or
IX=3) are applied to only the disposal cells that contain unstable
wastes; otherwise, the entire site undergoes these stabilization

measures.
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3.3.6 Accessibility Index (19)

This index triggers the use of a correction factor for those unsoli-
dified waste streams that have a comparatively high metal content.
The radionuclides contained in these waste streams are not as easily
accessible to transfer agents such as wind and water as are the
radionuclides contained in other waste streams.

Most of the waste streams contain surface contaminated wastes and
waste containing radioactivity in readi]y,soluble forms; these streams
are assigned an accessibility index of 1. The waste streams that
are almost exclusively activated metals with imbedded radioactivity
not readily accessible to the elements are assigned an index of 3.
Only the industrial high activity waste stream (N-HIGHACT) has been
assigned an index of 3. Several other streams containing a signifi-
cant portion of metallic waste which have both activated and surface
crud contamination have been assigned an accessibility index of 2.
The waste streams assigned an accessibility index of 2 include non-
compactible trash from LWR's (P-NCTRASH, B-NCTRASH) and fuel fabri-
cation facilities (F=NCTRASH), LWR non-fuel reactor core components
(L-NFRCOMP), and industrial sources (N-SOURCES). A1l other waste
streams have been assigned an accessibility index value of 1. The
value of this index does not change depending on the waste spectrum

. J
considered.

This index is applied to all the release/transport scenarios that
involve wind or water transfer agents, and to all the direct radia-
tion scenarios. In the calculations, the degree to which a waste
form resists mobilization by external transfer agents is expresséd
through the waste form and package factor (fw). One of the mathe-
matical terms in the waste form and package factor is a fractional
multiplier that expresses the effect of the accessibility index. This
fractional multiplier is assumed to be given by the relationship

100719) . 4ot s:
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19 Multiplier
1 1

2 -1

3 .01

-

A brief comparative discussion of the materials for which the access-
ibility index is different than unity is given below.

The main purpose of the accessibility index is to evaluate the compa-
rative isolation from transport agents of the radioactivity contained
in certain unsolidified wastes. The function of this ihdex is similar
to that of the leachability index applied to solidified wastes. The
reduction of the accessibility of some radioactive materials is the
result of the combined physical and chemical characteristics of these
materials. No reduction is considered for wastes which contain
radioactivity in forms which are readily soluble and/or displaced.
Combustible trash and absorbed liquids are examples of these types of
wastes.

At the other extreme are unsolidified waste streams such as activated
metals where in the absence of surface contamination, much less
radioactivity is initially accessible to transport agents. Industrial
high activity metals are assumed to be the only waste stream of this

type which is virtually free of surface contamination. Many of these

activated metals are high-alloy materials (alloys with a high non-
ferrous metallic component), which are inert and corrode very slowly
in the disposal enviromnment. For example, a corrosion rate of 0.002

mg/100 cm’/day (7.3x107°
(10)

g/cmz/yr) has been quoted for high-alloy
stainless steel. Such corrosion produces finely-divided but

highly insoluble oxides.

Although 1nso]ubie, these oxides may be more accessible by virtue of
being finely divided. The percentage of the total activity of such
waste forms converted to the oxide form in a given time is highly
dependent on the geometry of the waste (i.e., surface area to mass
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“ratio). For example, consider a” high-alloy rod 100 cm long and 1 cm
in d1ameter and having a density of 7.8 g/cm3 and a pipe having
the same externa] dimensions and dens1ty but with a wal] thickness of
0.1 cm. The surface area to mass ratios are 0.259 cn /g for the rod
and 2.56 cm /g for the pipe.. Assum1ng that the activation products
are distributed un1f0rm1y through both pieces, the fraction of the
activity ]ost from the pipe is near]y ten times that of the rod
(1.87x10 -5 per year versus 1.89x10 -6 per year). The small magnitude
of both numbers clearly show the inaccessibility of the radioactivity
in both cases -- especially in view of the insolubility of the corro-
sion pEoducts. In 1000 years, only about 0.2 percent of the activity
from the rod becomes available. Based on this estimate, a conserva-
tive correction factor (multiplier) of 0.0l has been applied to these
wastes in scenarios that involve dispersibility of the wastes.

The remaining unsolidified wastes fall between these two extremes.
Wastes in this group include the non-compactible trash streams and
non-fuel reactor core components. Tne trash streams include large
amounts of surface contaminated failed equfpmént. Many pieces of
equipment are internally rdthér than'externa1y contaminated and are
sealed to prevent release of any free 11qu1ds they may contain (e.g.,
pumps). A pump sealed with 1 cm thick carbon steel caps (corrosion
rate of 0.03 cm/yr)(7) would isolate the radioactivity for about 30
years. After this period the release of radiocactivity is controlled
: by thé activity and amount of liquid inside the piece, the nature of
the internal contamination, and the ease with which the transport
agents can get in and out of the equipmeht.

Non-fuel core compdﬁénts are a special case. These components are
-generaliy highly activated stainless steel pieces coated with crud
deposits. The accessibility of the radiocactivity of these wastes
depends on the thickness of thé‘crud layer and the relatiVe activity
of the crud and underlying metal. Crud mainly consists of oxides of
iron and has been found to range in thickness from 0.0003 to 6 mil
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on fuel rods.(ll)

' The strong decontamination agents necessary to
remove such crudgdeposits from LWR bfimary cooling systems attests
to the inaccessibility of the'radioactivity they contain. Further-
more, the transporting medium must penetrate the crud layer to begin
corroding the activated metal beneath. Because the fractions of
activity contained in the crud and the metal components of these
wastes are not >we11-characterized; these wastes are . considered to
more closely resemble non-compactible trash rather than clean-surfaced

high activity metals.

A reduction factor for the direct radiation exposure components of the
scenarios is also applicable due to the high _metal content of the
streams with an accessibility index yreater than 1. This reduction is

‘due to the self-shielding afforded by the higher density metals and

packaging practices. For example, the uncollided gamma flux from a
half-space source at the surface is inversely proportional to the
density of the material; this effect alone would result in a gamma
flux attenuation by a factor of about 7 (see Appendix A). Further-
more, when these non-compactible metallic wastes, which usually have
irregular shapes, are packaged, other materiéls such as trash or soil
that usually have much lower activities are placed around them to fill
the voids. For thé high energy gamma rays found in LLW (Co-60,
Cs-137, and Nb-94); it takes only about 2 inches of metal shielding to
result in an attenuation of 10. In this report, in view of the above
two effects, a reduction factor of 10 has been applied to direct
radiation exposure pathways for streams having an accessibility index
greater thahvl. ' | |

3.4 Waste Classification

As discussed in Chapter 1.0, a waste classification methodology is
one of the essential tools to assure that uniform and environmentally
acceptable practices are adopted throughout an extremely diverse
industry that.generates LLW. This section presents a waste classifi-
cation procedure and associated tests.

3-33



An introduction to the section outlining the considerations in the
approach adopted is presented in Section 3.4.1.. This is followed by
two sections on the intruder-construction and the intruder-agriculture
scenarios that constitute the basis of the waste classification
tésting procedure. Finally, the waste classification testing proce-
dure is summarized in Section 3.4.4.

3.4.1 Introduction

As discussed in Section 2.4, potential long-term exposure scenarios
from LLW disposal can be seperated into two types: ~concentration
scenarios and total activity scenarios. The concentration scenarios
include those involving direct human contact with the disposed waste,
such as those involving exposures to a potential inadvertent intruder.
In these scenarios, potential exposures are calculated considering
only the radionuclide concentrations in the waste streams assumed to
be actually contacted by the intruder. ‘The radionuclide concentra-
tions in parts of the disposal facility not contacted by the potential
. inadvertent -intruder do not enter into the calculations. On the other
hand, exposures from the total activity scenarios are determined by
considering the total radionuclide activity disposed at the facility.
Examples of total activity scenarios include groundwater migration

scenarios.

The fact that impacts from scenarios involving direct human intrusion
into disposed waste are governed by the concentrations in the pafti-
cular waste streams assumed to be contacted makes the intruder scen-
arios very useful for waste classification purposes. Assuming that a
limit is placed on the exposures allowed to a potential human in-
truder, then the maximum allowable concentrations of radionuclides in
waste streams to meet this exposure limit may be calculated.

Once concentration limits are determined, waste generators can rela-
tively easily determine what class their waste belongs to by comparing
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the radionuclide concentrations in their wastes with the limiting
concentrations determined through the intruder scenarios. Use of
potential human intrusion as a means of classifying wastes for dis-

posal has also been used by others.(10’13)

By contrast, it is much more difficult to classify wastes through
the use of total activity scenarios such as groundwater migration.
Comparatively speaking, impacts from groundwater migration are much
more dependent on site specific environmental conditions than the
intruder scenarios. In addition, since the potential impacts are a
function of the total activity of waste disposed, it is difficult to
set concentration limitations for individual radionuclides to meet a
specific dose limitation criteria. It would be‘difficu]t, based.dpon
groundwater migration considerations, to set concentration limits that
can be used by a waste generator to determine the classification of
. his waste.

It is important to emphasize, however, that this does not mean that
groundwater migration from a disposal facility is not an important
consideration in LLW disposa]. It does suggest that rather than
establishing concentration limitations to be met by a waste generator
~to meet a particular groundwater exposure limitation criteria, it
would probably be more useful to set an inventory limitation for a
particular disposal facility (based upon site-specific information)
for particular radionuclides of concern. Then, if the waste genera-
tors were required to report the quantity of the radionuclides of
concern which are contained in each shipment of waste, the disposal
facility operators could maintain a running inventory of the radio-
nuclides of concern at their particular sites. When the site inven-
tory reaches the established limit for the facility, the disposal
facility operator would no longer accept waste streams containing the
particular radionuclides of concern. It is expected that such radio~
nuclides of concern would include long lived mobile isotopes such as
14, 99 1291.

C, Tc ana
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Potential inadvertent intruder exposures (and maximum radionuclide

concentrations corresponding to a given dose conversion criteria) are

a function of three general parameters: (1) the time after disposal

that the intrusion occurs (the length of the active instititional

control period), (2) waste form and packaging properties, and (3)
disposal facility design and operating practices. Regulétory require~

ments can be placed upon these parameters and depending upon the
particular requirements placed upon these parameters, a classification
system may be developed. '

From an analysis of the effect of waste form and packaging properties
ana disposal facility design and operating practices on impacts from
human intrusion, it may be concluded that:

0 Barriers may be used to reduce the possibility of human intru-
-sion. These barriers may include disposal at greater depths or
emplacement of the waste into a highly engineered facility
designed to resist human intrusion {(e.g., a hot waste facility).

o If the waste is in a stable waste form that'resists dispersion
and if the stable waste is placed in a disposal cell which is
segregated from unstable waste forms, than potentia] intruder
exposures would be reduced over those exposures expected if the
stable wastes were disposed mixed with the unstable wastes.

Based upon establishment of a maximum time for active institutional
controls and incorporating the above two conclusions, a waste classi-
fication syStem may be developed based on a maximum exposure limit to
a potential inadvertent intruder.

In this work, three generic levels of intruder barriers are considered
in detail, which correspond to three general levels of effectiveness
against intrusion at three levels of overall costs: (1) no barrier;
(2) layering; and (3) hot waste facility.
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In the first case, the waste stream is assumed to be disposed in a
"regular" manner without consideration of protecting a potential
intruder. In the second case, the waste stream is assumed to be
disposed at the bottom of the disposal cell, so that at lTeast 5 meters
of earth or other (Tower “activity) waste streams cover the layered
waste. In the third case, the waste stream is assumed to be disposed
in a hot waste facility, which for this report is taken to be a
concrete walled disposal trench. The waste is stacked into the
trench, grouting is poured around the waste packages, a concrete
cover is then poured over the grouted waste mass, and finally 2 meters.
of soil is emplaced over the concrete cover. The effectiveness of the
hot waste facility is somewhat speculative, but is included to 1ndi-
cate an upper level of protection against an inadvertent intruder that
can be achieved through near surface disposal.

In addition, it may be assumed that the operational practice of
segregated disposal of stable waste streams from unstable waste
streams results in reduced exposures to a potential intruder con-
tacting the stable waste streams -- at least for the first several
hundred years following waste disposal. Segregated disposa] of the
stable waste streams greatly improves the stability of the disposal
cells containing the stable wastes, resulting in significantly less
water infiltration and subsidence problems for these disposal cells,
and less decomposition of the disposal cell contents. Exposures to
a potential inadvertent intruder contacting these disposal cells at
the end of the active institutional control period would be limited to
those acquired during discovery of the waste. It is not credible, for
example, to postulate that an intruder would construct a house in, or
attempt to grow vegetables in, a disposal cell composed of such wastes

as 55-gallon drums filled with concrete.
Finally, consideration needs to be given to the length of time that
intruder barriers and segregation of stable wastes serves to reduce

or eliminate potential inadvertent intruder impacts. Based on the
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analysis-in reference 3, a time period of 500 years after site closure
.is used as a limit of the effectiveness of Tayering and waste segre-
gation. Following this time period, wastes disposed through layering
and/or- segregation are assumed to be as-accessible to an intruder as
waste disposed by regular means (i.e., non-segregated shallow land
burial). A time period of 1000 years is assumed as a maximum length
of time for a hot waste facility to be effective against intrusion.

These concepts are further expanded in the following two sections
which present the calculational procedures for determining intruder
exposures from the two basic intruder scenarios considered in this
appendix. These include the intruder-construction scenario presented
in Section 3.4.2 and the intruder-agriculture scenario presented in
Section 3.4.3. Following this section is Section 3.4.4 which presents
the teéting procedure through which the intruder corncepts developed in
this section are used in the computer codes developed in this work to
classify the waste streams for further analysis.

3.4.2 Intruder-Construction Scenario

This is one of the scenarios utilized to determine the classification
status of the waste streams -- the other scenario being the intruder-
agriculture scenario. This section considers the values of the
pathway barrier factors under alternative values of the waste form
behavior indices and the disposal techno]ogy_indipes.

‘This scenario assumes that at some time after the end of operations at
the disposal facility, institutional controls breakdown temporarily
and an intruder chooses to inadvertantly construct a house on the
disposal facility. In so doing, the intruder is assumed to contact
the disposed wastes while performing typical excavation work such as
installing utilities, putting in basements, and so forth. These
typical activities should not be expected to invoive significant
depths - e.g., in most cases no more than approximately 3 m (about
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10 ft). There is, however, a much less likely chance that some
excavations - could proceed at a lower depth. -This could occur, for
example, through construction of a sub-basement for a high rise
building.

To implement this scenario, the inadvertant intruder is/assumed to
dig a 3 meter deep foundation hole for the house. The surface area
of the house is assumed to be 20 m by 10 m (200 mz), which is a
typical surface area for a reasonably large ranch—sty1e house. The
foundation hole s assumed to be 20 m by 10 m (200 m2) at the bottom
and 26 m by 16 m at the top (giving a 1:1 slope for the sides of the
hole). The top 2 meters of the foundation is assumed to be cover
material and the bottom 1 meter is assumed to be waste. This excava-
tion would result in about 232 m3 of waste being intruded into.

The equation describing human exposure for the intruder-construction
scenario is as follows:

H = Z (F F4f Fo)qip €, POCF-2 +
. n

- Z (f F . F) ¢ C, POCF-5 . (3-1)
n )
where H is the 50-year dose committment in wmrem, PODCF-2 and PDCF-5
are -the radionuclide-specific pathway dose conversion factors which
were discussed and presented in Section 2.3, Cw is the radionuclide
concentration in the waste, and n denotes summation over all the
radionuclides.

The first term of the equation calculates the impacts from thé air
pathways consisting of exposures due to suspension of contaminated
dust into the air: inhalation of the contaminated dust, direct radia-
tion exposure from the contaminated dust cloud, and the consumption
of food grown nearby upon which the airborne contamination settles.
The second term of the equation calculates the impacts from direct
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radiation exposure to the wastes during excavation. The values of the
barrier factors are examined below in_two sections: regular waste
disposal, and disposal with barriers against intrusion.

Régu]ar Waste Disposal

The time delay factor'f0 is rqdidnuc]ide-specific and is given by the
following equation:

f, = exp [ -xT] (3-2)

where T is the time period between the end of active disposal opera-
tions and the initiation of the scenario (i.e., IPO plus IIC years),
and A is the decay constant of the radionuclide. This factor is the
same for both the air uptake pathways and the direct gamma pathway.

The assumed time period is 'equivalent to the assumption that the
| intrusion scenario involves the last disposal cell constructed at the
site and conservatively neglects the possibility that the intrusion
scenario may involve one of‘the earlier disposal cells.

The site design and operation factor fd denotes the dilution of the
waste due to particular disposal practices regarding waste emplace-
ment. Its value -is assumed to be 0.5, 0.75, or 0.5 depending upon
whether the waste disposal is rahdom, stacked, or decontainerized,
respectively. The effects of other classification tests on fd are
described below.

For the air uptake pathways, the waste form and package factor fw is
given by the following formula:

£, = 10(153)  1o(1-19) | (3-3)

where I5 is the dispersibility index (see Section 3.2.2) and 19 is the

accessibility index (see Section 3.2.6). Based on this formula, f

5.(1) "

" ranges from a high of 1 to a low of 10~
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For the direct radiation exposure pathway, only the self-shielding
inherent to the particular waste form affects the factor f,o In
this case, f_ is set equal to the following: v

fw = Accessibility Mu]tip]fer x Solidification Multiplier (3-4)
The modification due to 'accessibility results from the substantial

metal component of some waste streams (see Section 3.3.6). The
accessibility multiplier is taken equal to 1 if the index I9 is equal

<to 1, and it is 0.1 if the index 19 is equa1 to 2 or 3. The solidi-

fication multiplier is assumed to be 0.80 for those streams that are
solidified using solidification scenario A or B procedures which
contain a significant amount of éement; otherw{se, this multiplier is
assumed to be unity. Since the streams with an accessibility index
different than 1 are never solidified, the minimum value of the factor
fw for the direct radiation exposure pathway is 0.1. ’

The site selection factor fS is different for the air and direct
gamma uptake pathways of the intruder-construction scenario. For the
air uptake pathways, it is the product of the soil-to-air transfer
factor TSa (which depends oh the environmental characteristics of
the region in which the disposal fagi]ity is 1ocateq) with the expo-
sure duratidn factor (the fraction of a year that the construction
takes place). For the direct gamma exposure pathway it is eqda] to

"just the exposure duration factor. These factors are detailed below.

In this work, exposure duration is assumed to be 500 working hours for
the regular waste disposal. This is equivalent to a construction
period of 3 months, which is believed to be reasonably conservative
for typical construction. It is believed to be'very conservative for
activities involving use of heavy construction equipment. This gives
a value of 0.057 for fs for the direct gamma scenario. For the air
pathways, this number is multiplied with a soil-to-air transfer factor
given by the formula:
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| Tga = [TgJg * (107) x (5/30) x (50/PE)° (3-5)

10

where [T__]. is equal to 2.53 x 107", v is the average wind speed

at the sﬁlé)in m/sec, s is the silt content of the site soils in
percent, and PE is the precipitation-evaporation index of the site
vicinity indicative of the antecedent moisture conditions (see Appen-
dix A).” For the reference disposal facility, these values were
determined to be v = 3.61 m/sec, s = 50, and PE = 91, yielding a value
of 3.53 x 10710
factor of 0.057, this yields a site selection factor of 2.01 x 10

for the air uptake component of the construction scenario.

for Tga (see Appendix A). For an exposure duration
-11

Disposal With Barriers Against Intrusion

The barrier factors fd\and fs-are affected if the waste is disposed
using intruder barriers and/or if waste segregation'is implemented at
the disposal facility. The factor fd is not affected by regular or
layered waste disposal; layered disposal only affects the factor fs.

For the air uptake pathways, (a) for layered disposal, the factor fd
is multiplied by a factor of 0.1 to indicate the 1ikelihood of contact
of the layered wastes by the intruder; and (b) for hot waste facility
dispoial fd is multiplied by a factor of 0.01.

For the direct.radiation exposure pathway, (a) for layered disposal,
‘fd is multiplied by a factor of 1/1200 whfch denotes attenuation of
the radiation through.a 1 meter. thick soil equivalent layer, and (b)
for hot waste facility disposal, fd ié multiplied by a factor of
1/12002 which indicates attenuation of the radiation through a layer

equivalent to 2 meters of sofi (see Appendix A).

The site selection factor fS is modified only if the waste form is
stable and has been disposed of in a segregated manner. The exposure
duration factor 1is reduced from 500 hours to 6 hours for all the
uptake péthways.
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3.4.3 Intruder-Agriculture Scenario

The intruder-agriculture scenario is the second scenario (the first
being the intruder-construction scenario) utilized to determine the
classification status of the waste. It is used in three c]assiff—
cation tests: (1) for regular waste disposal at the end of 1IC years
following facility closure, (2) at the end of 500 years for waste
streams that have been layered or are stable and segregated, and
(3) at the end of 1000 years for wastes that have been disposed into
a hot waste facility. Only intruder impacts from regular waste
disposa].following [IC years 1is considered below. Intruder impact
-scenarios at 500 years and at 1000 years are somewhat speculative,
and have been conservatively assumed to be similar to those at the
end of IIC years.

The intruder-agricu]ture scenario assumes that at some time after the
end of disposal operations, an intruder inadvertently lives on the
facility, and consumes food grown on the disposal facility. Farming
is a surface activity and generally does not involve disturbing the
soil for more than a few feet. As long as a cap of one or two meters
is maintained over the waste, then it is very unlikely that agricul-
tural activities would ever contact the waste.

To implement the scenario at the end of active institutional control
period, however, a portion of the soil excavated during the intruder-
construction activity (232,m3 of waste and 680 m3 of cover material)
is assumed to be distributed around the completed house. After build-
ing the foundations of the house, about 312 m3 of this soil would be
put back in outside and around the cellar walls leaving a volume of
about 600 m3 of soil (of which about 150 m3

mixture) involved in the agriculture scenario. The precise areal

is the original waste/soil
extent to which this soil is distributed is somewhat speculative.
It is likely, however, that the soil will remain Tocalized; moving

even a few cubic yards of soil more than 10 meters usually requires a
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significant effort. It is assumed in this report that this areal
extent is likely to be somewhere between 1000 m? ana 2000 m2.
That is, the waste/soil mixture is assumed to lie within a radius of
25 meters from the center of the house. The intruder is then assumed
to live in this distributed waste/soil mixture and is also assumed to .
consume vegetables from a small garden located in the waste/soil

mixture.

A possible alternative to this scenario is that the waste cover is
stripped éwqy by the intruder, and that the intruder lives on and
grows and consumes food grown directly in the waéte. This does not
appear to be as reasonable as the abdve scenario. At current commer-
cial rates, it costs about $1.07 to move one cubic yard of dirt from
one place to an adjacent place with heavy equipment.(lz) This
implies that tobclear 2 meter of cover from 2 acres, the intruder has

either invested a sum of about $22,500 or spent a labor equivalent to
this sum. This is not a reasonable assumption since no reasonable
person is likely to strip and clear away surface soil with the hope of
finding a better soil underneath for growing food.

A non-commercial enterprise is therefore assumed for the intruder-
agricul ture scenario. It appears to be unreasonable to expect that a
commercial operator, who would require a substantial investment for a
commercial agricul tural operation and therefore a clear title to the
land, can be an inadvertant intruder.

The inaavertant intruder is assumed to live in a house built on the .
site, work at a regular job during the day, and spend some of his

extra time working in a garden growing vegetables for his own use.

His time during a year is assumed to be allocated betweeh various

activities as follows:
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Activity ~ Hours/Year

At Home 4380
At Work 2000
Traveling To and From Work - 250
Vacation : 330
Gardening . . 100
OQutdoors : ‘ 1700

Total: 8760

In the 1ntruder-agricu1turé scenario, the inadvertent intruder could
be exposed principally by five pathways: (1) inhalation of contami-
nated dust suspended due to tilling activities as well as natural

- suspension, (2) direct radiation exposure from standing in the con-
taminated cloud, (3) consumption of food (leafy vegetables) dusted by
fallout from the contaminated cloud, (4) consumption of food grown in
the contaminated soil, and (5) direct radiation exposure from the
disposed waste volume. For calculational convenience, the first three
'uptake pathways have been grouped together and denoted as the air
uptake pathway. The potential exposures from these pathways are
therefore calculated in three groups: air uptake, food (soil) uptake,
and direct radiation (volume) exposures. These are then added to

arrive at the total potential exposures from this scenario.

In this work, the potential exposures- from the intruder-agriculture
scenario are calculated using the following equation:

H = Z (F,F 4 F)gip Cy POCF=3 +

n

Z (F,F4F,F<) fond Cy POCF-4 +

n : )

}: (F, 4 F)pg C, POCF-5 | (3-6)
- |

where H is the annual dose in mrem per year during the SOth exposure

year of exposure, PDCF-3, PDCF-4, and PDCF-5 are the radionuclide
specific pathway dose conversion factors presented in Section 2.3,
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Cw is the radionuclide concentration in .the waste, and n denotes
summation over all the radionuclides. The values of the barrier

factors are presented below.

The time delay factor fo for this scenario 1is identical with the
construction scenario, and ‘is- ‘given by equation (3-2). The site
design and operation factor fd is also determined in the same manner
as the construction scenario. - In-addition, the dilution resulting
from mixing of the excavated waste (232 m3) with the excavated cover
soil- (680 m3), which is a factor of about 0.25, is also included in

the design and operation factor fd.'

Waste Form and Package Factor

The waste form and package factors for the air uptake and direct
radiation exposure pathways composing this scenario are identical with
those for the air uptake and direct radiation -exposure pathways
composing the intruder-construction scenario. However, for the food
(soil) uptake pathway, other considerations are applicable. The
following formula ‘is utilized to calculate ’fw far the food (soil)
uptake pathway (also see equation 3-12):

i} | (1-19) )
£, = Mx tx Mult(16,17,1S) x 10 | (3-7)

where, Mo is the radionuclide-specific Tleach fractions of unsoli-
dified waste forms. (see Section 3.3.3 and 3.5). The contact time
fraction tC is the fraction of time in one year that the waste is-
in contact with irrigation water, while 19 is the accessibility index
(see Section 3.3.6). Mult(16,17,1S), which is the reduction due to
solidification and the presence or absence of chelating chemicals
(see Section 3.3.4), is a function of the leachability index (I6),
the chemical content index (17), and whether the waste streams con-
taining organic chemicals or chelating agents have been segregated

from other waste streams (IS).
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It appears to be reasonable to assume that only the fraction of
radionuclides transferred from the waste to the interstitial water
will be accessible to the roots. Inclusion of contact time in the
above equation is consistent with this approach. The contact time
fraction is conservatively assumed to equal unity in this work.
However, this fraction may actually be a very low value in view of the
soils likely to be found at most disposal locations. These locations
are likely to be at topographic highs whereas the most attractive .
agricultural soils are found in or adjacent to flood plains.

Site Selection Factor

The site selection factor—fs for the air uptake pathway is similar
to the intruder-construction air uptake pathway. However, the soil-
to-air transfer factor must be averaged to account for natural resus-
pension of the soils part of a year. This estimate is calculated by
assuming that (1) the construction scenario TSa value of 3.53 x 10-10
(see Section 3.4.2) is applicable during gardening (100 hours),
(2) during the time spent outdoors (1700 hours), typical natural
outdoor ambient air particulate concentrations of 100 pg/m3 are

(13)

hours), typical ambient indoor concentrations of 50 pg/m3 have been

assumed to prevail; and (3) during the time spent indoors (4380

assumed.(13) Utilizing a mass loading of 565 pg/m3 for the time
spent while gardening (see. Appendix A) and averaging these values
results in a site selection factor value of 3.18 x 10'11. This may

be compared with the site bselection factor value of 2.01 x 10'11

calculated for the intruder-construction scenario.
For the food (soil) uptake pathway, fS.js taken to be the fraction

of food consumed by the individual that is grown on site. This value
is assumed to be 0.5. '

For the direct radiation exposure_pathway,rfs is equal to the expo-
sure duration fraction multiplied by a correction factor to account
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for the limited areal extent of the direct radiation source that-the
intruder is exposed to. Moreover, the fraction of the time the

intruder spends in relation to the source must be considered.

During a year, the intruder is assumed to spend 1800 hours outdoors
exposed to unattenuated radiation (100 hours tilling and 1700 hours
around the house). During the 4380 hours he spends indoors, he is
exposed to attenuated radiation. The correction factor due to the
limited areal extent of the radiation source may be estimated uti-

1izing Fiqure 3.1.

This figure shows that intruder may be assumed to be exposed to a full .
disk source while outside, and an annular source while inside the
house. While he 1is inside the house, the center of the disk repre-

sents the shielding provided by the foundation slab. The contribution
to the direct radiation exposure from this center portion'may be neg-
lected in comparison with the exposure from the outside of the house.
If the foundation slab is a one-foot thick concrete layer, the radia-
tion would be attenuated to about -0.03 of its unshielded value for
Cs-137 gamma rays.(14) The correction factor for the areal extent
of the annular source may be represehted by the following equation:

o = [Ey(pry) - Eq(pry)d / Ep(pr) - (3-8)

where c¢ is the dimensionless correction factor, Ei(x) is the first
~order exponential integral, p is the linear attenuation coefficient of
air in units of m 1 (it is taken to be 0.0097 m L in this report)(l4)
and the r's are the distances from the exposure point indicated in
Figure 3.1 in meters. Details of the derivation of this equation can
be found in Appendix A. | : | |

For a full disk source (for the time spent outdoors), the radius

" in equation (3-8) is replaced: by o In order to evaluate the
correction factor, these radial distances must be assumed. The
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-following table gives the value of the exponential integral for some
representative distances:

Distance pr _El(gr)

lm 0.0097 4.068
8m 0.0776 2.055

20 m 0.1940 1.3356
25 m 0.2425 ~1.068

For ro and rl,_it is reasonable to assume 1 m and 8 m, respectively;
1 m represents the height of the exposed person, and 8 m represents
the approximate radius of a 200 m2 house floor. The value assigned
- to ros however, depends on the areal extent to which waste/soil
mixture (600 m3) has been spread. This mixture will likely be
spread unevenly within about a half acre around the house excavation,

and the areal extent is likely- to be between 1000 m2 and 2000 mz.

A radius of the above 20 m represents.an area of about 1050 mz_over
which the waste is spread, while a radius of 25 m represents an area

-of about 1750 m2.’~A radius of 25 m is utilized in this work.

~These assumptions yield .a correction factor for the time spent out-
doors of about 0.74, and a correction factor for the time spent
indoors of about 0.24. Utilizing values of 1800 hours outdoors
and 4380 hours indoors yields an site selection barrier factor of
about 0.27, which is the value utilized in this report.

3.4.4 MWaste Classification Test Procedure

The- following section describes the waste classification tes: proce-
dure developed from the previous sections regardihg impacts from
potential human intrusion into disposed waste. The test procedure
is used in the OPTIONS and GRWATER (see Section 6.0) computer codes
which determine radiological, economic, and_other impacts from
LLW disposal. ‘
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In the calculations, the disposal status of each waste stream, denoted
by the status index I11, is determined and iS used internally in the
computer codes. ' It denotes if any special procedures are required to
dispose of the waste stream in a near-surface disposal facility or if
the waste is unacceptable for near-surface disposal.

The index, I11, 1is 1 if the waste is disposable 'through "regular
means," it is 2 if layering of the waste is required, and 3 if the
waste is disposed of in a hot waste facility. For disposal by regular
means, no special consideration is given to providing barriers against
potential inadvertent intruder exposures. Layering of wéste streams
provides a barrier against an intruder contacting the layered waste
streams. Disposal into a hot waste facility provides additional
bafriers against intrusion. An index value of 0 indicates that the
waste is unacceptable for near-surface disposal. The testing proce-
dure utilized in the determination of the disposal status index
is presented in Figure 3.2.

Each test consists of successively subjecting a given waste stream
to the intruder-construction and the intruder-agriculture scenarios
after a given period of time, and determining if the calculated
radiological impacts in each scenario for each human organ due to all
the radionuclides in the waste stream meet given organ specific “"dose
limitation criteria.” Therefore, there are four basic variables in
these tests: (1) the waste status (regular or layered or hot waste
test), (2) the type of test (standard or modified), (3) the time after
the transfer of the site title to site owner at which the test is

applied (after the active institutional control period - denoted by
I1IC years, or after 500 years, or after 1000 years), and (4) the dose
limitation criteria which is applied to all the tests. The first
three variables are discussed below.

For a given waste stream, first the regular disposal test is applied
at IIC years. This regular disposal test may be either a standard or
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a modified test depending on whether the waste form is stable (18=1)
and the waste streams are being segregatea (IS=1) at the disposal site
(see Figure 3.2). If the waste is found acceptab]é during the stan-
dard test, then it 1is classified as regular waste. If the waste
passes a nwdified'test, it must also pass a regular standard waste

test at 500 years before being classified as regular.

If the waste stream fails any of the above three tests, then it is not
regular waste. In this case, the layered disposal tests are applied
to the waste stream at IIC years if the Tayering option is available
to the disposal technology case being considered - i.e., if IL is
equal to unity. The layered test can also be a standard or modified

test depending on the values assigned to the waste stability index
(18) and the segregation index (IS). In both of these cases, a waste
stream that passes either of the layered tests is tested again in a
reqular standard waste test at 500 years before being classified as

layered waste.

If the layering option is not avaf]ab]e or if the waste stream. is
found not to be acceptable for layered disposal (i.e., it fails one of
the above three tests), then hot waste facility disposal is attempted
if that option is available to the disposal case technology being
considered - i.e., if IH is equal to 1. There are two tests for the
hot wastevfaci1ity option: one is a special hot waste test at 1IC
years, and the other is a regylar standard test at 1000 years.

If- the waste is found to be unacceptable in any of these options -
there may be no option but regular disposal, i.e., IL = 0 and IH = 0 -
‘then the waste is considered unacceptable for near-surface disposal

for the disposal technology under consideration and for the dose
limitation criteria being applied. In this manner the status index
I11 is determined and utilized in the total activity scenarios as
briefly summarized below and described in detail in Sections 3.5
and 3.6.
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If the disposal status of the waste- stream is 1 or 2 (regular or

layered wasté), ‘then no special reduction factors are applied to
the groundwater scenarios. However, if the disposal status is 3,
then the pércolation component of the groundwater scenario is reduced

- to 25 percent of its minimum value (Section 3.5). This reduction is

due to the special measures -adopted in the design of:a hot waste

facility.

If the disposal status of the waste is 1, then no special reduction
factors are applied to the exposed waste scenarios. However, if the
disposal status is 2, then the wastes are exempted from the erosionv
initiated exposed waste scenarios (they are beneath a minimum of 6 to
7 meters of other material) and only 1 percent of the waste is
assumed to contribute to the intruder initiated exposed waste scena-

rios (see Section 3.6). For a disposal status of 3, the wastes are

exempted from the erosion initiated exposed waste scenarios and only
0.1 percent of the wastes are assumed to contribute to the intruder
initiated exposea waste scenarios (see Section 3.6).

As described above, there are five distinct classification tests:
regular standard, regular modified, layered standard, layered modi-

‘fied, and hot waste facility. These tests are briefly described

below.

Regular Standard Test

In this test, no additional reduction factors are applied to either
the intruder-construction or intruder-agriculture scenario. This test
may be exercised for regular wastes at the end of IIC years, or to

~wastes that have passed layered waste tests at the end of 500 years,

or to wastes that have passed the hot waste facility test at the end

- of 1000 years.
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Regular Modified Test

The modified test is applied only at the end of IIC years, and it
assumes that the waste stream is stable and segregated from unstable
waste stfeams.; Therefore, an inadvertant intruder iﬁitiating the
intruder-construction scenario will clearly realize that wastes are
being intruded into, and will not continue any further. This results
in a substantially reduced contact time for the intruder-construction
scenario. o

The regular standard test for the intruder-construction scenario uses
" a contact time of 500 hours. However, in a regular modified test this
contact time is reduced to 6 hours (the actual contact time is likely
to be no more than. half a working day plus 2 hours to account for
direct radiation exposure of the intruder through a reduced thickness
of cover material). As a consequénce of the discovery.that wastes are
being intruded into, the intruder-agriculture scenario is eliminated
in this test.

Layered Standard and Modified Tests

In’theblayered standard and the layered modified tests, the intruder-
agriculture scenario is not applied since the wastes are likely to be
“disposed of beneath a minimum of 2 meters of cover and 4 to 5 meters
of other regular wastes. No reasonable mechanism after'only_llg years
can be envisioned that would permit the interaction of these wastes
with the environment through an intruder-agriculture scenario. For
the intruder-construction scenario, different reduction factors are
applied to the two different uptake pathways: air uptake and the
direct radiation exposure pathways.

For the air uptake pathway,_on]y 10 percent of the layered wastes are
assumed to be accessible to the intruder. This is a very conservative
assumption, it is unlikely that even 1 percent of the area exposed
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during cdnstructibn will be the layer of waste underneath a minimum
6 to 7 meters of other material. For the direct radiation exposure
uptake pathway, the intruder is assumed to be shielded from the
layered wastes by at least one meter of soil or equivalent material
resulting in a reduction of about 1200 in the radiation intensity (see
Appendix A). |

For the layered standard test a contact time of 500 hours is assumed.
However, for the layered modified test, a contact time of 6 hours is
assumed based on the same rationale given above for the regular
modified test. | |

It should be pointed out that all the waste streams that pass these
layered tests undergo a regular standard test at the end of 500 years

at which time no credit is assumed for layering.

Hot Waste Facility Test

This test is also applied only at the end of lgg years. The rationale
presented above for the layered tests is applicable for the hot waste
facility which is designed to confine the wastes regardless of cost
or land use considerations. Moreover, it in effect takes unstable
wastes, and through disposal design makes them into stable wastes for

intrusion purposes.

The intruder-agriculture scenario is not considered in the hot waste
facility test. For the intruder-construction scenario a reduction
factor of 0.01 is applied to the site design factor for-the air uptake
component, and a reduction factor of 1/12002 is applied for the
direct radiation exposure pathway. '

Again, it should be pointed out that the waste streams that pass the
hot waste facility test are subjected to a regular standard test at
the end of 1000 years. .
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- 3.5 Groundwater Scenarios

These scenarios calculate the potential impacts resulting from
groundwater migration of radionuclides from the disposed wastes to
three access locations downstream in the direction of the groundwater
flow: a well located either at the boundary of the disposal area or
the site boundary, a well located between the disposal facility and
the surface hydrologic boundary, and a stream located at the surface
hydrologic boundary. Different pathway dose conversion factors are
used depending on whether the access location is a well or a stream
(see Chapter 2.0). An idealized map showing the geometric relation-
ships between the disposal facility and the access locations are shown
in Figure 3.3.

As shown in this figure, the main streamline passing underneath the
disposal facility has been straightened out (the longitudinal coordi-
nates are measured along this streamline), and the dispusal area
(excluding the 30 m wide buffer zone - see Appendix C), which is
assumed to cover an area of 450 m x 800 m, has been divided into
10 sectors.

The following equation 1is used to calculate human exposures which
may result from the well access groundwater scenarios:

Z Z fofmfmfm C,, PDCF-6 - (3-9)
where H 1is the annual dose rate in mrem per year during the 50th
year of exposure, PDCF-6 is the radionuclide-specific pathway dose
conversion factor discussed and presented in Section 2.3, C is
the radionuclide concentration of the waste stream considered, i
denotes summation over all the waste streams, and n denotes summation
over all the radionuclides. For a surface water access location the
dose conversion factor--PDCF-7 is substituted instead . of PDCF-6. The

values of the barrier factors are presented below.
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The time delay factor f0 is assumed to be one. This merely means
that the groundwater scenario is assumed to be initated at the close
of the operational period. :

The site design and operation factor is utilized to incorporate .
modifications resulting from two of the site design options: use of
a hot waste facility, and grouting (the effect of the cover is incor-
porated into the factor f_for calculational convenience - see below).
If the waste is grouted, then fd.is taken to be 0.1. . If the waste
is placed in a hot waste facility, fd is further reduced by a factor
of 0.1.

Grouting of the waste minimizes the interstitial void volume, and
increases the stability of the waste form and the disposal cell cover.
A reduction value of 0.1 is estimated for these effects; however, this
value is likely to be conservative since‘the grouting will probably
prevent deterioration of the waste packages, thereby delaying waste/
leachate contact. A hot waste facility is a specially designed
disposal cell, (e.g., concrete walled trench) for problematic wastes.
It has several barriers against percolating precipitation. The
reduction factor assumed for this facility is also likely to be

conservative.
3.5.1 Source Term
The source term is represented by the waste form and package factor

f .
wi?
contaminated liquid that leaves the disposal cell. This factor is

which has units of m>/year, and denotes the annual volume of
given by the formula:

fwi = fi X Vw X fc, (3-10)

where fi is the fraction of the disposed waste that is in the (1')th

waste stream, Vw is the annual volume of water that percolates through
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the trench cap and contacts the disposed waste/soil mixture; and fc
is the fraction of the waste radionuclide concentration transferred to

the leachate.

However, two different source terms may-be applicable in calculating
fwi: one for regular plus Tlayered wastes (i.e., regular disposal
cells), and the other for the hot waste facility (if any). The
discussion below primarily. considers the calculational procedures for
regular disposal cells, calculation of the source term for the hot

waste facility cells is mentioned where appropriate.

The first factor f. is self-evident, it is the ratio of the volume
of the waste stream being considered to the entire volume of waste
disposed at the either the regular disposal cells or the hot waste

facility.

Clearly, the variable (Vw) is simply the percolating infiltration
(p) multiplied by the appropriate surface area (Sf). However,
again, two different surface areas and percolation rates may be .
applicable 1in calculating Vw: one for regqular p]us) layered wastes
(i.e., regular disposal cells), and the other for the hot waste
facility (if any). '

The surface area of the régu]ar disposal cells is equal to the total
volume of regular plus layered wastes disposed at the facility divided
by the product of the emplacement efficiency with the volumetric
“disposal efficiency (see Section 3.2.1). The surface area of the hot
waste facility is calculated similarly -- the volume of waste disposed

at the hot waste facility is divided by the product of the hot waste
facility emplacement efficiency (0.75) with its volumetric disposal
efficiency (7 m3/m2).

For the regular disposal cells, there are several different tech-
niques for calculating the parameter (p) (also called PERC in several
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references). One of .these methods, usually called the water-balance
technique, is presented in references 17 and 18 (also see Appendices A
and C). The Water—ba]ance technique yields a percolation component of
about 180- mm of water per year for the reference disposal facility.
This value is applicable to those cases where no special effort has
been made to emplace a moisture barrier over the waste and to those
cases where the barrier -integrity cannot be assumed due to instability
of the disposal waste. The volume of water percolating in this case
will be denoted by VI.

For the cases where there exist special trench covers and where the
trench cover integrity can be assumed, the percolation component may
be determined by the Darcy velocity of the least permeable stratum

(19) The Darcy velocity of a

between the waste and the atmosphere.
material, with hydraulic conductivity (K) in units of m/yr and unit
hydraulic gradient (the most conservative assumption), is equal to K
m3/m2-yr. This number, however, should be modified by the fraction
of each year during which there is at least 0.01 inch of precipita-
tion. Therefore, in this latter case, (p) will be calculated from the

following equation:
p = K (w/365) . (3-11)

where (K)»is the hydraulic conductivity of the Teast permeable layer
covering the waste, and (w) is the mean annual number of days with
0.01 inch or more of rainfall (see Appendix A). Assuming that a
permeability of 3x10'7 cm/sec (about 0.3. ft/yr) is applicable for
the least permeable stratum of the designed trench cover, and assuming
(for the reference disposal facility) that w is equal to 115, this
yields an estimated percolation component of 30 mm. The volume of
water percolating in this case will be denoted by V2.

This permeability can be readily achieved through emplacement of
a clay layer (materials with permeabilities in the range 10'7 to
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10"9 cm/sec are commonly available), and less readily by using

(20)

after the active institutional control period, it is likely that as a

~ standard soils compaction methods on the existing soils. However,
result of intrusion by humans and/or by plant roots and/or burrowing
animals, this low percolation rate may increase. Therefore, a time
dependent source term option has been incorporated into the calcula-
tions as discussed below and in Section 3.5.3.

In the basic case (no time dependent sources), the above two values
for the parameter VwAare used: V1 for the case where no special
effort has been made to emplace a moisture barrier over the waste, and
V2 for the case where there exists special trench covers and where
trench cover integrity can be assumed. However, the specific value
~utilized for this parémeter is also determined by other factors.
These include the cover index (IC), the stabilization index (IX), the
waste form stability index (I8), and the segregation index (IS). The
following table is utilized to arrive at the value of Vw for regular
disposal cells:

o _ Infiltrating Volume
Cell Sta- Waste ’ No

Cover bilization Stability Segregation Segregation

Regular Regular Stable 2xV1 V1
" Unstable 2xV1 2xV1

- Moderate Stable 1.5xV1 Vi1

" Unstable 1.5xV1 1.5xV1

Extensive . Stable V1 V1
IR Unstable V1 - V1

Thick  Regular Stable 2xV1 V2
"o Unstable 2xV1 2xV1 -

Moderate Stable 2xV2 V2

" Unstable 2xV2 2xV2

Extensive "“Stable V2 V2

" Unstable V2 V2

For the hot waste facility (i.e., for those wastes with a "disposal
status" index 111 of 3), the above table is ignored, and the infil-
trating water volume. is taken to be ve/4.
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For the time dependent source analysis option, an increase in the
“infiltration rate is assumed after the active institutional control
period as follows. Only the infiltrating volumes that are less than
V1l are affected. For 10 percent of the regular disposal cell area
which is assumed to be disturbed by intruder activities (about 8
acres),. an infiltrating volume of Vlbis_assumed, and for the rest of
the area. twice the previous value (i.e., either 4xV2 or 2xV2) is
assumed. For- the hot waste facility, the infiltrating volume is
assumed to become V2 over 10 percent of the area.

The factor fC represents the fraction of the radionuclides that are
transferred from the waste to the leachate. It may be calculated
using the following formula:

f= M x t,x Mult(16,17,1s) x 10°19) (3-12)
where~M0 is the fraction of a specific radionuclide transferred
from unsolidified waste to trench leachate due to-contact of water
at continuous full saturation; tc is the fraction of a year that
the infiltrating volume of water is in contact with the waste;

Mult(I6,17,IS) is the reduction in leachate concentration considering
solidification methods and disposal facility operational practices
(see Section 3.3.4); and 10(1'19)
Section 3.2.6). These factors are discussed below.

is the accessibility factor (see

The factor Mo can be estimated by many theoretical'methods; however,
these theoretical calculations: are not consistent with experimental
data.(l)
fraction for unsolidified waste are estimated assuming that the

In this report, the average upper bounds of the leach

leachate/waste conditions at Maxey Flats disposal facility and the
West Valley disposal facility trenches (both of which can be assumed
to be at continuous full saturation) may be used to approximate this
bounding fraction. - The primary rationale for this approach is that
under specified chemical conditions there is an upper limit to the
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sclubility of all e]ements. . The -above two disposé] sites, because of
the presence of organic chemicals and chelating agents and because
they can be assumed to be at continuous full saturation, may be:
assumed to represent extreme leachability conditions. Some re-
searchers in the field believe that use of Maxey Flats estimates
represent the best that can be achieved with the available experi-

mental data.(13) A

To estimate these ratios, the measured leachéte cancentrations and
the estimated trench inventories from'several trenches for each
radionuclide are utilized. This estimate takes into consideration
the fraction of the leached radioactivity that may be reversibly
adsorbed by the interstitial trench soils. These ratios are presented
in Table 3-7. Detailed calculations. can be found in Appendix A.

The use of the factor Mo’ however, necessitates a correction factor
to take into account the transient and partially saturated conditions
-expected in the reférence disposal facility. This correction factor
is expressed through tc. This fraction depends on the contact time
between the waste and infiltrating water. Assuming that leaching at
partial saturation is proportional to the moisture content, the
fraction (tc) may be expressed as the fraction of a year that the
percolation component calculated above takes to pass through a given
horizontal plane, i.e.,

b= by | | (3-13)

where p is the precipitation (in m/yr) that infiltrates and comes into
contact with the waste, n is the waste cell effective porosity, and v
is the speed of the percolating water (in m/yr). The waste cell
effective porosity can conservatively be assumed to be about 25%
(partially compacted soils are likely to have higher porosities
resulting in lower contact times). The value. of v depends on the
interstitial soils; a very conservatively low value of 1 ft/day
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TABLE 3-7 . Radionuclide Partition Ratios®
Between Leachate and waste

Baéic ~ Calculated _ Other | Assumed

- -Nuclide Ratio ‘Nuclides Ratio
H-3 1.15 Tc-99 0.115
- | 1-129 0.115
c-14P 5.76x10~3
Co-60 1.48x1072 Fe-55 1.46x107
Ni-59 1.48x107
Ni-63 © 1.48x1075
Nb-94 1.11x10
Sr-90 9.86x10"°
Cs-137 1.62x10"¢ Cs-135 1.62x10°%
U-238P 1.25x10°4 U-235 1.25x107%
Pu-239° 4.67x10"% Pu-238 4.67x10f3
Pu-241 4.67x107%
Pu-242 4.67x107
Np-237 4.67x107
Cm-243 4.67x10,_4
Cm-244 4.67x10
Am-241 4.11x107° Am-243 4.11x1073

(a) Ratio of the leachate concegtration in Ci/m3 to the
waste concentration in Ci/m”~. Assumed ratios are
estimated based on chemical similarities between the
basic nuclide and the nuclide of concern.

(b) Calculated using West Valley leachate concentrations
and Maxey Flats inventories. :

{c) The calculated ratio includes Pu-238.
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(corresponding to a permeability -of about 1x10-4 cm/sec, an effec-
tive porosity of 0.25, and a hydraulic gradient of unity) will .be
assumed in this report for the reference disposal facility. These
calculations yield the values 0.00647 and 0.00108 as the contact time
factor for the above percolation cases of 0.18 m/year and 0.03 m/year,
respectively.

These values may be modified for soils with different permeabilities
by multiplying by the ratios of the respective permeabilities; the
contact time factor would increase for soi]s‘with low permeabilities,
and would decrease for soils with high permeabilities by as much as a
factor of 10. For example, an increase in the speed of the perco-
lating water to 10 ft/day (i.e., the percolation goes through an 8
meter deep disposal cell in about 2.5 days) may be expected for sandy
soils; similarly, a decrease in the velocity to 0.1 ft/day can be

expected- for clayey soi]s.(21)

It should be noted that an increase or decrease in the volume of
percolating water affects the cohtact time linearly, and this has to
be incorporated into the formulation. Therefore, the source term is a
quadratic function of percolation. For example, for the worst case
scenario (i.e., 2xV1 percolation), the above contact time of 0.00647
is multiplied by a factor of 2 yielding a total increase in the source
term by.a factor of 4.

The last two factors in equation (3-18) are the multipliers due to
waste solidification and facility operating practices, and due to the
relative inaccessibility of activated radioactivfty in metals waste
-streams. The multiplier due to waste so]idification and facility
operating practices has been discussed in Section 3.2.3, and the table
detailing the Mult(I6,17,IS) factor in Section 3.4 is applied iden-
tically to this scenario. The multiplier for activated metal waste
forms has been discussed in Section 3.3.6. '
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3.5.2 Migration Reduction Factor

- The waste form and package factor, as expressed above, yields the
total (in m3/yr) source term that can be expected from a given
waste stream, and the product of the radioactive concentration with
the source term gives the annual release (in Ci/yr). This source term
must be related to the radionuclide concentrations at the groundwater
discharge locations. This relation is expressed through the site
selection factor.(fs) in units of yr/m3. This factor, which has also
been referenced as the "confinement factor" or reduction factor,(18)
is the ground water migration analog of the (X/Q) dispersion factor in

meteorological diffusion calculations (see Appendix A).

Dozens of models, both ana]ytica] and numerical, have been developed
to forecast the. probable extent of radionuclide migration (sometimes
called mass transport) and the associated environmental impact.
Reviews of some of the available simulation techniques are presented
in references 22, 23, and 24.

Analytical models simulate the mass transport pfocesses using a
series of algebraically solvable mathematical equations having para-
meters that are homogeneous or can be homogenized. They are best used
under conditions where little hydrogeologic data exists, where the
existing site parameters can be represented by space- and time-
averaged quantities, where the stratigraphy of the site is so complex
as to preclude cost-effective detailed data accumulation or an accu-
rate consideration of the spatial variation of parameters (e.g.,
laterally discontinuous lenses of material interbedded with irregular
stratigraphy) or, as is the case in this report, where the study is
concerned With generic sites and designs. Numerical modeTs are
preferable if the geologic setting of the site is relatively complex
(an exception is the complexity level discussed above) and site-
specific data defining significant space- and/or time-variation of the

site parameters is available.
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The analytical simulation assumes that the porous medium consists of
an unsaturated and a saturated zone, each of which is stationary,
homogeneous and isotropic, and the fluid moving through these zones is
incompressible and of constant viscosity.

The source term is assumed to be given by Jo (which is equal to
f,i multiplied by the waste concentrations in this report), whose
units are in curies/year. The source term is assumed to exist during
the source duration time (T). A geometry of the migration problem is

shown in Figure 3.4.

The measurable hydrogeological parameters that must be included in an
accurate simulation of mass transport are: the geometry of the problem
(e.g., the travel distance, x, to a biota access location), the decay
constant of the radionuclides, the hydraulic velocities of the fluid
(e.g., v), the dispersion characteristics of the medium, and the
retardation coefficients of the radionuclide-medium interaction. The
space- and time-averaging of the above parameters, if necessary, may

be accomplished in a straightforward manner (see Appendix A).(le)

As discussed in Section 2.4, it can be shown that the time dependent

site selection factor is given by:(18)

gy = Irgdd ) vy - (3-14)
J

.where (Q) is the dilution factor in units of volume/time; the factor
"r_ is the time independent reduction factor due to the geometry of
the problem (i.e., the spatial relationship of the burial trench and
the discharge location); j denotes the longitudinal sectors of the
disposal facility shown in Figure 3.3; and Tti is the reduction
factor due to migration and radioactive decay which depends on both
space and time, including the sectors of the disposal facility and

the duration of the source term (Ti).
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Geometric Reduction Factor - rg

~This reduction factor is assumed to be independent of the character-
istics of the waste streams. It is also independent of the longitu-
dinal relationship of the disposal facility with the access location.
~This results in a second order approximation since the transverse
dispersion of the radionuclides depend on the travel time between the
disposal facility and the discharge location, and the factor r_ is a

(18)

- measure of the transverse dispersion of contaminants. However,
this effect is negligible when compared with the primary effect of the
transverse extent of the disposal area (assumed to be 450 meters) in
relation to the access location. This primary effect is quantifiea

through r .
Ty

In this report, it is conservatively assumed'that the biota access
location is always on the main streamline from the disposal facility
(see Figure 3.1). That is, it is located on the streamTine that
passes through the center of the disposal facility. In off-center
location cases, this effect would be expressed through the factor
-rg as well. .

~The maximum value of'rg is unity; it is different from unity only
in the well access cases. In the well access cases, it depends on
- the radius of influence resulting from the pumping rate. In other
words, depending on the pumping rate of the well, some or all of
the radioactivity released across the entire disposal facility width
of 450 meters may be pumped up with the well water. An idealized
pumped well geometry illustrating these concepts is presented in
Figure 3.5. .

The generalized formulae for the reduction factor rg are presented
in reference 18 and are 'summarized in Appendix A. However, they are
unnecessarily complicated for the generic cases being considered. The
following simplified equation is used in this work:
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r. =1 . : surface water access

"g

2 yw/L : well wétér.access

where Y is the pumping radius of the well (see Figure 3.5), and L
 is the transverse width of the disposal area. The pumping radius of
the well is dependent on the groundwater velocity, and may be repre-
sented by the following equation:(l8) '

Yy = Q/ (2 z, N v)

where Q 1is the pumping rate of the wel],vzw is the pumping depth
(minimum depth of the well below the interface of the saturated and
the unsaturated zones), n is the porosity of the stratum being pumped,

and v is the groundwater ve]ocity.(18)

For most locations where a disposal site mayAbe located, the ground-
water velocity is likely to be Tow (partially intentionally, partially
" because the site is likely to be located at a topographic high which
implies a low hydraulic gradient). In order to get water yields from
such a well sufficient to meet the needs bf an individual, the pumping
radius would be expected to.be very high. For example, for a pumping
rate of 7700 m3/year (representing the basic annual needs of a Sing]e
farmer - see below and Appendix A), in a medium with an effective
porosity of 0.25, a groundwater speed of 1.5 m/year, and.a pumping
depth of 10 meters, the pumping radius turns out to be about 1000
meters (implying an rg value of unity). If equal values for the
-pumping depth and the pumping radius are assumed, these values turn
out -to be about 100 meters (implying an rgAvalue of 0.45).

In this report, the dilution factors that have been assumed imply that
in most cases the pumping radius is likely to be high. Therefore, the
geometric reduction factor rg is conservative]y_aséumed to be unity
in all cases for the reference disposal facility.
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Dilution Factor - Q

The dilution factor is independent of the characteristics of the waste
stream and the geometrical relationship of the disposal facility with
respect to access location. The factor Q may be the pumpihg rate of a
well or the flow rate of a stream.

In this work, the dilution rates assumed are 200,000 m3/year (about
100 gpm - gallons per minute) for the population well scenario and
4.5 x 106 m3/year (about 5 cfs - cubic feet per second) for the
surface stream scenario. Small farming communities that uti]iie
groundwater for their needs usually have wells that range from 100 gpm

(18) A stream flow rate of

to 1000 gpm depending on the population.
about 5 cfs is selected since a stream with flow rate below this value
is very unlikely to be used for human consumption. For example, Rock
Lick Creek nearby the Maxey Flats disposal facility has an annual
average flow rate of about 7 cfs, but it is not used for human con-

sumption; it is used only for 11vestock.(25)

For the individual well and boundary well scenarios, Q is given by the
assumed total volume of percolating infiltration through the disposal
facility area. In other words; the source term Jo calculated in the
previous section is diluted by a minimum volume of water infiltrating
through the disposal area and recharging the groundwater.

The primary rationale for this procedure is that the source term

- will be mixed with an appropriate volume of water in the groundwater

regime. In past studies,(lo) this volume has been assumed to be the
annual aquifer flow rate underneath the site which necessitates-
assumptions on the aquifer thickness (or radionuclide mixing debth)
~and velocity. Furthermore, this approach necessitates the assumption
that the radionuclide source term is mixed homogeneously throughout
the aquifer thickness (or the assumed mixing depth). In this report,
this dilution volume is estimated to be the natural percolation of the
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disposa] site vicinity multiplied by 352,000 mz, which is the disposal
area required for the reference facility. This value is conservative
sincé it is likely that there may be substantial contribution to
groundwater from areas upstream/downstream of the disposal facility.

There is a lower bound, howevef, for the value of the dilution volume
for the intruder well and boundary well scenarios. ~Otherwise the
above technique would give invalid results for disposal facilities
located in regiohal environments in which the natural percolation is
very low, e.g., an arid western environment. The lower bound dilution
rate in this report is taken to be 7700 m3/year (3.84 gpm) , wh;g?

represents the needs of a single person living in a rural area.

Migration Reduction Factor - Tt

This factor depends on the time that the exposure is assumed to occur,
the duration of groundwater travel between the jth longitudinal
section of the diSposa] facility and the access location, the retarda-
tion capability of the soils (radionuclide dependent), the duration of
the assumed source term, and the waste stream characteristics. The
longitudinal extent of the disposal facility is considered by dividing
the facility into 10 sectors and summing the contributions from each
sector (assumed to be equal) to obtain the concentrations at the
discharge lTocation. Detailed formulae for this factor can be found in
Appendix A. In this work, the following formula is used for the

migration reduction factor rtij:

"t

i5 " Lexp(- Xt)/(JxTi)] x [ Fj(t) - Fj(t'Ti) ] - (3-15)
where A is the decay constant of the radionuclide; t is the time at
which the migration reduction factor is applicable, J is the total
number of longitudinal sectors the disposal site has been divided
into, which is 10 in this work (see Figure 3.3); T. is the source

' i
duration factor for the ith waste stream; and j denotes the sector
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of the disposal site. The function Fj(t) is given by the following

formula (see Appendix A);(18,27)

FJ.(t)'= 0.5 x U(t) x [erfc(X_) + exp(Pj) erfc(X+)] (3-16)
X, = /TG__ 13 t/(RtW}L_ | (3-17)
—‘ 2 v t'/(Rth-)

where U(t) 1is the unit impulse function that is zero for a negative
argument and is equal to unity otherwise; twj is the water travel time
between the disposal sector being considered and the access Tocation,
Pj is the Peclet number for the distance between the disposal sector
and the access location, R 1is the retardation coefficient of the
radionuclide, and erfc(x) is the complement of the error function

and is giyen by the formu]a:(zs)
X
~erfc(x) =1 - j' (2/v/7) exp(-tz) dt (3-18)
0

‘The retardation coefficients R that are utilized in the above equa-

tions depend on the radionuclide as well as the geochemistry of the
soils and the transporting groundwater. They are indicative of the
reversible ion exchange capability of the soils and represent the
ratio of the radionuclide velocities in the soil to the groundwater
velocities. The cation exchange capacity of the soils is a parameter
which can be used to estimate the retardation coefficients of the
soils, since retardation coefficients are usually linearly depend on
the cation exchange capacity. Five sets of retardation coefficients
are utilized in this work.(29’30)
in Table 3-8.

These coefficients are presented

The clay and mineral content of the soils, in addition to the ground-
water chemistry, significantly affects the retardation capability of
the soi]s, The retardation coefficients given in Table 3-8 span the
general range of values that are encountered in groundwater migration
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TABLE 3-8 . Sets of Retardation Coefficients®
Used in Impacts Analysis '

Assumed Retardation Coefficients

Nuclide Set1 Set2 Set3 Set4 Sets5 BNWLD
H-3 1 1 1 1 1 . 1
C-14 10 10 10 10 10 ' 10

Fe-55 630 1290 2640 5400 11050 3333

Nj-59¢ 420 860 1750 3600 7350 333

Co-60 420 860 1750 3600 7350 333

Sr-90 9 18 36 73 146 100

Nb-94 1000 2150 4640 10000 21500 10000

Tc-99 2 3 4 5 "6 1
I-129 2 3 4 5 6 ' 1

Cs-137¢ 85 173 350 720 1460 1000
U-235°¢ 840 1720 3520 7200 14730 14286

Np-237 300 600 1200 2500 5000 100

Pu-238¢ 840 1720 3520 7200 14730 10000

Cm-243° 300 600 1200 2500 5000 3333

Am-241¢ 300 600 1200 2500 5000 10000

(a) Sets 1 and 4 are values obtained from reference 29, except for
the radionuclides Nb-94 and U-235. These values are based on
comparative retardations given by the BNWL column (reference 30).
Sets 2 and 3 are obtained as geometric midpoints of Sets 1 and 4,
and Set 5 is similarly calculated, i.e,:

Set 2 = Set 1 x Cube Root of (Set 4/Set 1),
Set 3 = Set 2 x Cube Root of (Set 4/Set 1),
Set 5 = Set 4 x Cube Root of (Set 4/Set 1).

(b) These values are given in reference 30 for desert soils with a
moderate cation exchage capacity of about 5 meq/100 g. They have
been used as a guide to fill in missing values.

(c) Coefficients for other isotopes of these elements are assumed to
be the same. :
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calculations. The. first set is representative of coefficients for
séndy.soils with low to moderate cation exchange capacities, and is
assumed to represent the lower bound of retardation coefficients used
in this generic ana]ysis.' The fourth set is representative of coef-
ficients for clayey soils with moderate to high cation exchange
capacities, and is assumed to represent the best conditions that can
be routine]y'achieved. In between these two sets, two other sets have
been postulated and have been calculated utilizing the geometric
mid-points of sets 1 and 4. The third set of coefficients have been
assumed to be applicable to the reference disposal facility. A fifth
set of coefficients has been also calculated for use in special cases.

th waste stream is determined:

The source duration factor Ti for the i
by dividing the total activity in -the stream with the annual release
fraction which 1is given by the factor fwi multiplied by the radio-
nuctide concentration. This calculation conservatively neglects the
depletion of the radionuclide inventory at the disposal facility by

previous releases.

The groundwater travel times twj depend on the distance between the
disposal facility sector being considered and the discharge location.
The travel time between the first sector and the access location is
denbted by twi' It is assumed for the reference disposal facility
thqt groundwater takes 10 years to traverse the unsaturated zone. The
assumed values of tw1 for the reference disposal facility are pre-
sented below:

Location Travel Time - tul
Intruder-Well 42 years
Boundary-Well 66 years
Population-Well 400 years
Surface Stream = = 800 years

The groundwater travel time between two adjacent sectors (a distance
of 80 meters for the reference disposal facility) is assumed to be
64 years (corresponding to a speed between two adjacent sectors of
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1.25 m/year) and, to determine the groundwatenr prave] times for the
other sectors, an appropriate multiple of the travel time is added to
the twl.' It should be pointed out that using groundwater travel times
‘(and the Peclet numbers discussed below) as the primary variables on
which the migration analysis is based, implicitly allows for a sensi-
tivity analysis. . Sites with differing environmental parameters may
lead to similar radionuclide concentrations at the access locations.
For example, similar results would be obtained if the groundwater
velocity is twice -as high and the distance to the access location is
twice as large.  Similarly, a larger unsaturated zone travel time
(water speeds of the order of 10"2 feet/year are frequently encoun-
_ tered)(23) would compensate for a shorter saturated zone travel time.

The Peclet number,tu, is the distance to the access Iocation djvided
by the longitudinal dispersivity of the medium. Peclet numbers for
the distances between the sectors are determined in a manner similar
to the travel times. For the reference disposal facility, a value of
- 1600 is added for two adjacent sectdrs to the Peclet number for the
~first sector Pl’ which is assumed to be the following:

Location Peclet Number - P1
Individual-Well 1300
" Boundary-Well 1900
Population-Well 10000
Surface Stream ~ 20000

" The discussion presented above for the variation of travel times is
applicable to the selected Peclet numbers as well. In this manner,
the unsaturated and saturated zones are considered as a single unit.
The primary justification for this approach is the generic nature of
the analysis. Moreover, as long as the groundwater travel time in the
unsaturated zone is added to the saturated zone travel time, and the
Peclet numbers for the two zones afe added, the above is a valid
approximation to the alternative of considering saturated and unsatu-
rated zones as two units with the ensuing complications. Such a

treatment can be found in a previous work by the authors.(ls)
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3.5.3 Special Cases .

This section considers three special cases utilized in the groundwater
migration calculational procedure: the maximum concentration case, the
time dependent source ana]ysis; and high integrity containers. These
cases are considered be]owf

Maximum Concentration Case

The equations given above can be used to determine radionuclide
concentrations at a particular access location as a function of time.
It’may also be of interest to determine the maximum concentration of
a particular radionuclide at a particular access location over all

time.

The maximum radionuclide concentration at the particular access
location considered may occur long after the initiation of the scen-
ario, and becomes significant for those radionuclides that have high
retardation coefficients and very long half lives -- e.g., U-235,
U-238, Pu-239. For this special case, only the reduction factor
rtij is. affected in the above formulation and a modification of
equation (3-14) is necessary to calculate the maximum concentrations.

The equation utilized in this work 15:(18) -

fei = [rg ry1/Q | | (3-19)

where rg and Q are as defined previously, and r; is the time inde-

pendent maximum value of the migration reduction factor rtij‘ The
parameter ri is given by the following equation.

ri = Maximum. of [ril’riZ""’rilo] (3-20)
whéfe »

rig = k X [exp[ - A Rtwk]/(JXTi)] (3-21)
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where the above variab]esvd; Ti’ A, R, and twk denote the same

parameters defined previously.

Time Dependent Sources

~Although a disposal facility will be designed and operated so that
‘infiltration of rainwater will be minimized, it 1is possible that
sometime after the disposal facility is closed, active institutional
controls may breakdown and potential inadvertant intrusion into part
of the disposed wastes may occur and, as a result, rainwater infilt-
ration may increase. Similarly, a breakdown in institutional controls
may lead to intrusion into the waste mass by deep-rooted plants and
burrowing animals which also may lead to an increase in rainwater
~infiltration. This potential increase in infiltration would result
in a corresponding increase in the groundwater migration source term.
A calculational procedure to account for this time dependent source

term is presented below.

For the case of the time dependent source term analysis, two different
- sourée magnitudes are considered. The source term is assumed to
increase after the end of the active institutional control period as
represented by the following histogram:

Source }
Term
.

fwil

wi2

! 2 d

T. : TiZ' 'Time

il

Two source terms, denoted by f ., and f are calculated using

wiz2’
equation (3-15). These source terms are used in conjunction with two
source duration times denoted by (Til) and (TiZ'Til)‘ The first

source term is applicable during the duration time of T1.1 years
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(equal to or less than IPO+IIC - see Section 3.1), and the second
source term is applicable during a duration time'Tiz—Til. The
second source duration time is calculated by substracting the radio-
activity that has migrated ~from -the -site during the first source
duration time from the activity inventory of the site (the area under
the above histogram), and dividing the remaining site activity inven-
tory by the second source term. In other words, it is calculatea by
the formula:

TZi = Til + fw11 x (TDUR - Til) / fm-2 ' (3-22)
where TDUR represents the source duration time if'fwil were the
source term during the entire period. In other words, TODUR is the
duration time for the time independent source term analysis and TDUR
‘times fwil-times Cw is the entire site inventory of the radionuclide
being considered.

For calculational conveniencé, the source term for this analysis
is taken to be equal to fwil for all times, and the effect of the
increased source term after time Til is incorporated into the factor

rtij' The following equation is used to calculate the modified
factor rtij:
rigj = [expl= Ae)/(XTOWR)T x [ F(e) = Fy(t=T;)) +
(Fuia/fun) X [ Fj(t=Tg)) = Fo(e-T,)1] (3-23)

where Fj(t) is the function defined previously by equation (3-19Y),
and where the variables A, J, TUUR, Til’ TiZ’ fwil’ wiz
as defined previously. For cases where the source is depleted within
the active institutional control period (TDWR is less than IPO+IIC),

or for cases where the percolation volume at the disposal facility is

and f are

greater than or equal to V1 (see Section 3.5.1), this analysis is
jgnored.



High Integrity Containers

High. integrity containers are packages which are designed to preclude
waste/trench- water contact for long periods of time.(l) This time
period may vary-from a few years to several hundred years. The effect
of this_de]ay due to use of high integrity containers is incorporated
into. the analysis by adding the delay time to all the groundwater
travel times for the selected waste streams. This procédure results
" in accurate consideration of the effects of this special case -- i.e.,
the time delay factor fo'is waste stream independent, whereas high
integrity containers may be applied to only certain waste streams.

3.6 Exposed Waste Scenarios

In these scenarios, some or all of the surface area of the disposed
waste is assumed to be exposed through some means. The mechanism that
initiates uncovering of the waste can be either the erosion of the
waste cover by surface water or wind action, or 1ntruder activities
such as construction or agriculture. Similarly, there are two exposed
waste surface scenarios depending on whether the transfer agent is
wind or surface water, the corresponding biota access location can be
either an off-site surface water body (through surface water runoff)
or off-site air (through wind suspension and transport). Therefore,
there are four eXposéd waste scenarios: intruder-air, intruder-water,

erosion-air, and erosion-water.

Only those wastes that have been diSposed through regqular disposal
designs are considered in the erosion initiated scenarios. Waste that
is 1ayered (disposed of at the bottom of the disposal cells), and
waste that is disposed of in a hot waste facility are assumed not to
be exposed to the atmosphere for the erosion-initiated scenarios.
However, all the wastes are considered in the intruder-initiated
scenarios. The following equafions are utilized to calculate human
exposures resulting from these scenarios. For the water transport and

access case:
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H = Z Z(fofdifwifsi)wat C,; POCF-7. EEED
1 n

and, for the air transport and access case:

He ) ) (Fofaifuifeidair Cui POCF-8 (3-25)
i n '

where H is the 50th

of exposure, PDCF-7 and PDCF-8 are the radionuclide specific pathway

year annual dose in mrem/year after 50 years

dose conversion factors discussed and presented in Section 2.3,
Cwi is the radionuclide concentration in the ith waste stream, n
denotes summation over all the radionuclides, and i denotes summation
over all the waste streams. The values of the barrier factors are

presented below.
The time delay factor (fo) is defined by:

f, = exp[.- A T ] ' | (3-2)
where T is the delay time, and A is the decay constant. For the
intruder-initiated exposed waste scenarios, the delay time (T) is
taken to be the period between the cessation of active disposal
operations and the end of the active institutional control period.
‘For the erosion-initiated exposed waste scenarioé, it is taken to be
dependent on the cover thickness utilized -- i.e., it is a function of
the disposal technology index IC. The following table presents the
values asumed for the initiation of the erosion scenario:

IC Delay Time

1 2000 years
2 3000 years
3 - 10000 years

These values are extremely conservative. Previous estimates on the
erosion potentia] of adequately emplaced cover materials have ranged

from 1000 years to 10,000 years to erode 1 meter of soil cover.(13)
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After consideration of the variability of this time period, reference
13 assumes a time of 2000 years to erode through 2 meters of cover
material. This is the value utilized in this work.

The site design factor (fy;) is defined as the fraction of the
exposed area that is waste, and will be assumed to be independent
of the waste stream considered. Therefore, it will be taken to be
proportional to the emplacement efficiency of the waste; however,
in this case the percentage of the land area in between the disposal
cells that have not been utilized for waste disposal must be consi-
dered -- i.e., the land-surface utilization rate (see Section 3.2.2).
Therefore, the site design factor is taken equal to the product of the
emplacement efficiency (0.75 for stacked disposal and 0.5 for other
emplacement cases) with the 1land-surface wutilization rate of the
design option (for reference disposal facility design it is conser-
vatively estimated to be 0.90).

The waste form and package factor (fwi) denotes the total volume of
the soil-waste mixture mobilized by the transfer agent per year. In
this ‘report, it may be empirically broken down into the following

components.
= 2 -
fwi E x (A/d)i (3-26)
where:
E = soil-waste mixture mobilization rate (in g/mzhyr) which will

be taken to be independent of the waste stream.

A, = total area of the soil-waste mixture (in m?) that can be
identified with the (1')th waste stream.

d; = density of the soil-waste mixture (invg/m3) that can be
identified with'the_(i)th waste stream.
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This equation is applicable for both the wind transport scenario and
the surface water scenario. Specific values of the parameters and the
site selection factor fSi are discussed below.

3.6.1 Wind Transport Scenario

For the intruder-initiated scenarios, the factor E can be calculated
based on use of the soil-to-air transfer factor (see Appendix A). It
may be taken as the time weighted average of the dust mobilization
rate (0.218 mg/mz—sec) resulting from construction or gardening
activities such as tilling and the natural wind mobilization rate
of 4.1 x 107% mg/mz-sec (see Appendix A).

Both the intruder-construction and the intruder-agriculture scenarios
are used in the intruder-initiated exposed waste scenario depending on
the disposal status of the waste: regular unstable and layered
unstable wastes are subjected to the agriculture scenario, and regular
stable, layered stable, and hot waste facility.wastes are subjected to
the construction scenario. However, only 1 percent of the layered
unstable wastes are assumed to contribute to the agriculture scenario,
while only 1 percent of the layered stable wastes and 0.1 percent of
the hot waste facility wastes are assumed to contribute to the cons-
truction scenario. Moreover, the duration of the exposed waste
scenario is modified by the duration factor of 6 hours (instead of 50U

z,of waste

hours) for the stable wastes. Furthermore, about 1800 m
area is exposea continuously in the agriculture scenario with only a
fraction used for gardening, and 200 me of area is exposed for 500

hours for the standard construction scenario.

In order to simplify the complicated procedure required to estimate
the factor E for the above conditional cases, a basic mobilization
rate is assumed to be applicable to all the cases with correction
factors applied to each waste stream as appropriate for the special
conditions outlined above. The basic dust mobilization rate for the
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intruder-initiated scenario 1is assumed to be 2.9 x 10-3 mg/mz-sec.
This is calculated by multiplying 100 hours by 0.218 mg/mz-sec,
adding this to the product - of 8660 hours and 4.1 X 10"4 mg/mz-sec,
and dividing the total by 8760 hours. For the erosion-initiated
scenario, the factor E is taken as the natural wind mobilization rate
of 4.1 x 107% |

mg/mz-sec.

For the erosion-initiated scenario the entire-disposal site area is
assumed to be expoéed and Ai is calculated by_dividing the volume df
the waste stream being considered by the product of three factors: the
volumetric disposal efficiency (assumed to 6.40 m3/m2 for the refe-
rence disposal facility case), the surface utilization rate (0.90),
and the emplacement efficiency. The density of the soil/waste mixture
is assumed to be 1.6 g/cm3 except for those streams that are soli-
dified using solidification scenarios A or B involving partial cement
solidification. These streams are assumed to be 34% heavier.

For the wind transfer séenarios, the site selection factor (fs) is

the air-to-air transfer -factor (meteorological dispersion factor
X/Q - see Appendix A). For these scenarios, the-number of people
exposed to atmospheric releases are incorporated into the definition
of the site selection factor. This results in an fs With units of

peop]e-year/m3. )

To calculate the site selection factors, the population for the refe-
rence disposal facility (see Appendix C) is assumed to be doubled for
the intruder-initiated scenario, and tripled for the erosion-initiated
scenario. The number of peop]é in each radial sector is multiplied by
the corresponding atmospheric dilution factor and the results summed.

10 and

~ The site selection factors are calculated to be 3.50 x 10~
5.25 x 10'10 peop]e-year/m3 for the intruder- and erosion-initiated

wind transfer scenarios, respectively.
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3.6.2 Surface Water Scenario

Based on surface water erosion calculations (see Appendix A), the
mobilization rate for the surface water scenario (i.e., the factor E
in equation 3-31) is calculated to be 1.84 «x 102 g/mz—year, This
factor corresponds to an annual erosion rate of about 0.82 tons/acre.
Annual erosion rates vary with the soil properties, vegetation, prior
erosion, topography, etc. The annual erosion rate for the Appalacian
region for the past 125 million years has been calculated to be 0.75

(10).

tons/acre. The other factors in the equation (i.e., A -and d)

remain as defined in Section 3.6.1.

The surface water site selection factor can be estimated by consider-
ing the flow rate of a rmarby stream assumed to be utilized by a
member of the population. In this report, the inverse of twice the
value of the dilution factor Q previously utilized to determine
groundwater impacts at the surface water access location (1.12 x 10'7
year/m3 for the reference facility) will be utilized for the site
selection factor. Twice the value is utilized to account for the
increased flow conditions during heavy precipitation and subsequent
heavy stream flow rates. The assumption of this value corresponds to
dilution 9f the released radioactivity in a stream with a flow rate of
about 10 cubic feet per second, and it is conservative since a stream
with a flow rate this low is unlikely to be utilized for human con-

sumption.

Evaluation of the surface water contamination scenarios involves
consideration of certain second order effects. These effects are
primarily concerned with the deposition and/or sorption of the radio-
nuclides on soils and sediments during the surface water transport
episode. Deposited and sorbed radionuclides are available for resus-
pension or desorption and hence represent a long-term source of
radioactivity that may be further distributed. Concentration of
radioactivity onto fine particles may occur, resulting in localized
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areas where radionuclide concentrations are higher than the initially
transported material. The two separate mechanisms of depaosition/
re§uspension and sorption/desorption are discussed below.

Deposition and/or ion-exchange by soils of mobilized radioactivity
during its travel to a nearby stream has been treated in reference 13.
These mechanisms are not likely to lead to significant uptake pathways
to humans in addition to those pathways already considered. Most of
these mechanisms take p]acé during overland sheet-flow where condi-
tions are more quiescent than in gullies -- i.e., the radioactivity
becomes dispersed over a relatively 1arge land area. The deposited
radioactivity is probably in oxide form and unlikely to contribute to
the food (soil) uptake pathway. Furthermore, any deposited or attached
radioactivity undergoes a natural elimination from the land surface

31) Moreover, the

with a half life estimated to be about 2.5 years.(
assumption of no deposition during surface water transport leads to
higher concentrations in the stream receiving the discharge. This
scenario is also likely to be bounded by the intruder-agriculture
scenario. In any case, estimation of this component is extremely

(23)

treated accurately in a generic study. Therefore, these mechanisms

site-specific and requires a large amount of data, and cannot be

are not considered as part of the surface water scenarios.

Sediment transport in streams and possible reconcentration of the
radioactivity in stream sediments are also considefed_in reference 13.
Several mechanisms may be considered to be applicable: reversible
sorption of the dissolved radioactivity by.stream sediments through
ion exchange, deposition of the sediments suspended in water once they
reach the stream, resuspension and transport of stream sediments
containing'radioactivity through stream flow, and deposition of these
sediments in man-made control features such as reservoirs.

A thorough evaluation of these mechanisms also requires a large amount

13)

of site specific data,( and does not appear to be justifiéd in a
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generic analysis. Furthermore, the portion of radioactivity trans-
ported as suspended particulates 1is brobéb1y in the form of oxides,
is unlikely to become dissolved subseqUentTy, and, thérefore, un]fke]y
to contribute to many of the uptake pathways. The water is also
likely to be filtered or stilled in pOnds, eliminating most of the
" sediments prior to direct human consumption. Moreover, the ratio of
the Cs-137 concentrations in storage pool sediments to the concen-
trations in upstreém sediments have been bbserved to range from 0.92
to 4.0. These reconcentration factors are not very large when com-
pared to bioaccumulation factors that rahge up to 1000 or more for
several nuclides. -Therefore, in this feport, all the radioactivity
conservatively has been asSumed to be dissolved in the water access-
ible to the uptake pathways, and the contribution to the uptake
pathways resulting from the above mechanisms have been assumed to be
bounded by the scenarios considered.

3.7 Operational Accident Scenarios

There are two operational accident scenarios considered for applicabi-
lity to a given stream in the impact calculations: accident-container,
and accident-fire. These scenarios are described below.

: 3.7.1 Accident-Container Scenario

This scenario assumes that a waste container is dropped from a signi-
ficant height so that the waste container breaks open and a portion of
the radioactive contents of the package is released into the air where
it is transported off-site and-leads to subsequent human exposure.
Potential releases can be modelled as a "puff", and the resulting
human exposures would be over a very short time period. The potential
expésures from this scenario are a stroﬁg function of the waste fofm -
i.e., impkoved,‘less dispersible waste forms lead to 1ower'potentia1
releases and reduced potential human éxposures.' The equation des-
cribing the human exposures is as follows:
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H = E: £ f e C, POCF-1 » - (3-27)
‘where H_is the 50-year dose committment in mrem, PDCF-1 is the radio- .
nuclide speeific pethway dose conversion factor discussed ahd pre-
sented in Section 2.3,“Cw is the radionuclide concentration in the
waste, and n denotes summation over all the radionuclides. The values
of the barrier factors are presented below.

No reduction due to decay of the radionuclides is considered, and the
time delay factor f is assumed to be one. Similarly, no reduction
due to site des1gn and operat1on has been assumed and the factor

fd has also been set equal to one.

The waste form and package factor f is affected by the dispersibi-
Tity of the material at the t1me of d1sposa] An index that can be
conven1ent1y used to represent this property is the leachability index
of the waste stream (see Section 3.3.3), which also represents the
solidification scenario utilized for the waste stream. The waste form
and'package factor is given by the following equation:

(1-19)

£ =10

y x 10(1-16) | o (3-28)

1-19) is the accessibility mu]tip]ier discussed

The relationship 10(
previously. The factor 10(1'16) indicates the relative dispersibility
of the solidified material after a container accident. The property
values for this comparative dispersibility are based on consideration
of comparative mechanical strengths (compressive, unnotched Izod
| impaet, and fragmentation tests) measured for waste forms. (1) 15

the waste is not solidified, then 16 is assumed to be unity.

The site selection factor fs, which is dimensionless, may be calcu-
lated by assuming that the material released is a "puff", and it
stays in a puff form buntil it reaches the exposed 'individua1. The
following equation is utilized in this report to calculate fsz
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fo=1.56 x 107 x f_x V x (X/0) (3-29)

where 1.56x1077

released per second, V is the volume of the container, and (X/Q)

is the exposure duration factor, fr is the fraction

is the atmospheric dispersion factor. These parameters are considered
below.

The exposure duration factor is given by the fraction of air inhaled
in one intake by -a man performing light activity (1.25 1iters) to the

15)

annual inhalation volume (8000 m3).( A man doing light activity

inhales about 17 times per minute, a man resting about 12 times per
minute, and a man doing heavy work about 21 times per minute.(ls)
If one were to assume that the puff release is longer, say one minute,
then the longitudinal spread of the puff (i.e., ox) would be increased
by a factor of 60 (resulting in a corresponding reduction in the
atmbspheric dispersion) while the amount of air ihha]ed would increase
only by about 17. The assumed condition - one inhalation during the

one second passage of the puff - is the most conservative case.

The source term portion of the above ‘equation is represented by the
product of fr’ the fraction released per second, and V, the volume
of the ¢ontainer. For fr, for ' the worst case, 0.1 percent of the
waste is assumed to be released into air. -(the case of the Pu02
powder accident).(g) This release fraction, however, is modified by
the solidification status of the waste stream (see above). The volume
of the container involved in the accident, V, is assumed to be 170 ft3

- the size of a typical resin liner.
For puff releases, the atmospheric dispersion factor (X/Q) for a
ground level release and from a person standing in the-centerline of

the puff is given in reference 16 by the following formula:

(x/Q) = [n/?ﬁk&'by oZ]'l (3-30)
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where Ok, ?y, and Oz are the standard deviation factors of the puff
in three directions. These sigmas, in units of distance (meters),
indicate the spread and dilution of the plume as a function of dis-
tance from the source. In this report, based on the average wind
speed at the reference disposal facility, utilizing a value of

o, = 9, = 3.6l m, and a value-of o, = 2.2 m,(16) yields a (x/0)

X
value of 4.42x10'3 sec/m’3. The- above assumed values yield .a site
selection factor of 3.323x10—12 for the reference disposal facility.
3.7.2 Accident-Fire Scenario

This scenario assumes that a fire starts in a disposal cell and lasts
for approximately two hours. A portion of the radioactive material is
released into the air where it is transported off site and leads to
subsequent exposure to humans. Potential exposures from this scenario
are a strong function of the waste form and facility design and
operation. For example, a  waste disposal trench in which all of
the wastes are composed of compressible material (e.g., segregated
disposal of compressible waste). would involve larger releases (more
material to burn) than a case in which the compressible material is
mixed with non-combustible waste. However, most compressible waste
forms have very low levels of contamination. On the other hand,
improvements in the form of the compressible material would involve
Tower -potential releases. For -example,. compressible material which
has been processed by incineration- and solidified would involve 1ower
potential releases than compressible waste which has been processed by
compaction.

In this report, the accident-fire scenario is used to help assess the
effect of improved waste forms and site operational practices on
reducing the potential exposures from an accident involving an ope-
rational fire. Each waste stream or groups of waste streams may be’
tested separately using this scenario. -The equation describing the
human exposures is as follows:
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H = Z fofyfufs Cy PDCF-1 , (3-31)
_ where H is the 50 -year dose comm]ttment in mrem, PDCF-1 is the radio-
nuclide specific pathway dose conversion factor discussed and pre-
sented in Section 2.3, Cw is the radionuc]ide concentration in the
“waste, and n denotes summation over all the radionuclides. The values
. of the barrier. factors are presented be]ow.

In a manner similar to the accident-container scenario, the time delay
. factor f_ and the site design and operation factor f, are assumed
to be one. The waste form and package factor f is assumed to be
equal to 0.1 x 20(14 3) where 14 is the waste form flammability index
(see Section 3.2.1).

The site selection factor fs is determined by the atmospheric dis-
persion of the plume resulting from the accident. In this report,
the plume resulting from the fire is assumed to travel in one direc-
tion and that the exposed 1ndividua1 is assumed to stand in the
centerline of the plume for a period of time. This barrier factor is
calculated by the fo]]owjng formula:

foo=fx fox V x (X/Q) (3-32)

- where fe is the exposure duration factor (dimensionless), fr is the
release fraction per second; V is the volume of the waste involved in
the fire 1in units of m3, and (X/Q) is the atmospheric dispersion
factor in units of sec/m3,

-5 based on the

In this work, fé is assumed to be equdl to 3.63 x 10
ratio of the air inhaled during the time period the individual is
assumed to stand in the plume of the fire (10 minutes during which
(15)
t

is not reasonable to assume that an individual would stand in the

a man doing light activity inhales about 0.29 m3 of air).
_centerline of the plume from the fire for more than 10 minutes. The
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fraction released per second, fr’ is assumed to be 1/7’206 based on
the assumed duration of the fire. This is equivalent to a fire
duration time of 2 ho_urls. The volume of waste involved in the acci-

3

‘dental fire is assumed to be 100 m° based on an estimated annual

disposal vQ]umé of"5(_),’_000 m3, two disposa]_cells operéting simul-
tAa‘neou's»]y, and one disposal cell vinvo_]ved in the fire. The atmos-
pheric dispersion factor (X/Q) for an accident lasting from O to 8

hours is given by the equation:(N)

(X/0). = expl-h/(20 )1/ wu o, 5,1 > (3-33)
S 1

where h is the release height (or the effective height of the plume at
the fire source), u is the wind speed which is specified to be 1 m/sec
‘assuming Pasquill Stability C]ass F atmospheric conditions,(”) and
cy'vand o, are as defined previously. Utilizing values for oy
and o, given in reference 17 at 100 m from the fire, and conserva-
tively assuming ground level releases (i.e., h=0), yields a (X/Q)
value of 3.62 x 10',3 and a value for the site selection factor of

1.83 x 1079,
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3.8 Other Impact Measures

The impact measures other than individual and population exposures
associated with the operation of a disposal facility include occupa-
tional exposures, land-use, disposal costs, and energy use. This
section considers procedures for calculating these other measures.

3.8.1 Land-Use

Calculating the land area committed for waste disposal is a straight-
forward function of the total volume of the waste disposed, the waste
emplacement technique (i.e., whether random, stacked, or decontainer-
ized disposal -is utilized), and the volumetric efficiency of the
disposal technology considered. The volumetric efficiency is a
function of site design as discussed in Section 3.2.2.

For the reference disposal facility and for disposal into a regular
shallow land burial trenches (design case ID=1), the disposal volume
(not the waste volume) per unit disposal cell area is 6.40 m3/m2.
Therefore, for each 3.20 m3 of waste that is disposed randomly, 1 m2
of area is committed. However, this land-use rate must be divided by
the surface utilization rate, calculated to be 0.90 for the reference
disposal facility, since for all practical purposes, the land area
" between the disposal cells should be considered as committed land.
Incorporating this correction results in 1 m2 of land area committed
for each 2.88 m3 of waste disposed with random emplacement. Stacked
emplacement would result -in 1 m2 of land area committed for each

4.32 m3 of waste disposed.

Similarly, for the concrete-walled trench option (design case ID=2),
the volumetric disposal efficiency is calculated to be 7.00 m3 of
disposal volume per unit disposal cell area (excluding walls of the

3

trenches). Therefore for each 5.25 m> of waste disposed through

stacked emplacement, 1 m2 of disposal cell area is committed. The
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land-surface utilization rate in this case js_ca}qu]atéd to be 0.35 m’
of disposal cell area per m2 of available land.(including walls and
spaces between the trenches). Therefore, the land area committed is

2 3

1 n° of land for géth 1.84 m” of waste disposed.

3.8.2 Occupational Exposures y

In this reporf, calculation of occupational exposures at the disposal
facility is performed in two phases: exposures to the waste handlers
during unloading and emplacement of wastes, and occupational exposures
to other site personnel performing routine operational and administra-
tive functions not directly connected with waste hand]ingg

Occupatiohal expdsures to waste handlers are strongly dependent on
the packaging of the delivered waste, the shipment mode, and the
disposal procedures. Therefore, procedures for detérmining the
occupational exposures resulting from unloading and disposal of waste
are considered in the transportation impacts section of this report
(see Chapter-4.0). Routine occupational exposures for personnel other
than waste handlders are calculated in the next section.

3.8.3 Disposal Costs

Other impact measures - disposal costs, routine occupational exposures
to people other than waste handlers, and energy use - are closely
interrelated and are dependent on the waste volume disposed, the
land-use rate, operational practices, etc. These three measures are
considered in this section.

A1l the basic rates (rates per unit volume or area) associated with
costs (prior to multipliers to account for the cost of money, profit,
inflation, etc. - see below), energy use, and routine occupdtional
expoéures at a disposal facility have been calculated in Appendices
E and F of reference 3. These basic unit rates are summarized in
Table 3-9.
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TABLE 3-9

Cost Occupationala Energy Use
(thousand Exposure (thousand b
Activity 1980 $) (person-mrem) gallons) Units
Capital
~ Reference Base Case 7452 - 212 Lump Sum
Additive Alternatives®
Walled Trench 594 -- -- o
Stacking 226 - -- oo
Segregation 1 -- -- oo
Layering 132 -- -- oo
Uncontainerized Disposal 924 -- -~ b
Hot Waste Facility 260 -- -- e
Grouting 55 -- -- oo
Intruder Barrier 281 -- -- e
Extreme Stabilization 10 -- -~ o
Operational
Reference Base Case »
Trench (-Cover) 2341 300 200 Disposal Vol.
Regular Cover 1420 2400 160 Disposal Area
Other Costs 63696 1000 200 Lump Sum
Additive Alternatives®
Walled Trench 74438 700 300 Disposal Vol.
Stacking 12758 100 100 Waste Volume
Segregation 3888 100 30 ! "
Layering 15400 -100 30 Layered Vol.
Decontainerized Disposal 48975 400 100 Decont. Vol.
Hot Waste Facility 176979 -200 450 Hot Waste Vol.
Grouting 72405 2550 800 Grout Volume
Sand Backfill 2370 -- 185 Sand Volume
Cover Options
Thick 15524 2400 150 Disposal Area
Intruder Barrier 103854 2400 300 " "
Moderate Stabilization 3465 4800 300 " "
Extreme Stabilization 33345 4800 600 " "

. Unit Rates for Impact Measures

3-97



TABLE 3-9 (continued)

Cost 0ccupat‘iona1a Energy Use
(thousand Exposure (thousand b
Activity 1980 $) (person-mrem) gallons) Units
Post-Operational
Closure Period d
Regular Closure 1010 500 15 Lump Sum
Extensive Closure 3025 1000 60 S
Institutional Period™ :
Low Care Level
Years 1-10 150 -- 2 Per Year
Years 11-25 . 63 - 2 oo
Years 26-100 51 - 2 oo
Medium Care Level
Years 1-10 303 . -- 6 oo
Years 11-25 150 - 6 oo
Years 26-100 63 - 6 " "
High Care Level £
Years 1-10 440 - 10 e
Years 11-25 303 - 10 oo
Years 26-100 150 -- 10 oo

(a) Occupational exposures associated with operations other than waste
unloading and disposal. : :

(b) Lump sum items are assumed to be independent of the waste volume
since increased volume reduction implies higher activity wastes
requiring more gttention and effort; disposal volume dependency is
for 1 million m~ of disposal gnot waste) volume; layered volume
dependency is for 1 million m~ of layered waste disposed;
anatogously, decontainerized, ho§ waste, grout, and sand volume
dependencies are for 1 million m~ of waste/?aterial of concern;
disposal area dependency is for 1 million m® of trench cover area.

(c) A1l these rates for alternatives are incremental rates in addition
to the rates given for the reference system.

(d) Regular closure assumed to last 2 years, extensive closure is
assumed to last four years. Both cases assume 5000 person-hours of
field work per year in an average radiation field of 0.05 mR/hr.

(e) These costs are basic costs not considering inflation or interest.
Details for complete calculation of the institutional period costs,
including consideration of infiation and interest, can be found in
Appendix Q of reference 3. The formulae given in that appendix
are incorporated into the cost calculation procedure.

(f) To this cost, a contingency cost is added which depends on the
soil conditions: $367,000 for medium-permeability soils, $168,000
for high-permeability soils, and, $1,007,000 for 1ow-permeability
soils (see Appendix Q of reference 3). ’
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The unit rates presented. in Table 3-9 are utilized in a computer
program (OPTIONS) that calculates the impact measures. Depending on
the disposal facility design option. selected,: the status of each
waste stream, Il11, is determined utilizing procedures outlined in
Section 3.4. Then,. the .volumes of waste that are unacceptable for
near-surface disposal, waste disposed of through regular means, waste
disposed through layered option (if any), and waste emplaced in a hot
waste facility (if any) are determined. These waste volumes together
with the selected emplacement procedure give the respective disposal
volume required, and. the disposal volumes together with the volume
utilization rates give the respective areas involved. Then, these
areas are utilized to calculate costs for design options such as the
thickness of disposal cell covers. These unit rates are briefly
discussed below.

Costs associated with the operational life of the disposal facility
are divided into capital costs and operating costs as discussed in
Appendix Q of reference 3. Base case capital costs are calculated
from the information given in Appendix Q (for the reference disposal
facility costs) and includes consideration of environmental inves-
tigations, licensing costs, .land purchase cost, road construction,

. building construction, and peripheral system installation. Additional

capital costs associated with implementation of a specific design
option are quantified in Appendix F of reference 3 and are added
appropriately during the calculation..

The options considered during the operational life are divided into
two groups: the reference system, and the design options which are
subdivided into volume dependent options and area dependent options.
For calculational convenience, these unit rates are -converted to
disposal volume rates since different emplacement procedures are
applicable. The items considered under "other" rates include payroll,
administration, equipment, etc. It is assumed that changing disposal
waste volumes due to processing will not alter the rates given as
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"lTump sum" significantly, increased volume reduction implies higher
activity wastes resulting in increased effort.

‘The second group of options (termed additive alternatives in Tabie
3-9) result from the application of the available design options
(Ip, IS, IE, IL, IH, IG) discussed in Section 3.2 in a straight-
forward manner. These rates are also estimated from a wider range of
design and technology options considered in reference 3. - The rates
given are normalized, however, to one-million m3 of waste volume
for calculational convenience. Similarly, grouting option rates are
for one-million m3 of grout injected since the option may be exer-
cised with either random or stacked disposal, etc. One consequence of
the application of the hot waste facility option is that the total
routine oécupationa] exposures are estimated to go down as a result of
increased shielding afforded by the special facility, this effect is
expressed by giving a negative occupational exposure to the hot waste
facility. The third group of operational options result from the
application of cover related options (IC, IX) discussed in Section
3.1. These options are area dependent. For calculational convenience

they also have been normalized to one-million m2.

A1l these options are additive. For example, the preoperational and
operational costs resulting from disposal of 900,000 m3 of waste
(al1 found acceptable for near-surface disposal) in the reference
facility with an assumed volume efficiency of 5 m3/m2, with stacked
emplacement (0.75), with grouting, with thick cover, and with extreme
stabilization are tabulated in Table 3-10. Occupational exposures and
energy use are calculated in a similar manner.

These costs, however, must be multiplied with two conversion factors
‘to account for the cost of money, inflation and other financial
considerations. - The formulae for these multipliers are presented
‘below. . A more detailed explanation of the derivation of these mul-
tipliers can be found in Appendix Q of reference 3.
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TABLE 3-10 . Illustrative Calculation

Assumptions: 900,000 m3 of waste

stacked, grouted, thick cover, '
extreme stabilization, 3 2

- disposal efficiency of 5 m”/m

Disposal Volume = 900,000/0.75
Empty Disposal Space = 1,200,000x(1-0.75)
Disposal Area = 1,200,000/5

Capital Costs
Reference System

Stacking
Grouting
Total Capital

Operational Costs

Reference System
Trench Construction

| Regular Cover
Other Costs

Additive Alternatives
Stacking Option
-Grouting Option
Thick Cover
Extreme Stabilization

300,000 m
240,000 m

$ 7,452,000
226,000
55,000
$ 7,733,000

$ 2,810,000
341,000
63,696,000

11,482,200
21,721,500
3,725,800

8,002,800

Total Operations : $111,779,300
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For capital costs, the following items are applicable:

Item Factor”
Indirect Costs 1.73
Fixed Charge 5.00
Profit 1.20

Indirect costs result from interest during construction, contingency,
and other costs such as miscellaneous overhead expenses, insurance,
sales tax, etc. The fixed charge results from an assumed 25% charge
on capital over the 20 year operating life of the facility. These
three items result in a multiplier of 10.38 for the pre-operational
capital costs. For the operational costs, the following items are

applicable:
[tem ~ Factor
Contingency 1.30
Profit 1.20

-This results in a multiplier of 1.56 for the operational costs. Using
these multipliers with the pre-operational capital cost of $7,733,000,
and the operational cost of $111,779,300 yields a total preoperational
and operational cost of about $254,644,000 in 1980 dollars.

Post-operational costs (composed of closure costs and long-term care
costs) are calculated using the following tWo equations. For the
closure costs, the following equation is applied:

Closure Costs =;C80-x L x (1+j)L X f +-———1?—-——. (3-34)
: - o (1+d) -1

where C80 is the closure costs presented in Table 3-9, L is the
facility life in years, f is an annual fee for a surety bond which
assures availability of closure funds (1.5% is used in this report),
and j is the inflation rate (9% is used in this work). For long-term
care costs, the following equation is applicable: |
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L x (l+j)M X i

LTC Cost = PV
80 i+t - 1) x (ei)©

(3-35)

where LTC stands for long-term care; L is the site operational Tife in
years, C is the closure period in years, M is L+C, i is the interést
rate (assumed to.be 10% in this report),.j is the inflation rate, and
vao-is given.by the following equation:

10 25 100

. _ n n n

PVgg = Ca ) R™ +C ) R" +co ) R (3-36)
o hm n=11 n=26

where R is the ratio (1+j)/(1+i). -~ The parameters C,» Cp» and C,

b’
are the annual costs given in Table 3-9 for the long-~term care costs
during the years 0-10, 11-25, and 26-100, respectively. The cost rate
Ca may include a contingency cost for a high level of long-term care

as explained in Table 3-9.
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4.0 TRANSPORTATION IMPACTS

This chapter discusses the calculational procedures used to deter-
mine impacts associated with transportation of waste to the disposal
facility. The impact measures developed in this report include: cost;
occupational exposures associated with loading, transportation, and
unloading of the waste; population exposures associated with trans-
portation; and energy use. Section 4.1 presents the packaging and
shipping assumptions utilized in the calculations. Transportation
costs and other impact measures are presented in Sections 4.2'and'4,3,
respectively.

4.1 Packaging and Shipping Assumptions

Potential impacts (e.g., occupational exposures, population exposures,
and costs) incurred during transportation of wastes to disposal
facilities and during subsequent unloading and emplacement operations
are influenced by a number of interrelated facfors. These interre-
lated factors increase the complexity of the impacts analyses and
arise from the greatly variable nature of LLW and LLW transportation.
For example, LLW can be generated in a great variety of forms and can
range from wastes having very low to moderately high radioactivity
concentration levels. In addition, a range of waste container types
and sizes are presently available and in use.

For the purposes of this report, some simplifying assumptions regard-
ing waste packaging and transportation are made based upon past
experience. These assumptions include those in the following areas:

(1) The degree of care required for waste handling and transport-
ation (package surface radiation levels);

(2) Container sizes and types; and

(3) The shipment mode (vehicles and overpacks used).
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Additional information on surface radiation levels, packaging para-
meters, and mode of shipment regarding these simplifying assumptions

is provided below.
4.1.1 Surface Radiation Levels

Radiation levels at the waste package surfaces affect the care re-
quired in handling of wastes and the shielding that may be required
during transportation. Depending on the package size involved and the
total'activity content of each package, different waste packages have
different surface radiation readings. For the purposes of this
report, the waste streams are generically classified into three
categories according to the level of care required to handle each

waste stream:

(1) Regular care
(2) Special care
(3) Extreme care

Package sizes and packaging procedures are instrumental inbdetermining
the self-shielding afforded by some of the waste packages. However,
there can be significant variations in the level of care required for
each package due to variations in the specific activities of the
wastes within a given stream. For this analysis, the level of care is
assumed to be independent of waste package shape and volume. The
tevel of care is assumed to depend only on the total specific activity
contained in the waste package ahd the presence or absence of radio-

nuclides emitting high-energy gamma rays.

Each waste stream is denoted by an index representing the type of
activity with regard to high-enekgy gamma emitting radionuclides.
Waste streams containing significant quantities of fission products
(most notable being Co-60, Nb-94, and Cs-137) are denoted as the first
category. Waste streams containing very 1little high-energy gamma
emitters (and consequently all requiring a "regular" level of care)
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are denoted as the third category. Other streams in between these two
are denoted as the second category:

Category 1 : Fission product type wastes
Category 2 : Other type wastes
Category 3 : Al1l regular care wastes

In addition to these categories, the specific activity, and therefore
the required jeve] of care, for é given waste stream varies signifi-
cantly. For example, surface radiation readings of similarly-sized"
LWR resin. packages varying over two or three orders of magnitude have
been_observed.(l) To account for this normal variation, Table 4-1
is used to estimate the fraction of each waste stream that requires a
specific level of care based on the total spécific activity of the
waste stream. |

The values in this table are estimated based on standard health-
phys1cs “rules of thumb" calculations for determining the surface
radiation level of a waste package, e.g., the SCEn formu]a.( ) For
example, for waste in Category 1 with about 2 C1/m of activity, 20%
of the waste volume is assumed to require regular care, 60% of the
waste volume.is assumed to require special care, and the remaining 20%
is assumed to require extreme care. According to the 6CEn formula,
assuming that all the radiocacivity is Co-60 and the waste package is a
55-gallon dfum, this waste may have a radiation reading of about 6
R/hour. For waste- in Category 2 with about 0.'2'C1'/m3 of activity,
80% of the volume is assumed to require regular care, and the remain-
ing 20% is assumed to require special care. All wastes in Category 3
are assumed to require regular care.

After determining the fréction of volume inveach stream that requires
a specific level of care, this waste is assumed to be packaged and
shipped. The packaging and shipping assumptions for these fractions
are detailed below.



 TABLE 4-1 . Distribution Between Care Level Required
with Type and Specific Activity of Waste

Total Specific Percent Waste Stream Volume
Activity (Ci/m3) ~in Each Handling Category

Iype 1 Type 2 Type 3 Regular Special Extreme
0.0  <0.1 Al 100 - -
.01-.1  .1-1 80 20 -
Jd-1 1410 40, 50 10
1-10 >10 | 20 60 20
10-100 | 10 50 40

>100 - f - 2 80



4.1.2 Packaging Parameters

Theré are many different types of packaging currently utilized for

~shipment and disposal of LLW.(3’4 . These packages include wooden

3,'55 gallon

boxes of various sizes ranging from 10 ft3 to 248 ft
drums, and liners (usua]]y carbon steel) of various sizes ranging from
16 ft3 to 200 ft3

for the generic type of analyses required for the transportation and

which fit into transport casks. In this report,

disposal impacts, these packages were generalized into five different

categories:
(1) Large wooden boxes - 128 ftg
(2) -Small wooden boxes - 16 ft3
(3) 55-gallon drums - 7.5 ft3
(4) Small liners - 50 ft3
(5) Large liners - 170 ft

The primary rationale for selecting these sizes is that théy appear to
the most widé1y'uséd sizes, and may be used to represent an average of
other packages. For example, the 128 ft3 box is the most commonly
used (4'x4'x8') size to ship low specific activity (LSA)-waste, the
170 ft3 Tiner is the commonly available 6'x6' right-circu]ar cylin—

drical resin tank, etc.

During the transportation analysis, for regqular- and special-care
wéétes, all five methods of packaging are assumed to be acceptable.
The high-activity of extreme-care wastes renders the use of boxes for
packaging unacceptably inconvenient, therefore, all waste that is
" classified "extreme care" has been assumed to be packaged in either
drums or liners which are remotely manipulated for loading and off-

loading.

The distribution of these package types for each waste stream have

(3-6)

been assumed using available shipping and survey data, and are

presented in Table 4-2.
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TABLE 4-2 . Packaging of LLW for Waste Spectrum 1
(percent of volume packed in containers)

Large Small 55-g Small

" on the individual waste streams.

Large
Waste Stream . Boxes Boxes Drums Liners Liners
LWR Process Waste Group - - 69 15 16
Trash Group 23 8 69 -- --
(except P-&B-NCTRASH)
P- & B-NCTRASH -- == 100 -- -~
Low Specific Activity -- 2.5 97.5 - -
Waste Group (except ‘
F- & U-PROCESS)
F- & U-PROCESS | - -- 100 - -
Special Waste Group -- - 109 -- -

o Other distributions depending on the spectrum may be imposed



4,1.3 Mode of Shipment

Similar to the numerous different types of available waste packages,
there may exist many different shipment modes ranging from rail and
barge transport to truck transport. Many different types of overpacks

may be used depending on the handling and shielding requirements for
(3,4)

individual waste packages. .
In tﬁis report, only truck transport is considered because trucks are
the most commonly used mode of transportation and truck transport is
radiologically the most conservative case. Vehicles and overpacks
utilized in truck shipments depend on package sizes as well as package
shielding requirements. In this report, six different types of

transport vehicles and overpacks are assumed:

Vans

Flatbed trailers
Shielded trailers
Large shielded casks
Small shielded casks
l1-drum shielded casks

P T Ve T Ve W
SO B W)=
e e e et N et

Large casks are used for transporting either large liners or fourteen
55-gallon drums; while small casks are used for transporting either
small liners or six 5549a110n drums. These casks are transported to
the disposal facility via flatbed trailers.

The use of particular types of vehicles and overpacks is strongly
influenced by the level of care required for safe waste handling and
transport of the waste packages. Vans are assumed to be suitéb]e for
all types of containers in the regular care category, with the excep-
tion of large liners which require casks. In addition, flatbed
trailers are assumed to be'uééd only for large boxes of regular-care
wastes. Shielded trailers are assumed to bé‘reQUired for large and
small boxes and drums of sbecial-care wastes. Some of these small
boxes and drums, as well as large and small liners are assumed to
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require casks. Casks are assumed to be the only accep! .

transport for extreme-care wastes.

The percentage use of different vehicles and overpact-
container have been-éstimated considering records of wastc
delivered to the Maxey Flats Disposal Faci]ity.(l) A tabul.
of the basic assumptions made for the transportation of w.
presented in Table 4-3. Extreme-care liner shipments h.
assumed to be "overweight" shipments since these require siun
shielding for transportation purposes. These are also desiyn:
Table 4-3.(1-5)

4.2 Costs

Transportation costs include a mileage charge (including .
surcharge), a cask use charge (rental), and an overweight shij

transportation charge.

The mileage charge is calculated by estimating the total shijn..
miles required (including return frip mileage for casks), using

assumed -average distance per one-way shipment. The  basic trun
portation charge depends on the one-way distance, and 1is assum

according to the following table:(8)

One-Way Round Trip
One-Way Distance ($/mile) - ($/mile)

< 400 miles : 1.69 1.25
400-1000 miles 1.47 1.14

> 1000 miles 1.17 1.08

Added charges, which become significant for extreme-care shipments,
include a vuel surcharge (15% of the basic cost) and an cverweight
charge. The amount of the overweight charge depends on the maximum
gross vehiclie weight (GW) allowed in states thirough which the ship-
ment passes. Any overweight condition up to 85,000 1bs. is charged at
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TABLE 4-3 : Packaging and Shipment Mode Parameters

v Man-Minutes for Disposal
- tare Level a Per Shipment Per Container
and Container Overpack™ Pieces Percent Volume Random Stacked

Reqular Care

I arge Box Van - -3 24 200 240

FB 4 76 74 120
small Box Van 36 100 16 24
Drum Van 70 100 . 6 24
small Liner Van 11 100 136 165
l.arge Liner LC 1 100 1200 1440

Special Care

Large Box ST 3 100 300 360
Small Box ST 36 96 26 39
LC 6 4 250 300

Drum ST 70 48 10 24
' LC 14 51 86 175

SC 6 1 200 312

Small Liner SC 2 100 600 720
Large Liner LC 1 100 1200 1440

Extreme Care

Drum SC 6 51 - 200 312

1Db 1 49 600 720
Small Liner SCb 2 100 600 720
Large Liner LC 1 100 1500 1800

(a)'FB = flatbed trailer ; ST = shielded trailer; LC = Large shielded
Cask; SC = Small Shielded Cask; 1D = l1-drum shielded cask.
(b) These shipments are estimated to be overweight.
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$0.21/mile plus the permit charges for each state (about $100 per 600
miles). A GVWlof over 85,000 1bs. is additionally charged $0.005
per mile per hundred pounds (cwt) over this limit. For example, for a
shipment of 96,000 1bs., which is a minimum for an extreme-care cask,
the charges for a one-way trip of 600 miles would be as follows:

Basic cost @ $1.14/mile $1,368.00

Fuel surcharge @ 15% of charge 205.00
Overweight charge @ $0.21/mile ‘ 126.00

Overweight surcharge @ $0.005/cwt/mile  330.00
Five overweight permits @ $20.00/state  100.00

Total : $2,129.00
Per Mile : $ 3.55

The cask use charge calculation assumes an average turnaround time of
4 days. Cask rental rates vary depending on the size and weight of
the cask required. They average $250/day for shielded casks enclosing
high activity LLW, and range down to $110/day for an unshielded 120
cubic feet capacity cask.(g) The rental rates also vary with the
specific type of nuclear materia] the cask is licensed to ca?ry and
the accompanying performénce standards the cask must satisfy to
accommodate the various types of nuclear materials. The calculated
results for the additional factors can then be summed to determine the
total transportation cost for the waste.

4.3 Other Impacts

In addition to costs, three other impact measures resulting from
LLW transportation are calculated in this report: energy use, occu-
pational exposures, and population exposures. These impacts are
reviewed in this section.

The energy use is calculated based on the total shipmént miles,

including empty cask return trips, and an average fuel consumption
rate of 6 miles/gallon.
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The occupational and population exposures incurred during transport-
ation are calculated based on total loaded miles and the number of
loaded shipments. The concept of loaded miles and shipments allows to
be eliminated from consideration those miles in which the vehicle is
empty because it is on a return trip.

Occupational and population exposures are calculated separately for
those resulting during transit, and those resulting from stopovers
during the trip. The occupational exposure during stopovers is
estimated by assuming two drivers. Each inspect the overpack for 3
minutes (10 mR/hr radiation field at the surface of the overpack), and
walk around the overpack for 30 minutes (1 mR/hr radiation fiela at
~about 3 ft). This yields 2 person-mrem per stop for each shipment.

For population exposure during stopovers, the following equation can
be utilized:(ll) '

D=27KdT El(pr) (4-1)
where
Population dose in person-mrem

Source Density = 1000 mRhftZ/hr
Population Density = 10000 people/mile

2

Duration of Exposure = 2 hours

1 Exponential Integral,
Linear Absorption Coefficient of Air = 0.003 ft“l.
Lower Distance for Population = 100 ft.

S T M <4 0o X O
n

The source density K is based on an assumed maximum allowable exposure
rate of 10 mR/hf at contact with the overpack(lo?lz) (assumed to be
10 ft from the center of the waste package) extrapolated to the center
of the package using the (1/r2) radiation attenuation principle:’

Exposure at 10 ft from the center = 10 mR/hr = K/(10 ft)2
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The assumed population density of 10,000 people/mﬂe2 is conservative
considering that the average U.S. population density is estimated to
be around 300 to 400 people per square mile. This relatively high
number is assumed since truck stops are likely to be near small
population centers. The linear absorption coefficient of air is
assumed based on the energetic gammas ‘expected to be present in LLW
(i.e., Co-60, Nb-94, and Cs-137 gamma radiations). This calculation
also yields about 2 person-millirem per stop for each shipment. These

doses in units of person-millirem are summarized below.

To estimate the occupational and population exposures during transit,
the values per shipment-mile given in WASH-1238 are uti]ized.(lo)

These exposure rates.are summarized below.

Population Doses Occupational Doses

(person-mrem) - (person-mrem)
During Transit
Per Shipment Mile 0.018 0.02
During Stopover ' |
“Per Shipment 2.0 2.0

Occupational exposures resulting from the loading of the waste pack-
ages are also included in the transportation occupational exposures.
The occupational exposures resulting from waste unloading and em-
placement at the disposal facility are considered in Section 4.4,
although they are also partially based on the assumptions presented in
this section. ‘ ) ' |

The occupational exposures are calculated based on two factors: the
man-minutes required to load each container, and the radiation field
associated with each type of container handling. The man-minutes for
stacked disposal shown in Table 4-3 are assumed to be applicable for
loading of the wastes. The radiation levels associated with the
handTing environment (not the package surface radiation levels) for
each Tevel of care were assumed to be as follows:
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Radiation

Level of Care Level (pR/hr)
Regular 750
Special 1800

Extreme 2200

The product of these two factors for each combination of care level,
package, and shipment mode have been calculated and are presented in
Table 4-4. - This table is utilized to compute transportation occupa-
tional exposures received during waste loading operations.

4.4 Occupational Exposures to Waste Handlers

The calculation of these exposures is straightforward based on esti-
mates of personnel time required for unloading and disposal of the
wastes. These estimates are presented in Table 4-3. Other parame-
ters necessary for the computations are the radiation fields associ-
ated with the working environment. These fields are assumed fo be a
function of the care level of the package and whether the disposal is
random or stacked. The following table presents these assumptions:

Radiation Level (pR/hr)

Level of Care Random Stacked
Regular 500 750
Special 1200 1800
Extreme 2200 2200 )

Impacts calculated from these relationships are added to the disposal
facility occupational exposures calculated in Section 3.8.3 for
disposal facility personnel other than waste handlers.

Decontainerized disposal of waste 1is assumed to require twice the
time needed for stacked handling for those packages that are to be
disposed in this manner (i.e., unstable wastes denoted by'IB =0 --
see Chapter 3.0).
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TABLE 4-4 . Unit Occupational Exposures During Loading
(person-millirem per container)?

Regular Care ‘ Special Care Extreme Care
Container Overpack_ Exposure Overpack Exposure  Overpack Exposure
Large Boxes Van 3.0 ST ' 10.8
| FB 1.5
" Small Boxes Van - 0.3 ST 1.17
LC . 9.0
Drums Van 0.3 ST 0.72 SC 11.44
“LC 5,25 1D 126.40
sC 9.36 |
Small Liners Van 2.06 SC 21.6 SC 26,40
Large Liners LC 18.0 LC 43.2. LC 80.67
(a) FB = flatbed trailer ; ST = shielded trailer; LC = Large Shielded Cask;
SC = Small Shielded Cask; 1D = l-drum Shielded Cask.
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5.0 WASTE PROCESSING IMPACTS

This chapter discusses the calculational procedures utilized to

determine the impact measures associated with the processing of the waste

streams considered in this report (see Chapter 3.0). These impact
measures include population exposures, occupationa]leprsures, costs,
and energy use. The processing options being considered in this
report, and the derivation of the unit rates for costs, person-hours,
and energy use for these processing options are presented in reference
1. Based on this information and using an additional waste stream
index, denoted by 110, the processing impacts are calculated for
respective cases utilizing the assumptions and procedures presented in

this section.
5.1 Waste Processing Index

- The variations 1in the processing technologies applied to a given
stream, which affect the calculation of the impact measures, include
the volume reduction process type, the volume increase process type,
the location of the processing, and the environment 1in which the
processing takes place. For calculational convenience, the waste pro-
cessing option applicable to each waste stream for each waste spectrum
has been digitized and is called the waste processing index, denoted
by 110 (see Chapter 3.0 for other waste form behavior indices).

The index I10 is a four digit number with each digit denoting a
specific procedure for calculation of the impact measures. These
digits cumulatively correspond to a specific case. The meaning of
the digits that make up the processing index is presented in Table
5-1. The processing indices applied to each waste stream for each
spectrum are presented in Table 5-2.

The impact measures calculated represent impacts in addition to those
associated with Spectrum 1 with the exception of a few streams for
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TABLE 5-1 . Waste Processing Index - I10

Valu Meaning

First Digit - IPR No Volume Reduction
Regular Compaction
Improved Compaction
Hydraulic Press
Evaporation .

Pathological Incineration
Small Calciner

Large Calciner

~N oy O B W N O

Second Digit - ISL O No Solidification

1 Solidification Scenario A
2 » Solidification Scenario B
3

Solidification Scenario C

No Processing
Processing at the Generator

Third Digit - ILC

- O

2 Processing at the Disposal Site

Fourth Digit.- IEN No Incineration

- O

Urban Environment
2 Rural Environment



IPR ISL ILC IEN IPR ISL ILC IEN IPR ISL ILC IEN

. Processing Index (110) Breakdown

TABLE 5-2
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which waste processing does occur in Spectfum 1, the streams which
are processed in Spectrum 1 are LWR concentrated liquids, and insti-
tutional wastes. For the other streams, the processing indices for
Spectrum 1 are utilized in the calculation of the impact measures for
the other waste spectra.

5.2 Population EXposures

For the purposes of calculation of population exposures in this
report, only incineration is assumed to result in significant atmos-
pheric re]easesvto the environment. The fraction of the radioactivity
released depends on the type of incinerator, the controls on the
off-gas system, and the radionuclide. |

In this report, the fractions of the total input activity released to
the atmosphere are assumed to be the fo]lOwing:(l)

Release Fraction and
Incinerator Type

Nuclide Pathological Calciner
H-3 : 0.90 0.90
C-14 0.75 0.25
Tc-99 0.01 0.001
1-129 0.01 4 0.001 -6

2.5x10

A1l Others 2.5x10°

In this table, a calciner/incinerator is generally assumed to have
better off-gas controls than a pathological incinerator. Most of the
incinerated tritium is released as water vapor. Although some of the
tritiated water vapor may deposit in very close vicinity of the
release point due to condensation,(z) this effect is conservatively
not considered in this report. Carbon-14 is usually released as
tagged CO, CO2 and other combustion gases. Technicium-99 and 1-129
are usually considered as semi-volatile nuclides that are harder to
control than particulates. All other radionuclides are assumed to be
particulates, and particulate release fractions are applied. These
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fractions are also used in modifying the waste concentrations for
tritium and carbon-14. Release fractions for other radionuclides are
conservatively assumed not to affect the concentrations of the final

product.

The final assumptions on population exposure calculations involve
(1) the environment that is affected by the processing, and (2) the
pathway dose conversion factors used.

It is assumed that institutional facilities are in an urban environ-
ment and all other facilities (including the disposal site) are in a
"rural” environment. Correspondingly, a site selection factor (sum of
the products of the atmospheric diffusion factor -- see Appendix A --
and the number of people affected in each corresponding radial dis-

10 person-yeak/m3 is applied

9

tance -- see Appendix C) of 1.75 x 10°
to a rural environment, and ten times this value, i.e., 1.75 x 10~

3 . . .
person-year/m~, is applied to an urban environment.*

The pathway dose conversion factor used in calculating the population
doses are those applicable to the erosion-air transport scenario,
-- i.e., PDCF-8 presented in Tab]g 2-11.

5.3 Other Impacts

- Other impacts are calculated based on -the unit rates (cost, labor-
hours, and energy use) that have been assumed based'upon information
presented in references 3 through 6 for selected waste processing
options. These unit rates are summarized in Table 5-3 and are dis-
cussed below.

* In Section 3.6.1 a value of 3.50 x 10'10 person—_year/m3 is esti-
mated to be applicable to a disposal site 100 years after closure,
this value is twice the value obtained from application of the
population distribution for the reference disposal facility pre-
sented in Appendix C.
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TABLE 5-3 . Summary of Processing Unit Impact Rates

Cost Labor Energy
Process (1980 $) (hours) (g of fuel) - Units
Compaction. ‘
Regular 335 15 4.6 Per m>
Improved 503 15 | 4.6 of Input
Hydraulic Press 1006 - 15 4.6 -
Evaporation ~ 690 4.42 56.3 Per m>
’ C ' of Input
Incineration ) _
Pathological 2060 8 116 Per m>
Calciner (small) 1938 6.12 - 129 of Input
Calciner (large) 1039 5.35 2
Solidification
Scenario A 1282 24 40 Per m3 of
Scenario B 1873 . a4 . 40 , Output
Scenario C 2445 24 40
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In this report, the energy use impact measure is expressed in units of
gallons of fuel, and the factors utilized in the calculations to
correct from electrical energy and thermal energy to gallons of fuel
are 40.6 kw-h{sfer gallon of fuel and 138,690 BTU per gallon of fuel,

percent of the first year capital cost (in 1980 dollars) has been

respectively. Another assumption involving energy use is that 10

assumed to be attributable to fuel use at $1/gallon.

Occupational exposures resulting from waste processing occur primarily
as a result of repair and maintenance activities on the waste process-
ing equipment, however, there is no reliable way to estimate the
exposures resulting from equipment repair and maintenance in a generic
manner. This is due to the wide variations in the design of process-
ing equipment, as well as variations in the effectiveness of adminis-
trative controls at waste generator facilities.

In this report, the occupational exposures have been assumed to be
independent of the waste concentfations, and they are calculated
as the product of the person-hours required to process a unit volume
of waste and the radiation field associated with the general work
environment. The person-hours required to process a unit volume of
waste is substantially more than the repair work requirements; how-
ever, the volume of waste processed may be assumed to be proportional
to the repair work required. The radiation field associated with the
general work environment is 1likely to be less than the ‘radiation
fields associated with repair work. However, the radiation field
values assumed in this report may be taken to represent an average of
those for repairing and maintaining the equipment, and those for
routine processing.

In this work, all LWR waste processing is assumed to take place in a
radiation field of 0.5 mR/hour, and all other waste processing is
assumed to take place in a radiation field of 0.1 mR/hour. Based'on
these assumed radiation fields and the labor hoUrs required to process
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unit volumes of waste (presented below), it is stréightforward to
calculate the occupational exposures.

Another factor which affects the impact measures and which has been
considered in the impact calculations is the "savings" resulting from
the change in waste volume. This is represented by differential costs
in packaging and storage, differential savingé in occupational expo-
sures resulting from handling less waste in storage, and differential
savings in energy. These unit rates are assumed based on information
presented in reference 3. The unit "Savings" applied to .each waste
stream are assumed to be $210, 4 person hours, and 0.4 gallons of fuel
per unit volume (m3). These unit rates are applied to the difference
between the pre-processing waste stream volume and the volume of the
waste stream after processing. If the waste proceséing results in
additional volumes of waste (e.g., solidification), then these savings
become additional impacts.

The unit rates for costs, energy use, and labor-hours assumed for the
processes considered in this report - compaction, evaporation, inci-
neration, and solidification - are presented below.

The unit rates for a compactor/shredder processing 7360 ft3 of trash

3,4) Based on the unit rates

per -year are presented in Table 5-4.(
given in Table 5-4, and the description of the equipment provided in
reference 3, an improved compactor is estimated to cost 50 percent
more while requiring the same labor hours and energy use. The hyd-
raulic press unit rates have been estimated to cost approximately
twice as much as the improved compactor while requiring the same

labor-hours and energy use.

The estimates presented in reference 3 for an evaporator/crystal-

3 of waste have been used to

lizer annually processing 15,963 ft
estimate the unit rates for evaporation. These rates are summarized

in Table 5-5.

5-8



TABLE 5-4 . Compaction Unit Rat_esa

Item | N (1980 $)b
Total Capital Cost® $164 ,428
First Year Cost 5,481

Annual Operating Costsd

Labor - 3120 person-hours 56,160
‘Maintenance and Consumables 6,600
Utilities 16,390 kW-hr 1,491

Total : $ 69,732

Unit Rates® per m3
Costs = 69732 x 4.8x10™° = $ 335
Labor = 3120 x 4.8x10> = 15 hours
Energy = (548+16390/40.6) x 4.8x10"

3

3 - 4.6 Gallons

(a) For a compactor processing 7360 ft3 of waste annuaily.

(b) 1984 costs given‘in reference 3 are divided by (1.13)2
given in that reference to get 1980 costs.

(c) Source : Reference 3, Table K.56. Capital costs include
equipment, piping and instrumentation, electrical, and
building (12'x12'x16"').

(d) Source : Reference 3, Table K.57, and Reference 4.

(e) 4.80x1073 = 35.315 ft3/m> / 7360 ft°.
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TABLE 5-5 . Evaporator Unit Rates?

Item (1980 $2b
Total Capital Cost® " $4,775,347
First Year Cost ' . 159,179
Annual Operating Costsd

Labor - 2000 person-hours 36,000
Maintenance and Consumables 104,500
Utilities 3,725 kW-hr 339

1,308x10° BTU 11,667

Total : $311,685

Unit Rates® per m3
Costs = 311685 x 2.212x1073 = $ 690
Labor = 2000 x 2.212x10™° = 4.42 hours

Energy = (15918+3725/40.6+1.308x109/138690)

x2.212x1073 - 56.3 Gallons

(a)
(b)

(c)

(d)

(e)

For an evaporator/crystallizer processing 15963 ft3

of waste annually. _
1984 costs given in reference 3 are divided by (1.13)2
given in that reference to get 1980 costs. |

Source : Reference 3, Table K.122. Capital coSts inciude
equipment, piping and instrumentation; electrical, and
building (40'x25'x25'). _

Source : Reference 3, Table K.123. Labor costs have been
modified to 1980 costs by dividing with (1.1)% as
suggested in that reference.

2.212x107 = 35.315 ft3/m> / 15963 ft .
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The unft rates for a pathological incinerator processing 7360 ft3 of

trash per year are also based on reference 3 data, however, labor hour
requirements, which are used in occupational exbosure calculations,
have been reduced to 40% of the labor hours due to the comparatively
lTow activity levels of waste that will be "handled by pathological
incinerators.r”TheseArates are summafizedlin Table 5-6.

In this report it is assumed that calciner/incinerators can process
trash in addition to other wastes such as LWR evaporator bottoms and
spent ion-exchange resins. Two types of calciners are considered in
this report. One is Tocated at a centralized processing facility
(which may be located at the-disposal site) with a large annual
processing volume - assumed to be 46,200 ft3, and the second one is
Jocated at an individual waste generating facility with a smaller
annual processing volume - assumed to be 23,100 ft3.(3) The capital
costs, annual maintenance and consumables for these two units have
been assumed to be the same, however, the labor costs and utilities
have been modified for the reduced volume of waste processed per year.
The unit rates for these two ihcinerators have also been obtained from

reference 3 and are summarized in Tables 5-7 and 5-8.

Solidification costs are Strongly dependent on the solidification
~agent used. For example, cement is the cheapest material, however,
it requires the most elaborate equipment for solidification. The
properties of the solidification scenarios have been simulated by
50% urea-formaldehyde and 50% cement in solidification scenario A,
50% cementband 50% synthetic polymer (e.g., vinyl ester styrene - VES)
in solidification scenario B, and 100% synthetic polymer in solidifi-
cation scenario C. The solidification costs utilized in this report
have been obtained from reference 6 assuming an annual processing
volume of 12,000 ft3
portion of the costs. These costs and other unit rates are presented
in Table 5-9.

for the purpose of estimating the capital cost
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TABLE 5-6 .'Patho1ogica1 Incinerator Unit Rates®

Item | (1980 $)°
Total Capital Cost® ~ $6,544,068
First Year Cost 218,136
Annual. Operating Costsd .

Labor - 4160 person-hours o 74,880
Maintenance and Consumables 132,000
Utilities 24,0006kw-hr 2,184

240x10™ BTU , _ 1,990
' Total : $429,190

Unit Rates® per_m3 of input:
Costs = 429190 x 4.8x10™ = $ 2060
Labor = 4160 x 4.8x10™° = 20 hours'
‘Energy = (21814+24000/40.6+240x10%/138690)
x4.8x10'3 = 116 Gallons

(a) For a controlled air incinerator processing 7360 ft3

of waste annually. _

(b) 1984 costs given in reference 3 are divided by>(1.13)2
given in that reference to get 1980 costs.

(c) Source : Reference 3, Table K.64. Capital costs include

. .equipment, piping and instrumentation, electrical, and

building (30'x40'x40').

(d) Source : Reference 3, Table K.65. Labor costs have been
modified to 1980 costs by dividing with (1.1)* as

v suggested in that reference.

(e) 4.8x10™3 = 35.315 £t3/m / 7360 tS.

(f) Only 40% of the labor hours are considered in occupational
exposure calculations (8 hours) due to very low activity

waste being processed.
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TABLE 5-7 . Large Processing Volume
Calciner/Incinerator Unit Rates?

Item o | (1980 §)P

Total Capital Cost® $21,193,589
First Year Cost } 706,453
Annual Operating Costsd
Labor - 7000 person-hours 126,000
Maintenance and Consumables 440,000
Utilities 945,000 kW-hr 85,995

Total : $1,358,448

Unit Rates® per m3 of input:
= 1358448 x 7.65x10”
Labor = 7000 x 7.65x10™

Energy = (70645+945000/40.6) x 7.65x10

4 $ 1039

5.35 hours
-4

]
n

Costs

1}
1]

= 72 Gallons

(a) For a calciner/incinerator processing 46200 ft3

. of waste annually. _

(b) 1984 costs given in reference 3 are divided by (1.13)2
given in that reference to get 1980 costs.

(c) Source : Reference 3, Table K.91. Capital costs include
equipment, piping and instrumentation, electrical, and
building (52'x50'x60").

(d) Source : Reference 3, Table K.92. Labor costs have been
modified to 1980 costs by dividing with (1.1)* as
suggested in that reference. -

(e) 7.65x107% 3

- 35.315 ft3/m> / 46200 fto.
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TABLE 5-8 . Small Processing Volume
Calciner/lncinerator‘Um’t'Ratesa

Item (1980 $)°
Total Capital Cost® | ' $21,193,589
First Year Cost - v 706,453

~ Annual Operating Costsd

Labor - 4000 person-hours - 72,000
Maintenance and Consumables , 440,000
Utilities 540,000 kW-hr 49,140

Total : $1,267,593

Unit,Ratese per m3 of input:
Costs = 1267593 x 1.529x10™
Labor = 4000 x 1.529x1073
Energy = (70645+540000/4076) x 1.529x10

3

$ 1938

6.12 hours
-3

= 129 Gallons

(a) For a calciner/incinerator processing 23,100 ft3

of waste annually. _

(b) 1984 costs given. in reference 3 are divided by (1.13)
given in that reference to get 1980 costs.

(c) Source : Reference 3, Table K.91. Capital costs.include

2

equipment, piping and instrumentation, electrical, and
building (52'x50'x60"').

{d) Source : Reference 3, Table K.92. Labor and utilities have
been multiplied by 4/7 because of the reduced volume, and
labor costs have been modified to 1980 costs by dividing

with (1.1)4 as suggested in that reference.

(e) 1.529x1073 = 35.315 ft3/m> / 23100 fto.
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TABLE 5-9 . Solidification Unit Rates

Item o (1980 $)
Scenario A : Total Capital® $3,520,000
First Year Costa 117,333 3
Operating Costs $26.50/ft

Unit Ratesb 3
Costs : 35.315x(26.5+117,§33/12000) = $ 1282 /m
Labor : 24 person-hours/m
Energy Use : 40 gallons/m

Scenario B : Total Capital® $3,520,000
First Year Costa 117,333 3
Operating Costs $43.25/ft

Unit Ratesb 3
Costs : 35.315x(43.25+1173333/12000) = $ 1873/m
Labor : 24 person-hours/m
Energy Use : 40 gallons/m

Scenario C : Total Capital® _ $3,320,000
First Year Costa 110,666 3
Operating Costs $60.00/ft
Unit Ratesb

Costs : 35.315x(60.0+117,§33/12000) =3 2445/m3
Labor : 24 person-hours/m _
Energy Use : 40 gallons/m

(a) Source : Reference 6. Capital costs are from Table K.10,
operating costs are from Table K.7. Scenario A cost is
taken equal to the cement case, scenario B is taken
equal to the average of cement and VES cases, and
scenario C is the VES case.

(b) Labor requirements for all scenarios are assuged to be.
the same and taken equal to 24 person-hours/m~ (5 man
hours per drum) as given in Reference 3, Table K.16.
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In estimating these unit rates, ft has been assumed that the primary
~difference in the unit costs-results from the solidification material
costs. For solidification scenario A, it has been further aésumed
that the Tower costs for the simpler equipment required for the
urea-formaldehyde solidification is balanced by higher material costs
and that it may be represented by the cement case. The manpower
requirements used for estimating the occupational exposures have been
assumed to be the same for all scenarios. |

The energy use has been estimated to be approximately the same for ail
scenarios, since the difference 1in unit costs for solidification
scenarios are attributable to material costs. The energy use for all
scenarios has been assumed to be 3 percent of the solidification
scenario A unit cost.
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6.0 IMPACTS ANALYSES CODES

This chapter presents and discusses the computer programs written
to calculate impact measures associated with the management of
low-level radioactive waste (LLW). Three bhases of waste management
which may result in impacts are considered: waste processing, trans-
portation, andidisposa]. The impact measures are calculated utilizing:
(1) information on waste characferistics(l) (2) data and assumptions
on disposal technologies and disposal site environment presented in
Appendix C and reference 2, and (3) the impact calculational metho-
dologies. presented in Chapters 3.0 through 5.0 of this report.

Section. 6.1 is an introduction to the chapter and provides a discus-
sion of the applicability of the analyses to generic versus specific
disposal technologies, and presents the baékground rationale for
separating the analyses into the components presented in the subse-
quent sections. Following this section, discussions of five codes
utilized to perform impact calculations are presented in Section 6.2.
Included in the discussions are the assumptions utilized, the general
structure of the computer code employed, and an example of the results
of the codes. - General parameters common to all the codes are pre-
sented in Section 6.3, and the listing of the computer programs and
the data bases employed are presented in Appendix D.

6.1 Introduction

This section presents the basic assumptions utilized in this chapter.
The discussion presented includes the purpose of the analyses, the
data base and the general approach adopted to compartmentalize the
analyses into five separate codes, and an overview of the five
codes including the approaches utilized in selection of the cases

considered.
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6.1.1 Purpose

The purpose of the alternatives analyses is the need for a syétema-
tic examination of the impacts resulting from the management and
disposal of LLW taking into consideration the extremely wide range of
variability in the available alternatives. This systematic examina-
tion permits identification of specific values of parameters that can
be controlled and/or specified through technological or administrative
action so as to assure the disposal of LLW in accordance with the
goals of LLW management and disposal.

The impacts considered in this systematic examination include longer
term safety considerations, short-term safety during operations,
long-term socioeconomic committment, and long- and short-term radio-
logical exposures -- occupational as well as to the members of the
public. In view of past disposal history,(3) long-term performahée
of the disposal system is stressed in the impacts analyses performed.
. The 'long-term performance may be quantified through potential radioQ
logical impacts and long-term socioeconomic impécts.

The secondary purpose of the alternatives analyses is to generically
quantify and assess the impact measures for selected alternatives.
These generic results may be utilized as a first estimate of the
actual impacts associated with a proposed disposé] alternative,
however, site specific information obtained during the Tlicensing
V'phase would permit a more accurate assessment of these impacts.

6.1.2 Summary of Data Bases:

The alternatives to be considered result from the variation of para-
meter values associated with three major aspects of LLW management
and disposal. These aspects are disposal technology properties,
waste form and packaging properties, and dose limitation criteria
applicable for specific human organs. The first two of these aspects
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of LLW management and disposal have been summarized in Chapter 3.0 in
the form of indicés. o

The disposal technology properties have been quantified through
thirteen indices called the disposal technology indices (see Section

3.2). These indices are read into all the computer programs through-
an array called IRDC. The effects of all the indices and:-associated
information, except for the region index IR, have been incorporated
into the interpal structure of the computer codes. The data associ-
ated with the region index is read into the program from an informa-
tion file called TAPEl. The waste form and packaging properties have
simifarly been quantified through- waste form behavior indices (see

Section 3.3). Waste form behavior indices have been specified for 36
different waste streams (resulting from different waste generating
sources), and for four different waste spectra resulting from alter-
native waste processing methodologies which may be adopted by the
waste generators or at a central processing facility. These waste
spectra are summarized in Table 6-1.

There are two comparatively distinct information bases associated with
the waste streams: one information base details the basic radiological
characteristics of the waste streams; the other details the behavior
of the waste form under different waste spectra. The first informa-
tion base is stored in an array called BAS, and is also read into the
computer programs from TAPEl. The second information base is stored
in an array called ISPC, and is read into the computer'programs
through an information file called TAPEZ.

The third aspect of the LLW management and disposal to be considered
in the alternatives analyses -- the dose limitation criteria -- has
been discussed in reference 2. Finally, the last set of basic infor-
mation utilized in all the computer programs is on the radionuclides
and the pathway dose conversion factors. This data is stored in
several arrays (see Section 6.3), and is also read into the computer
programs from TAPEL.
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TABLE 6-1 . Summary Uescription of Waste Spectra

Waste Spectrum 1

This spectrum assumes a continuation of existing waste management practices.
Some of the LWR wastes are solidified; however, no processing is done on
organics, combustible wastes, or streams containing chelating agents. LWk
resins and filter sludges are assumed to be shipped to disposal sites in «
dewatered form. LWR concentratea liquids are dssumed to be concentratea in
accordance with current practices, and are solidified with various media
designated as solidification scenario A.* No special effort is made to-
compact trash. Institutional waste streams are shipped to disposal sites
after they are packaged in currently utilized absorbent materials. Resins
from LWR decontamination operations are solidifiea in a medium with highly
improved characteristics (solidification scenario C).

Waste Spectrum 2

This spectrum assumes that LWR process wastes are solidified using improved
solidification techniques {solidification .scenario B). LWR concentrated
liquids are additionally reduced in volume, to 50 weight. percent solids,
using an . evaporator/crystallizer. A1l other high activity waste streams
are stabilized using improved waste packaging techniques. In the case ot
cartridge filters, the solidification agent fills the voids in the packaged
waste but does not increase the volume. Liquid scintillation vials are
crushed at large facilities and packed in absorbent material. All compact-
ible trash streams are compacted; most at the source of generation and some
at a regional processing center. Liquids from medical isotope production
facilities are solidified using solidification scenario C procedures.

Waste Spectrum 3

In this spectrum, LWR process wastes are solidified assuming that further
improved solidification agents are used (solidification scenario C). LWk
concentrated liquids are first evaporated to 50 weight percent solids. All
possible incineration of combustible material (except LWR process wastes) is
performed; some incineration is done at the source of generation and some at
a regional processing center. All incineration ash is solidifiea using
solidification scenario C procedures. All other high activity wastes are
again stabilized using improved packaging techniques. '

Waste Spectrum 4

This spectrum assumes extreme volume reduction. All waste amenable to evapo-
ration or incineration with fluidized bed technology are calcined and solidi-
fied using solidification scenario C procedures; LWR process wastes, except
cartriage filters, are calcined in addition to the streams incinerated in
Spectrum 3. All non-compactible wastes are reduced in volume at a regional
processing facility using a large hydraulic press. This spectrum represents
the maximum volume reduction that can be currently practically achieved.

* Solidification scenario A : 50% urea—forma]dehyde and 50% cement.
Solidification scenario B : 50% cement and 50% synthetic polymer.
Soliaification scenario C : 100% synthetic polymer.
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A very large number of alternatives result from the variability of
v'valuesv associated with these three aspects of LLW management and
disposal. For example, for each region (IR), post operational period
(IPO), and active institutional. control period (IIC), there are 5184
possible permutations of the kemaining disposal technology indices.
Therefore, the analyses of alternatives must utilize computer programs
to rapidly calculate and assess the impacts. Furthermore, several
computeryprograms are needed to examine and assess an isolated portion
of the decision base that is produced by the analyses. Only in this
systematic manner may one fully utilize the flexibility and detail
provided by the information base.

6.1.3 General Approach

As stated previously, long-term performance of the disposal system is
stressed in this report. In the analyses of the radiological impacts,
there are three major potential modes of exposure (see Chapter 2.0)
two of which relate to longer term safety consideration: humans
inadvertantly contacting the waste after disposal (which involves the
concentration of radionuclides in the waste), and the waste entering
one of several natural pathways leading back to biota which involves
the total activity disposed at the site.

The fact that impacts from scenarios involving direct human intrusion
into disposed waste are governed by the radionuclide concentrations in
the particular waste streams assumed to be contacted makes the intru-
der scenarios very useful for waste classification purposes. Assuming
that a 1imit is placed on the exposures allowed to a potential human
intruder, then the maximum allowable concentrations of radionuclide in
waste streams to meet this exposure limit may be calculated. Once
concentration limits are determined, waste generators can relatively
easily determine what class their waste belongs to by comparing the
radionuclide concentrations in their wastes with the limiting con-
centrations determined through the intruder scenarios.
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By contrést, it is much more difficult to classify wastes through use
of total activity scenarios such as. groundwater migratiOn since
impacts from groundwater nngrat1on are much more dependent on site
specific conditions than the 1ntruder scenarios. In add1t1on, since
the potential impacts are a function of the total activity of waste
disposed, it is d1ff1cu1t to ‘set concentration limitations for indi-

- vidual radionuclides to meet a spec1f1c dose limitation criteria. It

would be d1ff1cu]t based upon groundwater migration considerations,
to set concentration limits that can be used by a waste generator to
determine the classification of his waste.

It is 1mbortant to emphasize,.however, that this does not mean that
'groundwater migration from a disposa] facility is not an important
consideration in LLW disposal; It ddes suggest _that rather than
establishing concentration limitations to be met”by a waste generator
to meet a particular groundwater exposure limitation criteria, it
would probably be more useful to set an inventory limitation for a
~ particular disposa]Afaciiity (based upon>site-specific information)
for pafticu]ar radionuc]ides of concern.

6.1.4 Overview of Computer Codes -

Intview of the above discussion; thérefore, the first step in the
alternatives analyses involves examination of the acceptab]e‘disposa]
requirements of the waste streams._ This is performed through a code
called INTRUDE (see Section 6.2.1) which determines the radiological
impacts resulting from potential inadvertant human intrusion into a
selected disposal facility containing waste processed through one of
the above waste spectra as a function of time after disposal.

The second step in theAalternatives analyses involves determination of
long-term radjo]ogica] and non-radiological -impacts including those
which may resﬁ]t from potential groundwater migration. These analyses
are performed through two codes called GRWATER and OPTIONS.
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Attention is principally focused upon long-term radiological impacts
of potential inadvertant intrusion into disposed wastes and potential
-groundwater migration of radionuclides, as well as potential long-term
costs to a site owner for surveillance and control of a closed dispo-
sal facility. A number of alternatives for waste form and packaging,
and disposal facility design and practices are examined for means to
mitigate or reduce these potential long-term radiological and cost
impacts. As a byproduct of implementing these alternatives, however,
there are short-term costs such as waste processing, transportation,
and disposal costs as well as short-term radiological impacts such as
occupational exposures during waste handling and population exposures
due to waste processing and transportation.

The code GRWATER calculates the individual exposures resulting from
use of contaminated water drawn from various human access locations
such as a well that may become contaminated as a result of potential
groundwater migration of radionuclides. These radiological impacts
are examined for several sets of disposal technology indices and a
selected waste spectrum. Exposures are calculated as a function of
time and may be presented as (1) total exposures from the contribution
of all waste streams, (2)‘ total exposures from a particular waste

stream or group of waste streams, and (3) exposures from each of the
radionuclides considered.

The OPTIONS code calculates the waste volume-averaged inadvertant
intruder impacts, impacts resulting from exposed waste scenarios, as
well as impacts resulting from operational accidents and impacts
associated with short term considerations such as waste processing and
transportation impacts, disposal costs, energy use, land use, etc.

In addition to these three codes which consider projected low-level
waste characteristics, two codes have been programmed to calculate
limiting concentrations in waste streams and total inventories in
disposal facilities for specific cases. One of these codes is called
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INVERSI and calculates the limiting concentrations in waste to meet a
specific dose criterion for a specific disposal facility design; it is
used for waste classification purposes. The other code is called
INVERSW and calculates disposal facility radionuclide concentrations
and inventories to meet specific allowable dose criteria for ground-
‘water migration for a specific disposal facility desigh and regionally
repfeséntative environmental characteristics; it may also be used for

~

waste classification purposes.

Computer listings of the codes utilized to perform the analyses are
presented in Appendix D. The codes have been designed to dptimize
execution (running) time rather than memory. They have been executed
in a CDC-6600 computer in a time sharing mode. They use just two
lines of}input: an IRDC(12) array which contains the disposal tech-
nology indices presented in above, and a NOTE(6) array which is a 60
character descriptive'title that can be arbitrarily set. The rest of
the data is input to the codes through two tapes: TAPEl, which con-
tains most of the generic data (see Section 6.3), and TAPEZ which
contains waste spectrum specific information. A listing of these
tapes is also presented in Appendix D.

Alteration of the codes for other systems should be relatively éasy
since they use only standard FORTRAN functions_that are commonly used.
Output formats and statements, however, should be closely checked,
since they vary significantly from one computer system to the next.

6.1.5 Discussion

The alternatives analyses enable safety decisions (in adadition to
those decisions resulting from the inadvertant intruder and grouna-
water impacts analyses) to be made on performance objectives and
technical requirements for acceptable disposal of LLW. These per-
formance objectives anda technical requirements may then be summarized
in & waste classification system that is addressed to waste generators
and whose primary objective is flexibility and practicality.
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‘The most important limitation for the applicability of the analyses
and its results is the generic nature of the analysis, i.e. utiliza-
tion of generic waste spectra, generic disposal facility environments,
generic radiological impact analyses methodologies, etc. Similar, and
possibly much more detailed, analyses are likely to be necessary to
establish the potential impacts resulting from the diéposa] of LLW at
a particular disposal facility.

6.2 Description of the Codes
6.2.1 INTRUDE Code

In determining performance objectives and technical requirements for
LLW disposal, an important consideration is the potential for human
intrusion into the disposed waste. Such intrusion may act to increase
the potential for groundwater migration by increasing the infiltration
~of precipitation into the waste and it may also bring wastes to the
surface where they may po'tentiaH“y be dispersed by wind or water.
These actions may result in radiation exposures to the surrounding
population. However, the largest. radiation exposures by far would be
to the intruders themselves.

There are three basic scenarios for intruder exposure: potential
construction of a house on the disposal site, persons potentially
living in a house located 1in contaminated soil and consuming vege-
tables grown in an onsite garden, and the use of contaminated water
- from an on-site well. This section and accompanying code considers
the first two of these scenarios: intruder-construction and intruder-
agriculture scenarios. The third scenario, intruder-well scenario, is
considered in the next section on groundwater impacts analyses. The
potential exposures to the surrounding population as a result of the
actions gf the intruder, the exposed waste scenarios, are considered
in the following section on alternatives analyses.
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There are three principal means of cbntro]ling potential exposures to
an. intruder: use of institutional controls, use of natural and/or
engineered barriers which would make it more difficult for an intruder
to contact the waste, and use of less dispersible waste forms. None
of:these controls can be assumed to be functional forever. However,
an impoftant decision to be made at the time of disposal for a given
waste”streamhis whether it-requireé special considerations with
regards to institutional controls, waste form, and natural and/or
engineered barriers. INTRUDE perfdrms a screening analyses to deter-
mine which waste stream (or streams when mixed and disposed togethef)
requires special consideration.

The code calculates seven human organ doses resulting from the "stan-
dard" or modified intruder-construction scenario and the "standard" or

modified intruder-agkiculturé scenario (see Section 3.4) as a function
of time. Also calculated are the ICRP weighted exposufes summed over
all the organ doses. This yields an initial definition of what is
acceptable for near surface disposal under the reference disposal
conditions. The disposal technology indices selected for the screen-
ing analysis are presented below:

IR =2 IS =0
ID =1 IL =0
= IC =1 I =0
IX =1 IH =0
IE =1 IQ =1

In addition, the closure period (i.e., IPO) is assumed to be 2 years,
and the active institutional control period (i.e., IIC) is varied from

4

50 years to 2000 years.

In the ana]yseg,'all four waste spectra (see Table 6-1) are considered
one by one. A number'of different analyses may be performed for
different groups of waste streams for a given waste spe¢ctrum. Four
such potential groupings are the following: '
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Each waste stream separately (36 separate analyses);
Waste streams in four macroscopic groups;
Waste streams in five major waste generation sources;

© O © O

A1l the waste streams together.

During the screening analyses performed by INTRUDE, dose limitation
criteria are not needed as input since the purpose of the analysis is
to determine 'the -acceptable disposal requirements of the wastes and
not to classify them. It should be noted that the intruder-pathway
ané]yses may a)so be changed easi]y to perform sensitivity analyses to
determine the effect on results of different assumptions for indices
such as the waste form behavior indices.

An example output of the code is presented in Table 6-2 for the above
set of disposal techno1ogy indices. Waste spectrum 2 is assumed, and
impacts -are presented for the first group of 7 waste streams (LWR
process waste streams) shown on Table 3-4. It should be pointed
out; however, that the code can be executed for an arbitrary set of
dispdsal.techno]ogy indices. |

6.2.2 GRWATER Code

This section discusses GRWATER, which is a code written to perform an
assessment of the impacts from groundwater migration of radionuclides
with emphasis on waste form and packaging performance parameters, and
site selection and design parameters. - After classification of the
waste streams into categories in accordance with the test procedure
~outlined in Section 3.4 and the dose limitation criteria specified
in the code as acceptable, the code computes seven human organ doses
as a function of time after closure of the disposal facility for
several biota access locations. |

There are® three basic scenarios for direct or indirect exposure of
humans to* radioactivity from potential groundwater migration: an

individual-well scenario which envisions drilling of a well either
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adjacent to a disposal cell or at the site .boundary, a population-well
scenario which envisions pumping water from a well to satisfy the
needs of a small community located between the disposal facility and
an open water Tlocation receiving- groundwater passing underneath the
site, and a population-surface water scenario which assumes that
population exposures result from consumption and utilization of open
water that has received discharge from contaminated grouhdwater
passing underneath the site.

All three‘of these scenarios are relatively unlikely to occur, espe-
cially considering the conservative assumptions that have been made
for the migration analysis (see Section 3.5 and Appendix A). In
addition, for example,-an intruder in need of water is likely to drill
a well where the gfoundwater is-closer to the surface and where water

yields are more substantial. The potentially low water yields in
these wells are due to the comparatively low saturated zone hyd-
raulic velocity resulting from location of the disposal site at a
topographic high, which usually indicates that the Tocation is near or
at a groundwater divide. -Similar arguments are applicable for the
population-well scenario. Even a small community's water needs are
substantial, especially considering the fact that this community is
Tikely to be a farming community, |

The results of the groundwater impacts analysis -may be used to deter-
mine if a limitation on the total activity of the waste disposed at
the site need be considered. In addition it may be used to recommend
minimum groundwater release standards for some of the wastes.

An idealized map of the disposal facility showing the areal relation-
ships oflthe disposal site and the groundwater access locations was
shown in Figure 3.3. As indicated in the figure, the transverse
(i.e., pétpendicu]ar to the groundwater flow direction) dispersion of
the contéminants before and after they reach the saturated zone is
measured through the geometric reduction factor_(rg). However, the
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dispersion of the contaminants in the direction of groundwater flow is
dependent on the longitudinal (parallel to the groundater flow direc-
tion) extent of the disposa] facility. Currently, there does not
- exist a closed-form analytical solution of the areally distributed
source groundwater migration 'problem; only approximations of the
equations or numerica]lintegrations of the point-source equations are

available.

The longitudinal extent of the disposal site is taken into account
in the analysis by the application of the point-source equations given
in Chapter 3.0 to each of 10 sectors. In this manner, the transverse
distribution is taken into account through the factor (rg), and the
longitudinal distribution of the source is numerially integrated.

In this calculation, water starting from each of the sectors has
different travel times to the three access locations. This travel
time is calculated in the computer code through the use of an incre-
mental travel time and Peclet number between the sectors (the DTTM and
DTPC arrays), through dividing the source term into 10 equal parts
(this is conservative since the higher specific activity waste 1is
likely to have higher surface radiation Tevels and is likely to be
placed at the center of the disposal site due to occupational health
considerations), and placing this source at the center of each sector.

This division of the source term into 10 sectors is significantly more
realistic and conservative than a single point source at the center of
the disposal faci]ity. This is due to the additioha] decay afforded
to the comparatively fast travelling radionuclides such as tritium and
carbon-14. The rest of the groundwater migration assumptions have
been presented in Section 3.5. The code has several dptions built
into it:
(1) it can consider different dose 1imitatioh criteria in the
initial é]assification of the wastes into regqular, layered,
or hot waste facility wastes.
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(2) it can exclude a waste stream or group of waste streams from the
analysis through the use of the NDX(36) array.

(3).it can package a waste stream or group of.wasteestreams in high
integrity containers thereby postponing the ihitiation of the
groundwater migration scenario for those streams for a specified
period of time, and/ok stabi]izingrthevwaste streams,

(4) it has the optfon to perform a time dependent source term
- calculation, and increase the released source term after an
intruder and/or time causes percolation values to increase,

(5) it can provide the total exposures from the contribution of all
the radionuclides in all the streams, total exposures. from all
the radionuclides from a particular waste stream or group of
streams, or exposures from each of the radionuclides considered
in all or some of the waste streams.

A portion of an example output of GRWATER is presented in Table 6-3
for the case of waste spectrum 2, and the following disposal facility

indices:
IR = 2 ID =1 IC =2 IX =2
IE =1 IS =1 IL =1 16 =0
IH=1 IQ =1 ICL = 2
= 100 years

IPO = 2 years 11C
6.2.3 OPTIONS Code

The previous two codes, INTRUDE and GRWATER, concentrate on the
long-term radiological impacts resulting from the disposal of LLW.
However, in a genekic analysis to determine performance objectives and
technical requirements for management  and dﬁsposa] of LLW, other
Aimpact measures must be included in the information base for decision
making. Moreover, a compérative analysis of the intruder impacts
averaged over all the streams within their respective disposal status
is useful in the decision making proceSs, This section presents a
code for calculating this decision base.
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The decision base includes five major components: (1) the volumes of
waste requiring different disposal practices -- i.e., the volumes in
each disposal status which varies depending on the disposal technology
indices and waste form behavior parameters determined by the waste
spectrum -assumed, (2) diSposed waste volume-averaged inadvertant
intruder impacts; (3) radiological impacts resulting from potential
exposed waste scenarios; (4) exposures which may result from abnormal
operating conditions (accident scenarios); and finally (5) the impact
measures associated with the different phases of LLW management and
disposal (i.e., waste processing, transportation, disposal) consisting
of costs, occupational exposures, population exposures, energy use,
~and land use. The OPTIONS code calculates these five items. All
radiological impacts calculated (except Qccupationa] exposures which
are total body exposures) calculated include seven human organs.

The volumes of waste in each disposal status, however, have further
been divided within each major category -- i.e., regu]ak, layered,
and hot waste facility wastes -- into four subcategories: stable with
no chemical agents, stable with chemical agents, unstable with no

chemical agents and unstable with chemical agents.

The code has most of the options considered in the GRWATER code. For
example, it can consider different dose limitation criteria in the
initial classification of the wastes, it can exclude streams from the
analysis, etc. A portion of an example output of OPTIONS is presented
in Tables 6-4 and 6-5 for the GRWATER code example case.

6.2.4 'INVERSI and INVERSW Codes

The inverse codes calculate the maximum allowable concentrations that
may be disposed within the radiological guidelines considered (maximum
exposure limits) and various disposal technology properties. There
are two inverse codes: intruder (INVERSI), and groundwater (INVERSW).
In each case, the maximum allowable concentrations for a given set of
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disposal technology parameters are calculated for 1 million nﬁ of
waste diéposed in the facility. For these two codes the basic data
matrices BAS and ISPC are not utilized. The waste form parameters,
'however, are input into the calculation through the array ISPC, and
the disposal technology indices are input through the IRDC array.

- The major option available in the running of these codes is to set
~ dose ]imitation‘criteria to different sets. of values. In addition,
INVERSI code calculates and prints the results of all seven distinct
waste classification tests -- i.e., regular standard test at IIC
years, regular modified test at IIC years, layered standard test
at IIC years, layered modified test at IIC years, hot waste facility
test at IIC years, regular standard test at 500 years, and regular
standard test at 1000 years (see Section'3.4.4). INVERSW code a]so'
performs two sensitivity anaTyses: (1) it varies the percolation value
associated With the given region index IR by assuming 50 percent of
the value given, the value given, and twice the value given, and (2)
it varies the retardation characteristics of the soils by calculating
“the 1imiting concentrations for all five sets of retardation coeffi-
cients considered in this work. These codes use a modified version of
TAPE1 containing the pathway dose conversion factors and the environ-
~mental paramete;s associated with the given region index IR.

.6.3A Basic Parameters of the Codes

Table 6.6 presents symbolic definitions of the data utilized in the
analyses which have been presented in the previous chapters. Also
given are the computer code definitions of most of the parameters, and
some of the assumed values for the analyses. '

Almost all the codes use two data tapes (some do not need to ‘use
all the information contained in these tapes) for input information:
IAEEl contains waste spectrum-independent information such as radio-
nuclide concentrations of unprocessed waste, radionuclide specific
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' TABLE 6-6 : General Data Definitions

CONTROL INTEGERS AND VALUES (Read From Tape 1)

NSTR

NNUC

FICRP(7)

. Number of Waste Streams - 36
Individual streams are usually denoted by ISTR.

. Number of Radionuclides - 23
Individual nuclides are usually denoted by INUC.

: This array, which is located in the BAST Common Block and
read from Tape 1, contains ICRP body equivalent factors for
the seven human organs being considered in the analysis.
The values are 1.0, 0.12, 0.06, 0.03, 0.06, 0.12, and 0.06
for total body, bone, liver, thyroid, kidney, lung, and GI
tract, respectively.

WASTE STREAM DEPENDENT ARRAYS

BAS(36,32) : Basic Data Matrix

Location

: BAST Common Block

Read From : Tape 1

This matrix contains most of the waste stream dependent basic informa-
tion. The first index of this array refers to the 36 waste streams

assumed for the analysis. The second index refers to the following:

Waste Stream Name - Alphanumeric.

Index = "Description
1
2 Reserved.
3

When input, it is the basic volume of the waste stream in
m3 generated between 1980 and 2000 for the entire country.
This is replaced with the normalized disﬁosed waste volume
in subroutine COMBYN. For waste spectrum 1, the sum of this
value over all streams is one million m3. For other waste
spectra it is referenced to spectrum 1.

6-21



- TABLE 6-6 : (continued)

4 Gross undecayed activity of the untreated waste (Ci/m3).
This value is used only in transportation calculations, it is
not modified in the program.

5-27 Radionuclide concentrations of the waste stream (in DATAD

~ file, decayed to year 2000) for the 23 radionuclides in the
stream (Ci/m3). These concentrations are modified by
volume reduction and increase factors (if applicable) and
stored on top of the old concentrations in subroutine COMBYN.
28 Transported waste volume in m3 which is calculated in
subroutine COMBYN. Depending on where the waste processing
takes place, this value may be different from the disposed
waste volume, i.e., BAS(ISTR,3). _
29-32 Waste processing impacts: costs ($), occupational dose
(mrem), energy use (gallons of fuel), and population dose
(mrem), respectively, for the waste stream volume given in
BAS(ISTR,3). These impacts are calculated in subroutine
COMBYN.

1SPC(36,11) : Waste Spectrum Matrix
Location : BAST Common Block
Read fFrom. Tépe 2

This matrix is read for. each waste spectrum and contains all the
information that distinguishes waste spectra from each other. The
first index of the matrix refers to the 36 waste streams. The second
index refers to the following:

Index  Description

1 Waste Packaging Index, which is used in the transportation
calculations, and is composed of two digitsA representing
packaging characteristics and the gamma emission character-
istics of waste. '
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TABLE 6-6 : (continued)

2 Volume Reduction Factor multiplied by 100 (to make it an
' integer). '

Volume Increase Factor similarly multiplied by 100.
Flammability Index - I4

Dispersibility Index - I5

Leachability Index - I6

Chemical Content Index - I7

Stability Index - 18

Accessibility Index - 19

O 0 N O U bW

10 Overall Waste Processing Index (110) (see Section G.5) which
is composed of four processing indices (digits) that are
unscrambled and utilized in subroutine COMBYN to calculate
BAS(ISTR,29) through BAS(ISTR,32).

11 Waste Disposal Status Index (Iil) (see Section G.3) which is
computed in subroutine RCLAIM.

RADIONUCLIDE DEPENDENT ARRAYS

DCF(23,7,8) : Pathway DosevConversion Factor Matrix
Location : BAST Common Block ‘
Read From : Tape l

This matrix contains the multiple pathway dose conversion factors
calculated through the CODE DOSE (see reference 2). DCF(I,d,K) is the
pathway dose conversion factor for the radionuclide (I), human organ
(J), and multiple pathway (K). Human organs considered (as given for
the FICRP array) are total body, bone, liver, thyroid, kidney, lung,
and GI tract, respectively. Multiple pathways considered are those
resulting from the following release scenarios: accident, construction
(air uptake pathway), agriculture (air uptake pathway), agriculture
(food (soil) uptake pathway), direct-gamma (volume) exposure), well
water, open water, and air. 2 This matrix is not modified by the
code.
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TABLE 6-6 : (continued) .

 NUC(23)  : Radionuclide Names
. Location : NUCS Common Block

Read From : Tape 1

This array contains the alphanumeric names of the radionuclides: H-3,
C-14, FE-55, NI-59, C0-60, NI-63, SR-90, NB-94, TC-99, I-129, CS-135,
- €S-137, U-235, U-238, NP-237, PU-238, PU-239/240, PU-241, PU-242,
AM-241, AM-243, CM-243, CM-244.

'AL(232 : Decay Coﬁstants
Location ¢ NUCS Common Block
Read From : Tape 1

This array contains the decay constants of ‘the 23 selected radio-

nuclides in units of year'l.

FMF(23) : Leachate Partition Ratios
Location : NUCS Common Block

Read From : Tape 1

This array contains the_radfonuc]ide-dependent partition ratios
betwéen the radionuclide concentrations in the trench leachate and in
the unsolidified waste obtained from Maxey Flats and West Valley
 experimental trench concentration data (see Appendix A).

. RETQZB,S) : Retardation Coefficients
Location : NUCS Common Block .
Read From : Tape 1

This array contains the retardation coefficients of the radionuclides
for five different soil conditions (see Appendix A). Only RET(I,1) and
RET(I,4) are read in from Tape 1, the rest of the coefficients are
calculated from RET(I,1) and RET(I,4) and stored in subroutine COMBYN.
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-TABLE 6-6 : (continued)

ENVIRONMENT DEPENDENT ARRAYS

Most of the codes utilized provide'for six different disposal envi-
ronments, each of which is denoted by a specific value of IR in the
discussion below. The first four cases correspond to the regional
characteristics'outlined in Appendix C: northeast, southeast, midwest,
and southwest. For most of the analysis only the second set of
environmental parameters (IR=2), which represent the reference dispo-
sal facility environment, is utilized. The fifth and sixth sets of
environmental parameters (IR=5 and IR=6) are variations of the refe-
rence facility environment and are utilized for the groundwater

migration analyses.

FSCQGQ : Construction Dust Mobilization Factor

Location : DTIS Common Block

Read From : Tape 1

This array (denoting fs—construction) contains the dust mobilization
factor, which depends on environmental parameters such as antecedent
moisture conditions, soil particle sjze distribution, and annual
average wind speed, for the air uptake pathway of the intruder-cons-

truction scenario.

FSA(6) : Agriculture Dust Mobilization Factor
Location : DTIS Common Block

Read From : Tape 1

This array (denoting fs-agriculture) contains the dust mobilization
factor, which depends on environmental parameters such- as antecedent
moisture conditions, soil particle size distribution, and annual
average wind speed, for the air uptake pathway of the intruder-agri-
culture scenatio. |
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TABLE 6-6 : (continued)

PRC(6,2) : Percolation Matrix
Location . - : DTIS Common Block

Read From : Tape 1

This matrix contains the potential infiltration into the disposal
- cells ‘modified by the anticipatedVw5$te;water‘contact'time given in
units of -meters for two different'condftions: PRC(IR,I) is -the no
special cover -condition, and PRC(IR,2) is the thick cover condition.

These percolation values are given in Appendix C.

QFC(6,3) : Dilution Factors
Location : DTIS Common Block

Read From  : Tape 1

This array contains the dilution factors (Q) in units of (m3/year)
for three groundwater discharge locations: boundary-well, population-
well, and population-surface water discharge locations.

TTM(6,3) : Groundwater Travel Time Matrix
‘Location : DTIS Common B1ock ‘

Read From : Tape 1

"This matrix contains the groundwater travel times in years (tw)
between the sector of the disposal site (see Section 3.6) closest to
the discharge locations and the -three groundwater discharge locations

mentioned above in QFC(6,3).

TPC(6,3) : Pec]et Number Matrix

Location : DTIS Common Block

Read From : Tape 1

This array contains the dimensioniess Peclet Numbers (P) for the
groundwater travel times given by the above matrix TTM(6,3).
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TABLE 6-6 : (continued)

RGF (6,3) : Geometric Migration Reduction Factor
Location : DTIS Common Block

Read From : Tape 1

This matrix contains the geometric reduction factor (rg) resulting
from the -transverse relationship of the discharge location and the
disposal facility for the three groundwater discharge locations
considered in the analysis. These values are assumed to be unity for
2l1 three locations in the reference disposal facility case.

POP(6,3) : Exposed Waste Site Selection Factors
Location : DTIS Common Block

Read From : Tape 1

This matrix contains the exposed waste site selection factors (fs):
POP(IR,1) and POP(IR,2), in units of person-m3/year, corresponding
to the factors for the exposed waste-intruder-air and exposed waste-
erosion-air scenarios, respectively, and POP(IR,3) corresponds to the
exposed waste-surface water (intruder and erosion) scenarios.

DTTM(6) : Incremental Travel Times |
Location : DTIS Common Block

Read From : Tape 1

This matrix contains the incremental travel times between the sectors
- of the disposal facility in units of years (see Section 3.6).

DTPC(6) : Incremental Peclet Numbers
Location : DTIS Common Block

Read From : Tape 1

This matrix contains the incremental Peclet numbers between the sectors
of the disposal facility (see Section 3.5 and Appendix A).
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TABLE 6-6 : (continued)

TP0(6,2) : Atmospheric Dispersion Factor Array
Location : DTIS Common B1ock

Read From : Tape 1

- This .array contains the atmosphericfdiépersidn factors utilized in
the accident scenarios for the regional dispbsal facility site consi-
dered. These factors have units of persondear/m3 and are the
atmospheric (X/Q) factors for a given radial distance multiplied by

the population at that distance summed over all distances. TPO(IR,1)
is for the accident-fire scenario, and TPO(IR,2) is for the single-
container accident scenario. ' -

NRET(6) : Retardation Status Array - '
Location : DTIS Common Block

Read From : Tape 1

The values in this array.indicates the condition of the soils in the
vicinity of the disposal site with regards to the retardation of
~radionuclides. It determines which RET(23,5) will be used in the
groundwater migration analysis, i.e., RET(23,NRET(IR)).
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parameters, and environmental parameters; and TAPEZ contains infor-
mation on the waste spectrum being considered (e.g., volume reduction
and increase factors, and waste form behavior indices). In addition,
INPUT (query by the code at.the terminal the code is being run from)
is utilized for reading in the disposal technology indices and
descriptive "header" information.

Computer printouts for the following programs and data files can be
found in Appendix D:

Computer Programs:

INTRUDE
GRWATER
OPTIONS
INVERSI
INVERSW

Data Files:

DATA
DATAD
NUCS
SPC1

- SPc2.

_ SPC3
SPC4
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APPENDIX A: TRANSFER FACTOURS

This appendix considers the numerous radionuclide release/transport
transfer factors between the various biota access locations defined
and utilized in the pathway analyses. It also presents formulae and
dataihﬁih'which they can'be computed, and gives the transfer factor
values that are utilized in the impact analyses. '

A diéﬁram showing>the interactions of the biota access locations and
the primary mechanisms through which they are connected is provided
in Figure A.l. Also given in the figure are the sections of this
"appendix in which the transfer factors are cbnsidered. The term
"multiple factor" implies that the transfer factor can be obtained
by the multiplication of other transfer factors alreaay being consi-
dered. For example, air (onsite) to soil (offsite) requires the
multiplication of the air-to-air (Section A.3.1) and air-to-soil
(Section A.3.2) transfer factors.

Various soil-to-air transfer factors, which will be utilized in the
intruder (construction and agriculture) ana the accident scenarios,
are considered in Section A.l. Also given in Section A.1 is the
wind initiated soil-to-air transfer factor, which is utilized in the
exposed-waste scenarios. The waste-to-leachate, leachate-to-water,
and soil-to-water transfer factors, which are applicable to ground-
water and surface water scenarios, are considered in Section A.Z2.
Other transfer factors are presented in Section A.3.

A.l1 Soil-to-Air Transfer Factor

The soil to air transfer factor (Tsa) depends on many factors such
as the moisture content and grain size distribution of the soil, the

degree of atmospheric turbulence, the exposure period fraction, and
the type of human activity, if any, affecting the soil. The magnitude
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of the exposure period fraction, which is the fraction of a year that
the transfer factor is applicable, depends primarily on the activity
or the transfer agent initiating the specific scenario such as wind,

human intrusion, etc.

After a background section on the assumptions and major parameters
influencing soil-to-air radionuclide tfansfer, the factor (Tsa) is
examined in several sections that address the following different
transfer activities or agents: cdnstruction, vehicular traffih,
agriculture, and finally wind. '

A.1.1 Background

In this appendix, the designations "transportabTe particulates" and
“respirable particulates" are used as part of the procedures to
calculate the soil-to-air transfer factor. Transportable particulates
are usually defined as those with a mean aerodynamic diameter (MAD)
Tess than 30 pm and they include respirable particulates. Transport-
able particulates must be considered if offsite wind transport of
airborne radioactivity is considered -- i.e., non-respirable parti-
culates may contribute to uptake pathways other than inhalation
through transfer mechanisms such as deposition, dissolution, and plant
uptake. The definition of respirable particulates may differ.(l’Z)
However, the particulates that are entrapped in the nasopharyngeal
region (the upper part of the respiratory track) are usually particles
with a MAD above 5 pm. Below this MAD the particles may reach the
trachea bronchial and bronchiolar regions (i.e., the 1ung).(2) In
this appendix, the upper bound for transportab]e‘and respirable
pafticulates are assumed to be 30 pym and 10 pm, respectively.

There are several different types of techniques which may be used to
calculate soil-to-air transfer of radionuclides. These calculational
techniques are sometimes referred to as resuspension modelling. An
extensive treatment of the resuspension of soils by various types of
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driving mechanisms such as wind-driven resuspension, mechanical
resuspension, and local resuspension can be found in reference 3.
This reference identifies three major types of resuspension modelling:
(1) the resuspension factor with units usually stated as m—l, which
is defined as the ratio of the airborne concentration at a reference
height to the quantity of contaminant on the surface of the ground;
(2) the resuspension rate with units usually stated as sec-;, which
may be defined as the fraction of a contaminant present on the ground
that is resuspended per unit time by either winds or mechanical
disturbance; and (3) the mass loading concept, which gives the mass of

soil particulates in air in units of g/m3.

The specific technique utilized depends on the system being simulated.
For average conditions, where very large areas for lony periods of
time may be involved, either the resuspension factor or the mass
loading concept (both of which attempt to by-pass the details of the
soil characteristics) may be used. For example, to calculate pathway
dose conversion factors (see Appendix B) involving secondary biota
access locations for éhronic exposure conditions, the resuspension
factor has been utilized. However, soil-to-air transfer factors
calculated in this section strongly depend on the exposed waste area,
duration of exposure, and the human activity initiating the exposure
scenario. In these cases, resuspension rates turn out to be more
convenient to use. For example, they can be used to describe con-
centrations at any point around a non-uniform contaminated area by the
use of point source dispersion and deposition equations and integra-

tion over the area.(3)

In any case, the resuspension factor and
mass loading data are compared with the results from resuspension rate

calculations where applicable.

In this appendix, the resuspension rate of transportable particulates
will be denoted by E and will be expressed in units of'(g/mz-sec).~
This form of the resuspension rate is also referred to as the resus-
pension flux and can be converted to other forms of resuspension rate
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in a straightforward_manner.(B) Mass loading and resuspension
factors are also very easy to calculate from the resuspension flux as

discussed in the sections below.

A.1.2 Construction

An inadvertant intruder may choose to excavate or construct on a
disposal site. Under these circumstances, dust will be generated from
the application of mechanical forces to the surface materials (soil,.
rock) through implements (wheels, blades) that pulverize and abrade
these materials. The dust particulates generated are entrained by
localized turbulent air currents. These suspended particles are thus
available for inhalation by the intruder and for transport offsite by

the wind.

The soil-to-air transfer factor (Tsa) may be expressed in terms of
the geometry of the problem, the resuspension flux (E), and the
following empirical equation:

TSa =[x fr x G /(u x d), in m3 of soil per m3 of air (A-1)

where:

E = suspension rate of transportable (<30 pm) particulates
in units of (g/mz—sec)

f = fraction of suspended transportable particulates that are
respirable (<10 um).

Area subject to dusting
Width of Area x Mixing height

G = Geometry Factor =

u = wind speed (m/sec)

d = density of the soil (g/m°)
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- In this appendix, a base suspension flux is first calculated and
-then a correction factor 1is applied for site-specific environmental
charatteristics. The base suspension flux (EO) is assumed to be
1.2 tons of transportable dust suspended per acre per month of heavy
construction activity.(4) This figure is an average of many measured
values and is applicable to construction operations with:

(1) Medium activity level (apartment or shopping center)
(2) Moderate silt (soil particles <75 pm in diameter);

content (about 30%). '
(3) Semi-arid climate (PE Index = 50).

"I
:

The PE index is the Thornthwaite Precipitation-Evaporation index that
is indicative of the antecedent moisture conditions of the soil and is
commonly utilized to differentiate between the dusting potential of
so0ils in different climatic division. The .PE index is presented in
Figure A.2 for the conterminous 48 states.(s) Based on fhe value of
1.2 tons/acre-month and an assumed 173 hours of activity per month
(2080 hrs/12) yields a value for E ~of 0. 432 mg/m -sec.

Test data is not sufficient to derive the dependence of dust emissions
on site-specific correction parameters such as silt content and
climate. However, based on agricultural tilling considerations
(see Section A.1.3) the following equation may be utilized to deter-

mine suspension flux E:(4)

E = E, x (s/30) x (50/PE)° (A-2)
where

E, = 4.32 x 107 g/mz-sec

s = Silt content of surface soil, percent

PE = Thorthwaite's Precipitation-Evaporation dindex, which is

dependent on the region considered (see Figure A.2)
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“The geometry factor (G) can be calculated by assuming that the area
of construction is-lOOO’m2 (about a one-quarter acre lot) and that
the mixing height js:3‘meters.” The area selected repkesents the size
of a 1ot for a fypica]'fami]y dwelling or'a small farm building
complex with peripheral systems such as a barn, septic system, etc.
-The mixing’heightuof 3 meters is a reasonably conservative value based
on consideration of the height to which the construction dust may rise
~during a short time interval. ~ The width of the area is best repre;
sented by the diameter of a circle whose area is about 1000 m2.

These assumptions yield G = 9.36. ' it

The geometry factor is proportional to the square root of the area of
construction. For example, for the intruder-construction scenario, an

2 has been used. This area would yield a geo-

area of about 200 m
metry factor of about 4.18. The above conservative value of 9.36 is

used in this work for the intruder-construction scenario.

Wind speed varies with time and geographic location. However, a mean
value of 4.5 m/sec (long-term annudl‘average for the 48 conferminous
states) may be utilized as an estimate of the average wind speed
during the construction activity (assumed to require 3 months, or

- approximately 500 hours of dust-generating activity). Using these
values yields: '

3 m3 )

" (EyG/u) = 0.90x107 g/
or 0.9 mg/m3, which represents the transportable "dust loading" in
the air -- i.e., the mass loading value.

Experimental determinations of respirable mass loading in the air in
and around heavy construction equipment have been performed for
surface coal mining operations. These experimental determinations
indicate a variation in the respirable dust loading ranging from
0,56 ma/mS (for a bulldozer) to 6.7'mg/m3 (for a front end loader)
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)

inside the cab of the equipment was a maximum of 1.8 mg/m3 for the

within a few feet of the equipmen‘c.(6 Respirable dust loading
measurements taken. Ambient mass loading data for 1966 from the
National Air Surveillance Network- showed the average for urban sta-
tions ranged from 0.033 mg/m3 to 0.254 mg/m3, and a mean for nonurban

Tocations: of 0.038 mg/m3;(3)

In this work, a combination of the above equations is utilized. The

regionalydependence of the soil-to-air transfer factor may be quan-
tified through: (1) the wind speed (u), (2) the soil silt content (s),

and (3) the PE index. Utilizing a soils density of 1.6 g/cm3¢ and

an arbitrary reference wind speed of 10 m/sec, the following equation

may be derived from equations (A-1) and (A-2):

(T,,) = (T)q % Fp. x (10/u) x (s/30) x (50/PE )2 (A-3)
where (Tsa)o is the value of the base transfer factor, 2.53x10"10,
u is the mean wind speed in m/sec, f _1is the fraction of trans-
portable particulates that are respirable (usually assumed to be
unity), s is the soils silt content in percent, and PE is the preci-
pitation-evaporation index defined before. The value of (Tsa)0 is
obtained from equation A-1 assuming E = EO = 0.432 mg/m3, fr =1,
G =9.36, u=10 m/sec, and d = 1.6 g/m".
Application of the reference disposal faci]ity conditions (see Appen-
dix C) of s = 50,‘PE = 91, and u = 3.61 m/sec and fr = 1 yields a
value of 0.218 mg/mz-sec for E (which is used in the exposed waste
scenarios), and a value of:

TSa = 3.53 x 10

10

When this value is multiplied by the above assumed soils density of
1.6 g/cm3, it yields a value of 0,565 mg/m3 as the construction
mass loading under the environmental conditions at the reference
disposal facility.
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A.1.3 Other Activities

This section examines two éctivities other than{construction that also
generate dust ana could be used to calculate the transportable dust
suspension rate (E): dust generated by a vehicle travelling on an
unpaved road, and agricultural tilling.

Unpaved Roads

Vehicular traffic on unpaved roads results in fugitive dugt ‘emissions.
For four wheeled vehicles, this dust generation rate may be estimated
from the following empirical equation (within + 20%):‘4)

D =0.49 x V x (s/30) x [(365-w)/365] (A-4)

where:

D = suspension rate of transportable dust, in pounds
per vehicle mile
V = Average Vehicle speed, miles per hour
= silt content of the road surface material, percent
w = mean annual number of days with 0.01 inch or more
of rainfall (see Figure A.3).

This equation is estimated to be valid for vehicle speeds in the range
of 30-50 nﬁles/hour.(4) Based on the values of 30% silt content, a
vehicle speea of 30 mi/hr, w = 100 days, and assuming a vehicle width
of 3 meters and a mixing height of 3 meters, a mass loading factor of
0.334 g/m3 is calculated.

This value is considerably more than the value of 0.565 mg/m3 calcu-
lated for the construction case. A meaningful average may be obtained
from this value, however, by assuming that exposure of the individual
to this peak concentration lasts about 30 seconds. It is unreasonable
to assume that the individual would remain in the vehicle dust cloud
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for more than a few seconds. Further assuming that during a period of
500 hours (comparable to the construction duration) he is exposed to
the maximum concentration of dust from 70 vehicles (about one vehicle
per- working day), yields an average exposure mass loading of about
0.39 mg/m°. | -

Agricultural Tilling

Many operations are perfo}med to cultivate crops. Among these ope-
rations, the largest producer of suspended dust is tilling. Tilling
produces a soil structure suitable as a crop seedbed and also elimi-
nates. weeds. = The primary tilling method 1is plowing, which cuts,
granulates and inverts the soil. Dust is generated as the loosened
soil drops to the surface. ' '

In addition to the equipment utilized, dust emissions from ti11ing
depend on the surface soil texture (0-10 cm depth) and moisture
content. Soil texture is characterized by the silt content, which
is defined by the U.S. Department of Agriculture as particles between
2 um and 50 um in diameter. This is a slightly different definition
from the one used to characterize construction site soil. The dif-
ference merely indicates that different field measurement schemes were
used and is of little importance. Soil moisture is again character-
ized by the PE index (see Figure A.2).

Airborne radionuclide concentrations resulting from tillage can
be calculated using equation (A-1). The only difference is that the
suspension rate for transportable dust must be modified to reflect
dust generation by tillage. The following empirical equation can be
used to estimate the resuspension rate (E):(4 -

K=1.4%5xf, x (50/PE )% | (A-5)
where:

A<12



K = suspension rate for transportable dust (less than
30 pm), in pounds per acre tilled

s = silt content of the surface soil (2 pm to 50 ym),
in percent |

PE = Thornthwaite's PE index (see Figure A.2)

ftr= fraction of suspended particuTates (Iéss than 60 ym)

that is transportable (less than 30 pm).

The above resUspension flux (K) is not equal to (E) (different units
and base conditions), but it can be used to estimate (E). For condi-
tions Vsimilar to those specified for the construction scenario --
j.e., s = 30, PE = 50 -- and a typical value for ftr of 80%, equation
(A-5) yields a value of K = 34 pounds/acre per tilling event. This
~ value is equivalent to a dust mobilization of 3.8l g/m2 per tilling
event. The time during which this suspension rate is applicable
(necessarj in order to determine the resuspensioq‘f1ux) is not spe-
cified since the measured dust mobilization rates are based on a
single plowing event. It is assumed, however, that the tillage rate
for a tractor is approximately 8-10 km/h. Using 10 km/h, and an
effective plowing width for the tractor of three meters, the land is
tilled at the rate of 8.33 m2/s...Thus, in one second 31 grams of
transportable dust is suspended. ‘This value results in a mass loading
of 1.3 g/m3, if mixed uniformly with air to a height of three meters.
The respirable fraction is unknown, but is conservatively assumed to
be equal to one. |

This calculated mass loading value would be applicable to the tractor
operator. However, it is not consistent with the measured values
for a bulldozer (0.565 mg/m3) or a front end loader (6.7 mg/m3)
" (see abové). It is likely that most of the mobilized dust deposits
within a few seconds of mobilization in close proximity of the trac-
tor. Moreover, other parameters in above calculation (speed of the
tractor, effective plowing width, and mixing height) are 1ikely to be
conservative.
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The concentration of dust at a biota access point is more difficult
'to'estimate. :ngeQer, the mass loading for an observer standing on
the'dowhwind'side of a 100 acre site, who will be exposed to a dust-
laden air parcel only a small percentage of the time, is considered
below using the above ca]cu]aeed dust mobilization rate.

A _three meter wide air parcel (width of the tractor) passes the
observer in 0.67 seconds in a 4.5 m/s wind. A square 100 acre site
requires 212 3-meter-wide swaths to plow the field completely, thus-
exposing the observer to maximum dust concentration for a total of
140 seconds. Averaging this over the total time required to plow the
field (13.5 hours) results in an average concentration at the access
point of 3.75 mg/m . This does not account for dilution resulting
from dispersion.

The respirable particulate concentration calculated for tillage is
~ about 6.7 times that for construction. Assuming that a construction
~ event takes three months (about 500 working hours) and an agricultural
season involves 3 soil tilling events'(13.5-hours per tilling of the
100 acre siee),_exposure to construction-generated dust would be 12.35
times the duration of eXposure to tillage dust. Averaging the agri-
cul ture-generated dust 1oad1ng over 500 hours yields an airborne
concentration of 0.304 mg/m s wh1ch corresponds c]ose]y to the 500
hour construction scenario average of 0.565 mg/m , and’ is smaller
than that associated with the unpaved road scenario.

~A.1.4 Wind Suspension

The mechanism of mobilization of particulates from soil by wind
depends on factors such as.wind speed, soil properties such as silt
and moisture content, and the nature of the surface. Wind action
results in three basic modes of particle motion: surface creep
(particles above 500 pm in size), saltation (particles between 100 ym
and 500 ym in size), and airborne suspension (particles less than 100
pm in size).
A-14



This section considers the last mode of particle motion -- i.e., air-
borne suspension, which in general is a consequence of the saltation
process. Many investigators have performed experimental and theo-

retical studies on airborne suspension.(7'12) A recent equation
based on these studies will be utilized here. The suspension rate (E)

for particulates Tless than 20 um in aerodynamic diameter is given

(7)

by:
' 2/ p/3 .
E=2x10° <——U) (—9— -1) (—”(—) -1 (A-6)
| y U, U |
where: : .
E = Suspension rate, in g/mz-s,
U = shear velocity (m/s),
Ud = threshold velocity for saltation (m/s), and
p = mass percent of particles less than 20 um

in aerodynamic diameter.

(7)

The sheer velocity, U, is given by the equation:

[
"

wind speed at height (z) / [2.5 x 1n(z/zo)]

where zo:is the height at which the windspeed is equal to zero.

Assuming a particle density of 2.4 g/cm3, and an average particle
diameter of 300 pm, typical of fine grained soils, the threshold
velocity for saltation U0 can be calculated to yie]d(7)

U0 = 0.29 m/é |

An average wind speed of 4.5 m/sec (long-term annual average of 48
conterminous states) measured 1 meter above the ground surface yields

U= 0.39 /s
and the'equation (A~6) reduces to

A-15



E =1.22 x 1070 [(1.34)P/3 - 13 g/m®=s | (A-7)

In general, (p) is a coefficient around a few percent. Assuming a
value of 3 percent yields:

£=4.1x 10"

mg/mz-s

which is considerably less than the construction event value. This
value of E will be utilized in the calculation of the wind transport
waste form factor (fwi) for the erosion-initiated exposed waste

scenarios {see Section 3.7).

This value is conservative since it has been calculated using condi-
(D 1t s Tikely
to depend on site-specific conditions. However, due to the generic

tions applicable to an uranium mining énvironment.

nature of this report, this conservative value is assumed to be
applicable to all the sites considered. ‘

This value is also likely to be very conservative for estimation of
the erosion rate of the waste cover. The value is calculated based
on granular soil and does not consider design measures such as a layer
of gravel or rip rap which act to stabilize the ground surface, and

prevent erosion from occurring.

Notwithstanding this, the above value for E can be used to estimate a
conservative upper bound value for the wind erosion rate. Assuming a
soil density of 1.6 g/cm3, ‘this suspension rate corresponds to an
erosion rate of the waste cover of about 0.001 cm/yr.
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A.2 Soil-to-Water Transfer Factors

This section considers the soi]—to—water transfer factor TSw for two
specific scenarios: (1) the groundwater scenario for which the trans-
fer féctor is composed of two separate factors - waste-to-leachate and
leachate-to-water at accéss'bointjfénd~(2)'the surface water transport
scenario for which it quantifies the water mobilization of the surface
sediments.

Of these two mechanisms only the groundwater scenario will be consi-
dered .in detail. Surface water mobilization and transport of parti-
culates from contaminated soil is briefly discussea in Section A.2.3.
Erosion of soil by surface water is also treated in the same section.

A.2.1 MWaste-to-Leachate Transfer Factor

The groundwater scenario postulates the following sequential events:
(1) subsurface water (infiltrating rain water) contacts the waste;
(2) rddioactivity is dissolved by the water (leached from the disposed
wastes); (3) water that is laden with dissolved radioactivity conti-
nues its downward movement through. the subsurface strata (unsaturated
zone) and reaches the saturated zone; (4) the water and dissolved
radionuclides migrate horizontally through the saturated zone, in
accordance with the dynamics of fluids in porous media; and (5)
ultimately reach an access location, which can be a pumped well or a
- surface water body.

" The first step above, infiltration, is considered in Section 3.6 and
in reference 1l2. This section considers the second of the above
steps. The last three steps are treated in Section A.2.2.

The most commonly utilized concept in the quantification of the
waste-to-leachate transfer factor has been the "leach rate." This

concept is a somewhat crude representation (necessitated by the
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complexity of the problem) of the amount or fraction of a given waste
mass assumed to be mobilized per year by infiltrating water. There is
significant variation in the behavior of Teach rates for solidified
waste forms and unsolidified waste forms. This variation results
primarily from the fact thét solidified waste .contacts the leachate
through a definable surface area, whereas the unsolidifed waste has
no such surface. Moreover, radionuclides leach at different rates,
depending on their chemistry. These concepts are considered in
separate sections below. ‘

Solidified Waste Leachability

The rate at which radionuclides leach from waste products generated
by different nuclear related industries has been of increasing inte-
rest in recent years. An effort has been made in many experiments
to vigorously identify the chemical and radiological characteristics
of those wastes and to test for their leachabilities under the various
solidification technologies presently available. The great variety
of physical and chemical characteristics displayed by these waste
products requires a large scale experimental effort to obtain the
statistically comprehénsive'resu]ts one would ideally desire.

Although this experimental effort has only recently begdn, there is
a signjficant quantity of such experimental data avai1?b1e. This
data has been of considerable use in building the leachability data
base used in the study, both from the viewpoint of presenting actual
experimental values, and of providing a better understanding of
the theoretrial mechanisms behind leachability. This has resulted
in refinements in choosing. theoretical values where experimentation
proved lacking. |

Leachabi]itx is a measure of the ability of radionuclides to be
removed from a solidified waste product upon contact with an aqueous

solution. In the experimental data obtained, the leachability was
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most - commonly sought for univalent, divalent, and trivalent radio--
nuclides, most commonly represented by cesium, strontium, and cobalt,
respectively.  Investigations includea waste forms solidified by
agents such as vinyl ester styrene, cement, urea formaldehyde, bitu-
men, polyester, and polyethylene. -

There is a large body of “leach rate” data from several nations using
(13-15) Attempts at standardizétiqn
of experimental methodology and réporting of information have only
(13)" In this report, L(t), which is defined

as the leached fraction of activity per year corrected for waste

a variety of experimental methods.
recently been initiated.
shape, is presented here as given in reference 13:

L(t) = [Ya /A3 x [V/s] (A-8)

where:

a = leached activity after (n) time periods
A0'= total §ctivityﬂin the waste

V = volume of the waste (m°)

S = surface volume of the waste (mz)

ti

The expe#%menta] results are, for the most.part, presented in the
form of a graph with the absissa plotting time (t) and the ordinate
recording L(t). The value (V/S) was employed in an effort to provide
Jeach rate measurements which are independent of specimen size
and geometry.

Data presented in this manner, following the recommended IAEA pro-
cedures, implies the use of the semi-infinite model from diffusion
mass transport theory. When expressed in this manner, the fractional
activity released for specimens of different sizes and geometries is
determined by using the relation:
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[Ya /Ay x TV/s); = [Ta /Ay x [V/sl, - (A-9)

It has been shown- that the cumulative fraction leached from a sample,
-when plotted against time (t), is approximately linear for large t,
but not very linear, in a number of cases, for sm311 t. It was found
that going‘beyond the linear to the fifth degree polynomial gave a
better fit for the time period considered, in this case one hundred
days. The resultant equation has the form:

L(t) = A At0-% Ayee Agth-Be nge?e at?S (A-10)
Although this equation gives a good fit to experimental data at times
up to 100 days, the usual limit of experiments, it is not able to
predict values bf41each rate L(t) consistent with in-situ measurements
of 1eachate concentrations. -The values obtained after correcting for
actual waste geometries using equation (A.2-2) are frequently above
the upper bounds for unsolidified wastes derived from leaching data
obtained from Maxey Flats disposal facility (see Section A.4.2).(15)

Such discrepancies are probably due to the very large number of
independent - parameters that affect leachability and that cannot all
be controlled under simulated conditions. For example, the IAEA
procedure specifies that distilled or deionized watek be used as the
leachant, that the ratio of the sample volume to surface ratio be
about ‘10 cm, and that the entire leachate volume be replaced peri-
-odically. Moreover, there is no procedure to quantify the effects of
partially saturated conditions, which are more likely to be mechanisms
for leaching. '

_In this report, experimental leachate/waste concentration ratios
derived in the following section for unsolidified wastes are utilized
to estimate the leachability of solidified wastes. A correction
factor derived from Tlaboratory experiments, however, is applied to
account for the lower leachability of solidified wastes.
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Unsolidified Waste Leachapiljty

In view of the variable physiéa] and chemical characteristics of

(13-14) the variable chemistry of the in-situ waste/soil

the waste,
mixture,(ls) and the variability of long-term conditions (e.g.,

bacterial action), theoretical or experimental tools available to |
predict the  leachability of unsolidified waste after it _has been
disposed of cannot be considered reliable. ”Fo}'fﬁe solidified case,
at least the properties of the waste form,(e.g., porosity; chemistry,
etc.) can be predicted with some reasonable degree of confidence;
However, for the unsolidified case, even this partial knowledge does
‘not exist. Therefore, in this report, the leach rates from unsoli-
dified waste streams are not calculated directly. Instead, a radio-
nuclide specific average leach fraction is calculated which is the
ratio, assuming totally saturated conditions, of the concentration
of a radionuclide in the leachate to the concentration of the radio-
nuclide in the waste. This leach fraction may then be multiplied by
the fraction of a year that infiltrating water contacts the waste.

In this report, the -average upper bounds of the unsolidified waste
| leach fraction, henceforth denoted by Mo’ are estimated assuming

that the leachate/waste conditions at the existing Maxey Flats and
West Va]]eyA disposal facilities, can be used to approximate this
fraction. The reason these facilities have been selected is because
a considerable amount of data exists on these disposal sites and the
trenches are khown to have been inundated for a cbnsiderab]e number
of years. Furthermore, a recent work(36) on Maxey Flats leachates
has indicated that plutonium exists as a dissolved specieé (primariiy
as complexes of the tetravalent ion with strong organic ligands such
as EDTA) and that the complexes are not,sorbed well by sediment and
are on]y partially precipitated by ferric hydroxide. Average radio-
nuclide concentrations in the trench 1eachate(;8) and in the disposed
waste(lg) for the Maxey Flats disposal facility for H-3, Co-60, Sr-90,
Cs-137, Pu-238, Pu-239,'and Am-241 are presented in Table A-l.
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TABLE A.1 : Maxey Flats Leachate and Waste Concentrations

**  Waste volume data from reference 21.
*** Waste concentrations in (pCi/1) from inventory given in reference 19.

 Location H-3 Co-60  Sr-90° Cs-137 Pu-238 Pu-239 Am-241
Trench,1 Leachate* 3.70E6 2.70E2  —- 1.90E2 - Cem . 1.70E2
462 m>**  Waste*** 2.08E4  3.10E3 - 1.12E6 - - 2.12E4
Trench,2. Leachate 2.50E7 -- 6.80E3  1.00E2 -- - -
512 m ‘Waste 9.53E9 -- 5.01E6 1.29E8 -- -- --

Tren¢h37 Leachate 4.40E8 2.50E3  2.00E6  4.60E3 - - -

983 m Waste 5.97E7 9.32E8 2.84E7 4.12E7 - - --
Tren¢h318 Leachate 4.50E8  2.20E4  4.70E4  4.90E3 - 5.10E1°  2.00E1
1873 m Waste 5,618 4,08£9 1.84E8  4,99E8 - 5.61E4 2.10E3

' Trench3195 Leachate 6.90E7 2.50E3 2.90ES 1.00E4 2.10E5 2.10E4 1.50E3

- 2637 m Waste 1.07E9  5.80E9 6.90E7 4.40E7 6.86E6 4.82E7  2.18E5
.Trench326 Leachate 2.00E8 1.40E3  3.50E4 7.50E3 1.30E5 3.50E3  1.00E3
2578 m Waste 4,198 2.97E7 1.08E6 2.09E8 2.32E7 2.73E7  1.96E6
Trench,27 'leachate 5.90E8 2.00E4 2.10E5 2.30E4 1.30E3 —  1.50£4
6353 m° _ Waste 3.98E8 1.37€7 8.72£6 4.91E6  1.89E7 - 3.81E5
Trenchy31  Leachate  4.70E9  3.60E3 - 4.00E4 - - 7.00E2
7945 m Waste ~ 6.09E10 2.28E8 -- 1.56E7 -- --  2.48E5
Trench,32 Leachate 2.30E9 6.00E3 5.40E5 6.00E3 1.10E5 2.90E3  4.00El
8438 m Waste 1.41E8 4.03E8 4.80E6 2.35E7 1.43E9 5.91E7  6.54E5
Trench,37 Leachate 1.10E7  5.00E4 - 9.80E3 -- - 2.80E4
1026 m° Waste 4.3265 1.96E6 - 2.83E6 - -- 6.30E5
* Leachate data in (pCi/1) from reference 18.



To calculate the average waste concentrations, the fraction'of the
waste labeled "mixed fission products" or "unidentified radionuclides"
have been conservatively ignored. For cobalt, several of the ratios
are unrepresentatively low, and have been conservatively discarded
assuming that they represent disposal trenches containing a signifi-
cant amount of sealed sources. The remaining ratios have been geo-
metrically-averaged to obtain the 1leachate-to-waste concentration
ratios pfesented in Table A-2.

For tritium, the ratio turned out to be higher than unity; this value
is reasonable considering the relative mobility of tritium. For
example, if 250 cm® of water contacted 1000 cm® of waste with an

~effective porosity of 0.25 and leached all the tritium, this }atid
“would have been 4.0. Furthermore, if the same leachate contacted

other unleached waste and leached some more H-3, the ratio would be
even higher.

For carbon-14 and uranium-238, Maxey Flats trench leachate data is not
sufficient for a similar calculation. For these nuclides, leachate
data obtained from the West Valley disposal facility is used. (20)
However, U-238 concentrations in West Valley waste could not be
determined from the existing information. For U-238, waste concen-
tration data from the Maxey Flats disposal facility is conservatively
used tb obtain the ratios. These data and calculations are presented
in Table A-3.

These calculated ratios have also been used to estimate M0 for other
radionuclides for which the data is insufficient to calculate similar
ratios. It is assumed that the iodine and the technetium values are
10 percent of the tritium value, that nickel and iron are chemically
similar to cobalt, that the niobium value is 75% of the cobalt value,
and that neptunium and curium are chemically similar to plutonium.
The resulting ratios utilized in the impact calculations are presented
in Table 3-8. '
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TABLE A.2 :

Maxey Flats Leachate/Waste Ratios and Averages

Am-241

Location 'H-3 Co-60 Sr-90  Cs-137° Pu-238  Pu-239

Trench 1 1.77E+2  8.70E-2 -- 1.69E-4 -- -- 8.02E-3
Trench 1S 2.62E-3 -- 1.36E-3  7.75E-7 - -- -
Trench 7 7.37640  2.68E-6* 7.04E-2 1.12E-4 -- -- --
Trench 18 8.02E-1 5.39E-6* 2.55€-4  9.82E-6 -- 9.09E-4  9.52E-3
Trench 195 6.45£-2  4.31E-7* 4.20E-3  2.27E-4  3.06E-2 4.36E-4  6.88E-3
Trench 26  4.77E-1  4.71E-5* 3.24E-2  3.59E-5 5.60E-3 1.28E-4  5.10E-4
Trench 27 1.48E40 1.46E-3 2.41E-2  4.68E-3  6.88E-5 -- 3.94E-2
Trench 31 7.72E-2 1.58E-5%  --  2.56E-3 - -- 2.82E-3
Trench 32  1.63E+1  1.48E-5* 1.13E-1 2.556-4  7.69E-5 4.91E-5 - 6.12E-5
Trench 37 . 2.55E+41  2.55E-2 - 3.46E-3 -- -- 4,44E-2
Average : 1.15 1.48E-2  9.86E-3 Aok 4.67E-4  4.11E-3

1.62E-4

*  These low ratios were neglected, probably due to sealed sources.

**  Py-238 ratios were counted in the Pu-239 average.



Nuclide
Cc-14

Averages

U-238

Averages

Concentration Ratios

Leachate
. b

~Trench  (pCi/ml)
W 1-2 1.27E-6
Wv 3 1.16E-6
WV 4 1.38E-6
WV 5 3.91E-5
W 1-2  2.48E-9
Wv 3 1.47E-9
Wv 4 5.77E-9
Wv 5 1.63E-7
7.65E-9

TABLE A-3 . C-14 and U-238 Leachate/Waste®

Waste
‘Volume Inventory
() (ci)
4800 1
5626 5
7 8
7890 3
Trench (puCi/ml)
MF 7 1.63E-4
MF 18 1.06E-4
MF 19S 8.36E-5
MF 26 7.94E-6
MF 27 1.54E-5
‘MF 31 9.32E-5
MF 32 2.07E-4
6.11E-5

Ratio

6.10E-3
1.31E-3
1.34E-3
1.03E-1
5.76E~3

1.25E-4

-(a) WV = West Valley Disposal Site, MF = Maxey Flats Disposal Site.
(b) Leachate concentrations are averages of several sumps.

(c) Source

: References 18,>19, and 20.
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“The primary rationale for this approach is that under specified
chemical conditions there is an upper 1imit to the solubility of all
elements. Moreover, several investigators'féel that the use of Maxey
Flats leachate da&%)is the best that can be done with the available

experimental data.

However, in order to use these ca]cu]ated‘ratios, transient and
partially saturated conditions likely to exist in properly designed
trenches must be cdnsidered. It is unlikefy that conditions existing
in Maxey Flats or West Valley trenches will be permitted to develop in
the future. Therefore, these ratios have been modified by the "contact
time fraction", denoted by to, before application to groundwater
migration calculations in this work. "

Several time dependent leaching experiments on solidified waste
samples have been performed.(l4'16)' The results of these experiments,
however, appear not to be applicable to partially saturated conditions
since all the experiments were péfformed with complete inundation of
the samples. There is no data to indicate the behavior of leaching
under partially saturated conditions. Assumption of linear depend-
ence is one of the viable ways to approximate this behavior (first
order approximation). The linear dependence assumption means that the
above ratio should be multiplied by the fraction of time the wastes
may be assumed to be in contact with water under fully saturated
conditions. In other words, the factb?htclris estimated from the
following formula (see Section 3.5.1):

t = p/(nv)

where p is the percolating water in meters/year that infiltrates and
comes into contact with the waste, n is the effective porosity of the
disposal cell, and v is the speed of the percolating water in meters
per year. This equation means that the contaét time fraction is the
fraction of a year the percolating front (in a continuous mass) takes
to pass through a horizontal plane in the disposél cell.
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A.2.2 Groundwater Migration

A detailed groundwater migration model 1is described in reference
22. This reference considers both saturated and unsaturated zones and
time dependent migration in three dimensions. One of the dimensions
(longitudinal - in the direction of the hydraulic velocity) is
treated exactly and the other two dimensions (transverse - perpendi-
cular to the direction of the hydraulic velocity) are treated through
an approximation called the "time-independent transverse dispersion"
approximation. The models and equations presented in this reference,
however, are too complicated for utilization in a generic study.
Therefore, a simplified one-dimensional migration model is formulated
and developed based on the formulae presented in reference 22.

A general geometry of the migration problem is presented in Figure
A.4. The most significant concept presented in this figure is that
the migration problem has been formulated in terms of the relationship
of the fluxes at the source and at the access location, rather than
concentrations. This formulation is easier to handle and more mean-
ingful 1in terms of calculating impacts. Based on this figure the
following relationship is applicable:

J(x,t) = rg Tt Jo (A-11)

*
where J(x,t) and JO are the radionuclide fluxes in units of Ci/year
at the discharge surface and the source, respectively, and rg and

t
expresses the reduction due to the geometrical relationship of the

r., are dimensionless reduction factors. The reduction factor rg

source and the access location, while r_ expresses the reduction due

t
to migration and decay.

* The above definition of flux is sometimes referred to as the,total
flux, in addition, "flux" is sometimes given in units of Ci/m"-year
which is sometimes referred to as the differential flux. This
report will refer to the above defined variable as the flux in
units of Ci/year.
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The factor r_1is time-independent and depends only on the geometrical
relationship of the access location and the source. The factor rys
however, depends both on space and time, including the duration of the
source term, henceforth called T. The combined factor_(rgrt) quan-
tifies the effects of the intervening medium between the source and

the access location.

The time dependent concentration C(x,t) at the access location in
terms of the flux is:

Cix,t) = dlx,t) / Q (A-12)

where (Q) is the dilution factor in units of volume/time. It may be
the pumping rate of a well, or the flow rate of a river.

One-dimensional geometry is considered in this report to calculate the

factors rg and Tye This geometry is presented below:

J Properties : R,D J

1]
c
b3

X —_ .y

The general solution to this problem is obtained in reference 22 using

(23)

a Green's Function approach. Using this approach, first the

solution of the problem for a unit delta function source term is

(23)

obtained. This solution (Green's Function of the problem) is

given by the following expression:

e tt!) = - exploa(t-t )+ Y] 2| expt XX f[x+v(t-t')/R] ro13
Fg(x,t,t ) exp[ A( )+-ZD] % | €XP D) erfc T (A-13)
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Using this function, the flux J(x,t) at any point and time can be

calculated by evaluating the following expression:(?z)
t N .
J(x,t) = (v - D2) [F (x.t,t') (t")dt" (A-14)
’ X g s by o
0

In this report the source term, Jo(t'), is assumed to be given by
the following:

JO = U(T-t") SO exp(- At') - . (A-15)

where U(t) is the unit impulse function that is unity for a positive
argument and zero otherwise, and )\ is the decay constant of the
radionuclide. The expression given in the above equation (A-14) can

be evaluated to yie]d:(zz)

J(x,t) = S, exp(- at) [F(t) - F(t-T)J , | _ (A-16)
where:

F(t) = 0.5 U(t) [erfc(X+) + exp(P) erfc(X )], (A-17)

X, = VP 12 t/Rt ) (A-18)

- 2 /t/(Rtwj) :
X
cerfc(x) =1 - j‘ (2/V/7) exp(—tz) dt . (A-19)
0

This solution may be generalized for multiple dimensions or for
heterogeneous media. Heterogeneous media implies time dependence of
‘the variable x and time and space dependence of the variables v, D,
and R. The following expressions may be used to obtain space and time

independent parameters:(zz) |
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- 1 T
X = = J x(t)dt (A-20)
T
- 1 T
vix) == J' v(x,t)dt (A-21)
T
X v
R S }[ :Ql_ ' . (A-22)
[v] X 5 v(x)
v R(2)
[R] = f_ dx (A-23)
X K v{x)

where X, [v], and [R] represent time and space averaged parameters
(the parameter D, the dispersion coefficient, is handled in a manner
identical to v), and (x) and (t) are the space and time variables,
respectively.  The averaging is performed over a sufficiently long
time (T) and sufficiently large space (X) to take into account all the
significant variations of these parameters.

A.2.3 Percolation

The amount of water infiltrating through the trench covers and con-
tacting the waste is a basic parameter required for the groundwater
migration calculations. This section presents the assumptions uti--
lTized in this work. -

There are several techniques for calculating the infiltrating compo-
nent of precipitation (also called PERC in several references). One
of these methods is the "water balance method" introduced by Thorn-

.. (24) 25)
thwaite

applied successfully to many site-specific problems.

This method has been
(22)

and developed by Fenn, et.al.(
However,
one of the most crucial parameters in this calculation is the maximum
soil moisture capacity (SM). This parameter is primarily a function
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TABLE A-5

: Detailed Water Balance Calculations

NORTHEAST REGION : SM : 100 mm

e J F M

J- J A .S. 0 N D

A M
p 71 -65 73 7z 92 110 114 110 92 8 78 71
C .20 .20 .20 .20 .15 .15 .15 .15 .15 .18 .20 .20
R 14 13 15 14 14 16 17 16 14 15 16 14
I 57 52 5 58 78 94 97 94 78 ‘11 62 57
PET 0 0 0 28 77 111 129 110 75 38 6 O
I-PET ~ 67 - 52 58 30 1 -17 -32 -16 3 33 56 57
CNS <17 -49 65
S 214 26 324 100 100 84 60 51 54 87 100 157
S 57 52 58 0 0 -14 -24. -9 3 33 13 57
AET 0 0 0 28 78 108 121 103 75 38 6
PERC 0 O ©O0 30 1 ©0 0 o0 o0 o0 43
SOUTHEAST REGION : S, : 100 mm -
| J F M A M J J A S 0 N D
P 80 100 96 84 82 102 149 147 103 64 77 8l
C .14 .14 .14 .14 .14 .12 .12 .12 .12 .12 .14 .14
R 11 14 13 12 11 12 18 18 12 8 11 11
I 69 8 83 72 71 90 131 129 91 56 66 70
PET 13 15 37 65 115 158 172 157 114 64 29 13
I-PET 56 71 46 7 -44 -68 -41 -28 -23 -8 37 57
CNS -44 <112 -153 =181 -204 -212
S 100 100 100 100 64 32 21 16 12 11 48 100
dS ~ 0 0 0 0 -36 =32 «11 -5 <4 -1 37 52
AET 13 15 37 65 113 147 162 151 107 63 29 13
PERC 5 71 46 7 0 ©0 0 O 0O O 0 O



A=35

TABLE A-5 : (continued)
| MIDWEST REGION : S, : 100 mn
J F M A M J J A S 0O N D
P 21 23 36 73 108 108 94 91 101 64 33 25
c .15 .15 .15 .15 .13 .10 .10 .10 .10 .13 .15 .15
R 3 3 5 11 14 11 9 9 1 8 5 4
I 18 20 31 62 94 97 8 82 91 56 28 21
PET 0 0O 6 43 8 127 147 131 8 44 7 0
I-PET 18 20 25 19 6 -30 -62 =49 5 12 21 21
CNS -30 =92 -141 |
S 101 121 100 100 100 74 39 24 29 41 62 83
ds 18 20 0 0 0 =26 <35 -15 5 12 21 21
AET 0 0 6 43 88 123 120 97 8 44 7 0
PERC 0O 0 25 19 6 0O 0O 0O O O o0 O
SOUTHWEST REGION : M 50 mm
J F M A M J J A S 0O N D
p 6 10 20 48 71 79 64 72 37 45 19 14
c .10 .10 .10 .10 .10 .10 .10 .10 .10 .10 .10 .10
R 1 1 2 5 7 8 6 1 4 4 2 1
I 5 9 18 43 64 71 59 65 33 41 17 13
PET 1 4 21 47 86 129 15 136 95 49 15 Q
I-PET 4 5 -3 =4 -22 -58 -95 -71 62 -8 2 13
CNS =3 -7 =29 -87 -18z -253 =315 -323
S 20 25 23 20 14 s 3 1 1 ‘1 3 16
ds 23 9 2 -3 -6 -6 -5 =2 0 0 1 18
AET 1 4 20 46 70 76 64 67 95 41 15 13
PRC O ©O0 0 0 O 0 ©O O o ©O0 o0 O



betweén the waste and the atmosphere. The Darcy velocity of a mate-
rial, with hydraulic conductivity (K) in units of m/yr and unit
| hydrau1ic gradient (the most conservative assumption), is equal to K
'm3/m2-yr. This number, however, should be modified by the fraction
of each year during which there is at 1eést 0.01 inch of precipita-
tion.  Therefore, (p) méy be calculated from the following equatidn:

p = K (w/365) - v B (A-24)

where (K) is the hydraulic conductivity of the least permeable layer
between the atmosphere and the waste, ‘and (w) is the mean annual
number of days with 0.01 inch or more of rainfall (see Figure A.3).

For the four regions of concern the above discussion was used as a
guide to determine the percolation component through an engineered
disposal cell cover containing moisture bérriers, The foTiowing ,
~percolation values were assumed: 38 mm for the northeast, 30 mm for
the southeast, 25 mm for the midwest, and 1 mm for the southwestern
locations. These values are used in the :impacts analyses.

A.2.4 Surface Water Erosion

This section describes a model which may be used to predict the
rate of loss of trench cover via sheet erosion for various regions
and .design parameters (material, .length, slope, efc,). This model
is bdased on the Universal Soils Loss Equatfon (USLE) developed by
W. H. wishmeier and his colleagues(ZG) and has been used extensively
in the past 20 years to estimate sheet erosion for agricultural lands.
Recent work has been performed to apply a modified form of this
equation to the control of erosion during highway and other construc-

tion sites.(27)

The equation is semi-empirical and may be used to
estimate erosion .of the trench covers or general erosion of the area-
surrounding the trenches. The equation, its parameters, and an example

of its use follows. The USLE is usually stated as:
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A=RxKxLSx VW - (A-25)

where:

The computed soil loss in tons/acre per year. This quahtity méy

>
n

be ‘converted to cubic meters using selected conversion factors.

R = The rainfall intensity factor, which is a measure of the erosion
force of rainfall.
K = The soil erodibility factor, which is highly regional and varies

from a low of 0.10-0.20 to a high of 0.37-0.49.

The next two parameters are of importance as they may be varied to
control and minimize erosion:

The topographic factor, which is a measure of the effect of

LS =
lengths and steepness of slopes on the soil loss per unit area.
VM = The erosion control factor, which is a function of all erosion

control measures such as vegetation, mechanical manipulation of
the surface, chemical treatments, etc. For bare slopes VM=l.

For multiple slbpes (as is the case here), the factor LS can be
calculated using the following formula:

| " k™ Lok m*1
_1 k _ 2 .
LS =5 ZE: — ,E:lr - §:1r(1 51,) Cose,  (A-26)
e (72.6) 7k =1 =1
k=1
where: n |
Ao T :§Z:Ir (A-27)
' r=1 .
_ th
]r = length of the (r)~ segment
n = number of segments
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Glr = Kronecker delta for segment (1).

8 = Angle between the (k)th segment and the horizon

S, = (0.43+30 sing, + 430 sin’ g, )/6.574 (A-28)
M, =0.3  for 8, < 0.29°

0.5 for 0.29° < @,
0.6 for 5.7° < @,

< 5.7°

An illustrative example of the calculation and the use of the LS fac-
tor equation (A-26)'i$ given below. This calculation is not related
to the reference case (see below), but is provided to illustrate the
concepts introduced. The example is based on Figure A.5. '

This figure represents an idealized trench coVer cross section. The
maximum height is 10 m (32.8 ft). Two segments comprise the slope
with lengths of 10 m (196.9 ft) and 20.6 m (65.6 ft) and horizontal
angles of 1.72° and 14° respectively. Substituting these parameters
in the equation leads to an LS factor of 4.19. Assuming an average
erodability index of 0.28 and a rainfall intensity factor of 20 leads
to a erosion potential of 82 tons/acre-yr.

It should be noted that this calculation is for bare slopes with the
configuration as depicted in Figure A.5. This calculation would have
-to be repeated each time the configuration changed. |

For long-term stability the last remaining factor VM in the USLE
equation (A-25) must be considered. By a judicious choice of ground
cover such as grass or rip rap, a reduction in the estimated soil loss
per acre to less than one-percent of the value calculated can easily
be attained. For example, assuming the_VM‘is 1 percent, the erosion
potential of the example case becomes 0.82 tons/acre-yr. Assuming a
topsoil density of 100 1bs/ft3 leads to a loss of 3.76 x 10'4 ft/yr
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or 1.15 x 10"2 cm/yr. Thus the type of final cover is quite critical
in preventing sheet erosion. '

Prediction of long-term:erosion based on empirical and/or theoretical
equations cannot help but be speculative. For example, the above case
leads to a-calculated completeAerbsion of_one meter of.disposal cell
cover in about 8700 years. It is not sensible to rely on predictions
that depend on numerous uncontrollable factors that far into the
future. - As stated previously in Section 3.6, for the erosion sce-
narios in this work, it will be assumed that the soil will be erodéd
~at a rate of about one meter per 1000 years. The above equations and
estimates, however, will be used to estimate the transfer factors.

Based on the above estimated soil loss of 0,82 tons/acré per year,

the soil/waste mixture mobilization rate E (see Section 3.6) can be
calculated to be 1.84x10° g/mz-yr.
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A.3..0ther Transfer Factors

This section: considers several other transfer  factors outlined in.
Figure A.1, namely the air-to-air transfer factor, air-to-soil trans-
fer factor, and water-to-soil transfer factor.

A.3.1 Air-to-Air Transfer Factor

This section considers the atmospheric dispersion equations which can
be used to calculate the air-to-air transfer factor applicable to
chronic release scenarios. This is utilized to calculate population
exposures resulting from waste incineration and the exposed waste
scenarios. To determine population exposures from waste incineration,
generic population distributions for four U.S. regions have been
assumed and are given in Appendix C. To account for potential future
population growth, the population is assumed to be multiplied by 2 for
the intruder-initiated exposed waste scenario, and by 3 for the
erosion-initiated exposed waste scenario.

The assumption of a generic population distribution (population does
not depend on the direction from the source point) is calculationally
equivalent to the assumption that all wind directions are equally
likely. For site specific data, this assumption would have to be
modified. The transfer - factor applicable to this source term, as-
suming ground-level release and sector-spread (22.5° sectors) dis-

persion, is:(28'29)
fs = 2.032/(160&-ur) : : (A-29)
where:
g, .= vertical standard deviation of the plume (m).
u = wind speed, in (m/sec).
r = distance from the release point, in (m).
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The vertical .standard deviation of the plume (c&) is given as a
function of distance (r) and stability class in many references.

(7)

~ One form for this factor is:

o, = (ar)(1+br)® | - (Aon)

where r is the distance from the release point, and where a, b, and ¢
are constants that depend on the stability class. Assuming that (see
references'30 and 31) the wind is equally divided between Pasquill
Stabi]ity classes C (wind speed 3 m/s), D (wind speed 3 m/s), and F
(wind speed 2 m/s); the calculation yields. '

fo = 4.156E-8 x (r2) x q(r) | (A-31)
wheref

q(r) = [0;133 /T+.0002r + 0.178 /T+.0015r + 1 +.0003r 1 (A-32)
~where (fS) is in units of (yr/m3) and (r)'is in uhité bf meters.
A.3.2 Air-to-Soil Transfer Factor

:Radfonuclide:bearing airborne particu]atés can deposit on the ground
as a result of gravitational settling of the particles. This "fallout
deposition" results in soil contamination and must be accounted for in
human exposUre pathways that involve contacting or use of soil (e.g.,
to grow food). The transfer factor to be used in obtaining soil
radicactivity based on airborne pérticu]ate concentrations is derived
in this section.

The air-to-soil fallout deposition transfer factor can b2 given as::

CTas T Ge/C 4 , (A-33)
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whiye,

= the air-to-soil transfer factor (dimenSioniess)

Tas B 3
CS = the soil-concentration, in (Ci/m”) .
-Ca = the total air concentration, in (Ci/m3)

the soil concentration will be dependent upon the deposition
vate and can be given as:

DS = Capvp - (A-34)
where:-
D, = deposition rate, in (Ci.m"z.sec'l)
"Cap= air concentration of particle size (p), in (Ci/m3)
V_ = deposition velocity (m/sec) of particle size (p).

where Ca is defined as the sum of Cap over all (p). The deposition
velocity can be given for two ranges of particle sizes, such that 1 um
to 10 um particles (5 um mean diameter) have a deposition rate of
0.010 m/sec, and 10 um to 80 um particles (35 um mean diameter) have a
deposition rate of 0.0882 m/sec. Using a normalized direct air
concentration of 1 Ci/m3, (Ds) is therefore calculated to be 0.098

Ci/(mz—sec).'

The soil concentration over a period of time can be calculated from

the formuia:(32)
4
Cs = (Bg/d) (1 - expl-(agr A)tD)/( 2+ 1) (A-35)
where: '
CS-= the soil concentrations, in (Ci/m3)
- Dy = the deposition rate, in (Ci/mz-sec)
d = depth of mixing, in (m). This parameter is usually
taken as the depth of the soil-root zone.
A < the radioactive decay constant, in (1/sec)
A = ‘effective removal constant, in (1/sec)
t = the time interval of deposition, in (sec)
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The effective environmental removal constant accounts for removal by
downward migration in soil, removal by surface water runoff, and loss
due to chemical binding. It is calculated from an assumed half-life

in soil of 50.years.(32)‘

A.3.3 Water-to-Soil Transfer Factor

Irrigation of crops with contaminated water will result in increased
radionuclide concentrations in the recipient soiT. The radionucl ides
will then be available for plant uptake via soil-to-root transfer.
The soil contamination resulting from irrigation must therefore be
accounted for by a transfer factor for this mechanism. The applicable

equation is:

Tws = CS/Cw | ) (A-36)
where (CS) and (Cw) are the soil and water concentrations, in (Ci/m3).
The soil concentration will be directly dependent upon the irrigation
rate concentration (D) which is given by:

D= Cw I ' : - (A-37)
where:
D = the surface area contamination rate, in (Ci/mzéday)
= the irrigation rate, in (m3.mf2.day'1)‘

CW

the water concentration, in (Ci/m3)

The subsequent soil concentration (CS) dependent upon (D) over time
(t), will be obtained by: (32)

Co(t) = (0/d) (1 - expl-(Ag+ A)E)/( A+ A) - (a-38)

where:
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Cs(t) = the soil .concentration, in (Ci/m3) e o
d = depth of mixing (see Section A.3.2)
A = the physical decay constant, in (1/day)
Aé = the effective removal constant, in (1/day)
t = the time over which irrigation occurs, in (day)

The effective removal -constant may be calculated from an assumed
half-life of 25 years (see Appendix B). . This constant accounts for
removal of contamination due to such processes as wind erosion,
chemical binding and leaching, and other variables.

Variables such as irrigation rate, climatic conditions, and soil
characteristics are only a few of the variables which need considera-
‘tion. The firrigation rate may. be dependent . upon the crop, (e.g.,
wheat needs less irrigation than rice), the climatic conditions and
the geographic location. For.exampié, the Midwest wheat fields will
need more irrigation during a hot, dry period than will western citrus
'groves during periods of optimal temperatures and rainfall. Also,
variations in soil characteristics can influence the irrigation rate.
A porous soil, for example, will retain more water than a nonporous
one, thus reducing the frequency of irrigation. These individual
characteristics are accounted for in the effective removal constant
(Ae). The irrigation rate will, however, be the deéiding factor in
the calculation of soil concentration.
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A.4 Direct Radiation Exposures

Intruders inhabiting a sité may receive chronic radiation doses as
a result of direct'exposures to alpha, beta, and gamma rays emitted
by the waste (the term "gamma rays" as used here means gamma rays,
x-rays, and bremsstrahlung). The most important of these radiations
is gamma rays since alpha and beta rays have extremely short ranges.
External exposure to alpha rays is not considered in this appendix.
Beta rays are considered, however, in determining exposures resulting
from human immersion in air containing suspended radioactivity, and
exposures resulting from standing on surface contaminated ground (see
Appendix B). - Only gamma rays are considered in this section and for
determining exposures resulting from standing on soil that is homo-
geneously contaminated. The exposures experienced depend on factors
such as source strength, gamma ray energies, self-shielding effects of
the waste form and packaging, thickness of coverihg over the waste,
and geometry of the exposure.

The intruder scenarios postulated in Sections 2.0 and 3.0 of the
“report involves a person living on top of the waste disposal site.
The actual geometry of the situation may be complicated but as a
first-order approximation is considered to be represented by a homo-
geneous mixture of waste and soil extending horiionta]ly and downward
to infinity (i.e., an infinite slab source). The exposure can then be
calculated based on this geometry, or estimated empirically by mea-
surements taken over a simulated source.

The method used here to estimate exposure rates is empirical. The
exposure rate measurements were made above soil uniformly contaminated

(33) The exposure rate per unit of

with a variety of radionuclides.
source activity was plotted versus gamma energy (see Figure A.6) and
the graph was used to directly obtain the exposure rate for a given
radionuclide based on the average energy of its gamma emissions.

Build-up of the exposure rate within the source is intrinsically
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accounted for with this method (buildup is defined as the actual
exposure from the total gamma . flux divided by the exposure due only to

uncollided phbtons).

The calculationa]imethod of obtaining the exposure rate, while not
used in the report, is presented here to illustrate considerations

important to determining exposure ratés,w The method is described by

Lamarsh(34) and is given as:

C
X=Co o Y (A-39)
where:
X = gamma ray exposure rate in air, in (mR7h)
C = conversion factdr
¢b = buildup flux, equal to that flux of monoenergetic gamma rays

of energy (EO) which gives the same exposure rate at a
point as does the actual distributed-energy gamma ray flux at
that point.

The factor (C) converts the buildup f]gk'to exposure rate. It is

given by the following equation.

C = 0.0659 E (u/p)*"" . | ~ (A-40)
where:
E0 N = initial photon energy, in MeV
(po/ P )air = mass absorption coefficient for air for photons of
: energy Eo* in cmz/g;
The buildup flux may be represented by the equation:(33)
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where:

B

‘eQboshfe bui]dup.factor

oy photon flux at the point of interest due only to source

photons that have not interacted in the medium -- i.e.,
the uncollided flux, in photons per cmz/sec.

Determination of the uncollided flux and buildup factor are strongly
dependent on the geometry of the source. Postulation of a homogeneous
infinite slab source yields the following equations for these para-

meters:(33’34)
¢, = S,/ (A-42)
B = }: A/ (1+a) | (A-43)
_ - _ |
where:
. ., 3
Sv = source strength, in Ci/m

linear attenuation coefficient of the source, in (cm'l).

An, a,= energy dependent coefficients used in evaluating the

Taylor form of the build-up factor.

After evaluating the build-up factor, it is multiplied by (C) to
obtain the exposure rate.

Experimentally determined exposure rates assume that an inadvertant
intruder is standing on the bare soil/waste mixture. A worst case
scenario would be an intruder occupying a below-ground-level struc-
ture. Thé'intrhder would thus be exposed from all sides except the
roof. A completely enclosed reclaimer would be exposed to an infinite
source, thus:~ '

oy = S/ | (A-44)
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This is twice the flux calculated for the infinite slab geometry
‘(equation A-42). The factor of two difference is not considered
significant relative to the potential variations in surface flux
expected at an actual site. In any case, any below-ground-level
structure would require a floor and supporting walls, which would
most likely be made of a material such as concrete. The concrete
would provide considerable shieiding. For example, a one foot thick

concrete siab results in a reduction factor of 0.03 fOﬁ_thé predo-

(35)

minant gamma-ray of Cs-137 having an energy of 0.66 MeV.

The actual exposure that an intruder would experience would be much
less than the worst case values since waste form and packaging and
other factors would act to reduce the exposure. Moreover, the geo-
metry of the exposure is not a fully infinite slab, and the reduction
in the radiation is considerable. This case may be approximated by
utilizing equations presented in reference 33 for the derivation of
the uncollided flux from a disk source. The geometry of exposure is

shown in Figure A.7.

In this case the unco]lided’flux is calculated to be:(33)

by =5y LE(pa) - Ef(0) T (A-45)
where a and b are the distances from the exposure point to the radii
shown above, and El(x) is the first order exponential integral.

- Assuming that the ratios of the collided fluxes for two different
" geometries may be approximated by the ratio of the uncollided fluxes
for the two geometries, this equation may be manipulated to yield
correction factors for finite disk sources or for finite annular

sources.

One subcase of the direct gxpOSUre case would involve calculating the
exposures resulting from utilization of the closed disposal facility
as a public recreation area -- e.g., a golf course. For this case.
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the potential exposures would be considerably reduced (e.g., orders
of magnitude) due to the shielding afforded by the thickn2ss of the
cover. The correction factor that will be applied in this case is:

f. =B expl -(p/p) xp xt] | (A-46)

where:
B = buildup factor

p/p = mass attenuation coefficient, in cmz/g

p = density of the cover, in g/cm3

t

cover thickness, in cm

The cover material may be assumed to be soil, hence the mass attenua-
tion coefficient used in the above calculation can be approximated by
that for 5102.(35) The assumed density is 1.6 g/cm3a The product
of (p/p ) and (p) is the linear attenuation coefficient (y), which
is an energy-dependent parameter, and hence is different for each

radionuclide.

Table A-6 presents an "effective" gamma energy for each nuclide, which
is the highest energy gamma emitted by the nuclide in reasonable
abundance. The relative abundances of the "effective" gammas (percent
of gammas emitted that are of the "effective" energy) and the average
gamma energies are presented in Table A-6 for comparison. It should
be noted that the "effective" energy is not necessarily the max imum
energy gamma emitted by the nuclide. Maximum-energy gammas for some
nuclides are emitted in such small abundances that it would be in-
appropriate to determine cover thicknesses based on those energies.
The values for (p) based on the "effective" energies for 5102 at 1.6
g/cm, are presented in Table A-6.

The buildup factors used in equation A-43 are for a plane, monodirec-
tional source, which is assumed to be representative of the "infinite-
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TABLE A-6 : Gamma Dose Reduction Factors For Varying Soil Cover Thicknesses

b - | \ d
)

Average Effective Soil Thickness (meters) vs. Dose Reduction Factor (f

Nuclide? Energy Energy Abundance uc R.L.: 1 4.3 7.3 10.1 12.8 15.4 2.6
(MeV) (MeV) (%) (1/cm) f : 0.368 E-1 E-2 E-3 E-4 E-5 AE-1

Co-60  1.25 1.33 50 ' 0.086 0.12 0.50 0.8  1.17 1.48 1.79  0.30
Ni-59  0.35 0.35 100 0.16 0.06  0.27 0.45 0.63 0.79  0.95 0.16
Sr-90  0.76 0.76 100 0.12- 0.09 0.37 0.64 0.8 1.11 1.3  0.23
Nb-94  0.787  0.871 50 0.11 0.09 0.39 0.67 0.93 1.18 1.42  0.24
1-129  0.040  0.040 100 0.11 0.01 0.03 0.05 0.07 0.09 0.11  0.02
Cs-137 0.662  0.662 100 0.12 0.08 0.3¢ 0.58  0.81 1.02 ~ 1.23 0.21
U-235 0.180  0.204 7 0.21 0.05 0.21 0.35  0.48  0.61 0.74  0.12
U-238 0.51 0.90 60 0.11 0.09 0.40- 0.68 0.9 1.19 1.43  0.24
Np-237  0.211 0.31 60 0.18 0.06 0.25 0.42 0.5 0.73 0.8  0.15
Pu-238 0.108  0.150 11 0.22 0.04 0.19 0.33 0.45 0.5  0.69  0.12
Pu-239  0.221 0.414 16 0.15 0.07 0.28 0.48  0.67 0.8 1.02  0.17
Pu-241 0.145  0.145 100 0.22 0.04 0.19 0.33  0.45  0.58  0.69  0.12
Am-241  0.060 0.060 100 0.42 0.02  0.10 0.18 0.24 . 0.31  0.37 0.06
Am-243  0.073  0.075 93 0.32 0.03 0.13 0.23 0.31 0.40 0.48  0.08
Cm-243  0.249  0.278 47 0.18 0.06 ~ 0.25 0.42 0.58 0.73 0.8  0.15
Cm-244 0.062 = 0.150 6 0.22 0.04 0.19 0.33 0.48 0.5  0.69  0.12

(a) The following nuclides have been excluded from this table due to low effective gamma energies:
H-3, C-14, Fe-55, Ni-63, Tc-99, Cs-135, and Pu-242.

(b) Effective gamma abundance is the percent of gammas emitted that are gf the effective energy.

(c) Linear Attenuation coefficient (p) for Si0, at a density of 1.6 g/cm™.

(d) R.L. = Relaxation lengths, f = ratio of thé attenuated to unattenuated dose.



slab" waste geometry. Values for (B) are dependent upon the gamma
ray energy, type of cover material, and cover thickness. Since (B)

were not readily available, the values used here are
(35)

values for S1'02

an average of those for water and iron. In addition, a gamma
energy of 0.5 MeV is assumed for all gammas, since all but one of the
gammas of concern afe less than 1 MeV and (B) values were available
only for energies of 0.5, 1.0, 2.0 and higher MeV gammas. This is a
somewhat conservative assumption since (B) values increase at lower
energies. However, the values at 0.5 and 1.0 MeV do not differ-
greatly, especia]]y"for *fe]ati?e]y thin cover thicknesses. At a
thickness equal to 15 relaxation lengths (i.e., flux attenuates to
e'15, or approximately 3x10'7, of the original flux) the value for
(B) 1is only a factor of 2 higher at 0.5 MeV than at 1.0 MeV. There-
fore, multiple-energy buildup factors are not used .in these calcu-
lations .since they would complicate the calculations for relatively

little increase-in accuracy.

The thickness of soil (5102) required to reduce the dose from un-
covered waste by successive orders of magnitude are also presented in
Table A-6 for each nuclide. The corresponding number of relaxation
lengths (ut) is also indicated since the reduction factors were
obtained from a plot of (fc) vs. (ut), as presented in Figure A.8.

Table A-6 may be used to cé]cu]ate the thickness of soil required to
reduce the intensity of a given radionuclide radiation by a given
order of magnitude. For example, for Cs-137, an average thickness of
0.81 m of soil is required to result in reduction in gamma radiation

intensity of,10'3, and a thickness of 1.02 m of soil results in a

reduction of 10'4. Using this table, and averaging over the radio-
nuclides expected to be present in LLW, a. generic reduction factor of

1200 may be calculated for 1 meter thick soil shielding.
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APPENDIX B : Pathway Dose Conversion Factors

The purpose of this appendix is to present the data and calculational
procedures utilized to determine the total pathway dose conversion
factors (PDCF's) presented and discussed in Section 2.3 of the main
report. An introduction and background to the appendix is presented
in Section B.1, and the fundamental dose conversion factors utilized
in the calculation of the PDCF's are discussed in Section B.2. After
these two background sections, the calculational procedures and uptake.
parameters utilized are presented in Section B.3. The computer code
utilized in the calculations is given in Section B.4.

B.1 Introduction and Background

The human exposure pathways considered in this report, resulting from
' the disposal of low level radioactive waste (LLW), are presented in
Figure 2.5 for each of the seven postulated exposure scenarios.

Although each pathway component (e.g., foliar deposition-cow-milk-
human ingestion) is calculated by a unique equation (or set of equa-
tions), many of the combined pathways presented in Figure 2.5 repre-
sent combinations of pathway components. For example, the food (soil)
pathway is a combination of‘a11 pathway components initiated by root
‘uptake of radionuclide contamination. These components include the
direct plant-human ingestion component, and the plant-cattle-beef-
human 1ingestion and plant-cow-milk-human ingestion components. A
description of the components of the nine combined pathways is given
in Table 2-2. |

The grouping of pathway components .into the combined pathways given
in Figure 2.5 facilitates the development and use of the computer code
employed to calculate the total PDCF's, as given in Section B.4. Each
major branch of the diagram has been assigned a PDCF for which the
formulae are discussed later in this appendix.
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A1l the PDCF's are calculated from fundamental dose conversion factors
(DCF's) obtained from the existing literature. Conventionai]y, OCF's
~are the more common factors utilized in the computation of human
exposures. For a generic study, however, in the absense of site
specific information, generic information on the translocation para-
meters (uptake factors) have been assumed and utilized in the calcu-
lation of the PDCF's; For evaluation of a specific site, the funda-
mental ODCF's could be utilized in conjunction with site specific
uptake factors. '

B.2 Fundamental Dose Conversion Factors

A1l the PDCF's are calculated based on five fundamental dose conver-
sion factors: inhalation 50-year committed dose in units of mrem
per pCi inhaled; ingestion 50-year committed dose in units of mrem per
pCi ingested; and three different direct radiation exposure factors.
The use of these last three factors depends on.the particular biota
access location considered, and include factors for volume contami-
nation of soil (mrem/year per pCi/m3), surface contamination of soil
(mrem/year per pCi/mz), and air contamination (mrem/year per pCi/m3)Q
The values of these fundamental DCF's are a function of the radic-
nuclide of concern and the organ receiving the dose. A brief des-
cription of the fundamental DCF's is provided below.

B.2.1 Ingestion DCF

For the fundamental ingestion dose conversion factors {which are
denoted by DCF1l), existing models that are presented in several
- documents are considered to be reasonable representations of the

(1-3) In this report, the fundamental ingestion

human organism.
DCF's given in reference 2, which are reproduced in Table B-1, have
been utilized. A brief discussion of the internal factors obtained

from reference ¢ is presented below.
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"Equations for calculating internal dose committment factors were
~derived from those given by the ICRP(l) for body burden and
maximum permissible concentration (MPC). Effective absorbed
energies for the radionuclides were calculated from the ICRP
model. When necessary, these energies were corrected fof the
ingrowth of daughter radionuclides following ingestion or
inhalation of the parent. . . . Quality factors, as listed in
ICRP Pub]ication 2,(1) were applied to the effective energies,
including the value of 1.7 for beta particles and electrons with
energies equal to or less than 30 keV. Age dependent parameters
were applied when available, but, where d?f? were lacking,

metabolic parameters for the Standard Man were used for

other age groups."
B.2.2 Inhalation DCF's

The most comprehensive compilation of information on the initial
deposition of inhaled particles in the respiratory tract was published
by the ICRP Task Group on Lung Dynamics in 1966.(4) This report
includes an anatomical description of the respiratory tract, charac-
teristics of particle size distribution, and physiological parameters
describing the inhalation process. Based on these parameters, a
quantitative model for initial respiratory tract deposition is deve-
~loped. The report also describes a lung clearance model that is more
comprehensiVe than those used previously; it is based on extensive
studies with laboratory animals and results of human contamination
cases and it also incorporates the major clearance processes. With
the lungs compartmentalized (nasopharyngeal region, tracheobroncial
region, and pulmonary region), and considering Tymph nodes, blood and
the gastrointestina] tract, the Task Group calculates rate constants
for transfer of particles between cdmpartments. With this model,
various retention characteristics may be described for compounds of

all the elements in the periodic table.
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(4,5) has

The complete lung model, as proposed by the Task Group
been utilized in this report for the calculation of the fundamental
inhalation dose conversion factors. This model permits a more rea-
1istic calculation of radiation dose to the human respiratory tract
from inhaled radioactivity than does the initial ICRP lung model.(Z)
In this model, the respiratory tract is divided into three regions:
thé‘nasophanyﬁgéal (NP), the tracheobronchial (TB), and the pulmonary
(P). The schematic representation of the respiratory tract used in
the development of the mathematical model for the deposition and

clearance of inhalated radionuclides is shown in Figure B.1.

Deposition is assumed to vary with the aerodynamic properties of the
'aerosol distribution-and is described by the three parameters D3,
gDA, and DS' These parameters represent the fraction of the inhaled
‘material, QI, initia]]y deposited in the NP, TB, and P regions,
respectively. Each of the three regions of deposition are further
subdivided into two or more subcompartments. Each subcompartment
represents the fraction of material initially in a compartmenf that
is subject to a particular clearance process. This fraction is
‘represented by fk’ where k indicates the clearance pathway. The
quantity of material in the TB region, for example, cleared by process
49+ Values of (fk) and of

the clearance half-times (Tk) for each clearance process for the three

(c) is then represented by the product f D

solubility classes of aerosols used in the model are those suggested
by the ICRP (Appendix A, Table A-5 of reference 4). Values of the
deposition fractions (D3,' D4, and DS) as functions of the median
aerodynamic diameters (MAD) of the inhaled particles have been pub-
“lished in the form of a graph.(l) Routines to generate these values
directly from the AMAD have been included in the model and yield
essentially the same values as those presented by the Task Group for

the range of particle size distributions considered by the group.

The respiratory tract model has been incorporated by Voilleque into a
simple metabolic model for acute inhalation exposures and the model
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was programmed into a computer code called AerIN. (8)  1n this model,
transport of a radionuc]ide_ from the respiratory tract 1lymphatic
system and GI tract to other organs and tissues where significant
accumulations of the inhaled radionuclides occur, is assumed to take
place via the blood. This translocation from the respiratory tract
and lymphatic system to the blood has been described in some detail by
the Task Group. Of the material clearing from-the respiratory tract
through the GI tkéct, a constant fraction, fl, is assumed to be taken
up by the blood. That moving to the nth“Organ or tissue is assumed

to be a constant fraction, f, , of the amount entering the blood

stream at any time t. Once inzghe nth organ, the activity is assumed
to clear the organ (and the body) at a constant rate. Voilleque's
program,‘AERIN(g), calculates the quantity'of radionuclides present
in and the dose received by organs of interest as a function of time '

following acute exposures.

"The inhalation dose conversion factors utilized in this report have
‘been obtained by utilizing a computer code called DACRIN(6) which
“incorporates the Task Group lung model as described by the program
AERIN. A brief description of this code is presented below.

The DACRIN program calculates the effeétive radiation dose to any
of 18 organs and tissues from inhalation of any one or combination of
radionuclides considered by the ICRP. A maximum of 10 organs may be
selected for any one case (run). In addition, up to five multiple
intake -intervals and 10 time intervals measured from the last intake
may be selected for each case.

Input to the code, in its simplest form, consists of a few program
control variables, the duration of inhalation exposure, ventilation
rate, the time interval within which the dose is delivered, the organs
of interest, the quantity of the radionuclide inhaled, its solubility
class and its particle size. Input to the code in its most complex
form, fesu]ts from invoking an atmospheric dispersion model. It is
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then necessary to input additional parameters which'aré determined by
the particular atmospheric dispersion model selected for analysis.

Output of the code cdnsistg_df fﬁé_effective radiation dose to the
sé]ected organs at selected time intervals, for each radionuclide

inhaled as indicated by the input.

The present DACRIN code extends previous codes based on the Task
Group Lung Model to include calculating organ doses resulting from
chronic inhalation exposure. A schematic presentation of the DACRIN
metabolic model is shown in Figure B.2. A model for the dose to the
GI tract from radionuclides moving through it is not included in the
present veréion of the code, although some provisions have been made
in the code for the eventual addition of a GI tract dose model.

The contribution to the pulmonary lung dose from the ingrowth of
daughter radiohuc]ides is computed indirectly by utilizing weighted
values of the effective energy emiptgd:by the daughter nuclides in the
chain. Weighted values are calculated for each of the decay chains
tabulated by the ICRP (1,7) fok residence half times of 1 day, 50 days
and 500 days (corresponding to solubility class D, W, and Y, res-
pectively). These va]ygs are.includedAin the organ data library.
|
The radfonuc]ides considered, the solubility classes assumed in this
report, and the calculated inhalation dose conversion factors, denoted
by DCF2,=are presented in Table B-2. The solubility classes assumed
were based upon information presenféd ih feférences 9 through 14.

B.2.3 Direct Radiation (Volume) DCF's

Exposure rate data for K-40, natural uranium, and thorium plus daugh-
ters uniformly distributed in soil as an infinitely thick slab source
is bresented in_HASL—195.(15) ‘
exposure data as a function of gamma energy and height above soil

Table 2 in reference 9, which presents
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TABLE B-2 . Inhalation Fundamental Dose Conversion Factors

(mrem per pCi inhaled)
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surface, has been used to construct a graph of exposure rate (at one
meter height above the soil surface) as a function of gamma energy for
such a source. This graph has been presented in Figure A.6.

Exposure rates, E, for the radionuclides of interest in this study
have been calculated from the expression:

E=K.Zf1.ET

where f is the fraction of gamma photons of energy T per disintegra-
tion, ET is the exposure rate factor obtained from Figure A.6 for
energy T, and K is a proportionality constant which converts the

exposure rate factor 1in HASL-195(15)

to units of dose equivalent
(mrem/year per Ci/m3). As indicated in Figure A.6, K = 65.9 uR/hr
per MeV/g-sec. In this report, it is assumed that one Roentgen equals
one rem. The resultant annual external gamma dose conversion factors
resulting from volume contaminated soil, denoted by DCF3, are pre-

sented in Table B-3.
B.2.4 Other Direct Exposure DCF's

The two remaining DCF's are the external exposure factors resulting
from direct photon and electron radiation emanating from radionuclides
on surface contaminated soil, and from immersion in uniformly contami-
nated air, these DCF's are denoted by DCF4 and DCF5, respectively.

In the past, the electron component (beta radiation) of the exposure
was freqUént]y neglected in comparison to the photon component (gamma
radiation) of the exposure due to the comparative penetration capabi-
1ity of these radiations. For the direct radiation (volume) DCF's,
this is the case since a few millimeters of soil is sufficient to stop
most of the electron radiation from the radionuclides considered in
this work. However, ‘it is more accurate to include the electron
component when the exposure is due to surface contaminated soil or to
immersion in contaminated air.
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TABLE B-3 . External Exposure Fundamental
' Dose Conversion Factors

DCF-3 - DCF-4 v DCF-5
(mrem/yeag (mrem/yeaf (nrem/yeag

per Ci/m") per Ci/m per Ci/m”)
H-3 0. 0. - 5.19E-05
Be-10 0. 2.36E-05 1.82E-03
C-14 , 0. ' 0. ' 4.46E-04
C1-36 8.80E-11 9.18E-10 1.29E-07
Ca-41 0. 4 .49E-07 2.45E-05
Fe-55 0. 2.67E-06 5.08E-05
Co-60 1.54E-05 3.84E-04 2.28E-02
Ni-59 6.20E-09 4,27E-06 5.98E-05
Ni-63 0. 0. ~ 1.56E-04
Sr-90 3.06E-08 : 2.74E-05 1.76E-03
Nb-94 9.63E-06 9.90E-05 1.32E-02
Mo-93 0. 1.33E-05 1.34E-04
Tc-99 0. 0. 7.60E-04
1-129 1.92E-08 . 1.13E-05 6.86E-04
Cs-135 0. 0. : 5.08E-04
Cs-137 3.50E-06 3.99E-05 1.53E-03
Eu-152 6.22E-06 2.71E-04 1.11E-02
Eu-154 8.07E-06 3.78E-04 1.32E-02

Re-187 0. 0. 0.
Pb-210 8.56E-09 2.27E-06 1.43E-05
Bi-207 9.37e-06 9.24E-05 1.29E-02
Ra-226 : 7.21E-06 9.47E-07 4.90E-05
Th-230 1.50E-09 6.12E-07 3.59E-06
Th-232 2.66E-05 2.28E-06 1.08E-04
U-233 0. 1.78E-06 © 5.16E-05
‘U-234 4.,28E-10 . 2.88E-06 1.14E-04
y-235 1.50E-07 - 3.65E-05 1.59E-03
U-236 0. 2.72E-06 9.67E-05
U-238 5.16£-09 2.40E-06 8.57E-05
Np-237 6.56E£-08 2.21E-05 8.40E-04
Pu-238 1.93E-11 3.18E-06 8.87E-05
Pu-239 9.39E-11 1.22E-06 5.17E-05
Pu-241 3.43E-13 0. 4,78E-05
Pu-242 0. 2 .38E-06 © 6.93E-05
Am-241 7.71E-08 1,30E-05 3.80E-04
Am-243 1.86E-07 1.50E-05 6.09E-04
Cm-243 3.82E-07 - 4,02E-05 2.26E-03
Cm-244 5.64E-11 2.82E-06 7.23E-05
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These DCF's have been calculated for various radionuclides for unit
concentration in the biota access media -- i.e., pCi/m2 of soil and

(16) For each exposure mode, DCF's for photons and

pCi/._m3 of air.
electrons have béen cé]cu]ated for tissue-equivalent material at the
body surface of an exposed individual. For internal body organs, only
photons have been considered.(ls)' The DCF's obtained from reference
10, presehted in Table B-3, have been utilized in this work when the
exposure is due to surface contaminated soil (DCF-4), or to immersion

in contaminated air (DCF-5).
B.3 Pathway Equations.

This section presents the equations, the parameters, and the data
utilized in the computation of the PDCF's. The components corres-
ponding to each pathway are defined in Figure 2.5.

B.3.1 Uptake Factors

In order ‘to calculate the PDCF's, several . translocation parameters
(also referred to as uptake factors or pathway parameters) are re-
‘quired. These parameters fall into two groups: those that depend only -
on the pathway being considered, and those that are radionuclide-
specific. The parameters that depend only on the pathway are pre-
sented in Table B-4 together with the values assumed in this work and
the references from which they were obtained.

" The other group of parameters and pathway factors, which are radio-
nuclide specific, are presented in Table B-5. The values utilized
for the five radionuclide-specific transfer factors were obtained from
the Titerature; a comparative compilation of these five factors is
presented in Tables B-6 through B-10. Based on the pathway uptake
parameters presented in Tables B-4 and B-5;, several intermediate
transfer parameters have been defined for the PDCF calculation. These
intermediate parameters are defined and presented in Table B-11.
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Table B-4 . Radionuclide

Symbol

Definition

Independent Parameters Used in Calculations

cY

- —+®
[

~Hh =h ~h =k =h =h = —h =h =
= e e = O 0 N W
[ & 2 BN - w_cw — o

=
—
oc

Crop Yield per

Soil Density

Consumption
Consumption
Consumption
Consumption
Consumption
Consumption
Consumption
Consumption
Consumption

of
of
of
of
of
of
of
of
of

unit area

plants by man

plants by animals
animals by man

milk by man

water by beef cattle
water by milk cows
water by man

fish by man

seatood by man

Resuspension factor

Inhalation rate of man

Areal mass availabie for resus-
pension (top 1 cm of soil)

The fraction of initial activity
deposited as fallout or conta-
minated water that is retained
by foliage.

Irrigation rate

Fraction of activity deposited
on foliage removed per unit
time by weathering mechanisms.

Fraction of activity deposited
in the root zone removed
per unit time.

Settling velocity for elements
other than iodine
for iodines

Mass of soil in root zone

1

8.5
8.0

0

3.7
4.83

7°6E

Value

1
600
190

50
95
0.3
50
60
370
6.9
1.0
E-9
E+3
16

.25

E-3
£-2

-04

AW

Kg/m"~
Kg/m
Kg/year
Kg/day
Kg/year
1/day
1/day
1/day
1/year

w

Kg/year

Kg/year
w3

m3/year
Kg/mz

m/sec
m/sec

Kg/m2

Reference

17

oy
~

W W w W W w w w

_ = =
~N ¢ & w

[y
~J

17
17

17
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Table B-5 . Other_Parameters Used in Calculations

Symbol Definition Units

C, ~Initial Air Concentration 1 pC_i/m3

Cq A;Injtia] SquFConcentration 1 pCi/kg

CSA ‘Initial Areal Soil Concentration 1 pCi/m2

CSV Initial Volume Soil Concentration 1 pCi/m3

Cw “Initial Water Concentration 1 pCi/m3

DCF1 Fundamental DCF for Ingestion - See Table B-1

DCF2 Fundamental DCF for Ingestion See Table B-2

DCF3 Fundamental DCF for External See Table B-3
Exposure (Volume Source) |

DCF4 Fundamental DCF for External See Table B-3
Exposure (Area Source)

DCF5 Fundamental DCF for External See Table B-3
Exposure (Air Immersion) '

fy Soil-to-Plant Transfer Factor See Table B-6
(pCi/kg in fresh vegetation Dimensionless
per pCi/kg in soil) :

fy Feed or Water-to-Meat Transfer Factor See Table B-7
(pCi/kg in meat per pCi/day day/kg
ingested by beef cattle)

f6 Feed or Water-to~Animal Product See Table B-8
(Milk) Transfer Factor (pCi/1l ~ day/1
in milk per pCi/day ingested by cow)

nf12  Water-to-Fish Transfer Factor See Table B-9
(pCi/kg of fresh fish per . 1/kg
pCi/1 of water concentration)

flzP Water-to-Freshwater Seafood Transfer See Table B-10

Factor (pCi/kg of fresh seafood 1/kg
per pCi/1 of water concentration) |
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TABLE B-6 . Soil-to Plant Transfer Factors (Diménsion]ess)

Ref Ref Ref Ref Ref Ref

Element . 20 3 -2 22 23 - 14
Hydrogen. 4.8E+0(a) 4.8e+0 . - - - 4.,8E+0
Beryllium 4,2E-4 o |

Carbon 5.5640° 5.5E+40 5.5E+0
Chlorine .  5.0E+0 ' '

Calcium 3.6-2(P)

Iron 6.6E-4  6.6E-4 6.6E-4

Cobalt 9.4E-3  9.4E-3 9.4€-3

Nickel 1.98-2  1.9E-2 " 1.9€-2
Strontium 1.7e-2 1.7e-2 2.9E-1 1.7e-2

Niobium .  9.4E-3  9.4E-3 o - 9.4E-3
Molybdenum 1.2E-1 1.2E-1 '

Technetium  2.56-1  2.5E-1 ) 1.1E+0  2.5E-1

lIodine 2.0E-2  2.0E-2 5.5-2  2.0E-2

Cesium 1.0E-2  1.0E-2 © 9.3E-3  1.9E-2
Europium 2 .5E-3

Rhenium 2.5E-1

Lead 6.8E-2 4.0E-3  3.9E-3

Bismuth 1.5E-1 | |

Radium . 3.1E-4 : 1.4(-2  6.2E-2

Thorium 4,2E-3 3.5E-4

Uranium 2.56-3 . ' 2.9E-4  2.5E-3
‘Neptunium 2.56-3  2.5-3 A 2.5E-3
Plutonium 2.56-4 - | 2.0E-4  2.56-4  5.6E-4
Americium 2.5E-4 . 2.5E-4 5.6E-

Curium 2.5E-3 o 2.5E-3

(a) Values selected in this report have been underlined.
(b) Calcium value of 3.7E~-2 from reference 24 is utilized.
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TABLE B-7 . Feed and Water-to-Meat .Transfer Factors (day/kg)

, ‘Ref Ref Ref Ref Ref Ref
- Element 20 3 21 - 22 23 14
Hydrogen - 1.2E-2(a) 1.2E-2 '
Beryl1lium 1.0E-3
Carbon »  3.1E-2 3.1E-2
Chlorine 8.0E-2
Calcium 4.0e-3(P)
Iron 4.0E-2 4,0E-2
Cobalt 1.3E-2 1.3€-2
Nickel 5.3E-2 5.3E-2
Strontium 6.0E-4 6.0E-4 3.0E-4
Niobium 2.8E-1  2.8E-1
Molybdenum 8.0E-3 8.0E-3
Technetium 4,0E-1  4.0E-1 8.7E-3
- Todine’ 2.9E-3 2.9e-3 7.0E-3
Cesium 4,0E-3 4,0E-3 .. 1.4E-2
Europium 4.8E-3
Rhenium 8.0E-3
Lead 2,904 © 7JES4 9.1E-4
Bismuth 1.3E-2
Radium 3.4E-2 5.1E-4 5.0E-4
Thorium 2.0E-4 . 2.0E-4  1.6E-6
Uranium - 3.4F-4 v ' 1.6E-6
Neptunium 2.0E-4 2.0E-4
Plutonium 1.4E-5 4,1E-7 3.9E-4
Americium 2.0E-4 : | 3.9E-3
Curium 2.0E-4

(a) Values selected in this report have been underlined.
(b) Calcium value of 4.0E-2 from reference 24 is utilized.
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TABLE-B-8 . Feed and Water-to-Milk Transfer Factors (day/kg)

Element
Hydrogen
Beryllium
Carbon
Chlorine
Calcium
Iron
Cobalt
Nickel
Strontium
Niobium .
Molybdenum
Technetium
Todine
Cesium
Europium
Rhenium
Lead _
Bismuth
Radium
Thorium
Uranium
Neptunium
P]utonfum
Americium

Curium

(a) Values selected in this report have been underlined.

Ref Ref Ref Ref
20 3 22 25
1.06-2(2) 1.06-2 1.4E-2
1.0E-4 9.1E-7
1.26-2  1.2E-2 1.56-2
5.0E-2 1.76=2
8.0E-3 | 1.1E-2
1.2E-3  1.2E-3 5.9E-5
1.0E-3  1.0E-3 2.0E-3
6.7E-3  6.7E-3 1.0E-2
8.0E-4  8.0E-4 2.4E- 1.4E-3
2.56-3  2.5E-3 2.0E-2
7.56-3  7.5E-3 . 1.4E-3

2.56-2  2.5E-2 9.9£-3

'6.0E-3  6.0E-3 1.0E-2 9.9£-3
1,282 1.2E-2 5.6E-3 7.1E-3
5.0E-6 2.0E=5
2.5E-2 1.3E-3
6.2E-4 9.9E-5 2.6E-4
5.0E-4 | 5.0E-4
8.0E-3 5.9E~4 4.5E-4
5.0E-6 5.0E-6 5.0E-6
5.0E-4 1.26-4 6.1E-4
5.06-6  5.0E-6 - 5.0E-6
2.0E-6 ' 4 .56-8 1.0E-7
5.0E-6 2.0E-5
5.0E~6 2.0E-5



TABLE B-9 . Water-to-Fresh Fjsh Transfer Factors (1/kg)

Element
Hydrogen

Beryllium

Carbon
Chlorine
Calcium
Iron
Cobalt
Nickel
Strontium
Niobijum
Molybdenum
Technet jum
Iodine
Cesium
Europium
Rhenium
Lead
Bismuth
Radium
Thorium
Uranium
Neptunium
Plutonium
Americium
Curium

Ref Ref Ref Ref Ref Ref -
20 3 21 22 23 14
9.0£-1(8) 9.0E-1
2.0E+0 -
4 .6E+3 4.,6E+3
5.0E+1
4.0E+1
1.0642  1.0E+2
5.0E+1  5.0E+1
1.0E+2  1.0E+2
3.0E4+1  3.0E+41
3.0E+44  3,0E+4
1.0E+41  1.0E+1
1.5641  1.5E+]
1.5641  1.5E+1
2.0E+3  2.0E+3
2.5E+1
1.2E+2
1.0E+2
1.5E+1
5.0E+1
3.0E+1
2 .0E+0
1.0E41 1.0+l
3.5E40 2.5E+1
2.5E+1 2.5E+42

(a) Values selected in this report have been underlined.

B-19




TABLE B-10 . water-to-Freshwater Seafood Transfer Factors (1/kg)

Element
Hydrogen

Beryllium

Carbon
Chlorine
Calcium
Iron
Cobalt
Nickel
Strontium
Niobium
Molybdenum
Technetium
Iodine
Cesium
Europium
Rhenium
Lead
Bismuth
Radium
Thorium
Uranium
Neptunium
Plutonium
Americiuh
Curium

Ref

Ref.

Ref
23

Ref
14

(a) Values selected in this report have been underlined.

9.1E+3

3.2E43
2.0E+2
1.0E+2
1.0E+2
1.0E+2
1.0E+1

~ 5.0E+0

5.0E+0
1.0£+2

4,0E+2

21

22



Table B-11 . Intermediate Parameters Used in Ca]cu]ations

Symbol

- ©- w o
—Hw N

PP
PP

PTP

—

E X C O
N =N

Transfer Factor

N

F

2.7

£1*F,
£ ¥Eg*E 4 /365
RER
P.+p. +P

1*P2*P3
fs

* * p ‘
£,%F,*F,/365
F*F*f
P P+P,P+P P

fo*f *f,

8 '4.5

fP*f*f %365
1
1*F2*F3

f12"f13
f10P*f3P
F

Fi2

1 2

86400*V/(SZ*Z)
86400*RV/S1
RI/(SZ*Z)
R*RI/S1

86400

365
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Descrfgtion

Soil-Plant-Man
Soil-Plant-Animal-Man

Soil-Plant-Animal-Product-Man
Total Soil-to-Plant-to-Man

Plant-Man

Plant-Animal-Man

Plant-Animal-Product-Man
Total Plant-to-Man

‘Water-Animal-Man

Water-Animal-Product-Man
Water-Man
Total Water-to-Man

Water-Fish-Man
Water-Seafood-Man
Total Seafood-to-Man

Soil Deposition by Fallout
Foliar Deposition by Fallout
Soil Deposition by Irrigation
Foliar Deposition by Irrigation

seconds/day
days/year



B.3.2 Calculational Procedure

The equations utilized to calculate the PDCF's are summarized in
Table B-12. Some of the PDCF's are calculated using a single equation
since common factors are preseht, in the individual uptake pathway
components; hbwever, some PDCF's require multiple equationé.

A1l of these equations are basic pathway equations that bring together
the calculational components contributing to the human dose. A
detailed treatment of these pathway equat1ons may be found 1in Regu-
latory Guide 1.109. (3,20)

The fundamental equation for the calculation of total pathway dose
conversion factors for man from radionuclides in the environment via

specific exposure scenarios can be given as:

N .
Dirps . ZE: CiPS fips DCFirp | : - (B.1)
‘ i=1 v
where:
Dirps-= the total pathway dose conversion factor (50-year dose

committment in mrem), specific to organ r from nuclide i

fromApathway p via scenario s;
N = the total number of pathways in the scenario,

'Cips = the concentrat1on of nuc11de i in the med1um of pauhway v
via scenario s (in pC1/m , pCi/kg, or pC1/m )y

fips = the pathway usage factor of nuclide i of pathway p via
scenario s which is considered in the calcuiation of the
accumulated radiation dose conversion factor to man; and
DCFirp = the fundamental dose conversion factor, a value specific

tc a given nucliide i, pathway p, and organ r which is used
to calculate radiation dose commitments.
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Table B-12 . Equations Used in Calculations ‘

PDCF-1 = (6) + (9).

PDCF-2 = (7)
PDCF-3 = (8)
PDCF-4 = (1)
PDCF=5 = (2)

PDCF-6 = (3) + (10)
PDCF-7 = (3) + (&) + (10)
PDCF-8 = (5) + (8)

(1) iCS*(PT/D)*DCFl
(2) C *DCF3 . -
(3) C,/* (W *PT+(W,/CY)*PTP+FT/1000)*DCF1
(4) C,*(f;,/1000)*DCF1
- (5) C*D *f o (F14*(f;*DCF2+DCF5)+DCF4)
(6) C_*D *f;g*(f4*(F) *DCF2+DCF5)+DCF4)*0.242
(7) C_*(f,*UCF24DCF 5+ (D *PT+(D,/CY)*F*PTP)*DCF1)*0.242
(8)  C_*(f*DCFZ+DCF5+(Dy*PT+(D,/CY)*F*PTP)*DCF1)
(9) C *(DCF5+f g *DCF2) ,
(10) 77 C *W *f o *(f, ,*(f, *DCF2+DCF4)+DCF5)
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B.4 Computer Code DOSE

A Tisting of the code utilized to calculate the PDCF's presented and
used in the main body of the report 1is attached. The program is
written in Fortran IV for a CDC 6600 computer. The program is
interactive -- 1i.e., it;is executed'in a time-sharing mode, and it
asks questions and requests answers by the'personrrunning the program.
A1l the uptake factors and translocation parameters have been incor-
porated into the data statements at the beginning of the program. It
requires a data tape, called TAPEl containing the fundamental dose
conversion factors presented in this appendix. Using this program,
PUCF's for up to 39 radionuclides may be . calculated. In'addition, it
contains the option to change the fundamental dose conversion factors
for any of these radionuclides.
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WMSIHETRY PROGRAM : ' . FAGE . 1
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CGOSIMETRY FROGRAM FAGE 2

05718781 .

’0040
GO&ER0
?'060

T
\.

'l06c.
A )
QAZ00
00710
QD720

DO73C

00749
06750
00760
N0770
Q0780
00790
00860
90810
00820
HOBIO
00840
00850
00840
HV870
(OBEG
BOGF0
0900
GOF1O
00720
009350
00940
OOFHO
D090
00970
DOFRE
00990
61000
01010
01020
01030
01040
91050
(1060

01070

31080
AN RAEY]
D1 GG
01110
L1220
D130

S FPRINT 3T ENTER
CFRRINT

- FRINT

110

BE VALUES IRTERACTINVILY THRU THEX
WMPUTER TERMINAL., (¢ = TAPE 1 s 1 = INTERADTIVE %
X
2 fVlFfunFllkh 3 ) )
T2 LIMNER ARE DOSE C“HUERSIUﬁ FACTORS FOR 7 ORGANS.X
THESE ORGANS AREITOTAL ﬁODY BOP LIUER!THYRUIE?KIDNEY?%;
FRINT»XLUNG»AND GI-LLI.X ‘
FRINTe# © LINE 2iD0CF1/6- INGESTION MREM/50YR FER oCI%-
FRINT % INGESTED IN FIRST YEARX
FEINT % LIME 3:0CF2/65- INHALATION ' MREM/50YR FER #CI¥.
FRINTy% INHALED IN FIRST YEARX
FRINT»%THESE DOCF’S ARE INPUT 7 FER LINE (ONE FOR EACH ORGANY Xy
FRINT » XSEFERATED ERY COMMAS.X

FRINT»
FRINT
FEREINT

"FRINTXNEXT 3 LINES ARE DIRECT GAMMA DOSE CONVERSION FACTORSX

FRINT»#OGNLY ONE NUMBRER FOR WHOLE BODY REGUIRED IN EACH CASE.X
FRINT» X (SAME DCF IS USED FOR ALL OTHER ORGANS.)X

FRINT » % LINE 42DCF3’S* DIRECT GAMMA(VOLUME) MREM/YR FER =CI/M™.

FRINT % LINE SIDCFA'S~ DIRECT GAMMA(AREA) MREM/YR FER =CI/M70:
FRINT ¥ LINE 6 DCFS5/8- DIRECT GAMMACAIR) MREM/YR FER =CI/M70
FRINT ok * & PRINT»% - ¥ ¢ FRINT»¥ X v
FRINT,»®xTYFE ‘STOF’ FOR NUCLIDE TO TERMINATE FROGRAM¥
FRINT»% . % % FRINT»X X $ FRINT»X %

FRINT #HUCLIDE %o ' »

READ H00sNUKE

C D0 S0 I=1s39.

IFNURE CEQ.NNUCC(IY))Y GO TO S5
CONTINUE .
FRINT 0 NUCLLINE OF THAT NAME FOUNDxX
GO TO :
NUC=T

FRINT 2 INTERACTIVE INFUTXy $ READYIQ
IF{IG.EQ.0) GO TO &0

INFL753 Ny

(NUCyJy1) s Jd=157)

27853 XKy

(NUC s e 2) o d=197)

CF3: ¥o»
NUG 1930
1CFAas %y
TIFCNUGC Y17 4)
FRINT»#0OCFS53 Xy
FREAD INUC 195D
DO &5 =345

D0 65 J=247

FPRINT
READ s (1L
FRINT .
FEATI Q0
FRIMNT
l\[‘ﬁl'" .

G NCF RISy T2 I)=0CF (NUCs 15 1)

C8=1. % A=l. $ W=1,

Pl

CE=G/1 # CHV=5

Ca=A

Ch=l % CWE=CWRO, 001

FLOMUCIRFE % F2sF L(NUC Y KF3XFANUC) £ 545 kFS
; IRFIRE S CHUC) KF7

2HE3 3 FTR=RT/F1(NUC)

B-26



IHIMETRY

1190
1206
240

LAF0
L 440
A AD0

14G0

LA
Lago
1490
AHOU
1510

\-.'

VDA

1540

“TOF .

R

My G

o

100

200

500
4H00
610
&0
630

29y

FROGRAN _ ' F

g
oy}

14.30.40,

AOMUG P RIST L L
AP NG R L3R

]

$ NE=8a400 ., %REXV/51
L =PRI A8 '

Do ”(!"‘ | » €

oo 200 [le w7

M=pFCl) % al=D, -

Nno 100 J=i«iM

IFP=TS0CNCIy I .

GO TO (1y2v3500 5069798291009 IF

AL=A1408XFTHOCF (RUCy I102 1)

AL=A1+C8VXNCF (NUC, T0y 3)

Al=A1+ {CWAWLYFTH(W2/7CY)RPTEYHCUPXFTYRDCF (NUC IO 1)
ALl=ALFCWRPXFLI2NXDCF (NUC»I0- 1)

AL=0l+CAXDLKF LAX(F 1 AR (F15%DCF (NUCy 10v2)+IICF(NUC. T0:5))+
BOF(RUGCy IOy 43

ﬁll=:f~ill+()ﬁ*ﬂ].*|— LOKF1IAR(FISXDCF (NUCy I0274DCF(NUC 10530+
DCFINUC s IOy A) 3O 242 _

Al=f/l+Cadkd ['“"F" iUJE‘v IOe S HFLIXNCF(NUC IO 200 4+
CAXCULEPTHCURA DY IRFAPFTRYXDCF (NUCy IO 1) %, 242
Al=m14+0AX(DOF \.I!Ulu IO S HFLORNCFINUCTO» 223+
CANRDLAPTHAR2/CYIRFRPTEYXDCF {NUC 10 1) i
ALl=A1+CAaX{0CF(HMUCy 10 SYHFISANCFINUC» TO2))

G1=AL+CHEW L RF LAY (F LAKFISKOCE (HUC» TO 2 +DCF (NUCy IO 520 4
LGCF(NUC, 1043

CONTIMUE :

DOSECT» T =ainl JE2+12

CONTINUE

FRINT &S00 NNUD{NUG)

FRIMNT. 510 (OROBANCIY ».d=17)

FRINT A20« 80N T v (NOSECT sy s =l o)y Il 8)

FRINT &30 '

GO T 140

FORMATIAL10)

FORMAT (//76NUCLTIDES EH10/)

FORMATLOZ 70100

FORMATALG 7EL0.3)

FORMATC/22)

ST

ENII

B-27

B G

#

GO
G0
GO
G0
GO
GO
50

G0
GO

TO
TO
T0
TO
TO
TO
T0

TO
T0

100
100
100
100
100
100
100

100
100



REFERENCES FOR APPENDIX B

1.

10.

International Commission on Radiological Protection (ICRP),
"Report of Committee II on Permissible Dose From Internal Radia-

~ tion," ICRP Publication 2, 1959.

Hoene, G.R. and J.K. Soldat, "Age-Specific Radiation Dose Com-
mitment Factors for a One-Year Chronic Intake." Battelle Pacific
Northwest Laboratory, U.S. NRC Report NUREG-0172, (1977).

U.S.Nuclear Regulatory Commission, Office of Standards Deve-
lopment. Regulatory Guide 1.109. "Calculation of Annual Doses
to Man from Routine Releases of Reactor Effluents for the Purpose
of Evaluating Compliance with 10 CFR Part 50, Appendix I."
Revision 1, October, 1977.

"Task Group on LUng Dynamics for Cbmmittee II of the Interna-
tional Commission on Radiological Protection,” Health Physics

12, 173, 1966.

International Commission on Radio]bgica] Protection (ICRP),
"The. Metabolism of Compounds of Plutonium and Other Actinides,"
ICRP Publication 19, Pergamon Press, Oxford, 1972.

Houston, J.R., D.L. Strenge, and E.C. Watson, “DACRIN - A Com-
puter Program for Calculating Organ Dose From Acute or Chronic

.Radionuclide Inhalation," Battelle Memorial Institute Pacific

Northwest Laboratories Report, BNWL-B-389, December 1974.

International Commission on Radiological Protection (ICRP).
"Recommendations of the ICRP," Revised 1962, ICRP Publication 6,
1962, and ICRP Publication 26, 1978.

Violleque, P.G., "AERIN, A Code for the Acute Aerosol Inhalation
Exposure Calculations," Health Physics, 19, 427, 1970.

Killough, G.G., D.E. Dunning, Jr., S.R. Bernard, J.C. Pleasant,
"Estimates of Internal Dose Equivalent to 22 Target Organs for
Radionuclides Occurring in Routine Releases from Nuclear Fuel-
Cycle Facilities, Volume I," Prepared for U.S.Nuclear Regulatory
Commission by Oak Ridge National Laboratory, NUREG/CR-0150

.. {ORNL/NUREG/TM-190), June 1978.

Dunning, Jr., D.E., S.R. Bernard, P.J. Walsh, G.G. Killough, J.C.
Pleasant, "Estimates of Internal Dose Equivalent to 22 Target
Organs for Radionuclides Occurring in Routine Releases from
Nuclear Fuel-Cycle Facilities, Volume II," Prepared for U.S.
Nuclear Regulatory Commission by Oak Ridge National Laboratory,
NUREG/CR-0150 (ORNL/NUREG/TM-190), October 1979.

B-28 -



11.

12.

13.

14.

15.

- 16.

17.

18.

19.

20.

21.

Adams, N., B.W. Hunt, and J.A. Reissland, "Annual Limits of
Intake of Radionuclides for Workers," National Radiation Protec-
tion Board Report, NRPB-R82, October 1978.

International Commission-on Radiological Protection (ICRP),
"Limits for Intakes of Radionuclides by Workers, Part 1," ICRP
Publication 30, July 1978. _

u.S. Ndc]eaf Regulatory Commissioﬁ;'>“heactor Safety Study: An
Assessment of Accident Risks in U.S." Commercial Nuclear Power
Plants," WASH-1400 -(NUREG-75/014), October 1975.

Healy, J.W., and J.C. Rodgers, "Limits for the Department of
Energy Transuranic Wastes," Los Alamos Scientific Laboratory,
LA-UR-79-100, January 1979.

Beck, H. and G. de Planque, "The Radiation Field In Air Due to
Distributed Gamma Ray Sources in the Ground," U.S. Atomic Energy
Commission, Health and Safety Laboratory Report No. HASL-195,

- 1968.

Kocher, D.C., "Dose-Rate Conversion Factors for External Exposure
to Photon and Electron Radiation from Radionuclides Occurring in
Routine Releases from Nuclear Fuel Cycle Facilities," Prepared
for U.S. Nuclear Regulatory Commission by Oak Ridge National
Laboratory, NUREG/CR-0494, 1979.

Denham, D. H. et.al., "Radiological Evaluation for Advanced
Waste Management Studies," Battelle Pacific Northwest Labora-
tories Report No. BNWL-1764, 1973.

u.s. Nuclear Regulatory Commission, Office of Standards Deve-
lopment, "A Methodology for Calculating Residual Radioactivity
Levels Following Decommissioning," NUREG-0707, October 1980.

International Commission on Radiological Protection (ICRP),
"Report of the Task Group on Reference Man," ICRP Publication 23,
1974. -

U.S. Nuclear Regulatory Commission, Office of Standards Deve-
lopment. Draft Regulatory Guide 1.109. "Calculation of Annual
Doses to Man from Routine Releases of Reactor Effluents for the
Purpose of Evaluating Compliance with 10 CFR Part 50, Appendix
I." March 1976. .. _

U.S. Nuclear Regulatory Commission, Office of Standards Deve-
Topment, "Calculational Models for Estimating Radiation Doses to
Man from Airborne Radicactive Materials Resulting from Uranium
Milling Operations," Task RH 802-4, For Comment, May 1979.

B-29



22.

23.

24.

25.

26.

Moore, R.E., et.al. “AIRDOS EPA: A Computerized Methodology for
Est1mat1ng Env1ronmenta] Concentrations and Dose to Man from
Airborne Releases of Radionuclides," EPA 520/1-79-009, December
1979

Greenhouse, N.A. and E.T. Lessard, "“A Dosimetric Analysis of
Pathways to Man From the Environmental Release of Low Level
Radioactive Wastes," Prepared for Dames & Moore by Occupational
and Environmental Hea]th Analysts, Inc., 1980.

Ng, Y.C., et.al., "Prediction of the Maximum Dosage to Man From
the Fallout of Nuc]ear Devices, Part IV., Handbook for Estimating
the Maximum Internal Dose From Rad1onuc11des Released to the

Biosphere." University of California, Lawrence Livermore Labora-

tory Report No. UCRL-50163 Part 1V, (1968).

Ng, Y.C., et.al., "Transfer Coefficients for the Prediction of
the Dose to Man via the Forage-Cow-Milk Pathway from Radionuc-
lides Released to the Biosphere.” University of California,
Lawrence Livermore Laboratory Report No. UCRL-51939.

Napier, B.A., et.al., "PABLM-A Computer Program to Calculate
Accumulated Radiation Doses From Radionuclides in the Envi-
ronment." Battelle Pacific Northwest Laboratory Report No.
PNL-3209/UC-70, (1980).

B-30



APPENDIX C

REFERENCE DISPOSAL LOCATIONS






TABLE OF CONTENTS

Section

C.1 Regional Site Descriptions . « « o« ¢ ¢ o o o & 's
C.1.1 Norheastern Site « « « ¢« ¢ o ¢ ¢ ¢ ¢ ¢ ¢ & &
C.1.2 Southeastern Site . « ¢« ¢« ¢« ¢ ¢ ¢ o o ¢ & &
‘C.1.3 Midwestern Site . ¢« ¢ ¢ ¢« . « . . e s e o e
C.1.4 SOULhwestern Site o o« « o o« o o o o o o o »

C.1.5 Summary of Regional Environmental Parameters .

C.2 Reference Disposal Facility Design and Operation
C.2.1 Basic Design . . . e e e ee e e e
C.2.2 Support Facilities and Structures . . . ..
C.2.3 Site Operations . ¢« ¢ ¢ ¢ ¢« o s « « .« e s e

LIST OF TABLES

Table

Page
c-1

c-17
c-35
C-48
C-62
C-66

- C-66

C-71
C-74

Page

C-1 Population Distributions at Regional Locations . . . . . . . C-64
e o e o o o C-65
s e o o » C"'78

C-2 Environmental Parameters for Regional Locations
C-3 Reference Facility Operational Monitoring Program



LIST OF FIGURES

Figure

U.S. NRC Inspection and Enforcement Regions . . . .
Northeastern Site Topographic Map . ¢« « « v ¢ o o &
Geologic Profile of the Northeastern Site . . . . .
Flow Recurrance Intervals for the Northeastern Site
Precipitation Event Recurrance Intervals

- for the Northeastern Site . .. . . . ¢ . . .« ..
Temperature Characteristics of the Northeastern Site
Wind Rose Diagram for the Northeastern Site . . . .
Southeastern Site Topographic Map . « « ¢« &« o ¢ o &
Geologic Profile of the Southeastern Site . . . ..

0 Flow Recurrance Intervals for the East Basin

of the Southeastern Site . « « . v v ¢« ¢ ¢ o ¢ o o &
Flow Recurrance Intervals for the West Basin. ‘
of the Southeastern Site . . . . ¢« ¢ ¢« ¢ ¢ ¢ o ¢ &« &
Precipitation Event Recurrance Intervals

for the Southeastern Site . . . . . ¢ v ¢ o ¢ o & &
Temperature Characteristics of the Southeastern Site
-Wind Rose Diagram for the Southeastern Site . . . .

Miawestern Site Topographic Map . . « « « o« & « + &
Geologic Profile of the Midwestern Site . . . . . .
Flow Recurrance Intervals for the Midwestern Site .
Precipitation Event Recurrance Intervals

for the Midwestern Site . . ¢« ¢ ¢ v ¢ ¢ o o ¢ « o &
Wind Rose Diagram for the Midwestern Site . . . . .

Southwestern Site Topographic Map . . . . . . . . .
Geologic Profile of the Southwestern Site . . . ..
Flow Recurrance Intervals for the Southwestern Site
3 Precipitation Etvent Recurrance Intervals

for the Southwestern Site . . . ¢« ¢ ¢« v ¢ ¢ ¢ ¢ o &
Temperature Characteristics of the Southwestern Site
> Wind Rose Diagram for the Southwestern Site . . . .

» Reference Disposal Site Layout « o v o o v o o & & &

Support Facilities o« ¢ v v ¢ o ¢« o ¢ o & o o o o o o
Typical Trench Details ¢ v v ¢« ¢ ¢ ¢ ¢ ¢ o o o o « @

ii

1
NN N
X ~NO

rf
& W W
[anlY =l <]

[ X w] OO0 OO0



APPENDIX C : Reference Disposal Locations

This appendix presents the environmental characteristics of four
hypothetical regional disposal facility sites as well as the general
disposal facility design for these sites. As shown in Figure C.1, the
conterminous U.S. has been divided into four regions with boundaries
based on those for U.S. NRC Regions. These waste generating regions
will be referred to in this appendix as the northeast (Region 1),
southeast (Region II), midwest (Region III), and western regions
(Regions IV plus V). Each of these regions are projected to generate
upto one million m3 of LLW between the years 1980 and 2000.(1)

Within each region a hypothetical disposal facility is assumed to be
located at a site having characteristics which are consistent with:
(a) the basic disposal facility siting considerations presented in
reference 2 and (b) the.generic environmental characteristics within
that geographic region. These regional sites are described in Section
C.1. A description of the disposal facilities assumed to be situated
at each of these sites are presented in Section C.2. Finally, the
various environmental parameters associated with the regional sites
are summarized in Section C.3.

C.1 Regional Site Descriptions

This section provides a brief description of four hypothetical re-
gional sites: a northeastern site, a southeastern site (which is taken
to be the reference disposal facility site discussed in the main body
of the report), a midwestern site, and a southwestern site. The
regional site descriptions are meant to be typical of environmental
characteristics of the regions (not necessarily the "best" site that
could be located within a region) and have been developed from a
number of sources. Thus the regional site descriptions should not be
interpreted as representing any existing or possibly planned disposal
faqi]ity, or any specific location within the regions.
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C.1.1 Northeastern Site

- The Northeastern facility site is assumed to be located” within the .
Appalachian Upland portion of the Appalachian Plateau physiographic
province. A general topographic map of the site is presented in
Figure C.2. ' - '

The area has been rewqued-by erosional and depositional forces
associated with g]aciaT and post-glacial activities. The disposa]_A
facility site is on an upland area, having an average elevation of
about 555 m (1820 ft) above mean sea level (msl), and slopes to the
south at a rate of about 3%. The drainage from the site flows into
the headwaters of Point Creek.

- Geology

Throughout most of the Appalachian upland, the bedrock is underlain by
-unconsol idated deposits of glacial origin. The thickness of these
units is generally greater in the lowlands and valleys, gradually
thinning out over the upland regions. The material properties of the
deposits are highly variable.

The. site is underlain by approximately 9 to 23 m (30 to 75 ft) of
compact glacial till frequently referred to as hardpan. Thin and
discontinuous interbedded layers of sand and gravel are observed
Tocally in the area. Coarser-grained sediments are principally found
in valleys and lowlands, ‘and are associated with stream channels.

Underlying the glacial mantle are flat lying rocks of upper Devonian
Age be1onging to the Schaffer Group. These roéks consist of marine,
'black, and gray shales and siltstones, with some thin sandstone
layers. The regional dip of the strata is to the south-southwest at a
rate of about 2%. A westnorthwest-eastsoutheast geologic profile of
the site area is shown on Figuré C.3.
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The northeast site falls within one of the more tectonically stable
regions of the northeast. The site location has. been estimated to
have a peak horizontal ground acceleration of 0.04 g, with a recur-
rance interval of more than 500 years. Based on available data, no
capable faults are known to underlie the site or lie within 5 miles
of the site. . |

Soils

The site area is covered by silty loams with an underlying brittle,
dense fragipan. The predominant soil types belong to the Brickton,
Warren, Chitta and Highland series. .The parent material consists of
acidic, low-lime-content, dense glacial till.

The site has slopes ranging from nearly level to moderately rolling
grades, and the runoff potentials are correspondingly variable. The
soils are deep and generally poorly drained. Permeabilities for the
uppermost foot of soils are moderate, ranging from 15 to 50 mm.per
hour (0.6 to 2 inches per hour). However, the dense silty fragipan
subsoil is of considerable thickness and is highly impervious, afford-
ing low permeabilities ranging between less than 1.5 to 5 mm (0.06
and 0.2 inches) per hour.

The soil is strongly acidic, especially in the topsoil layer. The
plentiful root material in the upper layers contribute to the rela-
- tively high organic matter composition. In general, available nit-
rogen is high, with a moderate phosphorus and potassium dontent. The
lTow lime content of the glacial till might indicate a correspondingly
low calcium content.

Ground Water B )i

The ground water generally occurs where the bedrock and glacial till
meet. The depth to ground water at the site averages about 12 meters
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(39 ft). The amount of groundwater available in -the Tocal upland area
in which the site is located is largely limited to that which reaches
the zone of saturation from precipitation falling upgradient of the
site. This recharge quantity is small because of the Tow permeability
of the till, and the heavily vegetated nature of the land surface
which ~acts to hold water in the surficial organic matter affording
greater loss via evapotranspiration. Recharge in these areas is
limited, ranging from 5 to 50 mm (0.2 to 2 inchés) per year.

Groundwater occurrence in the bedrock is limited to secondary openings
along fracture zones and bedding planes. Generally, the fine-grained
character associated with the shales and siltstones inhibits water v
movement. Rocks of this type typically have an upper permeability
of about 4.72x1077 to 4.72x107> cm/sec (0.01 to 1.0 gallons/day/ft® -
gpd/ftz). ~Movement in the intergranular pore spaces of the sandstone
layers will be somewhat greater.

Groundwater flow is to the south, following the local topography, and
enters the unconsolidated deposits at erosional interfaces. As
stated previously, till is not a good water—bearfng unit. The permea-
bility of this material is on the order of 4.72x10°C to 4.72x10™°
cm/sec (0.001 to 0.0001 gpd/ftz). Where coarse-grained deposits are
encountered, the permeability increases considerably, with values
rangihg from 4.'72x10—2 to'4,72 cm/sec (1,000 to 10,000 gpd/ftz). Most
of the recharge enterfng at the site follows the hydraulic gradient to
the south and is discharged as base flow into the headwaters of Point
Creek which is about 1000 m (3280 ft) away. '

Groundwater usage . in this rural setting is very low. Pumpage is
limited to widely scattered wells serving ‘as domestic supplies to
local homes and farmsteads. Most of these rural supplies are obtained
from bedrock wells, 30 to 61 m (100 to 200 ft) in depth, although some
of the water comes from seepage from the overlying deposits around the
well casings. The average yields range between 23 to 30 liters per
minute (6 to 10 gpm).
c-7



The quality of ground water in the unconsolidated deposits and upper
shale units is generally good. Occasional samples collected in
the upper shales were found to be high in total dissolved solids
and hardness; however, average values are relatively low. Water in
the unconsolidated deposits tends to reflect the influence of the
underlying bedrock. In general, water from the deep gravel deposits
is high in iron, and water from shallow gravel déposits is very
hard.

Surface Water

‘The site is located in the once glaciated region of the Brokill
Mountains. The rolling terrain is typical of the region, the result
of glécia] scour and fill. The drainage basin in which the site is
located covers 7.36 kmz, with a coarse drainage density of 0.5 (dimen-
sionless). Total stream length above the site is 2286 m (7500 ft).

 The site vicinity is generally sloping to the south with total vege-
tative cover. The surface soils and vegetation allow for considerable
retention of precipitation; only 20"t0 30 percent of precipitation
becomes surface runoff. A strong correlation exists between stream
discharge and precipitation in the basin. Mean annual discharge at
the outlet of the basin is 0.99 m3/s (35 cfs), but a wide variation
in flow occurs throughout the year. Analysis-of the unit hydrograph
indicates that while peak discharge in the stream occurs within 30
minutes of rainfall commencement, receséion of the flow takes up to 30
hours. This variation is likely due to the base flow sustained by and

fair weather runoff derived from groundwater. .

Saturation of the lower basin area occurs during high 1ﬁ%ensity pre-
cipitation events, causing return flow. The maximum discharge of a
500 year flow is estimated to be on the order of 368 m3/s. The
floodway of such a flow is delineated on Figure C-2. As can be seen,
the site is located well above the floodway. '
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Development of the site will tend to reduce the infiltration area of
the basin, reduce the time to peak discharge and increase the flood
stage of the stream. Facility operations such as placement of imper-
vious cover materialsv‘and"élearing of vegetation are expected to
increase the runoff by approximately 60% by the time the facility is
closed. This increased runoff, however, will not result in increased
potential for site flooding. Flow recurrance intervals for the
location are shown in Figure C.4.

Meteoro]ng B

The climate in the area of the northeastern site is classified as -
humid continental, characterized by wide variations in seasonal
precipitation and temperature. Moisture sources for precipitation
are obtainea from the southerly flow of Gulf air during the summer,
cyclones that originate in the Great Lakes, and Atlantic coast sys-
tems. Precipitation is uniformly distributed over the year with the
greatest average monthly amounts occuring during April through Sep-
tember in the form of thunder showers. The average annual precipi-
tation is approximately 1034 mm (41 in). Precipitation event recur-
rance intervals for the location are shown in Figure C.5.

The area is characterized by distinct seasonal temperature varia-
tions. Winters are predominantly cold with maximum temperatures
ranging from 0 to 20°C (32 to 68°F), and nightime minimums of from
-9 to -7°C (15 to 20°F). The temperatdres are generally mild during
June through August and maximum temperatures average from 24 to 26°C
(75 to 79°F). The mean annual temperature for the area is 8°C (46°F).
Mean monthly temperatures, and the average of the monthly maximum and
minimum temperatures in the vicinity are shown in Figure C.6.

The prevéi]ing wind direction is southerly from May through November
and westerly during the winter and early spring. The average wind

speeds. during these periods are 15.6 and 17.8 km/hr (8.4 and 9.6
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knots), respectively. The average annual windspeed near the site is
16.6 km/hr (10.3 mph), and occurs from. the west-southwest direction.
The wind rose diagram for the site is shown in Figure C.7.

Thunderstorms occur on an average of about 30 days per year and are
more vigorous during the warm season. Tornados are not common but may
occur between .late May and late August. Freezing rain storms gene-
rally occur on one or more occasions during the winter but are of
short duration. Since the area is characterized by frequent storm
passages, particularly from late fall to early spring, relatively low
frequencies of nocturnal solar radiation occur. Northwest winds
blowing over the western slopes of the nearby mountains during winter
also enhance the instability of the area climate. Inversions based
below 152 m (500 ft) above the surface may be expected to occur 20 to
30 percent of the time in any season. As a result, mixing heights and
wind speeds have less variations.

Terrestrial Ecology

The site is located within the Appalachian Highland Division of the
Hemlock-White Pine-Northern Hardwoods Region. The region is charac-
térized by pronounced alternating presence of decidious, coniferous,
and mixed forest communities. Approximately half of the county in
which the site is located is currently used for agriculture, with much
of the remaining area covered by secondary forest growth. Public use
areas within a 40 km radius of the site include the Crolia Wildlife
Management Area located 2.7 km north, the Crown Lake State Park
1ocated 9.7 km south, the Frog Pond State Park located 29 km east, and
the Severn Fish Hatchery located 6.4 km northwest.

The disposal facility site itself is forested. The dominant species
are sugar maple, American beech, yellow birch, hemlock and white pine.
The immediate vicinity of facility is-also forested to a great extent,
continuous with the woodlands found onsite.
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No state or federally declared rare or endangered species are known
to occur ohsite. Avvakiety 6f'hamma1 Qpecies are found onsite. The
most'abUhdant are small mammals such as the white footed mouse, short-
tai]éd shrew, woodland jumping mice, and meadow mole. Common medium
sized mammals are woodchuck, opossum, and gray squirrel. White-tailed

deer are also abundant in this area.

Most Mammals utilizing the site, with the exception of woodchucks,
are not burrowing species. These mammals dig tunnels which average
1.2 tb 1.5 meters (4 to 5 ft) deep, and 7.6 to 9.2 meters (25 to 30
ft) long. Home ranges of the common mammals vary depending upon the
availability of food.

A moderate number of reptiles have been observed or are expected to:
- occur within the deciduous woodlands. Reptiles found include the
eastern garter snake and the snapping turtle, the latter being essen-
tially restricted to éreés immediately adjacent to water. Other
reptiles observed include the spotted salamander, the wood frog, and
the American toad.

Aquatic Ecology

The aquatic environment near the site is limited to Point Creek (2 mi
from the site to the east) and its tributary, Boyle Creek (1 mi from
the site to the south). Point Creek leads into the Sprite River at a
point 37 km (23 mi) downstream, which then drains into the Wilder
River, 27 km (17 mi) further south. Both Point Creek and Boyle Creek
are considered Class C waters;_best suited for recreational fishing.
Point Creek and its tributaries are shallow, rocky bottom streams.
The major primary producers of these waters consist of several genera
of diatoms, green and blue-green algae. The most common phytoplankton
éfe Tubellaria, Frégi]]aria, Asterionella, and Cyclotella. The flow
of these stfeams somewhat limits the abundance of macroflora. Forty-
'seyen fish species arerkn6wn'to occur within the county in the Wilder
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River watershed. Most of these species are expected in Point and
Boyle Creeks. Point and Boyle Creeks are also stocked with rainbow

trout, and tiger muskellunge.
Land Use

The site, which is forested, is located in a rural land area. The
general region iﬁ'ﬁhiéh'thensite is -located is comprised mostly of
forested land and active or inactive farmland. There are no farm
dwellings or other residences lTocated onsite. The site is not suited
for any unique uses, but the soils are considered to be suitable for
farming. There is no sighificant mineral resource development within
10 km of the facility. County plans for the site, which is not in a
visually Sensitive area, and surrounding land (2 to 7 km) include
reforestation and compatible uses. '

There are no known mineral résources of economical consequences within
the vicinity of the site. Recovery operations in the area are limited
to a small bedrock quarry located one mile to the north, and a sand .
and gréve] quarry, located one mile to the east . No oil and gas -
reserves of economically recoverable quantities are known to exist in
the area. '

Other Parameters

Several other parameters are utilized in the impact analysis. These
are estimated to be the following. The precipitation-evaporation (PE)
index of the vicinity is equal to 136. The average cafion exchange
capacity of. the subsurface media is about 20 milliequivalents per
100 grams (meq/100 gj. The average siit content of the site soils is
65 percent. The vertical water travel time from the bottom of the
trenches to the saturated zone is 50 years. The horizontal saturated
zone travel times from the edge of the vertical projection onto the
saturated zone of the disposal cell closest to the discharge locations
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are as follows: to the restricted area fence, 150 years (30 m), to the
closest d#inking water well, 2,450 years (500 m), and to the nearest
surface water discharge location, 5,000 years (1000 m).

C.1.2 Southeastern Site

“The southeastern site is assumed to be located within the Liptone
Up]ahd.segment of the Atlantic Coastal Plain physiographic Province
at elevations ranging from 120 and 122 m (394 and 400 ft) above mean
sea level (ms1). A general topographic map of the site is shown in

Figure C.8.

The site vicinity is characterized by gently rolling hills with broad
summits, and by relatively flat-lying fields bordered by somewhat
broad drainage depressions. Bordering the site area to'the north is
the wide, flat lying topography of the Longville Plateau. In genera1,
natural surface drainage at the site is good. As a result of the Tow
topographic relief at the site, the probability of mass wasting and
other. significant erosional events is low. The local drainage system
is dendritic with a typical perennial stream spacing of 1000 to 2000 m

or more.

Geology

The geologic profile of the site is provided in Figure C.9. The site
is underlain by 22 to 24 m of colTuvium. 'Underlying.the colluvium is
a cherty limestone (Winston Road) member of the lower Stablehead
Formation; The limestone has an average permeability of approximately
1072 cm/sec and forms the basal portion of the unconfined aquifer.
Solution features in the limestone are minor and are not of the type
which would result in sinkhole development. Underlying the Stablehead
are Seymour and Wrigley Clayt members of the Brittle Limb Formation.
The Seymour member is a typica]]y well-bedded, fine to coarse grained,
calcareous sand with clay lithofacies occurring as beds or 1en$es.
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fhe uppérmost portion of the Seymour in the site area consists of
several thin 1limestone layers underlain by a clay layer. The Wrigley
member consists chiefly of a calcareous, marine clay. The total
thickness of the Brittle Limb Formation in the site area is about 45
meters. The clayey basal member of the Brittle Limb Formation serves
as an aquiclude to deeper aquifers.

The disposal facility site is Tocated within a general area having
a peak horizontal ground acceleration of approximately 0.11 g, with
a recurrence interval of more than 500 years. Structural features
associated within the area are geologically old and no capable faults
have been identified in the general vicinity of the site. The pro-
babi]ity of significant ground displacement at the site s quite Tow.

Soils

The soils covering the reference disposai.facﬂity site are predomi-.
nantly sandyToam and loamy sand. In engineering terms, these soils
may be described as medium-densé silty _sahds and cTayey sands. The
surficial soils generally consist of 0 to 8 cm (0 to 3.2 in) of
topsoil mixed with silty sand. .

This surficial soil layer is underlain by 10 to 12 m of sandy clay
from the Schwinn Formation. This sandy clay layer has an average
permeability of about 5 x 10"6 cm/sec. Underlying this layer of
sandy clay are unconsolidated and semiconsolidated sediments of the
Eocene age Stablehead Formation. This sedimentary layer generally
consists of fine to coarse sands whi@:h are locally partially cemented
with occasional thin lenses of silt present. This sandy layer from
the Stablehead Formation is approximately 12 to 14 m (39 to 46 ft)
‘thick. The average perméabﬂity of this horizon is 1 x 10'4 cm/sec.

In general, under natural “conditionst’_che n.utrient levels and organic
matter content of all of the soil types occurring onsite are low.
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Fertilization practicés may raise these levels to a more moderate
level. The pH is strongly acidic with values generally ranging from
4.8 to 5.2. The cation exchange capacity of the .soils will also be
low due to the small clay content over most of the site, and the
kaolinitic character of -the minerals. '

Groundwater

The depth to ground water fom the original ground surface at the site
ranges from 12 to 17 m (40 to 55 ft). The aquifer is unconfined and
is generally a subdued replica of the local topography. Well yields
in the unéonfined aquifer are typically in the range of 1-10 gallons
per minute. Larger capacity uses are satisfied by deeper wells into

 the confined aquifer.

The groundwater quality is fair (it meets the National Pfimary Drink-
ing Water Standards), however, the local consumptive use of water for
potable purposes is low and consists of 6 domestic wells within 5 km
(3.2 mi) and 60 wells used for farming and livestock. The closest
downgradient well is located 1.4 miles from the site.

Recharge to the local groundwater system primari]y results from
infiltration of precipitation. The closest major withdrawal location
is 36 km (22.5 mi) to the northeast where water is pumped from the
Tower confinéd aquifer for a municipal drinking water supply.

Surface Water

The nearest perennial stream to the site is Millers Creek which is
located approximately 1000 m (3300 ft) to the southeast of the site
(Figure C.8). This is the nearest point of groundwater discharge, at
an approximate elevation of 295 ft above mean sea level. The other
major stream in close proximity to the site is the Signal Branch of
Basie Creek which is located approximately 2000 m (6600 ft) north of
the site.
C-21



Millers Creek Discharges into the Parker River which ultimately
empties into the Atlantic Ocean by Way of Feather Bay. The Signal
Branch has an average discharge of 0.028 m3/s'ec (1 cfs - cubic feet
per second); this stream drains into the Basie Creek and the Turner
River, which eventually drains into the Pepper River and ultimately

into the Atlantic Ocean.

Storm recurrence analysis for storms of variable durations indicate
~that a 24 hour storm event with a 88.9 mm (3.5 in) total precipitation
will occur once a year. The 500 year storm will yield between 96.5
and 45.7 mm (3.8 and.1.8 in) of precipitation depending on the dura-
tion of the storm. The site is located on a topographic high, and
rainwater falling in the vcicinity of the site flows into one of two
drainage basins: an eastern basin and a western basin. Flow recur-
rance intervals for the east and west drainage basins of the site are
“shown in Figures C.10 and C.11, respectively.

The soil, vegetation, and slope conditions -on the site allow for
60 to 85 percent of precipitation to be lost by evaporation, rain-
splash, _surface runoff, or return flow in saturated areas. Dis-
charge ‘measurements from both basin- outlets indicate mean average
discharges of 73 cubic meters per second (26 cfs) for the. eastern
basin and 2.1 cubic meters per second (74 cfs) for the western drain-
age area. Due to the limited extent' of the basins, a direct corrol-
- lary between precipitation intensif:y and peak str;eam flow  exists.
Peak runoff for the eastern basin is expected to occur between 55 and
68 minutes after pr'ecipitation begins; and for the western basin,
between 150 and 172 minutes. The extent of the projected 500 year
flood is shown in Figure C-8. |

The area of the site is classified as a humid subtropical climatic
regime. The annual precipitation at the site over the past twenty
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years has been 1168 mm (46 in), with an annual range of 838 to 1473 mm
(33 to 58 in). ' :

High intensity storms can result from the remnants of inland travel
of hurricanes and tropical storms.  The maximum 24-hour rainfall
recorded at the site-over the last twenty years is 152 mm (6 in).
Snowfall is generally observed during the months of January and
February. Precipitation event recurrance intervals for the site are
shown in Figure C.12.

The site area experiences four distinct seasons. Winters are short
~and relatively mild with average temperatures of 9°C (49°F). Summers
are characteristically warm, averaging 24°C (76°F) and 27°C (80°F),
while the spring and fall periods are relatively mild. The average
annual temperature for the site area vicinity is 18°C (65°F), with the
maximum occuring in July and August. The relatively mild temperature
variation observed at the site suggests that large-scale desiccation
and frost heaving of trench caps are not likely to occur. The tempe-
rature charactekistics of the site are shown in Figure C.13.

The prevailing wind direction is south-southeasterly at an average
windspeed of 13 km/hr (7.0 knots). The wind rose diagram for the site
is»presented in Figure C.14. The average humidity at the site is 78%
with an average low of 68% usually occurring in January and an average
high of 88% usually occurring in August.

Tornado activity within the immediate area of the site proper is
moderate with an estimated occurrance of one tornado every 500 years.
Within 50 km. (31 mi) of the site, the occurrance frequency of torna-
does is on the order of once every fifty years.

The air quality at the site is quite good with concentrations of all
major pollutants below USEPA standards. The good air quality is

largely due to a lack of point sources of pollution near the site.
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The only major point source of airborne po]lutant§ is a coal fired
electrical generating station located 43 km (27 mi) to the northeast
of the site. Farming activity on land adjacent to the site is also é
source of air pollutants. Air quality at the reference disposal
facility is summarized below.

v Concentration USEPA
Pollutant | | (mg/m3) , ‘Standard
Suspended particulates

24-hour average 90 150

annual average 45 60
S0, (annual average) ' 20 60
NO, (annual average) 28 , 100
Hydrocarbons _

3-hour average 70 : 160

annual average 68 ... » -

Terrestrial Ecology

 Much of the general afea of the site is composed of undeveloped
woodland which is dominated by longleaf pine and turkey oak. The
herbaceous layer is mostly turkey oak $aplings, but bluejack, post
oak, and longleaf pine are also important. In addition to the
pine-upland hardwoods found near the site, there are two other forest
communities: bottomland hardwoods bording the eastern portion of the
site along Signal Branch and bluff hardwoods along fhe steeper slopes
of Millers Creek. Watef oak, black (or sour) gum, and tupelo gum are
- the dominant overstory species-in the bottom]ands. The bluff hard-
woods are characterized by hickoky and northern red oak. Water oak,
northern red oak, ash and mulberry are the understory species.

Nestronia, a deciduous §hrub that is considered to be threatened in
the state, is expected to occur in the pine-upland hardwoods. It also

may be found in the transition zone be;ween these woods and the
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~may be found in the transition zone between these woods and the
bottomlands found closer to Signal Breneh. While the bald eagle and
red-cockaded woodpecker may also be found in the county in which the
" site is located, they are_not expected onsite or within 5 km of the
s1te due to lack of su1tab1e habitat. No other federa]ly or state
protected spec1es are ant1c1pated to inhabit the area.

The most common mammals tound:jn the pine communities are pine mouse,
fox squirrel, and raccoon. Burrowing species that were observed are
southeastern pocket gopher and eastern mole. ~ Gopher tunnels are
generally over 30 meters (100 ft) in length and dug at a depth of 15
to 20 cm (6 to 8 in). While tunnels leading to the rest1ng chambers
of the eastern mole may be 14 cm deep, most are only 2.5 to 5 cm (1 to
2 in) deep, and may extend for over 0.5 km.

Other mammals associated with the hardwood communities of the area
include the raccoon, opossum. woodrat, flying squirrel, gray squirre1
and swamp rabbit. Bobcat and gray fox have also been observed.
Common mammals found in the old f1e1d commun1t1es, and also in the
cultivated fields are several species of mice and, cottontail rabbit,
least shrew striped skunk, raccoon and opossum. Most mammals found in
this area are not underground burrowers. |

Home ranges of most of the mammals found in the general area of the
site are relatively small: striped skunk - 4 ha (10 a); fox squirrel -
4 to 16 ha (10 to 40 a); gray squirrel - .8 and 2.8 ha (2 to 7 a);
eastern cottontail - 3 to 20 acres. Bobcat have the largest range,
~the size of which is influenced by the abundance of prey. Their
general range is 8 km (5 mi), however they may wander up to 40 km (25
mi). The gray fox may also wander over a ‘large area particularly
during the winter.

As with the mammals, the different vegetative .communities provide
habitat for several varieties of biras. Common species of the pine
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communities include the state-colored junco, brown-headed nuthatch,
pine warbler, bluejay and common crow. The golden crowned-knight,
common flicker, and pileated woodpecker are common in the hardwood
forests. Predatory birds such as red-shouldered hawk, red-tailed .
hawk, coopers hawk and barred owl are also found in moderate numbers
in these latter woodlands. These birds feed on the rodents and other
tefreStria] vertebrates found in the area. The open fields and edge
communities provide habitat for the eastern meadowlark, field sparrow,
mockingbird, robin and common grackle. Dominant raptors in these
areas are the marsh hawk and sparrow hawk. The fields é]so provide
hunting areas for the other hawks mentioned. o

The pine upland forests provide habitat for many snakes, including
the corn snake, northern pine snake, black racer and diamondback
rattlesnake. The burrow of a gopher tortoise was also observed 4.5 m
(15 ft) from the northwestern boundary of the site. The gopher
tortoise is an accomplished burrower, its tunnels may be as wide as
33 cm, and generally as long as 10 meters. Many other animals tempo-
rarily or permanently use these burrows, including numerous insects,
opossum, and diamondback rattlesnakes. The more common reptiles of
the moister hardwood communities are the dusky. salamander, cricket
frog, brown snake and eastern box turtle.

Active farming in the vicinity of the site Timits the diversity and
abundance bf the resident reptiles in these areas. Species that were
commonly found in the old field communities that may wander into the
cultivated fields include the southern toad, six lined racerunner and
eastern hognose snake. This latter species is known to burrow in
search of food. |

In general (with the exception of the upland pine areas), the biomass
of southeastern forests and fields 1is high, compared to many other
regions in the United States. Mild climate and suffiéieht rainfall "
promotes rich, stratified vegetative growth, which provides suitable
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habitat and abundant food source for many herbivores and omnivores.
Primary and upper level carnivores, in turn, rely on the abundance of

these species.

Aquatic Ecology

Primary producers of the two nearby creeks include both algae and
_macrophytes (aquatic vascular plants). Periphyton (attached algae)
are more common in the flowing waters of these streams; however,
increased turbidity or organic loading can quickly reduce thé abun-
dance and types of algae found. Eight genera of aquatic plants were
identifiued within the nearby creek waters. These plants are most
abundant in areas of reduced current flow. The plants found, in

descending order of abundance, are:

Common -Name ~ Scientific Name Relative Abundance

Water milfoil  Myriophyllum sp. Most abundant

Hornwort Ceratophyllum sp. Most abundant
Alligator weed Alternanters sp. Very abundant
Water weed Anacharis sp. Abundant

Duck potato SagittariaISp. Not Abundant
Pickerel weed Pontederia sp. Scarce
Cattail Typha sp. Scarce

No endangered of threatened plant species are expected to occur. A
significant diversity of invertebrate species are also found .in these
waters. The three most abundant groups, comprising just over 75
percent of the total .number of insects sampled, are mayflies, beetles,

and waterfleas.

Approximately 38 species of fish are known to occur in the surface
water system.. The most abundant fish are shinners, minnows, sunfish
and darter. ~ Common recreational species include largemouth bass,
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pickerel, channel catfish, black crappie, and sunfish. Two nearby
ponds are more-bopular'fiShiﬁg-areas, ﬁowever, than Millers Creek and
Signal Branch. Although several andromous species do spawn in the
rivers, no major spawning activity is noted in the above creeks. No
protected fish species have been recorded for these waters.

Land Use

Within an 80 km (50 mi) radius of the site, there are three prin-
cipé] categories -of land use: (1) woodland (about 25% of the afea)
with both private and government preserves, (2) farmland (about 55% of
the area) with an approximate 50:50 mixture of rowcrops and pasture,
and (3) developed land (about 20% of the area) occupied by light
industry and residential dwellings. The area ocupied by the site
had been used for farming in the past; however, for the last several
years the land has been uncultivated and a thick secondary growth has
grown up.

The site vicinity and surroundihg region'is primarily agricu]turé],
with little high intensity devé]opment Tocated outside of the towns
and cities. A school is located 6.4 km (4 mi) northwest of the site.
" There are no historic sites, community facilities (other than the
school), or sensitive land uses located within 8-10 km of the site,
and the site 1is not particularly suited for unique uses. In the
absence of any indications of any incentives to develop the areas
near the site for non-agricultural uses, it is assumed that agkicu]-
ture will remain the dominant land use.

Mineral resources of a recoverable nature underiying the site are
limited to sand and gravel depbsifé) While these sands are not
believed to be pure enough for glass making, they are suitable for use
as fill or construction purposes. These deposits .are widespread over
much of the southeastern bortioh of the state, and as such, do not
constitute a unique resource.
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Other Parameters

Several other paramgéérsjaré utiszed“in tﬁe impact analysis. These
are estimated to be the following. The precipitation?evaporation (PE)
index of the‘vicinity is eéua] to 91. The average cation exchange
capacity of the subsurface media is about 10 hﬁl]ﬁequiva]ents per
100 grams (meq/100 g). The average silt content of the site soils
~is 50 percent. 'Thé beftica],water tfave] time from the bottom of
the trénchés{to the saturated zone is 10 years. The horizontal
saturated zone travel times from the edge of the yerticai projection
onto saturated zone of the disposal ce]i closest to the discharge
locations are as follows: to the restricted area fence, 32 years
(30 m), to the closest drinking water well, 400 years (500 m), and to
the neareét' surface water discharge location, 800 years (1000 m).

-~

C-34



C.1.3 Midwestern Site

"Falling within the Central physiographic province, the midwestern
site rests at an average elevation of about 247 m (810 ft) above
mean sea level (ms1). ~The general topography of the site, which
is shown in- Figure C.15, is that of a well diSsected plain which is
“-virtually encircled -by various branches of the West Fork of Finley
Creek. The regional topographic surface undergoes only small changes
in relief. ' ’ '

‘Geology

A considerable thickness (about 35 m or 115 ft) of unconsolidated
déﬁbsits underlies the site. Most of this is composed of a rather
impermeable glacial till consisting predominantly of pebb]y and sandy
clay and silt, and gumbotil. Gumbotil is a clay-rich till prdduced as
a result of thorough chemical decomposition. Portions of the g]atia]
drift may contain sand and gravel pockets of limited areal extent.

Southeast of the site is an area underlain by buried channel deposits
'reflectivé of an ancient stream channel. This channel consists of
stream alluvium that filled the valley prior to or between glacial
periods. The buried channel represents the upper reaches of a tri-
butary to what is presently called the Washoe Channel. Evidence of
this'system is the increased depth to bedrock by about 23 m (75 ft).

The bedrock consists of- approximately 30.5 m (100 ft) of Mississippian
age rocks belonging to the Dette and Adams Series. The uppermost
formation of the Dette series, the Pile shale, which'generallyracts as
an aquiclude to the underlying Karesh and Becker formations, is absent
from the site area. The Karesh limestone is thin and discontinuous
"over the Becker. Both formations are chiefly dense, crystalline,
lithographic or tightly cemented fragmental limestonesvand do]omités
with very low porosities. The basal 3 m (10 ft) of the Becker con-
sists of cherty sandstone.
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Underlying the Dette series are the dense, cherty dolomites and 1ime-
stones of the Adams series. These rocks are exposed at the buried
channel /bedrock contact point. These two. series make up what is
known as the Mississippian Aquifer. They are underlain by approxi-
mately 400 feet of siltstones and shales of Devonian age that serve as
a good aquiclude to the underlying Devonian Aquifer. Stratigraphic
sequences and the location of the groundwater table are illustrated in
the -geologic profile on Figure C.16.

The midwestern site is located within the tectonically stable interior-
of the North American continent. The closest area of major seismic
risk covers the eastern section of the adjoining state to the north.
-The site area has a probable peak horizontal ground acceleration of
less than 0.04 g, with a recurrence interval of more than 500 years.
Within historical record, no evidence was found to indicate the
occurrence of a capable fault within the'site area.

Soils

The entire area in which the site is located is covered by about 3 to
3.7 m (10 to 12 ft) of Wisconsin loess, which is the parent material
of the site soils. The predominant soil types are silty clay loams
belonging to the Wancho, Houlik and Lyle series. These soils are
generally moderately-slow to mbderate]yﬁwe1] drained and have perme-
abilities ranging between 5 and 50 mm/hr (0.2 to 2.0 in/hr). The soil
~is generally highly acidic in the topsoil layer and slightly acidic to
neutral in the substratum.. Organic matter content is consistently
high throughout the series. Available nitrogen and phosphorus are low
to medium, and the soil content of potassium and calcium is very
Tow.

Ground Water

Ground water of appreciable amounts occur chieny in the sand and
gravel deposits associated with the glacial drift and buried channel
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systems. These "drift aquifers" are notably limited in areal extent,
although they sometimes serve as sources for farmsteads and 1ivestock
drinking water. MWater quality from the drift aquifers is generally
good, being low in dissolved solids and mineral constituents, however,
nitrates in excessive amounts are common, especia]]y in those deposits
close to heavily fertilized ground surfaces.

Thicknesses of about 15 m (50 ft) or more of sand and gravel have been
associated with some of the larger buried valley systems. As the
channel in the site proximity is more representative of the upper
Timits of a tributary to such a valley, it is‘likely to have lesser
quantities of permeab]e sediments. Water from these deposits is more
high]y'mineralized than in the drift aquifers. Permeabilities on the
‘order of 0.048 to 0.48 cm/sec (1,000 to 10,000 gpd/ftz) can be
‘expected depending upon how well sorted the sand and gravel deposits
are within these aquifers.

Water in these Mississippian rocks is generally confined to secondary
openings, and movement is considered to be‘very slow. Specific
capacities are estimated to be less than 1.0 gallon per minute per
~ foot of drawdown. Based upon the dense, impervious nature of the
rock, a permeability of 2.4x10"5 cm/sec (0.5 ga]/day/ftz) can be
assumed. With little exception, water from the Mississippian aquifer
in the site area bffers good to fair quality water.

The.depth to the seasonally high ground water table under the site is
expected to be about 12 m (38 ft) from the ground surface. Local
ground water movement in the drift aquifer will be governed by the
topography, draining toward and being discharged into the various
branches of the West Fork of Finley Creek. Ground water from the
surficial aquifer, and also from the shallow bedrock aquifer, can be
expected to discharge to the buried alluvial deposits. The regional
ground water flow in the Mississippian aquifer is to the south-
southeast as controlled by the nearest major stream, the Deer River.
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Ground water usage in the area is limited to consumption as needed by
local. homes and farmsteads. for domestic, irrigation and Tlivestock
supplies. It is estimated that the majority of wells tap Mississipian
aquifers and to a lesser degree, the drift aquifers. Yields of less
than 76 1pm (20 gpm) ére‘the rule for this area. The only municipal
supply in proximity to the site belongs to the town of Mica, located
~about 5.6 km (3.5 mi).to the southeast. Four 6f the nine municipal
wells tap the Lower Mississippian Aquifer. The remaining wells
utilize the Lower Ordovician Aquifer.

Surface Water

The site is located on a section of the Great Plains that is under-
going dissection as a result of recent climatic change. Approxi-
~mately 90% of the streams in the drainage area are intermittent,
flowing only 6 to 8 months of the year. The drainage density of the
basin is 0.64, indicating a coarse drainage texture which is typical
of this reg{on. Flow rates from the site average between 0.74 to 0.99
m /s (26 and 35 cfs) for the year.

Since the site is of limited areal extent, the correlation between
precipitationA and stream discharge is very close. Peak discharge
rates are related to precipitation events of high intensity. Between
60 and 80 percent of precipitation in the drainage basin is discharged
as surface runoff. Analysis of the unit hydrograph of the site area
indicates that peak flow usually develops between 6 and 7 hours after
‘precipitation begins. Base flow and return flow play important roles
in the basin drainage; the extent is determined by the intensity and
duration of the precipitation event. Flow recurrance intervals for .
the midwestern site area are shown in Figure C.17.

As expected, the highest stream discharge rates are associated with
rain storms of limited duration but with high intensity (ranging
" between 102 and 152 mm/hr). The 500 year flow floodway is delineated
in Figure C.15. »
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During the development of the site the discharge rate is -expected
to increase as the area is ‘cieared of vegetation, and due to imper-

vious covers which may be p]aced over the ‘disposal cells. While
the site- development will decrease the time to peak discharge and
increase the peak flood stage, there will be no significant risk of
flooding at the site due to the elevation differences between the area
and "the site outflow. While overland flow of considerable velocity
may be expected during site déve]opment,'prudent drainage engineering
will be able to divert flow, reduce velocities and limit erosion of

the site.

Meteorology -

The area has a humid continental climate, with a total annual local
precipitation of 777 mm (30.5 in). Approximately two-thirds of
‘the annual precipitation occurs during the months of April through
September. The source of this precipitation -is the warm moist south-
erly air from the Gulf of Mexico. The normal mean snowfall for the
Site area is approximately 686 mm (27 in). Precipitation recurrance

intervals for the site area are shown in Figure C.18.

The average annual temperature in the site vicinity is approximately

11°C (51°F); ~July is the hottest month, having an average daily-
maximum of 31°C (87°F) and an average daily minimum of 18°C (64°F).

During January, -the coldest month, the daily temperature range is

~approximately -0.6°C (31°F) to -11°C (12°F).

The prevailing wind direction at the site is southerly at an average
speed of 17 km/hr (9.0 knots). During the months of November through
March, a -northwesterly wind component devefops in response to the
Canadian cold air outbreaks. Wind speeds during these months average
22 km/hr {I2.1 knots). Severe weather events such as thunderstorms
and tornadoes occur during midspring to late summer. - The wind rose

diagram for the site vicinity is shown in Figure €.19.
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‘Statewide occurrences bfvtornadoes average about 10 for any given 8
year. period. From the period 1920 to 1960, there have been approxi-
mately 75 occurrences within 2° 1atitude/fongitude square inclusive of
the site. |

Since the site has a pronounced continental type of climate, it has
inveféionﬁkfequencies closely related to the diurnal cycle. In
general, inversions occur 20 to 30% of the time during spring and
summergnaﬂ}le ddring the fall and winter months, inversions may be'
expected about 30 to 45% of the time. The higher frequency during the
fall and winter is probably a result of the relatively l1ow number of
storms in the fall and maximum length of stable nocturnal period in
winter. The opposite is true for the summer months. As- a result,
annual morning and afternoon mixing heights vary by small amounts.

Terrestrial Ecology

!

The natural vegetation within the vicinity of the site is a mixture of
oak-hickory forest and bluestem prairie. The forest community.occurs
primarily along valley slopes and upland ridges. Big bluestem is the
dominant grassiand plant where the prairie remains. However, most of
this area is cropland. Two terrestrially environmentally sensitive
areas, Deer River Access and Chatham Timbers, are located 18 km
(11 mi) to the southwest and 38 km (24 mi) to the south, respectively.
Green lLake, which is a prime recreational fishing area, is located
21 km (13 mi) southeast. -

The two major land uses of the county in which the site is located
are pastureland (24 percent) and row crops (65 percent), with corn
and soybeans representing the dominant crops. Approximately 35 and
12 percent of the county, respectively, are planted in these crops.
Most of the naturally occurring prairie has been lost in the county.
Existing grasslands, dominated by introduced species, are interspersed
in 60 to 80 ha (150 to 200 acre) blocks throughout the county. |
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Almost 60 percent of the land area adjacent to the site is planted
in corn. Four small Wood]ots, about 4 ha (10-a) total, are found in
thebhear vicinity of thé site -- either adjacent to residehces or
farm buildings, or along creek boundaries. White oak, red oak, and
shagbark hickory dominate these woodlands. Small blocks of grassy
areas occur along stream banks, roadsides and other éreas. ' Commoh
introduced ‘grasses include bluegrass and smooth brome. Similar
\Qround cover 1is found'within an 8 km radius of the site, with slightly
more oak-hickory forests occurring along the Deer River system.

No Federally declared endangered or threatened species have been
observed on‘or near the site. The most common mammals found onsite
and within a five mile radius are those for which corn is a predo-
minant food source, and can live in proximity to man. The most
abundant species include the raccoon, striped skunk, eastern cotton-
tail, opossum and fox squirrel. Several bufrowing mammals are also
found in the area, primarily in fields not actively cultivated.
These burrowing mammals include the badger, plains pocket gopher and
thirteen-lined ground squirrel. ‘ The badger and pocket gopher dig
tunnels in search of food which can be 1.2 to 1.5 m (4 to 5 ft) in
depth and up to one hundred meters long.

Most of the mammals that utilize the site have small home ranges,
e.g., thirteen-lined ground squirrel - 0.8 to 1.21 ha (2 to 3 a),
eastern cottontail - 3 to 8 ha (20 acres), and opossum - 6 to 16 ha
(15 to 40 acres). The raccoon, with a maximum range of 3.2 km (2 mi),
and an average of 1.6 km (1 mi), has the largest home range of those
species expected in this area.

Corn very often is a major winter food source for many upland game-
birdé, including birds found in the area. The ring-necked pheasant
and bobwhite quail are the species most commonly hunted. Black ducks,
mallards and pintails are also numerous in the area, and feed heavily

on corn.
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Numerous resident bird species are also found onsite and in the
surrounding cornfields. The most common spécies found, and which
feed extensively on corn, include the redwing, cardinal, meadowlark,
purple grackle, and common crow. Resident birds of prey include the
red-tailed hawk and great horned owl. Transient species include the
coopers hawk, broad winged hawk, and red-shouldered hawk.

As a result of ongoing agricultural activities, the reptile and
amphibian population of the area is limited. An occassional eastern
plains garter snake, bullsnake, or black rat snake may be found.

Aquatic Ecology

With the exception of the northwestern border, the site is surrounded
on all. sides by the West Fork of Finley Creek, and other unnamed
intermittant ~tributaries. Finley Creek feeds into the Deer River
approximately 51 km (32 mi) downstream. There are no Federally
_dec]ared wild or scenic rivers within five miles of the site.

The West Fork of Finley Creek and its tributaries are Class B warm
waters. Primary uses of the creek are for wildlife, fish, aquatic and
semiaquatic life, and secondary contact water uses. Although the
soils along the stream banks are moderately to highly erodable, the
'vegetated banks 1imit the amount of sediments that enter the streams.
No Federally declared endangered or threatened fish or snails are
expected in these streams.

Land Use

The site is located on agricultural land used extensively (85 percent)
for cultivation of crops, mostly corn. Five houses are located within
5 km of the site. The site vicinity contains 4 towns - Mica, Grendle,
Reed and Lyme - but most of the land is not developed intensively.
Hayer Park (10 acres) is located 4.8 km from the site. There are
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no other community facilities, historic places, or other visually
sensitive land uses within a 8 km radius. Two state-owned lands,
Lake Darling and Deer River Access, are located within 24 km of the

site.

The chief source of economically important resources in the state lies
in the substantial coal resources associated with Pennsylvanian age
rocks. No such deposits occur under the site as the initial bedrock
encountered is of Mississipian age. There is a potential for some
natural gas deposits. However, the Ordivician source rocks are thin,
making recovery unconsequential and uneconomical.

Other Parameters

Several other parameters are utilized in the impact analysis. These
are estimated to be the following. The precipitation-evaporation (PE)
index of the vicinity is equal to 93. The average cation exchange
capacity of the subsurface media is about 12 milliequivalents per
100 grams (meq/100 g). The average silt content of the site soils is
85 percent. The vertical water travel time from the bottom of the
trenches to the saturated zone is 30 years. The horizontal saturated
zone travel times from the edge of the vertical projection onto
saturated zone of the disposal cell closest to the discharge Tocations
are as follows: to the restricted area fence, 90 years (30 m), to the
closest drinking water well, 2,070 yeafs (1250 m), and to the nearest
surface water discharge location, 3,770 years (2500 m).

C.1.4 Southwestern Site

The southwestern site is assumed to be located Within the Northern
High Plains subdivision of the Great Plains physiographic province.
The regional topography shows sharply contrasting flat: plains and
ro]]jng to rugged erosional breaks. The general topography of the
site is shown in Figure C.20.
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The plains are about 17,872 kmzm(6,900 miz) in areal extent and
show -a -gradual eastward.slbpe on the order of 0.2%. The site has an
estimated average elevation of 1219 m- (4,000 ft) above mean sea level.
Drainage is to the southeast and southwest to various intermittant
branches of Hotsprings Creek.

Geology.

Below the surface cover of loam and'clay—Toam soil are Pliocene age
deposits of the Bixler formation. These sediments were eroded from

the ancient'Rocky mountains and transported by streams to this area.

Because of their orfgin of deposition; their character varies both

vertically and horizontally. As a general rule, however, the sand and

gravels are in the basal portion of the formation.

The Bixler Formation is about 91 m (300 ft) thick in the site area.
The upper 12 to 15 m (40 to 50 ft) is composed of caliche, a éalcium~
rich, carbonate-impermeable sandy clay which acts in a similar manner
as a hardpan. Effects of the semi-arid climate have cracked the upper
0.9 to 1.5 m (3 to 5 ft) of the caliche. \Underlying the caliche is
approximately 15 m (50 ft) of dense, brown clay. Thin, discontinuous
streaks of sand are also associated with the clays. The balance of
the Bixler is principally composed of sand and gravel, extending down
to the eroded surface of the Triassic rocks. '

The Triassic shales and sandstone belonging to the Maxwell group are
estimated to be about 152 m (500 ft) thick in the site area. The
first material encountered under the permeable Bixler strata is a red
clay, indicative of the weathered shale surface. A schematic repre-
sentation of the site geology is shown in Figure C.21. The site falls
within an area designated as having a peak horizontal ground accele-
ration of less than 0.04 g with a recurrance interval of more than 500
years. No evidence was found to indicate the occurrance of capable
faults under or near the site.
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Soils

The bredominant soil types underlying the'site are loams and clay
loams belonging to the Starble, Nes;er; Wixman and Jeeper series.
They were formed from 'moderately .fine—textured, calcareous, wind-
blown sediments derived mostly from alluvial ohtwash from the Rocky
‘Mountains. Because rainfall is low, and there are long, dry periods,
soil deve]opmenﬁ héﬁrbéen slow. The soils are seldom wet below the
foot 'zone, and, aS a result, many 6f the soils have a horizon of
powdery lime accumulation. Leaching has not yet removed free lime
from the upper layers of the calcareous Starble and Wixman soils.
Soils of the Nester and Jeeper series tend to be more neutral.

Calcium contents are high in all the soils. Generally, the prairie
“type of vegetation contributes large amounts of organic matter to the
soil. The soils are rather deep (up to 2.5 m) and well-drained,
having nearly level to gentle slopes. Runoff is genera]iy slow and
permeability values range between less than 1.5 to 50 mm/hr (0.06 to
2.0 in/hr). | '

Ground Water

The Bixler formation is an unconfined aquifer with very 1imited
consumptive use. The water occurs under water-table conditions,
and the differences in the thickness of the water saturated material
are closely related to the thickness of the Bixler formation. - The
-saturated thickness under the site is only about 7.6 m (25 ft) as the
water table lies some 84 m (275 ft) below ground surface. Available
- data indicates that the Bixler is the local source for recharge to
the Triassic rocks where they are in contact.

The source of water (rechérge) to the Bixler, and thence to the
Triassic rocks, is precipitation on its more permeable surfaces. The
amount of precipitation that enters the ground water is a very small
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percentage of the total\precipitation falling at the surface. It has
been estimated that the quantity of precipitation annually reaching
the groundwater is negligible. For the purposes of this report,
however, it is assumed that the annual percolation is 1 mm. Due to
the“rathér impervioué-nature of the onsite surficial materials, most
of the precipitation will be -lost by evaporation or drain to Hot-
springs Creek as runoff. Part of this runoff will percolate downward
through the coarser stream deposits and enter the ground water regime.
Some infiltration may work its way thfough the fractured portions of
the caliche and slowly downward to the water table, but this is of
Timited qUéntity.

Under natural hydraulic gradient‘conditions, the water table slopes to
‘the east, generally parallel to the surface slope which is about 0.2%.
The average permeability of the Bixler-Triassic aquifer in this area
is estimated to-be‘4.7x10'3 to 9.4_x10-3 cm/sec (100 to 200 gpd/ftz).

Ground water within the site vicinity is used almost exclusively as
a supply for livestock with a few domestic wells serving ranches.
The wells are generally powered by windmills and generate yields not
likely to be greater than 7.6 to 11.4 liters/min (2 - 3 gpm). The
nearest irrigation well is located about 13 km (8 mi) from the site.

Surface Water

Elevations in the site vicinity range between 1169 and 1223 m (3835.
and 4013 ft) above mean sea level. Total stream length above the site
is over 90 km (295,680 ft). With the limited precipitation in- the
region, streams flow intefmittantly throughout the year. A wide
variation in discharge occurs at the site. Since no base flow is
known to occur in the area, precipitation accounts for all of the
stream discharge. Short_durétion, high-intensity thunderstorms
account for the peak discharges from the site. Flow recurrance
intervals for the site vicinity are shown in Figure C.22.
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The area of the basih( receives considerable intense rain (greater
than 50 mm/hr), hdwever, most peak flow is dissipated before discharge
at the outlet. Peak discharge occurs when the rain event is within
32 km (20 mi) of the outlet. Analysis of the unit hydrograph of the
site area and flow data indicéte“that discharge rates of up to 28.2
' m3/sec (1,100 cfs) may be expected to occur at least once a year.
The 500 year flood has been-determined to be approximately 736 m3/sec
(26,000 cfs) and theAfloodway is delineated on Figure C.20. As shown,
the site is well above the floodway. 1 '

Meteorology

The climate of this site i1s considered semi-arid, which is character-
ized by Tow humidity, wide temperature and precipitation variations,
and frequent windstorms. The average annual precipitation for the
site area is approximately 485 mm (19 inches). -Departures from the
norm can be great with extreme yearly totals ranging from 243 to
1010 mm (9.56 to 39.75 in). Nearly three-quarters of the total
annual precipitation occurs during the growing season from April
through September, primarily -in the form of thundershowers. Pre-
cipitation event recurrance intervals for the site are shown in
Figure C.23.

The average -annual temperature for the area is about 14°C (57°F).
Maximum temperatures occur in the mid-summer months of June, July
and August. The temperature-characteristics of the site are shown in

Figure C.24.

Rapid and wide temperature variations are common, eépecia]]y during
the winter months when cold fronts from the Rocky Mountain and Plains
States sweep across the plains. Temperature drops up to 16°C (60°F)
occurring within a 12-hour period may be associated with these fronts.
The highest recorded temperature in the region was 42°C (108°F) and
the Towest was -27°C (-16°F). |
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The prevailing winds from March thkough October are southerly at 25
km/hr (13.6 knots), and southwesterly at 21 km (11.4 knots) during the
winter months. The annual mean speed for all directional components
is 24 km (13 knots) and southerly. These winds contribute to the
evaporation rate associated with the region. The strongest winds
generally occur in March and April and are associated with thunder-
storm activity. The strongest winds recorded (134 km/hr in 1949) were
associated with a tornado, however these climatic events are rare.
The wind rose diagram for the site is shown in Figure C.25.

Terrestrial Ecology

The site is located in the High Plains area, also known as the Tinson
Province. This area is a relatively level high plateau, and is better
drained than most of the other regions in the state. The shorter
growing season (179 - 225 days) and lower annual average temperature
(12° to 13°C) found in this region, compared to other parts of the
state, play an important role in the types of plants and animals
found here.

The area has been characterized (within a 40 km radius of the site) as
Grama Buffalo Grasslands. ‘The most abundant native plant species in
this short grass/mixed grass prairie are buffalograss and blue grama.
Total ground cover is relatively dense, and tends to increase under
grazing. The preponderance of grass species results in large quan-
tities of organic materials in the form of living and dead grass roots
within the first ten to twelve centimeters of soil (some roots of
blue grama and buffalo grass extend to 0.9 m, however). The vegeta-
tive cover of the site is typical of the region. Although various
species of trees, including oaks, elms and hackberries, are often
found along stream floodplains and steep-walled canyons, these are not
found along Hotsprings Creek, an intermittant stream, or its feeder
streams, which surround the all but northern portions of the site.
Federally declared endangered species have not been observed within
the site.
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The mammalian fauna of this general area includes at least 50 to 60
species, two of which are restricted to this area of the state: the
swift fox and plaihs pocket mouse. During the hot daylight hours, a
large number of maimals of this semi-arid region live in burrows which
they either dig.themse]yes; or which they share or overtake from other
species. The Targer speciés_which create their own underground
burrows include the badger, plains pocket gopher, and swift fox. Only
the former.twbrébecies"Were bbsef&ed3withiﬁ\1 km of the site. The fox
uses its burrow, which averages 3.7 m (12 ft) in length and 81 cm
(32 inches) in deﬁth, as a den. Many other species also dig their own
burrows, or use those of others, to escape the heat and predators,'tb
search for food (insects, seeds or other burrowing mammals) or to use
as dens. However, these burrows are Shallow.

Other non-burrowing mammals characteristic of this area and which have
been observed‘onsite include the coyote, pronghorn antelope, bobcat,
jackrabbit, and eastern .cottontail. While six species of bats are
known to inhabit the county, none were observed to nest at the site.
The most common game species found on the site are rabbit, quail, dove
and pheasant. '

The mixed grass prairie found onsite and in the general area does
afford suitable habitat to numerous resident bird species. The most
common small birds include the Western meadowlark, dickcissel, bobo-
link, savanna sparrow, and prairie chicken. The most numerous resi-
dent birds of prey include the golden éagle, horned owl and burrowing

_ owl.

Several species of lizards and snakes also inhabit the site. The more
common ones include the northern earless lizard, prairie lizard, great
plains skink, prairie rattlesnake, western diamondback rattlesnake,
and bullsnake. Only the last two species have been observed within
the site boundaries. As with many mammals of this region, these
reptiles extensively utilize underground burrows. Most of the snakes
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use rodent burrows both for cover and in search of food. The great
plains toad and plains and western spadefoot toads dig their own
underground tunnels, which can range from several centimeters to a
meter in depth.

Aquatic Ecology

The aquatic environment of the site is limited to Hotsprings Creek and
its two feeder streams, all intermittent, which surround the site to
the east, west, and south. This creek remains 1ntermitteht until
approximately nine miles prior to its confluence with the Montreel
 River approximately 136 km (85 mi) downstream. The only other tribu-
tories to Hotsprings Creek occur within an 8 km (5 mi) radius of the
site. Af;er'rainstorms when water does flow in this stream, aquatic
biota is limited to algae, insects (which use the water to breed),
and potential fish species such as minnows and sunfish. These fish
survive the dry seasons by gathering in small poois of water that may
remain throughout the year, and are then dispersed throughout the
stream with the flowing waters.

Land Use

The site is located near the administrative borders of a national
grassland administered by the U.S. Department of Agriculture, on open
'grassland. The site itself was privately owned before purchase by the
state. There are no residences onsite or within the close vicinity (1
mi) of the site.

The site region is a plain containing numerous parcels of federal
grassland, distributed throughout this portion of the state and into
neighboring states. Portions of the site are used at times for
grazing cattle. The national grassland is the overriding factor
influencing land use in the area, and this is not expected to change
significantly in the foreseeable future.
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The only known mineral resource occurring in the site area is caliche.
This "calcium carbonate cement is associated with sand and gravel
deposits of the Bixler formation, and may be suitable for use as
aggregate. However, these deposits are widespread throughout the
entire region and do not represent'unique resources.

Whereas numerous producing oil and gas wells have been drilled in the
adjoining county to the east of ‘the site, no historical production has
occurred within the site county. Prospect wells drilled within
proximity to the site have not indicated the preSence of oil or gas
reserves of recoverable quantity. .

Other Parameters

Several other parameters are utilized in the impact analysis. These
are estimated to be the following.- The precipitation-evaporation (PE)
index of the vicinity is equal to 21. The average cation éxéhahge
| cépacity of the subsurface media is about 5 milliequivalents per
100 grams (meq/100 g). The average silt content of the site soils is
65 percent. The vertical water travel time from the bottom of the
trenches to the saturated zone is 275 years. The horizontal saturated
zone travel times from the edge of the vertical projection onto
saturated zone of the disposal cell closest to the discharge locations
are as follows: to the restricted area fence, 5 years (30 m); to the
closest drinking water well, 300 years (3000 m); and to the nearest
surface water discharge location, 600 years (6000 m). -

C.1.5 Summary of Regional Environmental Parameters

This section présents a summary of the regional environmental para-
meters and characteristics presented in this appendix and used in this
report to calculate radiological and economic impacts from LLW manage-
ment and disposal.
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The assumed:population distribution in the vicinity of each of the 4
regional sites at the year 2000 (postulated year of end of facility
~ operations) is presented in Table C-1. '

Water balance calculations for determining the amount of precipitation
reaching the saturated zones of the regional sites (i.e., the amount
of percolation) were presented in Tables A-4 and A-5. As shown
in Table A-5, ‘the water balance calculations for the southwestern
regional site indicate that there is no calculable percolation reach— 
ing the saturated zone. However, for purposes of determining bounding
impacts from waste disposed at this site, it 1is assumed that the
percolation coefficient equals 1 mm at the southwestern site.

Based upon this information and information presented in sections
C.l.1 through C.1.4, environmental parameters specific ‘to the four
regional disposal sites may be calculated. A list of the regidn-
dependent -pérameters was included in Table 3-2, together with the
parameter symbols used in the computer codes developed as part of this
work. Values determined for each of these parameters for each of the
four regional sites are provided in Table C-2.

Use of a specific set of property values to calculate impacts is
determined by the va}ue of the region index, IR. The transfer factors
for the accident, intruder-construction, intruder-agriculture, and
exposed waste scenarios are used to calculate the site selection
factors (fs) for these scenarios as described in Chapter 3.0 and
Appendix A of this report. The parameters for the ground water
scenarios are used to calculate the waste form and package factors
'(fw) and the site selection factors (fs) for these scenarios as
described in Section 3.5 and Appendix A. The transportation parame-
ters are used to calculate radiological and economic impacts of waste
transport to the regional disposal sites as described in Chapter 4.0.
Additional information regarding the use of the parameters in the
computer codes is provided in Chapter 6.0.
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TABLE C-1 . Population Distributions for Regional Case Studies

Distance . North South Mid South
From Facility | _east _ggéixl _west _west
0-5 miles . 3,440 2,024 3,070 59

5-10 miles ~ 20,513 - 8,115 4,998 © 180
10-20 miles 73,636 - 36,000 - 27,890 3,529
20-30 miles - 121,559 124,995 104,181 9,062
30-40 miles 556,639 203,435 121,893 4,888

40-50 miles 1,012,788 104,933 359,146 27,158
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TABLE C-2 . Environmental Parameters for Regional Locations

North
Parameter Symbol east
Accident Scenario :
Fire TPO(1) 1.83E-10
Single-Container TPO(2) 2.61E-12
Intruder Scenarios
Construction - FSC 9.18E-12
Agriculture FSA 2.96E-~11
Exposed Waste Scenario
Intruder-Air POP(1) 1.01E-09
Erosion-Air POP(2) 1.51E-09
Surface Water POP(3) 1.12E-07
Groundwater Scenario
Travel Times - years
Between Sectors DTT™M 400
Individual Well TTM(1) 200
Boundary Well 350
Population Well TTM(2) 2500
Population Surface TTM(3) 5000
Peclet Numbers
- Between Sectors DTPC 800
Individual Well TPC(1) 400
Boundary Well 700
Population Well TPC(2) 10000
Population Surface, TPC(3) 20000
Dilution Factors - m
Individual Well - QFC(1) 7700
Population Well QrFc(2) 2.0E+5
Population Surface QFC(3) 4.5E+6
Geometric Reduction
Individual Well RGF(1) 1
Population Well RGF(2) 1
Population Surface RGF(3) 1
Percolation - mm
Regular Cover 74
Thick Cover 38
Retardation Coef-
ficient Set Used NRET 4
Transportation
Oneway Distance (mi) DIST 300
Stops Along the Way  STPS 1
Cask Turnaround(days) CASK 2
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South Mid
east west
1.83E-10 1.83E-10
3.32E-12 2.55E-12
2.01E-11 2.51E-11
3.18E-11 3.28E-11
3.50E-10 3.86E-10
5.25E-10 5.79E-10
1.12E-07 1.12E-07

64 120
42 130
66 175
400 2100
800 3800
1600 800
1300 400
1900 700
10000 12500
20000 25000
7700 7700
2.0E+45 2.0E+45
4.5E+46 4.5E46
1 1
1 1
1 1
180 50
30 25
3 3
400 600
1 2
3 5

South
west

1.83E-10
1.79E-12

2.64E-10
8.06E-11

2.66E~11
3.99E-11
1.12E-07

8
280
283
580
880

800
1300
1600

30000
60000

7700
2.0E+45
4.5E+6

1
1
1

1000
3
8



C.2 Reference Disposal Facility Design and Operation

In this section, a reference near-surface disposal facility design
is described, including the support facilities and structures, and
facility operations. The reference disposal facility design is meant
to be representative of existing disposal facilities and operating
practices and has been condensed from reference 2. The reference
near-surface disposal facility design is then assumed to be located at
each of the four hypothetical regional disposal facility sites des-
cribed in the previous section C.1. From this basic design, the
impact measures associated with LLW management and disposal may be
assessed on a regional basis as a function of alternative waste forms
and alternative disposal facility design and operating practices.

C.2.1 Basic Design

To provide a base case against which alternatives can be. analyzed,
the assumed disposal facility design is sufficient for a total waste
- capacity of up to one million m3 delivered to the disposal facility

at an annual average rate of up to 50,000 m3.

The actual volume of
waste disposed at one of the four regional disposal facilities is a
function of the volume of waste generated in the region and the waste

processing alternative (waste spectrum) considered.

To develop, the disposal facility, the licensee is assumed in all
regions to purchase a plot of land covering 81 ha (200-acres), of
which 60 ha (148 acres) is turned over to state ownership. This 60 ha
of land is then leased back to the licensee and is used by the licen-
see for the disposal facility. The remaining 21 ha (52 acres) is
retained by the licensee for possible future use.:

A conceptual Tlayout of the reference dispbsa] facility design is
illustrated in Figures C-26 and C-27. As shown in the figures, the -

'disposa1 facility may be divided into two basic areas: a "restricted
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area"” and an "administration area”. The restricted area includes a
"disposal area", in which disposal of radioactive waste takes place,
as well as an "operational area". '

_The restricted area includes a buffer zone between the disposal
trenches and the restricted area fence of-30 m (100 ft). As shown in
Figure C-26, the operational area is located along the eastern side of
the diébbsa] ?écility and is used as a borrow area, for cask storage,
and for other miscellaneous functions. The operational area includes
two facilities, a decontamination facility and a garage, which are
used to support waste‘disposal operations. The administration area is
located near the eastern corner of the disposal facility and is
considered uncontrolled by the licensee for purposes of radiation
protection. The administration area includes support facilities plus -
parking space for emb]oyees'as well as for incoming waste delivery
vehicles.

The reference facility design occupies a total of 60 ha (148 acres),
including the disposal area, operational area, and administration
area. As is the case at existing disposal facilities, however,
considerably less than the total site acreage is used for waste
disposal. For example, specific areas of a particular disposal site
may not be suitable for waste disposal due to geohydrological or
topographical reasons. »

The administration area occupies 3.7 ha (9.1 acres), and is assumed to
be a constant for all waste form and facility design and operation
alternatives considered. The area of the land committed for waste
disposal (in other words, the land actually containing disposed
radioactive waste) varies according to the alternatives considered.
For example, about 35 ha (86 acres) would be required for random
disposal of one million m3 of waste into trenches having. average
dimensions of 180 m long by 30 m wide by 8 m deep, and having an
averagé spacing of 3 m between each trench. The remaining 21.6 ha (53
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acres) includes the operational area and the 30 m buffer zone as well
~as any excess land within ‘the disposal area used for roads, working
areas, and.so forth..

The entire disposal facility is surrounded by a 2.4 m (8 ft) high
chain-1ink - fence -topped with three strands of barbed wire. A 2.4 m
high fence also separates the administration area from the restricted
area. Access to the disposal facility is via two short gravel roads.
There are no rail facilities. Incoming waste delivery and employee
vehicles enter the facility through one of two gates located in the
administration area. These gates are locked at night and at pther
times when the site is not being operated. Access to the restricted
area is controlled by security check points near the gates in the
fence separating the administration area and the restricted area.

For security purposes, a narrow gravel road runs alongside the inside
of the fence surrounding the restricted area.  Other on-site gravel
roads wide enough to accommodate two small vehicles lead to the active
disposal * areas - and are- constructed by the licensee as needed. A
lighting system is provided around the site perimeter and also in
‘the operational and administration area. There are no other lights
installed in“the interior of the restricted area.

‘The average disposal trench size assumed in this report ié 180 m
(591 ft) long by 30 m (100 ft) wide by 8 m (26 ft)}deep. The length
and width of the disposal trenches may vary somewhat (about + 10 m),
however, depending on the availability of disposal space. The
rather large trench sizes assumed in this report are representative of
recent trends at ‘existing disposal sites. Fifty-eight such trenches
would be required for random disposal of one million m of waste.

As a trench is constructed, the locations of the four corners of the
trench are surveyed and referenced to a bench mark. An approximate

~ one degree slope is provided in the bottom of a trench from end to end
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and from one side toward a 0.6 m x 0.6 m (2 ft x 2 ft) gravel-filled
French drain. The French drain runs the entire length on the lower
elevation side to provide for collection of any liquid drainage that
might might occur. A gravel-filled sump is located at the low corner
of the trench.

Each trench is equipped with a minimum of three 0.15 m (6 in) diameter
polyvinyl chloride (PVC) standpipes located within the French drain
and standing along the sidewalls of the trench. Two of the three
standpipes are located at each end of the excavation. The third
standpipe is usually located at the trench midpoint (also standing in
~ the French drain). These PVC standpipes function as observation wells
or sumps. A typical trench cross section is shdwn in Figure C.28.

C.2.2 Support Facilities and Structureé

The éupport facilities include (1) an administration building, (2) a
health physics/security building, (3) a warehouse, (4) a garage, and

(5) a waste activities building. All structures at the site .are
| one-story metallic structures on concrete pad foundations. The
building areas for these five major structures are listed below:

v Area
Building or Facility .mz jgz
Administration 625 6,725
Health Physics/Security ' ‘ 800 8,610
Warehouse 470 = 5,060
Garage Mechanics ‘ 420 4,520
Waste Activities 560 6,025
Storage Shed ' 80 860

The administration building contains office space for site management

and other administrative personnel working at the site. The activi-
ties performed within this building include coordination of waste
shipments to the site, billing customers, and other routing of file
work. Site records are also stored within this building.
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The health physics/security building serves as the focal point for the

majority of disposal activities at the site. This building houses a
security section, a counting room, health physics offices, a change
room/locker room, a lunch area, and a supply room. A safety decon-
tamination shower is located adjacent to the frisker location.
Emergency equipment such as safety ladders, respiration equipment, and
anti-contamination suits are stored in the vicinity of the frisker
station. - The employee change/locker room includes both a street
clothes ("clean") and work clothes areé. Showers are also located in
this section of the building.

The warehouse is used to store supplies used on site. This facility
is located within the administration area so that delivery trucks need
not enter the disposal area. Among the stored items in this warehouse
are cables, hooks, drums, bags, and other miscellaneous hardware.
Casks and site vehicles are stored in the operatioha]_area.

The garage is located in the restricted area and only vehicles and
equipment that have been surveyed and decontaminated to within speci-
fied limits use this facility. The garage is large enough to hold two
vehicles at a time for maintenance. Mechanic's tools, spare parts,
0il, and fuel (adjacent to the building in underground tanks) are also
stored in this garage.

The waste activities building houses several functional areas includ-

ing (1) a large item decontamination bay, (2) a control room for the
decontamination bay, (3) a liquid treatment system, (4) a waste
solidification, packaging, and overpacking area, (5) a supply room,
and (6) a small waste storage area.

The decontamination bay is used for washing down (decontaminating)
large pieces of equipment (including trucks if necessary) through the
use of a high-pressure recirculating water supply system. Contami-
nated liquids resulting from decontamination operations are collected,

c-73



treated in the 1liquid treatment facility, and then recirculated.
Contamination levels in these solutions are generally quite low,
however, water treatment is applied to recirculating fluids. Small-
~scale decontamination of tools and other small items may be accomp-
lished within the solidification staging area. The solidification
area includes batch concrete mixing equipment for solidification of
small quantitfes of low-activity liquids. A small storage area is
provided for occasional temporary storage of shipments received from
common carriers. A loading dock is located along the southern corner
of this building.

A storage shed is used for supplies and miscellaneous tools used
at the disposal trenches. This shed is portable and is usually
located close to the active disposal trenches.

C.2.3 Site Operations

" The regioha] near-surface disposal facilities are all assumed to be
operated for profit by small corporations which are also involved
inlpther nuclear-related business activities. The size of the faci-
lity staff required during the operational phase is a minimum of 70
people. The staff of 70 includes 7 upper-level mahagement, 14 cle-
rical personnel, 8 radiation technicians, 34 operational personnel for
trench construction and waste emplacement, 3 quality assurance per-
sonnel, and 4 security guards. However, additional personnel may be
required depending upon the facility design and operations alterna-

tives considered.

The site operations discussed in this section include the following:
waste receipt and inspection, waste storage, waste disposal, radiation
and contamination control, site groundskeeping and maintenance,
environmental monitoring, security, recordkeeping and reporting, and

quality assurance.
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Waste Receipt and Inspection

Shipments of radioactive waste arrive by truck and are processed onto
the site 6n a first come, first served basis. Accompanying the ship-
ments are manifest documents -- termed radioactive -shipment records
(RSR's) =- .which describe the -content of the shipment. Arriving
shipments are inspected for compliance with applicable Federal regu-
lations and waste acceptance criteria established as conditions in the
disposal-site license. The results of these inspections are recordéd
on radiation survey forms and summarized on the RSR's accompanying the
waste shipments. Shipments found to be in compliance with Federal
regulations and license conditions proceed into the disposal area for
unloading. Violations of transportation regulations are reported to
Federal and state authorities in compliance with Federal and state
regulations and license conditions. Waste shipments which are not
acceptable for disposal at the facility are returned to the shipper.
Damaged or 1leaking waste packages are identified and appropriate
protective or remedial action is taken. Depending upon license
conditions, damaged or leaking waste containers may be overpacked or
repackaged, and either accepted for disposal or returned to the
sender. Free-standing -liquids detected are removed and soliditied.
Activities such as overpacking ana solidification are performed at the
waste activities facility.

Waste Storage

Generally, waste received at the site is disposed within a few days.
Waste that must be temporarily stored is generally left in transport
vehicles. Hdwever, there may be a need to store waste packages in a
designated storage area, especially if ]ayering-of‘high activity waste
is practiced at the disposal facility. In such cases, péckages may
have to be stored until the proportion of high activity to Tow acti-
vity packages is acceptable for burial.
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Waste Disposal

Waste is emplaced in the disposal trgnches’and the trench_is then
backfilled. Débending upon the alternatives considered, the backfill
May be an earthen fill or a cement grout. License conditions require
~ that backfill 6perations commence immediately if radiation readings
greater thénvloo mR/hr are recorded at the trench boundary, and
continue until radiation levels are reduced below 100 mR/hr. License
conditions also prohibit waste packages from béing placed in standing

'A water, so waste disposal commences at the high end of the trench and

works down towards the lTower end. Rainwater falling within the open
trench and .contacting the uncovered waste packages drains away to
the lower end of the trench, where it is removed as necessary and
treated by such methods as solar evaporation or solidification.

Waste is emplaced to within one meter of the top of the trench. The
backfill material is spread over the trench and compacted using .
conventiona} means until the trench cover approximately corresponds to
the original site surface. A one meter thick earthen cap is placed
upon the backfill. The cap may be additiona]ly covered with natural
overburden material as necessary to provide good drainage characteris-
tics and according to the final contours planned for the site surface.

During waste hand]ing and diposal, operations are monitored to ensure
radiation safety. After the transport vehicle is unloaded it is again
surveyed for contaminaton and decontaminated, as necessary, prior to
leaving the restricted area. The results of the survey are recorded
on the accompanying RSR. - '

Site Groundskeeping and Maintenance

Groundskeeping includes both the upkeep of grounds and the maintenance
of external building surfaces. Groundskeeping activities include
contouring of the ground surface, emplacement of a soil cover material
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such as grass, fertilizing, mowing, etc. A site maintenance program
entails routine inspection of site surfaces and fences for trench
settlement, gu]]ying,~damagé, debris, etc. Repairs are made as
necessary.

Other Site Programs

A number of other programs are also carried out by the disposal
facility by the site operator. These are discussed in detail in
Reference 2, but briefly, include the following:

0 site safety;

0 enviromental monitoring; R
0 recordkeeping and reporting, and

0 quality assurance.

The site safety program includes operations -and procedures to ensure
site safety, to control radioactive materials at the disposal faci-
lity, and to minimize potential off-site releases of contaminants.
These include operations and procedures for personnel radiation
monitoring, site radiation and contamination control, ‘industrial
safety, abnormal or emergency situations, and -personnel monitoring.

The " environmental monitoring program is carried out to detect move-
ment of radionuclides from the disposal cels and to help assess
lTong~term safety. A summary of the facility operational monitoring
program is included as Table C-3. This program includes collection of
well water samples, soil and vegetation samples, and air samples, as
well as monitoring for direct gamma radiation levels.

The security program is carried out both, for radiation health and
Safety considerations as well as to protect the many thousands of
dollars worth of equipment, buildings, and facilities located on
site. The security program includes security personnel, controlled
access to facility areas, communication equipment, identification
badges, and emergency procedures.
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TABLE C-3 . Reference Facility Operational Monitoring Program

Sample
Description

External Gamma
(TLD)

Air Particulates.

(filter)

Soil & Vegetation:

Offsite Wells

Site Boundary
Wells

Disposal Area.
Wells

Filled Disposal

Trench Sumps

No. of
Locations

50

10

15

Type

Continous

Continous .

Grab .

Grab

Grab

Grab

Grqb

C-78

Frequency
- of Type of
Analysis Analysis
Quarterly Exposure
Daily -Gross Beta-Gamma
-Quarterly Gross Beta-Gamma
Gross Alpha
HTO _
Semi-Annual Gamma Isotopic
Gross Alpha
HTO ;
Semi-Annual Gamma Isotopic
Gross Alpha
HTO
Quarterly Gamma Isotopic
' Gross Alpha
HTO
Monthly Gamma Isotopic
: Gross Alpha
HTO :



Records are maintained by the site operators to cover the areas
required by law, for operational control, and for future use. These
include those for: |

personnel exposures;

waste receipt and disposal;
personnel training; '
quality assurance;

environmental monitoring;
operating procedures; and

site surveillance and monitoring.

OO O0CO0OO0OO0OO

The quality assurance program functions as a parallel department which
provides quality control and training support to facility operations.
As part of this, a management audit program is carried out to maintain.
standards of radiological control and safety and to ensure compliance
with federal, state, local, and site license requirements. The
program includes a review of operating procedures and past exposure
records, facility inspections, and shrvei]]ance of work being per-

formed.
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APPENDIX D : COMPUTER LISTINGS

This appendix contains the listings for the computer programs and data
files discussed in Chapter 6 of this report. The five programs are
listed first and include, in order: INTRUDE, GRWATER, OPTIONS,
INVERSI, AND INVERSW. The seven data files are listed secondly, and
include three basic files (DATA, DATAD, and NUCS) as well as four
spectral files.

The DATA and DATAD files contain the volumes and radionuclide concen-
" trations of the 36 indiviaual waste streams considered in the analy-
ses, as well as the pathway dose conversion factors and other infor-
mépidn specific to each of the 23 radionuclides considered. In the
DATA file,_the radionuclide concentrations are given as-generated. In
the DATAD file, the radionuclide concentrations are given as-decayed
to the end of the operating life of the reference disposal facility,
assuming that the operating life is 20 years. Also included in these
files are values for parameters used in the analyses which depend upon
the environmental characteristics of “the particular regional site
-~ considered. The NUCS file is similar to the DATA and DATAD files
except that the waste stream volumes and radionuclide concentrations
are omitted.

- The four spectral files (SPCl, SPC2, SPC3, and SPC4) contain the
_va]ues df the waste spectral incides which vary depending upon the
waste spectrum considered. Values for waste sbectrum 1 are given in
SPCl, values for waste spectrum 2 are given in SPCZ2, and so forth.



Listing for INTRUDE Computer Code

n0100 PRNOGRAM INTRUDE (INPUTOUTPUT4TAPF]+TAPE2,TAPE3,TAPES)

onlinc . .
nnij>2nc TAPE1 CONTAINS NSTR (NUMRBRFR NF STREAMS) s NNUC (NHMRER OF NUCLIDES).
nn13nc FICRP(TICRP FACTORS), BAS AND DCF MATRICES AND DTIS nLOCK.
nnN14nNcC TAPE?2 CONTAINS ISPC(SPFCTRAL) FILF.
nn1snc ' INPUT IS USED TO RFaD TIRDC - DISPOSAL TFCHNOLO"Y INDICFES.
nNNIANC TAaPE3 CONTATINS DFETAILFD OUTPUT = FROM SUBROUTINF RCLAIM,
np17onc TAPF4 CONTAINS MAIN PROGRAM OUTPUT (INTRUDER IMPACTS).
nnyRNC
nniaon SOMMON/RPAST/8AS(36432) o ISPC(36e11) «DCF (2347 «R)SFICRP(T)
nAPN0+ /NUCS/NUC (23) « AL (23) «FMF (P3) sRET(23,5) /DTNX/IRDC(12)
ne1ne /DNTIS/FSC(6) «FSA(AR) PRC(6¢?) 9OFC(Hh93) e TTU(H03) 4TPC(693) 0
NnNp20+ RGF (6e3) «POP (6. 1)9”TTM(6)onTPr(6)9TPO(6q?)9NQF7(6)
tNPR0+ /IMPS/DZD(742) eN7(742¢9)
Tn2ane
nprEOC MNST OF THE MATRICFS AND APPAYS ARNVF ARE EXPLAINEN IN TABLE H-=1,
1TNPANC :
270 NTMENSION NOTE(6) «TYM(Q) ¢NES(P) s IGRP (3R) yDEC(2347)
P R0 NATA NTVM/Q/,TYM/SO.-I00.9150.-200.-300..400.9500-6l.Fﬁo?oF3/o
Tn2a0C NGNX/3A/ TGRP/]9203940596979‘499!109119].29139149
H03N0C _ ' 1541A917¢1R¢19420421922923926425
anr1ne PhePT9784294309310329339344935,36/
n2A20C¢ NGNX/4/ 4 IGRP/T#]412%2,10#3T%47/
13300 NGMX /S /4 I6RP/11%#]1e207¢290 4*49?9?-6’1049497*5/
NOL0+ NGNX/1/41RRP/348]/
LTI NATA DES/10H PEC-CONS «10H REC=AGRT . /sDFC/o9se75¢682 5F=3s
N3N+ 28) F=2e13#2,5F=39,944254882,6F=642#] F=4413#2,5F=5/
sNT0C
"N3ROC THE ABOVE MATRICES AND ARRAYS ARE:
0390C - NOTE (R) ! HFANER LARFL FOR QUTPUT INDENTIFICATION,
nannc TYM(9) ¢ NINFE TIME STEPS aT NHICH INTRUDEP IMDACTS
nNal1nc ARE CALCULUATED,
Na?20C NFS(?2) - : DESCRIPTIQON nF INTRUDFR PATHWAYS.
na3nc IGRP (36) : ARRAY USEND TO DNFFINE GROUPING 0OF WASTFE STREAMS,
nn&aanc NEC(23+?): DECON FACTNRS FOR INCTNERATOR AND CALCINER,
Nnasne
NNakn REAN(1<1N0])NSTRINNUCFICRP
nng7n NN 10 I=1MSTR

T nnan’n PEAN(14102) (RAS(Ted) ed=1427)
nn4gan 10 READ(24103) (ISPC(Iead)ad=1410)
nNNs0o - NO 20 T=14NNUC
nnNelo DEAD(1e104)NUCIT) oAL(T) aFMF(T) 4RFT(Te1)+sRET(T44)
nns20 NN 15 K=1.8

NNS3N 15 RFAN(1106A) (DCF(TeJeK) ed=17)
nnN540 20 CONTINUFE

NN&ESNE

nneeNC INPYT ENVIRONMENTAL PARAMFETERS

AnNsSTNC

nNNSKRO nn 25 TI=1l.6

nn=an READ(1+105)FSC(I) «FSALT) o (PRC(T4J) 0.J=142) 5 (OFC(TaJ) 9J=143),
NN&NND+ (TTM(Tod) «J=1943) 2 (TPC(Iad) ad=193),

NNA1D+ (RGF (T9J) eJ=193)«(POP(TeJ) sJ=193) sNOFT(T),
NNA20+ NTTM(T) «DTPC(I) o (TPO(Tsd) sJd=192)

nnA3N 25 CONTINUE
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nNnea4n
00A50
0n66a0
"ANARTO
NNARD
NN&90

0n7ONC

nn710
No720
0n730
nn740
nn780
NN7AO
nnT7TN
NN7R0
0n790
nnano
nnR1n
nNnazn
NnAR30
nNNR4aNC
NnRs0C
naRaOC
NORTOC
nN08R’0
NNRoN
nnonon
nno1nc
nnor0C
nno3ocC
00940C
nnosnC
0NSAD
0ne7n
nNoan
4Nn900
nLoono
nN1010
01020
01030
N1040
01050
N1nen
nIn7o
N1080
01090
N1100
nN1110
01120
01130
n1140
01150
N1160
n1170
nN1180
01190
N1200

10
102
103

104 .

108
1nk

30

15

40
45

50

&5

AD
AS
70

-Listing for INTRUDE Computer Code (continued)

FNRMAT (21547F5.2) »
FORMAT (A1N42F10.3/1NX+HF10.3/10X+6F10, 3/10X96E10 3/10X¢6510 3)
FNRMAT (10X41015)

FARMAT (A10,64E10.3) .

FORMAT (10X+7E1043/10X96E10.3/10X+6E10, ?915/10X94Eln 3)
'FOQMAT(]0X97EIO 3).

NN 2% ISTR=1,NSTR
A1=ISPC(ISTRe2) $§ Al=A1/ISPC(TISTR,3)

A2=RAS (ISTR.3) $ A3=A2/(A1%3.62) $ BAS(ISTR. 3)-A1

no 30 1=5,27 ' S '
RAS(ISTR,1)=RAS(ISTR,T)*al

J=ISRC(ISTR+10) o

IP=0/1000 $ IS=(J/100)=IP*1N & IL—(J/IO)-IP*IOO ~1S#10
TH=J~IP#1000-15#100-1L*10 % IF(IL.EQ.0D)GO TO 35
IF(IP.LT.5)G0O TO 35

J=1 % IF(IP.GT.5)J=2?
RAS(ISTRs5) =(1.=DEC (1+J) ) #BAS(ISTR,E)
RAS(ISTR,6)=(1+=DEC(25J))*RAS(ISTR46)

CONT INUF

NEXT LIME READS IN - THRY INPUT = THE 17 DISPOSAL
TECHNOLOGY TNDTCES AND HEADER INFORMATION.

READ,TRDC $ READ 1002+NOTE $ WRITE(4+1003) NOTE s TRNC

NN 70 IGNX=] 4NGNX
NY=0 § VDIS=0. % CALL ZERD(D7+126)

NO 70 INTERPRETS IGRP(GROUPING) ARRAY -
NN S50 IS THE MAIN LOOP IN CALCULATING INTRUNER IMPACTS

NO 45 LOOP DISTINGUISHFES RETWEEN THE TIME STEPS

no so IQTP 1 4NSTR

TF(TGNX NF . TGRP(ISTR))GO TO S0

NO 45 ITYM=],NTYM

IRDC(12)=TYM(ITYM)+0.,1 $ CALL RCLAIM(IQTRyNNUC),
NO 40 I=1.7

NO 40 J=1+2
07(79J9ITYM)’DZ(IoJoI?YM)*RAS(I§TR:?)*ﬂ7n(I9J)
CNONTINUE

NY=1 § VDIS=VDIS+BAS(ISTR.3)

CONT INUE

IF(MXEQ.0)G0 TO 79 -

DO 55 I=1«NTYM

NN 88 J=1.7

NN 88 K=1.7

n7(J9KsI)—07(JsK.I)/VDI§

TF (NGNX ., EQ0.36)WRITE(441004) BAS(IGNXs1)
IF(NGNX NEL36)WRITF (441005) IGNX

NO 65 I=1+NTYM . '

WRITE(44,1006) TYM(T)

N0 AS K=1,42

A1=0s.

DO A0 J=1,7

Al=A1+D7 (Js Ky IVHFICRP (J)

WRITE(441007) DES(K) e (NZ(JeKs]) eJd=1s7) Al
CONT INUF
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nir10c
n1>220 1001
nN1230 1007
n1240 1003
N1250+
N1260+
N1270 1004
N12R0 1005
01290 100A
01300+
N1310 1007
013720 ’
n1330C
013400
N13580
n1360
01370+
013R0+
01390+ .
01400
01410
014200 -
N1430C

S 01440C
01450C
N1460C
01470C
N1480 10
01490
01500
01510
01520
0153nC
01540C
N18&80C
N1560
N1S70
N1580
N1590
N1600
N1A10
1620
N1630
01640
01650
N1660
01670 11
N1680 1?7
N1690 13
01700 - 14
N1710 15
01720
01730 - 2n
N1740
N1760 —101
n1760C

Listing for INTRUDE Computer Code (continued)

FORMAT (1213)

FORMAT (6A10)

FOQMAT(1H1/9X96A10/?X*IP =#]2# D =#12# IC =#12% X =#17/’
U O#IE =alp® IS =#I2# 1L =*I2®% 16 =#12/2X

#IH =alp2# ICL=#12% IPO=#I2%# YFARS®#IS)

FORMAT (//2X«A10) - '

FORMAT (//2X#GROUP NO =#17)

FORMAT (/2X#YR =#FG, 0% BONY  RONF - LIVER#
#  THYROID KIDNEY LUNG G-1 TRACT ICRP#)
FORMAT (2XsA10sRF1043) '

STOP '$ FND ‘

SUYRROQUTTINFE RCLAIM(ISTR.NNUC) )

COMMON/RAST/BAS(36+32) s ISPC(364511) sDCF(235748)
/NUCS/NUC (23) y AL (23) «FMF (23) yRET(23,55)
/DTNX/IR-ID;ICgIX-IE.IQoILoIGoIHsICL91909IIC
/DTIS/FSC(6) oFSA(6) /IMPS/DZ[Ts2)

NIMENSION EMP (3)4DMY (T745) :

T NATA EMP/.S9aT759.5/

EMP (3) ¢ VOLUME EMPLACFMENT EFFICIENCIES

NMY (745) & MATRIX TO HOLD 5 SUR-PATHWAYS WHICH WILL LATFR
BE ADDED TNGETHER TO DEFINE .CONSTRUCTION AND%@
AGRICULTURE pATHWAYS.

IS=ISPC(ISTR,5) $ I7=ISPC(ISTR,7) $ 19= ISPC(ISTR;Q)
I16=ISPC(ISTRy6) $ FDES=EMP(IE)#(14=0. Q*IG) :
1R=ISPC(ISTR,AR)

AR=14s F IF(T6.FQRe2.0RsT6.EN3)AR=0LA

IF(IQ EQe00R.I7. ‘Q l)I6 16~ 1

GDFL DEFINES YEAR OF SCFNADIO INITIATION

GDEL= IDO*IIC $ IF(IC.EQ. 3)GDEL 1PO+500.

IF(19.F0.3) AB=A8%10,

AS=14 8 IF(I5.LT.3)A5= 10.**(15 3)

AR=1s § IF(16.6GT. 1)A6= 4,%#%(]1~16)

a9=1, % IF(19.GT. 1)A9=10'**(1‘Iq)

1172=1

TFUTLeFOeNeANDIS.FO.1.AND. IR, EQ l) 112=2
TF(TL+FNJ1.ANDISER.0) T12=3 ' '
IF(IL.EQ.I.AND.IS.FO.I.AND.IB.EQ.I) 112=4
IF{IH.ENe1.0R.ID.FR.2) TI12=5

GO TO (11912913914415),112

A4C=1, & A4A=]. $ ABC=AB % ARA=AS8. $ GO TO 2n

A4C=04012 $ A4A=0. ABC 0.012%#A8 § ARA=0. $ GO TO 20
A4rf=0.,0012 % A4A=0., $ ABC=0.0012%#AB/1200. $ A8RA= ch$ G0 TO 20
A4C=0.01 § A4A=0. § ABC=0.1%AR/1,44F+6 $ ARA 0. S
IF(1G.EQ.0) ABC=A8C#0.1

CONTINUE

CALL ZEPO(DZ+14) § WRITE(34101) BAS(ISTR;I)OBAS(ISTR93)OISTR
FOPMAT (/2X9A10+E1043415)
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n1770C
N17R80C
n1790C
n1R00
N1KR10
N1820
N1R30
01840
01RS0
01R60
N1RTO
N1880C

niagac -

01900C
01910
01920
01930

01940
N1950C

019460
01970
0N19R0
01990€
012000
02010 .
02070
012030
02040
N2050
N2060
02070

N20RQ

30

in?
4an

10

Listing for INTRUDE Computer Code ‘(co_ntin,ued)'

MATN LOOP IN CALCULATING DOSES FROM ALL NUCLIDES FOR
SFVEN ORGANS,

NO 40 INUC=1,NNUC
Al=AQRFDESH#EXM (AL (INUC) #GDEL) #RAS (ISTRy INUC+4)

NN 30 I=1.7

A2=NCF (INUCsI+5)

DMY (T41)=A1%20.057%#A2#ARC % DMY (T+3) =AY %0, 27*52*0 2EHARA
PMY (142)=A1#A4CHASRFSC(TR) #NCF (TNUCe1,42) .

IMY (Te4)=A12#A4ARAGHFSA(TIR)#DCF (INUCsI43)#0,.75

DMY (T45)=0,2580,54A1#A4LA#ARRFMF (TNUC) #DCF (TNUCT44)

DMY (1e2)=A1#A4CH#FSC(IR) #NDCF (INUCoTI4?)

DMY (T94)=A1#AGA#FSA (TR)#NCF (INUCT+3)#0,.25

DMY (145)=0.25#0.5%A1#A4A#NCF (INUC, I +4) #FMF (TNUF)
NZT51)=DZ(T91)+DMY (T41) +NMY (142)
NZ(192)=NZ(T1a2) +DMY (193) +DMY (T44) +NMY (1,45)
CONTINUE

IF(ISTR.LT.30)G0 TO 40

WOTTE(34102) NUC(INUC) o ((DMY(T4J) eI=1s7) sJ=145)
FORMAT (2XeA1047E9.2/ (12X s TEG.?))

CONTIMUE

RETURN & FND

SUYRROUTINF 7ERO (AN)

NIMENSION A (N)

NN 10, I=1.N

A(I)=0.

PETURN & ENN

FUNCTION FXM (A1)

A2=0% % IF(A1.LT.230,)A2=EXP (=A))
FYmM=a?

RETURN § FND



Listing for GRWATER Computer Code

no100 '~ PROGRAM GRWATER (INPUT«OUTPUT,TAPF] +TAPF2,TAPE3,TAPFE4)

nNn110C
nn120¢ TAPE1 CONTAINS NSTR(NUMRER NOF STREAMS), NNUC (NUMRER NF NUCLIDES).
nn130C . FICRP(ICRP FACTORS)« RAS AND DCF MATRICES ANND NTIS RLOCK.
- 00140C TAPE2 CONTAINS THE SPECTRAL (ISPC) FILF,.

no150C INPUT IS USED TO READ IRNC = NISPOSAL TECHNNLOGY INDICFS,
n0160C TAPE3 CONTAINS DETAILED OQUTPYUT - FROM SUBROUTINE GWATER,
00170C TAPE4 CONTAINS THE MAIN PROGRAM OUTPUT (GROUNDWATER -IMPACTS).
NN1ROC '

nn190 COMMON/RAST/BAS(36932) s ISPC(36411) 9DOF(2357:8)FICPP(7)

nn>00+ /NUCS/NUC (23) ¢ AL (23) oFMF (23) yRET(2345) /DTNX/TRNC(12)
00210+ /DTIS/FSC(6) aFSA(AR) sPRC(692) sNFC(693) e TTM(693) 9 TPC(643),
0n220+ RGF (693) «POP (643) sDTTM(6) «NTPC(6) « TPN(692) ¢ NRFT (6)
00230+ /IMPS/DZN(23418421) /DHIC/IHIC(36) s THIC

noP40C '

00250C MOST OF THE MATRICFS AND ARRAYS ABOVE ARE EXPLAINEN IN TABLE H-1.
nn26nc NTNX BLOCK CONTAINS DNISPNSAL TECHNOLGY INDICES.,

nn270C IMPS RLOCK = = NDZD(23+18421) - WILL CONTAIN RESULTS OF GWATER
N02ANC -~ DNSES FNR 23 NUCLIDFSe. 18 TIMF STFPS, 7 ORGANM FOR 3 LOCATIONS.
n0290C NHIC RLOCK CONCERNS THF USE 0OF HIGH INTEGRITY CONTATINFRSS
nnN3N0C THIC INDICATES WHICH STREAMS USE HMIGH INTEGRITY CONTAINERS
no3lonc AND THIC IS TIME ATTRIBUTE ASSOCIATED WITH CONTAINFR,

nn320C

N0330 NIMENSION TIM°(6)9TYM(18)-DE§(3)002(793o1R)9NDX(?6)

0nN3aG0 NATA NDX/36%1/

Nn350 DATA IHMIC/36%0/sTHIC/100.7

0N3K0 NATA TYM/ao.-qo..sn.,100..900..3nn.-aoo.,qon..son..vnn..'
00370+ 8N0¢9900.¢1000.9200040400049AN004eRNN0.9100004/4NTYM/1R/
0n38n NATA DES/10H REC-WELL +10H POP-WFLL +10H POP-SURF /

nn2w090c

NN400C NDX(36) 't INMDEX TO INCLUDE OR EXCLUDF PAQTICHLAR

00410C STREAMS IN ANAYSIS (1=INCLUNE, 0=FXCLUNF).
0Na20C TYM(189) : 18 TIMF STEPS TN RF CONSIDERED IN GRNOUNDWATER
00430€C , ANALYSIS,

nnaanc DES(3) : DESCRIPTION OF 3 PATHWAYS OF CONCFERN,

00450C NZ(7+3418) : DOSFS SUMMFED OVFR ALL NUCLINES,

nnaenc

00470 PEANSIRDC & READ 1002,TIMP ¢ WRITE(441003) TIMP,IRNC

nnago CALL COMRYN(NSTR«NNUC)

0na00 . VNOT=0. $ VREG=0, % VLAY=0, % VHNT=0,

nosooc :

ons10cC LOOP 30 CLASSIFIES WASTE STRFAMS AND ACCUMULATFS THFIR

N0s20C VNLUME AS NOT ACCFPTARLF, RFGULARe [LAYFREDs OR HOT,

nns3anc

NnNsS40 NN 20 ISTR=]1.NSTR

nnsson IF(IRNDC(1).FRes) ISPC(ISTRWS)=ISPC(ISTR,5)-)

nNSe&0 IMON=1 $ CALL RCLAIM(ISTRsNNUCIMOD)

nns70 TF(NDX(ISTR) (NFE 1) ISPC(TSTR,11)=0

n0&AN II=1SPC(ISTR,11)+1 % GO TN(10e15420425) 411

n0s9n 10 VNOT=VNOT+RAS(ISTR.3) $ GO TN 3n
nNN&no 15 VRFG=VREG+RAS(ISTR.2) % 60O TN 3n
nNe10 20 VLAY=VLAY+RAS(ISTR.3) & GO TO 30
00620 28 VHNT=VHOT+RAS(ISTR43)

nnAp3I0 20 CNNTINUF

nNn640 WOITE(4a10048) VREGaVLAYYHNTJUNOT
NNASON \ :
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00660
00A70C
NoeROC
nosgancC
nn700 -

- 00710

DN720
no730
N0740
NNTS0 40
n0760C
00770C
no780C
N0790C
NNRND
AGR1O0
HOR20
Nn830
00840
00RS0D &0

00860 AD .

00870 70
nnRRANC
10R90C
0090DC
00910
00920
an930
00940
00950 -
0h960 an
a6970C
00980 1001
00990 1007

01000 1003

01010+
01020+
11030 1004
11040 1005
N1050+
01060 1006
070 1007
01080+
01090 1008
01100
nN1110cC
n1120C
01130
N1140
11150+
N1160+
1170+
01180
N1190

N1200+—

Listing for GRWATER Computer Code (continued)

CALL GWATER(NSTR4NNUCsNTYMyTYM) % CALL ZERO(DZ,37R)

LOOP 40 SUMS NOSES OVER ALL NUCLIDES

NO. 40 TITYM=]14NTYM

O 40 K=1,3

KK=(K=1)#7

NO &40 JU=147

NN 40 INUC=1,NNUC
n7(J9K91TVM)-DZ(JoKolTYM)+D7D(INUC;TTYMoKK*J)

LNOP 70 OUTPUTS GROUNDWATER DNSES FOR 7 ORGANS, 3 PATHWAYS,
AND 182 TIMES,

NN 70 FTYM=]4NTYM

TYMD=TYM(TTYM) $ WRITE(4+1005) TYMN

NO A0 K=1,3

Al=0Ns

ND. 50 J=1.7

A1=A1+PZ (JsKsITYM)#FICRP (J)

WRITE(441006) DES(K)Q(DZ(Jv e ITYM) 5 J=197) 9Al
CONTINUE

LONP 80 OUTPUTS DOSES FOR EACH TIME CONSIDERED FOR FaCH NUCLIDE.

DO R0 INUC=1,17

WRITE(451007) NUC(INUC)

DO R0 ITYM=]14NTYM

no RO K=1,3

KK=(K=1) %7 _
WRITE(4+1N008) TYM(ITYM) 4DES(K) ¢ (DZD(INUCITYMeKK+J) 9 J=1¢7)

FORMAT (1213)
FORMAT (6A10) _ :
FORMAT (2X96A10/2X#IR =n]I2% IN =#]2# JC =#I2# IX =#12/2X
: #1E =#I2# IS =®I2# L =#12% 16 =4#12/2X
#IH s#]p#  ICL=#I2% [PO=#]2% YFARS#IS)
FORMAT (2X#VRFG =#EQ,2% VLAY =#EQ.,2# VHOT =#F9.,2# VNOT =#£9,2)

FORMAT (/2X#YR =#FG5, 0% RODY RONE . LIVERs
# THYROIND KIDNEY LUNG G-I TRACT  ICRP+#)
FORMAT (2XsA10+8E10.3) : '
FORMAT(/2X0A10910X#RODY RONE .- LIVER®

# THYROID ~ KIDNEY LUNG G-1 TRACT#)
FOPMAT(2X9F6 092X9A1057F10.3)

STOP $ END

SURROUTINE COMBYN(NSTR4NNUC)

COMMON/RAQT/BAS(3697?)9ISPC(36911)9an(?3’798’,FICpp(7)
/NUCS/NUC(23)9AL(?1)9FMF(23)9RET(73QR)/DTIS/F§C(6)9FSA(6)9.
PPC(ﬁqZ)!QFC(6v3)OTTM(693)OTPC(691)9RGF(693)9POP(693)9DTTM(6’§
DTPC(K) s TPO(6+2) o« NRET(5)

DIMENSION DEC(23+2) ’

NATA DEC/e93e7596%2 BE=342%#]1 eE=2413%2,5E=39e99¢2596%#2,5F=5,

2“106"4913*?_055-5/ - - ’
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Listing for GRWATER Computer Code (continued)

01210 - PFAD(1s101)NSTRoNNUCsFICRP

017220 NO 70 I=1.NSTR
f1230 PEAN(14102) (BAS(Isd) o J=1427)

017240 PFAD(24103) (ISPC(Ied) sJd=1elN)

N1250 70 CONTINUE

N1260 NN 80 T=1,NNUC .

01276 . REAND(1+104)INUC(TI) oBLAT) «FMF (1) 4RFT(T41)9RET(144)
N1 280 DN TS K=1.R8 '

n1290 RFAN(1e 106)(DCF(IoJ9K)oJ 1¢7)

nN1300 75 CONTINUE
N1310 20 CONTINUE

01320 ‘nNH 90 I=1.6
01330 REAN(19105)FSC(T) yFSA(T) ¢ (PRC(TaJ) 9 J= 19?)9(0FC(IgJ)9J 1430,

N1340+ (TTM(T9J) 9J=133) s (TPC(Ted) 9J=193) s (RGF (I5J) 9J=143) 5 (POP(I5J) 9J=143

01350+ MRET (T) «DTTM(I) aDTPC(T) s (TPO(Iad) 9 J=14+2)

N13A0 9n CONTINUE

N1370 101 FARMAT(PIS.7F5,.2)

N1380 102 FNRMAT(A10+2E10.3/10X9AF10.3/10Xe6F10, ?/IOX,GEIO 3/10X96F10 3)
N1390 103 FARMAT(10X+1015)

N1400 104 FNRMAT(A1044F10.3)

01410 105 FORMAT(10X,7E10. 3/10X+6F10. 3/10X96Fl0.3915/10X94F10.3)

01420 106 FORMAT(10X+7E1043) '

N1430 Nn 80 ISTR=14NSTR

21640 A1=TSPC(ISTR42) $ A1=A1/1ISPC(ISTR,3)

N1450 A2=RAS(TSTRy3) $ A3=AR/(A1#3,62) $§ RAS(TSTRs3)=A3
N1460 NN 20 I=5,27 : :

N1670 20 RAS(ISTR,I)=BAS(ISTR,I)*Al

N16ARN J=ISPC(TISTR.10) - '

N1490 IP=J/1000 $ IS=(J/100)-1P#10 § TL=(J/10)-IP#100- I1S#10
N1500 TH=J=IP#10n00N=-IS#100~IL#*#10 $ IF(IL.FQ.0)G0 TQ 50n

01510 IF(IP.LT.S)60 TO 50

01520 J=1 § IF(IP.GT.5)J=2

n1s30 nAS(ISTp,q)-(l.-DFC(l.J))*nAS(ISTR,q)

n1540 RAS(ISTR46)=(1.=DEC(24J) ) #RAS(ISTR6)

‘N1550 50 CNONTINUE

01560 NN A0 INUC=1,NNUC

N1S70 A?=RET(INUCs+4) % Al-(A?/RFT(INUCol))**O 334

01580 RET(INUC+5)=A2%#A1 $ RET(INUC+3)=A42/A1

01590 60 RET(INUCs?2)=RET(INUC,1)#A]

N1400 RETURN & FEND

51610C

01620C :

01630 SURROUTINE RCLAIM(ISTR.NNUC, TMON)

n1640C - . '

01A50C THIS SURROUTINE IS USEN TO CLASSIFY EACH WASTE STREAM AS:
n1460C (1) NOT ACCEPTARLFE. (?) RFGULAR,

01670C (3) LAYEREDs OR.(4) HOT

016ROC : '

N1A9N COMMON/SAST/BAS (36932) « ISPC(36911) oDCF(2349748)

N1700+ /NUCS/NUC (23) 9 AL (23) o FMF (23) 4y RET (23,45)

N1710+ ' _ /DTNX/ IR, IDQICQIXQIEOIS’IL’IG’IH’ICL’IPOQIIr .
" N1720+ /DTIS/FSC(A) 9sFSA(R) /IMPS/DZ(742)/DHIC/IHIC(36) sTHIC
n1730C -

017400 P7(7+2) : INTRUDER DOSES USFD IN CLASSIFICATION TESTS
n17s50c
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Listing for GRWATER Computer Code (continued)

01760 DIMENSION EMP(S) 4DLC(T)

nN1770 DATA EMP/g Go.?ﬂo.%y.%o.7§/oDLC/§00.-q00.91§00.9100".-1*1q00 /.
n178nc .
n1790C EMD(5) : VOLUME EMPLACEMFENT FFFICTENCIES

niRNOC DLCA7) : NDNSE LIMITING.CRITFRIA FOR 7 ORGANS ° -
niei1nc

01R20 - 18= ISPP(IgTQ.G) % I6 TGDC(IGTPq6) % I7 ISPC(ISTR,T)
N1RI0 IA=ISPC(ISTR.,R) % Io= TSPC(I§T999)

N1R40 TF(IHIC(ISTR).GT.0) IR=]

N1RSD A7=13 $ JF(J6.EQe2e0RaTAR.EN.3) AT=N,RN

N18A0 TF(T7.FNe1.0R.,IS.FN.N) I6=TA=]

N1KR70 FNES=FEMP(TE)# (] a=e9%]IG)

N1RRND TJF(I0.,EN3) AT=AT®#10, _

01R9nN A5=]15 % IF(1S.LT.3) AS=10. **(Tq 3)

niono AR=14 8 IF(I16.GT.]l) ARz=4.##(]1-1AR)

n1910 A0=1, % IF(T79.GT.1) AOG=1N,#%(1=-TQ)

N1920 IR=1 % IF(IQ ENeleAND,TIR,FN,1)1I3=7

01930 IF(ID.EQ.?)I3=2

11340C .

slasoc TESTING ROUTINFE FOR CLASSIFING WASTE. RASED ON TNTQRURER
11980C CONSTRUCTION AND AGRICULTURFE PATHWAYS,

p1070C ' v '

N19R0 10 GNEL=IPO+TIC § IF(IC.EQ.3) GNFL=IPNO+50N,

'N1990 CALL 7ERD(ND7414) $ GO TN (11412:134144156161721R)13

2000 11 A4C=1. S B4A=1l. $ ARC=AT & ARA=AT § GO TO 2n
02010 12 84C=0.012 % A4A=0. § ARC=0.01P7%A7 $ ARA=0. % GN TO 20

02020 .13 GDEL=IPN+SNN. $ A4C=1. % A4A=], % ARC=AT § ARA=AT $ GO TO 20
2030 14 A4C=0.1 $ A&A=N. % ARC=A7/1200. S ARA=N, $ GO TO 2n

02040 18 A4C=0.0012 & A4sA=Q, € ARC=0.NN12#A7/1200. $ ABA=N. $ GO TO 20
02050 14 GNEL=TPO+SAN. § A4C=1. § A4A=1. § ARC=A7 § ARA=AT7 S 60 TO 20
NP060 17 8AC=0.1%AT/]1.44E6 § IF(I16G.FQ,0)ARCSAACHN,]

02070 _ AGC=0,01 & A4A=N, % A8A=N, % GO TN 20 -

n20R0 1R GNEL=IPO+1000. % ARC=AT S IF(IG.FA.N)ARC=N.]1%#A7
FREQQ B4C=1e % A4A=), § ARA=AR(C

s2yanc .

42110C MAIN LOOP FOR CALCULATING DNSFS

n2120C

n?2130 20 DN 40 INUC=] 4NNUEC

N2140 A1 =A9#FNESH#FXM (AL (TNUC) #*GNFL) #RAS (TSTR« INUC+4)
np150 nn 30 T1=1.7

N21AN A2=NCF (INUC+Te5)

N2170  B1=Al#A4CHASHFSC(IR)#DCF(INUGC,T«?)

nNP180 RO=A] #ARCH#AD®#0.057

n2100 R3A=N.PG#A]#ALA*AGEFSA(TR) #NCF (INUC,T«3)

n2200 . RA=0S5#0P5#A1#ALAFALHFMF (TNUC) #NCF (INUC e T e 4)
n2210C RI=A1#A4CHFSC(IR)#NCF(TNUCT+?)

nz270C ‘RR=N,P5#AL#A4A#FSA(TR) #DOF (INUCs T3)

nN2230C RA4ZNS#N 4 PEEAL#ALARNCF (INUC, To4) #FMF (TNUC)
N2240 RE=N,25#A]1 #ARA#AD:N , 27

nN2280 N7(T41)=N7(Ts])+R]1+R?

02260 IN N7(142)=N7(T«?)+83+R4+RG
n227n 40 CONTINUE
nNn2280C



Listing for GRWATER Computer Code (éontinugd)

n>22900C TEST DOSES AGAINST DLC

n2300C

nN2310 ND S0 IORG=1,7

n2320 NN 850 IPTH=1.2

n>330 TE(NZ(IORGIIPTH) oGT.DLC(TINRG)) AN TO KO
n>340 S0 CONTINUE

n2250 GO TO (Gl.R?,519§3g§19§49§§q§6)913

p?360 ©1 ISPL(ISTR,11)=1 % RETURN.

0?2370 &2 I3=2 $ GO TN 10

n2380 &3 I31=z4 $ GO TO 1N

07390 &4 ISPC(ISTR.11)=? $ RFTURN

nN2400 &5 T3=R $ GO TO 1N '

n2410 &6 TSPC(ISTR,11)=3 $ RETURN

02470 A0 GO TO (61+467963+563563563570470),+13
02430 A1 IFU{IL.EQG.N)GO TO A3

ND440 I3=4 $ &0 TO 10

N2450 A? TIF(ILEN.N)GO TO 63

N24A0 13=6 & GO Tn 10

n2470 62 IF(IH.FNLN)GO TO .70

024R0 13=7 $ 60 TO 11

n24090 70 ISPC(ISTR,11)=0

n>sn0r .

n>2s510C TGPC(ISTR.11) CONTATINS WASTF CLASSIFICATION INDEX

0”520 DETIIRN & FND

072530C '

nN?540 FUNCTION FRFS(Al.A2)

I AL)] A3=N.58SOPT (A2/4])

NP54N A4=A3%#(1.=A1) $ AS=A3%(1.+41)

02570 "IF(A4.GT.0)GO TO 10 )

N25R0 FRFS=P +FXM(A4#AL) # (POLY (AS) =POLY (=A4)) $ RETURN

n>25490 10 FRFS=FEXM(A4%#A4)® (POLY(A4)+POLY (AS))

n2400 RETURN % FND

nN°ARI1NC

nN2A20C

nN25830 FIUNCTION DOIY(XI)

nN2640 NATA Al AP 4A33A4AS,P/, ?GAR?QRQ?q- 2R4496T3hAs1.42141374]),
NP2AEN+ : " 216453157202 7+1.061405429,4.3275911/
0P8R0 Ti=1l. /(] e+P#X1)

N2679 POLY= Tl*(A1+Tl*(A?+Tl*(51*Tl*(A4+T1“55))))

‘N2/AN PETURN % FND

N2A90 FUNCTION FX* (A1)

02700 AP=0; S IF(Al.LT.230,)42=FXP(=A])

n271n FXM=A?

n>2720 RETHYRN & FNN

n>73nc

027400

n2780 qunQnUTIMF PWATEQ(NSTDqNNUFoNTYVoTYMD)

N27AN : rnMMON/QAST/RAQ(?691?)oIqPF(Qﬁ-ll)oDFF(?3,7.R).FICPP(7)
N2770+ /MUCS/NUC (23) ¢ AL(23) o FMF (23) sRET (2345)

N27TRN+ /DTNX/IQQIDQICQIXQIEQISQILQIGQIH!ICL,IDO'IIC
n>2790+ /DTTIS/FSC(A) «FSA(AR) sPRC(6e?) «NFC(Ae3) e TTM(ARsI)
n>ann+ : TPC(G,B).RGF(6.3).DOP(6q3)oDTTM(é)onTPC(S)9TPO(6-?)9NRET(63
N2R10+ /IMPS /D7 (23918421) /DHIC/THIC(36) s THIC

n>a20 NDTMENSTION FMP(S)9FFF(?)9§FFF(?)-DMV(3y?O)9TYMD(IR)o FS(18+3)
n>a13n NATA FMP/ .64 .759050e59e7G/9FFF/6444TeN/sSEFF/0.940, 35/ «NOPT/1/
no040 CTVOL=E0. § GINS=IPO+TIIC % NSEC=10 $ CALL ZERN(D74R694)

D-10



n2R50C
N2RA0C
NPR70C
028R0C
02890
02900
n2910
02920
n2930
2940
02950
N2960
N2970
n>an0

0?2990

03000

n3IN10C
n3020C
030300
1 n3040C
03050C
nN3060C
03070C
03NROC
n3000C
n3100C
03110¢
n3120C
03130¢
n3140

03150

N3160

03170

03180 -
013190

03200

n3210 -

n3r20
n3230
n37249
03250
N3IZARD
03270
N3?2R0
n329n0
n3300
03310
n3z3en
N3330
03340
03380
N3I3A0
N3370
033R0C

10

Listing for GRWATER Computer Code (continued)

NEXT SECTION DETERMINES PERCOLATION VALUE AnD
LOWFR LIMIT FOR THE DILUTION FACTOR

PRC1=PRC(TR41) % PRC2=PRC(IR,?2)
IF(IG.FN.1.0R.ID.EFR.?) GO TN §
IF(IF.GT.3) PRC1=PRCtIRs1)/10.
IF(IE.GT+3) PRC2=PRC(TIR,2)/10.
CONTINUE

" IF(IC.EQ.1)PRCN=PRCI

TF(IC.GT.1)PRCD=PRC?
IF(TX.EN<1)PRCN=4,#PRCYT
IF(IC.FN1.AND.IX.FN,?) PRCN=2,25%#PRC]
IF(TC.EQe2.AND.IX.EQ,2) PRCD=4,0%#PRC?
TVOL=352000.#SART(PRC(IRs1)#27.8)
IF(TVOL.LT.7700.) TVOL=7700.

MATINM LOOP OF GROUNDWATFR PATHWAY EQUATION
X222 220102235 R-0-0- -2 L 2 8- 2-2 0 Ak 22221
SOME OF THE MAIN VARTARLE NAMES ARF:
PERC : SNURCE TERMS
PERZ2 -
FMF  : RADIONUCLIDE PARTITION RATIOS
QFC  : DILUTION FACTOR
TDUR DURATION TIME OF RADIONUCLIDE
RES MIGRATION REDUCTION FACTOR

. RGF ! GEOMETRICAL REDUCTION FACTOR
R s I R R L LR LR R R

PN 90 ISTR=1,NSTR A o
T11=ISPC(ISTR,11) - % IF(I11.EQ.0)G0 TO 90
WRITE(34101) BAS(ISTRs1)4BAS(ISTRs3)sISTR,I11
TA=TSPC(ISTR,6) $ VUR=0.9/(EMP (IE)#EFF (ID))
I17=1SPC(ISTR,7) § IF(I11.EQ.3)VUR=0,19
IA=TSPC(ISTR,R) $ _TF(ISeFQeNeORIT.EQ.1) 162161
JO=ISPC(ISTR.9) $ GDFL=0. $ IF(IHIC(ISTR).FQ 1)GDEL=THIC
IF(IHIC(ISTR).GT.0) IA=1

PERC=PRCD § IF (IB.NFol.0R.IS.NEL1)GO T0 10
IF(IC.EQ.1)PERC=PRC1

IF(IC.GT.1)PERC=PRC2

IF(1114EQ.3.0R. ID.EN,2) PERC=PRC2/16.

PFRC=PERC#(1.0-0.9%#IG) $ PER2=3.6%*PERC+0N, I*DRCI

IF(ID.EQ.2)PER2=0.9#PERC+0,.]1#PRC?

NX=0 % TF(PERC+LT.PRC1)INX=1

AR=1e § IF(T16GTal)AB= 422 (1=16)

A9=1e § IF(I9.GT.1)A0=10.%#%(1~19)"
T1=MRET(IR) $ IF(IS.EN.0.ORI7,EQ.1)I1=1I1~1]

TNUM=1,0/(PERC*VUR#A6#AG) § IF(II.LE.O)II=1

NO A0 INUC=1,17
TF(BAS(TISTRsINUC+4) LTl F =14)G0 TO R0

TNDUR=TDUM/FMF (INUC) $ CALL ZERO(DMY,60)

C1=TDUR $ IF(NX.EQ.0.OR.NOPT, EQ O)GO TO 15
IF(Cl.LT. GINS)CI GINS
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n33oenc
n34N0C
n3410C
03420
N3430
N3440
N3450
nNaen
N3470
nN36ARN
03400
n3snn
N3l 0
03520
n3I530
n3540
n3ssn:
NISANC
n3570C
nIcanec
piIsanc
WET T T
N3R10
nN3IK20
N3IK3IN
N31640
nN3650
ﬂ?ﬁﬁﬂ
03670
NIARN
N360N
n3700
n37IN
n3720.
n3730
n3740
03750
N3760
n3770
n378R0
n3790
n1enn
n3eln
n3az20c
nAIn3NCc
O‘IQAOC
R
n3ARAN
nwAa70
n3aan
nieanc
nianne
n3a1n
nN3920
n3613n«
NIVLD

15

20
25
a0

4n
4%
50
AN

an
an

1n1
102
103

Listing for GRWATER Computer Code (continued)

SURRDUTINF RTIJ CALCULATFES THE MIGRATION REDUCTION FACTOR

"RESULTS ARE RETURNED IN RES MATRIX,.

CALL -RTIJ(TYMD«NTYMeINUCeIRsT13C190.4+RESSGNFL)
R1=RAS(ISTR,3)#*BAS(ISTR.INUC+4) /TDUR
nn 30 IPTH=z1,3
R>=Q]1#RGF (IR, IPTH) / (OFC (IR« TPTH) #NSFC)
TF(TVOL.GT.QFC(IR4IPTH))R2=R2#QFC (IR, IPTH) /TVOL
13=(IPTH=1)#7 § I2=6 & IF(IPTH,FQ.3)I>= 7
nn ps ITYM=]4NTYM '

EXM (AL (INUC) #TYMD (TTYM))
nn ?n I=1.7
A4=A3ERES (ITYM, IDTH)*Ra*nCF(INUCoIst?)
DMY (TPTHe ITYM) =DMY (IPTH, ITYM) +A4#FICPP(T)
N7 (INUCeITYMsT3+1)=DZ (IMUCS TTYMIT3+T) +A4
CONTINUE
CONTINUE

THE NEXT SECTION CONSINFRS (0PTIONAL BY NOPT) THE SECOND
SOURCE TERM OF A 2-STFO ANALYSIS WITH AN INCREASFD SOURCE
TERM (PER?) AFTER THE INSTITTUTIONAL CONTROL PERTON,

IF (NXFR.0.0RNOPT.FQ.0)GO TO 60
TE(TDURLLF.GINS)GO TO AN

T1=GINS & T2=T1+PERCH# (TDIJR=- Tl)/DFP?

CALL RTIJ(TYMDJNTYM INUCeIRsI14T24T14RES,6GDFL)

R1=R1#PFR?/PFRC

NN S0 IPTH=],3
RP2=A]#RGF (IR, IPTH) / (QFC (TR IPTH) #NSEC)

TJF(TVOLGTAFC(IRSIPTH) )R2= R?*OF(‘(IPoIDTH)/TVOL

T3=(TPTH=1)#7 & 12=6 % TF(IDPTH,FOQ.3)I2=7
NN 45 JTYM=] {NTYM

A= CXM(AL(IMUC)*TYMD(TTYM))

nOn 40 T=147

AL=83#RES (ITYMe IPTH) #224#NCF (TNUCSI412)
NMY (TPTHITYM)=DMY (IPTH,ITYM) +A4#FICRP (1)
DZ(INUC s ITYMGI3+T)=DZ (IMUCTITYM,T3+1) +A4
CONTINUFE

CONTINUE

WRITE(3.102) NUC(INUC)

WRTITE(34103) ((DMY(TeJ) eJ=1eNTYM) 4T=]1,43)
CONTINYE

CONT INUF

FORMAT (PXeA109F10e3215)
FORMAT (2XeA7)

FORPMAT (QX«9FG,?)

RETIIRN & FND

SURROUTINFE RTIJ(TYMDGNTYMGINUCsTReT1sTDURSTMINGRFS.GNFL)
COMMON/NUCS/NUC (23) « AL (23) s FMF (23) 4RET (2345)

/NTIS/FSCA(42) o TTM(643) s TPC(A53) yRGFP(36) sDTTM(6) o DTPC(F)
NIMENSTINN TYMN(NTYM) yRES(1Rs3) «RTTM(A) «RTPC(5)

D-12



N3a80
N3940
n3eTnc
N3980C
03990¢C
nannor
nanlo
D4n?Pn
N403n
04040
naonso
n4anan
04070
04080
040990
N4100
04110
N4120
~=0646130
.. 04140
~: 04150
N4160
04170
N4]1R0O
N&190
nNg200
N4210
04220
04230

Listing for GRWATER Computer Code (continued)

NATA RTTM/350e+66e9175022834456.011h0e/0

e BPTC/TN0e¢91900404700.516004919004019004/9NOPTW/0/

10

20

30

10

NNPTW=0 SIGNIFIES INTRUDFR WELL
NOPTW=1 SIGNIFIES ROUNDARY WFLL (RTTM,RTPC)

CALL ZERD(RES+54)

ND 30 IPTH=1,43

A1=RET(INUCsI1)#TTM(TR,IPTH) +GDFL

IF(TPTH.EQ.l « AND NOPTW.FQs1) Al= PFT(INUC,II)*BTTM(IP)*GDEL
NN 20 TTYM=] 4 NTYM
~TYM=TYMD (ITYM)=TMIN § A?= TYMn(ITYM)-TnUR

NN 10 ISEC=1410

R3=13 O/(Al*QET(INUCoIl)*(TQFC 1)*DTTM(IP))

S IF(TYM®] ,1#R3,LT.1.0) GO TO 20

R4=TPC(TRsIPTH) + (ISEC-1) #DTPC (IR)
TF(TIPTHLEN .1 ANDNOPTW.FQe1) R4= RTPC(IR)+(I§EC 1)“DTPC(IR)
A=NSSHERFS (R3I*TYMWR4)
IF(A2.GT.0.)A3=A3-0,.5%ERFS(R3#A2,R4)
TF(A3.LT«Ne)A3=0.
RES{ITYMGIPTH)=RES(ITYM,IPTH) +A3
CONTINUE

CONTINUE

RETURN % FMD

SIRROUTINE ZERN (A4N)

NIMENSION A(N)

NO 10 T=1sN

A(-I)=-nc

RFETURN § END
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Listing for OPTIONS Computer Code = -

nnino - PROGRAM OPTIONS(TINPUT+OUTPUT«TAPE]1+TAPE2,4,TAPE3,TAPF4)

oniinc : .

0n120cC TAPE]1l CONTAINS NSTR(NUMBER OF STREAMS), NNUC (NUMRER OF NUCLIDES),
no13inc FICRP(ICRP FACTORS), RAS AND DCF MATRICES AND DTIS BLOCKS.

nn140C TAPEZ2 CONTAINS ISPC(SPFCTRAL) -FILF.

nni1socC “-TAPE3 READS IN THE DISPOSAL TECHNOLOGY CASES

‘00160C " TAPE4 CONTAINS PROGRAM OUTPUT,

0on170C . :

0n1R0 COMMON/RAST/RAS (36932) s ISPC(36411)sNCF(2357+8) 4FICRP(T)

NND190+ : /NUCS/NUC (23) 4 AL (23) o FMF (23) yRET (23+45) /DTNX/TIRNC(12)

00200+ /DTIS/FSC(6) yFSA(6) sPRC(ARe2) sAFC(693) « TTM(693) 4 TPC(653)
00210+ ' - PGF (643) ¢yPOP (693) «DTTM(6) «NTPC () sTPD(HR42) sMRET (6)
0n220+ - : /VOL/VREG VLAY VHOT

00230+ ‘ /IMPS/DZ(Ro79?)on7n(4o7q?)902A(7 7).D7§(1697o?)

00240C ’

NN250C MOST OF THE MATRICES AND ARRAYS ABOVF ARE EXPLAINEDN IN TABLE H-1.
no2600C NDTNX BLOCK CONTAINS THE NDISPNSAL. TECHNOLOGY INDICES,

noz70cC VOL BLOCK CONTAINS TOTAL REGULARs LAYEREDs AND HOT WASTE VOLUMES,
nn2RNC TMPS TS EXPLAINED RELOW: ' _ ' '

nnz2qn0¢ N7 (Q¢74?) = OUTPUT FROM SURROQUTINE RCLAIM TO MAIN PROGRAM
no300c ' CONTAINING INTRUDER IMPACTS FOR SFVFN ORGANS.
nn310c : AND TWO PATHWAYS UNDER FIGHT TFSTIMG rOMDITIONS.
nn320C N70(447¢2) = THIS MaTQIX IS USED TO VOLLUMFE AVERAGE THF QOUTPUT
no3Inec - ' DOSFS FROM RCLAIM, FINAL VALUES ARF FOR SFVEN ORGANS
nolanc ' AND TWO PATHWAYS AT THREE TIMF-STFPS (TIC. &S00,
nn3soc 1000 YEARS) AND SURSFQUENTLY PRINTFD NUT TO TaPEs,
NNIANC NZA(T7) = OUTPUT FROM SHRROUTINF ACCEXP TO MATN PROGRAM
no3iI7TocC - CONTAINING THE ACCIDENT AND FXPOSHRF NOSFES FOR
003R0C ‘ SEVFN ORGAM aND SEVEN PATHWAYS,

nn39nc N7S(36+¢7+7) = OUTPUT FROM SURBRROUTINF aACCFXP FOR THF TwNn

nnannc - . ACCTINENT PATHWAYS CONSIDERED ‘RY ALL STRFAMS (36)
unalnc . ' ' AND 7 ORGANS, _ S
on.20 NIMFNSTON TQR(36)+sIAL(36)sT10H(36) sTIAN(3IA) +G(4) «N(4) ' y
nnaln ﬂrMFNSTON NnTF(6)-DFQ(Q)oTIMP(ﬁ)oCOST(S)oUN(5)oNDX(36)

nnaqgnc

nNn4asnc THF SE ADRAYG ARE FXPLATINFD anow-,

INGARDC TOR(3A)« TQL(3A) = INDICFS OF STRFAMQ RFLONGING TO FACH

onav7ocC TAH(3A) « TQN(36) OF THF FOUR WASTF TYPES (REGIILAR,y LAYERFD,
nNnN4arOC , .. HOTs AND NNT ACCFPTARLF)

nNaoneC NOTF (/) _ = HFADFR INFORMATION RFAD TN THRU TNPUT AND
0onsnoC ‘ PRINTED OUT ON TOP OF NQUTPUT FOR TDENTIFICATIOM,
nnsi1ne DFES(9) OFSCRIPTINN 0OF 9 PATHWAYS CNMNSINERFN,

NNS20C TTIMP (A) TRANSPORTATION IMPACTS GALC/HLATFD TN SURROUTINF
N0S3NC TRANSP AND PASSFD TO MAIN PRNGRAM,

NNs40C - cCOST(S) = DISPOSAL IMPACTS CALCULATED 1IN .SURRNUTINE FCON,
NOSS0C G(4) oD (4) = LOCAL ARRAYS WHICH ACCUMIILATES PROCFSSING IMPACT -
NOSANC G FOR PROCFSSIMG AT GENFRQATOR AND D FOR PROCFSST:
nnNsE70C o AT THFE DISPNSAL SITE

nneanC 1IN (R]) © = UNIT COSTS ($/M3) FOR PRNCFSSIMGs TRANSPORTATIOHN.
nnt ngC : NDISPNSAL NURING NPFRATTIONAL prPron. AND DISPOSAI
noa 0C - DURTING POST CLOSURE PERIND,

nneg.oc NN X o = STRFAM CONTROL ARRAY

0NA: 0C 0 = DFLFTF STREAM FROM CONSIDFRATION

nNog .AC S - 1 = PROCFFN AS NORMAL

NYRGNC ) ? = HIGH INTEGRITY CONTAIMFR

NNAS( " ‘ ' ~ 3 = STARLI7ZFD
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N660C
0670
N6R0+
'0RQ0+
0700
n710
0n720C
n73NnC
0740C
n7Ss0C
076nC
0770
nreocC
0790
0RONO
08’10
NR20
NR30
NR4O
NRSO
0R60C
nR70C
0RROC
0eancC
.090Q0C
ngl10cC
0920
nN930
nGan
9950
LT
097nH
NAR0
W 1=1]
1000
1010
1020
1030
1040
1050
1060
1070
10R0
1090
1100
1110
1120
1130
1140
1150
1160
1170
11R0
1190

10

20

25

30

315

40

4v

50

Listing for OPTIONS Computer Code (continued)

DATA DES/10H R
10H R
104 E
NATA RIRJU/.15
NATA NDX/36#)1/

FC~CONS
EC-AIR
RO-WAT
« 009/

«10H REC-AGRI
+10H FRO=-AIR +10H REC-WAT
«10H ACC-SNGC +10H ACC-FIRF

SUBQOUTINE COMRYN READS IN MOST NF THE INPUT DATA
AND CALCULATES THE PROCESSING IMPACTS. PROCFSSING

“ARE RETURNEND IN BAS(ISTR,29) THRU BAS(ISTR,32),

CALL COMBYN(NSTRsNNUCINDX)

RFAND(34)NCASE

DD 300 NC=1«NC

ASE

READ(3+1002)NDTE & READ(3,) IRDC

WRITE (441NnD3)NOTE, IRDC

CALL ZEPRO(DZ.7

VRFG=0, $ VLAY=
MRFGE0D % NLAY=

21)

0. § VHOT=n, % VNDT=0,
0 % NHOT=0 & NNOT=0

s10H ACC-AVG

IMPACTS

NEXT SECTTON CALCULATES THE INTRUDER IMPACTS ANND DFETERMTINES
THE WASTE STREAM STATUS - ISPC(ISTR,11).

DO &0 ISTR=1,N
IF(TRDC (1) .FQ.
TNX=NDX (ISTR)

STR
4) ISPC(

ISTR45)=ISPC(ISTR.5)~1

TI=ISPC(ISTRs11)+1 & GO TO (10420,30+40),11

NNOT=NNOT+1
YNOT=VNOT +RAS (
NREG=NREG+1

PO 25 T=1.7
nO 25 gz1.2

ISTR,3)

$ ION(NNOT)=ISTR
% GO TN S0
$ TAR(NRFEG)=ISTR

NZA(1eT4J)=NZ0 (1 Tod)+RAS(T§T99?)*n7(IMODaIvJ)
N7R(2e¢T¢J)=D70(2919J)+RAS(ISTRGN #N7 (3 TyJ)
N70(3914J)=NZQ(33¢T9J)+RBAS(TSTRH)#NT7(R9T4J)

VREG=VRFG+RAS(
N_AY=NLAY+]
NN 35 T=1.7
no 38 J=l.?

ISTR,3) .

% GO Tn s0
% TOL(NLAY)=TISTR

N70(44TeJ)=N70(44T9J)+BAS(ISTRS3)#N7 (IMONT )
N70(2eTeJ)=DZ0Q(29TeJ)+RAS(TSTRG3)#N7 (24T e )
N70(39T1¢J)=NZ0(34TeJ)+RAS(TSTRG3I)I#NZ (8sT4J)

VLAY=VLAY+RAS(
NHOT=NHNT +]

DO 45 TI=147
NO 4% J=1.?

ISTR,3)

% GO Tn 59
£ IQH(MHOT)=ISTR

N70(1s1. J)—ﬂ?O(loI-J)+RA§(IQTQo?)*DZ(IM0091~J)
n70(?9TsJ)-ﬂZQ(3910J)*RAQ(IQTQ~?)*D7(ﬂoT9J)

VHNT=VHOT +BAS (
CONTINUE
TF(VLAY.FR.0,)

ISTR«3)

VLAY=1,

D-15

% IMOD=1 % CALL RCLAIM(ISTRsNNUC,IMON,TDX)
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Listing for OPTIONS Computer Code (continued)

01200 Nn 85 J=1.7

N1210 NN S5 K=1,2 '

n1220 N7Q(1eJeK)=NZQA(T9JeK)/ (VREG+VHOT)

n1230 TF(VLAY.GT 1) DZQ(l.J.K)-D?Q(l.J.K)+n7Q(4.J,K)/VLAY

01240 N7N(2eJeK)=NZB(2+JsK) / (VREG+VLAY)

01250 5§68 N70(JeJsK)=NZQA(3eJeK) / (VREG+VLAY+VHOT)

n1z6nc : : ' ‘ o ‘ _

ny270c THE MATRIX NDZQ NOW CONTAINS THE VOLUME AVERAGED INTRUDER IMPACTS,
n128nc : : ’
n1290 IF(VLAY.FN.1e) VLAY=0,

N1300 TF(NREG.GT.N) CALL PRT(VREGsIQR.NRFGsloNDX)

n1310 TF(NLAY.GT4N) CALL PRT(VLAY4TIQL+NLAYs24NDX)

01320 IF(NHOT.GT.0) CALL PRT(VHOT+IQHsNHOTs3sNDX)

N133n TF(NNOT.GT.0) CALL PRT(VNOToTQNsNNOT 4 9NDX)

01340 WPTTE (4,10N8)

N113s0 NN 70 T=143

01360 NO AS K=147

N1370 A1=0,

N1380 N0 A0 J=1.7

nN1390 A0 A1=A1+D7Q(T4JsK)#FICRP (J)
01400 65 WRTITE(4410009) DES(K) ¢ (DZQ(TeJsK) eJ=1sT7)sAl
N14l0 70 CONTINUE

N1420C , :
01430C MEXT SECTTION CALCULATES THE DOSES FOR THE ACCINDENT AND EXPOSURE
011440C SCEFNARINS = CONSISTS OF SEVEN PATHWAYS FOR SEVFN ORGANS.,

014500 '

01460 CALL ACCEXP (NSTRsNNUCoNDX)

01470 WRITF (441014)

01480 DO 100 K=1,7

01490 KK=K+2 $ A1=0.

01500 NN 95 J=1.7

01510 05 AY=A1+D7A(JK)*FICRP (J) ‘
nN1520 1n0n WPITE(491015)DES(KK)9(D?A(JaK)bJ=197)9A1

01530C
01540C MEXT SECTION CALCULATES THE TRANSPORTATION TMPACTS AND THE
n1580C NISPOSAL TMPACTS THRU SURROUTINES TRANSP AND ECONs RESPECTIVELY.
01560C - '

n1570 CALL TRANSP(TIMP4NSTR)

01580 CALL 7ERO(Gs4) $ CALL ZFRO(De4)
£ 01590 NN 110 I=1,MSTR

N1600 11=ISPC(I.10) % 12= 11/100

N1610 13=(11/710)=12%10 % IF(I3.,EQ.N) GO TO 110 .

niez2oc _ '

01630C SEFPERATF GENERATOR AND DISPOSAL PROCESSING TMPACTS
'01640C -

01650 IF(I3.ER.?) GO TN 108

N16A0 © G(1)=6(1)+BAS(1+29) $ G(2)=6(2)+RBAS(I,30)

N1ATO G(3)=G(3)+RAS(1+31) 8 G(4)=6(4)+BAS(1432)

01680 GO TO 110 _ :

N1690 105 D(1)=D(1)+BAS(I429) § D(2)=N(2)+RAS(I,30)

n}y700 N(3)=N(3)+BAS(T+431) $ D(4)=D(4)+RAS(I,3?2)

01710 110 CONTINUE

‘n1720C ,

01730 CALL ECON(NSTRsRIWRJISCNSTsNNX)

01740C
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Nn7s0cC
pPrrenc
nrrToc
ML7ROC
N1790
n1aon
n1Aa10
nyezn
N1R30
N1R40
N1RrSQ+
N18e0+
"D1RTOC
N18R0
01890
N1900
01910
N1920
n1930
01940
N19590
01940
N)1o70n 12n
01880 30n
01990 1001
07000 1002
02010 1003
Nn2020+
2030+
fa2040+
2050 1008
N2060+
02070 1009
nN2nR0 10173
02090+
N2100+
02110+
N2120+
N?2130 1Ma4
02140 1n1%
N2150 1n1A
02160 1017
02170 1018
N21R0+
N2190 1n2n
N>2200
n22100

118

Listing for OPTLONS Computer Code (continued)

PRNOCESSINGs TRANSPORTATION, AND DISPOSAL IMPACTS ARE NOW BROUGHT

TOGETHER AND PRINTED NUT. '

VT=VREG+VLAY+VHOT

UNC1)Y=6G(1)/VT $ UN(2)=N(1)/VT

UN(3)=TIMP(1)/VT % UN(4)=CNST(1)/VT $§ UN(S)=COST(S)/VT

CNST(2)=COST(2)+TIMP(5) & X=0,

TIMP(3)=TIMP (3)+TIMP (5)

WRTITE (4, 1“11)919QJ96(1)9D(1)oTIMP(l)oCOST(l)sCOQT(G)o

nn(l).um(?).UN(3)9UN(4).UN(R).G(4).n(a),TIMP(a),x.
(?)aD(?).TIMP(3)9C0§T(?)-XsXsn-POST(A)-G(?)qD(?)-TIMP(?)9FOST(3)

NO 120 K=1,47
IF(KeFQ.1)WRITF (441016)
TFIKIEQ.2)WRITE(41017)
WRITF (44101R)
nn 120 = 1.MST°
Al=0,
NO 115 J=1.7
B1=A1+D7S(I4JeK)®FTCRP (J)
w91TF(4-10?0)RAS(19])-(D7§(ToJ9K)oJ 1+7)9A1
CONTINUE
CONTINUF .
FORMAT (1213)
FORMAT (AA]N) _
FORMAT (1H1/2X+6AY10//2X#DTSPOSAL- TECHNOLOGY TNDTICFS#/2X.,
¥IR =%]2# ID =#I2% IC =#12% X =#12/2X
#IE =s]2# IS =#I2% L =#72# 16 =#12/2X
#TH =8I2% ICL=#I2% TIPN=#T2# 11C=6#T4)
FOQMAT(]H1/9X9*INTRUDFQ IMPACTS® 47X 4 #RODY RONF LIVER#
# THYROID KIDNEY LUNG G-1 TRACT TCRP#)
FORMAT(12X4A1048F10.3)
FORMAT (/2X#0THER IMPACTS WASTE PRNCFSSING
#NYISPOSAL - LT CARE#42X42F5,3/]1AX* GENFRAT
#COST (F)#AXGSE10.2/2X%UNIT €NST (§/M3)#5F1N0,2/2X#DOP NOSE
4F10.2/2X#0CC DOSE (MREM) #4F10.2/2Xs16HLAND USE (M2s2)
#ENFRGY USE (GAL)#4F10.2)
FORMAT (/2X#FXPOSF/ACC IMPACTSH)
FNORMAT (12X43A1048510,.3)

TRANSP 8,

DISPOSAL#/2Xe
(MREM)

FORMAT (//2X#SINGLE CONTAINFR ACCIDFENT - ALL STREAMS#)
FORMAT (//2X#ACCIDENT BY FIRF - ALL STREAMSH)

FORMAT (14X e #STREAMS: (SX 4 #RONY RONF. LIVER THYROIDN »
#W IDNFY LUNG -1 TRaACT TCRP®)

FORMAT (12X 481048F10,3)
STOP § FENND
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nN2220C
02230
02240C
02250C
02260C
02270C
02280C
N2290C
n230n0C
02310C
02320C
n2330C
02340C
02380C
02360
02370+
072380+
02390+
02400
02410+
N2420C
n?2430C
0264400
n24500C
02460C
n2470C

0P4ROC

n2490cC
n2800C
0n?510C
n2s20c0
n2830C
0n?2540C
0?2550
02560
N2870+
0?5R0+
02590+
0200+
n2610
n2620
0?2630
N2640
N2650
nN2660
N2c70
0PARN
nrAQ0N
02700
nP710
n2720
Nn2730
N2T740+

NP2T750+

02760

T0n

NP W
L]

Listing for OPTIONS Computer Code (continued)

SURROUTINE COMRBYN(NSTRINNUCsNDX)

THIS SURROUTINE READS THE DATA FILES. TAPE1 AND TAPE2, AND

PERFORMS SEVERAL BASIC CALCULATIONS TO INTEGRATE SOME OF

THE INFORMATION. 1IT PERFORMS THF FOLLOWING:

1 ¢ READ THE COMMON RLOCKS BAST. NUCS. AND DTIS

2 ¢ USIMG THE VRF AND VIF GIVEN JN ISPC MATQIX MODIFIFS
VOLUMES AND CONCENTRATIONS

¢ CALCULATES TRANSPORTED VOLUME AND STORES IT ON BAQ(TSTRq?R)

: CALCULATES THE WASTE PROCESSING IMPACTS

¢ MODIFTIES H=3 AND C-14 CONC IF WASTE IS INCINERATED ,

: CALCULATES THE RET(23+5) MATRIX FROM GIVEN TNFORMATTON,

COMMON/PAST/RAS(36o32)9I§PC(?6oll)9DFF(?39793)9FIPPP(7) .
/NUCS/NUC (23) « AL (23) sFMF (23) yRET (2345) /DTIS/FSC(A) sFSA(6) s .
PRC(Aa2) sOFC(6+3) s TTM(643) ¢ TPC(Ha3) yRGF(643) 4POP (643) 4DTTM(6),
DTPC(A) s TPO(642) ¢NRET (6) ,

NIMENSTON A7R(36) sUPRS(74+3)+USOL(33)4USAV(3),

NEC(2342) «TPOP(2) «NDX (36)

ADDITIONAL INFORMATION NECESSARY FOR THIS ROUTINE ARE GTVEN
IN THE ARRAYS AND DATA STATEMENTS. THE ARRAYS ARE FOLLOWING:

AZR (3AR) = SPECTRUM 1 VIF/VRF RATIOS
UPRS(7+3) = VOLUME REDUCTION UNIT IMPACTS
YSOL (3e3) = SOLIDIFICATION UNIT IMPACTS
ysav(3) = UNIT SAVINGS RESULTING FROM VOLUME PFDUCTION
NDEC(2341) = DECON FACTORS FNR PATHOLOGICAL INCINFRATNR,

AND NDEC(23.2) TS THE DECON FACTORS FOR CALCINER.
TPOP(2) = PERSON-YEAR/M3 ATMQOSPHFERIC DISPERSION FACTORS

FOR POPULATION EXPOSURE CALCULATION FOR URRAN AND RURAL AREAS.

NATA A79/1 e01e493%]a0lebolBn]egtt#3,a2#1e9293%100Pe0le30b¥®l./

NDATA UPRS/335,.9503.4010N0669690.420604¢1938,41039,,3%4,6,
5603011691299 72093%15604464629Be0b6.12:535/,

USOL/1282.91873492445.93%40403%244/

USBV/210690694e/9TPOP/1.56F-B41.56F=10/9NEC/¢99.7S5+6%#2,5F=3,
281 eE=2413%2,5F=35499e25:h%#2,5F=5,2%#],F=4,413%2,5E-5/

READ(1+1N1)INSTRINNUC,FICRP

NN 70 I=14NSTR

REAN(14102) (RAS(Tsd) 9J=127)

PEAN(24103) (ISPC(T4d)ad=1a10)

CONTINILIE

. N0 80 T=1eNNUC

75
an

an

QFEAR(] IOA)NUC(I)qAL(I)oFMF(I)quT(Iyl)9QFT(194)
NN 75 K=].R

REAN(1e10A) (NCF(TsJeK) ed=1e7)

CONMTINUF

FONTINUF

N 90 I=l.6

REAN(]. qu)FQC(I)oFSA(I)q(DRP(Iod)oJ 192) 9 (GFC(T4J) sJ=1+3),
(TTM(TeJ) eJ=193) s (TPC(T9J) o= 19?)9(pGF(19J)9J_19?)o(pﬂp(lvd)vd=103)9
MRET(I) oDTTMA(I) o DTPC(I) o ({TPO(TeJ)ed=1,7)

CONTINUE -
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Listing for OPTIONS Computer Code (continued)

12770 101 FORMAT(PIS,7F5.2)

12780 102 FORMAT(A10+2FE10.3/10X+6FE10. 3/10X96EIO 3/10Xs6E10.3/10X+6E10.3)
)2790 103 FNORMAT(10X,10I5)

}2R00 104 FNORMAT(AIN,4E10.3)

1IZR10 105 FORMAT(10X,7E10.3/10Xs6F10. 3/10X96E10 ?915/10X94E10 3)

1I2R20 106 FORMAT(10X47E10.3)

12830 NN S0 TSTR=1,NSTR
12840 A1=ISPC(ISTR42) % Al=A1/ISPC(ISTRs3)

12350 AP=RAS(ISTRs3)/3.62 § A3=A2/Al § RAS(ISTR93)-A3

12R60 Nn 20 1=5,27

IPAT0 20 RAS(ISTR,T)=BAS(ISTR,I)#a]

)2RR0 R4S (ISTR,28) =BAS(ISTR»3) $ J= ISPC(ISTR;IO)

V2R900

12900C THE FACTOR-3.62 IS THE NORMALIZATION VALUE

12910C FOR ONE MILLION CUBRIC METERS, : |
12920C THE NEXT SECTION UNSCRAMRLES THF PROCESSING INDEX AND GETS
)2930C THE VOLUME REDUCTION METHOD - IP, SOLIDIFICATION = IS,
)2940C LOCATION - ILs AND ENVIRONMENT - IH. IF IL=0 THFN THERFE IS
)2050¢ MO PROCESSING AND THE SFCTION IS SKIPPED,  IF IL=2 THFN
12960C THE DISPOSAL AND TRANSPORTATION VOLUMES ARE DIFFERENT
}2970C :

)2980 RAS(ISTR44)=RAS(ISTR,4) #AY

12990 IP=J/1000 $ IS=(J/100)=-IP#]10 § IL-(J/lO)—IP*lOO ~1S#10
)3000 IH=J<IP#1000-1S*100-1L#10 $§ IF(NDX(ISTR).E0.2)60 TO 31
)3010 . TF(TIL.EG.0) GO TO 50

13020 IF(IL.NE.?) GO TO 25 :

13030 - BAS(ISTR4?B)=A2 § BAS(ISTR.a)-BAs(Isrp,a)/Al

13640 25 A5=0.5 § IF(ISTR.GT.11)AS=0.]

130500

13060C NEXT DO LOOP CALCULATES WASTE PROCESSING IMPACTS

)3070C. S - ‘

)3080 NN 30 J=1,3

13090 A4=-A3% (AZR(ISTR)#A1=1.) 2USAV (J)

13100 TF{IP.GT<0)A4=A4+A2#UPRS (1P, J)

13110 IFUIS.GToN)A4=A4+AI*USOL (IS0 J)

13120 TFIJ.EQ.3) A4=A4H*AS

13130 30 RAS({ISTR«28+J) =A4

i3140C o , , ' .
13150C NEXT SECTION FOR STREAMS PUT IN HIGH INTEGRITY CONTAINERS
13160C

53170 31 IFINDX(ISTR).NE.?2) GO TO 32

13180 AL=AR#450, _

13190 RAS(ISTR,29)=A4

N3200 TF(IL.EQ.0N) GO TO S50

3210 32 FONTINUF

13220C

n3230C NEXT SECTION SKIPPED IF WASTE IS NOT INCINERATED

03240C NTHERWISEs LOCATION DEPENDENT POP DOSES ARE CALCULATED
N3250C. '

03260 IFIIP.LT.5)G0 TO 50

D3270 AG5=0. $ J=2 & IF(IP.EQ,.5)J=1

N3280  TFUTH.NE.1.AND.IH.NE., 2) TH=1

N3290 DO 40 INUC=14NNUC

N3300 AG= BAS(ISTR93)*BAS(ISTR.INUC+4)*DEC(INUC9J)*TPOP(IH)
03310 — DN 40 I=1,7

N3I320 40 . AS= A5+A4*FICRP(I)“DCF(INUC.I;R)

03330 BAS(ISTRe32)=A5
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03340C
03350C
03360C
n3370C
N3IANC
03390
N3400
N3410
03420
03430C
03440C
03450
03460C
‘03470C
N3480C
03490C
03500C
n351nC
03520
N35SI0+
03540+
N3850+
03560
03570C
03580

0359n

N3RNO
03,10
03620
03430
03640
N3RS0
N3660
03670
03AR0C
03s0NC
n3700C
o3710€
n3720C

N3730C

03740
HERNAT))
N3760
n37T70
D3ITRN
n3790
n3’Nn
n3R10
N3R”20
nN3”30
N3R40"
n3RBN
D 3IRAN

50

11
12
13
la
18
16
17

1R

Listing for OPTIONS Computer Code (continued)

ONLY ICRP -WEIGHTED POPULATION IMPACTS ARE CALCULATFD
ARQVEs TWO STATEMENTS BE{OW MODIFY H-=3 AND C-14

‘CONCENTRATIONS TO ACCOUNT FOR LNSS UP THE STACK,

RAS(ISTRsS)=(1=DEC(14J))#RAS(ISTR,S)
RAS(ISTR. 6)-(1.-DEC(?-J))“RAS(ISTRoﬁ)
CONTINUE '

RETURN ¢ END

»GUBDOUTINE DCLAIM(ISTR.NNUCoIMOD,IUX)

THIS ROUTINE CALCULATES THF INTRUDFER IMPACTS FOR TwO PATHWAYS
- CONTRUCTION AND AGRICULTURE = AND DETFRMINES THE STATUS OF
FACH WASTE STREAM ISPC(ISTRs11) AND DETERMINING TEST

CONDITION (IMOD).

COMMON/RAST/RAS (36932) ¢ ISPC(36411) sDCF(23,7.8)
/NUCS/NUC (23) 3 AL (23) o«FMF (23) 4RFT(2345)
/DTNX/IRsIDSICeIXeIESTISeIL9sIGeIHsICLsIPOLTITIC
/DTIS/FQC(6)9FSA(6)/IMDQ/D7(8o7;2)

NIMENSTON FMP(S).DLC(?)

NATA EMP/ :9.759.Sy.qo.79/qDLC/?*500.91§00.-3000.9?*1q00 /
IE=1SPC(ISTR.5) % I6= ISPC(IQTP;G) $ I7=ISPC(ISTR,7)
I8=TSPC(ISTR,8) % 19=ISPC(ISTR,9) ' '

TEF{IDX«GT.1) IR=] .

47=1e § IF(16.FQe2.0R.IA,FR.3) AT=0,.80 ,

CALL 7ERD(N74112) % JF(I7.EQ¢1.0R,IS.EN.0) 16=16~1
FDES=EMP (TE)# (] e=-e9%16G)

AS=1. $ IF(T5.LT.3) AS5=10.##(15- 3)

A6=14d % IF(16.GTel) AGB=64 2% (1=-1K)

89=1e % IF(I9.GTel) A9=10.2%#(]1~-19)

NEXT SECTION CALCULATES INTRUNER IMPACTS UNNRER FIGHT

CONDITIONS (LDOP 135) AND SURSFQUENTLY TESTS POR .STATUS ASSIGNMFNT.
ULTIMATFLY WASTE STREAM WILL RE CLASSIFIED 4S EITHER NOT
APCrPTAQLF.RFP“LAP9LAVFRF0. 0OR HOT.

NN 35 I3=1.8

GNEL=IPO+IIC & IF(IC.FEN.3) BNEL=IPO+500,

G0 TO (11e12913914915416417418) 413

A4C=1. $ A4A=1, & ARC=AT & ARA=AT7 % GO TO 21

A4C=0.N12 $ A4A=0., $ ARC=N.N12#AT7 % ARA=0, % GN TO 20
GNEL=IPN+800, $ A4C=1. % AsA=], % AAC=A7 $ ABA=A7 % GO TO 20
84C=0.1 % A4A=N, $ ARC=AT7/1700, % ARA=0, § GO TO 20 \
ALC=NNN1? @ A4A=(0, $ ARC=0,0N12%#A7/1200. $ ABA=0. % GN TO 20
GNEL=IPN+SAN, & A4C=]1. $ A4A=1., $ ARC=A7 $ ARA=A7 $ G0 TO 20
ARC=N,1%#AT7/]464F5 § JF(IG.FN,N)ARC=ARCH*#N,]

ALC=0,01 % A4A=0, $ ARA=N, & GO TO 20

GNFL=IPN+10N0. $ ARC=A7 % IF(IG.FN.N)ARC=0.1%A7

A4C=l. % A48=1, ¥ ARA=ARC
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‘Listing for OPTIONS Computer Code (continued)

N3IBTO 20 NN 30 TNUC=1,NNUC

03RAN A]—Aq*rnfq*er<AL(Iwur)*GﬁFL)*RAS(I%TR.INUC+4)
- N3R”090 NO 25 I=1.7

n3900  A2=DCF (INUCsI,+5)

03910 R1=A1*A4C*AS*FSC(IR) *DCF (INUCT+?2)

03920 RP=A1#ARC*A2#0,057

03930 R3=N.25% A1 #A4A*AS*FSA(IR) #NCF (INUCs T4+ 3)

03940 R4=NoaS#NPSHAI#ALAZALEFME (TNUC) #NCF (INUCs T 94)
03950C R1=AY#A4CH#FSC(TR)#NCF (INUCsTa?)

N39A0C © R3I=NL25%#A1#A4ARFSA(IR)#NDCF (INUC+14+3)

n3970C R4e=0S#0P5HAL#ALA#DCF (INUCsT94)

N398R0 RE=N,25%A1#ARARARHN,27

03960 - NZ(I3sT1e1)=DZ(T3+141)+R1+R2

N4000 25 NZ(I3+1+42)=NZ(13+14+2)+B3+R4+RS
N&a0l10 30 CONTINUE
04020 35 CONTINUE

04030C '

N&040C ALL CONDITIONS TESTED - NOW DETERMINE WASTE STATUS
nans0C

4060 73=1 $ IF(IS.F0.1.AND. TR.EQ.1) I3=2

N4070 CIFTIN.EQ.?) I3=?

'N40R0 130=1I3

04090 IF(IDX4FQ.0) GO TO 70

N&4100 . 40 NN 50 INRG=147 '

04110 DO S0 IPTH=1,2 -
04120 IF(NZ(I3+TORGsIPTH) «GT. DLF(IORG)) GO TO 60
04130 50 CONTINUE

N4140 GO TO (5195?9519539q3954955956)9]3

. 04150 51 ISPC(ISTR.11)=1

N&160 TMOD=1 $ IF(I3N.EQ.2) IMOD=?

nal70 RFTURN a

N41R0 6?2 13=3 % GO T0.40

04190" 23 I3=6 % GO TO 40

04200 54 ISPC(ISTRs11)=2

04210 IMON=4 § TF(I3N.EQ.2) IMOD=S

N4220 RFTIIRN )

04230 S5 13=8 $§ GO 7O 40

N4z40 56 ISPC(ISTR.11)=3 % IMOD 7

04250 RFETURN

Na?60 60 GO TO (61962963963963963070970Y973'
04270 f1l IF(IL.EQN)GO TO 63

N4a>80 13=4 $ GO TO 40
N&4290 6?2 JIF(TL.FN.N)GO TO 63
04300 713=5 % GO TO 40
N&a3]1n A3 IF(TH.FQ«N)GO TO 70
N&a320 I3=7 $ GO TO &40
04330 70 ISPC(ISTR,11)=0
04340 RETURN & FND

N4350C

N4360C
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04370
04380C
N4330C
N4aaoc
04410C
046420
04430+
04440+
04450+
N4660+
04470+
044R0
04490
- 04500
04510C
04520C
nas3nc
04540
04550
04560
04570
N45R0
04590
Naco0
04610
04620
N4630
04640C
- N4650C
04660C
04670C
" N4sROC
n4690C
04700C
04710
04720
04730
04740
ne750C
na760C
04a770C
N47RO -
N4790
04800
N4R10
04820
04830
04840
N4850
N4R60
N4Rr70
N4RR80

Lfsting;fdf OPTIONS Computer Code (continued)

_ SUBROUTINE ACCEXP (NSTRsNNUEsNDX)

THIS ROUTINE CALCULATES THE EXPOSURE AND ACCIDENT IMPACTS
FOR 7 PATHWAYS (4 EXPOSURE aND 3 ACCIDENT) AND 7 ORGANS.

COMMONYRAST/BAS (36932) s ISPC(36911) sDCF (239748) .

/NUCS/NUC(23) o AL (23) 4FMF (23) yRET (234+5) .
/ZDTNX/IReIDsICOIXeIESISosILeIGsIHeICLSIPOSTIIC
/DTIS/FSC(6) sFSA(6) sPRC(K42) sQFC(653)9TTM(692),
TDC(691)QRGF(693)9909(691)QDTTM(G)QDTDC(G)QTDO(GQ?)9NRET(6)
"7IMPS/DZNDM(168) 9DZA(T47) sDZS(364742)

-‘DIMENSION EMP (5) sEFF (2) + SEFF (2) yNDX (36)

NATA EMP/e520759¢55059075/9FFF/6,697e0/sSEFF/0,9,0.35/

FROSEON TIME SCALE DEPENDENT ON COVER USED 4T NISPOSAL SITE

GFRN=TIPO+2N00.-

IF1IC.EQ.2) GERO= 19001000o

IF(IC.EQRJ3) GERO=IPO+10000.

- IFTIN.EQ.?) GFPRO= 190410000.

NN 160 ISTR=1NSTR

I1= ISPC(I§TD,11) :

IFII1.EQ.1)VTOP= VTOP¢RAS(I§TR¢3)
IF1T1eEQeleNReI1EQ.2)VTNT= VTOT¢RAS(IST991)
IFITT.EQ.3)VHOT= VHOT*BAS(I%TR,?)

10 COMTINUF

" VTOP IS JUST REGULAR WASTE
VTOT IS REGULAR + LAYERED WASTE

NEXT SECTION ESTABLISHFES AREAL FACTORS FOR 4 EXPOSURE PATHWAYS'

FQA 5.72F=-5%P0OP (IRy1)*#1,8E+3 § VUR= FMP(IE)*FFF(ID)*SFFF(ID)
FEA=R.N9E-A4POP (IR42) #VTNT/VUR

FRW=1,15E-4%#P0P (JRe3) #] ,RF +13

FEW=1.15F=4#P0OP (TRe3)#VTOT/VUR
MATN LOOP FOR EXPOSURE IMPACTS

no AO ISTp 1,NSTR

A1=N.25 % Il1= ISPC(ISTRoll) $ IF(T11.EQ. 0)60 TN 40
IS=ISPC(ISTR45) % AS=le & IF(IS.LTe3) AS=10.%#(15-3)
I19=ISPC(ISTR49) § A9=1, § IF(I9.GT¢1) A9=10.%%#(1-19)
IR'ISPC(IGTRoﬂ) '$ IF(NNDX(ISTR).GT.1) 18=}
CTFIT8.EQ.1.AND,IS.EQ.1)A1=0.012/9.
TFITI14EQ.2.0R.INEQ,2)A1=A1%0,01
IF(I11+FR.3)A1=1.72E~5/0,

A?= FMP(IF)*QFFF(ID)*RAQ(IST°93)/VT0P

AR=A2#VTOP/ (VTOT+VHOT) § IF(111.6T.1)A2=0,

CIFUIN.EQ.2.AND.T11.NF.?) 82=23
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04890
04900
04910
N4920
04930
04940
04950
04960
04970
04980
04990
05000
05010
0s020C

n5030¢ -
05040C -

05050
N5060C
nS070C
05080C
05090
05100
05110
05120
05130
05140
05150
05160
051700
051R0C
05190C
05200
05210
n5220
05230
05240
05250
05260
05270
05280
05290
05300
05310¢
05320C
05330C
. 053400C
05350C
05360C
05370
05380,
05390
N5400"
05410
05420
05430C.

20
30
40

Listing for OPTIONS Computer Code (continued)

DO 30 INUC=]1 ¢NNUC

AR=EXM(GREC#AL (INUC)) $ AT=EXM(GFRO*AL (INUC))
AR=RAS(ISTR,INUC+4) :
R1I=FRA#A]#A3I*ARHARHAS $ RP=FFEA#APH#ATHAR
RI=FRWH#AT#A3I*AA#ABH#AQ $ R4=FEWH#APHATHAR
NN 20 TORG=147
N7A(TORG1)=DZA(I0RG41)+R1#NCF (INUCsINORG,8)
N7A(IORG+?)=DZA(IORG,?2) +R2*NCF (INUC+IORG,8)
NZA(TORG43)=DZA(IORG43) +R3I*#NCF (INUC+IORG,T)
N7A(10RG+4)=DZA(TORG+4) +B4*DCF (INUCsIORG,7)
CONTINUE '
CONTINUFE

CONTINUF

END EXPOSURE LOOP

VeC=0. % VFR=0.

" MAIN LOOP OF ACCIDENT IMPACTS

70
a0

Q0

DO. RO ISTR=14NSTR

“ I3=ISPC(ISTRy11) $ IF(I3.,EQ.0.0R.I3.EQ.3)GO TO RO

14=1SPC(ISTRs4) $ I6=ISPC(ISTRy6) $ I9=ISPC(ISTR,9)
AS=RAS(ISTRs3) % IF(I9.G6T.1) GO TO A0
FAF=TPO(IR,1) $ FAS=TPO(IR,?)

"IF(I16.6GTe1) FAS=FAS#(10.%%#(1-16))

IFUT14.LT.3) FAF=FAF#(20.%#%(14-3))
IF(IS.EQ.1.AND.T4.NE.3) FAF=0,

DISTINGUISH BETWEEN SINGLE CONTAINER AND FIRE ACCIDENTS

VFR=VFR+AS

VSC=VSC+AS

DO 70 INUC=14NNUC :

A1S=FAS#BAS(ISTR,INUC+4) #AS5

A1F=FAF#BAS(ISTR,INUC+4) #AS

NO 70 IORG=147 - ‘ - ,
N7S(ISTRyTORG1)=D7S(ISTRs TORG,1) +A1S#DCF (INUC,IORGy]) /A5
NZS(ISTRyTORGs2)=D7S(ISTRyIORGs2) +A1FEDNCF (INUCsIORG,]1) 7AS
NZA(INORG,5)=DZA(I0ORG+5) +A1S#DCF (INUCs IORGy 1)
N7A(I0RG+A)=D2A(IORGsK) +A1F#NCF (INUC»INRG, 1)

CONTINUF .

END OF ACCIDENT LOOP

_LAST PATHWAY IS AVERAGED ACCIDENT

DO 90 IORG=1.+7

NZA(IORG,7)=(DZA(IORGsS)+NZA(IORG6)) /(VSC+VFR)
TFIVSCeGTa0.) NDZA(IORG4S)=NZA(IORG45) /VSC
IFIVFR.GT.0.) NZA(IORG,6)=NZA(INORG,6) /VFR
CONTINUFE '

RETURN $ END
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Ns5440C
N545N
05460C
Nsa470C
0S4R0C
N5490C
05500C
0s510C
0S&20C
05530
N&S4n
NS550+
0S58A0+
NsS570C
N5580C
N5590C
05600C
nss10c
N&8&620C
05630C
05640C
NSARS0C
NSR&NC
NsSA7NC
*NGRRARON
N54Q90C
n5700C
Ns710C
nNsS720C
0Ss730C
05740C
NS750C
0576A0C
NS7T70C
N&7R0C
nNs79NnC
0SR_NOC
Ns810C
NRR20C
NSRIINC
nsR4n
5850
NERAN+
nNsSaTn
NGRAN+
NSARQQ0+
Ns900
NS910+
NRQ20+
N5Q30+
NS940
05350+
nSaan
NS97N+
N5980
nsoaQne

Listing for OPTIONS Computer Code (dontinued)

SURROQUTINE TRANSP (TIMPWNSTR)

THIS ROUTINF DETERMINES THF TQANSPORTATION SCHEMFE FOR ALL
WASTE STRFEAMS RASED PRIMARILY ON THE PACKAGING INDEX OF
THF SPECTRUM FTLFS AND THE ACTIVITY CONCENTRATIONS OF THE
INPIVIDUAL STREAMS, ULTIMATE RESULT IS THE TRANSPORTATION
TMPACTS (TIMP),

COMVON/PAST/BAS(3693?)oISPC(Bﬁoll)/DTNX/IR-IDoICoIXoIE
NIMENSTION PCAR(643) «PPAK(B4R) gKON(1R) 4 TYM(2:18) 4KWT(1R)

" PON7(2¢3)sPKV(S) «TDZ(2¢2) 9 TCST(2e3) ¢ TIMP(6) ¢ TVOL(5e3)

NUMY (3) «DUM2(3) +DUM3(343) +NTST(6) ¢STPS(6) s CASK (6R)

THE AROVE ARRAYS AND MATRICES ARE EXPLAINED BELOW:

PCAR(A,43) : CONTAINS A& DISTRIRUTIONS OF 3 CARF TYPES,
PPAK (846) : CONTAINS A DISTRIRUTIONS OF 5 PACKING

’ CONTATNFRS + A POSITIONING INDEX,
KON (18) : MULTIPLF INDFEX WHICH DESCRIRFS PACKING

CAPARILITIFS FOR 3 CARE TYPFES AND 5
CONTATNERS, '
JYM(?2.18) : TIME IN MINUTES FOR UNLOADING OF WASTE
(CONTACT TIME) = CORRESPONDING TO THF
. 1R KON INDICES AROVE,
TCST(2«3) : TRANSPORTATION COST (%) PER MILF,

RN7Z(?43) : RADIOLNGICAL COST (DNSE) PER HOUR OF
CONTACT TIME WITH WASTE.
TNZ(242) : TWO PART TRANSPORTATION NOSE: PER MTLE,
: . AND LUMP SIJM PARAMFTFRS,
PV (8) ! VOLUME CAPACITY FOR EACH OF & CONTAINERS,
KWT (18) : INDFX TO RFLATF TRANSPORT VFHICLF OVFR-
WFIGHT STATUS TO FACH OF KON INDICES.
DIST(R) : TRAVEL DISTANCF TO DISPOSAL SITF IN
VARINUS RFGIONS,
. STPS (R) : STATE INSPECTION STOPS TN RF FXPECTFED
WITHIN A PARTICULAR REGION,
CASK (&) "¢ NUMREFR 0OF DAYS A CASK WOULD RF REQUTIRED

IN A PARTICULAR REGION,
NTHEQ ARRAYS ANN MATRICES DESCRPIREND FURTHFR OM TN PROGRAM,

n,ATA DCAR/lavop,’.a! 0290190090090?_! 059.69.590290.00.901902904908/

DATA DDAK’".,.?395*0.91.90.9.”89.0?565*0090’699 569909759 0?910’

“}*no!-lc"no.'()o?DROOQQ.SO?*OQO01.‘)04*”-9.q91.!0.93.91.0?094#3.9101

NATA KNM/110302441104076412361004137010041411100.~-1501100,
21031004273A009R4=27NA0NL4237004R4=-2314N514=-230A001.
=24021N00¢=-2501100e¢=33NANS]1+-33N10494+-3402100¢=-3501100/

NATA TYM/20N.0240eeTbealPNeelhesPberfesPbesl3has]lbS,e1200.41440,0
30N ee3A0¢¢254930,.42750.¢3000910002449RRe9175,070046431240
600-'7?0('1?000911‘4(.‘00700.93120 960”.979000600097?001
16009 1RNN /4 TCST/]1,6901e259144791elb9161701.0R/

NATA RD7/50046975N491200.018NN4,42200492200./eTD7/1.8F=2,
PeNF=24Pe02e/9PKV/3,6259e46534e2M"%01e41F04.RY14/

NATA KWT/16#042%1/eNIST/3N0e96400e4h0N0a91000,423#4004/ 4
STPS/2#1ee2e93e92%1e/eCASK/Pee3e05098e92%3,/

CALL ZFRO(TIMP46) % CALL ZFRO(TVOL1S)
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Listing for OPTIONS Computer Code (continued)

S ADNOC THIS SFCTION =NO LOOP 160~ NISTRIRUTFS THE WASTF TNTO THREF

A010C CARE TYPES AND AMONG FIVE PACKING CONTAINERS. (3 CONTATNERS
A020C ARE CONSTIDERED IN EACH LOOP - IF APPLICARLE TO THAT STREAM,)
AN30C ' .
AN40 NN 160 TPAK=1.8

N8N NXx=0 % CALL ZERO({DUM]1,3)

AOENC | | |

an7oc NN LOOP 70 DISTRIBUTES WASTFE AMONG CARE TYPES

ANRQOC

ANS0 NN 70 TSTR=14NSTR

A1N0 TF(ISPC(ISTRL11).FQR.0)BND TO 70

A110 I2=TARS(ISPC(ISTR,.1))

170 IT1=72/710 % TF(I]1«NF.TPAK)GO TO 70

4130 I13=T72-11%#10 $ A1=BAS(ISTR.?R)

6flanC

A150C I1 = PACKAGING INDEX 13 = CARFE TYPFE TINDFEX

ALAOC

A170C FOLLOWING SFCTION DETFRMINES T4 - IMDEX FOR CARFE TYPE

S1a0C NRISTRIRUTINN - BASFED ON UNDECAYED TOTAL ACTIVITY OF STRFAM,
F1Q0C

AZ00 A?=BAS(ISTR.4)*100, $ IF(I3.FN.?) A2=RAS(ISTRs4)*1n,

A?210 NX=1 % TIF(I3.6T.2) GO TO 40 :

6220 TS=AL0OG10N (A?) _

230 : IF(I3.EN?) GO TO 30

AP40 IF(A2.LTels) TI4=1

qA280 IF(A2.6Fa1s) T14=15+2

APRD TF(T4.6T.8) 14=6

A2T0 60 TO S0 '

A280 - 30 TF(A2.LT.).) T4=1

A300 IF(I4.6T.4) 14=4

~310 G0 TO S5

4320 4n J4=13-2

AQ30 50 DO A0 I=1,73

4340 AN DUML(T)=DUMI(T)+PCAR(TI441) %A1
A350 70 CONTINUE

A360C : : , ' :
A370C ~ DUMY CONTAINES WASTE VOLUME IN EACH OF 3 CARE TYPES
A3R0OC o

6390 TF(NX.ER.0) GO TO 160

A£400 A]-HUMI(I)*DUMI(P)+DUM1(3)

A410 I? PPAK(IDAK.6)*0 1

Ae?20C .

£630C NN LOOP 30 DISTRIBUTES WASTE AMONG CONTAINFRS

64400

AGSD NN RO I=143

A4AD T1=1-1

ALTO an DUM2(T)=PPAK{(IPAK..I2+1T1)*A]

AGROC

A490C NYM? CONTAINS WASTFE VOLUME IN EACH OF 3 CONTAIMFRS CONSIDERED
6500C IN THIS LOOP OF 160

6510C

A520 CALL ZERO(DUM3,9)

AS30C '
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06540C
0A550C
0AGANC
0ARTOC

N65R0

06590
660D
06610
06620
06630
06640
04650
neakDd
N6&ETN
nekRO
NRK90
N&700
06710
06720
DATIO
06740
0A750
06760
06770
NAR7RNC
67900
nN&arnNne
n&R10C
nNAR20C
n&aR3NC
06040C

0AR50C

NnA_AR0C
08R70C
naR8NC
nARQNC
naoQ0C
NnAO10C
0K920C
0AQ30C
NAO4LNTC
nN/RAKAOCN
NAQAD
n&aQ7n
NrAARNC
0A0Q90C
nrToonc
07010
SDTN20
Nn7030
N7040
nN7TOs0C
N70ANC
nTn7OoCc
070R0C
n7090C

an

1an

120
130

180
140

210

Listing for OPTIONS Computer Code (continued).

N0 LOOP 130 DETERMINFS PACKAGING STRATEGY FOR 3 CARE TYPES AND
3 CONTAINERS CONSIDERED FOR THIS LOOP OF IPAK. RESULTS ARE
PLACED IN Duym3,

DO 130 J=143

NO 120 I=143

IF (DUM] (J) oLFeDeN) GO TO 130
TF{NUM2(I) LE.0.0) GO TN 120
TF (DUM1 (J) =NUM2 (1)) 904+100,110
NUM (T eJ) =DUM] (J) -

PUMP (1) =DUMR(T) =DUM] (J)

NUMY (J)==1.0 § 6N TO 130
NUM3 (T +J) =NUML (J)
AUM2(I)==1.0 $ DUMI(J)==1.0 $ GO TO 130
NUM3(T+J)=DUM2 (1)

PUMY €J) =DUMY (J) =DUM2 (1)
DUMP2 (1) ==1.0

CONTINUF

CONTINUE

DN 150 I=143

IT=T«1

NN 150 J=1.3

TVOL(I2+1T4J)=TVOL(IZ2+TTeJ)+DUM3(TW)

CONT INUF

TVOL CONTAINS TOTAL WASTF VOLUME DISTRIRUTED FOR 3 CAPE‘TYPES
AND S CONTATNERS FOR AL WASTF STRFAMS,

THIS SECTION =NO LOOP 240-- CALCULATES THE TRANSPORTATINN

IMPACTS RFSULTING FROM TvOoL DISTRIRUTION, (1R LOOPS REQUIRED
FNR CHARACTFRIZING THE 1 CARE TYPES AND 5§ CONTAINERS USFD

IN THIS PROGRAM)

RESULTS ARE PLACED IN TIMP ARPAY, HHFQF-

TIMP (1) = DOLLARS

TIMP (?2) = ENERGY USF

TIMP () = TRANSPORTATION OCCUPATIONAL DOSF

TIMP (4) = TRANSPORTATINN POPULATION DOSE

TIMP (5) = DISPOSAL SITFE OCCUPATIONAL NNSE (UNLOADING)

TIMP(5) TRANSPORTATINN OCCUPATIONAL NOSF (LNANING)

NN 240 1KON=1,18"
TT=KOM(TIKNM) $ NX=] & FRC=]1,0

IF KON INDFEX IS NFGATIVE THFN RETURN TRIP IS NRECESSARY,

IF(IT.6GT.0) GO TN 210

TI=-11 % NX=? _

13=71/7100000 % I2=13/10 & I1=]3-12%10.
18=11-13#100000 § I3=15/1009 $ T4=15-73%1007

TN AROVE SECTION KON RRNOKEN UP TNTN:. _
T] = PACKAGE TYPFE T3 = MN, OF PACKAGES THIS SHIPMENT
1?7 = CARE TYPF Ta PCT, OF WASTE SFNT THIS SHIPMENT

1]
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Listing for OPTIONS Computer Code (continued)

17100 TF((I2<FOe]1) oORe (I2eFQe?« AND NX.,FO.2)) FRC=0,1

17110 FRS=T4/100 $ A1=TVOL(I1,I?)%#FRS

17120 ‘ TF(A1.LT1.F=06) GO TO 240

17130 KSHP=A1/(TI3#PKV(I1))+1.0

S NT7140 AP=KSHP#DIST(IR) $ A3=A2#NX

17150 TIMP(2)=TIMP(P) +A3/6.

17160C ) _— '

17170C IN ABOVFE EQUATION 6 REPRFSFENTS MILES PER GALLON FUEL CONSUMPTION,
171R0C | o
17190 TTMP(4)—TIMD(4)*(A?*TD?(I»])+K9HP*TD7(1-?)*§TP§(IR))*FPP
17200 TIMP(3)=TIMP (3) + (APRTD7 (2+1) +KSHP#TNZ (2+2) #STPS(IR) ) #FRC
17210 NC=3 § IF(DIST(IR) «GTe400¢sANDDIST(IR)LTL1000.) NC=2
17220 IF(DIST(IR) «LFE.400.) NC=1

17230 TIMP(I)*TIMP(I)+A3¢TCST(NX9NC)*1 15

17240C

V7250C IN NEXT SECTION CASK RFNTAL FEE AND OVERWEIGHT FEE ADDED -
NT2A0C IF APPLICABLE. o o
NTRTOC

V72RO TF(NX.FQ.1) GO TO 220

17290 TIMP(1)=TIMP (1) +KSHP#CASK (IR) #250. -

N7300 CTF(KWT (IKON) o6T.0)TIMP (1) =TIMP (1) +A2%0.76+60.#STPS(IR)
77310 220 KPAK=A1/PKV(I1)+1.0

7320 NX=? % IF(IF.FQel.OR,TE.EQ.4) NX=1

17330 FRAC=1.0 % IF(IE.EQ.3) FRC=2.0

N7340  AP=KPAK*TYM(NXes IKON) /60,

17350 TIMP(S)=TIMP (5) +A2#FRC#RNZ (NXI12)#1.E~3

17360 TIMP(6)-TIMD(6)+A2*PD7(?.I?)*] F-3

17370 240 CONTINUF ‘

7380 , RETHRN % FND

17390C ‘ ‘ -

17400C

37610 SURROUTINE FCON(NSTRsRIsRJ«COSTSNDX)

17420C _ , . .

17430C THIS ROUTINE CALCULATES THE DISPOSAL IMPACTS BASED LARGELY
17440C NN THE INPUTED VALUES FOR THE DISPOSaL TECHNOLNGY INDICES.
17450C THE RESULTS OF THIS ROUTINE ARE PLACED IN ARRAY .COST, wHERE'
17460C " €COST(1) = PRE=0OP AND OPERATIONAL DNOLLARS

17470C COST(2) = OCCUPATIONAL DOSF

174R0C COST(3) = ENERGY USE

17490C ' COST(4) = LAND USE .

17500C COST(S) = POST=-0P DNOLLARS

175100 '

NT520 rnMMON/RAST/RAS(36.32).I%Pr(ae.ll)

17530 COMMON/nTNX/IR.ID,Ic.Ix,IF.IS.IL.IG,IH.ICL.IPO.IIC

N7540 COMMON/VOL/VREGy VLAY s VHOT

N7550 DIMENSTION EMP(5) 4EFF (2) ¢ AMULT (2) 9CONT (6) 5COST(5) 4 SEFF (2)
17560 NIMENSTION NDX(36) - '
"7570C

NTSROC THE SIGNIFICANT APRAYS AROVE ARE: ,

N7890C AMULT (2) = CAPITAL AND OPFRATIONS COST ($) MULTIPLIERS.
VT7AONC CONT.(3) = CONTINGENCY COST FOR SOIL PFERMFABILITY CONDITIONS.-
"7A10C - COST(5) = CONTAINS RESULTANT IMPACTS = IN TERMS OF $o
17620C ' OCCUPATIONAL DOSEs FNERGY USEs LAND USE, AND
17630C POST OPERATIONAL % :

176400 — : . _

17650C
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N7TREOC

nN7a70C
N7AR0

nN7AaQ .

n7700+
n771nNn
nN7.7.20
n7730
N7740
nNT780
N7760
nN77T70
N7780
nr70n
nrTanon
nraln
nN7R2010C
N7R3NC
N7R840C
NTR&N
N7RA/0
nN7270
N7RARD
n7890

n7900C"

N7910C
07920C
nN7930C
N7340 -
nN79%50

nrTaenc

07970¢
:N7QROC

S n79aQnr

nRoone
nan10n
nan20r
nan3oc
nNan4n
nRNSOC
nanasn
naNT70
nannr(Q
naeon
08100
nR1Il1Nn
nKk1>2n
nR130
nal14n
NR150
NR1AOC
0R170C

Listing for OPTIONS Computer Code (continued)

- PT AND RJ PARAMETERS B8RFE INTFRPEST AND INFLATION RATFSs RESPECTIVELY.

NDATA CONT/1007043A7003A7eeNe0]16Resl007a/eITO4F/P200.N15/
NaATA FMd/, :,.7:.,q,.;,.7q/,rrr/6 4970/ AMUL.T/10.3841.56/

SFFF /4094357 - -
CALL 7FRO(CNST,45) -

VYSTAR=N, % VUNS=N, & DECOHN=N,

NN 5§ TSTR=].NSTR
TI1=ISPC(TSTR,11) & I2= ISDP(ISTQ-R)_

TJEMDX(ISTR) o 6T.1) I2=1 et T
~TFLTI114FNaN.0R.I11.FQRL3) GO TO §

TE(TE.FN.3.AND.I2.F0.0) NECON=DECON+RAS(ISTR,3)

- IF(I2.EQeN) VSTAR=VSTAR+RAS(ISTR,3)’

TF(T2.FRe1) VUNS=VUNS+RAS(ISTR«3)
CONTINUF :
TF(TE.EN.3) IS=1

VSTAR %_ VUNS CONTATIN STABLF AND UNSTARLE WASTE VOLUMES,RESPECTIVELY

NREG=(VRFG+VLAY) #1,F=06 § DHOT=VHOT#1,.,E-06
NLAY=VLAYH*].E=06 $ NECON=DNECON#] ,E-06
DVOL=DREG/EMP (IF) _ % NDARFA=NVOL/ (EFF (IM) #SFEFF(ID))
GV=(1.-FMP (TE))=DVOL $ VTOT=VREG+VLAY+VHOT

SV=NREG* ((1.16AT/EMP (IE))-14)

VOLUME AND AREA VALUES ARE FXPRESSED IN UNITS OF MILLION.M1 OR M2

- FOR USE IN COST EVALUATTONS. GV TS GROUT VOLUMF, Sv TS SAND VOLUME,

FNST(4)= (DAREN + (DHOT/1.84)) #1 .F6
S1=(VSTAR/VREG) #*DARFA $ S2= (VUNS/VREG) #DARE A’

IN F-'OLLOWTN(‘ QCCTION Cl«C2s AND C3 WILL ACCUMULATF THE DOLLAR,
NOSE. AND FNERGY COSTS THROUGH THE VARIOUS PHASFS OF THF SITE LIFE.

PRE-OPERATINNAL (CAPITAL) COSTS

HaanRittr REFERFENCFE RASF CASF #urirsssad
C1=7457, & COST(3)=212.

rupnadr ADNITIVFE ALTERNATIVFES ##asa
TF(IN.EN.?) C1=C1+5893.5

TF(IE.FN.> .OR.IE.EQ.5) C1=C1+225, 5
TF(TS.FR.1) C1=C1l+N.99

IF(TL.EQe1l) C1=C1+132.~

IF(IE.FQRe3) C1=C1+924,.3

TF(IH.EN.1) C1=Cl+259.4

TF{TG.EN.1) C1=C1+85,

TF(IC.EN.3) C1=Cl1+2R0,5

IF(IX.FN.?) C1=C1+9.9

CAP=C]1#AMULT (1)
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NRI1AROC
NR190C
08200C
" 0R210
nR220
08230
0a240C
0R250C
NR?AN
NR270
nR>220
na»9q
02300
NR31N
NR320
n]330
0”340
N850
na36n
na37on
WLELL
na39n
NR400
NAR4IN
HEPAL)
nR4130
NR&4D
NR4H0
084A0
08470
AR4R0
NR490
0’500
" 08510

“7 pasp0

nas3n
n|san
Nasg
NR&AROC
0as70C
NR5ANC
nA590C
02A0NC
NRA10C
- pR&p0On

- 0R’s3NC

nNRALN.
NRASN
NRAND
NRATN
DRARNC

- Listing for OPTIONS Computer Code (continued)

OPERATIONAL COSTS

' sinssnesr REFERENCE RASF CASF PR

20

25

30
3
40
45
46
50
&5

A

AS

7n
75

C1=2341.%#DVOL $ C2=300.#DVOL $ C3I=200.#DVOL
C1=C1+1420.#DAREA § C2=C2+2400.#NARFA & C3=C3+100.#NARFA
C1=Cl+63A96, S C2=C2+1000., § C3=C3+2n0.

gponnasssr ADNITIVE ALTEONATIVFS sassss

JEF(IND.NE,?2) GO TO 2n

C1=Y+T4438,.,#DVOL § C2=C2+70n0,.,#DVOL % C3=C3+300,#DVOL
TF{TE..LT.5.AND.NE.2) GO TO 25

C1=CI+1275R ,#NREG % CP2=C2+100.,#NRFEG $ CI=C3+100n,#DAFG
IF(IS.NF.I) GO 1D 13n _

C1=C1+3RARR#NREG § C2=C2+100,#DRFG $ CIA=C3+3IN,#NRES.
IF{TL.NFL1) GN TO 35

C1=C1+15400,#D_AY & C2=C2*1N0#DLAY & C3I=C3+30,#N AY
TF{TF.NE.3) GO TO 49

C1=C1+4RQ75,#NDFCON & C2=C2+400.#DECON % C? P3+100.*nFFON '
IF{TH.NF.1) GO TO 4%

Cl1=Cl+17R9T7Q ;#DHOT & C?= r?+(-?00.)*DHOT T CR=CR+450,#NHNT
TF{IG.NE.YT) GO TO 46

C1=2C1+72405.#6V & (2= C?+?€Rﬂ #GV % CIA=CA+ANN,, #6Y
IFIIE.LT.4) GO TO 50

C1=C1+327N.%#SV § C3=C3+15n.%DARFA

IF{IC.NF.?) GD TO §&8

" C1=C1+15524,#DARFEA § C?= C2+9A00 #DAREA § C3=C3+150, *OAQFA

JFLIC.NEL.R) GO TO AN

C1=C1l+103R84 ,#NDAREA & CP=C2+240n.#*DAREA & C3=C3+300,#NAREA
TF{IX.EQ.1) GO TO 75

S3=S2 ’

IF(TIS.EN.N) S3=S1+S?2

IF{IN.EN.?) S3=0.

TYX=IX=1 % GO TN (AS¢70)oTXX

C1=C1+34KA5,#53 & C2= C?*annn #63 € (3= C?+3on #5173
N TO 7%

C1=C1+333485,2S53 & C2=C2+4800,#S3 & C3=C3+60N %83
0PS=C1#AMULT (2)

CNST (2)=CNST(2)+(C2 & COQT(?)-POQT(?)*C?

PNST=NPERATTIONAL COSTS

Tl IS RROKEN INTO TwO PARTS TN INDICATE THF LEVFL OF
CLNSURE AND INSTITUTINNAL CARF, RESPECTIVFLY,

L X X-¥: X -2 B-X+] (‘LOSUQE pEpIﬂ[’) LR X X-R-E-2- ¥ <]
17L1=ICL/10 § TCLP=TCL-ICL1%*10
C1=1010. % C2=50n. % C3=1%8.
IF(TICL1.NF.2) GO TO 76

C1=2075. % C2=1000. % C3=AN, "
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N8AANC
naronc
nN8710C
n8720C
n_730
NRT740
na750
08760

n_770 -

DR780
NR790

naanQ

ng8a1n
nRAa20
0RA3N
08240
napsoH
N8R&N
NRR70
nRARRN
nagan.
08900

0RO10

nRQ20
NR93Q
0R940
NR950
08960
NROT70
NRY9AQ
NROQQC
0Ne000C
09010C
0Qn20
nanion
nopan
nN2aNsK0
090A0
nag7o0
N9nRKn
nanoon
N9100
‘NQ110
nNo120
09130
N9140C
N9180C
No1A0C
na170
N91RN
nojaqn
naz2nn
"NQ210-
. nQp20r

76

T7

7R

an

13

90

1nn
110

120
125

10

Listing for OPTIONS Computer Code (continued)

‘enaasses INSTITUTIONAL PERIOD #uas

NOLLAR COST SECTION

CA=1%80N¢ &% CR=63. % CC=51,

IF(ICL2.NE.?2) GO TO 77 .

IFIICL?.NF,3) ‘GO TO 78 -
CA=6404+CONT(IR) $ CR=3N3, % CC=15n,
S1=0. % S2=0. & S3=0,

NN A0 N=1. ]0 o

E=N

Dl=(1e+RJIHHE $ D2=(1.+R])#=F
S1=S1+01/D?

NN /5 N=11.25.

F.=N

NI=(1.+RJ)#*E & D2=(1, +PI)**F
S2=S2+D1/N2

NN 9N N=2A,T1IC

=N

NI=(1.4RJ)#2E & D?-(1.+RI)**F
S3=S3+N1/N?

PVAN=CA#S]+CR*S2+CC#S3

M=1PN+ITH

FM=M § EITO=ITO & EIPN=IPOD
NI=(1,+RJ)##EITO $ D2=(1.+RJ) ##FM
N3=(1.+RI)#2FITO $ N4=(1,+RT)##FIPO
3= (ETTO#PVRO#D2#RI) /((D3I-1.) #D4)
U3=(EITO®#C1#P1#F) + y3 =~
CNST(1)=CAP+0PS $ COST(5)=U3

ENFRGY USE SECTION

TICC=(IIC-26)+1

GN TO (1004110,120)e1CL?
C23=C3+10%5, +15*3.+IICC*1.
G0 TO 175

C3=C3+10%*10, *lq*Go*IIFF*?o
GO TO 175 '
C3=C3+10#12,+15%10.+11CC*=5,
CONTINUE
CNST(1)=COST(1)#*#10n0n,

"COST(2)=COST(2)+C2 $ COST(S)=COST(S5)#1000.

COST(3)=COST(3)+C3 S COQT(?)-FOST(?)*IGOO.
RETIRN & ENN

UTTLITY SHURROUTINES

SURROITINF 7FERO(A4N)

"NTMENSION A (N)
DN 10 I=1.N

A(I)=n,
RFETURM % FEND
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 po23n

nNQ240
EFL)
na2a0
09270
09280
09290
N9300
09310

09320

09330
N9340
n9350
09360
09370
033480
N9390
09400
719410
09420
09430
N9440
09450
N9460
09470
09480
094090

09500

N9510
Nos20
09530
9540
nG550
03560
09570
NOS80
09590
no600
09610
09620
09630
09640
09650
09660
iNARTN
NO6R0

10

20
25

&0

55

70

75
410

420

430
440
450

460

470

Listing for OPTIONS Computer Code (continued)

FUNCTION EXM(A1)
A2=0. § IF(A1.LT+?30.)A2=EXP (=A1)

EXM=AZ

RETURN % END
SURROUTINF PRT(VeIQsNsIDsNDX)
COMMON/RAST/RAS (36432) « ISPC(36A,411)

DIMENSION TQ(36)+LAR(4) 4NDX(36)

NATA LAR/)JOHCH-STAR 9 10HCH=UNSTAB ,10HNCH-STAR
IF{NJEQ.D)RFTURN ‘

GD TO (1Ns10+450+70)41ID

IF(IN.EQ«1)WRITE(44410)V

TF(ID.EQ. ?)wRITE<4,490)v

DO 25 K=1¢4

IT=0 § VTOT=0.

PO 20 I=1«N ‘

TSTR=IQ(I)

IR=TSPC(ISTRy8) $ I7=ISPC(ISTR,7)

IF(NDX(ISTR) .GT,1) IR=1

TF(KiNEe R AND.17.EQ.14AND.IBEQR.1) GN TO 20
IF(KINE?AND.I7.EQ.1.ANND.TR.FQR.0) GO TH 20

IF (K NE«3.AND.I7.EQ.N.AND.IBFQ.1) GO TH 20
IF(KiNE .4 AND.I7.EQeDAND.IB.FR,0) K0 TO 20

IF(IT.EQ. 1)WRITE(4q440)BA§(ISTRol)oHAS(ISTR.?)
IT=1 $ VTOT= VT0T+RA5(ISTR.3)

CONT INUE

IF(IT.EN.1) WRITE(44470)VTOT

CONT INUE ‘

PFTURN

WRITE (44450)V

D0 55 I=1,N

ISTR=IQ(I)
wDITF(4,440)RAS(ISTn,1),qu(Isrp.g)

RFTURN

WRITE(44460)V

PO 75 T=14N

ISTR=IN(T)

WRITE (44440)BAS(ISTR, 1),9AS(I§TD,3)

FORMAT (/2X#REGULAR WASTE :#421XeF10.345H M##3)
FORMAT (/2X#LAYERED WASTE :#421XeF10.345H M##3)
FOPMAT(7X9A10+410FE10.3)

FOQMAT(17X9A100E10 3) :
FORMAT (/2X#HOT WASTF 1#921X9F10e345H M##3)
FORMAT (/72X #NOT ACCEPTABLF :#421X9F104345H M#tx3)
FORMAT (1RX#*#TOTAL VOLUMF $HGXeFE10.395H M##3)
RETURN $ END
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nni1nn

nniinc
nnlzoc
nnj13nc
nn1aoc
nn1soc
nn1e&n

nnNy7o+
NN1RO+
nn1Qn+
nnz200+
0n210c
nn220C
no>230cC
nnz240C
no2500
nNnN2A0C
no>27n

nny R0

nn>29Q0+
nn3ino

nn3in+
nnRP0+
00330+
nN34n«

NN3ABNCE -

nn3ANC
nniarnr
nn3ANC
nnagnc
nngnoc
nnalne
nna?20
nnalnec
onaanc
NNesOC
NOGANC
nNa47N
NN4RrRN
noaan
nnsoo
nnsgn
NnNE20
nNns30
nogan
nnNegNn
NNSAN+
nnNs70+

CaAnsans

nNnNgan
nnenn
NNAID
nNnap0n
nNnA3N
noR4NC

N
20

an
1M
1na
115
1nk

Listing for INVERSI Computer Code

PRNOGRAM TNVERSI (INPUT«NUTPYTTAPF],TAPF?)

THTS 1§ THE INVERSE INTRUNDER AND ACCIDENT CODE, IT FINDS
THE INDIVINUAL NUCLINE CONCENTRATIONS NECESSARY TO REACH
NOSES ASSTGNED BY THE DLC (NDNSE LIMITING CRITERIA).

COMMON/5A§T/DC:(7397 8) «FICRP (7) /DTNX/IRDC(12)
/NUCS/NUC(23) 9 AL (P3) «FMF (23) «RFT(23,5)

/DTTS/FSF(G)9FSA(6)9°QC(6o?)9QFC(693).TTM(6~?)9TDC(693)Q
RGF (43) «PNP (64 ?)oDTTM(G)90TPC(6)9TPO(69?)9NRET(5)

/IMPS/DMY (23+48.14)

MNST NF THE MATRICES AND APQAVQ ABOVE ARE EXPLAINED IN TARLE H- 1.

NTNX BLOCK CONTAINS THE NISPNOSAL TECHNOLOGY INDICES,

NMY (?3+48414) WILL CONTAIN THE CONCENTRATIONS FOR ALL NUCLIDES,

NTMENSION DFS(20)+0RGAN(8) 4 TSPC(11)

NATA ORGAN/10H RODY «10H  RONE +10H LIVFR 4104 THYROIN
104 KIDNFEY 410H  LUNG 910H GI-LLT «10H MINIMUM

PATA DFS/10H UNS]I=CON +10H 4JNS]1=AGR +10NH STA1=-CON ,10H STA1-AGR
10H UNSL=CON 410H UNSL=-AGR s10H STAL-CON +10H STAL-AGR
10H GFN5=CON 410H GFNS=AGR +10H HWF1=CON ,10H HWF1~-AGR
10H HWF?<=CON «1NnH HWF2=aGR +10H INT=ATR 410H FRO-AIR
10H INT=WAT s 10H FRO=-WAT +10H ACC=CNONT L10H ACC-FIRE

THE AROVE AopAvs ARE :
DES (20) : DESCRIPTION OF PATHWAYS USEN IN ROTH INTRUDER
' CAND ACCINENT SCENARIOS,
NRGAN(R) : DESCRIPTION OF 7 ORGANS + A& MINTMUM COLUMN,
ISPC(11) : SPECTRUM INDICES READ IN THPU INPUT,

DATA ALP40/1.05E-4/

NEXT SECTTON REANDS IN - THRY TAPE] - THE NUCLINFE AND REGIONAL
DATA NECESSARY FOR THIS PRNGRAM,

READ(1+101)INSTRGNNUCFICRP

nn 20 I=1.MNUC

RFAND(1e104)MUC(TI) o AL(T) «FMF(T) «RFT(Tel)sRFET(Iv4)

DO 10 K=1.8

REAN(1e19A) (DCF (TodaK) ed=10e7)

AONTINIUE ’

CONT INUE

NN 30 T=1.64

BEAN(]14108)FSC(TI) 9oFSA(T) o (PRC(TeJ)oJ=142) 9 (GFC(TsJ)9sJ=1e3)o
(TTM(TeJ) ed=1e3) e (TPC(TaJ)eJ=1e3)
(RGF{(I9J) sJ=192) e (POP(TeJ) eJd=1e3)¢NRFT(T). -
NTTM(I) +DNTPC(T) « (TPO(TeJd) s d=1e2)

CONTTNIE

FORMAT (P1547F5,.2)

FARMAT (A1044F11,.3)

FARMAT (1NYeTEIN.3/10XeAF1N0,3/10Xe6F1N0,3415/10X, 4Fln 2)

FORMAT (180X «7E1N63)
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NOASRNC .
NNs60C
ane70C
00ARD
nn&s90
nn70n
no710
on7200
nn730C
0n7400
no7S0C
nnTe0C
nn770C
no7ROC
noreoc
nnano
NNR10
00R20
nna3n
NOR4D
NORSO
NnRAkD
00RT0
NDRAD
0NKRO0 40
nnNaoo
nre10c
nnaz20cC
nn930C .
nna4nc
nNoso
0NOKDN
00970
nN09A0
N099N
n1o0o 50
41010 an
31820 1003
01030 1004
D1ID4O 1010
01050+
N10AN+
N1070+
N1080 1020
01000+
01100+
N1110+
011720
nli13oc
N1140C
N1150
01160€C
01170C
01180C
N1190C
n1z200cC
017210cC

Listing for INVERSI Computer Code (continued)

NEXTe THE 12 DISPOSAL TECHNNLOGY AND 6 SPFCTRUM INDICES ARE
REAND IN THRII IMNPUT,

REANSIRDC
READs (ISPC(J) 9J=449)

WRTITE(241010) IRDC % NRITF(?-IO?O)(ISPC(J)9J 449)

CALL ZEROD(DMYs2576). $ CALL RIMV(ISPCsNNUC) $.CALL MIN(DMY;14)

ARNVFE SUBROUTINE RINV WAS CALLEND TO CALCULATE CONCFNTRATIONS
WHTCH ARE RETURNED IN NMY MATRIX. SUBROUTINF MIN FINDS
SMALLEST EONCENTRATION FOR FACH NUCLIDE - OVER ALL 7 ORGANS.

LONOP 40 CONSIDERS DAUGHTER IN GROWTH AND PRINT§ OUT INTRUDER
CONCENTRATIONS T0 TAPE?,

DN 40 K=1,14 : ‘

AL=DMY (17484K) $ A2=DMY (22584K) #AL (17) /AL (27)
IF(A1.GT.A2) NMY(17484K) =42

AT=NMY (17484sK) $ ARSDMY (235ReK)#AL240/AL (23)
IF(A1.GT.A2) DMY(17,8,K)=A2

A1=DMY (2048,K) $ A2=DMY (1Ro84K)#AL (20) /AL (18)
TF(A1.GToA2) DMY (20484K)=A2"

WRITE (241003) DES(K) s (ORGAN(J) sJ=1+8)
WRITE(251004) (NUCIT) s (DMY(TsJsK)sJ=198),1= 1 5 NNUC)
CONTINUE

TF(I.NE.~1)6G0O TO 80

NEXT SECTION SIMILAR TO (ONE AROVF - ONLY NOwW FOR ACCIDENT
GFFNAQIOQ.

CALL ZERO(DMY51840) $ CALL AINV(ISPCsNNUC) % CALL MIN(DMYis6)
DD 80 K=1,6 ' o ~
KK=K+14 , : . ' -
WRITE(2+1003) DES(KK)q(ORGAN(J)oJ l.n)
WRITE(291004)(NUC(I)g(DMY(IsJyK).J 148) s I=1,NNUC) "
CONTINUE
CANT INUE .
FORVAT(//?X-A992X98A10)
FORMAT (2X481098E1042) S ,
FORMAT (1H1/2X+#DISPOSAL TECHNOLOGY INDICES#/2X ;

#IR =wI2# D =#I2#% IC =#]2# X =#12/2X

#IE =#l2# IS =#I2# L =#I2% G =#12/2X

#IH =#12# JCL=#I2# 'IPO=#I2# JIC=%714)
FORMAT (/2Xx#SPECTRAL INDICES#/2X :

$FLAM  =#]2% DISP  =#12/2X

#EACH =#]2% CHEM =#12/2X

#STAR] =#]2#  ACCFS =#12/)
STNP $ FND '

SURROUTINE RINV (ISPCsNNUC)

. THIS ROUTINE DOES MOST OF THE WORK IN CALCULATING THE.

CONCENTRATIONS, IT IS SIMILAR TO SUBROUTINE RCLAIM IN
THE OPTIONS CODE EXCEPYT THF PATHWAY EQUATIONS HAVE BEEN'
MODIFIED TO FIND THE CONCFNTRATIONS WHEN THE DOSES ARE
GIVEN,
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ni220r
1230
N1240+
N1750+
N1260
N1270
012R0C
N1290C
ni3one
n1310C
n122nC
n1330C
0140
n1380
01360
N1370
01380
n139N
N1400
n1410
nN1420
0143NC
N1440C
N145N0C
N1460C
01470C
N14RN
N1490
n1500
n1s10
015720
N1530
Nisean
N1850
. D15RAN
01870
n1580
N1%90
n1A0N
NiplN
n1&20
N1430
01440
N1&EN
nNyeRe0OC
N1A70C
N1R8NC
Nn1<«qn
01700
n171n
ny 720
n1730
n174n
Nn17%0
nN176A6N

11
12
13
14
15

1A

17

20

Listing for INVERSI Computer Code (continued)

COMMON/RAST/DCF(234748) /DTIS/FSC(6)9oFSA(R) /IMPS/NMY (23,48,414)
’ /NUCS/NUC (23) s AL (23) oFMF (P23) sRET(23,45)
/DTNX/TIReIDsICIIXe TE0ISeILsIGsIHsICLSTPOLTIIC
NTMENSINON EMP (3) 4 ISPC(11)4NDLC(T)
NATA EMP/ 45067545/ eDLC/2%25004915004+3000,+3%#1500./

THE ABNVF ARRAYS ARF:
EMP (3) ! VOLUMF FMPLACFMENT EFFICIENCTES
ISPC(11) : SPECTRUM INDICES PASSED FROM MAIN PROGRAM
DLC(T) : DOSFE LIMITING CRITERIA FOR 7 ORGANS

IS=ISPC(5) % IA=ISPC(AK) & I7=ISPC(T7)
18=1SPC(8) § I9=ISPC(9) & NSTR=0
IF(TR.EN.1.AND.IS.EQ.1)NSTR=]

A7=13 $ IF(TAFQ.2eNR.IAER,I) AT7=N,R0
IF(TI7.EQ0.1.0R.IS.EQ.N) TA=16=-1
FNES=EMP(IE)#(1e=+9#16)

AG=15 % TF(IS.LTe3) AS=1N.##(15=3)
BA=15 $ TF(T6.6Tsl) AR=4 #2(]1=T16)
A9=1. $ IF(19.6T.1) A9=1n.##(]1-10)

AUTSIDE LOOP IN CONCFNTRATION CALCULATIONS = SFTS UP
PARAMETERS NFEEDED FNR TFSTING WASTE STREAMS AT ALL THREF
CLASSIFTCATTON LEVELS:REGULAR, LAYEREN, AND HOT.

DN S0 I3=1,.7
GO TD (11412913914515+16+17),13
GNEL=IPN+TIIC $ IF(IC.EQ.3) GNFL=TIPO+500,.

"A4C=1l. % A48=1, § ABC=AT7 $ ARA=AT % GO TN '2"

GNEL=IPN+IIC $ IF(IC.FN,3)GNFL=IPO+500,

A4C=0.012 § A4A=N, $ ARC=0.N12#AT7 $ ARA=0, % G0N TO 20
GNEL=IPN+TIC & IF(IC.FA.3) GNEL=IPN+S00,

A4C=0.1 $ A4A=0, § ARC=AT/1200, % ABA=N, § G0N TO 2n
GNFL=IPN+IIC $ IF(IC.FO.3)GNFL=IPO+5NN, _
ALC=0.N017 F A4LA=N, § ARC=0.NN12%#AT7/120N. $ ABA=0. % GO TO 20
GNFL=IPN+SN0,

A4C=1., & A4A=1. % ABC=A7 & 48A=AT7 % GO TN 2n
GNFL=IPN+TIIC $ IF(IC.FQ.)GNFL=IPN+5NN,

A4C=0.01 T ARC=0,1%AT/1.44F6 & IF(IG.EN.N)ARC=0,]*#ARC
A4A=0. & ARA=N, § 6N TN 20

GNFL=1PN+1000,

ALC=1. & ARC=A7 & IF(IG.FN.N)ARC=N,1%4RC

AaA=]1, & ARA=ARC

MATN CALCULATION LONP

PO 40 INUC=14NNUC
AY=AQ#FNFES#FXM (AL (INUC) #GNDFL)
NN 30 I=1.7

AP2=DCF (TN T45)

RY=8]1*ALCHARRFSC(IR) #NCF (TNYCo 14?)

A2=A]#ARCH*+AP#),N57
DI=N PR AIRALARAGEFSA(TRYIMNDCF (TNIICe T 3)
R4=0,G#0,258A1 #A4LA#ARRFMF (TNUC) #DCF (INUC s T 94)
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Listing for INVERSI Computer Code (‘continued)

n1770C : RI1=AYHAGLCHFSC(IR)#DCF (TNUC T &?) » ) - -
01780cC R3I=N25+A1#A4ARFSA(TIR) #DCF (INUC+T03)

n17enc R4=Ns5%#0,265% Al*A4A*DCF(INUC¢Tvé)*FMF(INUC)

01800 RE=N,25A1#ABAHADR®O 27

01R10 J=(13=1)#2 § A2=R1+R? % A3= R?+R4+Rq

01820 - TF (A2 NF . 0.)DMY(INUFoIvJ*l)'nLC(I)/A?

01R30 . IF(ARLNF .0 )DMY (INUCyT+J+2)=NLC(T) /A3

n1R40c . ' o -

01Aa50cC NMY CONTATNS CONCENTRATIONS FOR 2?2 IMTRUNER PATHWAYS

01860C S tJd+1) e CONSTPUCTION

01870C © 7 (J*?) "t AGRICULTURE
nysanc S

01890 30 CONTINUE

n19no 40 CONTINUF

N1910 50 CONTINUF

n1o2n RETURN & FND

01930C :

n1oanc

nyasp SURRNOUTINE AINV (ISPCeNNUF) : -
nioanc ' .

019700 THIS ROITINF PERFORMS. FUNCTION STMILAR TO THF PRFCFDTNMG
019R0C SURPOUTINFE - ONLY NOW FNR THF ACCIDENT SCENARINS,
nleanc

n>000 COMMON/RAST/DCF (2347, q)/tmps/nMV(?a, s 10)

02010+ . /NUCS/NUC(23) 4AL (P3) 4 FMF (23) 4RET(23,5)

N202n0+ : /DTINX/IRGINGICIXeIE s TSsTL«IGyTHyICLTPO.TTIC
02030+ /DTIS/FSC(K) sFSA(R) 4sPRC(A2) s RFC(F93) s TTM(H42),
NoN4n+ . - TPC(691)9RGF(6o?)oPOP(6;3)-DTTM(A)qDTDC(G)9T°ﬂ(69?)9“RFT(6)
N2080 NTMENSTION FMP () 3EFF (2) «SFFF(2)4TSPA(11),

NPNE0+ _ DLCEA(T7) oDLCFW (7)) «DLCAC(T)

02070 NATA FMP/ 54 7548/ ¢FFF/6e6e740/+SEFF/0.940.357,

N20R0+ ) DLCEA/T#1004/eDLCFW/ T4 4/ 4NLCAC/THS0D ./

N> ponc _

n210n0c THF ARNOVE ARRAYS ARF:

nr11o0c EMP (3) ¢ VOLUME FMPUACEMENMT EFFTICIFNCTES

n21200 EFF(2) : LAND USE VOLUME FFFICTFNCIES

n2130C SEFF(?) : LAND USF SURFACF AREA FFFICIFNCIFS
n2140C ISPC(11) : SPECTRUM INDICES PASSED FROM MAIN PROGRAM
n>150¢ - DLCFA(7) : DOSF LIMITING CRITERIA FOR FROSION AR
n>160c : DLCFW(7) : DOSE LIMITING CRITERIA FOR ERNSTON WATFR
021701 » N ‘
n>18n - BREC=IPNSTIC § GERO=IP0+2000.,

02190 IF(IC.EQ.?)GERN=TPO+3000,

n>200 TELTCWEN.I) RERND=TPN+10000,

n2210 - ARFA=] ,RE3#FMP (IE) /4,0

n>>20c ARFA=DON #FMP (TE)#0,017?

N22300 APFA=1A,#FMP (TIF) /440

N>2240¢ ARFA=D #FEMP (TE) #0017

nr28nc ARFA=0,2#FMP(IF) '

NP260C

n2270C NFXT SECTTION ESTARLISHFS AREAL FACTNRS FOR 4 FXPOSHURF PATHWAYS
n>2anc . :

n2290 FRASS ,TPF=-5%P0OP (TR+1) #ARFA $ VUR=FFF(IN)#] E=6

n2300 FFA=AR,N9E-64#POP (TRy?) /VUR

n2310 . FOW=],)8F-4#POP (IR+3) #ARFA

n2320 FFW=],15F=4%POP(IR+3) /VUR

N»233n 15=TSPC(S) § AS5=]1e % IF(1S5.LT.2)AG=]10. %% (I5~3)

N2340 TO=TSPC(9) % A9=1, § IF(T19,GT.1)A9=1N,##(1=19)
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Listing for INVERSI Computer Code (continued)

n2350C A

N23A0C MATN LOOP FOR EXPOSURE CONCENTRATION CALCULATINNS

np370C0 B ' o :

N2380 no 20 IMUC=1sNNUC

- N2390 A6=FXM(GREGC®AL (INUC)) $ A7=EXM(GFRO*AL(INUC))

02400 NO 10 INRG=1,7

02410 F1=FRA#AG#NCF (INUCy IORG,R)#ASH#AQ % F2= FFA*A7*DCF(INUC.IORG.B)
nN2420 FA=FRW#AAENCF (INUC+IORGs7)#A5 $ F4= FEN*A?*DCF(IMUCa10R697)
nN2430 IF(F1.NFa0.) DMY(TNUCsIORGy1)=DLCEA (IORG)/F]

02440 TF(F3.NF.0,) DMY(INUC+IORG:3)=DLCEW(IORG)/F?3

N2450 IF(FZwNE.O.)'DMY(INUCsIORGg?)=0LCEA(IORG)/F2

N24K0 TF(F4.NFon.) DMY (INUCsIORGy4) =DLCEW(IORG) /F4
02470 10 CONTINUE U
02480 20 CONTINUE

n2490c : ‘
n2500r NFXT SECTION SFTS UP PARAMETERS FOR FIRF(FAF) AND SINGLE
n>8100C "COMTAINER(FAS) - ACCIDENTQ. ‘
n>25200 '

anze NPR3IN FAF=TPO(TRy1) ¢ FAS=TPO(IR2) -

ARocN?540 14=T1SPC(H) % IF(I1646GT41) FAS=FAS#(1N.##(1=TFR))
na=a NIPREN T4=TSPC(4) % IF(T144LTe3) FAFSFAF#(20.%#%#(14=3))

- .. NP5AN AG=1: & T9=TSPC(9) $ JF(I9.6T.1)A9=10.##(1~-T9)
n25800C ‘ A :
no>sanc MATN LOOP FOR. ACCIDENT CONCFNTRATION CALCULATIONS
N2A00C L :
nN2610 NO 70 IMUC=1sNNUC
NP62N NO 70 I0RG=147

n2&4300 : :

I A1=8Q2FASENCF (TNUCsIORR4 1)

N2a50 AP=AQ#FAF#NCF (INUCsIORGW 1) .
N2AAN . TF(A1.NFeN.) DMY(INUCsIORG,5)=DLCAC(IORG) /A1
02670 TE(A2NELNL) DMY(INUCeINORG.6)=DLCAC(IORG)/A?
n>ean 70 COMTINUYF

n2A90 RETIRN & END

n270nc

_ LYXAK) . .SHURPOUTINFE ZFRO(AWN) -

2 2720 NTMFNSINN A(N)

St 02730 nn 1N T=1aN

T T ap7an 10 A(TY=n,
n278n ' RFTLRN % FND
N27AON , o : .
n2770 FIINCTINN FXM({AY)
n>780 AP=Ns § TF(A1.LT.230.)A2=EXP(=A1)
n27qMN FYM=A? ’
no2ann RETIIRN & FMND
n28100 ,

. n2a2n SUPPOUTTNF MIN(DsN)

‘n2a130 NTMENSTON N{(P348B414) 4X(7)
n2840 NN 10 I=1.23 '
n»>as80 NO 10 K=1eN
N>860 NN & J=1e7
n2a7n - X (D)) =D (TedeK) _
no>a80 IF(Y(J) oFRN,) X(J)=1.F+99
no>ag9n S CONTINUE
n>900 N(TeRs K)-AMTN1(X(l).x(?>,X(1).X(4),X(q),X(s),X(7))
npal1n 10 CONTINUE -
n»>a2n RETYPN & FND
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0n100

on11o0c
00120cC
0n130cC
00140C

NN1s0C -

00160
nNnY70+
0N1R0+
ND190+
00200+
nnN210C
00220C
00230C
No0z240C
00250C
nN260

00270

NN220+
f{HPen

0h300

nn310C

00320C"

.00330C

00340C"

00350C
00360C
nn37o0cC

DO3RNC.
nn390
noso00c

604100
nnazoc
nN4a30C
00440

00450 -

00460
00470
00480

nN049n -

00500
00510
N0s20+
N0530+
0NsS40+
005850
00560
00570
00580
nNN590

nNo600C:

nns10C
nos20C
00630
00640

00650

00660

NEXT SECTION RFADS IN = THRU
'REGTONAL DATA NECESSARY FOR THIS PROGRAM,

Listing for INVERSW Computer Code

PPOGRAM INVEQSM(INPUT90UTPUf¢TAPEl;TAPEZ)

THIS IS THE INVERSE GROUNDWATER CODE.
NHCLIDE CONCENTRATIONS NFCESSARY TO REACH DOSES ASSIGNED IN

THE BLC (DOSE LUIMITING CRITER

Ta) ST

ATEMENT,

. COMMON/RAST/DCF (2347,8)FICRP(7)/DTNX/IRDC(12)

/NMUCS/NUC (23) o AL (23) «FMF (23) oRET(23,5)
/DTIS/FSC(AR) «FSA(6) sPRC(6+2) sQFC(693) s TTM(693) s TPC(6+3),
RGF(693)9909(693).DTTM(6)9DTPC(6)9TP0(69?)9NRET(6)

/iMPS/D"Y(?BoB,S)

IT FINDS INDIVIDUAL

MOST OF THF MATRICES AND ARPAYS ABOVE ARE EXPLAINED IN TABLE H-l.
NMY (23+sR¢5) WILL CONTAIN THE CONCFNTRATIONS OUTPUTED FROM

SURROUTINE GINV.

DIMENSTION DFS(3) sORGAN(8) s TSPC(11) sLIM(3) ,CP (3)

NATA ORGAN/]10H BODY 9+ 10H
' 10H. KIDNEY «10H

NDATA DES/10H INT-WELL s10H ROU-WELL s10H POP=-WELL /

DATA LIM/8H ACTUAL ,8H LOWER

THE AROVE ARRAYS ARE:

- RONE
LUNG

s10H LIVER
+10H GI-LLI

s10H THYROID »

s10H MINIMUM

+8H HIGHER /3CP/1aseSsbe/

DES (3) ¢ DESCRIPTION OF 3 GPOUNDWATFp PATHNAYS.

ORGAN (R)
ISPC(11)
LIM(3)
CP(3)

DATA AL240/1.05E-4/

'-nran(1,101)MSTR.NNUC.FICPP

s
1n1
104
105
106

20

NO 10 I=1sNNUC

TAPFI

= THE NUCLIDE AND

RFAD(lc104)NUC(I)9AL(I)9FMF(I)9RFT(I;1)9RET(I.A)

N0 S K=1.8

READ(19106) (DCF(ToeJeK)eJ= ly7)
CONTINUF

nn 1% I=1.6

DESCRITION OF 7 ORGAN + A MINIMUM COLUMN,
SPECTRUM INDICES READ IN THRU INPUT,
NDESCRIPTION OF 3 RETARDATION LEVELS, )
MULTIPLIER USFED IN MODIFING RETARDATION LEVEL.

PFAn(loIOS)FSr(I)9F§A(I)9(PRC(19J)9J 19?)9(QFC(IQJ)9J 193)9
' (TTM(TI4J) od= 143)9(TPC(IsJ)ed=19e3)y.
(RGF (I 94) oJ= 193)9(P0P(19J)vd 193)vNPET(I)9

CONTINUE
FORMAT (2I547F5.2) ..
FORMAT(A1N44E10.3)

TDTTM(I) 4DTPC(T) o (TPO(TI0J) 9J=142)

FORMAT(10X97E103/10X+6E103/10X96E10, ?915/10X94F10 3)

FGQMAT(10X97F10 3)

REMA}NIMG'RETAQDATION COEFFICIENTS ARE NOW COMPUTED

DO 20 INUC=1,NNUC

A2=RET(INUC+4) % Al-(A?/RFT(INUCol))*“O 334
RET(INUCS)=A2%#A]1 $ RFT(INUQ.?)‘AZ/A]

RFT(IMUP92)'RET(INUC91)*A1
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Listing for INVERSW Computer Code (continued)

NnOETOC :

NNERNOC THE 12 DISPOSAL TECHNOLOGY INDICES AND & NECESSARY SPECTRUM
nneonc INDICES ARE READ IN THRU INPUT,

non7Tononc

nn710 REANSIRNC § READ+ (ISPC(J) s J=499)

narT2n WRITE(241010)IRDC ¢ wRITF(P;lO?O)(IGPC(J)oJ 449)

nnr7ane , A ,
nNT40C © LhnP 35 FINNDS THE GROUNNWATER CNONCENTRATIONS: FNR EACH OF
nn7snc . THE S RETARDATION COEFFICIFNTS, SURROUTINE GINV. pOFS MNST 0OF
nNaATAROC CALCULATIONS INVOLVED. NDAUGHTER IN-GROWTH IS ALSO TAKEN
nnTTOC INTO CONSIDFRATION,

nnvRNC

nn790 DO 35 IRET=1,5 -

YLELT WRITF(2,1005) TRET § CALL ZFRO(DMY,920)

nnayn CALL GINV(ISPCWsNNUCJIRFT) & CALL MIN(NMY,3)

nnR?0 NO 30 K=1.3 o _

nAR0 A1=NMY (1T7484K) § AP=DMY (PP ,R4K)#AL (17)/AL(2?)

NaR4O TF(A1.GToA?) DMY(17aReK)=A? :

nnegn A1=DMY (174R4K) $ AP= nMV(71.n.K)#AL24n/A|(?3)

nNRAN TF{A]1.6TeA?) DMY(174ReK)=A?

nRRTH A1=NMY (20eR4K) § AP= nMV(lq.A.K)*AL(?n)/AL(la)

nnagpn TF(A1.GT.A2) DMY(P04ReK)=A? _

nnAgog WRITE(241N03) DES(K)« (NRGAN(J) e J=148)

nnonn wDITF(>,lnoa)(MUC(I).(nvv(I.J.K),J 1s8)41I= 1.MMur)

nnoln A0 CONTIMIE
nnasn 35 CONTINUF

naa3ne
nNc4n 40 TR=IRDC(1) F NR=NRFT(IR)

nonosner

NNaaNe [.NOP A0 FINDS THE GROUNDWATFER CNONCENTRATIOMS FOR THF

nnarnc RFTARNATINN COFFFICIENT AS TMPLIED RY THE IP INNEX 0OF
nnarnC NISPNSAL TECHMOLNGY, THIS LONP HOWEVER VARIFS THF PERCNATION
npagne VALIIE. TT USES THE VALUF IMPLIEN RY IR AS WFLL AS HALF THIS
nInnnc VALUF AND DNUYRLE THIS vaLUF.

ninione : '

n1n2n NO A0 KN=1,3

n1030 A1=DMY (174RBsK) T A2=NMY (22484K) #AL(17) /4L (22)

N1 ' TF(814GT.A2) DMY(174ReK)=A2

n1050 A1=OMY (17eReK) § AP=DMY (23484K)#AL240/AL (23)

n1nao IF(A1.GT.A?) DMY(174ReK)=A2

nin7o A1=NMY (20.Re.K) § AP= DMV(IRoR-K)*AL(?ﬂ)/nL(IQ)

nN1n8R0 TF(A)6ToA2) DMY(20eRyK)=A?

nioon WRITF(24100A) LIM(KN) % CALL ZERO(NMY,4920)

n1100 PRC(IR41)=PRC(TIR«I)H#CP(KN) % PRC(IR+?2)=PRC(JR4?)#CP(KN)
n111n CALL GIMV(ISPCNNUCSNR) & CALL MIN(DOMY,3)

n1120 nn 50 K=1,3 :

01130 " WRITE(2+41003) DES(K) 4 (NDRGAN(J) e J=1+92)

N1140 WRITE(?o1004)(NUC(I),(DMV(I-J-K)vJ 1e8) 9 I1=1,4NNUM)

nN1150 50 CONTINUE

N1160 60 CONTINUFE

n1170C

N11R0 1001 FNORMAT(1213)

N1190 1003 FORMAT(//2X«A9+8A10)

N1200 1004 FORMAT(A10+8F10.7) ,

N1210 1005 FORMAT(//2Xs#RETARDATION COFFF, #,12)
N1220 1006 FORMAT(//2XeAT9#PERCOLATION VALUE®)
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Listing;for'INVERSN Computer Code (continued)

01230 1010 FORMAT (2X«#DISPOSAL TECHNOLOGY INDICES®/2X.

01240+ _ ) #IR =ReI2e# IN =0,4J2¢%* IC =#yeJ2¢% IX =2412/2X,
01250+ .- BHIE =teJPett IS =#,T2¢% IL =#412+s% TG =%#,12/2Xs
01260+ : B #TH :*tlamﬁ' ICL=#eI2e% IPO=#4]24% JIC=%,14) :
01270,10?0AFORMAT(/2X9*S°ECTRAL INDICES®/2X o

01280+ o BFLAM  =H#,]2,% DISP =#,12/2%s

01290+ . #LEACH =#4JP4% CHEM =#,12/2X,

N1300+ #STAR] =#,I24# ACCES =%,12)

01310. STOP $. END . T S .

n1320C

01330¢C , : '

01340 "SURROUTINF GINV(ISPCsNNUC+NRT)

01350C o o _

01360C THIS ROUTINE CONTAINS THFE ACTUAL CALCULATION OF THF

n137nc CONCENTRATIONS.

013RrRNC

01390 COMMDON/RAST/NDCF (2347 sR)Y/IMPS/DMY (?34895)

01400+ + . /NUCS/NUCI(23)+«AL (27) oFMF (23) «RET (2345)

N1410+ /DTNX/IR.I”.IC!IX»IEoISoILoIGQIH§ICL9TpOoIIC

01420+ " /DTIS/FSC(6)+FSA(AR) sPRC(A42)sNAFC(He3)aTTM(AI ) o

01430+ . TPC(643) «RGF(693)aPOP(6£a3)NDTTM(R) 4NTPC(A) 4 TPO(Ke?) yNRET(6)
'01440 "NDIMENSION EMP(3) sEFF (2)osSEFF (2) oDLC(T9)491ISPC(11)

01450 DATA NSEC/IO/oDLC/?*SOOo91q00..3000.;3#1500.,3*?5;.7G.o3“25.,7#4./
01460 DATA EMP/ a5 9075965/ eEFF/6e640T760/eSEFF/049450.35/

01470C

01480C THF MATRICES AND ARRAvq AROVFE ARF:

01490C EMP (3) ¢ VOLUME FEMPLACEMENT FFFTCIFNFIF§

01500C ) EFF (2) ¢t LAND USE VOLUMF FFFICIENCIFS
n1siocC ' SEFF(?) ¢ LAND USE SURFACE ARFA EFFICIENCIFS
01520C PLC(7+3) ¢ DOSF LIMITING CRITERIA FNR 7 ORGANS
. 01530C - AMD 3 PATHWAYS,

01540C PARTITIONED INTO,

n1550C -

01560 " GDEL=0. % VUR 1. ﬂ/(FMD(IF)*FFF(ID))

n1870 © IF(IC.FQA.1)PRCN=PRC(IRM])

0.1580 TF(TC«GT.1)PRCN=PRC(TR?)

01590 IFUIX.EN,1)PRCD=4#PRC(TR41)

01600 IF(IXeBT.1)PRCN=2,254PRCN . )
01610 . I16=18SPC(6) % I7=ISPC(7) & 1IR= ISPC(R) $ 19=1ISPC(9)
01620 PERC=PRCD § IF(IS.EQeNNRI7,FR,1)IAR=Th=~ -1

01630 IF(IB.NF.1.NR, IS.NF.1)GO TO ?n

N1640 IF(}C EQ. J)DFRC =PRC(IR+1)

01650 , IFITIC.AT.1)PERC=PRC(IR+?2)

01660 20 TVOL=352000.#SORT(PRE(IR1)#27,8)

01670 IF(IDEQe2.0R, IH.EN.1)PERC=PRC(IRs2) /16,

01680 ] PERCﬁPERC“(l.O-O.Q*IG) '

01690 AR=1% 3 IF(16.6Tal)AG= 4.##(1-16)

N1700 29=1s % IF(19.6T.1)A9=1N,¥#(1=-19)

01710 Il=NRT-$,IF(IS.EQ.0.0Q.IT.FQ.I)11=Il-l

01720 TDUM=] 40/ (PERC#VUR#AB#AG) $ TF(T1.LE.0)I1=1
01730C '
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n1740C
N1750C
n17R0C"

ni77o

01720
n1790
N1RO0
n1R10
N1820
01830
01840
nyaso
N1RA0
N1RTD
N1RRAR0D
p1800
01000
01910
nN1920
n1030
N1940
nN1950
01960
nyovoc
n1980¢C
n1990
02000
nP010
02020
02030

n2040C "

n2ns0n
02060
02070
02080
o2naonc
n2100
n2110c
-nP120C
n213ncC
n2140¢C
n>?180
0?2160
2170
N21R0
nN2190
02200
n2210
n2220
02230
n22a40

.40

S0

60
70
RO

Listing for INVERSHW Computer Code (contihued)-

MATN LOOP - GROUNDWATER DATHWAY EQUATIONS MANIPULATED SO
AS TO FIND CONCENTRATIONS WHEN THE NOSF IS GIVEN.

PO RO TNUC=1+NNUC

TDUR=TDUM/FMF (INUC)

DO 70 IPTH=1,3 |

17226 § IF(IPTH.EQ.3) I2=7

RP=RGF (IR IPTH) / (QFC (IR, IPTH) #NSFCSTOUR)
IF(TVOL.GT.OFC(IRsIPTH))R2=R2#QFC(IRsIPTH) /TVOL
A3=0. § TNRT=RET (INUCaT1)#TTM(IR.IPTH)

DO 40 ISEC=1,NSEC

R3I=TNRT+RET(INUCs11)# (ISEC~1)#DTTM(IR)

IF (R3.GE.TNRT+TDUR) GO TO 50
A4=TSECH#EXM(AL (INUC) #R3)

A3I=AMAX] (A3AL)

CONTINUFE '

NN 60 INRG=1,7

an=1: FA*A1*22*DCF(INUC~IORG.I?)' ‘
A1=nL § TF(AD.NE.0.) AL=DLC(TORG.IPTH)/AD |
AMY (INUC W TORGs TPTH) =A1 S
CONTENUE

CONTINUE

RETURN $ END

SURROUTINE 7FRO(A4N)
NIMENSION A(N)

DO 10 I=1.N

A(TI)=n,

RFTURN $ END

FUNCTION FXM(A1)

A2=0% % IF(Al1.LT4230.)AP=FEXP(=A1)
FXM=A2 . '
RETURN -« FEND

SURROUTINF MIN(DsN)

THIS POUTINE RETURNS THE SMALLEST CONCENTRATION - OVER
ALL 7 NRGANS = FOR FACH NUCLINE,

NDIMENSION D(23+845) ¢X(7)

DO 10 I=1.23

NO 10 K=1eN

PO B J=1a7

X(J)=D(Tedek) A

TE(X(J) «EQeNs) X(J)=1.F+90

CONTINUFE

N(T. R-K)‘AMINI(X(I).X(?).X(?)-X(A)oX(%).X(G)sX(7))
CONTINUE .

DFETIUURN & FND
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36
P-IXRESIN
1

1

1

1
P-CONCLIQ
2

2

2

2
P-FSLUNGE
3

3

3
3
P-FCARTRG
o
a

3-1%xRESI

3-CONCLI

IN
4
N
S
S
5
S
Q
A
[}
6

&

5=F SLUGGE
7

7

7

7
P-COTRASH
8

8

3

3
P-NCTRASH
9

9

9

9
3-COTRASH
g 10
10

10

10
3-NCTRASH
11

11

11

11
F-COTRASH
i2

12

12

12
F-NCTRASH
13

13

13

11

231.000

«120
1.100€~01
3.360E-02
8.610E-04
2.190E£-02
7.9“0E-04
1.100€-01
1.090E-01
B8.360E~03
2.850E-02
1.640E-03
1.100€=-01
1.060E+00
l.140E-01
2.140E-02
6.,750E-03
1.100€-01
1.860E+00
2+.040E~-01
9.540E-03
1.660€E-02
1.230E-01
4.630E+00
2.150€-02
2.040€+00
2.600E-03
1.200E~-01
2-870E‘01
1.800£-03
6.650E-02
4.600E-03
1.200€-01
5.240E+00
3.250E-02
1.330€+00
1.150E-02
2.100E-01
2.2480E-02
2.190€-03
2.510€-03
2.“105-0“
2.100€-01
S.250E-01
S.050€-02
S.780€-02
S5.5S0€E-03
2.200E~01
2.3S0€E-02
1.360E~904
7.140E-03
5.630€E-05
2.200E-01
3,790E+00
2.190€E-02
1.1S50€E+00
9.080E-03
2.110€-01
S5.580E-06

0.

0.

Ne
2.110€-01
5.330E~-06
0.
0.
0.

"+ 060 030

3.463E+04
2.660E-03
8.840E-08
4.710E-08
3.990€-08
2.435E+05
3.450E-03
B.580E-07
6.150E-08
7.250€-08
4.279E+03
2.590€<03
1.170£-05
1.460E-07
3.390E-07
2.177€E+04
1.150£-03

2.090E-05

3.640E-07
3,340€£-07
T.623E+0C0
1.9208-02
3.090E-05
5.330£-08
1.170£~07
2.102€E+05
6.260E-04
2.590E-06
3.4605-08
2.060E-07
1.690€+05
l.260E=-02
4.,700E-GS
3.320€=-07
S.180E-07
4, 244LE+QS
3.040€=-04
2.250€-07
7.890E-09
l1.210€-08
2.17RE+05
6.990€-03
S.180E=-06
1.820£-07
2.790€E-07
ZCOBGE’OS
64750E-05
1.960£-07
1.220€£-09
2-5306-09
9.896E+ 04
1.090E-02
3.160£-05
1.970€~-07
4.080E-07
2+ 359€+0S
0.
0.

- le180€E-06

De
4e.171E+04

0.

n.

1.130E-06

0.

DATA Data File

Listing of

«060 1207

9,.,740E-0S
1.940E-04
3.710E-07
“-15“5-05

10270E-0“
2.520E-06
4.840€E-07
7.132E-05

“9,550E-05
1.890E-04
lclSOE‘06
4,581E-04

4.250E-05
B.400E-05
2.870E=-06
Soslat-006

1.190£-03
306“05-03
4.200E-07
9,793E-05

3.890E~-05
1.180€E~00
2.710€-07
2.523E-04

7.7B0E-04
2.370E-03
2.610E=-06
4.868E~04

1.120E-05
2.220E-05
6.220€E-08
1.089&-05

2.570E-04

<060

24340E-03
8.230€-07
9.060E=-12
1.260€E=-06

2.,270E-02
1e070E~056
l.180E~-11
2.020E~06

3.100E-01
8.030E-07
2.810E-11
1.780E-05

5.550E-01
3.580£~07
7.020€E-11
1.100E-05

9.480E-01
7.6S0€E-05
1.020E-11
1.570E-06

7.940E-02
2.500E=-0C6
6.610E-12
8.100E-06h

1.640E+00
5.000E-05
6.380E-11
-1.050£=-05

5.970£-03
9.420E-08
1.520€E-12
2.670E=-07

1.370E-01

2.790E-06
2.440E-06
2.600E-05
9.920€-09

2.710E-05
3.160E-06
5.120E-05
1.170E-08

3.710E~-04
2.370E-06
4.760E-0S
3.100E-07

6.600E-00
1.060E-06
2.510E=-04
1.930E-07

9.800E-04
ZOOQOE-OQ
Be360E-05
2.700E‘08

B.210E-0S
. 6.650E~-06
1.990E-00
2.590E-07

1.490€E-03
IQJBOE-OQ
4.660E-N4
2.970E-07

7.110E-05
2.780E-07
S«970E-06
2.T40E-09

1.640E=-06

Se110E~06 2,170E-n6 6.410E-06

1.430E-06
2.508E=006

4,]170E-06
1.270E-05
9.600E-09
2.586E-06

6.730€E-006
2.050E-03
1.550E-06
4a172E-04

0.

0.
4,400E-06

0.

0!

r).
4.200E-06

n.

3.490€-11
6.150€-06

6.010E~-03
2.680€-07
2.350€-13
6.520€-0R8

9.690E-01
4,330E-05
3.780E~-11
1.050E-05

0.
0.
0.
0.

0.
O.

0.
n.

D-41

“1.380E-04
6.300E-08

6.21NE-0hA
7.140E-07
2t300E'°6
10930E'09

1.000E-03
1.150E-04
3.710E-n4
3.120E=-07

(U
Oe
0.
De

O
Ne
o.
n.

4.530E-03
B8.230E-07
1.820E-05
1.380E-05

4.400E-02
1.070E-05
3.310€E-05
1.920E-05

6.000E-01
8.030E-07
1.550E~04
1.770E-04

1.070E+00
3.580E-07
3.300E-04
1.100E-04

1.590E+00
7.550E-05
S5«340E-05
1.820€-05

1.330E-01
2.500E-06
9.6430E-05
2.050E-94

2.410E+00
5.000€E-05
2.3460E-04
2.240E-04

1.150E-02
9.420E-08
5.330E-06
206106’06

2.A50E-01
2.170E-06
1.270€-00
6.000E-05

1.010£E-02
2.580E-07
1.150E-06
1.490€-06

lo620£‘00
4+330E-05
1.860E~04
2.410E-04

[
0.
0.
0.

0.
e
N
Na



I1-COTRASH
16

14

14

16
1+COTRASH,
15,

15,

15

. 15
N-SSTRASH
16

16

16

16
N+SSTRASH
17

7 17
17

17
N-LOTRASH
18

18

18

13

N+ NTRASH
19

19

19

19
F-PROCESS
20

20

20

20
U=-PROCESS
21

21

21

21
I-LQSCNVL
22

22

22

22
I+LQSCNVL
23

23

23

23
1-4BsLIaQN
24

26

24

26
I+aBSLIQD
25

2s

25

25
1-310wAST

2h
T+ATNWAST

2.030E-01
1.130€-01
0.
4.560£-03
0.
2.030E~01
le130E-01
0.
4.560E-03
0.
2.060E-01
1.120€E~05

2.060E-01
1.120€-05

0.

0'

0.
2.070E-01
3.530€E-02

0.
1.420€-03

0.
2.070E-01
3.530€=02

0,
1.420E-03

0.
3.110E-01
1.080€E-04

0.

e

0.
3.120E-01
3.800E-04

0.

0.

0.
3.030E-01
9.600E~03

0"

0.

0.
3.030E-01
9.600E~03

0.

0.

0.
3.030E-01
1.990€-01

. 0.
1.370E-02
. 0.
3.030E-01
1.990E-01

0.
1.370E-02

o'
3.030E-01
2.060€E-01

0.
8.760E-03

ol
F.NAF =N

Listing of DATA Data File (Continued)

10“07E‘05.
9.130E-02

0.

0.

'Y
1.407E+05
J.130£-02

2.

0.

0.
1.796E+05

o.

o-
2.360E-06

0.
1.796E+05

0.

n.
2.360E-06

0‘
S5.064E+00
2.850E=-02

0.

0.

- 0.
S.06uE+04
2.350E-02

O.

0.

0.
7.816E+04

0.

(LIS
2.300E-0S

0.
2.811E+04

0.

O.
1.650E-05

0.
HLoa914E+00
5.010E-03

0.

0.

[1 209
4,914E«04
S.010E~03

Qe

Qe

D
5.585E+03
1.“205—01

0.

0.

0.
5.585E+03
1.420E-01

0.

0.

o.
1.571E+04
1.750€-01

o'

0.

Oe
1.871F 004

S.260€-03

1.450E-03
0.

«.B820E-06

5.2005-03

1.450€-03
0.

4,820€-06

0.

0.
8.800E~06

0.

0.
0.

8.800E-06

0.

1e6@0E-N3J

4eS30E~00
0-

1.510E-06

1.540E-03
4.5305-04

0.
1.510E-06,

0.
0.

B.SQOE'OS
0.

0.

0.
3.640E=~00

D.

2-510E°0“

4.340E-03
o-
0.

2.510E-006
44340E-03
9.
0.

8.160€£-03
4.340E-03
0.
0.

BnleoE'OJ
4+340E-03
0.
0.

1.010E-02
8.330E~-03
o.
0.

0
3.390€-09

0.

g,

0,
3.390€-09
’ 0.

Q.

0'
0.
0.
0.

0.
0.
0.
0.

0.
1.060£-~09

o.

0.

D
1.060E-09

00

0.

0‘
0.

’ 0.
1.020€-08
0.

0.

[
6.5105-09

0.

0.

D-42

1.040E-02
o.
0.
0.

l-OhOE-OZ
D
0.
0.

0.
0.
0.
e

Qe
T
Ne
0.

J.250E-0]
O
0.
0.

" 3.250E-03
0.
(U
0.

0.
Qe
0.
Q.

0.
Q.
0.
0.

0.
0.
0'
Q.

O
Ol
0.
0.

3.120€E-02
0.
O
0.

JQIZOE-OE
O
De
0.

3.990€-03
0
0.
O



27
27
27
27
N-SSWASTE.
28

28,

28

28
N-LOWASTE .
29

29

29

29

L -NFRCOMP
30

3n
30
L-NECONRS
31
31
31
31
N=]SOPROD
32
32
32
. 32
MeH]GHACT
33
33
33
33
N=TRITIUM
34
34
36
kI’
" N=SOURCES
35
35
35
35
N=-TARGETS
36
a5
36
36
H=3
He3
H=13
H~=3
H=2
H=3
-3
H=3
H=3
C-l6
C-14
C-16
C-14a
C-14
C-14
C-la
Cwld

/ACC
/CON
/AGR
/F00
/DGM
/WWT
/SWT
/AIR

/ACC
/CON
/AGR
/FO00
-/DGM
S /WWT
/QWT

2.060E-01
o.

8.760E-03
0.

3.060€E-01

2.170E-04

3.070E-01
2.110E-02
0.
1-0‘00E-03
0.
44300E-01
4.,NG0E+Q3

"2.090€E+02

0.
0'
4 400E-01]
1.560€+02
3.690E+00
3.180€-01
3.550€+01
4.040E=-01
1.500£+01

0'
8.730E+00
7.100€-03
4.030E-01
2-1005‘02
1.060E+01

0.

0.
4.050E-01
2.330E+03

0.

0.

0.
4.030E-01
S.760E+03
1.050E+01
3.540£+03

0.
4.030E-01
8.040E+01

0.

0.

0.
S.630E-02
1.252€+09
1.172E+10
4.451E+10
S.995E+04

o'
24367E+06
24.368E+05

4.4S1E+10

1.210€-04
3.166E+09
6.678E+10
2.660E’11

3.721E+05°

0.
14641E+07
A.7AIF+0T7

Listing of DATA Data File (Continued)

P e

1.750E-01-

0.

0.

. 0
6.339E+06
0.

De
4.600E-05
| Y
6.027E+06
1.630E-02
0.

0.

- 0.
2.B8TE«03
0.
8.190E-03
O

0. .
J.6IBE04
1.080£E-02
1.420E-03
4.840€-05
3.870E-03
S«196E+03
4.200E-~02

D
1.020€E-05
3.570£-08
2.608E+03

0.
4.470E-06

0.

0.
3.481E+03
2.330€+03

0.

0.

0.
1.865E+02
2.090E+03

0.

0.

0.
1.340E+03
8.040E«01

Do

0.

0.
1.150€E+00
S.190E+07
S5.190E«07
5.190E+07

0.

0.

14422E-01

1.422E-01
Se190E+07
S.760E-02
1.40S5€+10
3.321E+11
1.328E+12
1.861E+06
0.
7.205E+07
1 .RAOF +0A

1.010E-02
8.330E-03
0. -
0.
Oe
Oe
10710E-°“
0.

9.360E-04
1.310£-03
Oe
0.

2.590E-01
0.
Ne
O

6.8R0E-00
44280E~02
SOQOOE-OQ
1.026E+00

4+510E-05
$.270£+00
3.810E-05
2.152E~04

1.3206-02

ol
Ne
Oe

0.
Do
0.
0.

3.190€-03

~2+8T0E~0]

Qe

1.600E+01

Oe
0.

0.

'0.
1.000E+00
1.252E+09
1.172E+10
4.,45]1E«10
S.995E+04

0.
2436TE+06
2436BE+06
L.4S1E-1D
1.000€+01]
3.166E+09
6.678E+10
24660E+11
3.721E+05

0.
liualE07
F.7R1F+07

0.
6.510€E-09

7.760€E-10
O
0.

2.230€+03
0.
0.
0.

%.050€+0)
1.200E-05
1.320€-08

3.590E-04

0
3.270€-04
S4330€-13
1.250E-06

1.150E+02
Ne
0.

0.

1.000E+00
1.252E+09
1.172€+10
4,4S1€+10
50995E00“
0.
2.367E+06

4.4351E+1D
1.000E+01
J.166E+09
6.,678E+10
20660E011
3.721E+05
[t
1.441E+07
3.7RA1F enN7

D-43

O
Ne
0.
0.

0.
0.
0.
0.

0.
U
e
N.

1.400E+0n
Ne
Ne
Ne

4.490E-02
3.340E-05
1.340E£+00
3.460E-04

0.
1.970E-04
IOGSOE-OQ

5.560E-02
0.
Ne
e

0.
0.
0.
0.

0.
0.
N.
0.

0e .
0.
0.
ne

1.252€+09

1.172E+10

4.4S1E-1D

S.995E+04
IS

"2.367E+06
2.368E+06 -

2.368E+06
4.451E+10

3.166E4+09
6.678E+10
2.660E+11
3.721E+05
n.
lebslE07
RTAIFeNT

3.990€-03
0.
o.
0.

l1.470£-03
-0e
0.
0.

1.600E4+03
0¢
D.
0.

7.280E+01
1.200E-05
1.770€+00
3.270E-03

o.
3.270E-04
5.550£~-05
2.880E-07

8.480E+01
O
0e
De

Oe
Oe
0.
0

8.120E+01
0.
Ne
O«

0.
U
0.
0.

1.252E+09
1.172€+10
4.451E+10
50995E004
Ne
2.36TE+06
2.368E+06
4.451E+10

J.166E+09
6.578E+10

2.660E+11

3.721E+05
0.

le4slE«Q7

3. 761F 07

S.190E+07
1.052E+10
4.331E-+10
5.995E+04
0.
2+367E+06A
2+.368E+06
4.331€-10

2.526E+09
6.614E+10
2.654E¢+1]
3.721E+05
0.
1.44]1E+07
R.761F+07



C-14
FE=5S
FE=-SS
FE=-SS
FE=55
FE-SS
FE-55
FE-SS
FF-SS
FE=-SS
NI[=59
N[-59
NI-59
NI[-S5%
"NI-S9
NI=-59
-N[-59
N[=59
N[=-59
Cd=40
Co-60
C0=-60
Co=-60
Co-60
CO0=-€0-
Co=-69)
Co=-60
CO=60
NI=63
N[{-63
. NI=-A3
NI-&3
MI=-63
Ni-563
Nl-53
NI1=-63
NI=-f3
NB=94
NH-94
NB=-94
N8=9¢4
N8=94
N8-94
NB=94
NB=-9¢
NB~94
SR=90
- SR=90
SR=-90
SR=30
SR=990
SR=-90
SR=-9n
SR«90
SR=90
TC=-99
TC-99
TC=99
TC-99
TC-99
TC-99
TC=99%
TC=-99
TC-99
[-129
1-129

/818
/7acc
/CON

/AGR
/F00

/70GM°

/AWT

/75wy

/aIR

/ACC
/CON
/AGR
/F00
/70GM
/AT
/SwT
/AIR

/74CC
/CON
/AGR
/7FQ0
/DGM
/wWAT
/SHT
/ALIR

/ACC
/CON
/AGR
/7FQ0
/70GM
/7AWT
/SAT
/AIR

/ACC
/CON
/AGR
/F00
/0GM
/WWT
/SHT
/AIR

/ACC
/7CON
/AGR
/F00
/DGM
/WWT
/SAT
/AIR

/ACC
/CON
/AGR
/F00
/DGM
/WWT
/SWT
/AIR

sacc

2.660E+11
2.670E=-01
1.805E+10
9.283E+09
3.219E+10
3.482E+01
o“
2.72TE+06
4.,6450E+06
“,827E+10
8.,660E-06
3.698E+]0
3.872E+10
l.247E+]1
3.6393E+03
6.200E+03
B.537E+06
9.825E+06
1.505E¢1]
1.320E-01
2.358E+12
1.237€E+11
3.695E°11
S.274E+03
1.540E+07
1.432E+08
lo“S&EOOB
2.683E+12
7.530E=-03
3.056E-10
1«040E+11
3.341E+11
9.878E+03
VIS
1.91SE+07
2.260E+07
3.341E+11
3.470E=05
6.102E+11
1.389E+10
1.399€E+10
2.116E+00
9.630E+06
3.193E+07
3.232E+07
6.103E+11
2.470E-02
2.417E+13
6.394€E+13
1.89IEOIQ
6.,407E+07
3¢°6°E’0“
9.564E 09
1.014E+10
1.892E+14

3.270E'06-

1.176E+09
2.,950E+09
B,548E£+09
6.566E+03
0.
4.186E+05
64,240E+05
B-SQBE’OQ
“OOBOE-OB
Q9.139F + 1

Listing of DATA Data File (Continued)

1.328E-12
1.480E-02
1.88SE+10
4.816E+10
1.903E+11
2.161E+02
o.
l.2644E4+07
24314E4+07
C.0Hh4ES]]
1.480E-02
9.378E+10
24325E+11
Tea76E<11
2.211E+006
6.200E+03
4.425E+07
S.196E4+07
7.733E+11
1.,480E-02
2.336E.12
2.280E¢10
2.280E+10
n.
1.540E+07
1.238E.08
1.238E+08
24336812
1.,480E-02
9.602E+11
3.1%0E¢12
1.001E+13
24345E+05
Oe
5'7115008
6.738E+08
1.001E+123
1.110€-02

"HhellaEell

1.515E+10
1.548E+10
7.078E+00
9.630E+06
3.196E+07
3.324E.07
6.118E+11
9.860E-03
9.617E+13
2.5R88E+14

'7.686E+14

2.611E+08
3.060E+04
3.89SE+10
4,128E+10
7.688E+«]a
1.150E-01
9.680E+08
Se4l1E+09

14933E+10

1.635E+04
Oe
1.042E+06
1.056E+06
1.933€+10
1.150E-01
R.SI1SF.1?

2.660E+11
6.300E+02
2e413E¢1D
3.941E+10
1.376E+11_
1.493E+02
0-
8.,863E£+06
1.625€+07
1.537E+11
A.ZOOE'O?
S.058E+10
8.130E+10
2.581€E+11
7.590E+03
£.200E+03
1.609E+07
1874E+07
2.83RE+11
4.200E+02
2+353E.12
T«5S99E+10

"1.874E+11

2.391E+03
1.540E407
1.326E+08
1.338E.08
2.500€+12
4a200E+02
6.576E+10
24176E¢11
6.931E-11
2.041E-04
i 0o -

3.958E+07
4.670E+07
6.931€+11
1.000E+03
6.108E+11
l-éShEolO
1.472E+10
3.937€+00
9.630E+06
3019“E007
3.266E+07
6.111E411
9.000E+00
1.668E+]1
1e750E+09
1.760E+09

0.
3.060E+04
B.B35E+06
8.83SE+06
1.668E+11
2.000E+00
2.280E+09
8.890E+09
2.960E+10
2e433E+04
0. .

1.551E+06
1.S571E406
2.960L+10
2+.000E+00
R.815F«1

2.660E+]1
S«400E+03
1.613€E+10
S.080E+07
S.080E+07
0.

o.
8.609E+05
8.609E+05
1.,613€+10
3.,600E+03
2.578E+10
S«980E+07
S.980E+07

[+
6.200E+03
1.377€+06
1.377E+06
2.578€+10
3.600E+03
2.336E+12
2.290E+10
2.230E+10

n.
1.540E+07
1.238€+08
1.238€+08
2.336€+12
3.,600E+03
1.560€E+08
1.560€£+08
10560E’08

0,

OI
4,276E=01
4,276E-01
1.560€+08
1.000E+04
6.095E+11
1.320E+10
1.320E+10

0.
9.630E+06
3.192€+07
3.192E+07
6.095E011
7+300E+01

1.668E+11

1.760E009
107606009
0.
3.060E+04
8.835€.+06
8.835€+06
1.668E+11
5.000E+00
7.600E+08
7.600E+08
T.600E+08
o-
0.
2.083E+00
2.083E+00
7.600E+08
S.000E+00
S.12ARF 11

D-44

2.660E+11

1.613E+10
S.080E+07
S.080E+07

0.

nl
8.609E+05
8.609E+05S
1.613E+10

"2+S78E+10
S.980E+07
S.980E+07

O -
6.200E+03
1.377E+06
1.3776‘06
2+578E+10

2.336E+12
2.2980E+10
2.2B0E+10
0.
1.540E+07
1.238E+08
1.238€+08
2.336E412

1.560E+08
1.560E+0R
1.560E+08
0,
0.
4,276E~01
4.276E-01
1.560€E+03

6.107E+11
le446E+10

2.660E+11
2.081E+11
2.095€+11
2.64“E011
8.331E+01
[/
S.326E+06
9.449E+06
2.804E+11

Su778E010

3.206E+10

3.206E+10
-0

6.200E+03

1-377E006
1.377€+06
S.778E+10C

2063“E013
2.402E+13
2.402E+13
0Oe
1,540E+07
1.239€+08
IQZBQE‘OS
2¢630E+]13

8.,816E+10
8.816E+10
8,316E+10

Qe

0.
2-3166002
2.416E+02
8.316E+10

1.330E+12
70332E)ll

1o 664E+10—T4332E 411

3.892E+00
9.630E+06
3.194E+07
J.265E-07
6.110E+11

1.668E+11
1.760E+09
1.760E+09
O.
3.060E+04
8,835E+06
8.835E+06
1.668E+11

1.996E+10
1.031E+11
3.636E¢]1
3.061E+05
0.
1.951E+97
1.976E+07
3.636E+11

R.K1ISF+

Ne
9.630E+06
J.192€.07
3.192E+07
1.330€E.12

1.980E+11
3.296E+10
3.296E+10
o e -
3.060E+04
8.835E+06
8.835E+06
1,980E+11

7.400E+09
7+.962E+09
9.720E009
2.067E+03
S
1.318E+05
1.335E+0S
9.721€E+09

R.C77PF e«

2.654€+11
1.925E+10
2.,116E+19
7.7S2E~+1n
8,566E+01
0.
S452E+05
90692E006
9,360E+10

2.850€+10
1:441E+10
S.082E«10
1.563E+03
"6.,200E+03
4,408E+06
4,353E+06
T.654E+10

24504E+12
8.593E+11
2.953E+12
4.492E+ 04
1.540E+07
2.393E+08
J.112€+08
S.266E¢12

7.436E+09
3.911E+10
1.383E11
44259E+03
Oe
8,258E+06
9.743E+06
1.383€+11

6.835E+11
4,432E+1]
1.55TE~12
2.390E+04
9.630€+05
1.466E+08
4,496E+09
2.153E+12

1.892€+11
4.727E+12
1e946E+13
T7.543E+06
3,060E+04
1.134E+09
1.201E+09
1.962E+13

7.880E+09
2.260E+11
9.008E+11
7.953E+05
0.
S.069E+07
S.135E407
9.008€+11

A.S71F+ 1



- =235

I-129
I-129
I-126
1-129

‘I-129
I-129
1-129
Cs=-135

/CON
/AGR
/FQ0
/0GM
/ANT
/SeT
/AR

Cs-1357ACC

CsS-135/CON
CS-135/46R
CS-135/F00
CS-135/06M
CS=-135/wuT
CS=135/54WT
Cs-135/alR
CsS=-137

Cs=13774CC
Cs=137/CO0N
CS=-137/AGR
CS=-137/F00
CS~137/D00M
CS<137/4uT
CsS=137/S4T
CS=-137/A1R
u=-235
1)=2135
u=-235

/ACC
/CON
/AGR
/F00
/0GM
/WaAT
/SAT
/Al1R

=235
U=2235%
U=-2235
U-235
=235
U-238
U-233
u-238
U=-238
=238
u=-238
U-238
U-238
U-238
NP-237

NP=237/ACC

/ACC
/7CON
/AGR
-/F00
/7OGM
/WNT
7SWT
/AIR

NP=237/CON

NP=-237/AGR
NP-237/F00
NP=-237/D06M
NP=237/%wWT
NP=237/SAT
NP=237/A1R
P1)=-238
©1)-23R/7ACC
PU<2343/CON
PU=-23R/AGR
P1J=238/FN0
PU-233/0GM
PU=23R/WWT
PU=23E/54T
Dy-2387A1R
Py-239 .
PU-239/ACC
PY-239/CON
PU=23G/AGR
P1i=233/F 00

12 068E¢+]2
8.346E4+12
6.019E+04
1.920E+06
402595’07
44389E-07
'9.197E+12
2.310E-~07
2.371E+10

1eS66E«11

S.729E+11
3.,836E+03
0.
3.318E+07
1.442E+08
54725E+11
2.310E-02
4,499E+11
1.397€-12
S.117€E~12
7.896E:04
3.500E+04
3.094E-05%
1.302E+09
5.356E+12
9.750E-10
2.052E~-12
2.642E+12
S.l54E-]2
1.443E+04
1.500€£+05
2.073E+08
2.1C9€+038
Se374E-12

1.540E-10

1.635E+12
24429E¢12
LoTTwESY2
l1.348E+04
S«160E+02
1.335E+08
1.8568E+08
4o TASE~]2
3-2“0E'07
S.,202E+1¢
S.209E+14
Se238E¢]a
1.945E+04
6.560E+04
2.312E+08
2.572E+03
Se239Er14
8.020E-03

ZQOOOE‘I“.

2.003E+14

C.012E+14

1.137€+03
1.930E+01
7.019€+07
7.085E+07
2.012E+1«
Z-B“OE'OS
2.240E+14
2.243E+14
2+4253E+16
1.270E+07%

Listing of DATA Data File (Continued)

Tel24E+11
2.942€+12
2.1372+04
1.920E+04
1.75REL07
1,793E+07
3.792E+12
1.620€-04
9.,651E+10
4.208E-11
1.437€+12
2:157E+04
0.
8.,098E£.07
3.520£+08
1.437€+12
1.520E=-0
£.,339E+11
1.719€E+12
S.R72E.12
8.,814E+04
3.500E406
3.433E£.08
1.,452E+09
6.112E+12
1.250E-04
3.,062E+13
4,361E-13
3.,3N0E+13
2+378E+0S
1.500E+05
3.,235E+09
3.294E+097
8.522€+13
1.250E-04
2.88B2E+13
4o.145E413
5.108E+13
2.277€+05
S.160E+G3
3.087€E+09
3.144E+09
8.109€+13
4.hT0E-04
1.200E+16
1.202E+16
1.209E¢16
4 06TE+05S
6.560E+04
SeS46hE-D9
6-189E009
1.209E+16
4.670E-04
QUOBOE‘IS
4.091E+15
4.126E+15
4.522E+06
1.930E+01
2.TG1E-09
2.925E+09
4e126E+1S
4.6T70E~06
4+800E+15S
4.313E.15
4.854E+15
Sa?234F+00

e e w— aa

6.123E+11

2.528E+12°

1.83AE+04
1.920E+04
1.5%2E+07
1.592E+.07
3.379€+12
8.500€+01
4.851E+10
3.876E-11
1.326E+12
1.991E+04
O
7.475E+07
J.250E+03
1.32€E+12
8.500E«01
7.779E+11
2.351E«12

H.030€E+12

1.205E£+05
3.500E+06
4,6535E+08
1.981E+09
B 270E+ 2
3.,400£+02
2e2lbEe]l]
1.590E09
1.590E+0v
O..
1.500E+05
14177E+07
1.177E+07
2.214E-11
8.,400E+02
1.“5“E010
8.570E+07
5+STOE«Q7
0.
S.160E+03
7.739E+05
7+739E+0S
1+454E+10

-3.000£+02

1.120E+15
1.122E+15
1.123E+15
J«S33E+00
6.560E’0“
4.885E+08
Se443E+08
1.128E+15
8.400E+02
2+800E+15
2.802E+15
2.807E+15
6.371E+03
1.930E+01
3.931€+08
4e192E+03
2+807€E+15
B.400E4+02
3.120E+15
J.122E+15
3.127E+15
7.049F «013

- .

6.553E+15
4.725E+07
1.320E+04
3.081E«10
3.160E+10
6.554E+15

7.200€+02

SOOGOE‘OB
5.080E+08
S.080E+08
o.
0. -
1.332E+00
1.392E+00
S.080E+08
7.200€+02
2.0158 11
1.530E+09
1.530E+09
0.
3.500E+06
1.287E+07
1.287E+07
2.415€411
7.200E+03
2.214E+11
1.590E+09
1.590E%09
0.
1.500E.05
1e177€+07
1.177E+07
24214E41]
7.200E+03
10“5“6‘10
8.570€E+07
B.570E+07
0.
S.160E+03
T+.739E+05
7.739€+05
1.454E+10
2.500E+03
1.340E+11
B.400E+08
B.400E~08
0.
6.560E+04
7.1265‘06
7.126E+06
1.340E~11
7.200E+03
1.524E+10
8.870FE+n7
8,870€E+07
0. .
1.930€5+01

1.025€+06.

1.025E%+06

1.924E+10

7.200E+03

7.400E+09

S5.170€+07

Se170E+07
0.

D-45

1.315€+12
S.433E+12
3.947E+04
1.920E+04
2.3355+07
3.004E+07
6.284E+12

J.331E+10
1e466E+11
Se0l4E+11
7.531E+03
0.
2.828E+07
1.229€+08
S.014E+11

4.256F+11
3,010E+11
2.729E+12
4,092E+04
3.500E+06
1.665E+0R
6.808E+08
2.969E+12

7.262E+12
1.013E+13
1.979E+13
5.552€E+04
1.500£+05
T.543E+08
7.781£+08
2.001€+13

6,575€+12
J.L4bTESL2
1.8409€E+13
S.196E+04
S.160E+03
7.050E+08
7.179E+08
1.850E+13

3.840E-15
3.847E+15
J.866E+15
1.223E+05
6.560E+04
1.674E+09
1.867E+09
3.868E+15

8.801E+14
8.,812€+14
B.850E+14
4.868E+073
1.930€+01

2.972E+089

J.171E-08
B8.850€E+14

S,601E+14
9.613E+14
9.655E+14
R.397F+n

.

6.366E+0
6.366E+09
0-
1.520E+04
3.544E+06
3.544E+06
8.572E+11

1,491€E+10
4,RB4E-10
1.551E«11
2.2566‘03
O
BeuT2E+06
34KA83E+07
1.551E+11

30299E’11
2.941E+11
9.350E+11
1.360E+04
3.500E+06
6439607
24349E+08
lel175E-12

3.360E-15
3.360E~15
3.360E.+15
OI
1.500€+05
2.098E+07
2.098E+07
3.360E+15

3.120€+15
3.120€415
3.120€415
0.
5.160€+03
9.325E+06
9.325E4+06
3.120€+15

J.602E«14
3.600t+14
J.600E+]14
0'
6.560E+04
8.113E+06
8.113E+06
J.602E+14

4.080E+15
4.080E+15
4.,08NE«1S
O
1.930E+01
1.221E+07
1.221€E+07
4.,080E+15

3.840E+15

3.8406‘15

3-8“0E'IS
0.

.

9,787E}

4.006E+11
2.901€+03
1.920E+04
5.5362+06
S5.584E+06
1.251E¢12

1.004E+99
3.007E+09
2+994E+19
4.556E+02
0.
1. 708E+06
7.600F«06
2.9946E+10

2.4406E+11
3.915€E+10
1-“915’11
2.333£+03
31.,500E+06
2.163€+07
S.096E+07
3.395E+11

5.175E+11
1.586E+12
5.621E+12
24319E+0a
1.500E+05
3.261E+08
3.316E-08
S.841E+12

2.566E+11
lo1a7Es12
3.93%E+12
1.633E+04
S.160E+07% -
2.221E+08
2.262E+08
4.003E-12

3.740E¢11
1.550E+12
5.652E+12
2e357E+Q4
6.560E+04
3.263E+08
3.635E+08

5.785E+12.

3.,313E-+11
1.514E+12
S.277E+12
4.855E+03
1.930€£+01
2.940£4+08
3.,139E+08
S.297€+12

3.034E-11
1.392E+12
4.826E+12
4.479F 403



PUY=239/DGM
PUY=239/WWT
PU~239/SWT
PUY~236/A1R
Py~241
P1~241/aCC
PU~241/CON,
PU~241/AGR
PyY~-241/F00
PY~-241/006M
P1)=241/WAT
PY~241/SWT
Py~261/A1IR
Py~242
Py~242/74CC
PU~242/CON
Pl1~2uw2/AGR
D1y=242/FI0
Dl)j=P62/0GM
PyY=262/7waT
PY~2462/54T
Py~242/AI1R
AM-241
AM~24]1/ACC
AM~241/CON
AM=24 ) /7AGR
d4=P46l/F0Q
AMaPu]l/GoM
AMe24]1/WWT
AM-241/SAT
AM=241/A1IR
amM~243
aM~2«3/ACC
AM~243/CON
AtA-2u3/7A0GR
AM-243/F00
AM-243/70GM
AM=263/WWT
AMe243/SWT
AM-243/A1R
CM-243
CM-243/4CC
CM~243/CON
CM~-243/7AGR
CM~-243/FQ0
CM-243/DGM
CM=243/9WT
CMe243/SNAT
CMe243/A1R
Cu-244
CM-244/ACC
CM=244/CON
CM-244/746R
CM«244/F00
CM-244/DGM
CMe24L/9WT
CU=2abL/SwT
CM=244/81R
REGION 1

REGION 2

9.390E+01
7.765E+07
B.286E+07
2.253E+14

. 5.250E-02

3.060E+12
3.046FE12
3,063€E~+12
2.208E+01
3.‘0306'01
l.341E+06
1.431E+06
3.063E+12
2.430E-06
2.160E+]4
2elb3E~la
2.173E+14
1.2264E£-01
ol
7.520€+07
8.021E+07
2e173E+1a
1.510€E-03
S.0alE]la
S.049E+1a
S.077E«14
3.599E+ 0«
7.7T10E 04
2.24TE+08
3.721E£+08
S.078E+14
3,720E-0%
4., 96lE*14
4.969F+ 14
4,996E+14
3.525E+04
1.850E+05
2.208E+0R
3.633E-08
4.,997E+14
2.170E~-02
3.843E+10
3.846E+14
3.866E+14
1.113E+04
3.820€+05
1.647E£+08
2+087TE+0R
3.868E~14
3.940E~-02
2.800E+14a
2.805€+14
2+820E+14
B3.,520E+03
S.640E+Q1
1.170E£+038
1.507E+08
2.320E-14
9,.,180E=-12
2.000E+02
1.000E+00
4.000€E~Q2
2.010€-~11
44200E+01
1.000€E+00
b.LONF+0

Listing of DATA Data File (Continued)

9.350E+01
3.1726+09
3.386E+09
“.854E+1S
W H6T0E=-0
To,uu0E+13
TeubTELI
7.552E+13
10097E003
3.430£-01
6.,662E+07
7.091E+0Q7
7.553E+13
4.670E~04
4,480E+1S
4,692E+15
4©.530E+15
«.B4dE+Q0
0.
2.938E+09
3.137E+09
“.530E+15
©,110E-03
7.120E+15
T.134E+1S
T.176E15
S,.44RE+08
7.710E+04
3.360E+09
S.372E+09
7.176E+15
4.110E-03
7.060E+15
7.054E+1S
7T.096E+15
Se4ulE+0S
1.860E+05
3.337€-09
5.566E+09
7.096E+15
4.670E-04
6.161£+15
6e171E+15
6.204E+15
1.897£+0S
3.320E+0S
2+59BE+09
3.347E+G9
6.20‘0E’15
4.670E-04
4.400E1S
4.408E+15
4.433E+15
10“345005
S.hL0E~0]
1,954E+09
2.521E+09
4.033E+15
2.960E-11
S.N00E+03
1.000E+00
B.000E+02
3.180€E-11
4.000E+02
1.000E+00
1.ANNF+03

9.390E+01
4e3643E+04
“.632€+08
3.127E+15
B.600E+02
4.560E+13
4.561E+13
4.,566E+13
S5.613E+0]
3.430E-01
3.512€+06
3.7642E+06
“.566E+13
B.400E+02
3.,040E+15
3.042E.15
3.,0472+15
64 7A3E+02
Ol
«“.186E-08
4elb2f+08
3.00nE+02
6.640E+15
h.645E+15
5.660E¢15
1.916E+05
7.710E+04
1.189€£-09
le976E+09
65.660E+15
3.000E~G2
6.480€E+15
6.435E+15
hu3GE+15
1.849E+05
1.860E+05
1.1438E+09
1.906E+0Y
6.499€E+15
3.000E+02
5.601E+15
S.604E+15
5.616E+15
7.155E+04
3.820€+05
9.970E+08
1.280E+09
5.617E+15
3.000€+02
4.160E+15
“.163E+15
“017“E’15
6.145E+04
5-6“0E'01
B.443E+08
1.087€+09
4al74E~1S
1.970E-04
1.000E+04 -
1.000E+00
1.830E-10
1.160€-03
2.000E-02
1.000E+30
1.RANF=10

9,390E+01
3.934E+05
3.934E+05
7.4N0E+09
7.200E+03
4,730E+07
4. 780E+07
4,730E«07

0.
3.420E-01
1.310£=n01
l.310E-01
“.780E-07
7.200E-03
lebalE1D
54,330E«07
5.930E+07

0.

00
Te6THE-0S
T.574E+0S
la4241€«10
2.500£E+03
T.869E+10
3.300F£.03
3.500E-03

o.
TeTI0E~04
“.19725.056
“+.192E+06
T.869E+10
25NNE+023
J.096E+10
6.090E+n8
6.090E+08

0-
1.860E+05
L.837E«0n6

4.837E+06

9.096E+10
2+500E+03
2e.4a46Ee]]
24260E+09
2.260E+09
OI
3.920€+05
1.29b€007
1.296E+07
2ebG44uE]]
2,500E+03
1.706€+10
70230E‘07
7.230E+07
0.
5.,640E+01
9.093E‘OS
S.093E+05S
l.706E+10
4,930€E~-05
4.000E+02
1.010€-09
2.610€-12
3.240€E=-05
1.300£+03
3.500E-10
3.323F=12

D-46

9.,390E+01
3.285E+08
3.506E+08
9.656E+14

1,660E+13
le4a3Ee13
1.450E+13
1.017E+02
3.430E-01
6.179E+06
6.596E+06
1.650E+13

9.,501E+14
F.613E+14
9,AS3E+14
S.154E£4+03
0.
3.168E+0R
3.3E1E+08
9.6S4E+ 106

J.86nE+1S
3.347E~15
3.R68E+15
2.707E+3S
7.710€E+64
1.A63E+09
2.772E+09
3.A6RE-15

V. 760E+15S
3.767€+15
3.787€E+15
2.654E+05
1.B60E+05
1.631E+09
2.713E+(09
3+ 788E+1S

1.760E+15
1.763E+15
1.772E+15
S«195E+04
3.320E-05
7.212E+08
9.264E+08
1.772E+15

1.280E+15S
1.282€+15
1.289E+15S
3.978E+04
SeH640E+G1
S.43CE+OR
7.001£+08
1.289E+15
7.700E~03
1.000E+04
1.510€-09

7.700€E+03
1.000E+04
S.250E-10

9.390€+01
10092E‘07
1.092€+07
JORQOE.IS

6.A300E+12
6.300E+12
O
3.‘0306'01
1.364E+04
1.364E <04
6.300t+12

3.680E-15
3.680E+15
3.580E+15

Qe

0.
1.0856‘07
1.085E+07
35808415

4,261E+1a
Q.Z“OE’I“
4,24GEs 14
0.
7.710€+04
5' 356:’:’06
S.354E+06
6,261 14

4,001E-16
4. 000Ee 14
“‘OOOOE’I“
)
1.360E+05
S.933E+06
5.933E-06

44N01E+]0

4,403E+14
G4.400Es 14
4.400E+ 10
0.
3.320E+0S
leal7E+07
10A17E’07
4,403E-14

4.409E+14
4.400E+16
44400Es 14
0'
506‘006‘01
2.115€+06
2.115€E+06
4.600E+ 14
ZlOOOE‘OS
Z-ODOE‘O“
1.12CE=-07

2.000€E+05
2.N0NE+ NG
1.120E-07

9.390€+01
2.6766003
2.858E+08
Ge833Ee]12

S.56A3E+09
2.861E+10 .
1.008E+11
9.310E+01
3.430FE=-01
S.618E+04
5.99QE’06
1.008E+11

2.944E+11]
1.355E¢12
4,722F 12
443263E+03
Ne
2.628€+08
2.800€+08
4.736E+12

3.54T7€-11
1.503E+12
S.355E+12
4.336E¢04
7«710E+046
3. 047E+0R8
5.069€+08

S.434E+12

3.630F+11
1.713E+12
6.223E+12
S.787€+04
1.860E-05
3.572E<0R
Se942E+0R8
6.313€E+12

S.484E+11
1.594E+12
5.629E+]2
2.319E+04
3.3820£+05
3.269E+08
4.134E+0R
S.371E+12

3.051€+11
1.533E+12
S5.434E+]12
2.261E+04
S.huQE+01
3.064E4+0R8
3.9292+0R
5.431€+12
4.500E+06

3
505002‘06

3



REGION 3

REGION &

REGION S

REGION 6

2.510E~-11.
1.400E+02
1.000E+00
1,600E+02
2¢640E-10
14500E+01
1.000E+00
8.000E+00
2.010E-11]
3.200E+01
1.000E+00
6.400E+0]
2.010E-ll
9.200E+01
1.000€E+00
6.400E+01

Listing of DATA Data File {Continued)

JQZBOE-l

2.900E+03
1.000E+3G0
8.000E+02
8.050E~11
3.000E+02
1.000E+00
8.000E+02
J.180E-11
3.900E+02
1.000£E+00
1.500E+03
3.180E-11
4.500E-02
1.000£+00
1.600£+03

$.000€-05
5.800E+03
1.000E+00
1.830E=10
1.300E-06
€.000E+02
1.000E+00
1.330E-10
1.160E-06
7.900€+02
1.000E+00
1.830E-10
1.160E-02
R.S00E+02
1.000E+00
1.830E-190

2.250E-05
%.000E+02
3.860E-10
2.550E-12
3.250E-07
1.300€+03
2.660E-11
1.790E-12
3.240€-06
1.300€E+03
3.030E-10
3.323E-12
3.260E-06
1.300E+03
3.030E-10
3.323€-12

D-47

T+TT0E+03
1.250E+«04
S.790E~10

7.700E+01
3.0005‘0“
3.,990E-11

7.700E+03
1.000F+04
4,550€E-10

7.700E+073
l.DOOE*Oh
4.550E-10

2.000E405
2.500E+04
1.120€-07

2.000E£+05
6.000E+04
1.120E~07

2.000€4+05
2.000E+04
1.1206-07

200006005
2.N00E+04
1.120€-07

4.500E+06
L
4,3005+0K.
2
4.500E+06
2
4.500E+06

“



36
P-IXRESIN
. 1

1
1

‘1

P=-CONCLIQ
12

2

2

2
P-FSLUNGE
3

3

3

3
P-FCARTRG

3-IXRESI?

A-CONCLI

H-FSLUDG

~moocococoonuninng & e b

7
7
, 7
P~COTRASH
8
3
8
8
P-NCTRASH
9
9
9
9
B-COTRASH
10

10°

10
10
B=NCTRASH
11
11
11
11
F-COTRASH
12
12
12
12
F=NCTRASH
13
13
13
11

231.000 120

1.100€-01
3.360E-02
8.,150€~04
1.860E-02
S.630€E~-04
1.100€E-01
110906‘01
7.920E-03
2,430E-02
l.OZOE-OB
1.100€-01
1.060E+00
1.080E~01
1.820E~-02
“.790E'03
1.100E-01
1.860E+y0
1.,930E=-01
8.120E-03
1.180E-02
1.200E~01
4,630E+00
2.040E-02
1.740E+00
1.850E-03
1.200E-01
2.870€-01
1.710€=-03
5-670E-02
3.280E-03
1.200E-01
S.240E+00
3.080E-02
1.130€+00
8,200E-03
2.100E-01
2.280E=-02
21070E‘03
2-160E-03
1.710E-04
2.100£-01
5.250E~01
4,780E-02
4,920E-02

3.930E-03.

2.200£-01
24350E=-02
1.290E=-04
6.090E~03

44.010E~05S

2.200€-01
3.790E+00
2.080E-02
9.810E=-01
6.470E-03
2.1106-01
5.580E-06

0.

0.

0.
2.110€-01
S.330E-06

0.
0.
-0

Listing of DATAD

Data File

<050 .030
J.463E+04
1-8406-03
8.340E-08
4.710E-08
3.990€-08
2.43SE«05
2.390E-03

"84580€E-07

6.150£-08
7.250€-08
4.279€E+03
1.790€E-03
1.170€~05
1.460€-07
3.390€E-07
2.177€E+04
T.970E=04
2+990E-05
3.640E-07
3.340E-07
Te623E+04
1.340€-02
3.090€-05
5.330E-08
1.170€-07
2.102€+05
4.3505-04
2+590E-06
3.440E-08
2-060E‘07
1.690E+05
8-7805‘03
“.7005-05
3.320€-07
S.180€-07
4o.2L4ESDS
2.110€-04

_24250€-07

7.390€-09
1.210E-08
2.178E+0S
4.340E-03
5.180€-06
1.820€-07
2.790€~07
2.086E+05
4,700€-05
1.960€-07
1.220€-09
2-530E-09
9.696E+04
7.600E-03
3.160E-05

"1.970E-07

4.080€-07
2.359E4+05
Q.
0.
1.180€E=-06
0.

<060 .120

9.730E~05
106306-04
3.710€=-07
4.134E-05

1.270€=06
2.120E=-04
4.840E-07
7.102€-05

9.540E=05
1.5906-04
1.150E-06
44551€=04

4,250€-05
7.070E-05
2.870E-96
64394E-06

1.190E-03
3.080E-03
4.2006-07
9.768E-05

3.890€-05
9.970E-05
2,710€-07
2.513€-04

7.770E-06
2.000E-03
2.610€-06
4.348E-04

1.120E-2S
1.870€£~05
6.220€-08
1.085E-05

2.3705’0“
4.300E~-04
l.430E-06
2.49BE~04

“.170E-06
1.070€-05
9.600E~09
2.575E-06

6.720€E-04
l.730E-03
1.550€-06
Q.ISZE-Okv

0.

B Y
4,400E-06

Oe

4el71E+04

0.

0.
1.130E-06
0.

0.

0.
QQZOOE-OG

0.

«060

7.300E=04
8.,230€-07
9.060E=-12
1.260E-06

7.080€-03
1.,070E=-06
1.180€-11
2.020E-06

9.670E-02
8.,030€E-07
2.310E-11}
1.780E-05

1.730€E-01
3.580E-07
Te120E-11
1.100€E-05

2.990€E-91
7.650E-05
1.020€-11
1.570€E-06

2.500£-02
2.500€<06
6.610E-12
84090E-06

4.540E-01

5.000E-05.
6.330E=11.
1.050£-05

1.360€E-03
9.420E‘08
1.520E-12
2.670E-07

“e270E=N2
2.170E=06
J.490F=11
6.140E-06

1.390€-03
2.680E-07
2.350€-13
6.510€-08

3.050E-01
4.330E-05
3.780€E~-11
1.050€E-05

- D-48

2.790E=06
2.640E-06
2.450E-05
8.520€-09

2.710E~05
3.160E=-06
4.830E-05
1.010€-08

3.7105-0“
2.370E-06
4.490E=-05
2.660E-07

6.60nNE=06
1.060E-06
2.370€-04
1.660E-07

9.800E-04
2,040E~04
7.880E~-05
2,330E~-08

3.219£=05
6.650E=06
1.880€-04
2.230€-07

1.490E-03
1.330E-04
4.400E-00
205606-07

7.110E=-06
2,780E-07
S.640E-06
2.350E-09

106508'0“
6.410E-06
1.300€-04
S.410E-04

6.210E-06
7.140E~07
2.170E=-054
1.660E-09

1.000€-02
1.150€-04
J.510E-04
2.690E-07

Ne
0.
0.
Ne

0.
0.
Ne
0.

2.170E-03
8.230E-07
1.420€-05
1.060£-05

2.110€=-02
1.070E-06
3.310E’°5
1.470€-05

2.380E-01
8.030E-07
1.550€-04
1.360E-0¢

S.140E-01
3.580E-07
3.300E~04
B8.440E-05

7.70CE-01
7.650€-05
S.«340E~05
IOAOOE-OS'

bo““OE-OZ
2.S00E-06
9.430E-05
1.580t~04

1.170E+00.
SQOOOE'OS
2.360€-06
1-720E-0“

5.520€~03
9.420€-08
S.530E-06
2.000E-06

1.270E~01
2.170E-06
1.2706-0“
4.600E-05

4.390E-03

2.580E-07
1.1560E-036
1.150E-06

7-8“05‘01
4.330€E-15
1.360E-04
1.860E-04

0.
o.
Oe
O

0.

Oe.

0.
0.



+.}=COTRASH
e

la

14

Jdo
1+CNDTRASH
15

1S

15

15

- N=SSTRASH
16

16

16

16
N+SSTRASH
17

17

17

17
N~LOTRASH
18

18

18

18
N+LOTRASH
19

13

19

| ]
F~0R0CESS
20

20

290

290
J=PROCESS
s 21

21

21

21
I-LASCNVL
22

22

22

22

T +LQSCNVL
23

23

23

23
I-ABSLIQD
24

24

24

24
CieagsLian
25

25

25

25

- I-BINAAST
25

26

26

26
T+RTNWAST

2.030€-01
1.130E-01
o.
3.780€-03
0.
2.030E-01
1.130E-01
0‘
.3.780E-03
0'
| 2.060E-01
1.120€-05

-24060E-01
1.120€-05

2.070E‘01
3.530€-02

0.
1.130E-03

0.
2.070E-01
3.530E=-02

0.
1.130£-03

().
3.110€-01
1.080E-04

Q.

0'

0.

3.120E-01
3.8N0E-04

OO

O‘

0.
3.030E-01
9.600E-03

0.

ol

0.
3.030E-01
9.600E-03

Ce

9.

0.

3.030E-01

1.990E-01
0
1.140E-02
- 0.
3.030E-01
1.990€E-01
00
1.140E-02
0.
3.030€-01
2.060E-01
0.
7.260E~-03
Q.
F.030F-01

Listing of DATAD Data File (Continued)

1+407E-0S
S5.950€=-02
0.
0.
.00 .
1-“07E’05
3.950£-02
0.
o.
0.
1. 796E+05
0.
0.
2+4350E-06
Je
1.796E+05
0.
0.
2.360E-06
0.
S5.064E+04
1.360€E=02

S.064E+04
1.A60E-02

2,300€-05

2.311E+04
0.
[V
1.450£-0S
0.
4e916E+04
3.270€E-03
0-

5.585E+03
9.260E-02

0.

0.

Ne
1.571€+64
1.140E=0}

0.

0.

0
1.871F 016

S.250£-03

1.190E-03
0.

4o THOE-06

5.250£-03

_1.190€-03
0. :

. 4.760t-06

O.

U
8.800€-06

0.

1.640E-03

J.710E£-04
0'

1.490E-06

1.640£-03
3.710€-064
0.

. ;OAQOE-06

e

O
8.540€E-05

2.

0.

0.
3.640E-04

0-

2.510£-04
3.550E-03
0.
0.

2.510€E-04
3.550€-03
0.
O.

2.150£-03
3.550E'03
0.
O

f.150E-03
3.550£~-03
0.
0.

1.010E=-02
5.820E~-03
0.
© Qs

0,

3.390E-09
:0.
0.

._Oo
3.390€£-09
‘0'

0.

1.060E-09
0.
0.

0.
1.060E-09

0.

0.

Ol
0.
0.
0.

0.
0.
0.

1.020€E-08
‘0.
0.

0.
1.020€-08

00

0.

0.
6.510E-09

0.

0.

D-49

Ne
0e
Ne
Oe

e
O.

Ne

4.410E-03
[V%
0
0.

4.0410E-03
0.
[
-0

e
0'
0.
0.

0.
D
0.
0.

1.380E-03
0.
0.
0.

1.330E-03
0.
n‘
0.

0.
O
O
O.

0.
o.
0.
0.

1.3206-02
0.
0.
0.

1.320€-02
0.
Ne
0.

1.590E£-03
0.
0.
Oe



27

- 27
27
27
N=SSWASTE
: 28
28

28

28
N-LOWASTE
29

29

29

29
L=NFRCOMP
30

30

30

30

- L~DECONRS
31

31

31

31
N=T1SNPROD
32

32

32

32
N-HIGHACT
' 33

33

33

i3
N-TRITIum
34

346

36

34
N-SOURCES
35

s

35

3s
N-TARGETS
kLY

1 f y
W oia L)

- ) W W W W
~N
W
L 9
-

]
— b
LN N N N N

ntﬁf’()f)ﬂ IIIIXIJIIX
[ |

C-14
C-14

2.060E~0
0. -
?.260E-~03
0.
3.060E~01
2.170E=-064
' 0.
. Oe
! 0.
3.070€-01
2-110E‘02
0.
Be620E~04
Q.
%.300E-01
4.060E+03
1.980£+02
0.
0.

4au00E=-01

1.560£+902
3.490E+00
2.710E-01
2.520£+01
4.,0640E-01
1.500E+01

0.
7.260€+00
4.750€E-03
“0030E‘01
2.100E+02
9.950E+00

. ()

0.
4.,050€-01
24330E+03

'

O

O.
4.030E-01
S.760E+03
9.860£+00
2.930E+03

0'
4.030E-01
8.040E+01

0-

’ 0.
S.630E~-02
1.252E+09
1.172E+10
“.4S1E-1n
Se995€E+04

0.
24367E+06
Ce368E+06
4.451E+10
1.210E=-04
3.166E+09
6.678BE+10

? 2.660E+11

3.721E+05
OI

le441E+07

1.761Fsn7

Listing of DATAD Data File (Continued)

1.140€-01

6.339E+06
0.
0.

4.600E-05

0.
6.027E+04
1.060E-02

Ne

0.

0
2.887E+03

VI
8.190E-03

0.

0.
3.498E+06
7.510£-03
1.420E-03
6.340E-05
3.870E-03
5.196£+03
2.7640E-02

0.
1.020E-05
9.570E-08
2.60BE+03

N.
“IATOE-O“

0.

n,
3.481€E+03
1.520E+03

1.865E+02
1.360E+03

0‘

0.

O.
1.340E+03
S5.240E+¢1

0.

o.

O
1.150E+00
5.190E+07
S<190E«0Q7
5.190E+.07

) O

O
1.422€-01
l.422€-01
5.190E+07
S.760E-03
1.405€«10
3.321E-+11
1«32RE+]12
1.961E.06

0.
7.20SE+07
1.RRNF+08

1.010E-02
6.820E-03
0.
0.

0.

N
1.710E-04

Oo

9.350€-04
1.070€E-03
0.
o.

2.590E-01
IS
0.
0.

6.,870E-04
3.610€-02
Se4NNE~QL
1.026E+00

4+510£-05
S«140€+00
3.810E-05
2.151€-04

1.320€-02
0.
0.
0"

3.190E-03

2.350E+01
0.

1.580€+01

0.

0.

0.

0.
1.000€+00
1.252€+409
191725‘10
4.,451E+10
5.995€+04

0-
2+367E4+06
203635006
6.451E+10
1.000E+01
3.168E+09
6.678E+10
2.660E+11
3.721€+05

nl
l.461E+07
1.T7R1FeN?

0.
6.510€-09

7.760E-10

980E+02

1.270E+01
1.200£<05
1.320£-03
3.590€-04

o..
3.270E-06
5.330E-13
1.250€-06

2.970E+01
0.
0.
0.

1.000F 00
1.252E+n9
1,172€+10
44451E+10
5¢99SE+ 0k
0'
2.367E+06
2.368BE+06
“n“SIE‘IO
1.000E+01
J.166E+09
6.67EE-10
C.660E+11
3.721E+05
0.
li4alE+07
3.761F 407

D-50

1.400E+00
0.
[/
Ne

L oeINE-N2
3.340€E=05
1.260E+00
2.980E=04

Ne
2.720E-06
1.840E-04
1.380E-04

6e360E=-02
Oe
0.
ol

De
0.
0.
Oe

0.
Q.
Ne
Ne.

O' .
n'
Ne
0¢

1.252€E+09
lo172E+10
4e4S1E+10
5.995€+06
(LS
2+367€+06
2e36RE+06
Le4S1E+L0

3.166E4+09
6e678E+10
24660E+11
3.721E+05
n.
lasa]£407
1.7R1IF+N?7

1.690E-03
'\,.
0'
0.

0.
00
0.
o.

6-230E‘0“
N
0,
[ %

7.700E402

OI
0.
‘).

3.500E+01
1.200E-05
1.770E+00
2+510€-03

0.
3.270E-04
S5.550€-0S
2.110€-07

3.600€+01
Qe
0.
0.

0.
0-
0.
c.

34408401
Q.
O
Oe

O
0.
0.
0.

1.252€+09
14172E+10
4.4S1E-10
S5.995E+04
0.
2;}57E‘06
2e368E+06
4e431€410

J.166E+09
6.6785‘10
2:660E+]1
3.721€+05
0.
les41E07
3.7RIFaNT

S.130E+07
1.352€+19
4e331E+10
S.995E + 04
0.
2.367E+05
2.363E+0K
4.331E+19

2.525E+09
6.614E+10
245548411
3.721€4+05
0.
l.441E+07
A.7A1F07



C-1a
FE=-55
FE-SS5
FE-SS
FE-5s
Fr-55
FE-55
FE-SS
FE-SS
FE-SS
NI-S9
NI-5§9
NI-GY
NI-59
NI-53
NT1=-59
NI=B5
NI-59
NI[-59
Co-60
Co=£0
CO=-4A0n
CN=60
Cn=-50
Cn=-60
C0=-60
C0-69
CN-kY
NI~A3
MI=63
N[=-&3
NI-A3
NI[=€73
NI-63
NI-63
NI-63
Nl =A3
N8 -394
NR <G4
NB =94
NB=94
N8 ~94
NB8~34
NEB =94
NB =94
NB =94
SR=90
SR=-90
SR=-G80
SR=90
SR=90
SR=90
SR-910
SR=-90
SR~90
TC=93
7C-99
TC-99
TC-99
TC-99
TC=-99
TC-99
TC-99
TC-99
I-129
1-1729

/AIR
/4CC
/CON
/AGR
/FO0
/DGM
/WWT
/SWT
/ALIR

/ACC
/CON
/AGR
/FN0
/DGM
/AWT
/SWT
/ALR

/ACC
/CON
/AGR
/F20
/0GM
/WWT
/SwT
/AR

/ACC
/CON
/4LGR
/F00
/DGM
/WAT.
/SAT
/AIR

/ACC
/CON
/AGR
/F00
/DGM
/WAT
/SWT
/AR

/ACC
/CON
/AGR
/F0n
/70GM
/WWT
/SWT
/AIR

/ACC
/CON
/AGR
/F00
/DGM
/WWT
/SWT
/AR

7ACC

2.660E‘1l
2.6706-01
1.805€+10
Y.283E+09
3.219E+10
3.482E+901
0.
2.727E+06
4.450E+06
4.R2TE+10
3.660E-06
3.698E+10
3.872E+10
1.267E+11
3.693E+03
5.2C0E+03
de537E <06
9.,H425E+05
1.,505€E+11
1.320€-01
2.358E+12
1.237E+1]1)

3.695E+11

S.274E+03
1.540E+07
1.432€+08
1,458€+08
2.683E+12
7.530E-03
3.096E+10
1.060E+11
3 361E+11
9.878E+03
0.
1.91SE+07
2.260E4+07
3.341E+1]
3.470E-05
6.102E+11
1.389€+10

1.399E-+10

2.116E+00
9.630E+06
3.193E+07
3.232E+07
6.103E+11
2.67T0E-02
2.,417€+]13
6.394E¢13
1.891E+1¢
6.407E+07
3.060E+04
9.564E+09
1.014E+10
1.832E+1a
3.270E-06
1.176E+09
2.960E+09
8.548E+09
6.566E+03
0.
4.188E+05
4+.240E+05
8.548E+09
“00806-08
Q.13GF + 1)

Listing of DATAD bata 1 tle (Continued)

1.480E-02
1.88SE+10
4.316E+10
1.903E«11
2.161E+02
0.
1.244E+07
24314E4+07
2+064E+]1]
1.480E-02
9.378E+10
2.32SE+11
TeaT6E+11
2.211E+06
6.200E+03
“e25F407
S.196E+07
To733E+11
l1.430£-02
2.336FE+12
2.280E+10
2.2B0E+10
0.
1.540€+07
1.233€.08
1.238E+08
24338E+12
l1.430E~02
9.602E+11
3.150E+12
1.001E~13
2.9645€+05
0.
S.711€+08
6.738E+02
1.001E+13
1.110€~02
6e114E+]11
1.515€+10
1.548€E+10
7.078E+00
9.630E+06
3.196E+07
3.324E4+07
6.118E+11
9.860E~-03
9.517E+13
2.588E+14
7.5686E+14
2.611E+08
3-060E'0‘0
3.895E+10
4.128E+10
T.688E+14
1.150E-01
9.680E+08
S.4l1E+09
1.333E+10
1.535E+04
0.

1.042E+06

1.056E+06
1e933E+10
1.150€-01
AR.RIGF 1

6.3008 0.
2ebl e
3061010
1037')",' ll
1e49dzeu,
. 0.
8.863 « Nk
1.625E+0/
1.537€+11
4.200E 0/
S.058E+1n
B34130E10
2581k«
75900
P 200Eeu )
1,609t «0i?
l.d76E 07
2.838E+11
“, 200802
26353E.1°
Te599¢€+ 10
1.874E+ 11
2e391k+1)
laS40Esu?7
1.326AE+94
1.338E+9m
2.5N0E+1°
“e200E+02
6.576E+1D
2.176E+11
6.931E+11
2e041ES00
0.
3.95BE+07
4.670E+07
6.931E+11
1.000£+03
6.108E+11
1.454E+10
1.472E+10
3.937E+00
9.630E+06
3.194E+07
3.26KE+07
6e.111E+11
9.000€+00
1.66BE+11
11760E‘09
1.760E+99
0.
3.060E+04
8.835E+06
B.835E£+06
1.668E+11
2.000E+00
2.280E+09
4.890E+09
2.960E+10

. 2e%33E+04

0.
1.551E+06
1.571E+06
2.960E+10

2.000E+00
R.31IGF+ )

?.hhﬂf.]l

Behfit 0]

loal Weln

G, tAnt en7

e O )T
nl

0.
H,hNYF 05
A,nIF «0S
1.0} Wel0

lo )} o0 3]
LY A TSN
Ve 00 enNT
VoA oNT
d.

ImIEuK
AP en
1o V21 s0A
S TAE LY N
Yohidny o} 3
de ViRt o} 2
EAE T TR I
dLSH0E e 0

1IN
1atveh
1o tetd
| SR LY
e Vi

Jan}0OF o) )

Lo e )M
Lo 0k oK
[T L )

3.

n.

Gy TR0
Lell0t =N}
1eSA0F R
1.000F ¢D4
6,004 1]
1.320t 10
1,320t 10

0. '
9.6 10t e
J.192Fen?
J.19°2Een7
L ELTIRS B
7300+
l.6068k )]
1.760t «09
1.760F+09

0.
3.0A0E ¢ NG
8,835« 06
8.B135F 04
5.000F+00
T7.600E+08
7.600F« 0N
T.600t+0R

0.

0.
2.083t+00
2.,083E.0n
T.600f+013
S.000£+00
S.1PRAF« 1

"y

1.

o/
oYM
e NAH
(S

D-51

2.660E+11

1.513E+19
Z.08B0E+07
5.080£+07

0.

0.
8.509E+05
3.609E+05
1.613E+10

2.578E+10
S.980E+07
S.980E+07
Ne
hePNNE+N3
1.377E+06
1.3775+0A
2.578E«10

2.336E~12
2.280E+19

P.2B0E-10

- n L

1.540E+07
1.23RE+NA
1.234E+0R
LdeA36EC12

1.560E+0R
1.960E+N8
1.960F +0DR

Ne

Ne
woPTARE=0Y
G lTHF=N1
1.560F«08

AdlOTES11L
l.b4unt+10
l.60b4ES]D
I, HIPE 0N
V.HINE N6
VY. 194F+07
1.265E+07
hal11NE<1]

1.56HRE+11
1.760£+00
1.750F+09
00
1.0ANE+ 04
A.AISE«06
R.HIGE+N6
1e66RE+11

1.996E+10
1.031E+11
1.636E+11
3.061E+05
_ 0.
1.9515+07
1.976E+07
3.636E+11

A.KISF«+ 1

2.660E+11
2.081E+11
2,095E+11
2.646E4+11
3,331E+01
N 0 L]
S.326E+06
. 449E+06
2.804E+11

5.778E+10
3.206E+10
3,206E4+10
0.
A.20NE+03
1.,377E+06
1.377€+06
S.778E+10

2.534E+13
2.402E+13
2.402E+13
0.
1.540E+07

1.239€.+08°

1.239E.+08

"2.A34Z+13

3,316E410
B8.816E+10
3.816E+10

Oe

0.
2.616E+02
2ewlhESN2
8.816E+10

1.330E+12
7.332€+11
7.332E-11
0.
9.630E+05
3-192E‘07
3.192E+07
1.330€-12

1.980E+11
3.296E+10
3.296E+10
0.
3.060E‘0“
8.R35E+06
8.835E+06
1.980E+11

7.400E+09
7.962E+09
9.720E.09
2.067E+03
0.
1.318€E+05
1.335E+05
9.721E+09

R.RT72F+ 11

2.654E+11

1.925E+10
2.116E-10
7.752E L0
8.566E+01
0
5.452€+085
9.692E+06
9.360E+10

2.850E+10
l.641E+10
S.082E+10
1.563E+09
65.20NFE+213
4,403E+0p
4,953E+06
T+554E+10

2+504E+12
3.593E+11
2.953E+12
Leb9I2E+Nu
1.540E+07

2+893E+013

3.112E+08
Se266E+12

T.436E+09
3.911E+10
1.383E+11
4.,255€+03
OI
8,256E+06k
9.743E+06
1.383E+11

6.839E+ 11

be632E411Y

1.557€+12
2¢330E+04
9.630E-064
1.466E+0R
4 49REC09
2.153E+12

1.892E+11
4.,727E+12
1.946E+13
T.543E+06
3.060E+04
1.134F«0Q3
1.201£+09
1.962E+13

7.880E+09
2.240E+11
9.008E+11
7.953E+0%
0.
S.069E+07
S.135€+07
9.008E+11

A.Q21F+ 1



I-129 /CON
1129 74aGR
I-129 /F00
[-17G /0GM
1-129 /44T
1-129 /SaT
[-129 /AlIR
Cs=-113%
CS-1357aCC
CS-1357CON
CS=135/A06R
CS=-135/F00
CS=-135/0GM
CS=135/7wwT
CS=~135/SwT
3-135741R
C5=-137
C€=137/7acCC
CS~137/CON
CS=-137/AGR
Cs-137/F00
CS-137/70GM
CS-137/wuT
CS=137/SWT
C3=-127/A1R
1J=235
1J=233
14=235
U=225
u=235
Uy=235
=235
U=-235
U=-235%5
1)=-238
U=-233
tU~238
U-238
U=238
U=-2348
t)=238
‘U=238
u=~238
NP-237 |
NP-237/7ACC

/7ACC
/CON
/AGR
/FOD
/0GM
/andT
/SWT
/ale

/ACC
/CON
/4GR
/F00
/DGM
/WWT
/SAT
/81R

NP<=237/CON

NP=-237/AGR
NP=237/F00
NP=237/0GM
NP-237/WWT
NP=-237/SWT
NP=-237/A1R
PY-238 ’
PY=-238/ACC
PYU=-233/CON
PlJ=238/4GR
PU-238/FN0D
Sy=238/DGM
PU=238/wWwT
PU=23I5/SWT
PlJ=23R/A(R
PY=-239

PUY~239/4CC
Pj=239/CON
Pi1=-239/AGR
Pli=?2319/FNN

2e068E+12
8.3465‘12
6.019E+04
1.920E+04
L,23GE+07
“a3BIEeN7
8-1976’12

T 24310E-07

2.371E+10
1.566E+11

5.,729E+11

8.,836E+«03
0.
3.318E+07
1.442E+08
5.729E+11
2.310E-02
G,u99E+ 1]
14397E+12
S.117€+12
7.896E+04
3.500E+06
3.094€E+08
1.302E+09
5.358E+12
J.760€E-10
2.062E+12
2.643E+12
S.154ze12
1.443E+00
1.500E+05
2.073E+08
2.109€+08
5.37“Ef12
1.540E~-10
1.695E+12
2.429€E+]12
G, TT4E+12
1.348E+04
S.160E+03
1.835E+08
1.868E+08
4.T789€+12
3.2640E-07
S.202E+14
Se209E~14
5.238E+1a
1.645E+04
6.560E+04
2.312E+08
2.572E+08
S.23%E+14
8.,020E-03
2.000E«]a
2+003E+1s
2.012E+14
14137€+03
1.930E+01
7.019E+07
7.485€+07
2.012E+14
2.8“0E-05
2.240E+14
2+263E+106
242S3E* 14
1.770F 0

Listing of DATAD Data File {Continued)

2e942E+]12
24137E+004
1.9205’04
1.758E+07
1.793E£+07
3J.752E~12
1.620E~04
9.651E+10
4.209E.11
1.,037€«12
20157E00“
0.
8.098€+07
3.520E-08
10“376012
1.620€-04
54339E+11
1.719E+12
S.872€¢12
BeR1LE+OG
3.500E+06
3.438E+08
1.452E+09
0.112E+12
1.250E<0%
3.0628+123
©,361E+13
8.3500E+13
2.373E+05
1.500E+05

3.235E+09°

3.,294E+09
8.522E+13
1.2505-0“
C.382E+13
4.145€+13
8,10RE+13
2.277E+05
5.160E+03
3.087E+09
3.164E+09
8.109E+13
4.670E-04
1.200E+16
1.202E+16
1.209€+16
4,067E+0S
6.560E+04
5.546E+09
6.189€+09
1.209€+16
406705'04
4.080€+15
4.0915015
44126E415
“e522E+006

1.930E+01 -

C.741E409
2.926E+09
4.126E+15

G.670E-04

“.800E+1S
4,813E+15
4.854E+15
Se?WUF e

6.123E+11"

2.528E+12
1.836E+04
1.920E+04
1.562E+07
1.592E+07
3.379E+12

-3.500E+01

8.851E+10
3.879E+11
1.326E+12
1.991E+04
0.
T.075E+07
3.250€+08
1.326E+12
8.500E+01
To773E+11

2.351€+12

8.030€+12
1.20SE+05
3.500E+06
4,655E+08
1.981E+09
E.270E+12
B.400E+02
2.214€+11
1.590E+09
1.390E+09
O.
1.500E+05
1e177E+07
1. 177E+07
2.214E+11
B.400E+02
1.454E+10
B84570E+07
8.570E+07
Oe
5.160E+03
7.739E+0S5
7.739E+05
le4S4E+10
J.000E+02
1.120E+15
1.122€+15
1.128BE+1S
3.533E+04
6.560E+04
4.885E+08
S.%43€E+08
1.128E¢15
8.400E+02
2.800€+15
2.802E+1S

2+.807E+15 .

6.371E+03
1.930E+01
3.931E+08
4.192E+08
2.807E+15
8.400€+02
3.120€+15
3.122E+15
3.127€+15.
T7.009F N’

1.624E415
6.553E+15
4.725E+07
1.920€+0a
3.081€E+10
3.160E+10
6.554E-15
7.200E+02
S.080E+08
S.080E+08
S.080E+08
0.‘ ’
o.
1.392€+00
1.392E+00
S.0B0E+(QR
7.200€+02
2e4]19E+11]
1.530E+069
1,530E+09
0'
3.500€+06
1.287€+07
l1.287E+07
2e0l19E+11
7.200FE+03
2.216E+11
1.590E+09
1.590E+99
0.
1.500E+05
1.177€+07
lel77E<07
2.214E-11
7.200€+03
1.454E+10
8.570E+07
8.570E+07
0
5.160E+03
74739E+05
7.739E+0S
1.454E+10
2.500E+03
1.340€+11
8.400€~08
8.,400E+08
. 0.
6.560E+n4
70126E‘06
7.126E+06
103“06‘11
7.200E+03
1.924E+10
8,870E+07
8.370E+07
o.
1.930€+01
1.025E+06
1.025€+06
1.924E+10
7.200E+03
7.400E+09
S.170E+07
S.170E+07
n.

D-52°

- v a——

S.433E+12
3.9“7&004
1,920E+04
2+93RE+07
3.004E+07
6.284E+12

3.331E+10
l.465KE+11
S.014E+11

"T«531E+03

0.

2.828E+07

1.229€+08
5.014E+11

4.259E+11
3401011
2.729€+12
4.092E+04
3.500E4+06
1.665E+08
6.808E+08
2.969€+12

7.262E+12°

1.,013E+13
1.979€+13
S.552E+04
1.500E+05
7.643E+08
7.781£+08
2.001E+13

6.575E+12
S.64T7E+12
1.849€+13
S«196E+04
5.160E+03
7.050E+08
7.179€+08
1.R50€+13

J.3a00E+1S
3.847E+15
3.868E+15
1.223E+05
5.560E+04
1.674E+09
1.867E+09
J.86RE+1S

3.,801E+14
8.812E+14
8.850€+1a
4.B6BE+0]
1.930E+01
2.972E4+08
J.171E+08
8.850E+14

9.601E+14
3.613E~16
9.655E¢14
5.797F +01

e m= ae

6+366E+09
6+366E+09

0.
1.920600“
30644E‘06
J.hauEenb
8.572E+11

1.491E+10
“088“5010
1.551€E+11
2.256E4+03
0.
8.472E+06
3.583E.07
1.551E+11

3.299€+11
2.941E+11
9.350€-11
1.360E+04
3.500€+06
64394E«07
2.349E006
1.175E.12

3.360E+15
3.36NE+15
3.360E+15
O
1.500£+05
2.098E+07
2.098E+07
3.360£-15

3.120€-15
3.120E‘15
3.120€+15
O
S.160E+03
9.325E+06
9-325E’06
3.120E.15

3.602E+16
3.600E+14
3.600E+14
O
6.560E+04
B.113E+06
8.113E+06
J.602E+14

“oOBOE“S
“10805015
4.080E+15
) 0.

1930E+01
102216‘07
1.221€+07
4.080E+]1S

3.840E+15

JLA40E+1S

3.3405'15
Ne

9.787€+10
4.006E+11

- 24901E4+03

1.920E+04
SeS536E+056
S.584E+06
1.251€E+12

1.004E+09
8.007E+09
2.994E~10
4.656E+02
0e
1.748F. «06
7.600E+06
2.994E+10

2e444E+1
3.919E+1n
1491t 11
2.333E+03
3.500€+06
24163E+07
S.056E+07
3.895E+11

5.175€+11
1.586E+12
5,621€+12
2.319€+0¢
1.500€+05
3.261E+08
3.318£+08
5.841E+12.

2+5606€+11
ll47Ee12
3.98S9€E+12
1,633E+04
S.160E+03
2.221€E+08
2.262E+0R
4.003E+12

3.740€+11
1.550E+12
S.652€+12
2.357E+04
6.560E+04
J.263E+0R
3.635E+08
S.785E+12

3.313e+11
1.514E+12
S.277€+12
4.855€+03
1.930%+01
2.940E+08
3.139€+08
S.297E~12.

3.034E+11
1,392€+12
4,826E+12
4.429F +01

[cDS~ 1997



P11=233/D6M
PU=239/WWT
PU=239/SWT
DI}=239/A1R
PU=261
PU=241/ACC
Pl)=241/CON
PU=2417AGR
PU=241/F00
Pl1=24]1/7DGM
PU=261/WWwT
PU=241/SWT
P=241/A1R
PU=242
PU=262/ACC
P1)=242/CON
e Pas/AGR
Pl=242/F00
Piy=242/0GH
SY=242/ 4T
Ply=242/SWT
PU=242/A1R
A4=241]
Ame241/8CC
84-241/CON
Ai4=241/46R
aM=241/F00
AM=24 /DGM
AM=24]1/94AT
AM<241/S4T
AM=246]1/A[R
AM<—243
AM<243/ACC
AM=243/CON
A4=243/46R
AM=243/FD0
AM=-243/0GM
" AMa243/WWT
AM=263/SAT
AM-243/A]R
CM«243
CM=243/45CC
CM-243/CON
CM=263/A4GR
CM=243/F00
Ci4=243/DGM
CMaZ43/WNT
CM=243/SWT
CMm=243/7A1R
CM—Z“Q
CMa264/A8CC
CM=2a4/COM
CM=244/A06R
CMa244a/F00
CM=244/D6GM
CM=2464/WWT
CM=244/5uT
CM=244/81R
REGION |

REGION 2

'$9,390E+01
TT6SE«07
8.286E+07
2.2S3E+ 10
5.250E=-02
13, 040E12
3.0466’12
3.063E+12
2.208E+01
3.6430E-01
1.341E+06
l.431E+G6
3.063E+12
2.680E-06
24160E+14
2e153E+14
2.1723E~14
1-22“E‘03
Ge
T.520£+Q7
B.021E+07
2el173E~14
1.510€-03
S.04lE+14
SeNGSEs]a
Sed7TE i
3.559E+04
7710504
2.2“75’08
3.721z+0A
S5.078E~1a
8.720€E-0S
4,361Z+14
4.969E 14
4,9%9bE+14
" 3.525E+04
1.860E+05
2.208E+08
3.653E+08
44997E«14
2e170E=-02
3.843E¢14
3.846E-14
3.866E+14
l«113E+04
3.820E+05
1e64TE QR
2.087E+08
3.868E+14
3.940E-02
2.800E~14
2.80SE+14
2.820E 14
B8e520E+03
S.b40E+0]
1.170E+08
1+S07E 08
2+820E+106
9.180E-12
2.000E+92
1.000E+00
4.000E02
24010E-11
4.200E+01
1.000E+00
AalNNFE+0Y

Listing of DATAD Data File (Continued)

9.390E+01
3.1728+09
3.386E+06
4. BS4E ]S
4.6T70E~06
TeasDE«L3
Te46T7E+13
7.552E+13
1.097€+03
3.430E-01
6.642E+07
7.2912+07
7.553E+13
4.670E=04
4 uBNES1S
“.4I2E+15
%e530E¢15
“e34BE+04
Oe
2.932€.+09
3.127€+09
4.530E+15
4.110€E-03
7.120E+15
Te134E415
Te17RE«1S
S.443E+05
7.710E+0%
34349E+09
S.572E+09
7.175E+15
4e110E-0Q3
7T.060E+15
7.056E+15
T«096E+15
S.4415+05
1.B60E+0S
3.337E+09
S.566E+09
7.096E+15
4.670E-04
6.161E+15
6.171E+15
6.204E+15
1.8G7€+05
3.320E+05
2.598E+09
3.347E+09
6.204E+15
4.670E-06
4.4 Q0E+15
4.408E+15
4.433E+15
10“3AE005
S.640E+01
1.954E+09
2.521E+09
4.433E+15
2.560E~11
5.000E+03
1.000E+00
600006002
3.180E~11
4.000E+02
1.000E+00
1.A00F+03

9.390E+01
4.343E+08
4,632E+08
3.127E+15
Ba400E+02
44560E+13
4.561E+13
4,566E+13
5.613E+01
3.430€-01
3.512E+06
3.742E405
4.,566E+13
R.,400E+02
3,040E413
3,042E+1C
2,047E+15
5.7B3E+03
O
4,184E+08
4.462E+08
3.047E+15
3.000€+02
he5L0E]S
bebuSES]S
EL.560E+15
1.916E+0S
7.710E+04
1.149E+09
1.974&+09
6.660E+15
3.000&8+02
6.480E+15
6-465E‘15
64499E+15
1.8495005
1.860E+05
l«148E+09
1.,906E+09
6.,499E+1S
3.000E+02
S.601E+1S
S.604E+15
S.61KE1S
7.155E+04
3.820E+05
9.970€+08
1.230€+09
S.617E+15
3.000E+02
4l.160E+1S
4.163€E+15
4,174€+15
6.145E+04
S.H40E-01]
B.443E-08
1.087€+09
G.174€+15
1.970E-04
1.000E+04
1.000E-00
1.830E-10
1.160€-03
8,000E~02
1.000E+00
1.830F=-10

9.390€+01
3.934E+05
3.934E+0S
T.+00E+39
T200E+03
4. 7B0E+D7
4,780FE+07
4,T780E+07
0.
3.,430E-01
1.310E-0]
1.310E-01
4.TB0E«07
7.200E+03
l.441E+10
5.935E+07
5.330E+07
) 00
o.
T.674E+0S
Ta674E+NS
l1.441E¢10
2.500E+03
7.869€+10
3.300E+08
3.300E+08
00
T«710E<06
44192E+06
4.132E+06
7<369E+10
2.500E+03
J.096E+10
6.090E+08
6.090E+08
00
1.8360E+0S
4,337E+06

9.390E+0

3.285E+08
3.506E+08
9.65hE+14

leaboE+13
1,443E+13
1.650E+13
1.017€+02
3.430E-01
A.179E+06
6.596E+06
1.450E+13

3.601E<106
9.613E+14
9.653E+14
S.l196E«01
O
3. 16RE+03
3.381E+08
9.654c 14

3.840E+15
3.847€+15
3.36ARE+15
2.707€+05
7.710E+04
1e563E+09
2.772E+09
3.86RE+15

3.,760E+15
3.767E+15S
3.787E+19
2+654E+QS
1.360E+05
1.631E+09

9.390E+01
1.092E+07
1,092€+07
J<B4NES1S

6.A00E+12
6.8300E+12
6.800E+12
0-
3.430E-01
1.864E+04
1.364E+04
6.8N0E+12

"3.48B0E415
3.680E+15
3.6805‘15

0.
0.
1.085€+07
1.085E+07
3.680E+15

4.241E«14
4.240E«]10
LoPU0ESY4
0.
Te710E+06
5.354E406
5.354E+06
Ge241Es 14

4.001E+14
4.000E~14
4.000E+ta
0.
118606005
S5.933E+06

4¢B37E+06 2.718E+09 5.933E+06

9.096E+10
C+S00E«03
2obbbuEs1
2.260E+06G
2+.260E+09
0|
3.320E+05
1.296€+07
1.296€+07
Lesllaf 41}
24500E+03
1.706E+10
7.230E+07
7.230E+07
0.
S.540E+01
9.093E+05
F4093E+05
1-706E‘10
44.930E-09

4.000E+02

1.010E=-09
2.H510€=-12
3.240E=-05
1.300E+03
3.500E-10
3.323F=-12

D-53

3.7BRE+1S

1.760E+15
1.763E+15
1.772E+15
S.195E+04
3.820E+05
7.212E+08
9.264E+08
1.772E+1S

1.280E+15
1.282E+15
1.289E+15
3.978E+04
5.640£+01
S.430E+08
7.001E+08
1.289E+1%
7.700E+03
1.000E+04
1.510E~09

7.700E+03
1.000E+04
S.250E~-19

4.001E+14

4.403E+14
G,400E+14
4.,400E-14
0.
3.R20E+05
1e417€+07
1e41T7E+07
4,u03E+14

G4,400E+14
4.400E+16
4.400Es14
0.
S«h40E+01]
2.115E+06
2e115E+06
4.400E+14
2.000E+05
2-000E‘0“
1.120E~-07

ZGOOOE‘OS
2.000E+04
1.120€-07

9.390E+0)
2.676E+08
2.858g+08
44833E.12

S.565C+09
2.361E+10
1.008E+11
S.310E+01
3.430E-01
S.613E+06h
SQQQQE.ﬂé
1.008E+11

249546711
1.,355E«12
a, 1228412

44363E+03

0'
2.628E+04
2.B06E+08
4.T36E+12

3.587E+11
1.508E~12
S5.355F+12
4eIIBE 00
T+710E+00
3.047E+08
S.063E+03
Sea3uE+]?

3.630F+11
1.713E+12
6.,223E+12
S.787E+04
1.360E+05
3.5725+04
S.36¢2E+08
6.313E+12

S.u84E+]11
1.5%94E+12
S.629E+12
2.319E+04
3.320E+0%
3.269€+08
4s1B4E+08
S.871E+12

3.051E+11
1.533€+12
S.430E+12
2.241E+04
S.640E£+01
3.044E4+014
3.929€+0R
5.,451E+12
4.500E+0n

3
4,500E4+00

3
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Listing of DATAD Data File (Continued)

2.S10E-=11 3.280E~11 9.000E-0

l.4N0E+Q2
1.000E+00
1.600€+02
2.6“0E'10
1.500E+01
1.000E+00
8.000€E+00
2.010€E-11
3.200€4+01
1.000€+00
6.4N0E+0]
2.010E-11
3.200E-+01
1.000E+00
6,400E-01

2+900E+03
1.000E+00
8.000E+02
3d.060E~11
3.000E+02
1.200E+00
8.000E+02
3.180E~11
3.900E+02
1.000E+00
l.600E+03
3.180E~11
4,500E402
1.0n0E+00
1.400E£+03

S.A00E+03-

1.000€E+00
1.430E-10
1.200E~06
6.000k+02
1.000E+00
1.830E~10
lol60€’0k
7.900€+02
1.000E+00
1.830E=-10
1.160E=02
A.500E+02
IOOOGE’OO
1.3308~-19

2¢250€-05
4.000E+02
J.860E-10
2.350€~12
3.250£=07
1.300£+03
2.660E~11
1.790E~12
3.240€E-006
1.300€+03
3.030E-10
3.323E-12
3.200€E-06
1.300E+03
3.030E-10
J3.323E-12

D-54

7.770E+0) 2.000E+05 4.500E+06

1.250E+04
S.790£-10

T.700E+03
3.000E+04
3.990E~11

7.700E+01
1.000E+04
4.S50E-10

T.700E+02
1.00nE+04
4,550€-10

2.500E+04
1.120€-07

2.N00NE+0S
6'0006‘04
1.120E-07

2.000E+05
200005‘0“
l.1290€-07

2.000E+0S
2.000E+04
1.120€-07

4
4.300E405

4
4.300€+06

2
4.500E«06

-



36
H=3
H=3
H=3
H=13
H=3 -
H-3
H-3
Ha3
H-3
C-1a
C-14
C-14
C=la
C-1a
C-1a
C~la
C-14
C<la
FE-5%
FE-SS
FE.SS
FE=55
FE-SS
FE-5%
FE=53
FZ 255
FZ=-55
M1=59
N]=-6Y
WHl=59
N1-59
NI-59
Nl=S3
N[-59
NI=S%
NI1-59
Cn=60
Co=60
Co-60
Co=60
Ch=60
C0-69
Co-60
Co-50
Co0-60
NI-63
N1-63
Ni=A3
NI-63
N[-83
NI=-63
NI=-63
MT=-63
N]=63
NB=94
N3 -94
NH=9¢4
NB=94
NB=94
N3=34
NR-94
NE~94
NB=94
SR=90
SR-9n

23

/ACC
/CON
/8GR
/F00
/DG™m
/AWT
/Satl
/AIR

/ACC
/CON
/AGR
/F D0
/DGM
/T
/SWT
/810

/7ACC
/CON
/AGR
/F G0
/0GM
/ANT
4SAT
/AR

/aCC
/7CON
/74GR
/F00
/0GM
AT
/SAT
/AIR

/ACC
/CON
/AGR
/F00
/DGM
/WAT
/SWT
/A1R

/ACC
/CON
/AGR
/F00
/0GM
/WAT
/SwT
/AIR

/ACC
/CON
/AGR
/F00
/DGM
/wdT
/SWT
/AIR

/ACC

1.00 12
5.630E-02
1.252E+09
1.172€+10
6.,451E+10
S$.995€+04
N Y
2.367E+05
2+368E+06
4.4351E+10
1.210E~-006
3.166E+09
6.678E+10
2.650E+11
3.721E+05
0.
l,441E+07
3.761E+07
2.6A0E+1]
2.670E-01
1.305€+1¢
¥.283E+09
3.215€E+10
3.482E+01
Oe
2.727FE+06
4,450E+06
4.827€~10
B.660E-06
3.698E+10
3.872€+10
l.267E+11
3.693E+03
6.200E+03
8.537E+0h
9.,325E+06
1.505E+11
1.320€-01
2.358E+12
1.237€+11
3.695c+11
S5.274E+03
1.540€E+07
1,432E+08
1.458E£+08
2.683E+12
7.530€-03

3.056E+10

1.040€+11
3.341E+11
9.878E+03
O
1.915€+07
2.260E+07
3.361E+11
3.470E-05
6.102E+11

1.389€+10

1.399E+10
2.116E+00
9.630E+06
3.193€+07
3.232E+07
6.103E+11
2.470E-02

Linting ur wn

«06 L013
l-lSOE'QO
S«190E+07
Se190E+07
S. 1905007

0.

O'
1.422E-01
l.422E-01
SclquOO’
S5.760E-03
1.405E+10
3.321E+11
1.328E+1¢
1+4861E+06

0.
7.205E+07
1.880E+08
1.328E+1°
1.430E-0¢
1.885E+10
4.816E+10
1.903E-11
2.161E4+02

O
l.206E+07
2e316E407
2.0606E011
1.480E-0/
9.373E-10
2¢325E+11
TowT6E411
2.2115E«04
6.200E+03

"6 ,425E407
S5+196E+07
7.733E+11
1.480€£-02
2+336E+12
2.280E+10
2.280E+10

N o.
1.540E+07
1.238E+08
1.238E+08
2.336E+12
1.480€-02
F.602E-11
3.150E412
1.001E+1)
2.9‘056‘05

0.
Se.711E+DH
6.738E+0H
1.001E+1)
1.,110E-02
6.114E011
1.515€E+10
1.54RE+10
T.078E+00
9,630E+06
3.196E.07
3.324E07
61198411
9.860€-04

PR
l.onm
Toattortt
Loy 1or
o' it
Y I LY |

Y
Se b
P LI
hota's | !
letiting
o lting
hah I
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Wohata file

C el
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N7
oNAK
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P
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«DH
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* NA
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1.252E+09
1.172€+10
4.LS1E+10
5,995E+04
0.
2.I57TE+06
2 +36HE+06
4,451€+10

3. 16KE+09
h.673E+10
?2.660E+11
}J.721E+0S
0 Ll R
1,061€E+07
J.T61E+NT
2.660ES]Y

1.613E+10
“.080F«07
S.0H0E+07

OI

o.
H.609E+0S
4,60Q9E+05
1.613E~10

2 STHE 10
Y.9ANE«07
LeWANE .07
Ne
ha20NE-D3
1e V77E+06
13776 «0n
2sSTHF LN

2.3I6€412
2.2H0E10
?.280E10
0.
1.560€+07
1.2JRE+08
1.238E+08
?.336E-12

1.560E+0R
1.56NE+08
1.560€+08
0.
O
4. 276E-01
“w.2ThE=-01

h.10TES]])
leubEel0
1.664E+10
1.A92E+0n
9.630E+06
Ve194E+07
J.265E+07
6.110E-11

V.AARF e 1Y

1.252€E+n9
1.172E+10
4.451E+10
S995E+04
O«
2.,367E406
2.368E+06
H.451E+10

J.166E+09
6-678E*10
2.660E+1)
3.721E+05
0.
1.4415007
37618407
2.6606011

2.081E+11
Z.OQSEOII
2-6‘6“E’11
B.331E+01
O.
S.326E+06
9.6449E+06
2.304€+11

S.778E+10
3.206E410
J.206E.10
0.
6.200E4+03
1.377E+086
1.377€+06
S.778E+10

2.634E+13
2.402E+13
2.402E413
0.
1.540€+07
1.239€+08
1.239E+08
2063“E013

B.316E+10
B.A16E+10
8.816E+10

0.

O
20“10E002
2.416E+02
B.B16E+10

1.330E+12
T+332E011
7.332E.11
0
9.630E4+06
3.192E.+07
3.192E+07
1.330E.12

1.920nF«11

S.190E+07
1.052E+10
4,331E+10
S.995E « 04
" 0 L
2.367E+05
2.368E+06
4,331E+10

2.526E+09
6.614E+10
2.656E¢+11
3.721E+05
0.
1,641E+07
1.761E+07
2.654E4+1)

1.925€E+10
2.116E+10
7.752E+10
8.566E+01
0.
S5.452€+06
9.692E+06
9.360E+10

2.850E+10
1.661E+10
5.082E+10
1.563E+03
6.200E4+03
4.409E+06
4.953E+06
7.6546+10

2.504E+12
B.593€.11
2.953E+12
4,492E+04
1.540E+07
2.393E+08
3.112€+04 -
S.266E+12

T.436E+09
3.911€+10
1.333E+11
4.259E+03
o.
8,258E+06
9.743E+06
1.3B3E+1)

" 6.,839E+11}
4.432E+11
1.557E+12
2+390€E+04
9.630E+06
1.466E+048
44496E+09
2.153E+12

1.8972F+ 11



SR=90
SR=90
SR=90
SR=90
SR-90
SR-90
SR=90
TC-99 !
TC-99
TC-99
TC-99
TC-99
TC-99
TC-99
TC-99
TC-99
1-129
1-129
1-129
1-129
1-129
1-129
1-129
I-129
1-129
Cs-135
€S=~-135/4CC
CS~13%/CON
CS=-135/46R
CS~-135/F00
CS-135/DGM
CS~135/wwT
CS=135/SuT
CS-135/alR
Ccs=-137
Cs-137/7aCC
CS=-137/CON
€S~-137/4GR
Cs-137/F00
CS~-137/0GM
CS=137/wWwT
CS=137/SuT
CS-137/AIR
U-235
U-235
=235
y=215
=235
=235
U-235
u=-235S
1J=235
u-233
y-238
u-238
1y=-238
y-238
=238
u-238
y-238
1)-238
NP=237
NP-237/ACC
NP-237/CON
NP=237/AGR
NP=217/F00

/ACC
/CON
/AGR
/F00
/006M
/WWT
/SWT
/AR

/ACC
/CON
/AGR
/F00
/70GM
JWWT
/SWT
/ATIP

XQGQIE'IA
6.407E+07
3.060E+04
9.564E+09
l1.014E+10
1.892€+1a
3.270E-06
l1.176E+09
2e960E+09
8.54BE+09

6.566E+03

0.
4.186E+0S
4,260E+05
8.,548E+09
4,080E-08
9.13%c+11
2.068E+12
de3abE+]2
6.019E+00
1.920E00a
4.2B9E«07
44385E~07
9,197E+12
2.31GE-07
2+.371E+}0
1.566E+11
S.729€+11
8.836E-03

0.
3.318E+07
1.442E+08
Se729E+11
2.310E-02
4,L99E+11
1.397€+12
S.117€+12
7.896E+00
3.500E-06
3'09“6008
1.302€+09
S.358E+12
9.760E~10
2e062E+]12
2.643E+12
SolS“E’lz
l.443E+06
1.500E+0S
2.073€+08
2.109E+08
S.37uE+12
1.540E-10
1.695€+12
Ce29E 12
GeTT6E~]2
1.348E+04
S«160E+03
1.835€£+08
1.86BE+03
4,789E+12
3.240€-07
5.202E+14
5.209E+ 14
S.238E+14
1.h64SFena

Listing of NUCS Data File (Continued)

2.58RE+1

7.686E+14
2.611E+08
3.060E«04
3.895E+10
4.12RE-10
T.68RE+]14
1.150€-01
9.6B0E+08
SOQIIE‘OQ
1.933E~10
1.635E+04

0.
1.062E+06
1.056£+06
1.933E+10
1.150E~01
B8.515E+11
7.124E+11
2+.942E+12
24137E+04
1.920E+04
1.758E+07
1.793E+07
3.792E¢12
1.620E=04
9.651E+10
4.209E+11
1.437E+12
2¢157E+06
0.

8.098BE+«07
3.520E+08
1.437E+12
1.620E-04
6e339E+11
1.719€E+12
5.872E+12
B8.814E+04
3.500E+06
3.43BE+08
1.452E+09
6.112E4+12
1.250E-04
3.062E+13
4.361E+13
8.500E+13
2+373E+05
1.500E+05
3.,235E+09
3.,294E+09
8.522E+13
1.250E-04
2.882E+13
“OIQSE‘IB
8.108€.+13
2.277E+05
S.160E+03
3.087E+09
3. 144E«09
8.109E+13
4.670E-06
1.200E+16
102026‘16
1.209E+16
GL.O0ATF 0S5

1.760€+09
1.760E+09
O.
3.060E+046
B8.835E+06
2.835E+06
1.668E+1]
2.000E+00
2.280E+09
8.890E+09
2.960E+10
2.433E+00
[
1.551E+06
1.571€£+06
2.960E+10
2.00NE~00
A.51SE-11
6.123E+11
2.3523E+12
1.336E+04
1.920E+04
1¢562E007
1.592E+07
3-379E012
8.500E+01
8.851€E~10
3.879€~11
1.326E+12
logglE'0“
N,
7.47SE+07
3.250E+08
1.326€+12
B.500E+01
TeTT9E+11
2.351E~12
8.030€+12
1.20SE+05
3.500E+06
4.655E+08
1.981E+09
B.270E+12
B8,400E+02
2.214E+11
1.590E+09
loSQUEOOQ
0.
1.500E+05
1.177E+07
1.177E+07
2.214E+11
8.400E+02
1,454E+10
8.570E+07
B8,570E+07
0.
S.160E+03
T.739€+05
7.739€£+0S
1.454E+10
3.000€+02
1.120E+15
1.122E+15
1.128€E+15
3.513F ¢ 006

1.760E+09
1.760E+09

0-
3.060£+06
8.835E+06
3.8357+06
1.A68E+11
5.000E+00
7.600€+08
7.600E+08
T.600E+08

0.

0.
2.083E+00
2.083E+00
7.600£+08
S5.000E+09
5.128E+13
1.524E+15
5.553E+15
Lo T25E+07
1.320£+04
3,081E-10
3.160€+10
6.554E+ 1S
T.200E+02
5.080£-08
5.080£+0%3
S.080E£+08

o.

0.
1.392E«00
1.392E+00
S.080£+08
7'2°0E’02
2.619€E+11
1.530€+09
1.530E+09

o.
3.500E+06
1.287E+07
1.287€+07
2.419E+11
7.200£+03
2021“5011
1.590€+09
1.590€+09°

0.
1.500E+05
1e177E+07
1l.177€+07
2.21“E011
7.200E+03
l1e6S4E10
8.570E+07
8.570E+07

o.
S.160E+03
T.739E+05
747392405
1.454E+10
2.500£+03
loJ“OE‘ll
B.400E+08
8.400E+08

.

D-56

1.760E+09
1.760E+09
0.
3.060E+04
8.,835E+06
3.835E+06
1.668E+11

1.996E+10
1.031E-+11
3.636E+11
3.061E+05
Ne
1.951E+07
1.976E+07
3.636E+11

A.515E+11
1.315E+12
S.433E+12
3.947E+04
1.920€+04
2.938E+07
3.,004E+07
6.284E¢12

3.331€+10
l.465E+11
S.014E+11
7.531E+03
" 0.
2.828E+07
1.229E+08
S.014E+11

6.2595011
B.010nE~11
2.729€E+12
4.092E+04
3.500E+06
1.665€+08
6.80BE+08
2.969E+12

7.262€E+12
1.013€E+13
1,979€+13
S.552E+04
1.500E+05
7.643E+03
7.781E+08
2.,001E+13

6.575E+12
9,46TE+]2
1.849€+13
S.196E+04
5.160E+03
7.050€+08
7.179€+08
1.850E+13

3.840E+15
3.847E+15
3.868E+15
1.22F « 08

3.296E+10
3.296E+10
0.
3.N60E«04
8,83SE+06
8,335E£+06
1.980E+11

T.400E+09
7.962€+09
9.720E+09
2.067E+03
0.
1.318£+05
1.335E+05
J.721E+09

8.572E+11
6.366E+09
6.366E+09
0e
1.320E+04
3.644E+06
3.640E4006
B.S72E+11

1.491E+10
4.R84E.10
1.551€+11
2.256E+03
0.
8.,472E+06
3.583E.07
1.551E+11

3~29°E’ll
2.941E+11
9.350E‘ll
1.360E+04
3.500E+06
6.394E+07
2.349E+08
1.17SE+12

3.360E.15
3.360€+15
3.360E+15
D
1.500E+0S
2.098E+07
2.098BE+07
3.360E+15

3.120E+15
3.120E-15
3.120E+15
o.
5.160E+03
9.325E+06
9.325E+06
3.120E+15

3.602E+14

3.600E+14

3.600E+14
Na

4,727E+12
1.946E+13
7.543€E+06
3.060€+04
1.134E4+09
1,201€+09
1.962E+13

7.880€+09
ECZAOE‘II
3.008E+11
7.953E+05
0.
5.069E+07
S.135€+07
9.008E+11

B.5215+11
9.747E+19
4.006E411]
2.901E+03
1.920E+04
5.536E+06
5.584E+06
1.2515¢12

1.004E+009
8.,007€+09
2.994E+10
4.,656E+02
O.
1.748E+06
7.600E+06
2.594€+10

2.b04E11
3.919E«1n
1.431E+11
2.333€E-03
3.500E+06
2.163€+07
S.096c+07
3.895E+11

S«17SE+11
1.586€+12
S5.621E+12
2.319€+04
1.500E+05"
3.261E£+08
3.318E+08
S.841E+12

2.5“6E‘11
1.147E+12
3.939F+12
1.633E+00
S.160€4+03
2.221€+08
2.262E+08
4.003€+12

3.740E¢11
1.550E+12
S.652€E+12
72.357F 00



NP<237/DGM
NP=-237/WWT
- NP=237/S4T
NP-237/AIR
Pll=238

PyY-238/4CC
‘PU=23R”/CON
PI)=238B/AGR
PY=-238/F00

Pi1j-233/0GM’

PUY=23B/wWuwT
PU-234/5uWT
‘PU=234/AR
Pij=239

PU=239/7ACC
P1=-239/CON
Pl=zZ3I/AGR
011=233/F0N
P1}=-236/D06M
PU=239/WWT
T PU=239/SWT
PU=-239/A1R

. Py=241 .

Piy-241/ACC
P)=-241/CON
DY-241/A6R
Piy=241/F00
P21-241/D6GM
Pl=Pal/awT
PU=241/SAT
PY=241/4A1R
Pllepu?

Py~242/ACC
oy-242/CNN
PU-24w2/AGR
PLI=242/F00
PU=262/DGM
PU=262/WiT
PiJ-242/5WT
PU-242/AIR
AMa24]

AM=24 1 /ACC
AM-241/CON
AM=-24 1 /AGR
AM=241/F00
AM=241/D6G*
AM<26 ) /dWT
TAMeZ241/SwWT
AM<241/81R
AM<243

AM-243/4CC
AM=243/CON
AM=243/AGR
"AM=243/F00
AM=243/D06GM
CAM-2L3/WNWT
AM-2643/SWT
AM=243/41R
CM=243

CM-243/4CC
CM-243/CON
CM<243/7AGR
CM=243/F00
CM=243/06M
CM=243/WWT
CMa26a/8WT

6.560E+04
2.312E+08
2.572E+08
5.23%€+14
8.020£~03
2.000E+10
2.003E+ 14
2.012E+14
1.137€+03
1.930E+01
T+019E+07
7.485E+07
2.012E+]16
2.360E=-05
24240E+]1a
2e.243E+14
2.253E+ 14
1.2702+03
F.350E+01
7.765E+07
3,2BEE+07
2.253E+ 14
S.250E-02
3.060E+12
3.0466E+12
3.063€E+12
2.208E+01
3.430€E=-01
l.241E+906
14318905
3.063c+12
2+4B0E~06
2.160E+14
2.163E+14
2.173E+]a
1.224E+03
0.
7.520E+07
f.021E+07
2e173E«la
1.510E-01
S.C0ulE+la
5.049E.14
S.077E~1a
31.59GE+0¢4
7.710E+04
2e204T7E+03
3.721E+08
5.078c+14
B.720€-05
«.961E+ 146
G44,969E+14
4.996E+ 14
3.525E+04
1.360E+0S
2.208E+08
3.653E+08
G44997E 10
2.170E-02
J.B43E+146
3.3ubE<14
3.866E+14
1.113E+04
3.820E+05
10647E008
?.0BT7F+NR

Listing of NUCS Data File (Continued)

S.546E+09
6.139E+09
©1.209E+16
4.670E-04
~+J30E+15
4.091E+15
“.126E+15
4.522E+04
1.930E+01
2.T41E«09
2.926E+09
6.1265015
4.670E=-04
4.,R0NE+15
4,A13E+15
4.85“6015
S5.234E+04
9.390E+01
3.172€+G9
3.38AE+09
44354E+15
4 4h705-04
T ebbQES13
7.467E+13
7.,552E+13
1.097€+03
3.430E-01
6ebU2ESQ7
7.091E+07
7.553E+13
4.670E-04
4,.480E4+15
4 u92E+15
44.S530E+15
44B843E«04
o.
2.938€4+09
3.137€.09
4.530E+15
4.110E-02
7.120E+15
T.134£+15
T«.176E+15
SOQQBE’OS
7710E+04
3.340E+09
5e572E+09
T.176E+1S
401105“03
7T«060E15
7.054E¢15
7.096E+15
S.ubs1E+05
1.860E+05
3.337€+09
S.564E+09
7.096E+15
4.670E=04
6.161E+15
6.171E+15
6.204E+15
1.897E005
3.R20E+05
2.598E+09
R.W7F+09

4.885E+08
S.443E+08
1.128€+15
8.400E+02
2.80CE.1S
2.802E+15
2.807E+15
6.371€+03
1.930E+01
3.931c+08
4,192E+08
2.807€+15
B8.400E+02
3.120E+15
3.122E-15
3.127€E+15
7.04%E+073
G,390E+01
4.343E+08
4,632E+03
3.127€+15
8.400E+02
4,5605+13
4.561E+13
TG4.S6AKE+13
S.613E+01
3.436E-01
3.512E+06 "
3. T742E05
4.566E+13
B.4N0E+02
3.040E+15
3.0642E+15
3.047E+15
6.783E+02
Ol
4.184E4+08
4.462E+08
3.047E+15
" 3.000E+02
6.640E+15
6.645E+15
6.660E+1S
1.916E+05
7.710E+04
1.189€+09
1-97“6009
6.660E+15
3.000E«02
6.6430€+15
6.485E+15
6.499€+15
1.8“9E’05
1.860E+05
I-IABE'OQ
1.9065’09
6.439E+1S
3.000E+02
5.601E+15
5.604E+15
S.616E+15
7.155E+04
3.820E+05
9.370€+08
1.2RNF+0N9

D-

6.560E+04
7-}26E’06
T.126E+06
1.340E+11
7.200E+03
1.924E+10
B.5270E+07
8.870E+07
0.
1.930€+01
1.025E+06

1.025E+06

1.924E+10
7.200€E+03
T.400E+09
5¢170€+07
S5.170€E+07
0.
9. 390F« Q)
3.934E+05
3.934E+05
7.400E+09
7.200E+03
4,780S+07
4,780E+07
4,7805+07
0.
3.430F-01
l1.310€=01
1.310€-01
4,780E+07

7.200€+03 -

1.441E+10
6.930E+07
6.930E+07

0.

0.
79674Eo05
T.6T4E+0S
le4alEs10
2.500E+03
T.869€+10
3.800E+08
3.800E+08

00
7.710E+04
4.1925006
44192406
7.869E+10
2.500E+03
9.096€E+10
6.090E+08
6.090£+.08

ol
1.R60E+05
4,337E+06
4,337E+06
S.096E+10
2.500£+03
2.404E+11
2.260E+09
2.260E+09

0.

3.820E+05

1.296E+07
1.296F+07

57

6.560E+0

1.674E+09
1.867E+09
J.R6BE-1S

R 801E-14
B.B12E+14
8.850E+14
4.86RE+013
1.830E+01
24972E+08
3.171€E+08
8.850€«14

9.601E+14
9.613E+14
9.655E+14
S.393E+03
9,3GNE~Q]
3.285E+08
3.506E+0R
9.656E+]4

l.64GE+13
le043E+13
1.450E+13

-1.017€+02

3.430E-01
6.179E+06
6.596E+06
1.450E+13

9.601€E+14
9.613E+14
9.653E+14
5.194E+03
n-
3.163E+08
3.381E+08
9.654E+14

3.840E+15
3.847E+15
3.B68E+15
2.T707€+0S
Te710E+04
1.563E£+09
24772E+09
3.868E£+15

3.760E+15
3.767E+15
3.787E+15
2+5S4E+0S
1.360E+05
1.631E+09
2.718E+09
3e73AE+15

1e760E+15
1e763E+15
1.772E+15
S.195E+04
3.820E+0S
T.212E+08
Q.PAuF+0R

6.560E+04
8.113E+06
3.113E+06
3.602E+14

44.080E+15
4.030E+15
4,080E+15
0.
1.930E+01
1.221E+07
1-221E007
4.080E+15

3.840E+15
3.840E415
3.8640E+15
O.
9.390£+01
1-092E‘07
1.092E+07
3.,340E+15

6.800€+12
6.300E+12
6.300E+12
0.
3.430€-01
1.364E+04
1,364E+00
6.300E+12

3.680E+15
3.580E~15
3.680E-15

0.

0.
1.085€E+07
1.085€+07
3.680E+15

4,261Es]0
G.24NE+ 10
44,240E+14
0.
7.710E+04
S.354E¢06
5-354E006
4.241E016

4.001E+14
4.000E+14
“-000E014
0.
‘1.R60E+05
5.933E‘06
S.933E+06
4.001€E+14

4.,403E+14
4400814
4,400E«14
0.
3.820E+05
1.417E+07
1.617€E407

6.560E+0

3.263E+0R
3,635E+08
S5.785€+12

3.313€+11
1.514E+12
S.277E~12
4.,355E+03
1.930E+01
2.940E+08
3.139€+08
S.297€+12

3.034E+]1
1.392E+12
4,826E+12
4,4272+07
9.330E+01
2.676E+08
2.858E+08
4,833E+12

S.568E+09
2.861E+10
1.008E+11
9.310€E+01
3.430E-01
S.612E+06
S.393E+05
1.008E+11

2.964E]1
1.,355E+12
4,722E+12
4.343E+03
0
2.628E+08
2.806E+08
4,T36E+12

3.587E+11
1.503E+12
S.355E+12
4,336E+04
7.710E+04
3, 047E+08
S.069E+03
S.434E+12

3.630E+11
1.713E+12
6.223E+12
S.787E+04
1.860E+05
3.572€+08
SeS5w2E+08
6.313E+12

S.484E+11
l0594E‘12
S.629E+12
2¢319E+04
3,820E+05
3.263E+08
4. 184F +0A



Cu=243/41R
CM=?244
C4=2446/ACC
CM=2464/CON
Cu-244/7A4GR
CU=244/F00

CM=244/DGM .

CMa2auu/dwl
CM=24L/SAT,
CM=2464/A1IR
REGION |

REGINN 2
5EGIOM 3
QEG}ON “
REGTOM

REGINN 6

3.5940€E-02
2.800E+14
2e805E+1¢
2.820E+14
8.520E+03
S.640E+01
1.170€+08
1.507€+04
2.820E+16
9.180E~12
2.000E+02
1.000E+00
4.000E+02
24010E=-11
4.200E~01
1.000E+00
A.400E-01
2.510E~11
1.400E-02
1.000€+00
l1.600E~02
2enGIE~]10
1.500€E+01
1.000E+900
3.,000E+90
2.010€E=-11
3.,200E+01
1.C0CE+ND
De40NNE-OL
2.010E-11
9.200£+01
1.9000E00
b.00CEQ]

Listing of NUCS Data

4.070E~04 3.000E+02
4,400E+15 4.1H0E415
4,608E¢]lS 4.163E4]5
4,433E+15 4,1 74E+]15
l1ew3wE+05 6,.145c+04
S.640E+0]1 S5.640E401
1.954E+09 B, 443E+08
2e521E+09_1.087c+09
4.433E+1S 4,174E4+15
24960E=-11 1.970E-04
S.000E+03 1.000E+0«
1.000E+00 1.000E+90
8.000E+02 1.930E-10
3.180E-11 1.160E-03

4.000E+02 B.000E+02

1.000E+00 1.000E+00
1.600E+03 1.830E~10
3.280€6=-11 9.000E-05-
2.900E+03 S.300E«03
1.000E+00 1.000€E+00
B3.000£+02 1.330€-10
3.000E+02 6.,000E-02
1.000E+00 1.000E+00
B.000E+02 1.830£-10
3.18nE<11 1.160E-04
3.300E+02 T.300E+02
1.900E«00 1.000E+0D
1.600£+03 1.330E~10
3.180E-11 1.160E-02
4.500€+02 B.500E402
1.600£+03 1.830E~10

File (Continued)

é;;A;E‘1
2.590E£+03
1.706F+10

7.230E+07
7.230E+07

0.
S.640F+01
9,.093E+05
3.0%93E+05
1.706E+10
4.930E-05
QGOOOE’OE
1.010E~-09
2.510FE-12
3,240E-n5
1.300€+03
3.506E-10
3.323E-12
2.259E-05
4.30NF D2
3.8960E-10
2.550£-12
3.,250€-07
1.300E+03
2.660E~-11
1.790€-12
3.240E-06
1.30CE~+03
3.070FE-10

3.323€~-12

J.260F N4
1.300€+03
3.030E-10
3.323E-12

D-58

1.772E+15
1.280E+15
1.282E+18
1.289€«15
3.973E-04
S.Ha0E+0])
S.430E-0R
7.001£+0A
1.289€+15

7.700E+03-

1.000E+06
1.510E-09

7.700E+02
1.000E+06
5.250E<=10

T.77nE+N
1.25nE«0a
S.790E~10

7.700E+07
J.00NE~DG
3.990E~-11

7.700E+03

1.000E+04
4.550E-10

7.70n€+07
1.005E«04
4.550E~-10

4,403E+14
4.400E+]14
4,400E+16
4.400E414
) 0 -
S.540E+0]
2.113E+06
2.115E+06
L 400ES14
2.000E+05
2.000E+006
1.120E-07

2.000E4+05
2.000E+04
1.120E-07

2.000E+93
2.590E+04
1.120E-07

2.0005‘05
6.000E+04
1.120E-07

2.000E+05
ZOOOOE’Oh
1.120€=-97

2.000E+0S
ZCDDGE’O“
l1.120E-07

S.371E+12
3.051E+11
1.533E+12
5.434E+12
2.261E+00
S.640E+01
Je0nsEe0R
3.929€+04
S5.,451E+12
4.500E+06K
3
4.500E+06k
3
«eS00E+9¢6
&
44500F+0A
2
~4,S0NE06
2
44.500E+06

&



P=-1XRESIN
P~CONCLIQ
P-FSLUDGE
P-FCARTRG
B=IXRESIN
B-CONCLIQ
B-FSLUDGE

P~COTRASH .

P-NCTRASH
B-COTRASH
B~NCTRASH

F-COTRASH:

F-NCTRASH
I-COTRASH
I1+COTRASH
N~-SSTRASH
N+SSTRASH
N-LOTRASH
N+LOTRASH

F=PROCESS -

U-PROCESS
I-LQSCNVL

I+LQSCNVL -

I-ABSLIQD
I+ABSLIQD
I-BIOWAST
I+BIOWAST
N~SSWASTE
N-LOWASTE
L~NFRCOMP
L-DECONRS
N-ISOPROD

N=-HIGHACT -

N=TRITIUM
N-SOURCES

N-TARGETS

100

100
100
100
100
100
100
100
100
100

..100

100
100
100
100
100
100
100

100

loo
100

- 100
100

100
100

100

100
100
100
100

100

100
100
100
100

100

100

140

100

‘100

100
140
100
100
100
100

100 -

100
100

100

100
100
100
100
100
100
100

300

300

300
300
192
192
100

100
100
200
130
100
100

100

100

SPC1 Data File
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D-59
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OO It OO M N~ I~ OO0 0000000000000 000 O

e OO OO OO OO OOOO0OO0ODOOOOD M i i~ O k=i b

0010
0110
00l0
0110
0010

ollo-
0010

0000
0000

0000
0000
0000

0000

0000.

0000

0000

0000
0000
0000
0000

10000

0010

0010

0010

0010
0010

0010
0000
0000

- 0000

0310
0210

0000

0000
0000
0000

000 0000000000000 000000ODDO O



P-IXRESIN
P-CONCLIQ
P-FSLUDGE
P=-FCARTRG
B=IXRESIN

B=-CONCLIQ

B-FSLUDGE
P-COTRASH
P-NCTRASH
B-COTRASH
B=-NCTRASH
F-COTRASH
F-NCTRASH
1-COTRASH
I1+COTRASH
N-SSTRASH
N+SSTRASH
N-LOTRASH
N+LOTRASH
F-PROCESS
U-PROCESS
J-LQSCNVL
I+LQSCNVL
I-ABSLIQD
I1+ABSLIQD
1-BIOWAST
1+BIOWAST
N-SSWASTE
N-LOWASTE
L=NFRCOMP
L-DECONRS
N=I1SOPROD
N-HIGHACT
N-TRITIUM
- N=SOURCES
N=TARGETS

100
600

100

100
100
240
100
200
100
200
100
150
100
200
400
150
300
200

400

100
100
128
100
100
100

100

100
100
100
100
100
100
100
100
100
100

165
182

165

100
165
156
165
100

100

100
100
100
100
100
100
100
100
100

~100

100
100
300
300
165
300
192
192
100
100
100
200
200
100
100
100
100

SPC2 Data File
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Pt et et et PN PN gt gt et et pot bt () B et et et Gt Gt Bt et Bt bt Pt et et e b e () L) W W W W WY

COMrOMMOMOMIMEOMMOOOOODOODODOODODOOODODOOOO

b bt ot bt et bt et D It D O R I D I I I D OO O DO O Dt O+t O bt bt bt bt s et s

b=t PN bt ) bt bt [\) e s bt Pt et Pt Pt Bt ot ot Pt Gt Bmd Gt Gt Bt () bt P\) =t [\) b pmd punt et et Bt Pt et

0210
4210
0210
0210

0210

4210
0210
1010
0000
1010
0000
1010
0000
1010
2020
1010

2020

1010
2020
0000
0000
1010
0010
0210
0010
0010
0010
0000
0000
0000
0310
0310
0000
0000
0000
0000
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SPC3 Date File

P-IXRESIN -11- 100 200

2 0 4 o 1 1 0310
P-CONCLIQ 11 600 200 2 0 & 0 1 1 4310
P-FSLUDGE = 11 100 200 1 0 4 0 1 1 0310
P-FCARTRG 11 100 100 2. 0 4 0 1 .1 0310
B-IXRESIN 11 100 200 2 0 4 0 1 1 0310
B-CONCLIQ 11 240 200 1 0 4 0 1 1 4310
B-FSLUDGE 11 100 200 1 0 4 o 1 1 0310
P-COTRASH 61 8000 200 0 0o 4 0 1 1 6312
P-NCTRASH 51 100 100 0 0O 1 0 1 2 0000
- B-COTRASH 61 8000 200 0 0 4 0 1 1 6312
'B-NCTRASH 51 100 100 0 0 1 0 1 2 0000
F-COTRASH 62 4000 200 0 0o 4 0 1 1 6311
F-NCTRASH 22 100 100 -0 o 1 0 0 2 0000
I-COTRASH 23 2000 200 0 0 4- 0 1 1 5311
I+COTRASH 23 8000 200 3 0 4. 0 1 1 7322
N-SSTRASH 22 1000 200 0 0 4 0 1 - 1 531
N+SSTRASH . 22 4000 200. 2 0 4 0 1 1 7322
N-LOTRASH 22 2000 200 0 0 4 0 1 1 5311
N+LOTRASH 22 8000 200- 3 0 4 0 1 1 7322°
F-PROCESS- 52 100 100 0. 3 1- 0 1 1 0000
U-PROCESS 52 100 100 0 31 0 1 .1 0000
I-LQSCNVL. 33 452 200 0 . O 4 0 1 1531
I+LOGSCNVL 33 100 300 3 3 1 1 0 1 0010
1-ABSLIGD 33 100 200 0 0 4 0 1 1 0310
I+ABSLIGD 33 100 300 3 31 1. 1 1 0010
I-BIOWAST 33 1500 200 0 0 4 0 1 1 5311
I+BIOWAST 33 100 192 2 0. 1 1 0 1 0010
N-SSWASTE 31 100 100 0 3 1 0 1 1 0000
N-LOWASTE 31 100 100 3 3 1 1 0 1 0000
L-NFRCOMP 51 100 100 0 0 1 0 1 2 0000
L-DECONRS  S1 1800 200 1 0 & 0 1 1 6312
N-ISOPROD S1 100 200 1 0 4 1 1 1 0310
N-HIGHACT 52 100 100 0 0 1 0 1 3 0000
N-TRITIUM 52 100 100 3 3 1 1 1 0000
N-SOURCES 52 100 100 o o0 1 0 1 2 0000
N-TARGETS 52 100 100 0 o 1 0 1 1 0000

D-61
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P=-IXRESIN
P-CONCLIQ
P-FSLUDGE
P-FCARTRG

B-IXRESIN

B-CONCLIQ
B-FSLUDGE
P~COTRASH
P-NCTRASH
B-COTRASH
B-NCTRASH
F-COTRASH
F-NCTRASH
I-COTRASH
1+COTRASH
N-SSTRASH
N+SSTRASH
N-LOTRASH
N+LOTRASH
F-PROCESS
U-PROCESS
I-LQSCNVL
1+LQSCNVL
1-ABSLIQD
1+ABSLIQD
I-BIOWAST
I1+BIOWAST
N-SSWASTE
N-LOWASTE
L-NFRCOMP
L-DECONRS
N-ISOPROD
N-HIGHACT
N-TRITIUM
 N=SOURCES
N-TARGETS

71

-7

71 1800

800
71 500
71 100
71 1800
71 640

500
71 8000
51 600
71 8000
51 600
72 4000
52 600
63 2000
73 8000
62 1000
72 4000
62 2000
72 8000
52 100
52 100
63 452
33 100
6310000
33 100
63 1500
73 100
31 100
31 100
51 100
71 1800
51 100
52 100
52 100
52 100
52 100

200
200
200
100
200
200
200

. 200

100
200
100
200
100

- 200

200
200
200
200
200
100
100
200
300
200
300
200
192
100

100

100
200
200
100
100
100
100

SPC4 Data File
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6312
6312
6312
6312
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6312
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6311

3020
5311
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5311
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S311
7322
0000
0000
5311
0010
5311
0010
5311
0010
0000
0000

0000 .

6312
0310
0000
0000
0000
0000
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