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Appendix G

IMPACT ANALYSIS METHOLOLOGY
This appendix ‘presents the methodologies utilized to calculate potential
~ impacts resulting from the management ‘of low-level radioactive waste (LLW).:
- The appendix is summarized from information contained in Reference 1.. The
appendix considers three phases of waste management that may result. in various
types of impacts: (1) proce551ng of the waste at the generation source or at

a centralized location’ prior to disposal,’ (2) transportation of the waste from
the generation source to a’ disposa1 fac111ty, and (3) disposai of the waste

The methodo]ogies con51dered in this appendix 1nc1ude ca1cu1ationa1 procedures
to determine:

0 the occupational exposures and the exposure of the members of the’

. pub]ic (1nd1viduais and popu]ation) resu]ting from ‘the disposal of

)ll! 'l
- 'the occupationai and the popuiation exposures resuiting fr0m proce551ng
i ‘of ‘the waste by either the waste generators or by operators of a.
~ centralized regional processing facility (assumed to be iocated
"'inearby the disposal fac1]ity 51te), S .
ffo-“'*the occupationa1 ‘and the popuiation exposures resu]ting from
transporting the waste from the waste generators to the disposal
facility site; T R A
“-“p" *""the costs and the energy use associated with proce551ng, transporta-
CrrELT tion, and diSposal of LLw and » ;
6%+ "the ‘land. area committed’ to disposal of LLH
: AR et

Thus, the ca1cu1ationa1 methodo]ogies are used to determine five basic "‘mpact

 measures" for consideration in the'EIS--i.e., doseito members of the: pub]ic,

*occupationai exposures, costs, energy use, and 1and use. R EEEI

i

‘These methodoiogies may be applied to a number of alternatives for waste form
and packaging," facility design and" operation, - and institutional controls-to
fdetermine performance objectives and technical requirements for. acceptabie

" disposal- of the wastes and to determine the env1ronmenta1 impacts of-the :

‘se]ected aiternatives. L BTN oo RS o e
- bt I L R R LRSS F UL T LRI Y
Section 1 prov1des ‘an overview of the: purpose and appiication of the. impact
analysis methodologies, presents a background raticnale for the fundamental
‘assumptions utilized in the 'development of the methodology, and presents.the

- approaches adopted to define the’ interfaces of. the three waste management
phases. - .- N .



Section 2 discusses the pathways involved in the calculation of exposures to
members of the public. It includes a discussion of the basic rationale and
background of the pathway ana1y51s methodology, presents and analyzes the
generic pathways considered in this report, and deve]ops the equations applied
in subsequent.sections.

Sections 3, 4, and 5 address the: 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 discussion regarding the pathway analyses may be found. in
Reference 1.

1. INTRODUCTION

The primary purpose of the impact analysis methodoiogy is to provide a tool to
enable determination of specific values of parameters that can be controlled
and/or specified through technological or administrative action so as to
assure the long-term and short-term protection of the human environment.

The secondary purpose of the impact ana]ysisjmethodoiogy is to enable calcula-
tion of the selected impact measures associated with a given disposal facility
design containing several waste ‘'streams- each having different characteristics.

1.1 General Approach

The most important rationale governing.the selection of the methodo]ogies and
the calculational procedures used in this appendix 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 disposa1 fac11ity.

This is especia]ly 51gnif1cant 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. Increased 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 .calculational. procedures are based on an idealized picture of the.system;
this is an integral aspect of all predictive tools which are an essential part
of many decisionmaking processes. Therefore, the sophistication and level of
complexity of the calculational procedures should be consistent with the level
of»data that can be inferred and/or generalized for a generic system.

There are many possib]e methods or combination of" methods which may be used to
calculate the potential impacts of LLW disposal; these range from very simple

to very complex techniques (Refs. 1-6). Complex calculations may be called

for when analyzing a specific site where a significant quantity of site-specific
information is available and where specific facility designs for waste disposal
may be considered. However, for generic types of analyses to support an
environmental impact statement and a rulemaking effort, where one is interested
in the relative costs and impacts of alternative actions, simpler calculational
schemes appear to be more appropriate. This concept of increasing the complexity



tof ca1cu1ationa1 schemes with the increasing amount and specificity of the’
available data is consistent with the concept of tiering as set out by regu]a-
tions promulgated by the Council on Environmental Quality (CEQ) (Ref. 7).

A second governing rationale for the selection of the- methodologies and the
ca]cu]ationai procedures in this appendix is the necessity to consider viable

: »alternatives during three different waste:management phases (waste proce551ng,

transportation, disposal) and the requirement that the interfaces of these’
three phases be properly coordinated. For example, waste processing tech-
niques which reduce waste volumes would also 1ikely result in an overall:
-increase in the radioactive contents of the waste packages. This" may result
in additional transportation and disposal requirements that should be repre-
‘sented.” Another example factor complicating an accurate definition of the
interfaces is'the possibility that the waste proces51ng may occur at the'waste
generator's site or at a centra]ized regionai 10cation.» This aspect has to be
inciuded in the calculation of the 1mpact measures.p

A third rationaie for the se]ection of the- methodo]ogies is the need to” have a
. flexible ‘tool that can be updated as additional information is obtained. - Any
methodoIogy that cannot ‘accommodate’ timely changes -is bound to become obsolete
in'a short time. ' The methodologies selected provide for continuous updating
of the ca]cu]ationai techniques and the data base used for the ana]yses.;
To deveiop the calcu]ationai procedures, a’ reference near-surface disposal
fac311ty design is assumed and a description of this disposal. facility design
‘is provided in Appendix E. 1In addition, the continental ‘United States is -
assumed to be divided into four regions corresponding to the:five NRC regions
(see Figure D.1 of Appendix D). The four regions considered include the
--northeast ' (NRC Region 1), the ‘southeast -(NRC Region I11);, the midwest (NRC "
~ Region III), and the west (NRC Regions IV ‘and V). -'In each region, a hypo-
thetical regional ‘disposal facility site ‘s characterized ‘(see Appendices E
and J). These sites, while not’ representing ‘any particular location within a
region, reflect typicaI environmental conditions within the regions. This
“.allows ‘consideration in- ‘the calculational methodo]ogy ‘'of a range of environ~
- ‘mental ‘conditions such as the amount of rainfai] or the average distance ‘from
"the waste generator to the disposal facility ‘(One of these ‘sites, the 'southeast
site, is frequently referred to in this appendix as the reference disposal’

. fac111ty 51te )

“The’ ca]cuIationaI methodology also a]]ows consideration ‘of ‘a’ wide range in

" ' ‘waste forms and processing options. ~ In ‘many previous studies on LLW disposal,

_the disposed waste was ‘usually assumed ‘to be‘a mostly uncharacterized ‘mass
“with 1ittle’ attempt to distinguish in a ‘quantitative- manner ‘the different :
waste forms. ‘In this EIS, however,’ LLW has been- separated into 36 waste

N streams, inc]uding nuc1ear ‘fuel cycle 'wastes such ‘as ‘filter cartridges and ion
o exchange resins, as well as nonnuclear fuel cycle streams ‘such as sealed

sources and bio]ogicaI wastes. 'As described in Appendix ‘D, each waste stream
is'characterized in terms of "its radionuciide- concentration (up to 23 different
radionuclides are considered), its relative ability to burn, its stability
over the long term, and other properties. The volumes of each waste stream

are considered on a regional basis. That is, the volume of each waste stream



" is projected for each of the four regions over the next 20 years, which again
allows consideration of the regional impacts of management and disposal of
LLW. -

In this EIS, 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 character-
ized waste streams. The spectra were developed to 1imit the number of waste
form and packaging alternatives that would have to be analyzed, since an
indefinitely large number of possible combinations of various waste.streams

and processing options.are available. The four spectra, which are described

in detail in Appendix D, are as follows. Waste spectrum 1 characterizes
existing and, in some cases, past waste management practices. Waste spectrum 2
characterizes improvements in the form of the waste. through processing and
reduction in waste volume with relatively modest expenditures of time and-
money. These two spectra- bound existing waste.management practices, which are
currently in a marked state of change due to state initiatives, a lack of
disposal capacity, and economic considerations. Waste spectrum 3 characterizes
further waste. form improvements and volume reduction at further increased
costs, while waste spectrum 4 characterizes the maximum volume reduction and
_improved waste forms that can currently be practically achieved. The 36 waste
streams corresponding to a given waste spectrum may be transported to and
disposed into disposal facilities located at the regional sites and the
resulting potential impacts calculated. A number of alternative disposal
facility design and operation alternatives (e.g., thicker disposal cell covers,
use of cement grout) may be then considered. to estimate the effect of these
alternatives upon the impact measures.

From the above, 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 cons1dered. To enable development of performance
objectives and technical requ1rements for LLW disposal, the number of these

- permutations should be controlled and ana]yzed on a systematic basis. To do
this, two features have been adopted: (1) use of a reference disposa] facility
cand a reference waste volume distribution and (2).extensive use of computer
technology, including use of waste form and disposal technology indices.

For the first feature, a reference disposal facility is described in Appendix E,
which is assumed to be .located.in the humid eastern United States. For this
EIS, the reference disposal facility is assumed to have environmental character-
istics corresponding to the southeast regional site, although either the
northeast regional site or the midwest regfonal site could have been used “for
this purpose. . As. discussed in Appendix D, this reference waste volume ‘distribu-
» tion is generated through averaging of a]] the waste volumes assumed to.be
generated in each of the 36 streams for each of the four regions, and norma1121ng
. these volumes to one million m® of waste for waste spectrum one. This allows
the effects of alternative waste spectra and alterpative disposal facility
design and operational options to be compared on a common basis.
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For the second feature, five computer codes have been written to manipulate
the alternatives and to determine impact measures. These include the codes
INTRUDE, GRWATER, OPTIONS, INVERSI and INVERSW, and a description of each of
these codes is provided in Appendix H. 1In these codes, extensive use of
integer "indices" have been used to characterize waste stream properties or
disposal facility environment and design options. For example, a specific
index (the "leachability index;""I6) in the codes represents the relative
degree that a particular waste stream resists leaching by water percolating
through a disposal trench cover.- The integer value given to this index for

a particular waste stream can change from one spectra to the next. Depending
upon the index .value,.the leaching fraction assumed for the waste stream is
altered in the ca1cu1at1ons.‘ As another example, the index IC (the "cover
index") represents alternative disposal cell cover designs. Setting the index
to a specific integer value results in the codes in a variation in the calculated
impact measures which would be influenced by the cover thickness (e.g., ground-
water jmpacts, costs).

Use of the integer.indices enables rapid and convenient consideration of
alternatives for rulemaking. In addition, use of the indices enables any
updates of the data base and calculational procedures to .be readily accom-
plished without changing the value of the indices or the structure of the
calculational methodology. In the remainder of this appendix, and in particu]ar,
Sections G.3-G.5,. the calculational procedures are developed and discussed in
the context of these 1nd1ces.

1.2 Impact Measures-

The 1mpact measures quantit1ed in this EIS to determine a preferred alternative
or option associated with the management and disposal of LLW are summarized in
Table.G.1. These .impact measures .can be summarized into five groups: dose to
members of the public, occupational exposures, costs, energy use, and land

. use. Two of these measures--individual and population exposures associated
‘with the handling and disposal of the'waste--are representative.of the level

“ - of short-~and 10ng-term protect1on of the human env1ronment from radio1ogica1
T 1mpacts. Peil I A

" The other measures--e.gd., costs, energy use, and’ comm1tted 1and area associated
with the disposal of waste--are representative of the level .of long-term pro-
tection of the human environment from socioeconomic impacts. Other potential
_impact measures “suchias man-hours ‘and material. requirements (e.g., clay,
'"gravel concrete), are implicitly-included in the.above’ five impact measures.
‘In view of past disposal history and practices,  impact measures. re1ated to
‘7long-term protection of the human environment are stressed TR

" The" methodologies selected for determlnation of 1ndiv1dua1 and popu]ation
exposures resulting from the disposal of waste, which are discussed in
Section 3, are primarily geared towards the generic nature of the analysis.
According]y, determination of the relative effects of various barriers between
~ the waste- and the human environment--waste: form and packaging, site selection,
site deszgn and operation, and institutional controls--occupy-a prominent
place in the formulation of the'calculational procedure for the disposal



Table G.1 Quantiffable Impact Measures Considered
"~ in the EIS

Waste Management ?hase_ Impact Measure

Waste Processing Costs
) ' Energy Use
Occupational exposures due
to waste processing
Population exposures due
to waste incineration

Waste transportation Costs
Energy use
Occupational exposures
Population exposures

Waste disposal Costs

Energy use

Land use.

Occupational exposures

Exposures to individuals
and populations due to:
o operational accidents
o ground-water migration
o inadvertent human

intrusion

impacts. Potential occupational exposures from waste disposal are calculated
based upon assumptions regarding the interface between waste transportation

and waste disposal. In comparison, calculation of other impact measures--cost,
energy use, and land use--is relatively straightforward based on the information
and assumptions presented in the other appendices of this environmental impact
statement and other references (Refs. 1-6). ‘

The impact measures associated with waste processing. and transportation--i.e.,
occupational and population exposures, costs, and energy use--are all repre-
sentative of the level of short-term protection of the human environment
afforded by the alternatives considered; it is assumed that no land is per-
manently 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 Section 4, and the population exposure
calculational procedures given in documents such as References 8 and 9.

Impact measures associated with waste processing, presented in Section 5, are



ca]cuiated based on- the assumptions presented in Reference 6 and the transfer
factors deve]oped in Reference i

AN

T2, PATHWAY ANALYSES = ' = ¢

After the’ waste has been’ disposed of through an acceptab]e méthod, control
echanisms such as waste form (processing), 51te seiection,_site design and
' operation, site c]osure, and 1nstitutiona1 controls’ begin to function. It is

" thesé control mechanisms that Constitute "barriers" which confine and control
" to acceptable levels the interaction of the waste with the environment This

section discusses the mechanisms through which the waste may interact with the
environment after disposal, and provides an overview of the interaction
mechanisms in terms of appiicab]e controi mechanisms and the characteristics
“of the disposal system "The characteristics of the' disposa1 system include
“‘those associated with waste form and packaging (see Appendix D), facility
design and operation (see Appendices E and F), and administrative requirements.

2.1 Introduction e T . o ¢

There are many diverse mechanisms through which radionuclides contained in LLW
. may be potentia11y released (i e., mobilized from the waste and become accessible
to a transport agent such as wind or water), transpérted through ‘the ‘environ-
‘ment (i.e., moved ‘from one location to another: through the atmosphere or soil
_bya transport agent), and thereby ‘become accessible to ‘humans through various
" pathways. Human access to ‘the radioactiv1ty may result efther ‘through direct
‘human contact with contaminated materia] (e. .g., inhalation of air, ingestion
of water, or direct exposure to- radiation) or indirect]y through contaminated
biota (through’'a multitude of pathways Jdnvolving vegetation and anima]s) 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 oper-

» f ational procedures. "These diverse release/transport/pathway ‘'scenarios ‘should

be unified so as to achieve a simple, accurate, ‘and readily usable methodology
for pathway analysis. The development of the methodology employed in this EIS
for pathway analysis is based on the following procedure:

o Define and analyze the potential re1ease/transport/pathway scenarios
o that may lead to radiation exposures to either individuals or
" populations, and select the significant scenarios for future ana]ysis.

"o Simplify the structure of the seiected re]ease/transport/pathway
. scenarios by separating the radiation release and transport mechan-
isms from the pathway ‘mechanism. - "In other words, separate the
,;;caicu]ationai pracedures used -to model release of radionuclides and
" ‘movement " through 'the "environment ‘from those ca1cu1ationa1 procedures
o _used to model the resu]ting dose to humans. ’

o 'Determine appiicab]e radionuclide-specific dose conversion factors
for various human organs for human exposure to contaminated material



for all release/transport/pathway scenarios. The dose conversion
factors, henceforth called the pathway dose conversion factors
(PDCFs) to distinguish them from the conventional use of the term
"dose conversion factor," are determined for an entire pathway to
permit rapid determination of dose equivalent rates to human organs.

() 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]og1ca11y or
administratively lmplemented that affect these release and transport
mechanisms.

0 Utilizing the 1nformat1on presented in Appendices D, E, and F,
determine the various options available for these contro] mechan1sms
in terms of waste form, site selection, site design, site operation,
and institutional requirements.

0 Finally, determine the potential radiological impacts from the
disposed LLW for various alternative options.

The methodology considers only one radionuclide at a time. Total 1mpacts
resulting from the movement of radionuclides from the waste and through the
_environment are obtained by summing over all of the radionuclides assumed to
be present in the LLW. Several radionuclides considered, however, result in
decay chains (Ref. 6). These decay chains are implicitly 1nc1uded by incor-
porating the effects of the daughters through the dose conversion factors for
the parent radionuclide or by decaying the appropriate fraction of the parent
radicnuclide and add1ng it to the daughter radionuclide inventory (as in the

example case of the decay of Pu-241 to Am-241).

- 2.2 Release/Transport/Pathway Scenarios

In. accordance with the first two steps out11ned above, the def1n1t1on and
simplification of the potential re1ease/transport/pathway scenarios that are
.quantif1ab1e and can lead to significant radiation exposures to humans are
discussed in this section.

2.2.1 Approach

The conventional approach to quantifying the routes and pathways between
. radioactive materials and humans, and thereby determin1ng the resulting radio-
logical impacts, is widely known and can be found in the literature (Refs. 10,
11). A representative d1agram is given in simplified form in Figure G.1.

As . shown in this flgure and beg1nning with the disposed ‘waste, the transfer
of radionuc]ides (and/or direct gamma radiation) is traced a]ong numerous
transport paths as the contamination is transferred between ad301n1ng compart-
ments and is eventually taken up by humans.. The boxes represent the contaminated
media and the arrows indicate that containment transfer can occur between
adjacent compartments via the stated radionuclide-mobilizing mechanism.
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This classical pathway methodology is'very useful in determining specific
impacts associated 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. Moreover, the diagram does
not permit rapid identification and analysis of alternative control mechanisms,
which may be used to reduce or eliminate the potential radiological impacts.

To aid in analyzing alternative overall performance objectives and technical
criteria, a more practical calculational procedure is needed which separates
those parameters that can be controlled (through technological and/or admini-
strative requirements) with a high degree of confidence from those that cannot
be controlled with the same degree of confidence. For example, waste form and
. packaging are parameters that may be potentially controlled 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 G.2.

As can be seen in this figure, most of the site-secific pathway compartments
and parameters have been separated from the rest of the diagram at the biota
access locations. Most of the parameters which can be controlled (which are
the solid waste/soil mixture box and the connections of this box with the
other biota access locations) have been separated from the rest of the dia-
gram. The significance of this separation is that performance objectives,
technical requirements, and administrative regulations which would be for-
mulated to reduce the radiological impact of LLW disposal would be aimed at
the controllable parameters.

After contamination reaches 'a-biota access location, it becomes available for
immediate or eventual uptake by humans. Comparatively little control (mostly
through site selection) can be implemented over the segments of the pathways
beyond these biota access locations (e.g., selection of a desert location may
minimize ingestion pathways).- Because of this comparative lack of control,
movement of radionuclides through the pathways beyond the biota access loca-
tions and resulting human exposures may be expressed through radionuclide
specific pathway dose conversion factors (PDCFs) that are independent of the
original means of contamination. Based on an appropriate reference concen-
tration at the biota access location (e.g., 1 curie/m® of contaminated media),
the dose to humans may be calculated for each pathway from the biota access
location to the point of eventual human exposure. 1In other words, once the
radionuclide concentrations at the biota access locations are known, potential
human exposures may be determined by multiplying the actual access location
co;cgntration Ca (in units of Ci/m3) by the PDCF (in units of millirem per
Ci/m3):

H = PDCF X C. (G-1)

where H is the human dose in millirem (see Section 2.4). As an example of the
development and use of a particular PDCF, consider the impacts that could
result to a human from the presence of a concentration of radicactivity in
offsite air. Potential exposures could result from the following uptake
pathways:
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o Inhalation of the contaminated air;

o Direct gamma exposure from standing in the contaminated air;

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

o Direct gamma exposure from contaminated dust deposited on the ground;

o Inhalation of contaminated dust which has been resuspended from the
ground surface; :

o Consumption of vegetables containing radionuclides transferred into
the plant through root pathways; and

o Consumption of food containing radionuclides transferred to the food
through various pathways such as plant-animal-meat or plant-animal-
milk.

At a specific site, the dose resulting from these uptake pathways would be
determined through the use of (1) transfer factors such as the air-to-leaf and
soil-to-air transfer factors and (2) fundamental dose conversion factors (DCF)
such as the inhalation DCF (50-year committed dose per pCi inhaled) and ingestion
DCF (50-year committed dose per pCi ingested).

The transfer factors and the actual potential impacts would be specific to
particular environmental conditions (e.g., humidity, types of food grown,
etc.) and specific human actions at the location where the airborne contamination
occurred. However, for generic analyses, reasonable yet conservative assump-
tions-may be made regarding such environmental characteristics and human
actions. Based upon these assumptions, the potential individual organ dose
that could occur as a result of each uptake pathway can be calculated. The
doses from each uptake pathway may be then summed to form, for each individual
organ, a single pathway dose conversion factor that represents the total
potential dose received from all uptake pathways. The end result is the
ability to quickly determine on a generic basis (e.g., by consulting a table
and multiplying), the total potential organ doses received by a human from any
concentration of radionuclides in air.

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/Transport Mechanisms

This section discusses in more detail the release/transport mechanisms:considered
in this appendix. It is broken up into three subsections. In the first
subsection, the release scenarios are discussed in relation to the transport
agents potentially mobilizing the radioactivity in addition to the time periods
during which the radioactivity may be mobilized and/or reach a biota access
location. The second subsection (Section 2.2.2.2) describes the separation of °
the calculational methodology into control mechanisms. The specific release/
transport scenarios considered in this section are then described against the
background of the first two subsections. These scenarios are separated into
those which are principally a function of the radionuclide concentrations in
the waste (the "concentration scenarios," Section 2.2.2.3), those which are

num_



Qpr1nc1pa11y a funct1on of the tota1 inventory of’ rad10nuc11des in the waste
~ (the "total activity scenar1os,“ ‘Section'2.2.2.4),  and other short-term scenarios
'assoc1ated w1th proce551ng, hand]1ng, and transport1ng the waste (Sectlon 2.2.2.5).

!

‘%AZ 2. 2'1 T1m1ng of Re]ease/Transport/Pathway Scenario -

There are three fundamental transport agents which can mobilize rad1oact1v1ty
from d]Sposed waste' )
. o; L‘D1rect Contact--The waste may be d1rect1y accessed by humans through
© . . gama-ray exposure or through human act1v1t1es wh1ch contact the-
‘,waste/soil mlxture A

o A1r--A1r ‘can mobilize rad1oact1v1ty from the’ waste when the waste is
T ‘dlrectly exposed to or released 1nto the atmosphere '

.0 Water--Ground water and surface water can act as transport agents to
s - o mob111ze rad1oact1v1ty from the waste Lol o

Moreover, there are two comparat1ve1y dlst1nct time per1ods of the s1te 11fespan
during which releases from LLW can reach a biota access location: ' the opera-
., tional per1od and the postoperational period. The postoperat1ona1 ‘period may
““’be further ‘divided into the closure and observation period, the active 1nst1tu-
_ t1ona1 contro1 per1od and the pass1ve 1nst1tut10na1 contro] per1od

;gperat1onal Per1od--The operat10na] period 1nc1udes the t1me dur1ng wh1ch

waste disposal’ operations take place. Durlng this per1od the pr1nc1pa1
mechanism ‘at a disposal facility that can resu]t in s1gn1f1cant transport ‘of
radloact1v1ty 'to’ a biota access location is an operat1ona] accident. ' In this
case, wind is the primary transport agent the biota ‘access location becomes

. Aoffs1te air, and the exposure. per1od 1s acute--1 e., a d1screte event occurr1ng
'; over a short t1me span. ' '

ioee e

Dur1ng this’ per1od the s1te operator 1s respons1b1e for: the control ‘and -
maintenance of the s1te. Potent1a1 1mpacts from operat1ona1 acc1dents are
important but not directly related to the long-term performance of a° near-

. surface disposal’ fac1]1ty Operational accidents are 1mportant 1nsofar as
'potent1a1 operat1ona1 releases may ‘be" prec]uded or minimized by 1mprovements
in. waste. ‘form and packaging or site operat1ona1 procedures. Potent1a1 ‘offsite
» exposures "due to ‘surface run-off’ from contaminated onsite soil may ‘occur;

" however, they are not quantitatively analyzed in the EIS. ‘Such’ potential
short-term exposure would be addressed as part of licensing specific disposal
..facilities.. Routine occupatlona1 exposures during the operational period are

T"fcons1dered in Section G.3. Ground-water: ‘migration is not ca]cu]ated dur1ng

this.period for calculational convenience, and because of "the short time span
"and operat1ona1 measures that wou]d be taken to m1n1mlze ‘the potent1a1 for
mlgrat1on. ‘

-t i

;, Durlng the’ operat1ona1 perlod “other short-term exposures ‘would also result at

locations other than the’ d1sposa1 facility site. ‘Exposures to popu1at1ons
could result from airborne releases of radioactivity during waste processing
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- activities--especially if such processing activities involve incineration of
combustible waste streams. - Such processing act1vit1es would be performed by
the waste generator or at centralized processing centers. Population exposures
would also occur during waste transportation to the disposal facility. Occupa-
tional exposures would result to waste handlers while generating and processing
waste streams, as well as to personnel transporting the waste to the disposal
facility.

Closure and Observation Period--This period lasts from the end of disposal
-operations at the facility to the time that the title for the facility is
transferred to the site owner.  The period begins during the time that the
disposal facility is closed and lasts through any period of observation
carried out by the site operator to assure that the disposal facility is

in a stable condition prior to transfer to the site owner. During this period,
the facility operator is responsib]e for the control and maintenance of the
site. The ground-water scenario is initiated during this period.

Active Institutional Control Period--The activeﬂinstitutional control 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 institutional controls
is assumed to occur. During this period, the waste is not exposed to the

. atmosphere.. The waste may, however, interact with humans through:d1rect .
radiation attenuated through the disposal cell cover. Thus, the waste itself
is an access location. The other principal agent that can transport‘radib?
activity from the waste during this period is ground water, which may transport
the radioactivity to, locations where the radioactivity may be accessed by
humans. Possible access locations could 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).

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, surveillance, 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 scenario, in comparison with other sceparios, is likely not
to be significant since the radiation must pass through the intact trench
cover. However, the ground-water scenario is assumed to continue during this
period.

Passive Inst1tutional Control Period--During the passive institutional control
. period (after active institutional controls are assumed to have ceased), the
waste may be exposed to the atmosphere through erasion or human activities.
During this period, the waste/soil mixture may be potentially directly accessed
by humans. For example, a house could be. {nadvertently constructed on the
waste disposal . facility and, after the house is constructed, a person or small
group of persons could live in the house and possibly consume garden vegetables
grown in the soil/waste mixture. In addition, wind and water may act as
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“ " -transport agents that may lead to dispersion of radionuclides and offsite

contamination. The ground-water scenario continues during the passive institu-
, tiona1 contro1 period

During the active institutional contro1 period, 1t may be assumed that active
controls’ exercised by the site owner on the closed disposal site will grad-
‘ually lessen. = The period ‘of time’ between the site inspection and routine

" ‘monitoring of the 51te wi11 1engthen

Eventua11y,.a passive institutiona1 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
1nappropriate use of the facility by humans occurs.: As extreme examples of
inappropriate use, a house may be constructed -on the" disposa1 facility and

- persons may ‘1ive in the house. It is 1ikely,; however," that the passive
“institutional controls would preclude continuation of inappropriate site use
for long time periods.

- 2.2. 2 2- Contr01 Mechanisms

¥ < g

The release and transport of radioactivity from the disposed of LLW are signifi-

".cantly affected by the properties and characteristics of the waste form and

"~ packaging, site design and location," disposa1 practices, etc. Most, if not

all, of these items are controllable to -some degree. ~Specific contro1s of

these items can be made mandatory through administrative regulation' hence,

these may be termed regu]atab?e items or contr01 mechanisms

In order to permit the specification of contro1s and the quantitative assess-

" ment of their effects these control mechanisms should be identified
"unambiguously.' “To accomplish this, each re1ease/transport mechanism may be

broken down into its component.parts. :

“For examp]e, consider the action.of rainwater on.a near-surface diSposaI
faci]ity Rainwater (the initial form of the transport agent) may seep down
“*into the waste, contact and leach’radioactivity from the waste (thereby becoming
-Jeachate),” become contaminated and continue seeping downward.' “The conhtaminated
water may then move through the transport medium to a well or to-a river
(biota access location) where it is withdrawn for use in human consumption,
‘crop irrigation, animal watering, etc. The following barriers and control
mechanisms can be identified
-0 Rainwater infi]tration into the waste ce11 can be reduced by a
- - “Jow-permeability clay cover over a waste disposal trench. -This
barrier can be controlled through site design and stabilization
operations during site closure.

0 Water that does enter the trench can be partia11y inhibited from
picking up contamination from-the waste by either assuring that the
waste container does not permit contact between the waste and water
(this may be ‘accomplished through the use ‘of a high integrity con-

" tainer) or by permitting ‘only the disposal of waste that releases
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radioactivity very slowly upon contact with water. This barrier can
be controlled through waste form and packaging.

0 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 may be undesirable and should be utilized with
caution. Accumulation of leachate could.occur which could fill up
the trench and eventually possibly lead to overflow of the trench.
This barrier can be controlled through site design.

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

o Once the transport agent reaches the biota access location, another
mechanism that would reduce the magnitude of the contaminant concen-
tration 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 potentially controlled through site selection.

o Finally, the point in time at.which the ground-water scenario:is
initiated depends on waste form and packaging, site operational
procedures, and administrative requirements. For example, the waste
may be packaged in a high integrity container. This results 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
applied quantitatively to-each release/transport scenario. This may be.
accomplished by using an interaction factor (denoted by the symbol I) that
relates the radionuclide concentration in the biota access location to the
radionuclide- concentration in the waste:

Ca .= Ix Cw - , (G~2)

where (C_) and (C ) are the concentrations of the radionuclide of concern, in
units of (Ci/m3), at the bhiota access location and in the waste, respectively.
The interaction factor (I) can further be compartmentalized in terms of the
barriers discussed above:

I= fo X fd X fw X fs (G-3)
‘where

f = time-déﬁay barrier factor. This factor accounts for all the control
mechanisms that increase the time period between termination of
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... .-waste disposal:at the site and ‘the 1n1t1at1on of contact between the
- transport agent and the waste.

-ty
n

fq site design barrier factor. This factor includes the effects of any
engineered barriers designed into the waste disposal facility, p1us
- any site operational practices that may reduce transport.‘ﬁ

f = waste form .and package barr1er factor. Th1s factor accounts;forfthe
physical and chemical characteristics of the waste at the time of:
the initiation of the release/transport scenario that may inhibit

e contam1nant transfer to the transport agent. o : o !

.-f3~=ys1te se1ect1on barr1er factor. Th1s factor 1nc1udes the effects of
% . the patural site environment that contribute to reducing the contain-
ment concentrations at the biota ‘access location. :

These four .factors may .be used to represent the control mechanisms. These
four factors are not the barrier criteria themselves, but may be used to help
determine the barrier criteria. 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 barr1er needed to ach1eve
the desired effect. - P : o oo .
For the remainder of this appendlx, the release and transport of radionuclide
from waste at a disposal fac111ty is descrlbed in- terms of ‘these- four barr1er
factors. e

2.2. 2 3 Concentrat1on Scenar1os
Three scenarlos whose 1mpacts are a funct1on of the concentrat1ons of rad1o-
nuclides in the waste streams are considered in this section., The. first.
. 'scenario. considered concerns accidents .that -may happen during: the operat1ona1
-period of the disposal facility lifespan, .and which- -may ‘result:in offsite.
atmospheric transport of radionuclides. . The other two scenarios are concerned
with exposures .to a potential inadvertent -intruder. : ‘An. dintruder. may -unin-.
tentionally come across a closed waste dlsposa] site due to a temporary breakdown
in institutional controls, and subsequently modify it for a specific purpose
such' as housing construction or agriculture. As a result, short- and Tong-term
radtat1on exposures to the 1nd1v1dua1 can ensue.

Two of the concentrat1on scenar1os (acc1dent and 1nadvertent 1ntruder-construc-

tion) are acute exposure events. Thus, the release and subsequent exposure

occurs for a limited period of time (less than a year). The other scenario

(inadvertent: intruder-agriculture). is .assumed to be chronic, since it is.

possible (but very- un]ike]y) that, the intruder would 1ive for severa1 years at
"~ the s1te before it is discovered that there is a hazard.

Few 1nd1v1duals are expected to be invo]ved in the concentrat1on scenar1os,
and they may also be distinguished from the total activity scenarios by the

- dose ‘1imitation criteria which may be applied. -Different limits on allowable
human doses may.be used, depending upon whether a few individuals or populations
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are exposed. The equation generally applicable to the concentration scenarios
is:

c, = IxC, » (G-2)

where (C_) denotes the radionuclide concentration at the biota access location
and (C )“denotes the radionuclide concentration of the waste, both in units of
(Ci/m3Y; and (I) is the dimensionless interaction factor, which depends on the
specific scenario considered. '

For these scenarios, the undecayed radiocactive concentrations are utilized

which neglect any decay during the operating life of the site (Ref. 1, 6).

This is a conservative assumption for the construction and agriculture scenarios
since the inadvertent intruder may initiate the scenario at a location containing
waste from the first year of facility operation.

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

I= fo X fd'x fw X fs. | (G-3)

where all the parameters are dimensionless, and where

f° = time-delay factor;

fd = site design and operation factor;
fw = waste form and package factor; and
f, = site selection factor.

The time-delay factor (fo) is expressed as a radionuclide 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 dis-
posal technology being cdnéidered, For the accident scenario, no credit for
radioactive decay can be assumed and (f_ ) will be taken to equal one. How-
ever, for the construction and agriculture scenarios, it is given by the
formula:

fo = exp[ -AT] (G-4)
where A is the radionuclide decay constant in units of 1l/year, and T is the
period of time between the cessation of disposal operations and the end of the
active institutional control period.

The site design and operation factor (f,) expresses. the waste fraction that is
available to the transfer agent. It'usﬂa]]y depends on the efficiency of:the
disposal design. Furthermore, its definition and value depends on whether the
scenario is an inadvertent intruder scenario or an accident scenario (see
Sections 3.4 and 3.6). S

The waste form and package factor (f ) expresses the résistance of the waste
to mobilization by the specific tranffer agent initiating the scenario. For
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“‘example, this factor would be cons1derab1y Tess than unity for waste’ ‘'streams

. so11d1f1ed in a matrix and/or packaged in containers ‘that ‘are 11ke1y 'to retain
“their 1ntegr1ty at the time of inadvertent 1ntrus1on. This factor is a property
‘of the waste stream as it is being disposed.’ : T
The site selection factor (f_) depends on many parameters In some cases, it
is proportional to the fraction of a year that the human exposure episode
takes place. In other cases, however, (f_ ) is also proportional ‘to the release/.
transport/transfer ‘factor between the bio%a -access locations. For- example,
_for the inadvertent intruder-construction scenario, it is proport10na1 to the
transfer factor between contam1nated so11 and contam1nated air.

A brlef descr1ption ‘of ‘the concentrat1on ‘scenarios is presented be]ow. Spec1f1c

" values of the transfer factors used to calcu]ate 1mpacts ‘are d]SCUSSEd 1n

Section 3 and Reference 1. S

r L ~

 Accident Scenario:ff'

Nonoccupat1ona1 acute radiation exposures may result from p1anned and unp]anned
releases of material to offsite environs during the operational:1ifé of a-
disposal facility. Planned releases would be addressed on a s1te-spec1f1cm
basis during the licensing phase of site’ startup Two accidental release * |

. scenarios can be postulated. One of them involves a postulated breaking open
of a waste container-and" subsequent release of airborne rad1oactivity, and the
second scenario coniders the- consequences of a fire igniting in an open disposal
trench ‘with subsequent’ burn1ng of a portion of the ‘waste ‘and airborne’ re]ease

- oof combustion products. The ‘comparative severity of these two scenarios "~

depends .on various parameters 1nc1uding those assoc1ated w1th the waste form-
and with site operat1on.

Construction Scenario

An inadvertent intruder may excavate or construct a building on a disposal
site following a breakdown in institutional controls. Under these. circum-
stances, 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 gen-
erated may be then entrained by localized turbulent air currents and’ can thus.
‘become available for 1nha1ation by the intruder. The. intruder may also be
“exposed to direct gamma” radiation resu1t1ng from airborne part1cu1ates and- by
working direct]y in the waste-soil mixture. For conven1ence, this scenario is
" called the’ intruder=construction scenar1o ~and appropriate va]ues app11cab1e
to typical construction activities are used

The length of time that the intruder is exposed to radioact1v1ty w111 be a
funct1on of the stabi11ty of the waste encountered I1f the waste is: assumed
‘to be' degraded into an unrecogn1zab1e form, then it:is possib1e that such-

" construction activities could proceed However, if the waste is 'stabilized to
the point that the waste mass-is clearly’ distinguishab1e as someth1ng different
than ordinary dirt, then it is likely that the inadvertent intruder would stop
and investigate. In this case, which can be considered a subset’ of the
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A1ntruder-construct1on scenario and. is termed the. intruder-discovery scenario,
- the inadvertent intruder is only exposed during initial discovery of the
disposed waste. That is, the same exposure pathways would be involved as for
the intruder-construction scenario, but the length of time that the scenario
s assumed to occur is reduced.

'Agriculture Scenario

In this scenario, an inadvertent .intruder is assumed to occupy a dwelling
Tocated . on the d1sposa] facility and ingest food grown in contaminated soil.
(This scenario is assumed to be possible only if the waste has been degraded
to an unrecognizable form.) Garden crops may be subject to:radionuclide
contamination as a result of direct foliar deposition of fallout particulates.
Garden crops may also uptake radionuc11des via soil-root transfer from contam-
‘inated soil. _The inadvertent intruder may also be exposed to direct gamma

. radiation from the naturally suspended rad1oact1v1ty and from the waste-soil

mixture. He. may also inhale contaminated air particulatés. For convenience,
this_scena%io_js called the intruder-agriculture scenario. ’

'2.2.2.4 Total Activity Scenarios

This section considers those re]ease/transport scenarios that are dependent

- upon the. entire activity disposed of at the site. . Therefore, all the waste
streams disposed at the site contribute to the radionuclide concentrations at
the biota access locations. The degree of. contribut1on from a given waste
stream is a function of its volume and characteristics (e.g., its form and’
packaging) and facility design and operating pract1ces (e.g., waste segregation).

A1l of the total act1v1ty scenarios are chronic exposure scenar1os (i.e.,
continuous release and exposure). The equation applicable to the total activ1ty
scenarios for each radionuclide is:

Ca =215 x Oy _' | (6-5)

where (C ) and (C wi) denote the radionuclide concentrations at the’ b1ota -
. access locat1on and in the (1) waste stream; respect1vely, ‘and (I ) 15 the

interaction factor between the (1) waste stream and the biota access .

- . location. The capital sigma indicates .that the total radionuclide concentration
_at the 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 d1str1bution of the waste streams.

For these scenarios, radioactive concentrat)ons averaged over the time of
waste generation and disposal are utilized as a source term (see Appendlx D
and Reference 6). In other words, the radionuclides in waste streams.that are
disposed of ‘at the-beginning of. the disposal site operationa] period are
decayed to the end of the operational period.
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The interaction factor (I ) can genera]ly be expressed through the following
equat1on '

I.=f xfdixf.xf. IR . (G-6)

e

fo t1me de]ay factor (d1mens1on1ess),

.fdi = site des1gn and operation factor (dimensionless);

itfw%
':fwi

waste'form'and package'fattor'(m?/yr); and © i

s1te selectxon factor (yr/m3),

]

and where the values of f fw1 and f 5 may be funct1ons of the propert1es of
the individual waste stregms.

Ground-Water Scenarlos

f’There are severa] ground-water scenarios depend1ng on the assumed b1ota access
Tocation. 'One of the-access locations is an onsite well which may be drilled
and used by a potential ‘inadvertent intruder’ (intruder-well scenario);- another

" is a well at the boundary of the site which may be ‘utilized by individuals -

(boundary-well scenarlo), a third location is a well: pumped for ‘common use by -
a small population some distance away from the disposal fac1T1ty (population-well
scenario); and the fourth location is a stream that receives the discharge _

* from the -unconfined ‘ground-water table and wh1ch may be used by & larger -~
‘popu]at1on (popu]atlon-surface water scenaria). “‘In this‘append1x, it is-
assumed that the water table gradient underneath the site is unidirectional,
and that a well ‘located at the boundary of the d1sposa1 area (rather than the
‘boundary of the site) contributes to the intruder scenarios. : This ‘location is
‘more conservative than a well located in the middle of the site since on]y
about half of the potential effluent ‘from the site would contribute to the:
contamination at a well .located in the middlie of the site (Ref. 1).

The barrier factors f,.'and f . are assumed to be independent of the -areal -
extent of the d1sposa?‘fac111¥y, however, the factor f_. represents these
areal’ re1at1onsh1ps The factors f . and f:. and the1§ computat1ons are
'stra1ghtforward and representative va]ues er these factors: are glven in -
Sect1on 3. However,_a br1ef d1scuss1on of f is’ presented below o
N
The following generaI equation 1s applicable to determxne the s1te se1ect10n
factor f (Refs 2, 3)

Si~ ti g/Q : R e S E (6-7)

where .

f

Q = dilution factor in qnits‘OffYoiume/time; |
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r_ = dimensionless time-independent reduction factor due to the
transverse (perpendicular to the ground-water velocity direction)
spatial relationship of the disposal facility with the discharge
location; and

1
I

dimensionless reduction factor due to migration and radioactive _
decay; this factor is dependent on both space and time including
the longitudinal (in the direction of the ground-water velocity)
spatial re]at1onsh1p of the disposal facility with the d1scharge
Tocation.

ti

The factor Q is independent of the.characteristics of the disposal 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 well
or the flow rate of a river. The factors r_ and ryq are discussed in

Section 3.5. g

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. .The mechanism that initiates uncov-
ering of the waste may be erosion of the waste cover by surface water or wind
action, or it may be anthropogen1c act1v1t1es such as farming. Initiating
mechan1sms related to human activities are examined in the intruder-agriculture
.and intruder-cdnstruct1on scenarios, and initiating mechanisms related to
erosion of the waste cover are examined in Reference 1.

There are two basrc exposed waste scenarios dependlng on whether the transfer
agent is wind or surface water. Only population exposures are considered in
these scenarios;. individual exposures 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. The equations and values
for the various barrier factors used in the calculations are examined in.
Sect1on 3. : :

2 2 2 5 Other Rad1o1oglca] Release/Transport Pathways Considered .

A number of other radio]oglca1 1mpact re]ease/transport pathways are. a1so
considered. in this EIS and appendix. These are all short-term pathways related
to the management of LLW occurring at locations other than the disposal facility
site. Unlike pathways involving releases of radioactive material from a
disposal facility, component parts of these release/transport pathways are
generally not broken out into the four barrier factors discussed in

Section 2.2.2.2. These impact pathways include the following:

o  airborne releases from incinerating combustible waste streams at
waste generator locations;

o  alirborne releases from incinerating combustible waste streams at a
centralized waste processing facility;
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‘o population exposures due to transportation of waste to the disposal
1 facility; : : : SEEAES

o’ occupat10na1 exposures received during waste processing, o
S S occupational exposures received during waste transportation, and

0 occupationai exposures received during waste dlSpOS&]. .

"Spec1f1c vaiues of parameters used to determine the. magnitude of 1mpact5‘from
: n.these pathways are presented in Sections 3. 8 4 and 5

. 2 3 Other Potent1a1 Exposure Pathways

o - .- 4,

The above reiease/transport mechanisms .are believed to be comparativeiy the
.‘most significant potential pathways to human exposure,-and calculational-pro- -
. cedures are developed in this appendix to determine potential human exposure
levels resulting from these pathways. There are other potential pathways to
humans which may be considered during development of performance objectives and
technical: requirements, but calculational procedures to estimate specific

- ‘exposure - levels were not developed.-iThese'potentia] exposure pathways include
. the foi]owing (Ref 12): S S '

o A'Ground-water migration during the operationa1 period of the fac111ty
R tlifespan, : , .
‘o' ‘The bathtub effect--f1111ng up of the disposa] ceiis with accumu]ated
ieachate and subsequent overflowing,
o ?JDiffu51on of radiOisotope tagged decomp051tion gases through disposa1
oo .cell covers; and U oo S

‘07}7'Dispersion of- radioactive material by means of sur¥a¢é runoff'or
- «.wind dispersion from acc1denta11y contaminated 51te surfaces .and
~tequ1pment ‘ : : -

A1l of these potentia] pathways have been -observed at DOEfoperated;and/or
‘commercial ‘disposal facilities (Ref.:12). . The .first three pathways are funda-
mentally caused by site ‘instability prob]ems--that is, by .degradation of
.compressive material within a disposal cell and: subsequent -subsidence :of the
‘disposal cell contents, leading to cracking and slumping of -disposal cell
covers and increased infiltration .of -rainwater into the disposal cell.

sites with moderate to high permeability soils, an infiltration probiem

" (resulting from a subsidence problem) can:lead to migration of some radionu-

. .clides 'being observed during ‘the operational period of the facility life.

* This:would 'principally:involve very.mobile radionuclides -such .as tritium.

- However, during site operations the:potential for ground-water migration would
.be monitored and if it occurs, the licensee would take steps to correct the

situation. Of more concern is the _potential long-term migration of all.the

- radionuclides in the waste after site operations.have terminated. --At sites
~with very low permeability-soils, an infiitration probiem can aiso Jead to



collection of trench leacnate in-disposal cells. This leachate would have to
be removed and treated during disﬁosal operations.

It has been demonstrated that potential problems of increased infiltration
(migration during the operational period or the bathtub effect) can be mini-
.mized 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 %equ1red dur1ng site oper-
ations. Of more interest from a regulatory point of view is the long-term
~stability of a d1sposa1 facility and methods which may be used to ensure this
stability. Impacts from the bathtub effect could ultimately include overiand
flow of a few to some-hundreds of gallons of leachate. The principal impact,
however, is 11ke1y to be the very high costs of remedial action, which could
include pumping, treating, and.solidifying leachate, and restabilization of
trench covers. This remedial action could resu1t~in an expense to a site
owner of better than a million dollars per year for a number of years (Ref. 12).
Treatment of leachate would. 1nvo]ve girborne or waterborne release of radic-
nuclides.

Past disposal experience indicates that potential diffusion of radioisotope-
tagged decomposition products is small and can be significantly retarded by
facility design and operating practices such as thicker trench covers (Refs. 13,
14). 1In any case, generation of decomposition gases would be reduced through
efforts to minimize the degradation of trench contents. That is, actions
undertaken to promote site stability and to minimize or eliminate trench
subsidence will also serve to significantly reduce generation of 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 licensing
of individual disposal facilities, and calculational procedures to estimate

the levels of these potential impacts are not developed in this appendix. In
any case, these impacts can be reduced to negligible levels through strict

- onsite 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 contributors to onsite contamination has been accidental
spillage of low-level waste liquids which were at one time delivered to some
disposal ‘facilities for solidification and disposal, and spillage of trench
leachate during pumping for treatment. More recently, however, this practice
has been discontinued and all disposal facilities accept only solid wastes for
disposal. Probably another cause for onsite contamination is through excessive
free-standing 1iquids in (and leaking out of) disposal containers.

" Intrusion by deep-rooted plants or burrowing animals through disposal.cell
covers is another potential pathway. This intrusion could potentially result
in increased human exposures by three general mechanisms: (1) surfacing of
radioactive material: which could then be dispersed by wind or water, (2) human

"~ consumption of contaminated plants or animals, or (3) increasing rainwater

perco]ation into the disposed waste; thereby increasing radionuclide. migration
through ground water. These potential exposures, particularly the first two
mechanisms, are difficult to quantify. Past occurrences of plant and animal
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intrusion at existing disposal facilities, potential exposure pathways to
- _.’humans, and methods to reduce or preclude such.intrusion are,site‘Specific and
“'would be ‘speculative to qUantify‘in the generic analysis developed in this,
EIS. 1In any case, the major impact of deep-rooted plant and burrowing animal
intrusion at a disposal facility is. 11ke1y to be to increase the potentia] for
ground-water migration. This effect 1s quantitatively con51dered in this
i appendix (see Section G.3. 5) :

2. 4 Pathway Dose Conversion Factors

The .use of the pathway dose conver51on factors (PDCFs) in the ca]cuiationai
~.:methodology is straightforward It s multip11ed by .the ‘radionuclide concentra-
tion at the biota access location(s) (c ).to.obtain the human ‘exposures:

H= PDCFxC SR . ~(G-1)

where- PDCF stands for the pathway dose conversion factor in millirem (mrem)

" per Ci/m® for. ‘the acute exposure scenarios -and in- mrem/year per Ci/m3 for the
chronic exposure scenarios. The radionuclide concentration at the biota
access 1ocat10n (C ) 1s in units of Ci/m3. .

In thTS work for acute exposure H w111 be taken as the dose in mrem, received
during 50 years following a one-year exposure to the radioactive material; and
forchronic exposures, H will be:taken as the dose rate.-in mrem/year, réceived
during the 50th year. of an’ exposure period lasting 50 years..

Hereinafter, the qualifier equivalent is assumed to be 1mp11c1t in the term
dose; simi1ar1y, the dose equ1va1ent rate will be referred to as the dose

rate. . A_r S

Some of the acute exposure scenarios last for much shorter periods than oneé
year. ‘However, for ca1cu1ationa1 convenience all acute exposures will be
assumed to last one year. - A correction factor, used to normalize acute periods
to the one-year reference value, will be incorporated into the release/transport
portion of the scenario, usua]ly into the site selection factor f , as appro-
priate to the scenario.,rh

2 4 1 gptake Pathways R

The PDCFs for the. scenarios discussed in Sections 2.2.2.4 and 2. 2 2.5 are the
.total pathway dose conversion factors for the individual pathways of importance
which contribute to human exposures from concentrations of nuclides at biota
access locations. The ‘individual pathways that comprise the scenarios are
shown in Figure G.3.

As presented in Figure G.3, all of the scenarios invo1ve a secondary biota
access location resulting from the primary biota 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 pathways, if only the uptake mode and transport agents are
considered. These nine distinct types of pathways are described in Table G.2.
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. Biota Access - : ‘POCF
Scenario _Locatijon Uptake Pathways _ Symbol

- e ..+ Inhalation (soil)' .
: : Soil ks Direct Radiatton~§area[
Accident l 0f?§Tte Atr ¢ irect Radiation (air
(Acute) _ . ' ‘Inhalation (afr) -
NUDirect Radiat1on (air)

POCF-1

) : : .Inhalation‘(aitl :
lntruder— : ) Air & Direct Radiation (air). VopcE-2
Construction LDnsite Sail j . Food {air) . :
(Acute) Direct Radiation (volume) - PDCF-5

Inhalation (air)

Direct Radiation (air) 1s
Food (air) ) }PDCF-3

“Food (s011) . POCF-4
JDirect Radiation (volume) * POCF-5

Intruder- - . Air }
Agriculture | Onsite Soil

(Chronic) . -

: S - - Inhalation (soil) R
Leaching & Sot irect Radiation (area) .
Migration | Well Water ' irect Radiation (air > POCE-6
(Chronic) ' Food (water) ' '

Inhalation (soil) )
Leaching & Saoil & Direct Radiation (area)
Migration | Open Water Direct Radiation (air)

(Chronic) Food (water) " POCF=7
' ngestion (f1sh] J
Inhalation.{sail)
Surface So1 Direct Radiation (area)
Water Runoff | Open Nater _ rect Radiation (air) |
(Chronic)" Food (water) ‘ POCF-7

~lngestion (fish)

Inhalation (soil)
Soil & Direct Radiation (area)
Direct Radiation (air)

Inhalation (air) -
Direct Radiatxon air

Atmospheric
Transport [Offsite Air |
(Chronich

POCF -8

Figure G.3 Details of Uptake Pathways
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- Table G.2 Access Location-to-Human Pathway Description . ...

A

'Pathway Designation

:'Description o

S e .

Food (soil)

‘This- uptake pathway includes a total of

three subpathways and -denotes uptake of = -

* radionuclides originating in’plants via i

“s0fil= to-root transfer from contaminated‘ =

" s0i1:

Food (air)

plant-to-human "~ :
plant-to-animal- to-human
p1ant-to-anima1 to-product-to-human

This’ uptake pathway includes a total of six B
subpathways and includes the above three

- food (soil) subpathways resulting from ..

"'% Food (water)

.uptake of radionuclides originating on:. : .
:plant surfaces via deposition from con~ L
- taminated air and:the same three food '

(soil). subpathways resulting from fa110u£
contamination of the ground.

This’ uptake pathway’ includes 'a total of

nine subpathways and includes ‘all the

food (soil) pathways resu1t1ng from -

' radionuc11des originating on plant sur—g

- faces'via irrigation’ deposition from -
© contaminated water and -from 1rrigation

' contamination of the g ground “The fo11ow~

ing ‘three ‘subpathways -in ‘addition to p1ant

. pathways are added:

‘fngestion.(ffsh) o
“ Inhalation (air)
,Inhaietion‘(soflj

Direct Genme_(volume)

_ water-to-human .
water-to-animal- to-human B
water-to-an1ma1 to-product-to-human

-Uptake of radionuclides -from eating ‘fish ..
..caught in contaminated open water.,,T .y

Uptake of radionuclides from breathing air"ﬂ
contaminated ‘due to suspens1on of contam-"
inated soil partic1es by human activ1ties.

. Uptake- of . radionuclides from breathing air,'

contaminated due to natura] suspension and.f
volatilization of. surface soi].,,_ C

Direct exposure to gamma rays from

( ”_'stand1ng on ground homogeneously

" .Direct Gamma (area)

Direct Gamme (air)

contam1nated

l

_Direct exposure to gamma rays from

standing on ground whose surface is
contaminated.

Direct exposure to gamma rays from
standing in air homogeneously contaminated.
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Only primary and secondary access locations are considered in the determina-
tion of these uptake pathways. The effects of possible tertiary access
locations, such as air contaminated due to natural suspension radioactivity
from soil which.is originally contaminated .from deposition of radloactivity
from air, are not considered. These effects are considered, however, in the
selection of transfer factors between the uptake pathways.

The accident scenarlo inc]udes offsite air as the primary access location
leading to. two: uptake pathways: inhalation (air) and direct gamma (air). It
also includes soil contaminated by radionucl1de deposition as the secondary
access location leading to three more uptake pathways: inhalation (soil),
direct gamma (area), and direct gamma (air). Since the exposure period is
acute, the food (air) uptake pathway has been excluded from this scenario.
However the direct gamma (air) pathway is included in the secondary access
Tocation in addition to the primary access location.

The intruder-construction scenario includes onsite soil as the primary access
location and leading to the direct gamma (volume) pathway. The scenario also
includes onsite air as the secondary access location leading to three uptake
pathways: inhalation (air), direct gamma (air), food (air). Although the
exposure period is acute, the .food (air) uptake pathway is included with a
modification to account for nonequilibrium deposition and root-uptake conditions.

The intruder-agriculture scenario also includes onsite soil as the prlmary
access location; however, the food (soil) uptake pathway is included in this
case in addition to the direct gamma (volume) pathway. The scenario also
includes onsite air as the secondary access location leading to the same three
uptake pathways as the construction scenario secondary access location:
jnhalation (air), direct gamma (air), and food (air). However, in this case,
chronic conditions are assumed to prevaw], and equilibrium conditions are
assumed for the food (air) uptake pathway.

The next three scenarios involving water are very similar. (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) pathway. This pathway is included since the bioaccumulation factors
for several fish species afe;significantly greater than unity. 'However,
direct gamma exposure due to immersion in contaminated water was omitted; it
turned out to result in negligible additional exposures (less than 0.1%) when
compared with the other pathways.

The last scenario, the atmospher1c transport 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 oppdsed to acute for the accident scenario.

A simplified version.of Figure G.3 is presented in F1gure G.4. The direct
gamma (volume) uptake pathway is designated as PDCF-5, and the food (soil)
pathway is designated as PDCF-4. Five of the scenarios are represented by a
single PDCF. ' However, the two other scenarios are more complex since different
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v

Figure G.4 Pathway Dose Conversion Factors

: Biota Access * pathway
~Scenario ~ *Location - DCFs
Accident (A) ' Offsite Air ~ - PDCF-1° |
- , , Afr  PDCF-2 , . -\ -
- Construction (A) Onsite Soil PDCF-5
ceo . A Air PDCF-3 .. |
, =" Agriculture (C) ~ Onsite Soil " PDCF-4
e R o " PDCF-5§
AU _ Leaching and ’ S f
! T ‘i“,M1grat10n (C) Well Water ~ PDCF-6
S JLeach1ng and L . . ‘1:".
' -~ . Migration (C) Open Water PDCF-7
Surface Water SRR ’ '
_ Runoff (C) Open Water PDCF-7
Atmospheric - S : ‘
Transport (C) Offsite Air - -PDCF-8.

“transfer factors are’ app11cab1e to the 1nd1v1dua] components of the 1ntruder-
construction and 1ntruder-agr1cu1ture scenar1os. The d1fferences in the -
itransfer factors result from either d1fferences in the 'mechanism mob111z1ng
“the radioactivity or differences in’ the access locat1ons. L

2.4.2 Pathway Dose Conversion Factor Tab]es

. .Seven human organs are considered in this EIS for each rad1onuc1ide and each
pathway:" tota] body, bone, k1dney, thyrowd liver, lung, and gastrointestinal
(GI) tact. - ~These. pathway dose conversion factors (PDCFs) have been derived

 from the 9 independent pathways presented in Table G.2. ‘The information

utilized to calculate the PDCFs includes human physiological parameters (e.g.,

breathing rates, nuclide metabollsm), dletary 1ntakes, and nuc11de-spec1f1c

, food cha1n transfer rates (Ref. 1)

‘A11 the PCDFs are calculated based on f1ve sets of fundamenta] dose conversion
factors. ~Two of the sets 1nc1ude DCFs for determining the inhalation 50-year

:‘;comm1tted dose in units of mrem per 'pCi inhaled and the ingestion 50-year

" committed dose in units of mrem per pCi 1ngested Three different gamma -
radiation exposure DCFs are used depending on the biota access location which
can be either in-depth soil contamination (mrem[year per pCim3), surface soil
v contam1nat1on (mrem/year per pCi/m2),- or air contamination (mrem/year per
pCi/m3). . These fundamenta] DCFs depend on the radlonuc11des of concern and
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the organ receiving the dose. A brief description of the fundamental DCFs is
provided below.

The complete lung model, as proposed by the ICRP Task Group on Lung Dynamics
(Refs. 15, 16) has been utilized in this appendix for the calculation of the
fundamental inhalation dose conversion factors. This model permits a more
realistic calculation of radiation dose to the human respiratory tract from
inhaled radioactivity than does the initial ICRP lung model (Ref. 17). For
the fundamental ingestion DCFs, DCFs given in Regulatory Guide 1.109 (Ref. 18)
and NUREG-0172 (Ref. 19) have been utilized in this EIS.

The need to use three different fundamental direct gamma exposure DCFs arises
from the geometry of exposure, and the attenuation and buildup afforded by
the different contaminated media. In this EIS, fundamental direct gamma
(volume) DCFs have been calculated based on the ‘equations presented in
Reference 20 and the emitted gamma energy characteristics of the radionuclides
considered (Ref. 21). For the fundamental direct gamma (area) and the direct
gamma (air) DCFs (which include exposure to electron radiation as well), the
tables given in Reference 23 are utilized. The PDCFs calculated based on
these fundamental dose conversion factors and pathway uptake factors (Ref. 1)
are presented in Tables G.3 through G.10.

The I-129 PDCF for thyroid requires further discussion. The calculated I-129
PDCFs do not take into account the dilution of I-129 with natural iodine.
Experimental environmental data and theoretical calculations (Ref. 1) have led
some investigators in the past to utilize the total body dose to humans as a
better indicator of the limiting exposure due to I-129 than the thyroid dose
(Ref. 23). This selection results in a s1gn1f1cant difference in limiting
exposures since the fundamental dose conversion factors for thyroid are about
1000 times those for the total body (see Tables G.3 through G.10).  However, a
correction to the calculated thyroid PDCFs to account for dilution of I-129
with natural iodine has not been made in this appendix.

3. DISPOSAL IMPACTS

This section presents the calculational procedures utilized to determine the
impact measures associated with the disposal of LIW. These impact measures

include individual and population exposures, occupational exposures, costs,

energy use, and land use.

The impact measures are strongly dependent on the waste form and package
properties (Appendix D), and disposal facility environment, design, and operating
practices (Appendices E and F). Accordingly, Section 3.1 presents the background
assumptions regarding the disposal technology altérnatives considered, and
discusses how these assumptions are incorporated into the impact ca]culat1ons
Similarly, Section 3.2 presents procedures through which the effects of waste
form and packaging are incorporated into the calculations.

Fo]]ow1ng these two. background sections, Sect1ons 3.3 through 3.7 present the
equations and specific parameter values used to calculate individual and pop-
q]ation exposures for the applicable scenarios considered in Section 2.2.



Table G.3 Pathway Dose Conversion Factor - 1

Total Body:

Bone . -

- }‘Liver‘*;

2 Thyroid "

'Kidngy’; L

Lung - :

Isotope © GI-LLI
H-3 1.25E+09 "~ 5,19E+07 . '1.25E+09 °© 1.25E+09 * 1.25E+09 ~1.25E+09 ° 5.19E+07
c-14 3.17E+09- 1.40E+10 3.17E+09 - 3.17€409 : 3.17E+09 3.17E+09 = 2.53E+09
FE-55 1.81E+10 . 1.89E+10 = 2.41E+10 1.61E+10° 1.61E+10 2.08E+11- 1.93E+10
Co-60 . .- 2.36E+12 2.34E+12 ~2.35E+12 '. 2.34E+12 ~2.34E+12- " 2.63E+13- 2.50E+12
NI-59 .- 3.70E+10 - 9.38BE+10  5.06E+10 2.58E+10 ..: 2.58E+10 ..5.78E+10 ~ .-2.85E+10
NI-63 - 3.06E+10 9.60E+11 - 6.58E+10 1.56E+08 - 1.56E+08 8.82E+10 - 7.44E+09
SR-90 ' - 2.42E+13 ° 9.62E+13. . 1.67E+11 - 1.67E+11 1.67E+11 .. 1.98E+11 = 1.89E+1l
NB-94 - 6.10E+11.-. 6.11E+11  6.11E+11  6.10E+11 6.11E+11 ' 1.33E+12 - 6.28E+1l
TC-99'”' 1.18E+09 .= 9,68E+08 °.-2.28E+09 - 7.60E+08 . :2.00E+10 ' 7.40E+09 ;7.88E+09 ;
1-129.: 9.14E+11 -, 8.52E+11 ' 8.52E+11 - 5.13E+13 - 8,52E+11 ~8.57E+11 : ;8.52E+11
CS-135. 2.37E+10 ..  9.65E+10 : :8.85E+10 -5.08E+08 .- 3.33E+10 ".-1.49E+10 ' 1.00E+09
CS-137 - 4.50E+11 - - 6.34E+11 ~7.78E+11 &  2.42E+11 ~ 4,26E+1l 3.30E+11~,,2.44E+11
U-235 - 2.06E+12 3.06E+13 . 2.21E+11 . 2.21E+11. 7.26E+12 . 3.36E+15 5.17E+1l
U-238+D.  1.69E+12 =  2.88E+13 . 1.45E+10 ' 1.45E+10 6.57E+12  3.12E+15 . 2,.55E+11
NP-237+4D  5.20E+14 1.20E+16 . 1.12E+15 1.34E+11 - 3.84E+15 = 3.60E+14 - 3.74E+1l
PU-238 -  2.00E+14:.. 4.08E+15 ' 2.80E+15 - 1,92E+10 8,80E+14 - 4.08E+15  3.31E+ll
PU-239- 2.24E+14 -y  4,80E+15 - 3.12E+15 - 7.40E+09 & :9.60E+14 -.»3.84E+15 * 3.03E+1l -
PU-241 3.04E+12 - 7.44E+13 - 4.56E+13 4. 78E+07. ::1.44E+13 - 6.80E+12. . - 5.57E+09
PU-242 2.16E+14 - - -4,48E+15.- 3.04E+15 1.44E+10- . 9.60E+14. 3,68E+15.. - 2,94E+1l .
AM-24] 5.04E+14 .-~ 7.12E+15 6.64E+15 7.87E+10 © 3,.84E+15. 4,24E+14 3.59E+1l
AM-243 4,96E+14 - - - 7.04E+15 - 6.48E+15.- -9.10E+10 - 3.76E+15 - 4.00E+14 3.63E+11. -
CM-243 3.84E+14 6.16E+15 5.60E+15 2.44E+11 1.76E+15 4.40E+14 5.48E+1l
CM-~244 2.80E+14 4.40E+15. 4.16E+15 | 1.71E+10  1.28E+15 4.40E+14  3.05E+11

)



Table G.4 Pathway Dose Conversion Factor - 2

Isotope Total Body Bone Liver Thyroid Kidney - Lung GI-LLI

H-3 1.17E+10 5.19E+07 1.17E+10 1.17E+10 1.17E+10 1.17E+10 1.05E+10
Cc-14 6.68E+10 3.32E+11 6.68E+10 6.68E+10 6.68E+10 . 6.68E+10 6.61E+10
FE-55 -9.28E+09 4.28E+10 3.94E+10 5.08E+07 5.08E+07 2.10E+11 2.12E+10
C0-60 1.24E+11 2.28E+10 7.60E+10 2.28E+10 2.28E+10 2.40E+13 8.59E+11l
NI-59 3.87E+10 2.33E+11 8.13E+10 5.98E+07 5.98E+07 3.21E+10 - 1.44E+10
NI-63 1.04E+11 3.15E+12 2.18E+11 ' 1.56E+08 1.56E+08 8.82E+08. 3.91E+10
SR-90 5.52E+13 2.23E+14 ~ 1.76E+09 1.76E+09 . 1.76E+09 3.30E+10 3,69E+12
NB-94 1.39E+10 1.51E+10 1.45E+10 1.32E+10 = 1.45E+10 7.33E+11  4.43E+1l
TC-99 2.25E+09 3.64E+09 6.26E+09 - 7.60E+08 7.00E+10 7.74E+09. 1.38E+11
1-129 2.00E+12 6.88E+11 5.91E+11 . 1.57E+15  1.27E+12 - 6.37E+09 9.45E+10
CS-135 1.57E+11 4,21E+11 3.88E+11 5.08E+08 1.47E+11 - 4.89E+10 8.01E+0S
CS-137 1.40E+12 1.72E+12 2.35E+12 1.53E+09 ' 8.01E+11 2.94E+11 3.92E+10
U-235 2.64E+12 4.36E+13 1.59E+09 1.59E+09 1.01E+13  3.36E+15 1.59E+12
U-238+D 2.43E+12 4,15E+13 - 8.57E+07 . .8.57E+07 9.45E+12 3.12E+15 1.15E+12
NP-2374D 5.21E+14 1.20E+16° 1.12E+15 8.40E+08 3.85E+15 3.60E+14 ~1,55E+12
PU-238 2.00E+14 4.09E+15 2.80E+15. 8.87E+07 8.81E+14 4.08E+15 1.51E+12
PU-239 2.24E+14 4.81E+15 3.12E+15 5.17E+07 9.61E+14 - 3.84E+15" 1.39E+12
PU-241 3.05E+12 7.47E+13 4.56E+13 4.78E+07 1.44E+13 6.80E+12 2.86E+10
PU-242 2.16E+14 4,49E+15 3.04E+15 6.93E+07 9.61E+14 3.68E+15 1.35E+12
AM-241 5.05E+14 7.13E+415 6.64E+15 3.80E+08 3.85E+15 4.24E+14 1.51E+12
AM-243 4,97E+14 7.05E+15 6.48E+15 6.09E+08 3.77E+15 4.00E+14 1.71E+12
CM-243 3.85E+14 6.17E+15 5.60E+15 2,.26E+09 1.76E+15 4.40E+14 1.59E+12
CM-244 2.80E+14 - 4,41E+15 4.16E+15 7.23E+07 1.28E+15 4.40E+14 1.53E+12
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Table G.5 Pathway Dose Conversion Factor - 3

Totalgaoqyj

“Thyroid

Kidngy

Isotope Bone = - Liver: Lung "GI-LLI -
H-3 = 4,45E+10° 5.19E+07 ':-'4,45E+10 ° 4.45E+10 4.45E+10° © 4,45E+10  4.35E+10°
C-14-° 2.66E+11 1.33E+12 2.66E+11 * '2.66E+11 2.66E+11 ' 2.66E+11 2.65E+11l -
FE-55 - 3.22E+10 1,90E+11 '~ 1.38E+11" 5.08E+07 5.08E+07 2.64E+11 7.75E+10 .
C0-60 @  3.70E+11 2.28E+10 1.87E+11 2.28E+10 2.28E+10 " -2.40E+13 2.95E+12
NI-59 - 1.25E+11 ' 7.48E+11 -2.58E+11 - 5,98E+07 5.98E+07 - 3,21E+10 5.08E+10
NI-63 3.34E+11 1.00E+13 ' 6.93E+11 1.56E+08 1.56E+08 ' 8.82E+10 1.38E+1l
SR-90 ' 1.53E¥14°  6.21E+14 ' 1.76E+09 1.76E+09 1.76E+09  3.30E+10  1.52E+13
NB-94 = 1.40E+10° = 1.556+10 " 1.47E+10 1.32E+10 1.46E+10 - 7.33E+11 1.56E+12
TC-99 '~ 5.61E+09 - 1.20E+10 : 1.87E+10 7.60E+08 2.27E+11° 8.80E+09 = 5.45E+11
1-129°77  8.06E+12" 2.84E12 - '2.44E+12° '6.33E+15 5.24E+12- 6.37E+09  3.87E+11
CS-135 - 5.73E+11 -~  1.44E+12:1.33E+12 =~ 5.08E+08 " 5.02E+11 - 1.55E+11 3.00E+10
Cs-137 5.12E+12 " 5.875?12":‘8.03E+12 - 1.53E+09 2.73E+12-° 9.35E+11 ' 1.49E+11 - -
U-235 5.15E+12° ° 8.50E+13 1.59E+09 ' 1.59E+09 1.98E+13' "3,36E+15 5.62E+12
U-238+D 4.77e+12 - 8.11E+13 - 8.57E+07 8.57E+07 1.85E+13 3.12E+15 3.99E+12
NP-237+4D 5.24E+14 - 1.21E+16 1.13E+15 8.40E+08 3.87E+15 3.60E+14 5.65E+12
PU-238 2.01E+14 4.13E+15 2.81E+15 8.87E+07 8.85E+14 4,08E+15 5.28E+12
PU-239 2.25E+14 4.85E+15 3.13E+15 5.17E+07 9.66E+14 3.84E+15 4.83E+12: .
PU-241- 3.06E+12 " 7.55E+13 * 4.57E+13  4.78E+07 1.45E+13 6.80E+12 1.01E+11l
PU-242 2.17e+14 4,53e+15 ' 3.05E+15 6.93E+07 ' . '9.65E+14  3.68E+15 " ‘4.72E+12 :
AM-241 5.08E+14 7.18E+15° 6.66E+15  3.80E+08 ° 3.87E+15: 4.24E+14- '5.36E+12 :-
AM-243 5.00E+14 " 7.10E+15 - 6.50E+15 ~ 6.09E+08  ~3:79E+15 - 4.00E+14 - 6.22E+12-
CM-243 3.87E+14 ' '6.20E+15 5.62E+15 2,26E+09 1.77E+15 4,40E+14 5.63E+12:
CM-244 2.82E+14 ‘4,43E+15 7 4.17E+15 - 7.23E+07 -1.29E+15 4,40E+14- 5.43E+12- -
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Table G.6 Pathway Dose Conversion Factor - 4

Isotope  Total Body Bone Liver Thyroid  Kidney Lung GI-LLI

H-3 5.99E+04 0. 5.99E+04 5.99E+04 5.99E+04 5.99E+04 5.99E+04
c-14 3.72E+05 1.86E+06 3.72E+05 3.72E+05 3.72E+05 3.72E+05 3.72E+05
FE-55 3.48E+01 2.16E+02 1.49E+02 0. 0. - 8.33E+01 8.57E+01
C0-60 5.27E+03 0. 2.39E+03 0. 0. 0. 4.49E+04
NI-59 3.69E+03 2.21E+04 7.59E+03 O. 0. 0. ~ 1.56E+03
NI-63 9.88E+03 2.95E+05 2.04E+04 O. 0. 0. 4.26E+03
SR-90 3.76E+06 1.53E+07 O, 0. 0. Q. 4.,42E+05
NB-94 2.12E+00 7.08E+00  3.94E+00 0. 3.89E+00 O, 2.39E+04
TC-99 1.53E+03 3.82E+03 5.68E+03 0. 7.15E+04 4.83E+02 1.86E+05
1-129 2.19E+04 7.77E+03  6.68E+03 1.72E+07 1.44E+04 O. 1.06E+03
€S-135 9.50E+03 2.32E+04 2.14E+04 0. 8.10E+03 2.43E+03 5.01E+02
€sS-137 8.49E+04 9.48E+04 1.30E+05 O. 4.40E+04 1.46E+04 2.51E+03
U-235 1.44E+04 -2.38E+05 0. 0. 5.55€+04 0. 2.32E+04
U-238+D 1.35E+04 2.28E+05 0. 0. 5.20E+04 0. 1.63E+04
NP-237+D  1.64E+04 4.07E+05 3.53E+04 O, 1.22E+05 O. 2.36E+04
PU-238 1.14E+03 4.52E+04 6.37E+03 0. 4,87E+03 - 0. 4,85E+03
PU-239 1.27E+03 5.23E+04 7.05E+03 O. 5.39E+03° O. 4.43E+03
PU-241 2,21E+01 1.10E+03 5.61E+01 O. 1.02E+02 0. 9.31E+01
PU-242 1,.22E+03 4.85E+04 6.78E+03 0. 5.19E+03 0. 4,.34E+03
AM-241 3.60E+04 5.45E+05 1.92E+05 O. 2.71E+05. 0. 4.94E+04
AM-243 3.53E+04 5.44E+05 1.85E+05 0. 2.65E+05 0. 5.79E+04
CM-243 1.11E+04 1.90E+05 7.15E+04 O, 5.20E+04 O. 2.32E+04
CM-244 8.52E+03 1.43E+05 6.15E+04 O. 3.98E+04 O. 2.24E+04
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Table G 7 Pathway Dose Conversion Factor - 5

Isotope

Totai_ Body

Thyroid

GI-LLT

Bone Liver: Kidney Lung
H-3' 0. 0. 0. 0. 0. . 0. .0
C-14 0. 0. 0. - 0. 0. 0.. . . 0.
FE-55 0. 0. 0. . 0. 0.~ 0. - 0.
Co-60 1.54E+07 1.54E+07 1.54E+07 1.54E+07 1.54E+07 1.54E+07  1.54E+07
NI-59 6.20E+03 6.20E+03  6.20E+03° 6.20E+03 6.20E+03  6.20E+03  6.20E+03
NI-63 ~ 0. . 0. 0. - O.° 0. - 0 0.
SR-90° 3.06E+04  3.06E+04 3.06E+04 3.06E+04 3.06E+04  3.06E+04  3.06E+04
NB-94 9.63E+06,  9.63E+06, 9.63E+09. 9.63E+06  9.63E+06  9.63E+06 9&9%
TC-99 0 0. 0. 0. N R S 0.
1-129 1.92E+04 1.92E+04 1, 92E+04 1.92E+04 1.92E+04 1. 9ze+o4 1. 925+o4
CS~135 0. - ' 0. . 0.. 0. 0. . 0. - 0.
€$-137 3.50E+06 3.50E+06 3.50E+06 3.50E+06 3.50E+06 3. 50E+06 3ﬂsos+os
u-235 1.50E+05 1.50E+05 1.50E+05 1.50E+05 1.50E+05 1.50E+05 1.50E+05
U-238+4D  5.16E+03 5.16E+03 5.16E+03 5.16E+03 5.16E+03 5.16E+03  5.16E+03
NP-237+D 6.56E+04  6.56E+04 6.56E+04 6.56E+04  6.56E+04  6.55E+04  6.56E+04
PU-238 .  1.93E+01 1.93E+01° 1.93E+01 1.93E+01 1.93E+01 1.93E+01  1.93E+01
PU-239 9,39E+01  9.39E+01 9.39E+01 9.39E+01  9.39E+01  9.39E+01  9.39E+01
PU-241 3.43E-01 3.43-01 3.43E-01 3.43£-01 3.43E-01 3.438-01 3. 43E-01
PU-242 0. ... = 0. 6. "’ 0. v 0. - 0. N
AM-241 7.71E+06  7.71E+04 7.71E+04 7.71E+04  7.71E+08 7. 7iE+04 7. 7iE¥ G4
AM-243  1.86E+05 1.86E+05 1.86E+05 1.86E+05 1.86E+05 '1.86E+05 1.86E+05
CM-243°  3.82E+05  3.82E+05 3.82E+05 3.82E+05 3.82E+05  3.82E+05  3.82E+05
CM-244 5.64E+01 5.64E+01 5.64E+01 ~ 5.64E+01 ~ 5.64E+01  '5.64E+01  5.64E+01
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Table G.8 Pathway Dose Conversion Factor - 6

Isotope Total Body 'Bone Liver Thyroid Kidney Lung GI-LLI

H-3 2.37E+06 1.42E~01 2.37E+06 2.37E+06 2.37E+06 2.37E+06 2.37E+06
C-14 1.44E+07 7.21E+07 1.44E+07 1.44E+07 '1.44E+07 1.44E+07 1.44E+07
FE-55 2.73E+06 1.24E+07 8.86E+06 8.61E+05 8.61E+05 5.33E+06 5.45E+06
co0-60 . 1.43E+08 1.24E+08 1.33E+08 1.24E+08 1.24E+08 1.24E+08 2.89E+08
NI-59 8.54E+06 4.42E+07 1.61E+07 1.38E+06 1.38E+06 1.38E+06 4.41E+06
NI-63 1.92E+0Q7 5.71E+08 3.96E+07 4.28E-01 4.28E-01 2.42E+02 8.26E+06
SR-90 7.61E+09 3.10E+10 8.83E+06 8.83E+06 8.83E+06 8,83E+06 9.04E+08
NB-94 3.19E+07 3.20E+07 3.19E+07 3.19E+07 3.19E+07 3.19E+07 1.47E+08
TC-99 3.60E+05 8.96E+05 1.33E+06 2.08E+00 1.68E+07 1.13E+05 4.36E+07
I-129 4.18E+07 1.72E+07 1.53E+07 2.99E+10 '2.87E+07 3.64E+06 5.48E+06
€$-135 3.32E+07 8.09E+07 7.47E+07 1.39E+00 2.83E+07 8.46E+06 1.75E+06
CS-137 3.09E+08 3.44E+08 = 4.65E+08 . 1.29E+07 1.66E+08 6.39E+07 2.16E+07
U-235 2.07E+08 3.24E+09 1.18E+07 1.18E+07 7.64E+08 2.10E+07 3.26E+08
U-238+D 1.83E+08 3.09E4+09 7.74E+05 7.74E+05 7.05E+08 9.32E+06 2.22E+08
NP-237+D 2.31E+08 5.55E+09 4.88E+08 7.13E+06 1.67E+09 8.11E+06 3.26E+08
PU-238 7.02E+07 2.74E+09 3.93E+08 1.03E+06 2.97E+08 1.22E+07 2.94E+08
PU~-239 7.77E+07 3.17E+09 4.34E+08 3.93E+05 3.28E+08 1.09E+07 2.68E+08
PU-241 1.34E+06 6.64E+07 3.51E+06 1.31E-01 6.18E+06 1.86E+04 5.62E+06
PU-242 7.52E+07 2.94E+09 4.18E+08 7.67E+05 3.17E+08 1.09E+07 2.63E+08
AM-241 2.25E+08 3.34E+09 1.19E+09 4.19E+06 1.66E+09 5.35E+06 3.05E+08
AM-243 2.21E+08 3.34E+09 1.15E+09 4.84E+06 1.63E+09 5.93E+06 3.57E+08
CM~243 1.65E+08 2.60E+09 9,97E+08 1.30E+07 7.21E+08 1.42E+07 3.27E+08
CM-244 1.17E+08 1.95E+09 8.44E+08 9.09E+05 5.43E+08 2.12E+06 3.04E+08
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Table G.9 Pathway Dose Conversion Factor - 7

Tﬁyrdid_;

Kidney

e

Isotope  Total Body Bone - .. Liver . Lung - .

H-3 - 2.37E+06 1.42E-01 2.37E+06° 2.37E+06 2.37E+06 2.37E+06 2.37E+06
Cc-14 . 3.76E+07 1.88E+08 3,76E+07  3.76E+07  3.76E+07. 3.76E+07  3.76E+07
FE-55 4.45E+06 2.31E+07 1.63E+07. 8.61E+05 8.61E+05 9.45E+06. 9.69E+06
C0-60 1.46E+08 1.24E+08 1,34E+08 1.24E+08 1,24E+08 1.24E+08 3.11E+08
NI-59 9.82E+06 5.20E+07 1.87E+07- 1.38E+06 1.38E+06. 1.38E+06 4.95E+06
NI-63 2.26E+07 6.74E+08 - 4,67E+07 4.28E-01 4,28E-01 2.42E+02 9.74E+06
SR-90 8.18E+09 3.33E+10 8.83E+06 8.83E+06 8.83E406l 8.83E+06 9.71E+08
NB-94 3.23E+07 3.32E+07 3.27E+07 3.19E+07 3.26E+07 3.19E+07 4.50E+09
TC-99° 3.65E+05 9.09E+05 1.35E+06 2.08E+00 1.70E+07 1.15E+05 4.42E+07
1-129 4.28E+07 1.75E+07  1.56E+07 3.07E+10 2.93E+07. 3.64E+06 5.53E+06
Cs-135 1.44E+08 3.52E+08 3,25E+08 1.39E+00 1.23E+08 3.68E+07 7.605?05{
Cs-137 1.30E+09 1.456+09 1.98E+09 1.29E+07 6.81E+08 2.35E+08 5.09E+07
U-235 2.11E+08 3.29E+09 1,18E+07 1.18E+07 7.78E+08  2.10E+07. 3.32E+08
U-238+D -  1.87E+08 3.14E+09 7.74E+05 7.74E+05 7.18E+08 9.32E+06  2.26E+08
NP-2374+D 2.57E+08 6.19E+09 5.44E+08 7.13E+06 1.87E+09 8.11E+06 3.63E+08
PU-238 7.4SE+07 2.93E+09 4.19E+08 1.03E+06 3.17E+08 1.22E+07. 3.14E+08
PU-239 8.29E+07 3.39E+09 4,63E+08 3.93E+05 3.51E+08 1.09E+07 2.86E+08
PU-241 1.43E+06 7.09E+07 ~ 3.74E+06 1.31E-01 6.60E+06 1.86E+04 6.00E+06
PU-242 8.02E+07 3.14E+09 4.46E+08 7.67E+05 3.38E+08 1.09E+07 2.81E+08
AM-241 = 3.72E+08 = 5.57E+09 _ 1.97E+09 4.19E+06 _ 2.77E+09 5.35E+06  5.07E+08
AM-243 - 3.65E+08 - 5.57E+09 1.91E+09 4.84E+06 2.72E+09 5.93E+06 5.94E+08
CM-243  2.09E+08 . _3.35E+09. 1,28E+09._  1.30E+07 9.26E+08 _ 1.42E+07 _ 4.18E+08
CM-244 1.51E+08 2.52E+09 1.09E+09 9.09E+05 7.00E+08 2,.12E+06 3.93E+08
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Table G.10

Pathway Dose Conversion Factor - 8

GI-LLI

Isotope Total Body Bone Liver Thyroid Kidney Lung.

H-3 4.45E+10 5.19E+07 4.52E+10 4.45E+10 4.45E+10 4.45E+10 4.33E+10
c-14 2.66E+11 1.33E+12 2.66E+11 2.66E+11l 2.66E+11 2.66E+11 2.65E+1l1
FE-55 4.83E+10 2.06E+11 1.54E+11 1.61E+10 - 1.61E+10 2.80E+11l 9.36E+10
C0-60 2.68E+12 2.34E+12 2.50E+12 2.34E+12 2.34E+12 2.63E+13 5.27E+12
NI-59 1.50E+11 7.73E+11 2,.84E+11 2.58E+10 2.58E+10 5.78E+10 7.65E+10
NI-63 3.34E+11 1.00E+13 6.93E+11 1.56E+08 1.56E+08 8.82E+10 1.38E+11
SR-90 1.53E+14 6.21E+11 1.67E+11 1.67E+11 1.67E+11 1.98E+11 1.53E+13
NB-94 6.10E+11 6.126+11 6.11E+11 6.10E+11 6.11E+11 1.33E+12 2.15E+12
TC-99 5.61E+09 1.20E+10 1.87E+10 7.60E+08 2.27E+11 8.80E+09 5.45E+11
1-129° 8.91E+12 3.69E+12 3.29E+12 6.33E+15 6.10E+12 8.57E+1l 1.24E+12
CS-135 5.73E+11 1.44E+12 1.33E+12 5.08E+08 5.02E+11 1.55E+11 3.00E+10
€Ss-137 5.36E+12 6.12E+12 8.27E+12 2.42E+11 2.97E+12 1.18E+12 3.90E+1l
U-235 5.37E+12 8.52E+13 2.21E+11 2.21E+11 2.00E+13 3.36E+15 5.84E+12
U=-238+D 4.79E+12 8.11E+13 1.45E+10 1.45E+10 1.85E+13 3.12E+15 4.00E+12
NP-2374D0 5.24E+14 1,21E+16 1.13E+15 1.34E+11 3.87E+15 3.60E+14 5,79E+12
PU-238 2.01E+14 4.13E+15 2.81E+15 1.92E+10 8.85E+14 4.08E+15 5.30E+12
PU-239 2.25E+14 4.85E+15 3.13E+15 7.40E+09 9.66E+14 3.84E+15  4.83E+12
PU-241 3.06E+12 7.55E+15 4,57E+13 4.78E+07 1.45E+13 6.80E+12 1.01E+l1l
PU-242 2.17E+14 4,53E+15 3.05E+15 1.44E+10 9.65E+14 3.68E+15 4.74E+12
AM-241 5.08E+14 7.18E+15 6.66E+15 7.87E+10 3.87E+15 4.24E+14  5.43E+12
AM-243 5.00E+14 - 7.10E+15 6.50E+15 9.10E+10 3.79E+15 4.00E+14 6.31E+12
CM-243 3.87E+14 6.20E+15 5.62E+15 2.44E+11 1.77E+15 4.40E+14 5.87E+12
CM-244 2.82E+14 4.43E+15 4.17E+15 1.71E+10 1.29E+15 4,.40E+14 5,.45E+12
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Finally, Section 3.8 details the calculation of other impact measures con-
sidered in this appendix, inc1uding occupational 'exposures, land use, disposal
costs, and energy use. The reference near-surface disposal facility, which
“"was constructed to illustrate the concepts- mentioned 1n this environmental
impact statement, 1s d1scussed in Appendix E S .

o 3.1 Disppsal Techno1 gx Indices STy

-.p.

techno1ogy propert1es and their effect on the 1mpact measure calculations must

- be quantified.  -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 appendix;-the disposal technology properties have
been expressed in the form of integer.indices that refer to a specific procedure
on the barrier factor computations or determine a specific value of the environ-
mental _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

o fca1cu1at1on procedure or a specific value for an environmental property

I

' The primary: rationa]e for: hand]ing the variations in the disposa] techno]ogy

properties in this manner is to provide flexibility in updating the information

"~ base associated with the alternative disposal technologies. @Each value of

these “indices imply a value for the correspondlng disposal technology property;
these property values may be altered and updated with ease without changing
the va1ues of the 1nd1ces or the structure of the calcu]at1ons.

The " disposa1 techno]ogy properties that have been cons1dered in the ca]cu]ation
of impacts in this report are summarized in Table G.11.

3.1;1;‘Region Index-elR;

This index, whose value is 1 or higher, is set depending upon the region
considered and determines .use of a specific set of environmental properties in
the impact calculations. The main effect of the region index is on the site
selection factor. Environmental properties that are dependent on the region
index are presented in Table G.12.

" The va1ue of this 1ndex corresponding to each of the regions is as follows:

IR-l. Northwest region
. IR=2:  Southeast region .
- IR=3: Midwest region- '
IR=4: West region

oo_oo

"In this EIS, the southeastern region.is used for the reference disposal facility
"site.- Variations on the values-assigned for the regions (e.g., to.perform

sensitivity analyses) can also be triggered through use .of the region index.
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‘Table G.11 Disposal Technology Indices

Property and Index Descript%on
Region - IR Geographic location of the disposal facility.
Design - 1D Two options are considered: regular trenches, and
, the so-called "concrete-walled" trenches.
Cover -.IC Three options on the cover between the waste and
the atmosphere are considered: regular, thick,
-and intruder barrier.
Emplacement - IE  Three options on the emplacement of the waste
are considered: random, stacked, and random
combined with decontainerized disposal for
compressible low activity wastes
Stabili- - IX Three options on the stabilization program applied
zation to disposal cells, which may contain structurally
unstable wastes, are considered: regular,
moderate, and extensive.
Layering - IL Option on separating and putting selected waste
' streams (usually with higher external radiation
) levels) at the bottom of the disposal cell.
Segregation -IS Option to segregate and separately dispose of
wastes that are combustible/compressible and
those that could contain complexing agents.
Grouting - 1G Option on filling of the interstitial spaces
between the wastes with grouting material.
Hot Waste - IH Option on having a special area within the
Facility disposal facility with special procedures to
: handle high activity wastes.
Closure - IQ This index indicates the activities during the
Index closure period (regular or extensive).
Care Level -~ ICL This index indicates the care level anticipated
Index during the active institutional control period
(low, moderate, and high).
Postoper- - IPO  Duration of the period between the cessation of
tional Period active disposal and the transfer of the title from
(Years) the site operator to the site owner.
Institu- - Duration between transfer of the title to the site

tional Control
Period (Years).

1IC

owner and the assumed time for loss of institutional
controls over the site.
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Table G.12 Region Index Dependent Propertiesj?

_Symbol..: Scenario ' .- EnvironmentafiFroperty o
TPO Accident vAir;to*air transfer factor
.. .. . FEsc  Construction . Soil-to-air transfer factor
. . FSA',';:TAgricuiture., - 5011 to-air transfer factor
" QFC " Ground water - Diiution factor . .
TT™ f.:‘jGround water - Water trave] time ;.‘ ?. 1 . ’:T-u;
DTTM Ground water Incremental water travel time "
2. TPC -~ Ground water Pec]et number
.;g‘DTPB' "Ground water’ ;, Incrementa] peclet number
" RGF Ground water " - - Factor r .
.. _RET. ,hGround water : Retardation coefficients N s
’ :n'-- *?RC':fx Ground water Infi]trating perco]ation
‘ '1jﬁbPif.i _Exposed Waste __Air-to-air and surface water;_rﬂp“‘

transfer factors

DIST Transportation”‘ One-way travel distance =~ ©° - "iv
© STPS ¢ Transportation . Number of stops per trip .
: CASK‘.;f:Transportation ‘ - Cask days per round trip

‘3.1.2 Des#gn and Operation Index -~ . = - DA

There.are four design and operation 1nd1ces- design index--ID; cover index--IC;
. emplacement index--IE; ‘and stabiiization“index-flx.__The<va1ues.of»these-,_,
“"indices are 1 or higher denoting the :options avaiiable .in the design of the -
disposal facility;:details of the. options can be found in Appendices E and F.
These indices are considered below. - - i P

The Design Index~--1ID characterizes the disposal unit design used for radioactive
waste disposal.: .Two options have been used in. this study: regular:trench’ .
disposal and concrete-walled trench disposal This.index primari]y;affects’

the site de51gn factor. : R N Y .

In this appendix, three different “effic1enc1es“ are. ut1112ed to describe ‘the

":“spec1fic procedures empioyed in.the: disposai of wastes: , ;

Cw ‘ _4‘
o the vo]umetric diSposa] efficien#y which is defined as the voiume of
disposal space available in the disposal cell (in m3) per unit’
surface area (in m2) of the disposal cell,
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0 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

0 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 dispasal cells plus the surface area between these cells that
have not been utilized for disposal.

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 3.1.3), which is defined as a special

group of disposal cells used for disposal of high-activity waste, is not

included in the above definitions; its- eff1c1encies are assumed to be independent
of the des1gn index.

The Cover Index--IC can be either 1, 2, or 3, and it denotes whether a
"vegular' cover (denoted by 1), a “th1ck“ cover (denoted by 2), or an engi-
neered "intruder barrier" cover (denoted by 3) is placed over the disposed
waste. A regular cover refers to 1 meter of fill below the existing grade
plus a minimum of 1 meter cover above grade. A thick cover refers to the same
1 m of fill below the existing grade plus a 2-meter thick engineered cover
constructed of compacted:-high quality clay to minimize infiltration of perco-
lation. An engineered intruder barrier refers to the same 1 meter of fill
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 preclude intrusion.

The Emplacement Index--IE denotes the specific method used to emplace the
waste in the disposal cells and primarily affects the site design factor. The
three options considered and associated emplacement efficiencies are discussed
below. .

Random emplacement (option 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 (option 2) involves stacking waste containers in neat .
piles, using cranes,:forklifts, etc., to accomplish this. "This case may be.
difficult to achieve 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 dis-

posal 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 doses increase as more men must spend more time near the
disposed waste.
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,,Decontainerized emp]acement (option 3) involves random]y disposing of all’

" structurally stable and/or higher activity wastes, ‘and decontainerizing and
disposing low activity wastes that are, ‘'over the long term, structurally

" unstable. In this case ' the disposal’ fac111ty ‘'would be operated somewhat Tike
a‘sanitary landfill. This option can substantiaiiy reduce.disposal’ cell -

instabiiity problems by acceierating the compression of unstable wastes. .
_However, it requires a: significantiy increased effort by the site’ operator-and

" leads to higher occupational exposures (see Appendix F). - The emplacement

- efficiency of this option is estimated to be about 0.5 since part of the waste

containers are randomly emplaced and additional soil between wastes is' 1ikely
to be requ1red during emp]acement of decontainerized wastes

- The Stabiiization Index--IX whose va]ue can be 1 2, or 3, denotes the extent
to which the .disposal cells are stabiiized "Such stabiiization measures may

\be imp]emented during "disposal’ operations "~ Past disposai experience 1ndicates
that the’ difficulties currently experienced ‘at several existing disposai sites

" may have’ resulted from the natural compaction and decomposition of the wastes

leading to subsidence of the disposa1 cell cover and increased rainwater per-

- “colation. A’ stabiiization program with no special compaction procedures other

than’ the use ‘of the weight of trucks or heavy equipment is‘denoted by 1.- “A

. more extensive’ stabilization program invoiv1ng sheeps- foot rollers and/or "

fjv1bratory compaction’ during operations is denoted by 2. A program 1nvolv1ng
" very 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.

r.. 3.1.3 Site Operationai Options

Four operationai options which may be exercised in the design of the disposa]
facility are considered: 1layering--IL, segregation--I1S, grouting--1G,"and use
.of a hot waste facility--IH. The values of all these indices are either 0,

}'1.51gnifying that ‘the option has not been exercised or 1, signifying that the

- option has been impiemented in the des1gn These options are brief]y discussed
,be]ow . - :
L;yer g Option--IL denotes whether seiected waste streams (usual]y those with
higher. external 'radiation levels) are separated and disposed of at the bottom
of the disposa1 cells. This practice is frequent]y 1mp1emented at the exist-~
ing sites to minimize occupational exposures. This option, however, -affects
_ the site design factor sigificantiy by limiting access ‘of potential inadvertent

B intruders o the’ 1ayered waste streams

. Segregation Option--=IS indicates whether, during the disposal operations the

_ wastes are ‘segregated and disposed of in 'separate disposai cells based on*

their compre551bi11ty/combust1biiity and whether they contain radionuclide-
complexing chemical agents. Implementing the segregation option increases the
iperformance ‘capability of the disposal ‘cell covers by" 11mit1ng expected Tong-
‘term waste’ degradation and compression after disposal ‘to those cells containing
.unstable wastes. ' It also limits the ‘effects of chemicals that may increase
‘radionuclide mobiiity to those wastes containing these chemicals. - This‘index
primarily affects the ground-water scenario through the site design factor and
the waste form factor.
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Grouting Option--IG indicates whether the interstitial spaces between the
waste packages are filled with a material that will improve disposal cell
stab111ty. During. the grout1ng operation, . as each layer of waste is emplaced
in the disposal cell, pumpable concrete (grout) is pumped to fill all inter-
stitial 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 1s advantageous in that the waste is totally. encap-
sulated and immobilized. There is little. opportunity for infiltrating
precipitation 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 appendix, if a hot waste facility is used, it
is located at the center of the disposal facility. Confinement of the wastes
and limiting their interaction with transport_agents_such as.wind and water
are the primary considerations in hot waste facility design, and other factors
such as costs and surface. effic1ency are secondary design objectives. Con-

_ sequently, the hot waste facility represents an "idealized" confinement concept
which is nonetheless achievable utilizing ex1st1ng disposal technology.

Various example "hot waste facility designs" are considered in Appendix F;.
however, to compute hot waste facility costs in this. appendix,. it is assumed
to be a concrete-walled trench into which the waste is stacked and grouted in
place. A concrete cover is then poured over the emp]aced waste.

3.1.4 Postoperational Indices

There are four postoperational indices: closure index--IQ, care level index--ICL,
postoperational period--IP0, and active institutional control period--1IC.
These are considered below.

The Closure Index--I1Q, whose value can be 1 or 2, refers to actions imp]emented
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, oper-.
ations 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 during the dis-
mantlement and decontamination operat1ons, final contouring (including
implementation of final surface drainage ‘systems) and vegetation of the site,
final radiation surveys, etc. -An index value of 2 indicates that a complete
~site restabilization program is. carried out at site closure in addition to
other closure operations discussed above. This program, which is assumed to
increase the closure perijod to four years, is intended to enhance the integ-
rity of the d1sposa1 cell covers and therefore reduce the amount of water
potentially infiltrating into the disposa] cells. The restabilization program
involves: (1) stripping off the existing cell covers, (2) use of v1bratory
compaction or similar measures to accelerate disposal cell compression,

(3) backfilling the resu]tant compressed areas, (4) reconstruction of tne cell
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covers, and (5) revegetation of the covers. Implementation of these measures
is assumed to be ‘equivalent to the implementation of a stabilization program
during d1sposa1 operat1ons correspond1ng to an IX value of 2.

The Care Leve] Index--ICL whose va]ue canlbe 1 2, or 3 refers to activities
during -the-active 1nst1tut1ona1 control. period that are~1mp1emented by the
site owner. Different measures may have to be implemented -depending on opera-
tional parameters such as the stabilization program, whether the segregation
option has'been implemented, the type of disposal 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 major
active maintenance such-as major. cover engineering (low-care level denoted by

1) to extensive stabilization and remedial programs similar to those being
implemented at the Maxey Flats, Kentucky disposal ‘facility (high-care level
denoted by 3). Additional 1nformat1on regarding the extent of long~term care
activities assumed for each care level is provided in Appendix Q.

The Postoperational .Period--IP0 is a property of the disposal -technology
utilized and denotes the number of years between the cessation of active
disposal of wastes and - transfer of the site title to the site owner. It
includes the closure-period as well as any observation period imp1emented by
the site operator, and it affects the time-delay factor. At a minimum, it
would be equal to the two years requ1red 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 a number of years to verify that the site condition is
suitable for’ the transfer of the site title to the site owner.

The Act1ve Inst1tut1ona1 Contro] Per1od--IIC indicates the “number of years
between the transfer of the site title to the site owner and the assumed loss
of active 1nst1tut1ona1 controls. -This period also affects the time-delay
factor. : g - B

3.2 Waste Form Behavior Inoices

This section presents the manner in which waste form and packaging properties
are handled in the impact calculational procedures. . These properties are
considered in the impact calculations-in a manner similar to the disposal
technology properties. They have been expressed through discrete indices,
which are called the waste form behavior indices, that indicate a certain
property of the waste form or a specific calculational procedure to be utilized

- in the 1mpact ca]cu]at1ons. The 1nd1ces .are summar1zed in Table G.13.

- It has- been ‘common’ pract1ce in the past to g1ve 11tt1e or no cred1t to waste

"~ form and packaging properties -in.the calculation of impacts (e g., Refs. 24 and
- 25). 'Some credit was .sometimes given to the comparative leachability of the
‘solidification agent utilized ‘and .this effect was considered in ground-water

- migration impact calculations. .:'However, .a quantitative analysis-of the

mechanical, thermal resistance to chemical and biological :attack, and other

properties of the waste form and their effects on all the pathways considered

has not been performed.
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Table G.13 Waste Form Behavior Indices

‘Parameter and Symbol Indices

nonflammable"

low flammability (mixture of
material with indices of O
and 2)

burns- if heat supplied (does
not support burning)
flammable (supports burning)

Flammability (14) 0
: 1

Dispersibility (1I5) Tow .
low to moderate
moderate

severe

unsolidified waste form

solidification scenario A*
solidification scenario B**
solidification scenario Ct

Chemical (17) no chelating agents or

Content organic chemicals

= chelating agents or organic
chemicals are likely to be
present in the waste form

Hnoun

Leachability (16)

wouwuu

it

O BPWNH WNKHO W N

(o
|

structurally unstable waste
form :

structurally stable waste
form

readily accessible
moderately accessible
accessible with difficulty

Stability (18)

Accessibility (1I9)

wWhKHE = o

*50% urea-formaldehyde and 50% cement.
*X50% cement and 50% synthetic polymer. .
1100% synthetic polymer. ’

The primary reason for this past conservatism has been the lack of detailed
data on the different types of wastes included in the impact analyses. All

the LWR wastes or all the nonfuel cycle wastes, or both, were considered as

- one stream. A contributing reason for this conservatism has been the lack of
data on the performance of the waste form over long periods of time. However,
in this EIS, the waste has been separated into 36 individual 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

num_



""" for each waste spectrum considered:

G~-47

”avaiiabie quaiitative and comparative data on the properties of each of these
waste streams. ~Therefore, an attempt has been made in this EIS to’ quantify
the waste form properties and their effects on the impact calculations.

" As shown in‘Table G.13, six indices have been assigned to’ each waste stream
’“dispersibility index, denoted by I5, a 1eachab11ity fndex, denoted by 16 a

" chemical content index, denoted by 17 ‘a stability index, denoted’ "by 18; and
_an accessibility index, denoted by 19. The waste streams" considered in this
“work and the integer va1ues for these six indices that have _been” assigned to
each waste stream for the four waste spectra considered are given in Appendix D.

'_In addition to these’ six ‘{ndices, two more ‘indices for’ each waste stream are
‘utilized in the impact calculations: the waste processing index--denoted by
110--is explained in Section 5; and the "disposal status index"--denoted by
Ill--is calcuiated during the impacts ana]yses and is expiained in Section 3.4.

‘.This section discusses the procedures- through which these indices are {ncorporated
. 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,

- * Reference '1'and Reference 6. Be]ow is a summary of the information presented

in these references.

‘3.2 1 " Flammability Index (14) - S

,”rThis index ranks waste forms according to their fiammability. 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 decomposition upon exposure "to '1000°F
for 10 minutes. Those waste forms that will sustain combustion are’ assigned
an index of 3. These consist of waste forms such as 1iquids with flame points
around 600°F. Between these extremes are two additional flammability cate-
gories. Waste forms which show evidence of combustion and/or decomposition
upon exposure for 1000°F for 10 minutes but will not sustain burning when the
heat source 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 (Ref 1)

' s‘,The on1y scenario in which this index is utiiized is the accident-fire scenario.
.. Each.waste ‘stream is subjected to the acc1dent scenarios separately. The

- accident-fire scenario is assumed to be possible only if (1) the waste stream
being tested can support combustion (i e., I4=3) or (2) the waste stream being
tested is mixed during disposa] with other waste streams containing combustible
material. This latter case is possible if there is no waste segregation

(i.e., 1S=0).

‘In the accident-fire scenario, the total vo1ume of waste subjected to the fire
is assumed-to .be .50 mS (about 250 Ss-gaiion drums or equivaient volume). . This
volume is estimated from an .assumed volume of 200 m3 of waste received dai1y
at the. disposa] 51te (which corresponds to .about 1,000,000 m® of waste over
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20 years). Two of the disposal cells are assumed to be in operation simul-
taneously, and half of the waste in one disposal cell is subjected to the
accident-fire scenario. ‘

In another study,. the fraction of waste released into the atmosphere as the
result of an accidental fire has been estimated to be about 10-2 for combustible
mater1a1, and about 10-5"for unsolidified resins (Ref. 8). It was estimated

in this study that most of the rad1oact1v1ty will remain in the ashes which
remain localized.’ In.a more recent report, it has been estimated that. the
fraction of combustible material released from an acc1denta1 fire involving

LLW is about 10-3 (Ref. 26).

In this EIS, all unprocessed fuel cycle compactible trash, most of the institu-
tional streams, industrial low-specific activity waste, and industrial tritium
waste have been.assumed to be combustible (see Appendix D), and have ,been

- assigned a f]ammab1l1ty index of 3. Similarly unprocessed LWR res1ns and
cartr1dge filters, some of the industrial trash streams, and wastes solidified
in a synthetic polymer (solld1fication of scenario C) have been assigned a
flammability index of 2.. LWR-concentrated liquids and filter sludge have been
assigned an index of 1. Noncombustxble trash, process waste from fuel fabri-
cation and UFg conversion plants, and h1gh-spec1f1c activity industrial waste
streams (see Appendix D) have been assigned an index of 0.

In this EIS, waste streams with indices of 3 and 0 have been assumed to release
a fraction of 0.1 and 1.25 x 10-5 of their act1v1ty into the air, respectively,
upon being subjected.to the accident-fire scenario. The waste streams with
.flammability indices between these two extremes.have.been ass1gned a release

. fraction calculated from the geometric midpoints 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.

™

.0000125
. 00025
.005

1

lO—l
WO &
cooco

In other words, f_ can be expressed by the value of 0. 1x20(I4 3) These
assumptions are bElieved to be very conservative, particularly for ‘combustible
streams. Noncombustible material (I4=0) is assumed to result in 1.25 x 10-5
‘fraction of the waste released into the atmosphere which -is greater than the
value quoted for unsolidified resins (Ref. 8).

3.2.2 Dispersibility Index (I5)

. This index is a measure of the degree to which individual waste streams may be
; suspended ‘as respirable particles should the waste form be exposed to wind or
' mechanical abrasion, such as from the actions of a potential inadvertent
intruder, after a s1gn1ficant period (on the order of 100 years). It is
recognized that there is considerable uncertainty in estimating the dispersi-
bility of various waste forms over long time periods. However, the NRC staff
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‘believes that there is a need to consider the relative effect.that improved
.waste forms have upon impacts to a potential inadvertent-intruder. Therefore,
two opt1ons exist for considering the re1at1ve effects .of the dlspers1b111ty

index in the calculations. In the waste form no-credit’ opt1on all waste
forms are assumed to d1sperse into resp1rab1e fractions 1n a similar manner to
. ordinary dirt. This is the most conservative case and-has‘'been-assumed by

.. others (Refs. 24, 25). In the waste form credit option, assumptions and

- 'Judgments are made regard1ng the comparat1ve dlspers1b111ty of various waste

forms. Then, estimates are made regarding the fraction of the waste ,released
from the waste forms into respirable propertwes. This latter option is .
discussed below. ‘ _ )

'.Waste forms which are assumed to have a Tow probab111ty of becoming suspended
into resp1rab1e -particles are assigned ‘an index of, 0. Those waste forms which
.have a high potent1a1 of becomIng suspended are a551gned in 1ndex of 3. Waste

. forms which tend to crumble or fracture extens1ve1y and those forms that are

‘ subJect to. re]at1ve1y rap1d (within about 100 years) decompos1t1on are ass1gned

. an index of '2." Waste forms cons1st1ng of a mixture of materials with

P d1spers1b111ty 1nd1ces of 0 and 2 are ass1gned an 1ndex of 1

pThe d1spers1b111ty of the waste form is dependent on the res1stance of the
waste form to chemical and biological attack (Refs. 1-6). Another property of
the waste form that can be used to estimate the comparat1ve values of this
property is the compress1ve strengths of the waste forms (Ref 1) '

_As, an. upper bound for “this" property, the ‘most d1spers1b1e waste form (15—3)
has been assumed to be’ equiva1ent to soil, and no credit has been ‘considered
due ‘to. waste form. . ‘This value ‘is believed to be conservat1ve cons1der1ng that

{,ithe d1spersed fract1on of powdered Pu02 packages in transportat1on accidents

_ihave been assumed .to be 0.001 ‘(Ref. 9). In comparison, wastes subJected to

. solidification scenario C (see Appendix D), which may be represented by the

' propert1es of waste ‘solidified in a good synthetic polymer, are likely to-
“resist’ b1o1og1ca1 and chemical attack ‘and have s1gn1f1cant compress1ve strengths
(Ref. 6). ..These streams have been assumed to result in.a low disper51b1e

state, _have been’ ass1gned an"index of 0, and are assumed to have a:fraction of

. -0.001 of the waste in a d1spers1b1e form Other waste ‘streams 'are ass1gned

"dispersibility indices in between these ‘extremes (Ref. 1) '

To summarize, for the waste form no-credit option, the fraction of the respirable
dust loading in air that is ‘contributed by each waste stream as a result of
intruder activities or wind action is assumed to be equal to 1.0 for all waste
forms. For the waste form credit option, this fraction is assumed to be equal

to the following: i

15 T

s 2 e
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1 ! y R '
0 ‘7,001 ¢
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In other words, the factor f in the waste form credit option is given by .the

relationship 10(15 3). The’ dispersibllity index is applied to the intruder-
construction, 1ntruder-agricu1ture and exposed waste-wind transport scenarios.

3.2.3 Leachabi]ity Index (16)

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 so11dif1cation 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 EIS, a level
of performance designated by solid1fication scenario A has been simulated by
assuming that half of the waste is. sol1dified using urea-formaldehyde and the
other half using cement; a level of performance designed by soldification
scenario B has been simulated by assuming that half of the waste is solidifed
using cement and the other half using synthetic organic polymers; and a level
of performance designated by solidification scenario C has been simulated by
assuming that all of the waste is so]idifled using synthet1c 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 forms. Radionuclide-specific leaching fractions for
unsolidified waste streams have been estimated based upon actual leaching data
from two existing disposal facilities (see Section 3.5). 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 impact calculations. The multiplier is assigned a value of
unity to unsolidified waste streams such as dewatered resins or trash and a
value less than unity. to solidif1ed.waste streams. The multiplier value
.assigned to solidified waste streams is dependent upon the particular
solidification agent considered. Based on an analysis of the existing
comparative leachability data (Ref. 1), the ‘following values have been assigned
to this multiplier:

I6 Multiplier
1 1
2 1/4
3 1/16
4 1/64

These values are applied primarily to the ground-water 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 this index as an option to help investigate the effect of
waste form to reduce potential intruder impacts in these scenarios is presented
in Sections 3.4 and 3.5. The value of the index, 16, however, may be further
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‘modified dependIng on propert1es of the waste and d1sposa1 techno]ogy (see
below).

3.2.4 Chem1ca] COntent Index (14)

This- Index denotes whether a waste stream may conta1n che1at1ng agents or
_organic’ ‘chemicals that may increase the’ mobility of ‘radionuclides during”
-and/or after leaching. An index value of 0 indicates the 11ke11hood that
these agents or chemicals are absent’ in the stream, whereas ‘an index value’ of

1 indicates that the stream is like1y to contain che]at1ng agents or organ1c
chemica]s ‘

" This 1ndex, in conJunct1on with the segregation opt1on 1ndex IS (see

Section 3.1.3) is used to modify the multipiier values assigned to the ==
1eachab111ty indices for the ground-water and- 1ntruder-agr1cu1ture scenarios.

The' following. table is used in- determ1n1ng the fract1on leached from a part1cu]ar
waste form o - o

Mult (16,17,IS) . - - .. -

. 16 '18=1 and I7=0 .IS=0 or I7=1 .

-1 S § g e

: 1
s ‘2 14 1 '

3“ Al/lG ’ __1/4‘

- 4 1/64 < e

R

This table should be interpreted as follows. For a waste.stream with a given
1eachab111ty index (16), if the waste stream either contains chelating agents
. (I7=1) or 'is disposed mixed with other waste streams. conta1n1ng chelating . -
agents (15=0), then the higher leach fraction mu1t1p11er is used. - If the . _
waste ‘stream does .not contain chelating.or.chemical agents (I7=0) and .it is -
not mixed .with other wastes containing chelatlng or_chemical: agents (1s=1),
then the lower leach fraction multiplier is used. L :

A similar procedure is applied.to the. retardation coefficients assigned to -
individual radionuclides. . Retardation coefficients denote the potential of
the disposal site soils to retard the radionucliides during ground-water .
migration. .If there is no waste segregation at the.disposal facility, then -
‘the retardation potent1a1 of the- d1sposa1 s1te soils ,is .assumed to be reduced
as discussed in. Sect1on 3.5, -« 2 o s g ..

3.2. 5 IStab111ty Index (14) ;nf; o ";h.':k”; N

This index denotes whether the waste form 1s 1ike1y to reduce in vo]ume after
disposal due to compressibility, large internal void volume, and/or chemical
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and biological attack (no credit is taken for the waste containers). An index
value of 0 indicates a likelihood of structural instability, whereas a value
of 1 indicates a structurally stable waste form.:

The stability indices have been assigned based on the physical descriptions of
the waste provided in.Reference 6. . In general, this index has been assigned
based on the void volume and/or compre551b111ty of the waste and its bio-
degradability. For example, all trash waste streams are assumed to be unstable
unless they are incinerated and/or solidified. Dewatered resins and filter
sludges are also considered to be unstable. There is generally a 10 to 20%
void volume within the disposal containers (liners). Organic resins are
mostly composed of water, and water is present in the interstitial spaces
between the resins. Finally, all waste forms expected to be packaged in trash
or similar degradable void fillers, such as LWR noncompactible trash streams,
are also assumed to be unstable. In this case, the waste form containing most
of the activity can be considered to be stable. However, since this higher

activity waste is packaged with compressible (degradab]e) material, the packaged

waste stream will eventually degrade, produce voids within a d1sposa1
cell, and possibly lead to subsidence problems.

The use of this index 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 (regular stabilization measures),
then the segregation index IS also affects the calculational procedure. If
IS=1 (segregation), then in ground water migration calculations a higher
percolation estimate is adopted for wastes that are unstable (18=0); if 1S=0
(no segregation), then a higher percolation figure is adopted for all the
streams (see Section 3.5).

Similarly, in the disposal cost calculations, if there is segregation, 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.

3 2.6 Acce551b111ty Index (19)

The index tr1ggers the use of a correct1on factor for those unso]1d1f1ed waste
streams that have a comparatively higher 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 rad1onuc11des conta1ned in other
waste streams. o

Most of the waste streams’contain surface-contaminated wastes and waste
containing radioactivity in readily soluble form; 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 has been assigned an index of 3. Several other streams: containing a
significant portion of metallic waste, which have both activated and surface
crud contamination, have been assigned an accessibility index of 2. The value
of this index does not change depending on the waste spectrum considered.

M
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This 1ndex is applied to all the: re1ease/transport scenar1os that invélve w1nd

or water transfer agents, and to all the direct radiation scenarios. ‘In the"
calculations, the ‘degree to which a waste form resists mobilization by’ external
transfer' agents is expressed through the ‘waste form “and package factor (f ).

One of the mathemat1ca1 terms in the ‘waste form and package factor is-a fyact1ona1
multiplier that" expresses ‘the effect of the accessibility 1ndex., This fractional
multiplier is assumed to be given by the re1at1onsh1p 10 (Refs 1j19), “that

is:

I9 Multiplier

,71 Al-‘.

lv : 2 .1 - ! \
3 .01

..

These multipliers are assumed to be applicable to the above waste streams even
after a long time. Most of the equipment and metals in these waste streams
are manufactured from corrosion-res1stant materia]s.' A'brief comparative -
discussion of the waste’ streams for which th1s index is different than unity
is presented be1ow.

The main purpose of the access1b111ty index ‘is to evaluate the comparat1ve

"~ isolation from transport agents of the rad10act1vity contained in certain
'unso11d1f1ed wastes. " The function of this index is similar to that of the
leachability index app11ed to so]idified wastes. The reduction of. acces- .
sibility of some radioactive materials is the result of. the’ combined physica]
and chemical characteristics ‘of the waste.g No reduction is”considered for
wastes which contain rad1oact1vity in forms’ which are readi]y soluble’ or”
displaced. Combust1b1e trash and absorbed 11qu1ds are’ examp1es of these types
of wastes. -

At the other extreme are unsolidified waste streams such as’activated metals
where, in the absence’ of surface contaminat1on, much less of rad1oact1v1ty is
1n1t1a11y accessible to transport agents. ‘Industrial high-act1v1ty metals are
_assumed to be ‘the on1y waste stream.of this-type wh1ch is’ virtually free of -
surface contaminat1on. Many of these activated metals’ are high-alloy mater1a1s
(alloys with a high. nonferrous metallic component) and corrode very slowly i

the d1sposa1 environment. For example, a corrosion rate of 0.002 mg/100 cmzlday
(7.3 x 10-€ g/cmzlyr) has been’ quoted for hlgh-alloy stainless steel (Ref 1)
Such corros1on produces finely d1vided but hlgh1y insoluble ox1des..‘” o
Although 1nso]ub1e, these ox1des may be more accessible by virtue of be1ng
finely divided. The’ percentage of the total activ1ty of such waste. forms -
converted to the oxide from in a given time is highly dependent on the geometry
of the waste (i.e., surface area to mass ratio). For example, consider a high-
alloy rod 100 cm long and 1 cm in diameter and having a density of 7.8 g/cm®
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with a pipe having the same external dimensions-and density but with a wall
thickness of 0.1 cm. . The surface area to mass ratios are 0.259 cm2/g for the
rod and 2.56 cm2/g for ‘the pipe. Assum1ng that the activation products are
distributed un1form1y through both pieces, the, fraction of the activity lost
from the pipe is nearly ten times that of the rod (1.87 x 10-5/yr versus

1.89 x 10-8/yr). . The small magnitude of both.numbers illustrates the )
inaccessibility of the. radioact1v1ty in both cases--espec1a1]y in view of the
insolubility of the corrosion products. In 1,000 years, only about 2 percent
of the activity becomes available. Based on this, a conservative correction
factor (multiplier) of 0. 01 has been applied to the dispersibility of these
wastes.

The remaining unsolidified wastes fall between these two extremes. Wastes in
this group include the noncompactible trash streams and nonfuel reactor core
components. The noncompactible trash streams include quantities of surface-
contaminated failed equipment. Many pieces of equipment are internally,
rather than externally, contaminated and are sealed to prevent release of any
~ free liquids they may contain (e.g., pumps). A pump sealed with 1 cm thick
carbon steel caps (corrosion rate of 0.03 cm/yr) (Ref. 8) would jsolate the
radioactivity for about 30 years. After this period the release of radio-
activity is controlled by the activity and amount of 1iquid inside the piece,
the nature of the internal contamination, and the ease with which the transport
agents can get in and out of the equipment. :

Nonfuel core components are another case. These components are generally
highly activated stainless steel (or other alloys) pieces coated with crud
deposits. The accessibility of the radioactivity of these wastes depends on
the thickness of the 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 on fuel roads (Ref. 1). The strong
decontamination agents necessary to remove such crud deposits from LWR primary
cooling systems attests to the relative inaccessibility of the radioactivity
they contain. Furthermore, the transporting medium must penetrate the crud
layer to begin corroding the activated metal beneath. Because the fractions
of activity of these components. contained in the.crud and the metal itself are
not well-characterized, these wastes are considered to more closely resembie
noncompactible trash rather than clean-surfaced high-activity metals.

A reduction factor for the direct radiation exposure components of the scenarios
is also assumed to be applicable due to the high metal content of the streams
with an accessibility index greater than 1. This reduction is due to the '~
'self—shield1ng afforded by the higher density metals and packaging practices.
For example, the uncollided gamma flux from a half-space source at the surface
s inversely proportional to the density of the material; this effect alone
~would result in a gamma flux attenuation by a factor of aboutv7 (Ref. 1).
Furthermore, when these noncompactible metallic wastes, which usually have
irregular shapes are packaged, other materials such as trash or soil that
usually have much lower activities are placed around them to fill the voids.
For the 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. 1In this EIS, in view of the above effects, a reduction factor of 10 has
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been:applied to direct radiation exposure pathways for- streams having an :
accessibility index greater than 1. ‘. S : L

3. 3 Waste C]a551fication :‘1 . a; ;! : qrr, ’ ‘f - \'

As-. discussed in Section 2 2, potentia] 1ong-term exposure scenarios from LLw
disposal can be separated into two types: - concentration scenarios and total-
activity scenarios. _The concentration scenarios inc1ude»those;invo1ving L
direct human contact with the disposed waste, :such as those involving exposures
. to a potential inadvertent intruder. In these scenarios, potentia1 exposures
-are calculated considering only the radionuclide concentration in the waste
streams assumed to be. actually contacted by .the intﬁuder. The radionuclide
concentrations and total activity 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 fac111ty - Examples

.- of.total activity scenarios 1nc1ude ground-water migration scenarios...

The fact that impacts from scenarios involving direct human intru51on 1nto
.-disposed waste are governed .by the .concentrations in the particu]ar waste .
streams assumed to be contacted makes the intruder scenarios very. useful for
waste classification purposes. -Assuming that a limit is p1aced,on the exposures
allowed to a potential human intruder,.then .the maximum allowable concentrations
of radionuclides in waste streams to meet this exposure limit may be calculated.

‘:Once concentration 1imits aretdetermined waste generators can relative]y
easily determine what class .their waste is -in. by .comparing the radionuclide
concentrations in their wastes with the limiting concentrations determined
through the intruder scenarios. Use of potential human intrusion as a means
of c1assifying wastes for disposa1 has been -also used by others (Refs. 24, 27).

By. contrast it 1s much more difficu]t to c1assify wastes through use of total
activity: scenarios such as ground-water migration.- Comparatively speaking,
impacts from ground-water migration are much more dependent on site-specific
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 1imitations for -individual radionuclides ‘to meet a -specific
dose Timitation criteria. It would be difficult, based.upon .ground-water ...
migration considerations, to set concentration limits that can be used by a.
waste generator to determine the c1a551f1cat10n of this waste.

4 [N

“:;.It is important to emphasize, however, that this does - not mean that ground-water

migration from a disposa] facility.is not an important con51deration Jdn LW
disposal.. "It does ‘suggest -that rather than establishing. concentration Timita-
tions to. be met by a waste generator to meet a particu]ar ground-water exposure
1imitation criteria, it would probably be more useful to set an inventory
Timitation for a particular disposal facility (based upon 51te-specif1c informa-
tion) for particu]ar radionuc]ides of concern. . :
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Then, if the waste generators were required:to report the quantity of the
radionuclides of concern which are contained in each shipment of waste that:
the waste generator ships to the particular disposal facility, the disposal
facility operators could maintain a running inventory at the site of the
radionuclides of concern. When the site inventory 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 radionuclides of concern-would include long-11ved mob1le
isotopes such as 1‘C 99Tc and 1297,

Potential inadvertent intruder exposures (and maximum rad1onuc11de concentratlons
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 institutional control period), (2) waste form and .
packaging properties,: and (3) disposal facility design and operating practices.
Regulatory requirements can be placed upon these parameters-and, depending

upon the particular requirements placed upon these parameters, a classificatioan
system may be developed.

The effect of waste form and packaging properties and disposal facility design
and operating practices on impacts from human intrusion is also extensively
examined in Chapters 4 and 5 of this environmental impact statement. From
this analysis two conclusions can be made:

o Barriers may be used to reduce the possibility of human intrusion.
These barriers may include disposal at greater depths or emplacement
of the waste using an engineered barrier designed to resist human
intrusion (e.g., a caisson backfilled with concrete).

0 If the waste is in a stable waste form that resists dispersion and
if the stable waste is disposed in a disposal cell which is segregated
from unstable waste forms, then potential 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 classification system may
be developed based on a maximum exposure 11m1t to a potential 1nadvertent
intruder.

The costs and relative effectiveness of various barriers against human intrusion
have been analyzed in Reference.l and Appendix F. In this work, three generic
levels of intruder barriers are considered in detail, which correspondito

three general levels of effectiveness against intrusion at three levels of
overall costs: (1) no barrier; (2) layering; and (3) hot waste facility.

 In the first case, the waste stréam 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 least 5 meters of earth or other (lower activity)
waste streams cover the layered waste. In the third case, the waste stream is
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¢ .
assumed to be disposed in a hot waste facility, which for this.EIS .is:taken to
be a concrete-walled disposal trench. The waste is stacked into the trench,
grouting is poured around.the waste packages, and 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 'indicate an upper level of protection
aga1nst 1nadvertent intrusion that can’ be ach1eved through near-surface d1sposa1

s In add1t1on and based upon the analys1s in Chapters 4-and. 5, it is assumed

that the operational practice of segregated disposal.of stable waste streams
from unstable waste streams results in reduced exposures to a ‘potential intruder
contacting.the stable waste streams~-at least for the first:several hundred
‘years 'following waste disposal. Segregated disposal 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 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. This scenario, which can be considered to be a
subset of the 1ntruder-construct1on scenar1o, is termed the 1ntruder-d1$covery

- scenario. . vl

Finally, consideration needs to be given to the length of time that intruder
barriers and segregation of stable wastes would serve to reduce or eliminate
potential -inadvertent intruder impacts. Based on the,ana1ysis in Chapters -4

..and 5, a time period of 500 years after site closure is used as a limit ;of the

effectiveness' of layering and waste segregation. Following his 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., nonsegre-
-gated 'disposal). - A time period of 1000.years is assumed as.a maximum :length
of t1me for a hot waste fac111ty to be effect1ve against 1ntru510n.t~3g,f~

These concepts are further expanded 1n the fo]]ow1ng two sect1ons whlch present
‘the .calculational procedures for determining intruder exposures .from.the two
basic intruder scenarios considered in this appendix.  These include the

- jntruder~construction scenario (and ‘its subset; .the intruder-discovery scenario)
presented in Section 3.4.1 and the .intruder-agriculture scenario presented in
Section 3.4.2.

3. 4 Waste C]ass1f1cat1on Scenar1os

3

.
.__.:“ e a it

3.4. 1 Intruder-Construct1on Scenar1o

‘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’ behav1or,1nd1ces ‘and .the disposal techno]ogy indices.
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This scenario assumes that at some time after the end of operations at the
disposal facility, institutional controls break down temporarily and an intruder
inadvertently constructs 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 involve significant

- depths--e.g., in most cases no more than approximately 3 m (about 10 ft).

There is, however, a much less 1ikely 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 inadvertent 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 m2?), which is a typical surface area for a
reasonably large ranch-style house. The foundation hole is 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 excavation
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(fofff)
n

dfufs PDCF-2+§ (f f f f

ofdfw s)DG Cw PDCF-5 (G-8)

air cw

where-H is the 50-year dose commitment in mrem, PDCF-2 and PDCF-5 are the
radionuclide-specific pathway dose conversion factors discussed and presented
in Section 2.4, and C is the radionuclide concentration in the waste. Impacts
are summed over all tHe radionuclides (n).

The first term: of the equation calculates the  impacts from the exposures due

to suspension of contaminated dust into the air (inhalation of the contaminated
dust and direct gamma exposure from the contaminated dust cloud) and the
consumption of food grown nearby upon which the afrborne contamination is
assued to settle. The second term of the equation calculates the impacts from
direct gamma exposure to the wastes during excavation. The values of the.
barrier factors are examined below in two subsections: regular waste disposal
and disposal with barriers against intrusion.

Regular Waste Disposal

The time delay factor fo is radionuclide-speéific and is given by the following
equation: .

fo=exp [-AT1 - | (G-4)

“where T is the time period between the end of active disposal operations 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 the air uptake

-
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pathways and the direct gamma pathway. The assumed time period is “equivalent
to-the assumption that the intrusion scenario involves the 1ast disposal ce11

'*intrus1on scenario may involve one of the earlier disposa1 ce115

(O3]

The site de51gn ‘and operation factor (f. ) denotes the dilution of the: waste
due to particular disposal practices reSarding waste emplacement. ‘Its value
is assumed to be 0.5, 0.75, or 0.5, depending upon whether the waste disposal
is  random, is stacked or is decontainerized respective]y. .The effects of
other ciassification tests on fd are described in Section 3 3 2.

‘ For the air uptake pathways, two options are’ available for determining the

waste form and’package’ factor, f . These options are incorporated to help -
jnvestigate the potential for imgroved waste forms to reduce airborne intruder

-'impacts.. As discussed in Section 3. 2 2, 1n waste-form credit option, f is
. given by the fo]iowing formula:

_ 10C3-19) | 10(15-3) _" L ,_?.,‘ ;“
fw 10 x 10 : (G-9)
In this equation, I5 is the dispersibility index (see Section 3.2.2) and 19'is
the accessibility 1ndex (see Section 3 2 6)

However, ‘for the waste form no-credit option, no-credit ‘is given for the waste

fform to reduce the dispersibiiity of the waste stream In this option the

,mu]tipiier 10(15 3 is. set equal to 1. 0 for all values of 15..

For the direct gamma exposure pathway, oniy the seif-shieiding inherent to the

; - particular waste form .affects the.factor f " In this case, f 1is set equal to
the, foiiowing o . L ; L L

Accessibi1ity Muitip]ier % 'So11dification Multiplier f‘;]:v (6-10)

The modification due to accessibiiity resu]ts from the substantiai metal
component of some waste streams. For example, a reduction in .direct. gamma-.

rexposure intensity by a factor of 10 can be achieved through shielding of .

-

. about 2:inches of metal equivalent  (Ref. 1). The accessibility mu]tip11er Ais

taken to be 1 if the index I9 is equal to 1 and A4t is.0.1 if the index I9-is
equal to 2 or 3. The solidification multipiier is assumed-to be 0.80 for
those streams that are solidified using.solidifcation scenario A or B procedures
which contain a significant amount of cement; otherwise; this multiplier is

- -assumed to be unity. ..Since the streams with an accessibi1iy index different

than 1 are never solidified, the minimum va]ue of the factor f for the direct
gamma exposure pathway is 0. 1

The site selection factor, is different for. the air and direct gamma

- uptake ; pathways .of the;intruﬁer-construction scenario "For' the’ air uptake

pathways, it is the product of the.soil-to-air transfer factor T (which ~

- ..depends on _the environmental characteristics of -the region in whigh the disposal
. facility is located) with the. exposure duration factor (the fraction of a year

that the construction takes place). For the direct gamma exposure pathway it
is equal to just the exposure duration factor. These factors are discussed
below.
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In this EIS, the exposure duration is assumed to be 500 working hours. This
is equivalent to a construction period of 3 months, which is believed to be
reasonably conservative for typical housing construction. It is believed to
be very conservative for:activities involving use of heavy construction equip-
ment. This gives a value of 0.057 for f_ for the direct gamma scenario. For
the air pathways, this number is mu]tipl?ed by a soil-to-air transfer factor
given by the formula: .

1. x (10/v) x (s/30) x (50/PE)2 (G-11) -

TSB = [Tsa o

where [TS ]° is equal to 2.53 x 10-12 (Ref. 1), v is the average wind speed at
the site’?n 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. .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 10-10 for T__ (also see Appendix J). For an exposure duration
factor of 0.057, this yieldgaa site selection factor of 2.01 x 10-11 for the
air uptake component of the construction scenario.

Disposal With Barriers Against Intrusion

The barrier factors f, and fs are affected if the waste is disposed using
intruder barriers and?on-if waste segregation is implemented at the disposal
facility. For the air uptake pathways, (a) for layered disposal, the factor
f, is multiplied by a factor of 0.1 to indicate the 1ikelihood of contact of
tﬁe layered wastes by the intruder; and (b) for hot waste facility disposal,

fd is multiplied by a factor of 0.01.

For the direct gamma exposure pathway, (a) for layered disposal, f_ i
by a factor of 1/1200 which denotes attenuation of the radiation tﬁrough a
layer equivalent to 1 meter of soil; and (b) for hot waste facility disposal,
f, is multiplied by a factor of 1/12002 (Ref. 2) which indicates attenuation
o? the radiation through a layer equivalent to 2 meters of soil.

The site selection factor, f_, is modified only if the waste form is stable
and has been disposed in a sggregated manner. In this case, which is’'termed
_the .intruder-discovery scenario, the exposure duration factor is reduced from
500 hours to 6 hours for all the uptake pathways (Ref. 1). o

3.4.2 Intruder-Agriculture Scenario

The intruder-agricuIture scenario assumes that an intruder inadvertently lives
on 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 agricultural activities
would ‘ever contact the waste. To implement the scenario at the ‘end of the
active institutional control period, however, a portion of the soil excavated
during the intruder-construction activity (232 m3® of waste and 680 m® of cover

is multiplied

tLm_
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- “material) is assumed to be distributed around the house. 'After building the

- foundations’ of - the house, about 312 m® of this soil would be backfilled outside
and around the cellar walls,: leaving a volume of about 600 m3 of soil- (of

which about 150 m3:is ‘the original waste/soil mixture) involved in the .-
agriculture scenario. The precise areal. extent to which this soil is:distributed
is'somewhat speculative. It is likely, however, that the soil:will remain
localized; moving even a few ‘cubic :yards of soil more ‘than 10 meters:usually
“requires’a significant effort.. It 'is assumed in this report that this areal
“extent is 1ikely to be somewhere between 1000 m2.and 2000 m2...'That'is; the
“ waste/soil mixture is assumed to 1ie within a radius of about 25 meters from

the center of -the house. The intruder :is then assumed to 1ive'in:this distributed
waste/soil mixture and is also assumed to consume vegetables from-a small-
garden 1ocated 1n the waste/so11 m1xture.

A poss1b1e a]ternat1ve to th1s scenario ‘is ‘that the waste cover is: str1pped

away by the 1ntruder, and that the intruder lives on and grows and consumes

food grown d1rect1y in the waste. This does not appear to be as reasonable as
the above scenario. At current commercial rates, it costs about $1.07 to move
one cubic yard of dirt from one place to an adjacent place with heavy equipment
" '(Ref. 28). This implies that to clear 2 meters of cover from 2 acres, the
intruder would have to either invest a sum of about $22,500'or~perform labor
equ1va1ent 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
better 'soil -underneath to grow food.  "A noncommercial . enterpr1se is’ therefore
assumed for the’ intruder-agriculture "scenario. It: appears to ‘be ‘unreasonable
‘to expect that a ‘commercial operator, who would require a substantial investment
“for:a commercial -agricultural operation and therefore a c]ear t1t1e to -the

land, can be an inadvertent intruder. . oA

*-The inadvertent intruder is assumed to live in the house built.on the site,

_ work ‘at: a‘régu]ar'aob during the day, and spend some of "his extra time -working
< vin-a garden growing vegetables for his own use. His time during a year 1s
T assumed to be a11ocated between var1ous act1v1t1es as fO]]OWS" g :

ACt1V1ty e _.Hours/Year = ,‘:{: L
At Home Co S ;:. 4336‘
e At WOrk o _a‘u o 2000
R Trave11ng To and From WOrk ‘f . .250 ' 4.:‘17 ;_;ir"
Gardenlné o J: .:L';fi. " '100f:€
Outdoors e Ll 1700 - EEE

Total: 8760
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In the intruder-agriculture scenario, the inadvertent intruder could be exposed
principally by five pathways: (1) inhalation of contaminated dust suspended
due to tilling activities as well as natural suspension, (2) direct gamma
exposure from-standing in the contaminated cloud, (3) consumption of food
.(leafy vegetables) dusted by fallout from the contaminated cloud, (4) consump-
tion of food grown in the contaminated soil, and (5) direct gamma 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 calculated in three
groups: air uptake, food (soil) uptake, and direct gamma (volume) exposures.

- These are then added to arrive at the total potential exposures from this -
scenario. . :

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

H= %5 (fofdfwfs)air cw PDCF-3 4-%; (fofdfwfs)food cw PDCF-4 +
;}[:1: (fofdfwfs)DG cw PDCF-5 : (G-12)

where H is the annual dose in mrem per year during the 50th year of exposure,
. PDCF-3, PDCF-4, and PDCF-5 are the radionuclide-specific dose conversion.
factors presented in Section 2.4, and Cw is the radionuclide concentration in
the waste. Impacts are summed over all the radionuclides (n). The values of
the barrier factors are presented below. :

The time delay factor, f_, for this scenario is identical with the construction

.. scenario, and is given by equation (G-4). . The site design and operation .

factor f, is also determined in the same manner as the construction scenario.
In addit?on; the dilution resulting from mixing 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.

The waste form and package factors for the air uptake and direct gamma exposure
pathways composing this scenario are identical to those for the air uptake and
direct gamma pathways composing the intruder-construction scenario.

For the food (soil) uptake pathway, two options are available to calculate f ,
depending upon whether credit is given for the waste form to reduce leaching
of radionuclides from disposed waste and subsequent uptake by plant roots.
These options are included to help investigate the potential for improved
waste forms to reduce potential intruder impacts. For the waste form credit
option, the following formula is utilized to calculate fw for the food (s0il)
uptake pathway (also see equation G-16):

1-19

fw = Mox tc x Mult(16,17,1S) x 10 (G-13)
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However, in the waste form no-credit option, the factor Mult(16,17,1S) is set
equal to 1.0.

In equation G-13, M is the radionuclide-specific leach-fraction of unsolidified
waste forms (see Segtlon 3.5). The contact time fraction t- is the fraction

of time in one year that the waste is in contact with 1rriggt1on or rainwater,
while 19 is the accessibility index (see Section 3.2.6). Mult(16,17,IS) is

the reduction due to solidification and the presence or absence of che1at1hg
chemicals (see Section 3.2.4) and is a function of leachability index (16),

the chemical content index (17), and whether the waste streams containing :
chelating or chemical agents have been segregated from other waste streams !

(15). -

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
un1ty in this EIS; however, this fraction may actually be a very low value'in
view of the soils Tikely to be found at most disposal locations. These locations
are likely to be at topographic highs whereas the most attractive agr1cu1tura1
soils are found in or adjacent to flood plains.

-~ N .

The site selection factor f_ for the air uptake pathway is similar to the f
intruder-construction air uptake pathway. However, the soil-to-air transfer
factor must be averaged to account for natural resuspension of the soils
during part of a year. -This estimate is calculated by assuming that (1) the
construction scenario T__ value of 3.53 x 10-1° (see Section 3.3.1) is applicable
during gardening (100 hsars), (2) during the time spent outdoors (1700 hours),
typical natural outdoor ambient air particulate concentrations of 100 ug/m®

are assumed to prevail (Ref. 27); and (3) during the time spent 1ndoors
(4380-hours), . typical ambient indoor concentrations.of 50 ug/m3 have been
assumed (Ref. 27). Utilizing a mass loading of 565 ug/m3® for the time spent
while gardening (Ref. 1), and averaging these values results in a.site-selection
factor value of 3.18 x 10-11_ This may be compared with the value of f

(2. 01 x 10-11) calculated for the intruder-construction scenario.

For the food (soil) uptake pathway, is. taken to be the fraction of food
grown onsite that is consumed by the: ?nd1v1dua1 This value is assumed to° be
0.5. For the direct gamma exposure pathway, f_ is equal to the exposure
duration fraction multipiied by a correction fictor to account for the limited
areal extent of the direct gamma 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 areal extent of the source may be estimated
utilizing Figure G.5. This figure shows that the intruder may be assumed to
be exposed to a full disk source while outside, and an annular source while
inside the house. - While he is inside the" house the center of the disk
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] _represents the sh1e1d1ng provided by the foundation slab. ' The contribution to
“"the direct" gamma exposure from this center port1on may be neglected dn compar1son
~ with the ‘exposure’ from the outside of the house. " If ‘the foundation slab is a
" -one-foot thick concrete layer, the' rad1at1on would be attenuated to about -0.03

of its unshielded value for Cs-137 gamma rays (Ref. 1). -The correction factor
for the areal extent of the annular source may be represented by the’ following

_equat1on

o= IE W) - El(urz)]/elcur) e (G 14)

'where c is the d1mens1on1ess correction factor, E;(x) is the first order k

exponential integral, p is the Tinear attenuat1on coefficient of air-in units
of m-! (it is taken to be 0.0097 m-1) and the r's are the d1stances 1nd1cated

“in Figure G.5 in meters (Ref. 1)

. For a full disk source (for the time spent outdoors), the radIus ry in
-‘equation G~14 is replaced by r

In ‘order to evaluate the correction- factor,
the distances must be assumed.” The following table gives the value of the
exponential integral for some representative distances:

o’

" Distance opr o Eg(ur)
1m 0.0097  4.068
. 8m 0.0776 - . 2.055
20 m 0.1940 1.335
25 m

0.2425 1.068

aFor r and r,, 1t is reasonable to assume 1 m and 8 m, respect1ve1y, 1 m f
~,repregents the height of .the exposed person, and 8 m ‘represents .the approxwmate
radius of .a 200 m2 .house floor. The value ass1gned to r,, . however,<depends on
“the areal extent to which the 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 1ikely to be between 1000 m2 and
2000 m2. A radius of 20 m represents an areaof .about 1050 m2 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 EIS. . “ o

These assumptions yield a correction factor for the time spent .outdoors. of
about 0.74, and a correction factor for the time spent indoors of about 0.24.

.Utilizing- va]ues of 1800 hours outdoors and .4380 hours “indoors y1e1ds a site

selection factor of about 0.27, which is ‘the value utilized in this EIS.

3.5 Ground-Water Scenar1os

These scenar1os ca]cu]ate the 1mpacts resultwng from’ ground-water m1grat1on of
radionuclides from the disposed wastes to four potential biota access locations
downstream in the direction of the ground-water flow:. (1).a well located at
the boundary of the disposal area; (2) a well located at the site boundary;
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(3) a well located between the disposal facility and the surface hydrologic
boundary; and (4) 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 Section 2). An idealized map showing the
geometric relationships between the disposal facility and the biota access
locations are shown in Figure G.6.

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

The following equatioh.is used to calculate human exposures which may result
from the well access ground-water scenarios: :

H= 2,2, (f fysfuifsi) C, POCF-6 (G-15)
in

where H is the annual dose rate in mrem per year during the 50th year of
exposure, PDCF-6 is the radionuclide-specific pathway dose conversion factor
presented in Section 2.4, and Cw is the radionuclide concentration of the
waste stream considered. The impacts are summed over all the waste streams
(i), and over all the radionuclides (n). 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.

The time delay factor f_ is assumed to be 1. This merely means that the
ground-water scenario i assumed to be initiated at the close of the twenty-year
operational period. The site design and opration factor f,, is utilized to
incorporate modifications resulting from two of the site dgsign options: use

of a hot waste facility, and grouting (the effect of the cover is incorporated
into the waste form and package factor fw for calculational convenience--see
below). If the waste is grouted, then f, is taken to be 0.1. If the waste is
placed in a concrete-walled trench or a Hot waste facility, fd is further
reduced by a factor of 0.1 (Ref. 1).

3.5.1 Source Term

The source term is represented by the waste form and package factor, f .,
which has units of m3/year, and denotes the annual volume of contaminatid
1iquid that leaves the disposal cells. This factor is given by the formula:

fwi

= f1 X Vw X fc (6'15)
where f. is the fraction of the disposed waste that is in the (i)th waste
stream; 'V is the annual volume of water that percolates through the trench
cap and c8ntacts the disposal volume containing the waste; and f_ is the waste
radionuclide concentration fraction transferred to the leachate.
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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
facility. The variable (Vw) is simply the percolation (p) multiplied by the
appropriate surface area. There are several different techniques for calculating
the parameter (p) (also called PERC in several references). o

One of these methods, usually called the water-balance 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
disposed waste (Ref. 1).

For the cases where low permeability trench covers are employed and where the
trench cover integrity can be assumed, the percolation component may be
determined by the Darcy velocity of the least permeable stratum between the
waste and the atmosphere. The Darcy velocity of a material, with hydraulic
conductivity (K) in units of m/yr and unit hydraulic gradient (the most
conservative assumption), has units of m3/m2-yr. This number, however, is
modified by the fraction of each year during which there is at least 0.01 inch
of precipitation. Therefore, in this latter case, (p) will be calculated from
the relationship: p = K (w/365), where (K) is the hydraulic conductivity of
the least permeable layer covering the waste, and (w) is the mean annual

number of days with 0.01 inch or more of rainfall. Assuming that a permeability
of 3 x 10-7 cm/sec (about 0.3 ft/yr) is applicable for the least permeable
stratum of the low permeability trench cover, and assuming (for the reference
disposal facility) that w is equal to 115, yields an estimated percolation
component of 30 mm. This permeability can be readily achieved through emplace-
ment and compaction of a clay layer (materials with permeabilities in the

range 10-7 to 10-° cm/sec are commonly available) (Ref. 1). However, after
_the active institutional control period, it is 1ikely that, as a 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 calculations as discussed below in Section 3.6.3.

.For the reference disposal facility, Vw is therefore assumed to be given by
“either V1 = 0.180 S, or V2 = 0.03 S, where S, denotes the surface area involved,
in m® (Ref. 1). However, the speciffc'va]ue utilized for this parameter 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

a given waste stream: -
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- -Cell Sta-

Infiltrating Volume -

o - Waste - No . N TV A
Cover - - bilization Stab111ty‘ - Segregation . f Segregation -. . -
" Regular = Regilar |  Stablé’ 2xV1 A2 N
o jRegu1ar Unstah]e, 2xV1 '2XV1 ";'*
N “‘Moderate Stable 1.5xV1~~ - .Vi® -
- 'fModerate . Unstable '1.5xV17:“' 1 5xV1 o
‘Exteénsive  Stable ' Vi _ Vl"w_‘ N
Extensive Unstable =~ V1 v
... Thick  Regular . Stable 2xV1 vz L
‘ 77 Regular  Unstable - &= = 2xV1° ' 2xV1";“ o
| Moderate = stable - 2xv2 U iw2l ool
. ‘Moderate Unstable " 2xV2 2V2 Ca ju;
Extensive Stable v2 V2 ' -
a \V,Extehsive’ Unstah]e V2 ve .

N

.- .y

A
T

A
T.’I

S"One more.waste formzbehavior.ihdex:affects:the determfnatfdh’df7theainfiltrating
.volume, and that is.the "“disposal status" :index Ill.

If the waste is-disposed
~-~0f in concrete-walled trenches-or a hot :waste faci]ity (111 .= 3), the above

T,ztab1e is ignored, and the infiltrating water volume is.taken to be.V2/4 .
multiplied by: the surface area fract1on of the walled trench -or hot waste

?fac111ty

= For the t1me-dependent source analys1s optwon, an: 1ncrease in the 1nf11trat1on
.rate is assumed after -the active 'institutional.control period as follows.

» Only the: infiltrating volumes ‘that are.less than V1 are affected.

- .For 10 percent

“of .the"disposal area which is-assumed. to :be disturbed by intruder activities
(about'8 acres) an infi]trating volume: of V1 is assumed, and for;the,rest;of
the area twice the previous.value (i:.e.,.either 4xV2 or 2xV2) is assumed.. For
'fthe hot waste facwl1ty, the 1nf1]trat1ng vo]ume is’ assumed to become va2.: .

The factor f represents the fract1on of the rad10nuc11des that are transferred
It may be ca]cu1ated using the fo11ow1ng

from the was%e to the leachate
':*formula N

N

epaiyle

- f—M xtmeum17m)xmul”

]

where M

at cont?nuous full saturat1on,

16417)

M F:.'. "‘r

is equa] to the radionuc11de-spec1f1c unso11d1f1ed waste 1each fractlon

is the fraction of a year that the infiltrating
volume of water is in contact with the- waste; Mult(16,17,1IS) is the reduction
in leachate concentration considering: so]idif1cat1on methods and disposal
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facility operation practices (see Section 3.2.4); and 10(1.19) is the
accessibility factor (see Section 3.2.6). These factors are discussed below.

The factor M_ can be .estimated by many theoretical methods; however, these
theoretical Qalculations are not consistent with experimental data (Ref. 1).
In this work, the average upper bounds of the leach fraction for unsolidified
waste are estimated assuming that the leachate/waste conditions at the Maxey
Flats, Kentucky disposal facility and the West Valley, New York disposal
facility trenches (both of which can be assumed to be at continuous full
saturation) may be used to approximate this bounding fraction. The above two
disposal facilities, 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 researchers
in the field believe that these types of estimates represent the best that can
be achieved with the available experimental data (Refs. 1, 27).

To estimate these ratios, the measured leachate concentrations 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 G.14. Detailed calculations can be found in
Reference 1. : :

The use of the factor M_, however, necessitates a correction factor to take
into account the transi®nt and partially saturated conditions expected in the
reference disposal facility. This correction factor is expressed through t_.
This fraction depends on the contact time between the waste and infiltratinﬁ

" water. Assuming that leaching at partial saturation is proportional to the
moisture content, the: fraction (t.) may be expressed as the fraction of a year
that the percolation component caTculated abdve takes to pass through a given
horizontal plane. That is, tc = p/(nv), 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

< mfyr). The waste cell effective porosity can conservatively: be assumed.to be

about 25% (partially compacted soils are likely to have higher porosities).

" The value of v depends on the interstitial soils; a very conservatively: Tow

_ value of 1 ft/day (corresponding to a permeability of about 1-x 10-* cm/sec,
an effective porosity of 0.25, and a hydraulic gradient of unity) will be’
assumed in this report for the reference disposal facility. These calcula-
tions yleld 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 (Ref. 1).

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 soils with Tow. permeabilities, and would decrease
for soils with high permeabilities by as much as a factor of 10. It should be
noted that an increase or decrease in the volume of percolating water also
~affects the contact time. Co

The last two factors in equation ' (G-17) are the mﬁ]tipliers due to waste
solidification and facility operating practices, and due to the relative
inaccessibility of activated radioactivity in metal waste streams. The
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Table G.14 Radionuc]ide Partition Ratios*v

Between Leachate and Waste

" Assumed

Basic Calculated Other ~
. Nuclide -Ratio - < Nuclides = Ratio:
- H-3 1:15 Tc-99 0.115
I S - 1-129 0.115
C-14%*  5.76x1073 ..
Co-60  1.48x10°2  Fe-55  1.48x10 2
Ni-59 1.48x10_2
Ni-63 .. . 1.48x10_2
Nb-94 - 1.11x10°2-
‘.Sr-so 9.86x1073
CS'137 1.62x1074  Cs-135 1. 52210'4
~,,’u-238** 1.25x10°¢  U-235 . .- 1.2 25x10 "«
Pu-2391  4.67x10°4 . Pu-238  4.67x10_4.
S - Pu~281 . 4.67x10_4
Pu-242  4.67x10_%,.
. -Np=237 .. 4.67x10_4%
- .Cm-243  4.67x10_4
. Cm=244 -~ 4.67x10 1.
Am-241  4.11x10 2 Am-243 4.11x10 3

*Ratio of the leachate concentration (in

Ci/m3) to the waste concentration in
-Assumed;ratios are estimated
based on chemical s1mi1ar1ties between
. the bas1c nuc]ide and the nuc11de of

(Ci/m3).

COI’ICET‘I’I

inventories.

. **CaIcu]ated using West Va]]ey 1eachate
- concentrations and Maxey Flats .

¥The céicu]ate&‘faiiﬁjihc]u&es”Pﬁrésal
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multiplier due to waste solidification and facility operating practices has
been discussed in Section 3.2.3, and the table detailing the Mult(16,17,IS)
factor in Section 3.2.5 is applied to this scenario. The multiplier for
activated metal waste forms has been discussed in Section 3.2.6.

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. This
source term must be related to the radionuclide concentrations at the ground-
water biota access locations. This relation is expressed through the site
selection factor (f_) in units of yr/m3. This factor, which has also been
called the "confinefient factor" or "reduction factor" (Ref. 3) is the ground-
water migration analog of the (X/Q) term in meteorological diffusion calcula-
tions (Ref. 1).

Dozens of models, both analytical and numerical, have been developed to forecast
the probable extent of radionuclide migration (sometimes called mass transport)
and the associated environmental impact. A review of some of the available
simulation techniques are presented in References 29 and 30. An analytical
model is used in this EIS due to the generic nature of the analysis (Ref. 1).

The measurable hydrogeological parameters that should be included in an accurate
simulation of mass transport are: the geometry of the problem (e.g., the

travel distance and time to an 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

(Ref. 3). As discussed in Section 2.4, it can be shown that the time dependent
site selection factor is given by (Ref. 3):

fsi = [rg/Q] %: r (G-18)

tij

where (Q) is the dilution factor in units of vﬁlume/time; the factor.rg is the

time independent reduction factor due to the geometry of the problem (i.e.,
the spatial relationship of the disposal cells and the access location); j
denotes the longitudinal sectors bf the disposal facility shown in Figure G.6;
and r_.. is the reduction factor due to migration and radioactive decay which
depenagJon both space and time, including the duration of the source term (Ti)'

The geometric reduction factor rg is assumed to be independent of the

characteristics of the waste streams. It is also independent of the longitu-
dinal relationship of the disposal facility with the access location. A more
detailed consideration of this factor is presented in Reference 1. In this
EIS, it is conservatively assumed that the geometric reduction factor is
unity. ‘
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" The dilution factor Q is independent of the characteristics .of the waste -
"-stream’ and ‘the geometrical relationship of the disposal ‘facility with respect
- to the access locations. The factor:Q-may be the pumping rate of .a well or .
the -flow rate .of a stream.  In this EIS, the dilution rates assumed are
-.7700 ms[year (3.84 gaTTons per minute) for the intruder well’ and boundary well
scenarios which represents the needs of a single person 1iving in a rural
area; 200,000 m3/year (about 100 gpm) for the population well scenario; and '
4.5 x 106 m3/year (about 5 cubic feet per second) for the surface stream
scenar1o (Ref. 1). Small farming communities that utilize .ground water for
their ‘needs usually have wells that range from 100 gpm to 1000 gpm ‘depending
on the population (Ref. 1). A stream flow rate of 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, ..
Kentucky disposal fac111ty has an"annual’ average flow rate of about 7 cfs, but
it -is not-used for “human consumpt1on, it is used on]y for 11vestock (Ref. 1)

There exists a lower bound however, for the value of the’ d11ution factor qQ,

oo.and it is given: by the ‘total volume of water infiltrating through the disposal

area. -This volume is calculated during the source term calculation presented
_in the’ previous section. Therefore, the value of Q is; mod1f1ed upward if the
total volume of water infiltrating into the disposal’ area “is greater than the
above assumed values.

The migrat1on reduction factor rtij depends on the t1me that the exposure is

assumed to occur,’ “the duration of ground water travel between the j Tong1tu-
dinal ‘section of the disposal facility and.the access location;:the retardat1on
. capability of the soils (radionuciide dependent), the duration-of the assumed
source term, and the waste stream characteristics. The: longitudinal- extent of

i . the disposal‘ facility is. considered by dividing it into 10 sectors and summing

the contributions (assumed to be equal) from each sector. to obtain the @ -
concentrations at the discharge location. "In this EIS the following formuTa
is used for the migration reduction factor rtij

_ ri 13 = [exp(-ht)/(JxT )] X [F (t) j(t T: )] . as‘w o (G-19)

- where A is the decay constant of the nuc11de, t 1s the time at which the :

. migration ‘reduction factor is applicable;.J is the total number of Tongitu—
dinal ‘'sectors' the disposal site has been divided into, which is 10 in this EIS
(see Figure G.6); T, is the source durat1on factor: for .the i~ waste stream;
and j denotes the sgctor considered The funct1on F (t) is g1ven by the.

‘ foTTowing formuTa (Ref. 1) B o ‘ 4" :

Fj(t) 0 5 x U(t) x [erfc(x ) + exp(P ) erfc(X )], where S : (éazbj

JPjT[1>- t/(Rtwj)]‘ “s“

A W

et . .o
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In this equation, U(t) is the unit impulse function that is zero for a negative
argument and is equal to unity otherwise; t . is the water travel time between
the disposal sector being considered and the’access location; P. is the Peclet

number for the distance between the disposal sector and the access location;
and erfc(x) is the complement of the error function and is given by the formula
(Ref. 31):

. |
erfc(x) =1 - f (2/yr) exp (-t2) dt (G-21)
3 |

The retardation factors (R) that are utilized in the above equations depend on
the radionuclide considered as well as the geochemistry of the soils and the
transporting ground water. 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 ground-water velocities. The cation exchange capacity of

the soils is an important parameter which can be used to estimate the retardation
coefficients of the soils from published data. Five sets of retardation
coefficients are utilized in this EIS (Refs. 32, 33). These coefficients are
presented in Table G.15.

The first set is representative of coefficients for sandy soils with low to
moderate cation exchange capacities, and is assumed to represent the lower
bound of retardation coefficients used in this generic analysis. The fourth
set is representative of coefficients for clayey soils with moderate to high
cation exchange capacities. In between these two sets, two other sets have
“been postulated and have been calculated utilizing the geometric midpoints 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 have been

also calculated for use in special cases. : .

The source duration factor T, for the ith waste stream is determined by dividing
the total activity in the stieam,with the annual radionuclide release fraction
which is given by the factor f . multiplied by the concentration. This calcula-
tion considers radionuclide def y but conservatively neglects the depletion. of
the radionuclide inventory at the site by previous releases. In other words,
" rather than having an inventory and a source term lasting for an infinite
period of time with a pseudo-exponential decay (with the decay constant
determined by the annual releases), all the radioactivity is released within a
finite period with the annual source term determined with no depletion due to
previous releases. This conservatism, which is equivalent to the assumption
that waste/leachate transfer factor increases with time, is implemented for
calculational convenience.

The ground-water travel times twj and Peclet numbers Pj depend on the distance

between the disposal facility sector being considered and the access location.
The travel time and Peclet number between the first sector and the access
location are termed tw, and P;, respectively, and appropriate multiples of the
incremental ground-water travel time and Peclet numbers between two adjacent
sectors are added to tw, and P,. For the reference disposal facility, the
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Table G.15 ‘Sets of Retardation. Coeff1c1ents*
Used in Impacts Ana]ys1s '

Nuclide |

Assumed RetardationfCoefficients ‘

Set 5

. u-235t

Set 1 Set 2 Set3 Set 4
H-3 1 101 1 T 1
c-14 0. 10 {10 10 ¢ 10 10
Fe-55 630  1290. 2640 5400 11050 . 3333
Ni-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
1-129 2 3 4 5 6 1
'€s<137+ 85 173 350 720 7 1460 © 1000 °
840 1720 3520 7200 14730 14286
- Np-237 300 600 12000 2500 5000 - - 100
“Pu-238f | 840 . 1720. . 3520 7200 14730 10000
Cm-243t "~ °3000 600 . 1200. 2500 - 5000 : 3333 -
Am-2611 300 600 1200 2500 5000  10C

*Sets 1 and 4_are values obtained from Reference 32
. except for the radionuclides Nb-94 and U-235.
values are based on comparative retardatlons given by .

the BNWL column (Ref. 33).

These’

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

“Set 3

Set 5

—

BN

**These va1ues are glven in Reference 30 for desert
soils with a moderate cation exchange capac1ty of

“‘about 5 meq/100 g.-

to fill in missing va]ues.

TCoefficients “for other isotopes of these e]ements E
are assumed to be the same :

- They have been used as a guide

LIRS
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ground-water travel time between two adjacent sectors (a distance of 80 meters)
is assumed to be 64 years (corresponding to a ground-water speed of 1.25 m/year).
It is also assumed for the reference disposal facility that ground water takes
10 years to traverse the unsaturated zone. The Peclet number, P,, is basically
the distance to the access location divided by the longitudinal éispersivity

of the medium. A value of 1600 is added for two adjacent sectors to the

Peclet number calculated for the first sector P;. For the reference disposal
facility, the following travel times and Peclet numbers are used:

Travel Time Peclet Number

Location: (twy) . (Py)

Intruder Well 42 years ) 1,300
Boundary Well 66 years 1,900
Popu1ation.We11 400 years 10,000

Surface Stream 800 years 20,000

It may be pointed out that the selection of twj and Pj as the primary variables

~on which the migration analysis is based implicitly allows for a sensitivity
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 ground-water velocity is twice as high, and
the distance to the discharge access location is twice as large. Similarly,
large unsaturated zone travel times would compensate for a shorter saturated
zone travel time.

3.5.3 Special Cases

This section considers variations in the ground-water migration calculational
procedure for three special cases: the maximum concentration case, the time
dependent sourcenanalysis{ and high-integrity containers.

Maximum Concentration Case

The previous equations 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 concentrations of a given 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 scenario. For this special case, only
the reduction factor ry is affected in the above formulation and a modification
of equation.(G-18) is n;éessary to calculate the maximum concentrations. The
equation utiltized in this EIS is (Ref. 1):

fsi = [rg ri]/Q (G-22)
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where r_‘and 'Q are as defined previously, and r. is the“time independent ~

maximum9value :of the migration reduction factor1rti.. The -parameter ”1'i5
given by the following equation. yoooo Y
ry = maximum of [rii,fié,;..,}{io]"’ ’ - . T (G-23) -
where _ . e : . , .
' ik ="k 8 [exp [-ARtwk]/sdei)J" .' : "l ' “;is_(G-24)

where the above variables J, fi’ A,nR,'and twk'denote ihe sémé ﬁéréﬁéters as
were defined previously. ‘ : " T o :

Time-Dependent Sources

Although a disposal facility will be designed and operated so that infiltration
of rainwater will be minimized, it is possible that at some time after the
disposal facility is closed, active institutional controls may break down and
potential inadvertent intrusion into part of the disposed wastes may occur.
Similarly, a breakdown in institutional controls may lead to an increase in
infiltration of rainwater into the ‘disposed waste and a corresponding ‘increase
in the .ground-water migration source term. A .calculational procedure to
account for this time-dependent source-term is presented below.

For the ‘case of the timeé-dependent source-term analysis, .the source term is
assumed to increase after the end of the active institutional control period.

The source term may be represented by the following histogram:

. Source . o . . , e e
Term e o

fwil

Tj1 - Tyz . Time

. Two source terms, denoted by f 51 and fwiz, are calculated using equation’
(G-16). These source terms are used in donjunction with two source duration
times denoted by (T.,) and (Tiz'T-1)- :The first source term is applicable

. during the duration time of T., ylars_(equa]Ato'or less than IPO+IIC - see
Section 3.1), and the second dource term is applicable during a duration time
eqUa]'to,Tiz-T.1.> The second source duration time is calculated by sub-
tracting the;ildioactivity that has migrated during the first duration time

_from the activity inventory of the site (area under the above histogram), and
‘dividing the remaining site activity inventory by the second source term. It
is calculated by the formula: . '

Tog = Tya *+ fe1 X (TOUR = Toy) / f o (G-25)
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where TDUR represents the source duration time if f ., were the source term

during the entire period. In other words, TDUR 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 convenience, the source term for this anlysis is taken to be

equal to fwﬂ and the effect of the increased source term after time Til is
incorporated into the factor Tis i After the definitions of these parameters,
the following equatlon is appllcable for the factor Tes J

rtij = [exp(-At)/(JxTDQR)] X {Fj(t) - Fj(t-Ti]) +
(fia/fuin) X [Fg(t-Ty) - Fj(t-Ter-iz)]} (G-26)

where fj(t) is the function defined previously by equation (3-19), and where
the variables A, J, TDUR, T, i1’ T12, fwil’ and f_ wi2 are as defined previously

For cases where the source is depleted within the active institutional control
period (TDUR is.less than IPO+IIC) or for cases where the initial percolation.

volume at the disposal facility is greater than or equal to V1 (see Section 3.5.1),
this analysis is ignored.

High~-Integrity Containers

High-integrity containers are packages which are designed to preclude waste/
trench water contact for long periods of time (Ref. 1). This time period may
vary from a few years to several hundred yaers. The effect of this delay due
to use of high-integrity containers is incorporated into the analysis by
adding the delay time to all the ground-water travel times for the selected
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. intruder activities such as housing construction. Simi]arly,
there are two exposed waste surface scenarios depending on whether the transfer
agent is wind or surface waste. Furthermore, the corresponding biota access
location can be either an. offsite surface water body (through surface water
runoff) or offsite air (through wind suspension and transport). Therefore,

there are four exposed waste scenarios: intruder-air, intruder-water, erosion-
air, and erosion-water. ‘

tum_
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Only those wastes that have been disposed through regular disposal designs.-are
considered in the erosion-initiated scenarios. Waste that is layered (disposed
of at the bottom of the disposal cells), and waste that is.disposed of in a

- hot waste faci]ity 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, equations are utilized to -
calculate human exposures resuiting from these scenarios. For the water
transport and access case: . e e

k= ZZ . f

o d1 wi 51)wat wi PDCF’?; Co o - Ui : ?. ‘Q'???.

and for air transport and access case:

}E:}: (f'f' fof o)

o d1 wi si

where H is th 50 th year annual dose in mrem/year after 50 years of exposure,

PDCF-7 and PFCF-8 are the radionuclide-specific pathway dose conversion factors

presented in Section 2.4, and C . is the radionuclide concentration in the-i
waste stream. The impacts are summed over all the radionuclides (n), and over

all the waste streams (). The values of the barrier factors are presented
below. : A - ’ :

The time‘deiay barrier factor (f,) is defined by:

f° = exp[ - A T] (G-4)
where T 1s the deiay 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
‘scenarfos, it is taken to be dependent on ‘the cover thickness utilized--i.e. X
it is a function of the disposal ‘technology index IC.” The following table -
presents the values assumed for the initiation of the erosion scenario:

. - 7~ 'Delay Time - R T
' A SRR ~ ~i.2000 ‘years SR
2 3000 years
3 ‘10000 years

t SR
. . .

oYl

These va]ues are believed to be extremeiy conservative Previous estimates on

.- . the .erosion potentia1 of adequately emplaced cover materiais have ranged from

1,000 years.- to 10,000 years to erode 1 meter ‘of .so0il cover (Ref. 27).  After
gcon51deration of the variability of this.time period, Reference 13 assumes’ a
time of.2,000 years to erode through 2 ‘meters of cover. This is the va]ue
utilized in this EIS.
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. The site design factor (fd .) is defined as the fraction of the exposed area
that is waste and will be dssumed to be independent of the properties of the-
waste stream considered.” In this EIS, it will be taken to be proportIOna] 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 considered--i.e., the land-surface utilization rate
(see Section 3.1). 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 land-surface utilization rate of the design
option. (For the reference disposal facility, the land surface utilization
rate is conservatively 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.

fwi = E X (A/d)i (G-29)
where:
E = soil-waste mixture mobilization rate (in g/m2-yr) which will
be taken to be independent of the waste stream.
Ai = total area of the soil-waste mixture (in m?) that can be
identified with the (i)th waste stream.
d. = density of the so11-waste mixture (in g/m3) that can be

identified with the (i) waste stream.
This equation is conservative and is applicable. for both the wind transport ’
scenario and the surface water scenario. Specific. values of the above parameters
and the site selection factor fSi are discussed below.

3.6.1 Wind Transport Scenarios’

For the intruder-initiated scenarios, the factor E can be calculated based on
use of the soil-to-air transfer factor (Ref. 1). It may be taken as the time-
weighted average of the dust mobilization rate resulting from construction or
gardening activities such as t1111ng and the natural wind mobilization rate
‘(Ref. 1).

Impacts are summed over all waste streams. To calculate the amount of radio-
activity released into the air from each waste stream in the intruder-initiated
exposed waste scenario, either the intruder-construction or the intruder-
agr1cu1ture scenarios are used depending upon the disposal status of the
"waste. 'Regular and 1ayered unstable waste streams are subject to the agriculture
scenario, while regular stab]e, layered stable, and hot waste facillty waste
streams are subject to the construction scenario " However, only 1 percent of
the layered unstable wastes are assumed to contribute to the agriculture =~
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scenario, while only 1 percent of the layered stablé wastes and 0.1 percent of
. the hot waste facility wastes are assumed to contribute to the construction
scenario. ' Moreover; the duration of the exposed waste scenario is modified by
the duration factor:of 6. hours (instead of 500 hours) for the stable wastes.:
Furthermore, about 1800 m? of waste area is: assumed:to be exposed.continuously
in the agriculture scenario with only a fraction used for gardening, and
200 m2 of area is exposed for 500 hours for. ‘the standard: construction -scenario.
In order‘to'simp]ify the. compliacted :procedure required to estimateuthe‘factor E
--for the above conditional .cases, a basic mobilization rate is assumed to be.
_.applicable.to all the cases with correction factors applied:for each waste -
_‘stream as appropriate for the special conditions outlined ‘above. The ba51c »
i-dust mobilization.rate for.the intruder-initiated scenario.is-assumed to be
2.9x10-2 .mg/m2-sec (Ref.-1). For the erosjon-initiated .scenario, the factor E
is taken as the natural wind mobiiization rate of 4.1 x10-4 mg/mz-sec (Ref. 1)

For the erosion-initiated scenario the entire disposal site area. is assumed to
be exposed and A1 is calculated by dividing the volume of the waste stream’
being considered by the product obtained by multiplying.the volumetric disposal
efficiency (assumed to 6.40 m3/m2 for the reference disposa1 facility) by the
surface utilization rate (0.90) and by the emplacement efficiency. The density
of the soil/waste mixture is assumed to-be 1.6 g/cm® except for those streams
‘that:are solidified.using solidification .scenarios A or B 1nv01v1ng partial .
cement solidification These streams are assumed to be 34% heav1er

For the wind transfer scenario the 51te selection factor (f )i the air—to-air
transfer factor (meteoro]ogicai dispersion factor X/Q) (Ref. 51). For these
scenarios, the number of peopie exposed to atmospheric reieases are! 1ncorporated
into the definition of the 'site se]ection factor. This - resuits 1n an f w1th
units of ‘people-year/m3. "

To calculate the site selection factors, the population for the reference
disposal: facility (see Appendix-J) is assumed to be.doubled for the intruder-
initiated scenario, and tripled for the erosion-initiated scenario. The
number of - people in each radial sector is multiplied by the’ corresponding *

. atmospheric dilution factor and'the results summed.” The site.selection factors
‘are calculated to be 3.50 x 10-1° and 5.25 x 10-10 peop]e—year/m3 for the - -
- intruder-and erosion-initiated wind transfer scenarios, respect1ve1y. s

3.6.2 Surface Water Scenario

Based on surface water erosion calculations (Ref. 1) the mobilization rate for

- the surface water scenario (i.e.,:the factor E in equation G-29) is calculated
to be 1.84 x 102 g/mz-year. This factor _corresponds to an’ annua] erosion rate
of” about 0. 75, tons/acre The other factors in the equation (1. e . A and d)
remain as def1ned in Section 3.6.1. : :
The surface water site se]ection factor can be estimated by con51dering the
flow rate of a nearby stream assumed to be utilized by a member of the popula-
tion. In this EIS, the inverse of twice the value of the dilution factor Q
previously utilized to determine ground-water impacts at the surface water
access location is utilized (1.12 x 10-7 year/m3). Twice the value is utilized
to account for the increased flow conditions during heavy precipitation and
subsequent heavy-stream flow rates (Ref. 1).
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3.7 Operational Accident Scenarios

There are two accident scenarios considered for applicability to a given
stream in the impact calculatfons: accident-container, and accident-fire.
These scenarfos are described below.

3.7.1 Accident-Container Scenario

This scenario assumed that a waste container is dropped from a significant .

height so that the waste container breaks open and that a portion of the radio-
active contents of the package is released into the air where it is transported
offsite and leads to subsequent human exposure. Potential releases can be modeled
as a "puff," and resulting human exposures would be over a very short time period.
The potential exposures from this scenario are a strong function of the waste
form--i.e., improved less dispersible waste forms lead to lower potential releases
and reduced potential human exposures. The equation describing the human exposures
are as follows: -

= Z - -
H o= & (f f,f,f) C, PDCF-1 (6-30)

where H is the 50-year dose commitment in mrem, PDCF-1 is the radionuclide .
specifc pathway dose conversion factor presented in Section 2.4, and C* is the

radionuclide of contentration in the waste. Impacts are summed over all the
radionuclides (n). : .

No reduction due-to decay of the radionuclides is considered, and the time
delay factor f_1is assumed to be one. Similarly, no reduction due to site
design and ope?at1on 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 dlspersib111ty of the

material at the time of disposa] An index that can be conveniently. used to

. represent this property is the leachability index of the waste stream (see
Section 3.2.3), which also represents the solidification scenario utilized for
the waste stream. The waste form and package factor is given by the following
equation:

f, = 10¢1-19)  14(1-16) (G-31)

“The relationship 10(1 19) is the accessibility mu1t1p11er d1scussed previously.

The factor 10(1 IG? indicates the relative dispersiblity of the solidified
material after a container accident. The property. values for this comparative
dispersibility are based on consideration of comparative mechanical strengths
(measured for compressive, unnotched Izod impact, and fragmentation tests) of
- .waste forms (Ref. 1). If the waste is not solidified, then the dispersibility
factor is assumed to be unity.
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The s1te se]ect1on factor f_, which is dimensionless, may be ca1cu1ated by
assuming that the material: Released is a "puff," and it stays in’a puff form

until it reaches the exposed individual. .The follow1ng equation 1s utw]wzed
to calculate f in this EIS:

f =156 x 10-7 x Vx f_x (X/Q) | ) (6-32)

where 1.56 x 10-7 is the exposure duration factor given by the fraction of air
inhaled in one intake by a man performing light act1V1ty (1.25 11ters) to the
;'annual 1nha1at1on volume“(8000 m3)" (Refs 1, 34).

‘The source -term- -may be’ represented by the product of . f the fraction‘re1eased

per second, and-V, the volume of the container. For the worst case, 0.1.percent
of :the waste is assumed to be released into.air (the case of. the.Pu0, powered
accident) (Ref. 9). This release fraction 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 for a person standing in the centerline of the puff is" given in
reference 35 by the following formu]a ST

N ., : , : ; .-;ff g
| (X/Q) [n J2n 2n o, oy c,] (G-33)
where °x’ oy, and o, are the distance-dependent standard deviation factors of
the Gaussian puff in three directions.. These sigmas, in meters, indicate the
spread and dijution of the p1ume as a function of distance from the source.
'_Ut11iz1ng a va1ue of o, = = 3. 61 m (based on the average -wind speed at the

reference fac111ty), and a value of o, = 2.2 m (Ref. 35), yields a (X/Q) value
of 4. 42 X 10-3 sec/m .

3.7. 2 Accident-F1re Scenario .

Thls scenar1o assumes that a fire starts ‘in a dlsposal cel] and lasts for
approx1mate1y two hours.” A portion of the radioactive material’ js’ released
-into the.air. where it is transported offs1te and leads to subsequent exposures
-of -humans. Potent1a1 exposures from this scenario are a strong function of .
the waste. form and facility design ‘and operat1on For, examp]e, a waste d1sposa1
cell -in which, all of the wastes are composed of compress1b1e ‘material (e.g.,
segregated disposal of compre551b1e waste) would involve.larger releases (more
material to burn) than a case in which the compressible material is mixed with
noncombustible 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 lower potential releases. For example,
compressible material which has been processed by incineration and solidified
would involve lower potential releases than compacted compressible waste.

r..



In this work, 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 operational 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:

H= X (fofdfwfs) Cw PDCF-1 (G-34)
n

where H is the 50-year dose commitment in mrem, PDCF-1 is the radionuclide-specific
pathway dose conversion factor discussed in Section 2.4 and C, is the radionuclide
‘concentration in the waste. Impacts are summed over all the Yadionuclides (n).

In a manner similar to“the’éccident-COntainer scenario, the time delay factor
fo and the site design and opgration factor fd are assumed to be unity. The

waste form ana.package factor f_ is assumed to be equal to 0.1 x 20(14-3)
where I4 is the waste form f1ammabi1ity index (see Section 3.2.1).

The site selection factor f_ is determined by the atmospheric dispersion of -
the plume resulting from th& accident. In this EIS, the plume resulting from
the fire is assumed to travel in one direction and the exposed individual is
assumed to stand in the centerline of the plume for a period of time. The
following formula is used for fs:

fs = fe X fr x V x (X/Q) - (6-35)

where f_ is the expésure duration factor (dimensibn]eésj; f. is the release

fraction per second; V is the volume of the waste involved in the fire in -
units of m3; and (X/Q) is the atmospheric dispersion factor in units of-sec/ma.

In this EIS, fe is assumed to be equal to 3.63 x 10~5 based on the 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 a man doing light activity
inhales about 0.29 m® of air) ‘(Ref. 34). The fraction released per second,
. f ., is assumed to be 1/7200 based on the assumed duration of the fire. "This
iS equivalent to a fire duration time of 2 hours. The volume of waste involved
in the accident is assumed to be 100 m3 based on'an estimated annual-disposal
volume of 50,000 m3, two disposal cells opéerating simultaneously, and one'
disposal cell involved in the fire. The atmospheric dispersion factor (X/Q)

for an accident lasting from O to 8 hours is given by (Ref. 35)- _
(X/Q) = exp[-h?/(2 0,)V/[nu o 0] : (G-36)

where h is the release hefght‘(or'the effective height of the plume at the
fire source), u is the wind speed assumed to be 1 m/sec with Pasquill Stability
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2-
Ut111z1ng va1ues for- ay and o5 g1ven in -Reference 35- at*100 m from the f1re,;,

and conservatively assuming ground-]evel releases (i.e.,, h=0), ‘yields ‘a (X/q)
value of 3.62 x 10-3 and a value for f of 1.83 x 10-9

Class- F atmospher1c cond1t1on (Ref 35) ‘and oy and ¢_' are as defined prev1ous]y

I ‘
P

3.8 Other Impact Measures

The 1mpact measures other than 1nd1v1dua1 and popu1ation exposures assoc1ated
with operat1on of a disposal’ ‘facility “include occupational exposures, land use,

disposal costs, ‘and energy use. This section considers procedures for ca1cu1at1ng
these other 1mpact measures.

3.8. 1 Land Use '

Ca1cu1at1ng ‘the land area comm1tted for waste disposal" is a stra1ghtforward
function of ‘the total volume of the waste disposed, the waste’ emp1acement s
technique (i.e., whether random, stacked, or decontainerized disposal is utilized),
and the volumetric eff1ciency of the d1sposa1 technology considered. The i
vo1umetr1c eff1c1ency is a function of site design as dlscussed in Sect1on 3. 1 2.

.....

.land burial trench (design case ID=1), the d15posa1 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 should be divided by the surface utilization rate, calcu]ated to
be 0.90 for the reference disposal facility, since for all pract1ca1 purposes,
the,land area between the disposal cells may be considered as committed land.’
Incorporating‘ this correction” resuits in'1 m® of land area committed for "éach’
2.88 m® of waste disposed with random emp]acement Stacked emp1acement would
result in 1 m2 of land area committed for each 4.32 m3 of waste disposed.’

'"S1m11ar1y, for the: concrete-wa11ed trench ‘option (design case ID=2), the -
volumetric disposa1 efficiency is calculated to be 7.00 m3 of d1sposa1 volume
per unit disposal 'cell area (exc]uding walls of the trenches) ‘Therefore,” for
,each 5.25 m3 of waste disposed through’ stacked emp1acement 1 'm2 of cell area
is committed.” ' The land-surface utilization rate in this case is calculated to
- be '0.35 m2, of disposal cell area per. m? of ava1]ab19 land (inc1uding walls and
spaces’ between the trenches).’ “Therefore, the land area comm1tted 1s 1 m2 of
land for each 1.84 m3 of waste disposed.

3.8.2 OCcupatlona1 Exposures ’ f'dﬂf*ﬂ

[N

In this append1x, the ca1cu1ation of the occupationa] exposures at the dlsposa1
facility is performed in two phaseS" exposures to waste handlers during .
unloading and "emplacement of wastes,’ ‘and occupational exposures to other ‘site
personnel performing routine operationa] and adm1n1strat1ve funct1ons not o
directly connected with waste handling. ‘

Occupational exposures to waste handlers are strongly dependent on the packaging
of the delivered waste, the shipment mode, and the disposal procedure. Therefore,
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procedures for determ1n1ng the occupat1ona1 exposures resulting from unloading
and disposal of waste are considered in the transportat1on impacts section of
this appendix (see Section 4). Routine' occupational’ exposures for personnel
other than waste handlers are calculated in the.following section.

3.8.3 Disposal Costs

Other impact measures--disposal costs, routine occupational exposures to
facility personnel 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. -

The basic unit 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 occupational exposures at a disposal
facility have been calculated in Appendices E, F, and Q. These basic unit
rates are summarized in Table G. 16) .

The unit rates presented in Table G.16 are ut111zed in a computer program
(OPTIONS, see Appendix H) that calculates the impact measures. Depending on
the d15posa1 facility design option selected, the status of each.waste stream,
I11, is determined.utilizing procedures out11ned .in Section 3.4. Then, the
volumes of waste that are unacceptable: for near-surface. disposal, waste disposed
of through reguiar means, waste d1sposed through the 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, g1ve the . .
respective disposal volumes requ1red and the disposal volumes, together with!
the volume utilization rates, give the’ respectlve areas involved.: Then, these
areas are utilized to ca]cu]ate costs for design options such as alternative -
d1sposa1 cell covers. These unit rates are briefly discussed below.

Costs associated with the operational 1ife of the d1sposal facility are divided
into, capital costs and operating costs as discussed in Appendix Q. Base case
capita] costs for the reference disposal facility are calculated from the
information given in Appendix Q and include consideration. of environmental,.
investigations, licensing costs, land purchase cost, road construct1on, bu11d1ng
construction, and per1pheral system installation. Add1t1ona1 capital costs
associated with implementation of a specific design option are quantified in
Appendix F and added appropriately during the calculation.

The options considered during the operational 1ife 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, adm1n15trat1on, equ1pment etc. It is assumed that
chang1ng disposal waste volumes due to processing will not alter the rates
given as "lump sum" significantly.

o
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Table G. 16 Unit Rates for Impact Measures

Cost ' Occupational* Energy Use
< ' (thousand® Exposure . (thousand .
Activity . o .. 1980 $) (person-mrem) gallons) _ _ Units** i
Preoperational '
Reference Base Case . 7,452 -- 212 * Lump Sum
Additive Alternativesy o
Walled Trench 594 - - ) Lump Sum . .
Stacking 226 - -- .. "Lump Sum’  ~
Segregation . 1 -~ -~ ~Lump Sum”
Layering - 132 -- -- Lump ‘Sum
Decontainerized Disposal 924 -- -- .. Lump ‘Sum
Hot Waste Facility 260 -- -- " Lump 'Sum
Grouting 55 - -- . ~Lump Sum .
Intruder Barrier - 281 == . - " .. Lump Sum °
Extreme Stabilizat1on 10 - - 7 Lump Sum
Ogerat1ona1 N
Reference Base Case . - ;. N
Trench .(-Cover) 2,341 300 . 200 . Disposal Vol.
Regular Cover 1,420 2,400 . 100 .~ Disposal Area
Other Costs 63,696 1,000 200 " Lump Sum
Additive Alternativest - e e e e
¥Walled Trench 74,438 ~ 700 ' " 300 Disposal Vol.
Stacking 12,758 100 100 Total Waste Vol.
" Segregation : » 3,888 - - 100 . . 30 - . .. - Total:Waste Vol.
Layer1ng : s 15,400 - . -100 30 . : : Volume Disp. by
g T . S T o0 ¢ Layer </
Decontalnerized Disposal ‘48,975 - 400 02000 s ‘V01ume‘Disp. by
wo ..-Decon.:
. Hot Waste Facility . , . 176,979 -200 . ..45% i Vqume Dlsp. by
. . - o . : . ERER WF d
Grouting 72,405 2, 550 800 - " '''Grout Volume
Sand Backfill - -~ T 2,370 - o -185 - :"Sand Vo]ume
Cover Options -~~~ . = = N T S .
Thick - 15,524 2,400 150 - -"wlﬁDisposal Area
- Intruder Barrier . .., 103,854 . 2,400 | 300 ~ Disposal Area
- Moderate Stabilization 3,465 . 4,800 ' . 300°. . Disposal Area

Extreme Stabilization = 33,345 = 4,800 "=~ . 600 " -~ Disposal Area
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Table G.16 (continued)

Cost " Occupational* Energy Use
(thousand Exposure {thousand
Activity 1980 $) {person-mrem) gallons) Units**
Postoperational
Closure Period
Regular Closure 1,010 5001t 60 Lump Sum
Extensive Closure 3,025 1,000 60 Lump Sum
Institutional Period#
Low Care Level
Years 1-10 150 -- 2 Per Year
Years 11-25 63 -- 2 Per Year
Years 26-100 51 - 2 Per Year
Medium Care Level
Years 1-10 303 - 6 -Per Year
Years 11-25 150 -- 6 Per Year
Years 26-100 63 -- 6 Per Year
High Care Level 4
Years 1-10 440 -- 10 Per Year
Years 11-25 303 -- 10 Per Year
Years 26-100 150 - 10 Per Year

“*Qccupational exposures associated with operations other than waste unloading and
disposal.

**Lump sum items are assumed to be independent of.the waste volume; disposal volume
dependency is for 1 million m® of disposal (not waste) volume; grout volume.
dependency is for 1 million m3® of grout injected; sand volume dependency is for
1 million m3 of sand backfill; disposal area dependency is for 1 million m2 of
trench cover area.

A1l these rates for alternatives are incremental rates in addition to the rates given
for the reference system.

t{Reqular closure is assumed to last 2 yeérs; extensive closure is assumed to last four
years. Both cases assume 5,000 person-hours of field work per year in an average
radiation field of 0. 05'mR/hr.

#These costs are basic costs not considering inflation or interest. Details for complete
calculation of the institutional period costs, including consideration of inflation and
interest, can be found in Appendix Q. The formulas given in that appendix are
1ncorporated into the cost calculation procedure.

##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
Tow-permeability soils.
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The second group -of .options (termed additive alternatives in.Table G.16) : .
resu1t;from.the~app1ication of the;avai]able design options (ID, IS, IE, IL,
:.IH, :and ' IG) :discussed .in Section 3.1 in.a straightforward manner.  These rates
‘are also estimated from a wider range of design and technology options considered
in Appendix F. ".The rates given in Appendix F are.normalized, however, to
one-million m® of waste volume for calculational convenience. S1m11ar1y, the

.- grouting option rates are for one-million m3 of grout injected, since the.

option may be exercised -with either random or stacked disposal,- etc._ One
consequence of the app11cat1on of the hot waste facility option is that the
total routine occupational 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 ca]cu]ational conven1ence they a]so ‘have been normalized to one-mil]ion m2.

A11 these options are additive. As an example the preoperat1ona1 and opera-
tional-costs resulting from disposal- of 900,000 m3 of waste (a1l found acceptable
for near-surface disposal) in the reference facility with a volume efficiency

of 5 m3/m?, with stacked emplacement (0.75), with grouting, with a thick cover,
and with maximum stabilization are tabulated in Table G.17. Occupational
-exposures and energy use are calculated in a simi1ar,manner.- T
These costs, however, are multiplied with two conversion factors to account

for cost of money, inflation, and other financial considerations. These
multipliers are presented be]ow. A _more detailed exp]anat1on of the derivat1on
'jof these mu1t1p11ers can be found 1n Append1x Q. e

For capita1 costs,’ the f011owing items are app11cab1e

Item - ?_ ; Factor
Indirect .Costs 1.73
Fixed Charge 5.00
Profit - 1.20

Indirect costs result from 1nterest dur1ng construct1on, cont1ngency, and
“other costs such as miscellaneous - ‘overhead expenses, insurance, sales tax,’

etc. The fixed charge results from an assumed 25% charge on cap1ta] over the
20-year operating life of the facility. These three items result in a multiplier
of 10.38 for the preoperational capital costs. For the operational costs, the
following items are applicable:

[

' Item -+ " Factor

Contingency . . .  .1.30
Profit S 1.20
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This results in a multiplier of 1.56 for the operational costs. These
multipliers may be illustrated through use of the example presented in .
Table G.17. Using these multipliers with the preoperational capital costs of
$7,810,000 and the operational cost of $107,953,000 yields a total preopera-
tional and operational cost of about $249,475,000 in 1980 dollars.

Postoperational costs (composed of é]osure'costs and long-term care costs) are
calculated using the following two equations. For the closure costs, the
following equation is applied.

Closure Costs = Cgo X L x (1+))" {:f + 1 }
’ ‘ [(1+i)" - 1]
where Cgo is the closure cost presented in Table G.16, 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 generally used in this EIS), j is the inflation rate
(9% is generally used in this EIS), and i1 is the interest rate (10% is generally
assumed). For long-term care costs, the following equation is applicable:

Lx (+pM x 1
LTC Cost = PVgo X (G-37)

caa+t - 11 x @a+)©

where LTC stands for lbhg-térm care, L 15 the site operational life in yéars,
C is the closure period in years, M is L+C, i is the interest rate, j is the
inflation rate, and PVgo is given by the following equation:

10 25 100
_ n . n n -
PVgo = CaZ.R + Cb Z R" + cc ZR (G-38)
n=1 n=11 n=25

where R is the ratio (1+j)/(1+i). The parameters C_, Cb, and C_ are the
annual costs given in Table G.16 for the long-term Bare costs dﬁrIng the years
0-10, 11-25, and 26-100, respectively. The cost rate C_ may include a .
contingency cost as referenced in Table G.16 and discusfed in more detail in
Appendix Q. :

- . 4.0 TRANSPORTATION IMPACTS

This section discusses the calculational procedures used to determine impacts
assocfated with transportation of waste to the disposal facility. The impact
measures developed in this report include: cost; occupational exposures assocfated
with loading, transporation, and unloading of the waste; population exposures
associated with transportation; 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.
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Table G.17 Illustrative Calcilation

_ Assumptions: 900,000 m3 of waste
- L stacked, grouted thick cover,
" maximum §tabj]ization,
disposal efficiency of 5 m%/m2

.- Disposal:Volume = 900,000/0.75
Empty Disposal Space = 1,200,000x(1-0.75)
- Disposal Area = 1,200,000/5

Preoperational Costs

Reference System
Stacking
" Grouting

Total Preoperations: -

e 1y
v

'4”ffﬂQperationa1 Costs -

LLLLL

.. Reference System
Trench Construction
Regular Cover
Other Costs

Stacking Option
oo Grouting Option

’”‘é; Thick Cover o
S Maximum Stabilization .

‘;fﬂTotaI Operations: .

1,200,000 m®
' 300,000 m3
240,000 m2

1 ’

$ 7,452,000
138,000

o 2zo;oopz_j?

'$ 7,810,000 -

AR

$ - 2,810,000

- .. 341,000
°63,696,000°

o '7“5“23"5560“ |

12 457, 500 L
- 4,224, 000

© ' 16,896,000

- $107,953,000 - ©
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4.1 Packaging and Shipping Assumptions

Potential impacts (e.g., occupational exposures, population exposures, and
costs) incurred during transportation of waste to the disposal facility and
during subsequent un1oad1ng and emplacement operations are influenced by a
number of interrelated factors. These interrelated 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 EIS, some simplifying assumptions regarding waste
packaging and transportation are made based upon past experience. These
assumptions include those in the following areas:

0 The degree of care required for waste handling and transportation
(package surface radiation levels);

o Container sizes and types; and
0 The shipment mode (vehicles and overpacks used).

Additional information regarding these simplifying assumptions is provided
below.

4.1.1 Surface Radiation Levels

Radiation levels at the waste package surfaces affect the care required in
handling of wastes and the shielding that may be required during transportation.
For the purposes of this appendix, the waste streams are generically classified
into three categories according to the level of care assumed to be required to
handle each waste stream:

0 Regular care
0 Special care’
o Extreme care

Packaging sizes and packaging procedures are instrumental in determining the
self-shielding afforded by some of the waste packages. Howeever, 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 relative level of care is assumed to depend
only on the total specific activity contained in the waste package and the
presence or absence of high-energy gamma-emitting radionuclides.

Each waste stream is denoted by an index representing the type of activity
with regard to high-energy gamma-emitting radionuclides. Waste streams con-
taining significant quantities of fission products (most notably Co-60, Nb-94,
and Cs-137) are denoted as the first category. Waste streams containing very
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1ittle high-energy gamma emitters (and consequently all requiring a “regular®
level of care) are denoted as the third categroy. Other streams in between
these two are denoted as the second category N S

Category 1 - F1551on product wastes
Category 2 ¢ - Other wastes
Category 3 : AN regu]ar care wastes

In add1t1on to these categor1es the spec1f1c act1v1ty, and therefore the _
required level of care, for a given waste stream varies significantly. For
examp]e, surface radiation readings of similarly sized LWR resin packages
varying over two or three orders of magnitude have been observed (Ref.. 17).
To account for this normal variation, Table G.18 is used to estimate the
fraction of each waste stream that requires a specific 1eve1 of-.care based on
the total specific activity of the waste stream. ; :

Table-G.18 Distribution Between Care Leve1 Requfred S
‘ with Type :and Specific Activity of Waste. . . .

~

Total Specific Percent Waste Stream Volume

oty Activity (Ci/m®)  © in Each Handling Category '
“:-'TYPe,l”,ﬁLType 2 Type 3 :ReguIar Special = Extreme -
<0.01 <017 Al S100 == -
.01-.1 1-1 80 S200 ==
.11 1-10 a0 50 10
1.0 >10 20 - g0 200
© 10-100 - i -10 - 80 - 40°
>100 -- 20 80

.. The values in this-table are estimated guided by:standard hea]th-phys1cs
“"rules of -thumb" calculations for determining the surface radiation.level. of a

.. waste package--e.g., the 6CEn formula (Ref. 36).- :For example, for.waste in

Category 1 with about 2 Ci/m3:of activity, 20% of the.waste volume is assumed
to require regular care, 60% of the waste volume is assumed to requ1re special
care, and the remaining 20% is assumed to require extreme care. According to
the GCEn formula,  assuming that all-the radioactivity.is Co-60 and the waste

-." package-is:a 55-ga110n drum, this waste may, have a radiation. reading of about

6: R/hour. - For waste in’ Category .2 with.about 0.2 Ci/m3 .of act1v1ty, 80% of

the volume-is assumed.to. requ1re regu1ar care,. and the remaining 20% is assumed
to require special care. : A1l wastes in Category -3 are. assumed to requ1re
regular care.

After determining the fraction of waste volume in each stream that requ1res a
specific level of care, the waste is assumed to be packaged and shipped. The
packaging and shipping assumptions for these fract1ons are discussed below.
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4.1.2 Packaging Parameters

There are many different types of packaging currently utilized for shipment

and disposal of LLW (Refs. 37, 38). These packages include wooden boxes of
various sizes ranging from 10 ft3 to 248 ft3, 55-gallon drums,.and liners
(usually carbon steel) of various sizes ranging from 16 ft3 to 200 ft3 which

fit into transport casks. For the generic analyses performed in this EIS for
determining transportation and disposal 1mpacts these packages were genera]ized
into five dlfferent categories.

o Large wooden boxes - 128 ft3.
) Small wooden boxes - 16 ft3
o 55-gallon drums' - 7.5 ft3
o Small liners - 50 ft3
o Large liners - 170 ft3

The primary rationale for selecting these sizes is that they appear to be the
most widely used sizes, and that they may be used to represent an average of
other packages. For example, the 128 ft2 box is the most commonly used (4'x4'x8')
size to ship low-specific-activity (LSA) waste; the 170 ft3 liner is the

commonly available 6'x6' right-circular cylinder.

During the transportation ana]ys1s, for regular- and special-care wastes, 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.

H
The distribution of these package types for each waste stream have been assumed
using available shipping and survey data (Refs.l, 37-40), and are presented in
Table G.19.

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 that depend on
"the handling and shielding requirements for individual waste packages (Refs.
37, 39).

In this EIS, 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
EIS, six different types of transport vehicles and overpacks are assumed:

Vans

Flatbed trailers
Shielded trailers
"Large shielded casks
Small shielded casks
1-drum shielded casks

qupwhE



G-95

Table G.19 Packaging of LLW for Waste Spectrim’l’
BN - (percent of volume packed in containers) .

Large:' Small 55-g Small Large-

o Waste‘Stream ’ ' Boxes Boxes» Drums Liners“'Liners
LWR Process Waste Group ~-- -- 69 15 . ‘16 7
“Trash Group 23 8 69 -- p
T(except P- & B-NCTRASH) o .
P & B-NCTRASH - — 100 = - - _ -
jLew Spec%fac Activity - 2.5 g7.5 —

Waste Group (except
F- & U-PROCESS)

“F- & U-PROCESS ~- -~ 100 -- -

“Special Waste Group ~ - 100 -- --

: *Other distributions depending on the spectrum may be 1mposed -
.. on the individual waste streams.

Large casks are used for transporting either large liners or fourteen 55- ga]1on
drums, while small casks are used for transporting either small liners or six
55-gallon drums.: These casks are transported to the dlsposal fac111ty via
f]atbed tra11ers ! R '

The use of part1cu1ar types of vehicles and overpacks is. strong]y 1nf1uenced
by the level of care required for safe waste handling and transport.of the

waste packages. Vans are assumed to.be suitable for all. .types of containers

in the regular care category, with the except1on of large liners which require
casks. In addition, flatbed traflors®are assumed to be used only for large

" 'boxes of regular-care wastes.  ‘Shielded trailers-are assumed to be required

for large and small boxes and drums of special-care wastes. Some of these

small boxes and drums, as well as large and small liners, are assumed to require
casks. Casks are assumed to be the only acceptable mode of transport for .
extreme-care wastes

The percentage use of different veh1c1es and overpacks for each container have
been estimated considering records of waste shipments delivered to the Maxey

- Flats, Kentucky disposal facility (Ref. 1). A tabular listing of the basic
assumptions ‘made for the transportation of wastes iis presented in Table G.20.
Extreme care liner shipments have been assumed to be "overweight" shipment
since these require significant shielding for transportation purposes. These
are also designated in Table G.20 (Refs. 1, 39).
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Table G.20 Packaging and Shipment Mode Parameters

Man-Minutes for
Per Shipment Disposal Per Container

Care Level
and Container Overpack® Pieces Percent Volume ,LRandom Stacked

Regular Care

Large 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
Large 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
' 10 1 .49 600 720
Smaller Liner  SC*X 2 100 600 . 720
1 100 1500 1800

Large Liner LCX*

*FB = flatbed trailer; ST = shielded trailer; LC = large shielded cask;
SC = small shilded cask; 10 = 1-drum shielded cask.

*XThese shipments are estimated to be overweight.

4.2 Costs

Transportation costs include a mileage charge (including fuel surcharge),
cask use charge (rental), and an overwelght shipment transportation charge

The mileage charge is calculated by estimating the total shipment miles required
~ (including return trip mileage for casks). For the reference facility, an
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~average of 400 miles per one-way shipment is assumed. The bas1c transportation
_charge depends ‘on the one-way distance and 1s est1mated accord1ng to the
fo]]ow1ng table (Ref 1). '

R , . .One-Way. - Round Trip
. One-Way Distance ($/mile) - ($/mile)

- <.400 miles 169 12 . R
J0..;.400-100 miles 1.47 118 . L
> 1000 miles 1.17 | .1.08 . o

Added charges, which become significant for extreme-care shipments, include a
fuel surcharge (15% of the basic cost) and an overweight charge. The amount
of the overweight charge depends on the maximum gross vehicle weight  (GVW)
allowed in states’ through which the shipment passes.”” Any overweight condition
up to 85,000 ‘1bs. is charged at about $0.21/mile plus the permit charges for
each state (about $100 per 600 miles). ‘A GVWW of over 85,000 1bs. is assumed
to be additionally charged $0.005 per mile per hundred'pounds (cwt) over this
Timit. For a shipment of 96,000 1bs., which is a minimum:for an extreme-care
cask, the charges for an example 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 g 126.00- - -

Overweight surcharge.@ $0.005/cwt/mile 330.00 .. .
Five overweight permits @ $20.00/state 100.00

Total: $2,129.00 *.
Per M11e° $ 3 55 '*'

*The cask-use charge calcuiat1on assumes an average: turnaround time of 4 days.
" Cask- ‘rental’rates vary depending on the size and we1ght of the ‘cask required.
“They average $250/day for shielded casks -enclosing high-act1v1ty LW, and.
range down to $110/day for an unshielded 120 cubic foot capacity cask ‘(Ref. 9).
The rental rates also vary with the specific type of nuclear material the cask
is licensed to carry and the accompanying performance standards the cask must
satisfy. SR

4.3 Other Impacts

N .
LS | SN

In addition to costs, ‘three other 1mpact-neasures resu1t1ng from LLW transporta-
tion are calculated in this report: energy use, .occupational exposures, and
population exposures. These impacts-are reviewed. in this section.

The energy use is calculated based on the total shipment 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 transportation are
calculated based on total loaded miles and the number of loaded shipments.

The concept of loaded miles and shipments allows the miles in which the vehicle
is empty because it is on a return trip to be eliminated from consideration.
Occupational and population exposures are calculated separately from those
resulting during transit, and those resulting from stopovers during the trip.
Occupational exposures during stopovers are 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 field at about 3 ft). This yields 2 person-mrem per stop for each
shipment. The population exposure during stopovers is estimated in Reference 1,
and also yields about 2 person-millirem per stop for each shipment. To estimate
occupational and population exposures during transit, the values per shipment-
mile given in WASH-1238 are utilized (Ref. 8). 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 Shipmeni 2.0 2.0.

Occupational exposures resulting from the loading of the waste packages are

also included in the transportation occupational exposures. These occupational
exposures are calculated based on two factors: the man-minutes required to
.load each container, and the radiation field associated with the level of care

- required for each container. The man-minutes. for stacked disposal shown in
Table G.20 is assumed -to be applicable for loading of the wastes. The radiation
levels associated with the handling environment (not the package surface
radiation levels) for each level of care are assumed to be as follows: -

Radiation
Level of Care Level. (uR/hr)
Regular 750
Special - '1800
Extreme 2200

The calculation of occupational exposures to waste handlers is also straight-
forward based on estimates of personnel time required for unloading and disposal
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of the wastes. These estimates are presented in Table G.20. Other parameters
necessary for the computations are the radiation fields associated with the
handling environment that the workers are exposed to. These fields are assumed
to be a function of the care level of the package and whether the disposal is
random or stacked. The following tab1e presents these assumptions:

S . Radiation Level (uR/hr).
Level of Care - - Random Stacked

Regular 500 - 750
Special - 1200 .. 1800
Extreme - - 2000- . 2200

Impacts calculated from. these estimates are added to disposa1 "facility occupa-
tional exposures calculated 'in Section 3.8.3 for disposal facility personnel
other than waste hand]ers Decontainerized disposal of waste is assumed to
require twice the time needed for stacked handling for those packages that are
to be disposed in this manner.

r -

5. WASTE PROCESSING IMPACTS °

This section discusses the ca]cu]ationa] procedures utilized to determine the
impact measures associated with processing the waste streams. These impact
measures include population exposures,. occupational exposures, costs, and
energy use. The processing. options considered in this EIS and ‘the unit rates
for costs, person-hours, and’ energy ‘use for these processing options are
presented in Appendix D.° Based on th1s information and using an additional
waste stream index, denoted by I10, the processing impacts are calculated for
respective cases utilizing the assumptions and procedures presented in this
section.

5.1 Waste Processing Index

The variations in 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 in which the processing takes place. For calculational
convenience, the waste processing option applicable to each waste stream for
each waste spectrum has been digitized and is called the waste processing
index, denoted by I10 (see Section 3 for other waste form behavior indices).

The index 110 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 are presented in Table G.21. The processing indices applied
to each waste stream for each spectrum are presented in Table G.22.

The impact measures calculated represent impacts in addition to those associated
with waste spectrum 1.
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Tab]g G.21 Waste Processing Index - 110

Value

Meaning

First Digit - P

Second Digit - S

Third Digit - L

Fourth Digit - E

N HO WRNHO NOWVAMWNEO

MO

No Volume Reduction
Regular Compaction
Improved Compaction -

- Hydraulic Press

Evaporation

Pathological Incineration
Small Calciner

Large Calciner

No Solidification

" Solidification Scenario A

Solidification Scenario B

Solidification Scenario C '

No Processing

Processing by the Waste
Generator

Processing at a Regional
Processing Center

. No Incineration

Urban Environment
Rural Environment

tum_
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Table G.22 Processing Index (I110) Breakdown

'SPECTRUM 4!+ -
P S L E:

' 'SPECTRUM 1
"P-S L E

. SPECTRUM 2 SPECTRUM 3

P S L E

Waste
. Streams

P'S L E

P-IXRESIN °

.l“. o .-
v \.. - g . . .

H

222022220201012121200101010000200000

: T : ..
333333330303033333300303030000330000.....

[

656066663636357575700505050000600000 .
000000020201012121200100010000200000..
111111110101012121200111111000110000 A
333333330303033333300303030000330000..”

040004060606057575700500050000600000z

000000000000000000000000000000000000.

222222200000000000000002000000330000 .

i~

000000000000000000000000000000000000.
111111100000000000000111111000110000

010101000000000000000000000000320000

000000000000000000000@@0000000000000

" 1-ABSLIQD,

WO Z QW I I I T T E I T T IIIIT VUV ~WWAaVNAFEEVNWT
MOEMMOUBONOLHLLVBLNVLODVBVVNS>D > OCOVVEEZEZEC0OQDW-
LDTSLDAAAMAAAAAAAAEENN NMCLCNNO ZA L QLW
O WU EEEE RO ITETLCCO0LTIT XY
ZoOCXEZ Al OOV NNODOTEZTXOOO D
CVMOXOWVNOLOLVLOLVOOMWMODODXEXEOSCOAOAEFHVNOWLWNHXOC
RS R A SO B OEAOFAOK A TR AN )
[} 1 ] ] . .
oA AAAULILMFMMHZZZZULD MM ZZJAdZZZZZ
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5.2 Population Exposures

For the purposes of calculation of population exposures in this EIS, only
incineration is assumed to result in significant atmospheric releases to 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'EIS, the fractions of the total input activity released to the
atmosphere are assumed to be the following (Ref. 1):

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 0.001
A1l Others 2.5x10-4 2.5x10-6

In this table, a calciner/incinerator is 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, this effect is
conservatively not considered in this report. Carbon-14 is usually released

as tagged €0, CO,, and other combustion gases. Tc-99 and I-129 are usually’
considered as semivolatile nuclides that are harder to contro] than particulates.
A11 other radionuclides are assumed to be particu]ates, and particulate release
fractions are applied. These fractions are also used in modifying the waste
concentrations for tritium and carbon-14. Release fractions for other radio-
nuclides are conservatively assumed not to affect the radionuclide concentrations
in the final product.

The final assumptions on population exposure calculations involve (1) the
environment that is affected by the processing and (2) the dose conversion
factors. It is assumed that institutional facilities are in an urban environ-
ment and all other facilities (including the regional processing center) are

in a "rural" environment. Correspondingly, a site selection factor (sum of

the products of the atmospheric diffusion factor and the number of people
affected in each corresponding radial distance--see Reference 1) of 1.75 x 10-1°
person-year/m3 is applied to a rural environment, and ten times this value
(i.e., 1.75 x 10-? person-year/m3), 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., PDCG-8
presented in Table G.10.
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"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 8 for selected waste processing opt1ons These un1t
rates are summar1zed 1n Table G.23 and are discussed below.

"Tab]e G.23' Summary of Processing Unit Impact Rates -

S S Cost ‘ ‘Labore' Energy . : =
Process (1980 $) (hours) (gal of fuel) Units
- Compaction ., , , Lo . .
" Regular . 335 _ 15 - 4.6 . Per m3 .
Improved 503 - 15 4.6 - of-Input
Hydraulic Press 1006 15 4.6
Evaporation 690 4.42 56.3 Per m3
of Input
Incineration '
Pathological 2060 8 116 Per m3
Calciner (small) 1938 6.12 129 of Input
Calciner (large) 1039 5.35 72
Solidification
Scenario A 1282 24 40 Per m® of
Scenario B 1873 24 40 Output
Scenario C 2445 24 40

In this EIS, the energy use is expressed in units of gallons of fuel, and the
factors utilized in the calculations to convert from electrical energy and
thermal energy to gallons of fuel are 40.6 kW-hr per gallon of fuel and
138.690 BTU per gallon of fuel, respectively (Ref. 5). Another assumption
involving energy use is that 10 percent of the first year capital cost in

1980 dollars has been assumed to be attributable to fuel use at a rate of
$1/gallon.

Occupational exposures resulting from waste processing occur primarily as a
result of repair and maintenance activities on the waste processing equipment;
however, it is difficult to estimate the exposures resulting from equipment
repair and maintenance processing in a generic manner. This is due to the
wide variations in the design of processing equipment as well as variations in
the effectiveness of administrative controls on waste generators. In this
EIS, 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
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. radiation field of 0.1 mR/hour. Based on these assumed radiation fields and
the labor hours required to process unit volumes of waste, it is straightforward
to calculate the occupational exposures.

Another factor whtch 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 savings in occupational exposures resulting from handling less
waste in storage, and differential sav1ngs in energy. These unit rates are
assumed based on information presented in References 1 and 41. The "savings"
applied to each stream based on per unit (m3) net reduced volume are assumed
to be $210, 4 person hours, and 0.4 gallons of fuel. If the waste processing
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, incineration, and
solidification--are presented in Reference 1.
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Appendix H
ALTERNATIVES ANALYSES CODES

This. appendix presents and discusses the computer programs written to ca]cu]ate
~.the 1mpact measures associated with the management of low-level radioactive
waste (LLW). ,_The appendix considers’ .three phases of' waste management (see"

" Appendix G) which 'may result in 1mpacts~ waste" process1ng, transportation, and
- ‘disposal. The_ impact measures are calculated utilizing: (1) the information
_.on.the waste characteristics presented in Appendix D, (2) the data’ and assump-

" tions on disposal techologies ‘and disposal site env1ronment presented in-

Appendices E, F, and J, and (3) the impact ca]culation methodologies presented
in. Appendix G '

"The analyses are appiied to a number of alternatives for waste form and packaging,
disposal facility regional location, disposal facility design and operation,
and institutional controls to determine performance objectives and technical
requirements for acceptable disposal of the wastes-and to determine the environ-
mental impacts of selected alternatives. Five quant1f1ab1e impact measures
have been selected for calculation in this appendix: *dose to members' of the
public. (individual and population),’ occupat10na1 exposures, costs energy use,
and land use (see Appendix G). : : o
Section 1 is .an 1ntroduction to the appendix and provides a discussion of the
. applicability of the ana]yses ‘to generic versus specific’ disposa] techno]ogies,
and presents the’ background ‘rationale for separating the analyses.into ‘the
components presented in the subsequent sections. Following this ‘section,
discussions of five codes which have been developed for use in this EIS are
...presented in Sections 2 through 5. Included in the discussions are the

.overall assumpt1ons ‘general structures of the computer codes empioyed ‘and
“exampies of the results of the codes. General parameters common ‘to all the

. -.codes and a 1isting of the’ computer programs and the data bases’ employed ‘are

‘presented in Section 6. The computer.codes were deve]oped by Dr.,O. I. Oztunali,
. et.al., ‘of the firm of Dames & Moore, ‘and this appendix is mostiy excerpted
"from "the document "Data Base for Radioactive Waste Management Vo]ume 3

"Impact Analysis Methodology Report,” NUREG/CR-1759 ' :

1. INTRODUCTION AND OVERVIEW

' This section presents the basic assumptions for deve]opment of" the ‘codes.” The
;discu551on presented includes the purpose of the analyses; the "data .base and

. .the .general approach, adOpted in the' compartmenta]ization of . the ana1yses 1nto
five. separate codes; and an overview of ‘the five codes. "'7.° "'

il 1 Purpos ‘

“'.: :J T,

‘i:,The purpose of the aiternatives ana]yses is. to systematica]]y examine the”

costs and impacts resulting from the management and disposal of LLW under a
wide _range of viable.alternatives. . Consideration of the costs and impacts of
.. the various:viable alternatives. 1eads to seiection of preferred performance

. objectives and techn1ca1 criteria A . A
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The impacts considered. include long-term safety considerations, short-term
safety during. operations, lTong-term socioeconomic commitment and long- and
short-term radiological exposures--occupationa] exposures’as we]l as exposures
to members of the public. In.view of past disposal history, long-term perform-
ance of the disposal system is stressed in the impacts analyses performed in
this environmental impact statement. The long-term performance may be quanti-
fied through potential radiological impacts and long-term soc1oeconom1c impacts.

The secondary purpose of the alternatives analyses is to generically assess
the impacts of disposa] according to the preferred criteria selected in the
EIS. These generic results may be utilized as a first estimate of the typical
impacts assocfated with the preferred criteria.

1.2 Summary of Data Bases .

The alternatives to be considered result from the. variation of parameter
~ values associated with three major aspects of LLW management and disposal.
These aspects are disposal technology properties (facility, siting, design,
operations, closure, and institutional controls), waste form and packaging
properties, and the dose limitation criteria applicable for specific human
organs. The first two of these aspects of LLW management and disposal have
been examined in Appendices D, E, F, and J and they have been summarized in
Appendix G in the form of 1ndices

The disposal. techno]ogy properties have been quantified through thirteen
indices, which are summarized in Tables H.1 and H.2 called the disposal tech-
nology indices Each of these disposal technology indices denote a specific
calculational procedure in the impact analyses or have a set of disposal
properties associated with them. 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 1ncorporated
into the internal structure of the computer codes. The data associated with
the region index is read into the program from an information file called
TAPE1.

The waste form and packaging properties have simi]ar]y been quantified through
use of waste form behavior indices, which are also summarized in Tables H.1 and
H.3. 'Each index denotes a specific calculational procedure ‘or have certain
"values of parameters associated with them. Waste form behavior indices have
been specified for 36 different waste streams resulting from different waste
generation sources, for four different waste spectra resulting from alternative
waste processing methodo1ogies which may be adopted by the waste. generators or
at a central processing facility. The 36 waste streams considered in this EIS
_are summarized in Table H.4 and the waste spectra are summarized in Tab]e H.5.

bThere are two comparatively distinct information basés associated with the
waste streams: one information base details the basic radiological character-
istics of the waste streams, and the other details the behavior of ‘the-waste
form under different waste spectra. The first information 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 TAPEZ2.



Table ‘H.1  Alternatives Analyses Indices

Description o< Symbol -Potential Values'

Disposal Technology Indices’

. Region Index " : - o o IR "1 or higher:<
.Design-and:Operation Indices B
Design ID 1 or higher
. Cover . A o T IC 1, 2, or 3
.:Stabilization ‘ S IX 1, 2, or 3
Emplacement . ' - IE 1, 2, or 3
“Site 0perat1ona1 0pt1ons LT : R
'Segregat1on N el IS Oor1l
Layering - ' ‘ o IL Oorl
Grouting - 1G Oorl
Hot Waste Faci]ity IH Dorl
Postoperat1ona1 Indices : -
 Closure - Index -~ - .- = v IQ lor22
Care Level Index - oo ICL 1, 2, or 3
Postoperational Period IPO Years

‘ ~Active;Institutiona1 Contro] Peripd IIC Years

»AWaste Form Behav1or Ind1ces

‘Flamabmty Index L 14 0-3

Dispersibility Index - - IS5 0-3
Leachability Index 16 1-4
Chemical. Content Index : . 17 0orl
Stability Index .- . . - 18 Oor1l

Accessibi1jty Index 19 1-3
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Table H.2

Disposal Technology Indices

Property and Index

- Description

Region - IR
Design - 1D
Cover - IC
Emplacement - IE
Stabilization - IX
Layering - IL
Segregation -~ IS
Grouting - IG
Hot waste - IH
facility

Closure index - IQ
Care level - ICL
index

Postopera- - 1IPO
tional period
(years)

Institutional - IIC
control period
(years)

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 considered: 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'énd putting selected waste
streams (usually with higher external radiation
levels) at the bottom of the disposal cell.

Option to segregafé 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
(low, 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 H.3

H-5

Waste Form Behavior Indices

- Parameter and Symbol -

Indices - C e

Flammability

Dispersibility
i7" Leachability
“-Chemical content

Stability

pACCeégibiIity

(14)

(15)

(L)

(17)

(18)

(19)

WN—-O w N

HO pwh—

o
|l 1 ll

nonflammable o
Tow flammability (mixture of
material with indices of 0.and 2)
burns if heat’ supp11ed (does ‘not
support burning) . )
flammable (supports burnfng) 4

0
1

near zero
slight to moderate
moderate - -
severe R

nouwuwn

unsolidified waste form
Type A solidification
Type B solidification
Type Cc so11dif1cat1on

no che1at1ng agents or organ1c chem1ca1s
chelating agents or organic chemicals
are likely to be present in the waste
“form , _

.structurally unstab]e waste form
_structurally stable waste form

Ho,
u ]

readlly accessible, N
- moderately accessible .
accessib]e with difficu]ty




Table H.4 Waste Groups and Streams

Waste Stream Symbol
Group I: LWR Process Wastes

PWR Ion Exchange Resins P-IXRESIN
PWR Concentrated Liquids P-CONCLIQ
PWR Filter S]udges P-FSLUDGE
PWR Filter Cartrides P-FCARTRG
BWR Ion Exchange Resins B-IXRESIN
BWR Concentrated Liquids B-CONCLIQ
BWR Filter Sludges B-FSLUDGE
Group II: Trash

PWR Compactible Trash P-COTRASH
PWR Noncompactible Trash P~COTRASH
BWR Compactible Trash B-COTRASH
BWR Noncompactible Trash ' B~NCTRASH
Fuel Fabrication Compactible Trash F-COTRASH
Fuel Fabrication Noncompactible Trash F-NCTRASH
Institutional Trash (large facilities) 1-COTRASH
Institutional Trash (small facilities) = I+COTRASH
Industrial SS* Trash (large facilities) N-SSTRASH
Industrial SS* Trash (small facilities) N+SSTRASH
Industrial Low Trash (large facilties) N-LOTRASH
Industrial Low Trash (small facilities) N+LOTRASH
Group III: Low Specific Activities Wastes

Fuel Fabrication Process Wastes " F-PROCESS
UFg Process Wastes U-PROCESS
Institutional LSV** Waste (large facilities) I-LIQSCVL
Institutional LSV** Waste (small facilities) I+LIQSCVL
Institutional Liquid Waste (large facilities) I-ABSLIQD
Institutional Liquid Waste (small facilities) I+ABSLIQD
Institutional Biowaste (large facilities) - I-BIOWAST
Institutional Biowaste (small facilities) I+BIOWAST
Industrial SS* Waste N-SSWASTE
Industrial Low Activity Waste N-LOWASTE
Group IV: Special Wastes

LWR Nonfuel Reactor Components L-NFRCOMP
LWR Decontamination Resins L-DECONRS
Waste from Isotope Production Facilities N-ISOPROD
Tritium Production Waste N-TRITIUM
Accelerator Targets N-TARGETS
Sealed Sources N-SOURCES
High Activity Waste N-HIGHACT

*SS
*XLSV

Source and special nuclear material.
Liquid scintillation vial.
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Table H.5 Summary Description of Waste Spectra -

Waste Spectrum 1

Th1s spectrum assumes a cont1nuat1on of past or ex1st1ng waste management '
pract1ces. Some of the LWR wastes are solidified; however, no processing’ is
- done on ‘organics, combustible wastes, or streams conta1n1ng chelating agents.
LWR resins and filter sludges are assumed to be shipped to disposal sites in a
dewatered form.’ LWR concentrated 1iquids are assumed to' be concentrated in
. accordance with current’ practices, and are solidified with various media

e des1gnated as solidification scenario A.  No special effort is made to compact
trash. Institutional waste streams are sh1pped to disposal sites after they
. are packaged .in .currently utilized absorbent materials. Resins from LWR
decontam1nat1on operations are so]1d1f1ed in a medium w1th h1gh]y 1mproved
character1st1cs (5011d1f1cat1on scenarlo C)

Waste Spectrum 2

Thls spectrum assumes that LNR process wastes are solidified using improved
sol1d1f1cat1on techn1ques (so]1d1f1cat1on scenario B). 'LWR concentrated
liquids are additionally reduced in volume, to 50 weight percent solids,
through an evaporator crystallizer. In the case of 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 facil-

. ities .and packed in absorbent material. A1l compactible trash streams are

- compacted; most .at the source of generation and some at the d1sposa1 fac111ty.
Liquids .from medlcal 1sotope .production fac111t1es are so]1d1f1ed using '
sol1d1ficat1on scenar1o C. procedures. _ :

Waste Spectrum 3

In th1s spectrum, LWR process ‘wastes are, sol1d1f1ed assuming that further
jmproved solidification agents are used ‘(solidification scenario C).~ LWR’
-concentrated liquids are first evaporated.to 50 weight percent solids. A1l
" possible: incineration of combustible ‘material (except LWR ‘process wastes) is
-~ performed; some. 1nc1nerat1on is done’ at .the .source of . generation .and some’at

m;nthe dlsposal site. . A1l -incineration ash is solldif1ed using so]1d1f1cat1on
.scenario C procedures., . ,

R A R T S

Waste Spectrum 4

PN

- This spectrum assumes extreme volume reduction. A1l waste amenable to evapor-
~ation: or, inc1nerat1on with fluidized bed technology are calcined and solidified
.using. so]1d1f1cat1on scenario C. procedures' LWR process wastes, except cartr1dge
- filters, are calcined in addition to the streams incinerated in’ Spectrum 3.

All noncompactib]e wastes are reduced . in volume at the dxsposaI site or’'at a
central processing facility using a large hydrau11c press. This spectrum
represents the maximum volume reduction that can be currently achieved.

ot R : o VLo



The third aspect. of the LLW management and disposal to be considered in the
alternatives analyses--the dose limitation criteria--has been discussed in

Chapters 4 and 5 of this environmental impact statement as well as in Appendix N.

Finally, the last set of basic information utilized in all the computer programs

regards the characteristics of the radionuclides considered in the EIS and the
pathway dose conversion factors used to determine radiological 1mpacts when
radioactivity has reached a location which may be assessed by humans.° The 23
radionuclides considered in this EIS are summarized in Table H.6, while the
deve1opment ‘of and specific values for the pathway dose conversion factors are
presented in Sections 1 and 2 of Appendix G. This data is stored in several
arrays (see Section 6), and is also read into the computer programs from TAPE1.

A very large number of alternatives resu]t from poss1b1e variations in values
associated with these three aspects of LUM management ‘and disposal. For
example, there are 5,184 possible permutations of only ten of the disposal
technology indices, for each region (IR), for each postoperational period
(IPO) and for each active institutional control period (IIC).. Therefore, the
analyses of alternatives must utilize computer programs to rapidly calculate
and assess the impacts.. Furthermore, ‘'several computer programs are needed to
examine and assess an isolated portion of the decision base that results from
the analyses.

1.3 Overview of Computer Codes

As stated previoust, ]ong-term performance of the disposal system is stressed
in this environmental impact statement In the ana1yses of the radiological
impacts, there are three major potential modes of" exposure (see Append1x G,
Section 2) two of which relate to the longer-term safety consideration:

humans inadvertently contacting the waste after disposal (imputs are primarily
a function of the concentration of radionuclides in the waste), and the waste
entering one of several natural pathways back to biota (impacts are primarily
a function of the totaT act1v1ty disposed of at the site).

The first step in the alternatives analyses, therefore, involves a screening
of the impacts to potential inadvertent intruders. ' 'This is performed through
a code called INTRUDE which’ determines the rad1o]ogica1 impacts resulting:from
potential human inadvertent intrusion into a selected disposal facility loca-
tion and design containing waste processed through one of the aforementioned
waste spectra as a function of time after disposal. The results of this
analysis are examined in Chapter 4. L

The second. step in the a]ternatives ana]yses 1nvo]ves determination of long-
term radiological and cost’ 1mpacts including those which may result from -
potential ground-water migration, and other radiological and nonradiological
impacts. These analyses are performed through two codes called GRWATER and
OPTIONS. The’ resu1ts of this analysis are examined in Chapter 5.

Attention is principa11y focused upon long-term rad1o]ogica1 1mpacts of’ poten-
tia] inadvertent intrusion into disposed wastes and potential ground-water

L



Table H.6 ‘Radionuciides Considered in Waste Source Options

4 J <

\

o+ 7> Half Life .. - T , S
Isotopes ' (Years) -  Principal Means of Production |,
H-3 12.3 Fission Li~6 (n, a)
C-14 . 5730 . . _N-14 (N, p)
Fe-55." 2.60: ° . Fe-54.(n, y )
_ Co-60 . "'5.26 Co-59 (n,'&)
“Ni-59% - 80,000 Ni-58 (n, . y)

CNi-63 | 92 Ni-62 (n,’y)

- Sr=90 28.1 AF15$1on - - “(,: T
Nb-94 20,000 Nb-93 (n, ¥) ’ N
Tc-99° 2.12 x 10° Fission; Mo-98" (n, y) Mo-99 (B ) N

171297 117 x 107 | Fission’ i
T Cs=137 30.0 - Fission
U-235 7.1 x 108 Natural
2 U-238 7' 4.51.x°10° Natural
Np-237. 2,14 % 105 U-238 (n, 2n), U-237 (§7) o

.> Pq*238“?{2-8654 b Np- 237 (n, Y), Np-238 (ﬁ )s daughter Cm-242i

CPu=239]. 24,400 ' U-238 (n, y), U-238 (87), Np-239 (B ) .

““Pu-140- - 6,580 Mu1t1p1e n-capture R

’,bu-241j:1'”13.z” 'Mu1t1p1e n-capture ‘[' ' _
Pu-242 2.79 x 105 Mu1t1p]e ‘n-capture; ‘daughter Am-242
Am-241 . 458 Daughter Pu-241
Am-243 ° 7950 " Multiple n-capture -

tm-243 32 . -Multiple n-capture

Cm-244° © 17.6 . ‘Multiple n-capture -
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migration of radionuclides, as well as potential long-term costs to a site
owner for surveillance and control of a closed disposal facility. A number of
alternatives for waste form and packaging, and disposal facility design and
practices may be 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 hand]1ng and population exposures
due to waste processing.

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 ground-water migration
of radionuclides. These radiological impacts may be 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 partic-
ular waste stream or group of waste streams, and (3) exposures from each of
the radionuclides considered.

The code OPTIONS calculates waste vo]ume-averaged inadvertent intruder impacts,
impacts resulting from exposed waste scenar1os, as well as impacts resulting
from operational accidents and impacts associated with short-term considera-
tions 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 developed to calculate limiting concen-
trations in waste streams and total inventories in disposal facilities for
specific cases. One of these codes,is called INVERSI and calculates the
limiting concentrations in waste to meet a specific dose criterion for a
specific disposal facility design; it may be used for waste classification
purposes. The other code is called INVERSW and calculates disposal facility
radionuclide inventories (or average concentrations in waste) to meet specific
allowable dose criteria for ground-water migration for a specific disposal
facility design and environmental characteristics.

A11 the codes utilized to perform the analyses are presented in Section H.6.

The codes have been designed to optimize 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 technology indices presented 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 contains most of
the generic data (see Section 6) and TAPE2 which contains waste spectrum
specific information. A listing of these tapes are also presented in Section 6.

Alteration of the codes for other systems should be relatively easy since they
use only standard FORTRAN functions that are commonly used. Output formats

and statements, however, should be closely checked, since they can vary signifi-
cantly from one computer system to the next.
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1.4 Waste Classification Test Procedure

Based upon ‘the analysis performed in Chapters 4 and 5, ‘a waste classification
test procedure was developed. The test procedure is used in the OPTIONS and .
GRWATER computer codes to determine rad1o1og1ca1 economic, and other impacts :
from LLW disposal. . '

In the c]acu]at1ons 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 fac111ty or if the waste is unacceptable for
near-surface disposal. b

The 1ndex T11, 'is 1 if the waste is. d1sposab1e through "regu]ar means." It

is 2 if 1ayer1ng 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 considera-
tion is given to providing barriers against potential inadvertent intruder
exposures. Layering of waste streams provides a barrier against an intruder !
contacting the layered waste streams. Disposal into a hot waste facility ‘
provides additional barriers against intrusion. An index value of 0 indicates
that the waste is unacceptable for near-surface disposal. The testing proceddre
utilized in the determination of the d1sposa1 status index is presented in :
F1gure H.1. :

Each test consists. of successively subjecting a given waste stream to the
intruder-construction ‘and the intruder-agriculture scenarios after a g1ven i
period of time,- and determ1n1ng if the calculated rad101091ca1 impacts "in each
scenario for each human organ due to all the radionuclides in the waste stream
meet given organ-spec1f1c dose limitation criteria. Therefore, there are four
basic variables in these tests: (1) the waste status (gggu]ar 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 app11ed
(after the ‘active institutional control period--denoted by: IIC years, or

after 500 years, or after 1000 years), and (4) the dose limitation criteria
which is app11ed to all the tests. The flrst three variables are discussed
below. :

For a given waste stream, first the regular drsposal test is app11ed at 1IC
years. This regular disposal test may be either a standard or a modified t test
depending on whether the waste form is stable (I8=1) and the waste streams are
belng segregated (IS=1) at the disposal site (see F1gure H.1). _If the waste

is found acceptable during the standard test, then it is classified as regular
waste. If the waste passes a modified 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 regu]ar
waste. In this case, the layered disposal. tests are app?xed to the waste
stream-at IIC years if the layering option is available to the disposal tech-
nology 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
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START HERE

If waste unstable
r no segregation

START HERE

If waste stable
and segregated

Regular Regular Regular
Standard Test Pass Unstable Modified Test
at IIC yrs Waste
at IIC yrs
Fail VPass [Faitl
Regular
Standard Test
at 500 yrs
Fail
4 h 4
Layered = | Regular Layered.
Standard Test Pass Standard Test Modified Test
at IIC yrs at 500 years at ICC yrs
FaiT Fail Fail
= ‘L 1 ‘
] Hot Waste
Fail | Facility Test
) at IIC yrs
Not
Acceptable Pass
for NSD v
p'Yy ] Regular
Fail Test at Pass
1000 yrs

Figure H.1 Waste Classification Test Procedure
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"i.the waste’ stability index (18) and the segregation index -(IS). . In both of
“ these- cases, awaste stream that passes either of the layered tests is tested

again in-‘a regu]ar standard - waste test at 500 years before be1ng c]ass1f1ed as

o layered waste : : : Do

- If ‘the 1ayer1ng option 1s not available 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 avail-

“‘able to the disposal'case technology being considered--i.e.; 'if IH is equal to

1. There are two tests for the hot waste fac111ty option: .one 'is a special
hot waste test at 1IC years, and the aother is a regular standard test at 1000
years. - If ‘the: waste is found to be unacceptab1e in any of these options-~

- there may be ‘no option but regu]ar 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
Sections G.3.5 and G.3.6 of Appendix G.

If the disposal status of the waste stream is 1 or 2 (reguIar or 1ayered
waste), then no spec1a1 reduction factors are applied to.the ground-water

i . 'scenarios. “However, if the- d1sposa1 status is 3, then-the perco]at1on component
"*.of the ground-water scenario is reduced to 25 percent ‘0of .its minimum value

1 (Section G.3.5).: This reduction is due to the spec1a1 measures adopted in the:
o de51gn of a hot waste fac111ty oo '

1,

?If the d1sposa1 status ‘of the waste: 1s 1 then no’ spec1a1 reduct1on factors

- are applied to the exposed waste -scenarios. However, if:the disposal status is
- 72,7 then the wastes:are exempted from the erosion-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 scenarios (Appendix G, Section G.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 7ntruder—
'1n1t1ated exposed waste scenarios (Appendlx G, Sect1on G. 3 6).°

B M

- As descr1bed above there ‘are: flve dlst1nct c1ass1f1cat1on tests.; fegu1ar
77 standard, regu1ar mod1f1ed layered standard, layered mod1f1ed and hot waste
"‘;»fac111ty These tests are brlefly descr1bed be]ow.~ :

SR T

Regular Standard Test B 2o

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 ICC- ‘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 fac111ty test at the en end of 100 years. ‘. 2

Regular Modified Test o . : | f~'¢v

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 streams. Therefore,
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an inadvertent intruder initiating the intruder-construction scenario.will
clearly realize that wastes are being intruded into, and will not continue any
further (termed intruder-discovery scenario). This results in a substantially
reduced contact time for the intruder-construction scenario. The regular
standard test 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 gamma
exposure of the intruder through a reduced thickness of cover material). As a
consequence of the discovery that wastes are being intruded into, the 1ntruder-
agriculture scenario is eliminated in this test.

- 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 for the regular modified test. 1It-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 Facillty Test

This test is also applied only at the end of IIC 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 agriculture scenario
is not considered in the hot waste facility test. For the 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 1/1200%2 is applied for the direct
gamma exposure. Again, it should be pointed out that the waste streams that
pass the hot wdste facility test are subjected to a regular standard test at

the end of 1000 years.

Layered Standard and Mod1fied Tests

In the layered tests, the intruder-agricuIture scenario is not app11ed since

the wastes are Iikely 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
IIC 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 different
uptake pathways: air uptake and the direct gamma.exposure pathways.

For the air uptake pathway, only 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 during construction will
be’ the layer: of waste underneath 6. to 7 meters of other material. - For the
direct gamma 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.
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2. ° INTRUDE CODE

In determining performance objectives and technicai requxrements for LLW -
disposdl, an ‘important consideration is the potential for human ‘intrusion into
the disposed waste. Such intrusion may act to increase the potential for~
ground-water migration by increasing the infiltration of precipitation into

the waste and it may also bring wastes to the surface where they may potentially
be dispersed by wind or water. These actions may result in radiation doses to
the surrounding population. However, the largest radiation exposures by far
would be to the intruders themselves.

‘nThere are four ba51c scenarios con51dered for potent1a1 intruder exposure:

*o}‘“-the 1ntruder-construction scenario which ‘involves potentiai
excavation into a closed disposal faCility site and construction -of
a house,

' ‘T}fofﬁ_ the 1ntruder-discovery scenario, which-is a subset of the 1ntruder-

-construction scenario and also involves excavation into a closed
disposal facility site; however, the time over which excavation
act1v1t1es continue is reduced re]ative to the intruder*construction
scenario; ST :

o the intruder-agriculture9SCenario, which'invoives persons potentially
T1iving in a house located’in contaminated soil and consuming vegetables
grown in .an on51te garden, and

N . L

o f‘jthe intruder-weii scenario which involves use of contaminated water
- -~from an onsite we]] v

This section and code considers the first three of these scenarios: intruder-
construction, intruder-discovery, and intruder-agriculture scenarios. ~The third
scenario, the intruder-well scenario, is considered in the next section on
ground-water jmpacts analyses (the GRWATER code)." The potential exposures to

" the surrounding population as a result of the actions of an intruder, the’

N

exposed waste scenarios, are considered in the fo]iowing section on the OPTIONS
codes.

There are three ‘principal means of " controiiing potent1a1 exposures to an
intruder: use of institutional controls, use of natural and/or engineered
barriers which would make it more difficuit 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 1mportant decision to be made
at the time of, disposal for a given waste stream is whether it requires special
considerations with regard to institutional controls, waste form, and natural
‘and/or engineered barriers. INTRUDE performs a screening analyses to deter-
mine which waste stream (or streams ‘'when mixed and disposed together) requ1res
special consideration.

The code caiculates seven human organ doses as'a function of time. A1so’ca1cu-
lated are the ICRP weighted exposure sum over all the- organ doses indicatiVe of
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the total impact of the exposures. The output of the INTRUDE code can be
illustrated through an example.

The disposal techno]ogy 1nd1ces (see Tab1es H.1 and H.2) selected for th1s
example are presented below:

IR = 2 IS = 0
=1 IL=0
Ic=1 16=0
IX =1 IH =0
IE=1 Q=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 50 years to
2,000 years.

In the analyses, all four waste spectra (see Table H.4) are considered one by
one. A number of different analyses may be performed for different groups of
waste streams for a given waste spectrum. . Four such potential groupings are
as follows: . :

0 Each waste stream separately (36 separate analyses);
o Waste streams in four macroscop1c groups;

0 Waste streams in five major waste generation sources;
) A1l the waste streams together..

An examp]e output of the code is presented in Table H.7 for the above reference
set of disposal technology indices. The waste spectrum considered is waste
spectrum 2, and impacts are presented for the first group of 7 waste streams
(LWR process waste streams) shown on Table H.4.

3. GRWATER CODE

‘ Thls section d1scusses GRWATER which is a code wr1tten to perform an assessment
of the impacts from ground-water 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 H.1.4 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 selected biota access locations.

There are three basic scenarios for direct or 1nd1rect exposure of humans to
-rad1oact1v1ty from potent1a1 ground-water migration -an individual-well
scenario which.envisions-drilling of a well either adJacent to. a d1sposa1 cell
or at the site boundary; a population-well scenario which envisions pumping

. water from a well to satisfy the needs of a small commun1ty located between

the disposal facility and an open water location receiving ground water 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 ground water passing .
underneath the site.
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THYROID

4,3A5€403 A

901655003
THYRDTD

14372£403
{,64!!!03'

THYROID -

4,3877602
5,360E402

THYRO!b

§,709E¢01
7.&“3!*01

THYROTLO .
9,121E400
3.,0708¢01¢"

_THYROID

Se252£+00

3.618!001

fHYRD!O
Geb387E#00

2oSaYECOY

THYROID
8,399¢g+00
2,323E404

KINNEY
18108004
146692404

KIpNEY
.355!.03
3,149E40)

_KTDNEY
1.5812403
1-618!003

KIDNEY
6 438E+02
!.1Bb!t02

KIDNEY
S, 8872604
5,856E401

. KIDNEY
1,098804
12502404

7 KIDNEY
§,027E+01
7.59as¢oo

T kypNEY

T4189E¢00
s.aerzooo

K!DNEY
S, 261L400
89462¢00

Table H.7 Example INTRUDE Output (Spectrum-2).

" LUNB.

1,310E008

1,6692404

LUNG
“.3!“!‘031

S,§48E+03

- LUNB: =
1.379240%
!ob!?EOOB

- LUNg
a 418E002
S.1778002

- LUNB
5,271p40}
5077’!001
" LUNG
l 361re0d
.159!*01

U LN
7.19z!¢oo
. LUNE
8,3848400
642932400
LUNG

7,874¢400
3.9312%00

13.: TRACT

"GOI TRACT

» " gel TRACY:
9,6602400

Gel TRACT  ICAP
1,409E404° 2,084E+04
1.669K¢08 2,322E404

Gel TRACT  ICRP
3, SARE+03-4,308E403
5,143€9037,471E+03

Gel TRACT. ICRP
1374E403 1:996E403
:.614!003 !.!61!003

!CRP
8,3888402. 6,369E¢402
5.131!‘02 05075003

-ICRP '
8,678E401 7,327E+04
5.55‘!fq;:3.3;ﬁ€¢0l

Gel TRACT . LCRP
8,187E400.1,6726+401
98762900 1,679E00]

T 1CRP -
3,317E400 1,064L401
82290£400° 9,932E400

" ged YRACY. . ICAP ..
3, 7222400 6,403E600

343790400- 8,3368400 .

Gel TRACT ICRP
3. 9220400 T,463E+00
69337!¢00 7,605£¢00

X
J

-

~
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An idealized map of the disposal facility showing the areal re]ationships of
the disposal site and the ground-water access locations was shown in Figure G.6.
As indicated in the figure, the transverse (i.e., perpendicular to the ground-
water flow direction) d1spers1on of the contaminants before and after they
reach the saturated zone is measured through the geometr1c reduction factor

(r ) However, the d1sper510n of the contaminants in the direction of ground-

water flow is dependent on the: 10ng1tud1na1 (para11e1 to the ground-water
flow direction) extent of the disposal facility.

The longitudinal extent-of the disposal facility is taken into account in the
analysis by dividing the disposal facility into 10 sectors and applying the

_ point-source equations given in Append1x G to each of the 10 sectors. In this
manner, the transverse distribution is taken into account through the factor
(r ), and the longitudinal dlstrlbutlon of the source is numerially integrated.

In this calculation, water start1ng from each of the sectors has different
travel times to the access locations. This travel time is calculated in the
computer code through the use of an incremental travel time and Peclet number
between the sectors (the DTTM and DTPC arrays)J through dividing the source °
term into 10 equal parts, and placing this source at the center of each sector.
The rest of the ground-water migration assumptions have been presented in
Appendix G.

The code has several options built into it:

1. it can‘consider different dose limitation criteria in the initial
classification of the wastes into regular, layered, or hot waste
facility wastes;

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 conSider a waste stream or.group of waste streams packaged in
"high integrity containers thereby postponing the initiation of the
ground-water m1grat10n scenario for those streams for a specified
period of time;

4, it has the option to perfofm 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 H.8 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 IG=0 IH=1 1Q =
ICL=2 IP0 = 2 years 1IC = 100 years
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. Table'H.8 Example GRWATER Output (Spectrum.2) - | ..

APP H s S e S
SPECYRUM a2 - o S N S A
IRs 2 IDwy ‘w2 IX -‘a - e

IEw 1 1821 ILwy IGW e ,

IH m { ICLai2 IPOw 2 YEARS xoo . o I .

VREG ® s.ve:.os vLAv " 0, -. -VHOT . o. .- -VNOT ® 1,94E400

YR ¢ 40, aoov BONE szza YNYRDID KIDNEY =~ LUNG Gel TRACT  ICRP
BDU'“!LL 0. 0' o.a '0. 0. e ‘O.' T -0.‘ L 0. -
POPeWELL 0,° 0, a 0s ° 7 04 P " 04 N P P
POF-GURF o. C _o. ’ ' o. o '- 'o' . L o.. . 'o.' . ' 0. ",.o.

YR = - S0, -BODY -BAONE . _LIVER _  THYRDID KIDONEY LUNG G-! TnACT ICRP
Bou-“!LL o'mf.‘ Tt Ol - oi' : ol. : o: .‘--40.,, . O. o.' o
POPwWELL 0, - - 0, - 0 o 00T L 0, 0y - 0. . 0, °
POP=SURF 0, . L0, nn 04 0, - 0y .- - D4 . 0e L a0

YR » 60, ‘BOOY. - _“”BDN!' - LIVER  THYROID . T'KIONEY . LUNG'.: Gel TRACY ..  ICRP
BOUeWELL 3,536Ew03 2,128Ew10 3.536!603 ! S36Fw0y 3 SSbEOOS s. !!6!-03 3. !368-03 4 7035'03
Pop'“ELL 0.“ v 0. - 0. R 0. 0. o.
pDP-BUR' 0. ’ 0. . 0. . O. O. 0. 0. ' o.

YR e YO, .80DY . BONE LIVER . [THYROID: KIDNEY ' .LUNG  Gel TRACY = ICRP .
BOUeNELL 1§, 11!!‘00 6,672Ew08 1.111!000 1.1118000 1a 111!000 1.1!!!000 11112400 1, a77h¢00
pUP-“ELL 0. - -0. . 0. [ 0 : 0. N «o.',.—‘, 4 0. i O. :
POPeSURF 0, 0, - 04 , o. O O, O 0.

YR » 80, ‘BODY .. AONE’ . LIVER THVROID - KIDNEY : '  LUNG G!! TRACT" ICRP T
B0UsWELL. 6,543Fw0s 3, 93!!-08 6 +S43Ee0) & 5¢35-01 6‘503!-01 6 «S43Ew01 6, BQSEUOlT .7035'01:
PDP.HELL 0. 0. 0 . B o. 0. " '
POP=SURF 0, 0, o. 0, LI o. O T

YR » 90,  BaDY "~ BONE LIVER THYRDID - KIDNEY LUNG G'I YRACTTJ;aICRP;TN'
BOUsMELL 3,T26Ee01 2,238Ew08 3,726Fe0} 3 736!-0! ‘. T26EwO} 3 726!-0! 3,726E%01 4,956Ew0}
POP=MELL 0, 0, 0, . °| on 0- 0, O,
POP=SURF 0, 0, 0, . O JETON PR I "0, 0.

YR ¢ 100, BQOY BONE LIVER THYRDID KIongy LUNG - Gel TRACT ICRP
BOUeVELL 2,122Ew01 1,27SEw0B 2,122Ee01 2,122E001 2,122Ew0] 2,122Ew0) 2,122Ew0} 2,822Ew0}
POP‘UELL 0| 0. O. : °| 0. . o. 0. o.

POP=SURF 0, 0, 0, 0 0 Oe. 04 0,

PR P
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YR » 700,
BOUsNELL
POP=HELL
POPeSURF

YR a 800,
B0UeMELL
_ POPeNELL
POP=SURF

YR s 900,.

BOUswELL.
POPaNELL
PDPQHQR'

YR.» 1000,
BOUmWELL
PopevELL
POP=8URF

YR s 2000, °

"BOU=nELL
POP=MELL.
POP=SURF

YR s 4000,
80UsHELL
rPopeWELL
POPeBURF

YR..s 6000,
80U=yELL
POP=WELL
POP=SURF

YR n 8000,
BOUSNELL
popewELL
POP=BURF

YR =10000,
BOUegELL
POReNELL
PaPeBURF

BODY
3,913¢C003
4,609Ee18

s

s0DpY
1,902z002
8.193!-17
1,1492e20

anoy
1,587E=02
1,065E019
4,003Ee22

sapy

- 4,560p002

2,874CelY
S.323Ewg

8aoy
3,290E=0p

8,999r004

3.20?5,26

eapy
6,i8iEw02
2.6555-03
5.0‘9!’0’

8goyY
T.346Ew02
1,039g002 &
1, 047:000

ooy

6,322K002

1,477Ee02
1,8142e04

80Dy
5.2771002
$.,661Em02
5,848ER04

BONE
1,282002
2,7692a22
O.'

BONE
6,762Em02
1.!17!-21
6,895E038

8ONE
6,93{Cw02 1
6, 399827
8.“04!.39

BONE
6,893ge02
4.“’0!-‘7
319783y

- RONE
1.390Emp}
2,073¢e04
5190110!5

BONE
2,7578e0!
2.’31!-03
2.0388+03

AONE
3.339!‘01
«180E=02
.357!'05

BONE
2,927E908
6,329%e02
24273E=02

BONE

‘24303Ew04
7,2498002

2..“3!.0!

Table H.8 (continued)

“LIVER
2.9!6!!03
4,609CniS
0,

LIVER .

1,800Ee02
2,1938a1?7
14149020

LIVER
1.,450Ke02
‘.065!-19
4,003%022

LIveR
1,938E002
.!40!.17
5.3258s24

LIVER
l 875€=04
9292.!6

LIVER

5. 727802
1.!31!-03
1,839%a05

LIVER

«8928m02

8,9558e03
’.92'!.05

LIVER
6,06BE02
1. 333!.02
T.6068#03

LIVER
44823Ew02

15178202

6,194En04

TNYROID -

1,056E900
C.QOQQISB
Oy

YHYRO10D
1,181€¢00
2.1938e!7
141498020

THYRDID
1487700

1.0"!.1’
'4.00!!-2!

4,003Ew22

TNYROZD
1,6468¢00

\9.450!-15
Sa3238wq4

THYRQID
4,014E+00
3,548E«01¢

loObbEul!.

THYROID
5,263£400
1.647E¢00
3.5062w02

S:277E+00

1,6598400°

T+8507Ex02

THYRDZL0
5|!68£.°°
1,659E400
Y+580EmQ2

THYROID

$,23%Ee00

1,661E¢00
T.563Ee02

KIONEY
3o716E00)
‘QBOQEQ’S
0.

XIDNEY

'1,400E=02
24193817

14149920
KIONEY

1'557!-02.

.065!-19

KIONEY
1,9492e02

‘To3378aib 6

S,323E=24

KIONEY
S.214E€%02
4.,339¢2e04

0.151!-!5‘

KIDNEY
6,079€02
2¢332E03

40!4‘!'0,
THYROIO

KIDNEY
7.243E002

1,006E=02 8

5.9!‘!-05

KIDNEY
HeRIBENDDR
1.044Fa02
124038204

KIDNEY
S.172Em02
‘.6272'02
6.695E004

LUNG
2,9678a03
4,609Ee1$
0,

" LUNG
‘.!5!!.02

‘Bei938umi?

1.1492e30

LUNG
1.!57!‘03
1.055!919

0,0038222

LUNG
{,3712a02
.01‘!.16

85,3258w24

LUNG
2.780EwQ2
4,260r08
6, 660!-17

LUNG
5,51%2002
s.’i“!!O“
01!058005

LUNG
6.680E002
.236!.0’
80,7800

LUNG
5,857E«02
1.8665-02
G,5580E=08

LUNG
§,641E=n2
{1 ,A50Fw02
5.569E-oa

. Gel TRACT.

3,3352003
G,6098m1S
Os .

Gel TRACT

1,438Ee02 6

2,193E4?
$.149€a20

Gel TRACTY

145000002,

1,069Ee49

q.oo;g-i!‘!.
Gel TRACT

{.4958e02
1-8662-15
5,323E=24

Gel TRACT
3,067€w02
3,1212e04
1.091!I20

Gel TRACT
9,882E=02
1.709E€n03
2.997!-05

Gl! TRACT
7.,044Ee02
9.036Ew03
6.063!'05

Gel TRACT
6.2308Ew02
1.381Em02
9.712!'05

Ge] TRACY
4.971Ee02
1,564Ew02
6.402!-0“

ICRP
3,803Ew02
b,131EwiS
04 )

ICRP
RT8E002
2,917Ee1?
{,528E=20

IGRP

7.387Ee02

{,4178949
J24E=22

ICRP
Y.1T73EeQ2
Q,7928eib
7.,0808%24

ICRP
1 T89En0Y
.S!REOOR
S.,369Em25

ICRP
2.7015'01
.2755'02
1,109E»03

ICRP
2,925k00}
6,773E902
3.3745-03

ICRP
2.760&-03
7,619Ew02
2.045!-03

ICRP
2.5355.0‘
7.969E»02
3,493E=03

02-H
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4, QPTIONS CODE

The previous two codes, INTRUDE and GRWATER, concentrate on‘the long-term
radiological impacts resulting from the disposal of LLW. This section presents
a code for calculating all the impact measures other than ground-water impacts.
The calculated results include five major components: (1) the volumes of

waste ‘requiring different disposal practices--i.e., the volumes: .in each disposal
status which vary depending on the disposal’ technology indices and waste form .
behavior parameters determined by the waste ‘spectrum assumed; (2) disposed
waste-volume-averaged inadvertent 1ntruder'1mpa¢ts, (3) radiological impacts
resulting from potential exposed waste scenarios; (4) exposures which may
result from abnormal operating conditions- (accwdent scenarios); and finally

(5) the impact measures applicable to the different phases associated with LLW
management and disposal (i.e., waste processing, transportation, disposal)
consisting of costs, occupational exposures, population exposures, energy use,
and land use. OPTIONS code calculates these five items. A1l radiological
impacts’‘(except occupational exposures and population exposures from waste
transportation which are: tota] body exposures) calculated include seven human
organs. :

The vo]umes of waste in,each disposa1vstatus, however, have further been
divided within each major category--i.e., regular, layered, and hot waste
facility wastes--into four subcategories: 'stable with no chemical agents
(NCH-STAB), stable with:.chemical agents (CH-STAB), unstable with no chemical
agents (NCH-STAB) and unstable with chemical. agents (NCH-STAB).

The code has most of the same capabi1itiee.in.the GRWATER code. For example,

it can consider different dose limitation criteria in the initial classifica-
tion of the wastes, it can exclude streams from the analysis, etc."

A portion of an example'output of OPTIONS is presented in Tables H.9 through
H. 11 for the case considered in the GRWATER code example.

5. INVERSI AND INVERSW CODES

The inverse codes ca]cu]ate the -maximum average concentrations (or inventories)
that may be disposed within the radiological guidelines considered (maximum
exposure 1imits) and various disposal ‘technology properties. There are two
inverse codes: intruder’(INVERSI),~and‘ground water (INVERSW). In each case,
the maximum average concentrations for a given set of d1sposa1 technology
parameters are ca]cu]ated for 1 m1111on m3 of waste disposed in the facility.

For these two codes the basic data matr1ces 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 1nput through the IRDC array.

The major opt1on ava11ab1e in the running of these codes is to set dose limita-
tion criteria to different sets of values.:::In addition, INVERSI code calculates
and prints the results of all seven distinct waste classification tests~-i.e.,
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. Tdble H.9 Eiample.opiioris Output - 1

-. DISPOSAL T&CHNDLOGY INDICES
. I s 2 10091 .IC 8 2 .1X 8.2,

1€ .y 18wy ILwy IG6=20
I » ¢ ICLwi2 [IPO= a..trcq.xoo. _
-REGULAR WASTE ¢ 6, TSHE+0T Maal
CH=5TAR InLnscnvu s.taas¢na-
: v . IWABSLION.2,5A0E403
. .. I#ABSLIGD .0°0628E+403
.. HeTRITIUM 9.6165+oa :
.. TOTAL VOLUME
..CHeUNSTAR :I+LGSCNVL: a.Q?EE+pa .
e - v . . 1wBIDVWASY.54332E403 . R .-
S . LedIQWAST. 84332403 )
D P heLAWASTE 1 4665E404
TOTAL anuuc-.l

L - 7s0046¢oi Pan3
NCHeSTAB  PWIXRESIN 1,574E+04 ' S

~,t3.99§étoa Masa3

“ e

P=CONCLIO

.. PeF 8L UDBE
‘PefCARTRG:,
" BSIXRESTIN,

ReCOACL IR
PeNCTRASR®

t ReXCTRASH.

FoPROCESS 2

. LR PROCESS -
. APSSWASTE

LwNFRCOMP

" s NeHIGHACT:

Qe 030E«04
t.950£+03

6e014E«0Y

3+375E»04
-774?*00

"ARESLUNGE ,7,703E+00
) beN17EeNa

11305#06
2+159€E+0a
T765€03
1¢751E+04a
T+375€+02
T204E+02

' .~wransETs .70a£¢oe
R " TOTAL VALUME ¢ -
NCQHeUNSTAR PeCDTRASH 5, abaa+0a
e e e BeGITRASH a.aa;e+oa,
- L CFeCNTRASH 4,344E+04.
. T FWNCTRASH 1,152E+04
. v w77 S FeCOTRASH. 14933E+04
LT T TR CRTHASH G TLTELDS
- YwSSTRASH 3,3NAE¢N]
H¥S3TNASH 1.6Snr+na
L o T U NSLOTHASH 5 9QUEeNS ¢
. ) nelLBTRASN "3,027F407
ST TQ!AL;VﬂLUHEa i :

3.8996005-M}t3

LAYERED, nA3TE IR D e
CHASTAY: | . AW TSOPRAD a.av;ﬁ¢o3
"~ 'TﬁTAL VuLUFE R

2, BTIEOOS Man )y

NOT ACCEPTABLED Lo .
: ' L'QECGNRS 1,933E+04
N@IGURCES Se¢152E+n1

.~

2,317E+Q5 Meny

2, a1xgon3 Man3

. 14F3REeNa MeanY’



INTRUDER THPACTS

EXPOSE/ACC

INTeLUNS
INTeAGRY
INTeCONS
INTwAGR]Y
INT=CNNS
INTRAGR]

INPACTS
INTeAlR
ERNeALIR
INTaWAT
ERQOnwAY

‘ACCWSNAL

ACC=FIRE
ACCeAVG

~BOOY
3,259+01
2.151E+01
1.92%€E«00
24205E+0D
3,226E=01
3.725E=0Y

1,190E+03
be111E¢00

- 1,848F«03

8,866Ew02
{4hnE=pY
S.,894E400
3. 020E#+00Q

Table H.10 Example OPTIOWS Output - 2

8(INE

3,360E401.

2.,606E+01
he251E400
4,66RF#0C
3,241E+00
Z.OSZEQOO

ColhlEeNA
14198E¢02
5¢512€Ew03
7.0306’01
4,595Ee01
1,881E¢01
9.6353E400

LIVER
3.,266E401
2.N24E¢01
YeGQ04E*Q0
3.5BTE+00
CeRINE+00D
1,247€¢00

1,233E404
7+940E+01
1,“335”03
‘05136001
2el837Ew1
9, 769E+00
5«N0AE+N0

THYROID
3.,230E«0Y
2.019E+01
{.92{E+0N0
B,3NTEHOD
4.227E=01
h,826E+00

T IRIESOS
heliS1E40Y
1.0698000
9,939 0y
R 178E=02
3, 185E+00
14633E+00

KINNEY
3.250F+01
2.020E401
F¢508E+00
2¢839E+D0
1.,231E+00
Te863Ew01

T.798¢E4+03
2.7S0F+01
5,.,557F«0q
1N7SEmNY
1 «568EeD)
b 287F400
3.222F+00

LUNG

3,293F 401

2,021E40}
3, TASE+00
20908E+00
2,097E+00
1,064E£400

9, TATE#N3
1,NR6E+02
2.3666-0&
§.,408€En2
9,680E=0])
CeBULE+NY
1, 469E+0]

Gel IRACY
Y.2306k4+01
2,051E+0}
1 e644E+00
Re120E+00
1.“56&#01
3,350E=D}

2eb26E+0]
3.949E=01
E.SQthua
l.sleE-Ol
7,0%2E=02
e 49400
{.281F400

1CRP

Q|735E001

30!325’0‘
3,815E+00
3,876E400
1.,211E400
1,080L+00

6,284E40%
4,189E+01
2067“5103

2035‘&’01.

3.“80&-01
1.277E+0}
6 ,559E+0G

B

{
N
W



OTHER IMPACTH

casy (s)

UNIT COBT (3/n3)
POP DOSE (nMREH)
0CC DOSE (MREM)
LAND USE (Maw2)
ENERGY USE (GAL)

Table H.11 Example OPTIONS Output - 3

WASTE PRDCESSIMG

GENERAT
5¢80EXNA
BeSaE+n2
Qs

'SQQIE*ﬂb

O .
1«73E+n

DISPNSAL
5.63E+07
5,3%E+01
Os

1 ,25E+08
0,

Q,42E+09%

TRANSP

1,09F¢0R
2o 12E+Q2
[:01EenS
Se43EeOA
O

1.33E.°7

NISPNSAL

1.,97E+0R
2eF0ES02
O,

2.34E¢06
2aS6EH0S
{.22E%06

LT CARE

1.8‘E407
Q,6TE+0DY

0100 L0490

}{61&#05 0.
He.42k+00 0,

1 444E+07
2e13E+401}

%2-H
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regular standard test at 1IC 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. -INVERSW code;also performs two.sensitivity -
analyses: (1) it varies the percolation value associated with the ‘given reglon
index IR by assuming 50 percent of the value, the value given, and twice the
value given, and (2) it varies the retardat1on characteristlcs of the soils by
calculating the 11m1t1ng concentrations for ‘all’ five sets of retardat1on
coefficients cons1dered in this work (see Appendix G).

These codes use a mod1f1ed vers1on of TAPEl conta1n1ng the pathway dose
conversion factors and the env1ronmenta1 parameters assoc1ated with the given
~ reg1on 1ndex IR. :

6. LLISTING OF THE CODES AND DATA FILES

Table H.8 presents symbo11c definitions of the data ut1112ed 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" va1ues for
the analyses. : . oo

Almost all the codes use two tapes (some do not need to use all the 1nformat10n
contained in these tapes) for input information: TAPEl contains waste ‘spectrum
independent information.such as radionuclide concentrations:of..unprocessed-

. waste, nuclide specific: parameters, and environmental: parameters and TAPE2
contains information on the waste spectrum being cons1dered--e g., vo]ume
reduction and increase factors, and waste form behavior indices. In add1t1on,
INPUT (query by the code at the terminal the code is being run from) is. ut111zed
for reading in the disposal techno]ogy indices and descrxptwve "header" -
information. . ‘ .

The listing of the codes are presented f0110w1ng TabIe H.12. These include
the.follow1ng 4

i - . . o ~ : -

Codes . ., Data files

INTRUDE -~ DATAC C  SPCL
GRWATER DATAD 'SPC2
OPTIONS ~ *°° ~ NUCS  ~ -°" = SPC3~" "

INVERST T spea

',

INVERSW
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Table H.12 General Data Definitions

CONTROL INTEGERS AND VALUES jRead from Tape 1)

NS: Number of Waste Streams - 36
Individual streams are usually denoted by ISTR.
NNUC: Number of Radionuclides - 23

Individual nuc11des are usually denoted by INUC.

FICRP(7): This array, which 'is located in 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 B1ock
Read From: Tape 1 -

This matrix contains most of the waste stream dependent basic information;

The first index of this array refers to the 36 waste streams assumed for the
analysis. The second index refers to the following:

" Index Description

1 Waste Stream Name - Alphanumeric.

2 (Reserved) '
3 When input, it is the untreated volume of the waste stream in m3

generated between 1980 and 2000 for a region or for the entire
country. This may then be replaced with the normalized disposed
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. .

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 streams decayed to year
2000 for the 23 radionuclides in the stream (Ci/m3). The concentra-
tions 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 m® 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).

(YT



T}

Location: ..  BAST Common Block "
Read From: " Tape 1.
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Tab]e‘H.lzt {continued)

;Yindex;ot;lbescrigtion'

. 29-52' Waste process1ng 1mpacts~_ costs ($), occupatxona] dose (mrem),

energy use (gallons of fuel), and. popuIatlon dose (mrem), respect1vely,
for the waste stream volume. given in BAS(ISTR,3). These 1mpacts are
\;ca]culated in subroutine. COMBYN. - :

ISPC(36.11): Waste Spectrum Matrix
Location: BAST Common Block
Read From: Tape 2 )

This. matrix is read for each waste spectrum and contains all the 1nformat1on

that- dlst1ngu1shes waste spectra from each.other. The first index of the
matrix refers to the’ waste stream. The second index refers to the fo11ow1ng

Index Description

1 Waste Packag1ng Index, which is.used in the transportat1on ca1cu1a-
tions, and is composed of two d1g1ts represent1ng packag1ng
characteristics and the gamma emission charactéristics-of waste.

2 "~ Volume Reduction Factor multiplied by 100 (to" make 1t an 1nteger)
3 Volume Increase Factor similarly multiplied by 100. '
4 Flammability Index - I4 - '
5 Dispersibility Index - I5
6 Leachabi1ity Index - 16
T p Chemica1 Content Index - I7 , , RS
8 Stability Index ~ I8 AR
9 Accessibility Index - 19 .. ST
10 Overall Waste Processing Index (110) (see Section 5 of Append1x G)
which is composed of four processing indices (digits).that 'are
unscrambled and utilized in subroutine COMBYN to ca]cu]ate
o ﬁj_BAS(ISTR 29) through BAS(ISTR,32). ‘ RN G

L0117 Waste Dlsposal ‘Status Indéx (I11) (see’ Section H. 1. 4) ‘which is

computed in subroutine RCLAIM.
RADIONUCLIDE DEPENDENT ARRAYS

R

DCF(23,7,8):  Pathway Dose Conversion Factor Matr1x

This matrix conta1ns “the . mu]tip]e pathway dose conversion factors’ discussed in
Section 2.4 of Appendix G. DCF(1,J,K) is the pathway dose conversion factor
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Table H.12 (continued)

for the radionuclide (I), human organ (J), and pathway (K). Human organs
considered (as given for the FICRP array) are total body, bone, liver, thyroid,
kidney, lung, and GI tract, respectively. Pathways considered are those
resulting from the fo]low1ng 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 (see Section 2.4 of Appendix G). This matrix is not mod1f1ed by the code.

NUC(23): Radionuclide Names
Location: . NUCS Common Block
Read From: Tape 1

This array contains the a]phanumerlc names of the radionuclides considered in
the analysis: “H-3, C-14, FE-55, NI-59, CO- 60, NI-63, SR-90, NB-94, TC-99,
I-129, CS-135, CS- 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(23): Decay Constants
Location: NUCS Common Block
Read From: Tape 1

This array cogta{ns the decay constants of the 23 selected radionuclides in
units of year !.

FMF(23): Leachate Partition Ratios
Location: NUCS Common Block
Read From: Tape 1

This array contains the radionuclide dependent partItlon ratlos between
the radionuclide concentrations in the trench leachate and in the unsolidified
waste (see Appendix G).

RET(23,5): 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 G). 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.

ENVIRONMENT DEPENDENT ARRAYS

Most of the codes utilized provide for six d1fferent disposal env1ronments

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 J: northeast, southeast, midwest, and southwest. For most of the

.. analysis only the second set of environmental parameters (IR=2), which represen
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Table H.12 (continued)

the reference disposal facility environment, are utilized. The fifth and sixth
sets of environmental parameters (IR=5 and IR=6) are variations of .the reference
facility environment and are utilized for the ground-water migration analyses.

~FSC§6): - .- Construction Dust Mob111zat1on Factor:
Location: DTIS Common Block
Read From: Tape 1

This array (denoting f -construct1on) conta1ns the dust mob111zat1on factor.
which depends on envirdnmental parameters such as antecedent mOISture conditions
and soil part1c1e size distribution and annual average wind speed for the air
fuptake ‘pathway of the intruder-construction scenario. : Do :

‘FSASG! oL Agr1cu1ture Dust Mob111zatwon Factor .
Location: DTIS Common Block
Read From: Tape 1

This array (denoting f_-agriculture) conta1ns the dust mobilization: factor,
which depends on envirdnmental parameters such as antecedent moisture ‘conditions
and soil particle size distribution and annual average wind speed, for the air

- uptake pathway of the intruder-agriculture scenario.

"PRC(6,2): " -~ “Percolation Matrix - . o oo e
‘Location:: : DTIS Common B]ock ) . IR
Read From:  “. Tape 1 ' . B g

This matrix contains the potential infiltration into the disposal cell modified
by the anticipated waste-water contact time 'given in units of meters-for two
different conditions: PRC(IR,1) is the no special cover cond1t1on, and PRC(IR,2)
is the thick cover condition. These percolation values are given 1n ‘Appendix J.

t--QFC(6,3):" Dilution Factors e e r
Location: - . DTIS Common Block oo T
Read From: - Tape 1

This array contains the dilution factors (Q)éin units of'(m3/year) fﬁr'thg
three ground-water discharge locations: boundary-well, population-well, and
'popu]at1on-surface water d1scharge 10cat1ons :

“y O .-
. ' e

TM(6,32 Ground-water Trave1 T1me Matrlx RS
Location: DTIS Common B]ock
Read From: Tape 1 :

This matrix contains the ground-water travel times in yeérs (t ). between the

sector of the disposal site (see Section 3.6 of Appendix G) closest to the
d1scharge 10cat1ons and the three ground-water d1scharge locat1ons ment1oned

~ above ‘in QFC(G 3) - e
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Table H.12 (continued)

TPC(6,3): Peclet Number Matrix
. Location: DTIS Common Block
Read From: Tape 1

This array contains the dimensionless Peclet Numbers (P) for the ground-water
travel times given by the above matrix TTM(6,3).

RGG(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 ground-water discharge locations considered in the analysis.
These values are assumed to be unity.

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, correspond to the factors for 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 of Appendix G).

OTPC(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 3.6 of Appendix G). : :

TP0(6,2): Atmospheric Dispersion Factor Array
Location: DTIS Common Block
Read From: Tape 1

This array contains the atmospheric dispersion factors utilized in the accident
scenarios for the disposal facility site location. These factors have units

of person-year/m® 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.
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Table H.12 (continued)

' NhET!G)E;#'nr-:Rétdrdatfon-Siatué'Array'.‘

Location: DPTIS Common Block -
Read From: - Tapg 1 o

The values' in this array indicate the condition of the soils in the vicinity®
of the disposal site with regard to the retardation of radionuclides. It I
determines which RET(23,5) will be‘used in the ground-water. migration analysis, -
i.e., RET(23,NRET(IR)) is used. _ '~ S o <

4
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Listing for INTRUDE Computer Code

PRNGRAM INTRUDE (INPUT.QOUTPUT«TAPF1+TAPE2,TAPFE3,TAPES)

TAPFE1 CONTATINS NSTR(NUMRFR OF STREAMS) e NNUC(INUMRER OF MUCLIDES),
FICRP(TICRP FACTORS)s BAS AND NCF MATRICES AND DTTIS RLOCK.

TAPE2 CONTATMS ISPC(SPFCTRAL) FILE. -

INPUT IS USED TO RFAN IRNDC - DISPOSAL TECHMOLOGY INDICES,

TaPE3 CONTATNS OFTAILFD NUTPUT - FROM SURROUTINF RCLAIM,

TAPF4 CONTAINS MAIN PROGRAM NUTPUT (INTRUDER IMPACTS).

COMMON/RPAST/BAS(36432) e ISPL(3Ae11)9DCF (2397 «R) «FICRP(7)
ZNUCS/NIGC(23) « AL (23) «FMF (23) +RFT (2345} /DTNX/IRNC(12)
/DTIS/FSC(6) «FSA(A) +PRC(642) 99FC(Hs3) «TTU(Re) aTPC(643) o
RGF (A43) «POP (A43) sNTTM(R) sNTPC(6) s TPO(692) ¢MRFT(6)
/IMPS/DZN(T+2) «NZ(T429)

MNST OF THE MATRICES AND ARRAYS ARNVE ARE EXPLAINEN TN TARLE H-1,

NIMENSION NOTE(6) « TYM(Q) 4NDES(2) s IGRP (3A) 4NEC(2342)
DATA NTYM/Q/9eTYM/50e41N04915N0,42000¢30N,4400,950Nee)eFe2eF3/0
NGNX/3A/7¢eTGRP /1924344 ¢S9AR9TeR99¢10e11912913414,
15¢1A91Te1Re109¢2N92]1922¢779244254"
PRePTe2Re2%3¢3NeV1037¢9334344935,34/
NGNX/4/3IGRP/T#] 41282,1083, T84/
NGMX/S/4IRRP/11%1eP 0207930484420 2eR%304494 4TS/
NGNX/P/’IGRP/?G“I/. '
DATA DES/10H REC=CONS +10H REC=AGRY /eNFC/ Q178647 ,5F=3,
P8] eE=241382 .8 F=39694¢25:A8P GF=592%#] (Fafel 2 ,5F=5/

THF AROVE MATRICES AND ARRAYS ARE:

NOTF(R) : HEANER LAREL FNR OUTPUT INENTIFICATION,
TYM(9) ¢ NINE TIME STEPS AT WHICH INTRUDFP IMPACTS
ARE CALCULUATEDN,
NES(?2) ! NESCRIPTION NF INTRUDOFR PATHWAYS.
TGRP(3A) : ARRAY USED TO NEFINE GROUPING OF WASTE STREAMS,

NEC(23+2): NECON FACTORS FOR INCINERATOR ANN CALCINER.

READ(1«101)INSTRINNUC,FICRP

no 10 I=1.MSTR

DEAN(1+102) (RAS(IedJ) o J=142T)

REAN(2]103) (ISPC(TeJ) ed=1e10)

NO 20 I=1,NNUC
REAND(1e104)NUC(I) sAL(TI) «FMF(T) aRET(Te1) ¢RET(T14)
PO 15 K=1.8

RFAD(110A) (DCF{TeJek) ad=1+7)

CONTINUFE

INPUT ENVIRONMENTAL PARAMFETERS

NN 28 I=le6 .
REAN(1410S5)FSCUI) oFSA(T) o (PRC(Ted) sJ=192) o (AFC(TeJ) sJ=10¢3)
(TTM(Ted) eJ=19) o (TPC(Tod) 0d=1+)
(RGF(Toed) oJ=193) e (POP(Ted) oJ=193) «NRET(T)

DTTM(T) «DTPC(I) o (TPD(TeJ) 9J=1+2)
CONTINUE
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-Listing for INTRUDE Computer Code (continued)

“ o

FORMAT (PIR47F5,.2) '
FARUAT(AIN42F10.3/710X4AF10,3/710X<6F10, 1/10!-6F10.1110X-6F10.1)
FNAQMAT (10Y,4]0T1%) . . T .
FOAPMAT (A1044F10.3) . ' ot
FnRHAT(ln¥'7E10.1/1n¥oAF]0 1/1ox.arlo e I5/710X4F10,3)
FORMAT(10X.7F10.3) . iy .

I3RS

A1=1SPC(ISTR¢2) § Al=AIITSPP(15T9~1) ..
AP=RAS(ISTR.3) $ A=A/ (A1#3.6P) & RAS(ISTP.1)=01
nn 30 T=9427
RAS(ISTReT)=RAS(ISTR.T) 41
J=ISPC(ISTR10) S
1e=J71000 % IS=(J/100)=7081Nn € TL=(J/10)~- Iovlon-tsaln 4
TH=J=IP®1000-IS*100-IL"10 & IF(!L ro.n)so 70 3% ° o

R

- IFLIPLLT.5)G0 TO 35..

a8

4n
4%

50

=%

READsTRDC $' READ 10029NOTE § WRITE(441003) ~0TF,TRAN
'NX=0_§ VDIS=0. $ CALL 7ERN(D7+12R)

-J=1 8 IF(IP.GT.S)JU=7 '
‘RaS(ISTPoG)-(l.-DEC(l-J))*RQQ(ICTO <)

AAS(ISTR46) =(1.-NEC(2+J) ) #RAS(TSTRA)
CONTINUE

NEXT LINE READS IN = THRU.INPUT - THE 17 DISPOSAL

. TECHNOLOGY TNDTCES AND HEADER INFORMATION,

NN 70 IGNX=] ¢NGNX

no 70 INTFRPRE7§ IGRP(GROUPTNG) ARRAY . L
NO 50 IS THF MAIN LOOP IN CALCULATING TNTRUPFR IMPAPTQ .
nn 45 LOOP DISTINGUISHFQ_ﬁFTHFFN THE TIME STEPS

nn S0 ISTR=1.NSTR

TF(TGNX.NFLTGRP (ISTR))IGN TN &'

NO 45 ITYM=14NTYM = . .

tnnc«12)~rvu(rrvu)*o.1 s caLL anAtM(rqrn.Nuuc)
NN 40 I=1,.7 4 . .

nn 40 J=142 S TNl
D?(I,JoITVM)-DZ(IoJoITVM)*BAS(I%TRoﬂ)'n70(I'J)
CONTINUE N
NY=1 $ VOTS=VDIS+RAS(ISTR«) . . o
CONTINUE, SO S -
IF (NXsFQ.0)GO TO 70 ;-

DO S5 I=1eNTYM

D0 S8 J=1,7

NN S5 K=1e? -

N7 (JsKy 1) =07 (JeKe 1) ZVOIS . : e

1F (NONX.E0.36) WRTTE (431004) nas«reux.l) :

-2

| TF(NONX.NEIG)WRITE (491005) T6NX . L
DN 65 I=14NTYM Cera e A :

NRITE(451006) TYM(T)
Na &5 K=1s2

- Al1=0s

A0
&S
70

DO K0 J=147

A1=A1+DZ (JsK4 1) BFICPP (J) R ' o
WRITE(41007) DESIK) o (NZUJeXKaT)ed=1e7) 2] '
CONTINUE
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FORMAT(12I7)

FORMAT (6A10) 4

FORMAT (1H1/2X96A10/2X%IR =#]I2% I =%*I2% JC =*1>% IX =ae#]2/2X
#1E =w]2% IS =#]2% L =®*I2% ]G.=#12/2X
"#IH =#I2%  ICL=%*I2% IPOa*I2%® YEARS#*IS)

FORMAT (//72X<A1N)

FNORMAT (//72X#GROUP NO =%#12)

FORMAT(/2X#YR =8F5,0%. RONY RONE LIVER®

® THYROIN KIDNEY LUNG G-I TRACT ICRP#)

FORMAT (2X+A109RE10.3)
ST0® § END

SURROUTTNE RCLATM{ISTR¢NNUC) -

COMMON/RAST/RAS (36932) + ISPC(36911) ¢DCF (23574A)
- /NUCS/NUC(23) 9 AL (23) yFMF (23) yRET (2345)
ZOTNX/IR¢IDs ICo IX+IEs ISeIL#1GsTHaICLsIPOSTIC
/DTIS/FSC(6) sFSA(G) /IMPS/DZ(T+2)

DIMENSION EMP (3) 4ONY (7+5)

NATA EMP/.5+¢7594.5/

gEvP(3) ! VOLUME EMPLACEMENT EFFICIENCIES

DMY(7+5) ¢ MATRIX TO HOLD S SUR-PATHWAYS WHICH WILL LATER
BE ADDED TOGETHER TO DEFINE CONSTRUCTION ANDS®
AGRICULTURE PATHWAYS,

I1S3ISPC(ISTReS) $ I17=ISPC(ISTRy7) S I93ISPC(ISTRs9)
16=TSPC(ISTRIG) S FDES=ENP(IE\'(1.-0.Q*IG|
IR=ISPC(ISTReA) '

Aa=13 8 IF(I16.EQ.? OORQIG EQ.3)AR‘0.
TFTISeERe0sO0RITeEQ1) 16216=1

GDEL OEFINES YEAR OF SCENARIO INITIATION

GNEL=IPO+IIC $ IF(IC.EQ+3)GDEL=IP0+500.

IF(I9.EQ«¢3) A8=A8%10,

AS=1$ S IF(IS5eLTe3)AS2]0,*#(I5=3)

A6215 S IF(16eGTol)A6T A% (1=I6)

A9=15 S IF(19.GT.1)A9210,%#(1=19)"

112=}

IFCILEQe0ANDISeFOe1sANDeIREQel) 11222
IF(ILFA1.AND.IS.EQ.0) 11223
IF(ILeEQ14AND<IS<EQ.1.AND.IB.EQ.1) 11224
IFTINCEQeleOReTDEQe2) 11225
G0 YO (11¢12+13914+15),4112

A4C=1. $ A4A=1l, $ ABC=z=AB $:-ARA=AR $ GO TO 2n
A4C=0.012 S A4A=0. $ ABC20,01P%A8 S ARA=0, $ 60 TO 20
A4C=0.1 $ A4A=0. $ ABC=AB/1200, $ ARA=0, $ 60 TO 20

840200012 $ A4A=0, S ABC=0,0012%A8/1200. S ABA=0. S GO TO 20

A4C=0.01 § A4A=0, $ ABC30.1%AR/1W4AE+S S ARAa0,

IF(I0.EQ.0Q) ABCBABC*Ool

CONTINUE

CALL ZERO(DZ+14) $ WRITE(3+101) BAS(ISTRollOBAS(ISTRQB)QISTR
FORMAT (/2X3A10+9E10e3+15)
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"MATN LOOP IN CALCULATING DOSFS FROM ‘ALL NUCLIDES FOR .

QFVEN ORGANS-

T NO- &40 INur=1,NNuc o } SR

Al-AQ“FDES“FXM(AL(INUC)“GDEL)“BAS(ISTQQINUC+4)

NN A0 I=1.7

A2=DCF (INUCs I +5) ‘ s
C DMY(Te1)=A1%0.057#ARARC & D"Y(Io?)'Al*Oo?7“ﬁ2“0 ?RGARAf
NIMY (142) =A1#A4CHASHFSC(IR) #DCF (TNUCsT9?) . '
DMY(Te8)= A1#ALABASEESA (TR)®NCF (INUCeIs3) #0725
L NMY(T45) =0, 25#0.50A18A4A%ARRFMF (TNUC) #NCF (TNUCe196) "
n1880C .

NMY (142)=A1#AGCHFSC(IR)#DCF(INUCoTe2)
D"Y{In4) A1®AGARFGA(IR)ENCF(INUCeTe3)#0,25
DMY(1+5)=0, ?S“O-G“AI‘AQAGDPF(INUC.I-#)*FHF(TNUP)

cN7(Ts1)=DZ(T91)+DMY (T9]1) +NMY (T42)

=. 30

n7(Io?)-nztI.?)*DMV(I.?)#nMV(1.4)+bMV(Io5)
CONTINUE

.-'IF(T<TR LT<30)G0 TO 40

ln?

WPITE(34102) Nuccrwur).((buvtl.d).z =197) 9y J=145)

FNRMAT (2X o A1097F9 ?l(l?X¢7EOo?))

CONTIMUE

RETURN & FNN

10

SURPOUTINE ZERO (AeN)
NTIMENSION A(N)

NN 10, IT=14N
TA(I)-.OO

RETURN § ENN
FUNCTION FXM(A1)

7, A2=03 F TF(A1.LT4230,) AR=EXP (=A1)
FXM=A2

RETURN s FND



nglao
anlloc¢
0n0120¢
no130c
nnla40c
0n1s0C
nN16oc
nn17nC
nnlrROC
an1Qo0
an2n0+
00210«
nn2720+
Nn>230+
npranc
eoPR0OC
NNPaNC
nn27nc
na>ROC
np?290cC
an300Cc
nolnc
an3l2aq¢
00330
00340
nnN3Iso
0Nn360
0n370+
ON3RN
nnWQac
nn&400C
00410C
anePoc
na430C
NN4AGC
0nasoc
nos6nc
nna7n
0Nanrn
0490
nasaoc
nns10c
nns20c
nns3nr
0ns40
nnNsson
NNSAN
ans70
NOSAD
noson
nNNaAND
0NE1ND
0ne>2n
nnA30
0NA4H
INARSHC

10
18
20
25
0

H-36
Listing‘for GRWATER Computer Code

PRAGRAM GRWATER(INPUTAUTPUT+TAPF1+TAPFDP,TAPE3,TAPE4)

TAPE1l CONTAINS NSTR(NUMRER OF STREAMS) s NNUC(NUMRER NF NUCLINES).
FICRP(ICRP FACTNRS)« RAS AND NOGF MATRICES ANN NTTS RLOCK.

TAPE2 CONTATNS THE SPECTRAL' (ISPR) FILF.:

INPUT IS USED TO READ IRNC - DISPOSAL TFCHNNLOGY INDICFS.

TAPE3 CONTAINS DETAILED OUTPUT - FRNM SUBROUTINF GWATFR,.

TAPE4 CNANTAINS THF MAIN PROGRAM NUTPUT (GROUNDWATFR IMPACTS).

COMMON/RAST/RAS (36+32) « ISPC(3R411) 4 NCF(P3I34T748) «FICRP(T7)
/NUCS/NUC (23) « AL (P3) oFMF (21) s RET (23+S) /NTNX/TRNC (12)
/DTIS/FSCUR) «FSA(R) 4PRE(642) 4QFC (6931 e TTM(643) 4 TPC(643)
RGF (6+3) «POP (6¢3) s NTTM(R) «NTPE(R) « TPN(A42) JNRFT (R)
Z7IMPS/DZN(23418521)/DHIC/THIC(3R) o THIC

MOST OF THE MATRICFS AND ARRAYS AROVE ARE EXPLAINFN TN TARLE H-1,
NTNX RLOCK CONTAINS NTSPNSAL TECHNOLGY INDICES.,

IMPS RLNOCK = NZN(23+1R+?1) = WILL CONTAIN FESULTS OF GWATFR

- DNSES FNOR 23 NUCLINFSe 18 TIMF STFPS, 7 ORGAM F£0ND 3 LNCATIONS,
NHIC RLNCK CONCERNS THF USF OF HIGH INTEGRITY CONMTATNFRSS

IHIC INDICATES WHICH STREAMS USF HIGH INTFGRITY CONTAINFRS

AND THIC IS TIME ATTRIRUTE ASSNCTIATEN WITH CNONTAINFR,

NDIMENSION TIMP(6) «TYM(1R)+NES(3) N7 (T9341R8) +NDX(26)

NATS NDX/36%#1/

DATA IHIC/3A#0/+THIC/100.7/

NDATA TYM/#O..ﬁo..ao.,lﬂn..?no..1nn.-400.oﬂon.-son..7nn..
ANNe9900.+1000.92000,940004ANNNL«RNN0a+10000,/7eMTYM/IR/
DATA DES/10H REC-WELL +10H POP-WFLL +10H POP=SIIRF /

NDX (36) ¢ IMDEX TO INCLUNDF OR EXCLUDF PARTICHLAR
STREAMS TN ANAYSIS (1=INCLUNF, n=FXCLUNF).

TYM({13) $ 18. TIMF STEPS Tn AF CONSINERED IN GSRMMINWATER
ANALYSTS,

NDES(3) ¢ DESCRIPTION OF 3 PATHWAYS OF CNMCFRN,

NZ(T+391R) : DOSES SUMMFD QVFR ALL NUCLINFS,

REANLIRNC & READ 10024 TIMP < WRITE(4+1003) TIMP,IRNM
CALL COMRBRYN(NSTRWNNUC)
VNOT=0, $ VREG=0, % VLAY=0, & VHOT=DN,

LNOP 30 CLASSIFIES WASTF STRFAMS AND ACCUMULATFS THFTR
VOLUME AS NOT ACCFPTARLF, RFRULAR. LAYFREDe OR HOT,

N0 30 ISTR=1.NSTR

IF(IRNC(1) FQea) ISPC(TISTRS)I=ISPC(TSTR,:5)~]
TMON=]1 § CALL RCLAIM(ISTR«NNUC.TIMOD)
TE(NDX(ISTR) eNEL1) ISPC(TISTRe11) =0
TI=ISPCLISTR.11)+1 S GO TN(10¢1S¢2Ne”8) 1T
UNNT=VNOT+8AS(ISTR.I) § GO TN 3n
VREFG=YREG+RAS(ISTR«2) & GO Tn 1IN
VLAY=VLAY+RAS(ISTRs) § 50 TO 10
VHNT=VHOT+RAS(ISTR+3)

CONT INUF

WRITE(441004) VREGeVLAYVHNTGUNNT

e



LY

0NAREO
00470C
n0680C
00A90C
00700
on7lo0
00720
00730
00740
00750
00760C
0n770C
norenc

40

'00790C

nnano
anRrR10

LrAnR3N
N0R4OD
0NpR0
00860 -
NORTO
NORRAL
NOAR9NC
ananoc
nnal1on
0n99Pn
00930
DNO&N
nao9%o0
0N9a0
noarng
ONORO 1001
0noee0 1002
o1n00 1003
nN1010+
01020«
01030 1014
n1040 1008
01050+
01060 1006
1070 1007
N010R0N+
01090 100R
n11o00
ni1iac
01129C
01130
01140
N11R0+
01160+
01170+
01180
n11en
SELLE

S0
A0
70

Al

f:'AND 1n TIMES. |

. DO 6D K=1e3 ‘ e
"A]"(h . ERd . . . \ ' ' b ,:' - ('.«

_ DIMENSION DEC(73,2) N
NATA DEC/. 9..7%.6»7.5?-3.?~1.r-?.lao?.se-a..9..?5.6~?.qe-s.
28] ,E~44¢1382,5F=5/

H-37
Listing for GRWATER Computer Code (continued)

s o P . .
CALL GWATER(NSTRsNNUCsNTYMsTYM) § 'CALL ZERO(DZ+37R)
LOOP 40 SUMS DOSES OVER ‘aLL NUCLIDES

DO 40 ITYM=14NTYM o
NO 40 K=1,3 L ‘ oot
KK=(K=1) 87 ' SR ' o

NO 40 J=147 _ -
NO 40 INUC=14NNUC S L,
n?(JoKoITVM)=DZ(JquITYM)0020(!NUP.TTYM.KK¢J) j'f” R

Ly

.‘1 & v,
> Tran

LONP 70 OUTPUTS GROUNDHATER DOSES FOR K ORGANSo 2 PATHHAYS(

-

nNn 70 FTYM=14NTYM o B
TYMD=TYM(ITYM) $ WRITFE (451005) TYMD

N0 S50 J=1.7

A1=A14NZ(JeK s ITYM) 8FICRP.(J) BT S A

WRITE (451006) nES(K)o(DZ(JchITYN)oJ=1v7)oAl SOt et
CONTINUE T

LOOP 80 OUTPUTS DOSES FOR FaCH Trus_c6y§QQEQEo'roa FACH ‘NUCLIDE
no R0 INUC=ls12 . R
WRITE (451007) NUC(INUC)

. DN A0 ITYM=]14NTYM

i

PN -A0’ K=143 I O,

KK= (K=1)®7 " s v e RS
WRITF (4+1008) TYM(ITYM)vDE%(K)o(DZD(INUCoITYMoKKﬁd)oJ=1o7)w
FORMAT(1213) E ,~1‘-_&- B o ‘;‘:'? o
FORMAT (€A1N) N o -
FORMAT (PX+6A10/2X#IR =#I2# 1IN =wIPe IC =#12® ' IX =#]2/2X
°IE =8Ipe IS =wl2e IL =#712# 16 =eIp/2X
' BIH '=61p6 ICL=%I12® “IPO=#12% YFARSHIS) "

FORMAT(2X'VRFG =#EQ 8" VLAV =®*EQ, 2’ VHOT - =¢’9.9' VNOT ='EQ.2)

FORMAT (/2X®YR =6F5,n8 ' 'RODY ~ ' -RONF LIVFR# -
® THYRNIN KIDNEY LUNG G=1 TRACT - ICRP#) '“’=?“
FORMAT (2X+2)0+8F1043) B
FORMAT (/2X+810410X*RODY RONE LIVER® ‘

o THYROID KIDNEY '~ 'LUNG' - G=1 TRACT®)

FORMAT(2XsF6e092XeA10+TF10LD) . o

" STOP § FND

.....

- .

SURRQUTINE COMRVN(NSTRQNNUC’
POMMON/RAQT/RAS(36o1?)oISPC(?ﬁoll)¢DPP(?3,718)9FICQP(7)
TU/NUCS/ZNUC (23) 9 AL (23) «FMF (23) s RET (2348) /DTIS/FSC(6) sFSALR) 4
. Ppr(6o?l’0Fh(6o1)vTTM(ﬁo?’oTPC(6,1),RGF(691)9P0P(693)90TTM(6)
0 DTPCLA) s TPO(R+?) sNRET (R)



R-38
Listing for GRWATER Computer Code (continued)

n1210 READ(19101)NSTReNNUC,FICRP

01220 DO 70 I=1+NSTR

01230 READ(14102) (BAS(IsJ) 9J=1+27)

01240 READ(2+103) (ISPC(I+J)sJd=1v10)

n1250 70 CONTINUE

N1260 Nn ARG I=1,NNUC

01270 READ(19104)NUC(I)oALATI)+FMF(T)sRFT(T91)sRETI(I44)
01280 DO 75 K=1.8

01290 READ(1+106) (NDCF(IaJosK) eJd=14T)

01300 75 CONTINUE,
01310 B0 CONTEINUE

01320 DO 90 I=1.4

01330 READ(I;IOB)FSC(I);FSA(I)'(pRC(IvJ)oJ“lo?)o(OFC(IgJ)yd 1+3),

01340+ (TTM(I9J) 9J=193) s (TPC(TeJ) 9J=193) s (RGF (19J) sJ=1423) 4 (POP(I9J) sJ=1e3)
01350+ NRET(I) o DTTM(I) oDTPC(I) 2« (TPO (I eJ) 9J=1+7)

01360 90 CONTINUE

01370 1101 FORMAT(2I5,7F5.2)

01380 102 FORMAT(Al0+2E1043/10X+AE1063/10Xe6FE10,3/10Xs6E10. 3/10X06F10.3)
01390 103 FORMAT(10Xs10I5)

01400 ,104 FORMAT (A10+4E10.3)

01410 105 FORMAT(lOXyTElO.?/lOXoﬁFlO 3/10X06F10.3o15/1ﬂXo4FlO.1)

01420 106 FNRMAT(10Xs7E10.3)

01430 NO 50 ISTR=1¢NSTR

01440 A1=ISPC(ISTR+2) $® Al1=A1/ISPC(ISTRe3)

01450 AP=BAS(ISTRs3) $ A3=A2/(Al%3,672) $ BAS(TSTR3)=A3
01460 NO 20 1=5,27

01470 20 RAS(ISTR,I)Y=BAS(ISTR,I)*%*Al

01480 J=ISRC(ISTR,10) :

01490 S IP=J/1000 § IS=(J/10n)=IP®]10 $ IL=(J/10)-IP#10Nn=-1S#10n
01500 IH=J=IP#1N0N-IS#100~IL#10 § IF(IL.FR.N)GO TN Son

01510 IF(IR.LT.5)GO TO 5n

01520 J=1 ¢ IF(IP.GT.5)J=?

01830 RAS(ISTRS)=(1.~DEC(1+J))*RAS(ISTR,S)

01540 RAS(ISTRO6)-(10-DEC(?9J))*HAQ(IQTR96)

01550 50  CONTINUE .

01560 . DN A0 INUC=]1,NNUC

81570 A?= RET(INUC.#) $ Al= (A?/RET(INUCOI))““O 334

01580 RET(INUC+5)=A2#A1 § RET(INUCs3)=A2/A1

01590 60 RET(INUCs2)=RET(INUC,1)#Al

01600 RETURN & END

01610C

01620C A .

01630 SURROUTINE RCLAIMIISTR.NNUC,TMOD)

01640C . .
01650C THIS SURROUTINE IS USEND TO CLASSIFY EACH WASTE STRFAM AS:
01A60C €1) NOT ACCEPTARLE. (?2) REGULAR,

01670C {3) LAYEREDs OR (4) HOT

016R0C :

01690 COMMON/BAST/BAS(36932)+ISPC(36+911) +NCF(2367+8)

01700+ /NUCS/NUC(23) AL (23) «FMF (23) 4RET(2345)

01710+ /DTNX/IRsIDeICeIXsIESISesTIL9IGyIHsICLSIPOLTITC
01720+ /OTIS/FSC(ﬁ)9FSA(6)/IMPS/ﬂ7(71?)/DHIC/IHIF(1‘)qTHIC
01730C

01740C D7(Ty2) INTRUDFR DOSES USFD IN FLAQSIFIPATION TESTS

" N1750C :



H-39
Listing for GRWATER Computer :Code (continued)

N17AA NIMFNSTNN FMP(R) JNLE(T) .' o R RS
ny770 NATA FMD/, :..7q..q..q,.7:/.nLC/=nn..qnn..lqnn..ﬂnnn..ﬂﬁlqnn /
ny7anc

ny790C FuD (K) : VALUME FMUPLACFMFNT FrrrrrFurth .

ni’nnc DLC(T) 2 ANSE LIMITING CRITFRIA FOR 7. nprauq ¢

URE-2 ] !

N8>0 TE=TSPL(ISTRLG) ¢ TAR=TSPC(ISTRA) € I7-T€DP(Y§TD 7)

n1Ran 18=T1SOC(ISTRLR) $ TO=ISPC(ISTR,.O) ' Ce
n1R40 TE(THIC(ISTR) ,GT,N) TAa=] - : ' T
N)H&N AT7=1e $ TF(TAFNPNR,TALFN,3) AT=N RO ' .
n)I8eRH TF(TT4FEN.1NR,IS.FARLN) TA=TA=1

n1R70 FNFS=FMP(TE)# (] e=e9%IR)

ni1ean TF(T0.EN.3) AT=AT®]N, ' S

0] RAN AG=1e % TF(TS.LT.3) AG=]N#2(TR=-T) . : Ty
ai1eno A8=Te $ IF(IRRTL1l) AR=4 %8 (]1=TR) ‘ RN . -
n1o1n AQ=1; € IF(T19.GT,1) AQ=10.,%"(]1=-T9Q) o B T
01920 T3=1 8 TF(TSFRLIANMPN,TR,FO,1)TI3=?

N1930 IF(INFN.?)13=>

n1Qanc : ‘.

nrosnc TESTING RNAUYTINF FOR CLASSTIFING WASTF, RASFD nN TMTOUnFD
T CONSTRUCTION AMD AGRICULTUOF PATHWAYS, :
n1e700C 7"f“
n19RN 1N BNRELTIPN+TIC § IF(IC,FA,3) GNFL=TPN+SAN, ~ :. 7 R
nN1990 CALL 7ERN(N7.414) § 6O TN (11412¢13¢1431531R1Te1R) TR 00 0

n2n00 11 A4C=1. € B48=]1, & ARC=AT € ARA=AT & RO TN 2

02niqQ 12 B4C=N.N1? & A&GA=N, § BR(=0,N]12#AT7 & ARA=N, ¢.GN TO 2?0 o
02020 1% GNEL=IPN+8AN, % A4G=], § A4A=], & ARC=AT7 & AAA=AT S 6N TO ?n
n>n30 14 A4C=0.1 % A&A=0, & ARC=47/1700, & ARA=N, % {0 TO 2n B
nonan 18 44C=0,0012 & Ada=0, € AAC=0,N0]1P#A7/120N,: ¢ ARA=N, ¢ GN. Tn ?o
n2080 1A GDEL=IPN+SAN, ¥ A4C=]. % A4A=), S ARC=AT 'S &RA= 87 € an 70 90
02060 17 88C=N1287/],64FA & JF(IG.FN,N)ARC=ARCEN,] Vo . t

nan7Tn A4GC=0.N] € A4A=N, S ARA=N, & (RN TN 20" - et
a2n80 1R GREL=IPO+10N00., % ARC=AT § TF(JG.FN.N)ARC=N,]1%A7 Tt
noNon . aaC=l. S A4a=], § aRA=ARC

0?]0.0" . ‘-’j T | . j. . :A B R
n2311nc ‘-MAIN LnnP'FOP CALCULATINann:FS N 2 Y
n21200c. RPN ‘ -
n?2130 20 Do 40 qur l.NMUP T i R
n2140 4= A9“FDE§GFXM(AL(TNUC)*PDFL)#RAQ(TQTQ-TNUP04) HVARS
02180 na 30 1=1.7 EALIMP ALTLIcRS
02160 42=NCF (INUCsI+5) L SR SR
02170 n1-A1*AéP4Aq“F§C(IP)#DFF(TMHPoI-?) . : TR
0?2180 RO=A]1BARCEADPEN 057 : : AR
n21Q0 RAI=NPREATHALARAGHRFSA(TR) ®NCF (INUC T o) ’ T o
02200 RA=N SRNP2GRATHALABAGEFMF (TNUC) SNCF (TINUC e T e 4) DGO
n2210¢ 21=Al#ALCEFSC(IRIHNCF(TNUG T o ?) e
n2220C R=NPGHA)#A4ARFSA(TR) #NCF(TNUCL T 3): B

N2220C " T R4A=NSHN, ?G*AI*AAA#ncF(INur.T.a)«FMF(TNUC)

N>240 RRz=NPG#AI HARAHAZEN 27 S R et
n>p80 N7(T51)=N7(T41) +R1 4R} S T AN
aP2A0 an n7(19?)‘n7(70?)OQ?086+8R ‘ N T -

12270 40 f'ﬂN'rI"lUF ; PRSI ;;‘ . ** : , .

'



n2290c¢
n>2309"
02310
02320
Nn2330
0?2340
nN2180
023A0
02370
N23R0
02390
026400
N?2410
02420
02430
N2440
N24%0
N24A/0
nN2470
02480
nN24Q0
n>2s5n00C
02510C
02520
02]30C
N2%40

n258n .

NP560
072570
N25A(
N?590
n2600,
02610C
N2620C
N?2/30
nN2640
0PRSS0+
NPR60
02670
02A/RN
072690
02700
02710
N2720
a2730¢
07400
n>27540
02760
02770+
027R0+
“N27T9N+
02900+
N2R10+
N2R20
02R30
07240

|0

51
52
53
R4
&5
S6
AN
Al

Y4
A3

70

H-40
Listing for GRWATER Computer Code (continued)

TEST DOSES AGATNST pLC

N0 S50 TORR=) L7

NN 50 IPTH=l.2

TF(NZ(INRGLIPTH) «GTLOLC(TORGBY) 6N TO K0
CONTINUE

AN TO (B1e852798510¢53e53¢54¢55¢56)413
ISP (ISTRe11)=1 % RETURMN

T3=? & GN T0N. 10

T3=A § GO TO 1N

ISPC(ISTR«11)=? $ RFTURN

I3=R & GO TO 1n

JSPC(ISTR,11)=3 $ RETURN

GO TO (61-6?96396306?961’70970)911
IF(TL.EQN)GN TO A1 '

I3=4 § GO TO 10

IF(TIL.EN.0)G0 TO 63

I3=5 $ GO Tn 10

IF(IH.EQ.0)GO TO 70

13=7 & GO TO 11

JSPC(ISTR.11)=0

TSPC(ISTRa11) CONTAINS WASTE CLAQSIFICATION INDEX
RETURN $ END

FUNCTION ERFS(Al+A2)
A3=0:5%S0PT (A2/A1)
A4=A3%(1.~A1) & AS=A3#*(]., *Al)

. IF(A4.GT.0)GO.TO 10

10

ERFS“?.+EXM(A4’A4)“(POLY(AS)*POLY(-A4)) $ RFTURN
ERFS=EXM(A4#A4) #(POLY (A4)+POLY (AS))
RETURN $§ FND

FUNCTION POLY(X1)

NDATA AlvA?-531A40A§oP/.?q48?9§9?1-.?84496736,l 4721413741,
© =] 0453157202791 .,06140547294,3275911/

Ti=1e/(1.+P2X]1)

POLY=T1#(A1+T14(A2+T1#(A3+T1#(A4+T1%A5))))

PETURN % FND

FUNCTION FX*(Al)

A2=07 8 IF(Al.LT.23Nn,)A2=EXP(=Al)

EXM=A2

RETURN & FND

SURROUTINE GWATER (NSTRoNNUCSNTYM,TYMD)

COMMON/BAST/RAS (36932) ¢ ISPC(36e11) ¢DCF(239T«R)+FICRP(T)
/NUCS/NUC(23) 9 AL (23) +FMF (23) sRET (2345
Z/DTNX/IRsIDsICeIXeIESWISeIL«IGsIHeICLSIPOLIIC
/DTIS/FSC(6) oFSALB) sPRC(642) sOFC(A93) e TTM(As3) :
TPC(G.G)9RGF(6.3)9°0P(603)oDTTM(G,vDTPC(6)vTPO(ﬁv?)’NRET(G)
/IMPS/DZ(23418421)/DHIC/IHIC(36) s THIC

DIMENSION EMP (S) ¢EFF (2) «SEFF(2) «NMY(3+20) o TYMD(18) ¢RFS(18+73)

DATA EMP/ eS4aT50e59e506757/3EFF/6049Te0/+sSEFF/0.940,35/9sNOPT/Y/

TVOLZ0, $ GINS=IPO+JIC § NSEC=10 $ CALL ZERO(DZ,R694)



02850C
02860C
02870C
02880C
" 02890
02900
02910.
02920
02930
02940
02950
02960
‘02970
02980
02990
03000
03010C

03020C -

03030C
03060C
03050C
03060C
03070C
03080C
03090C
03100C
03110C
n3120C
03130C
03140
03150
03160
03170
03180
03190
03200
03210
03220
03230
03240
03250
03260
03270
032R0
03290
03300
03310
03320
03330
03340
03350
03360
03370

033R0C

10

H-41
" Listing for GRWATER Computer Code (continued)

NEXT SECTION DETERMINES PERCOLATION VALUE A~D
LOWER LIMIT FOR THE DILUTION FACTOR

PRC12PRC(IRs1) $ PRC2=PRC(IR,2)
IF(1G.ENe1.0RID.EN.P) .GN.TO &
IF{TIE.GT+3) PRC1=PRC{IR+1)/10,
IF(IE.GT.3) PRC2= pRC(IR.:)/lo.
CONTINUE

IF(IC.EQ.1)PRCN=PRC]
IF(IC.GT«1)PRCD=PRC?
IF(TX<EQ.1)PRCD=4,%PRC] .
IF(ICEN.1.AND.IX.FN,?) PRCD=?.25%PRC]

‘IF{TCeEQe2+AND.IX.EQ,2) PRCN=4,08PRC?

TVOLE352000.#SART(PRC(IR41)#27,.R)
IF(TVOL.LT«7700s) TVOL=7700.

-MAIN LOOP OF GROUNDWATFR PATHWAY EQUATION

‘GﬁbﬁéﬁbﬁﬁﬂﬁﬁﬁbﬁﬁﬁG###&QG#GQGG###GG##

' SOME .OF THE MAIN VARIARLE NAMES.ARF:.
PERC : SOURCE TERMS

PER2

FMF s RADIONUCLIDF PARTITION RATIOG
QFC ¢ DILUTION .FACTOR

THOUR .: DURATION TIME. OF RADIONUCLIDE
RES ' ¢ MIGRATION ‘REDUCTION FACTOR.
RGF ¢ GEOMETRICAL REDUCTION FACTOQ

#GGQ65#&6##§#6##Q##QQGQQ&G##Q&G#&G#GG
(]p) qo ISTR lcNSTR v ‘ ‘
111=ISPC(ISTR,11) & IF(Ill.EQ.O)GO T0 9n .
WRITE(3,101) BAS(ISTpol)oRAS(ISTDo3)oI§TP.111
16=1SPC{(ISTR46) $ VUR=0.87(EMP(IF)#FFF(IN)).
I7=TSPC(ISTRy7) % IF(T111.EN.3)VUR=0.19 . ~ o
18=1SPC{ISTRs8) $ IF(IS. FQeNeORLTT.FA, 1)16-16-11
19=ISPC(ISTR,9) . GDFL=0..%. TF(THIC(ISTR) LEN. l)GDFI-THIP
IF (IHIC(ISTR) .GT.0) IR=1" ‘
PERC=PRCD $ IF(IBeNE.1+NR.IS.NE, l)GO TO 1n
IF(IC.EO0.1)PERC=PRC] :
IF(IC.GT.1)PERC=PRC2, ._
IF(T114EQ.3.0R.INLEN, ?)Prnr-pprpxls.
PERC=PERCH#(1.0-0.9%#IG) § PER?=3,6%#PERC+N, 1#°Rc1
IF(ID.EQ.2)PER2=0.9%PERC+ N, 1#PRC?
NX=0 $§ IF(PFRC.LT.PRC1)INX=1
A6z lo % IF(I6OGT.1,A6' 4ottt (]~ 16)
29=1% § IF(I9.GT.1)A9=10,%#(1=19), - -
T1=NRET(IR) $ IF(ISeEQ.0.0R.I7.FN.1)I1= 11 1
TNUM=1,0/ (PERCH#VUR®AG®AQ) & TF(TI1.LFeN)I1=1

‘DO RO INUC=1,1?

IF(BAS(ISTRSINUC+4) oL TeleF=14)GN TO RO
TDUR=TNUM/FMF (INUC) § CALL 7FRO(NMY4A0)

- . C1=TDUR ' § TF(NX.FQ.N.NRNNPTLFO, O)Gﬂ T0 15

IF(PI.LT GINS)Cl= GINS

IR TR



s

03390C
03400C
03410C
03420
03430
03440
03450
03460
03470
03480
03490
03500
03510
03520
03530
03540
03550"
n3560C
n3s70C
035800
03590¢
03600C
‘03510
03620
13630
013640
03650
03660
03670
03680
03690
03700
03710
03720
03730
03740
n3750
03760
03770
03780
03790
03800
03R10
n3a20¢
03830C
N3R40C
03850
N3RAN
n3”70
03880
n3eqnc
03900C
03910
n13920
03930+
03940

15

20
S
30

40
4R
S0
A0

RN
90

101
102
1013
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SURROUTINF RTIJ CALCULATFS THFE MIGRATION RENUCTTINN FACTOR
RESULTS ARE RETURNED IN RES MATRIX.

CALL RTIJ(TYMDeNTYMGINUCsIRsI19C190.9sRESHGNFL)
Bl= RAS(ISTR,a)ﬂBAS(ISTR.INUP+4)/TnUR

NO 30 IPTH=1,3
R?-ﬂl°RGF(Ip,I°TH)/(OFC(IR.IPTH)'NSFC)
IF(TVOLGTAFC(IRSIPTH) )R2= B?*QFC(IRsIPTH)/TVOL
I13=(IPTH=1)#7 $ I2=A % IF(IPTH,FQ.3)I>=7

NO 25 ITYM=14NTYM )

A3=EXM (AL {INUC) 2#TYMD(ITYM))

N0 20 I=147

Af= AB*RES(ITYMotPTH)°R9ﬁnCF(INUCoI,I?)

DMY (TPTHs ITYM) =DMY(IPTH, ITYM) +A4#FICRP(T)
NZCINUCSITYMeII+I)=DZ(INMUCITITYMI3+T) +A4
CONTINUE

CNONTINUE

THE NEXT SECTION CONSIDERS (NOPTIONAL BY NOPT) THF SECOND
SOURCE TERM OF A 2-STFP ANALYSIS WITH AN INGREASED SOURCE
TERM (PER?) AFTER THE INSTITTUTIONAL CONTROL PERINN,

IF (NXeEQe0+0RNOPT.FQ.0)GO TO 60
IF(TDUR.LF.GINS)GO TO 60
T1=GINS $§ T2=T1+PERC#(TNUR-T1)/PER2
CALL RTIU(TYMDsNTYMGINUCeIRsI1¢T24T1+RESGNFL)
R1=R1*PER2/PERC
N0 50 IPTH=1,3
RP= RIGRGF(IRoIPTH)/(QFF(IRoIPTH)*NSEC)
IF(TVOL<BT.OFC(IRsIPTH) )R2=B24QFC(IR+IPTH) /TVOL
I3=(TPTH=1)%#T7 § 1I2=6 $ IF (IPTH.EQ. 3)1?-7
NO 45 ITYM=]14NTYM

A3=EXM (AL (INUC) #TYMD(ITYM))
nn 40 I=17
A4=832RES(ITYMs IPTH) 824DCF (INUCs I 12)
DMY (TPTHe ITYM) =DMY (IPTHoITYM) +A4#FICRP(])
DZC(INUCYITYMyI3+I)=DZ(INUCSITYM T3+1) +44
CONTINUE
CONTINUE
WRITE(3+102) NUC(INUC)
WRITE(39103) ((DMY(TeJ) od=1sNTYM) 41=1,3)
CONTINUF
CONTINUE

END OF MATN LOOP

FORMAT(2X9A109FE10e34215)
FORMAT (2Xe A7)

FORMAT (9X+9FQ,2)

RETIIRN $ END

SURROUTINE RTTIJ(TYMDyNTYM¢INUCsIRsT1+sTOURsTMINGRFS+GNFL) -

COMMON/NUCS/NUC (23) « AL (23) s FMF (21) yRPET (234 5)

/DTIS/FSCA(42) 4 TTM(693) 9 TPC(693) sRGFP(36) yDTTM(R) «DTPCI(A)

NIMENSION TYMD(NTYM) 4RES(1R33)+RTTM(A) 4RTPC(K)



‘03950
N3I0AN

'ﬂATA RTTM/350e96669175492B3c056001164/0
BPTC/700091900.9700.11600.»1900.01000 /9N0PTH/0/

+

03980C " °

03990C
nannoc
nanl1n
04020

04030"

04040

046050

nan6n’
04070
040R0
04090
06100
04110

N

T

. ¢

~n¢120””’»

04130

06140
"10° RES (ITYMe TPTH) = PFS(ITYM;IDTH)*AB
20

06150
N4160
104170
06180
04190

2 06200°

04210

04220 -

04230

t

L0

30

Ty

Listing for GRWATER Computer Code (continued)
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" a3grac

OPTW 0 SIGNIFIES INTRUDFR UFLL e -
NOPTW=1 SIGNIFIES ROUNDARY HFLL (RTTMoRTPC)

caLt ZE90(955954)
NN 30 IPTH=]1,3

" AV=RETUINUC+I1)#TTM(IR, IPTH) +GDEL

TIF(TPTH.EQe1<ANDNOPTW, FQ l) Al'PFT(INUC;II)“BTTM(IR)#GDEL

NO 20 -ITYM=],NTYM

TTYM=TYMD(ITYM) =TMIN § (A2= TYMD(ITYM)-TDUR

DO 10 ISEC=1,10

‘R3= 130/(A1*RET(INUC-II)*(TQFC-I)*DTTM(IR))
IF(TYM“I 1#R3.LT.1.0) GO TO 20

Ra=TPC(IRsIPTH) + (ISFC=1)®DTPC(IR)

IF(IPTH EQel1 AND.NOPTW, FQ 1) ‘B4= RTPC(IR)*(IQEC-I)“DTPC(IP)

"A3=NSSLERFS (BIA®TYMIR4) ~

IF(A2.GT.0.,)A3=A3~ Ooq#FPFS(R3*A?n84)

IF(A3.LTeNs)A3=0,

GONTINUE .
CONTINUE = -

‘RETURN 'S FMD -

SURROUTINE ZERN(A4N)

" DIMENSION -A(N):

10

N

‘D010 I=14N

A(I)=0.
RETURN % END

oF

s
‘



00100

nol1loc
00120C
00130C
00140C
00150C
00160C
0on170C
00180

00190+
00200+
00210+
00220+
00230+
00240C
n0750C
00760C
noz270C
nozao0c
0029nC

00300C

00310C
00320C
00330C
00340C
00350C
00360C
00370C
00380C
00390C
00400C
00410C
00420

00430

N0440C
00450C
00460C
00470C
004R0C
00490¢
nn500C
nns1nc
00520C
00530C
00540C
n0550C
00560C
00570C
005R0C
0059nC
noe0oc
00610¢
00620C
00A30C
00640
Nn650C

H-44
Listing for OPTIONS Computer Code

PROGRAM OPTIONS(INPUTsOUTPUTTAPF]+TAPEP3TAPE3«TAPF4)

TAPE1 CONTAINS NSTR(NUMBER OF STREAMS) e+ NNUC(NIIMARFR OF NUCLINDES) .
FICRP(ICRP FACTORS), RAS AND DCF MATRICFS AND NTIS RALOCKS. -

TAPE2 CONTAINS ISPC(SPFCTRAL) FILFE. -

TAPE3 READS IN THE DISPOSAL TFCHNOLOGY CASFS

TAPE4 CONTAINS PROGRAM QUTPUT,

COMMON/BAST/RAS(36432) ¢ ISPC(36¢11) 9NCF(239748) yFICRP(T) -
/NUCS/NUC(23) s AL (23) o+ FMF (23) +RET (2345) /DTNX/TRNDC (12)
ZDTIS/FSC(6)+FSA(6) sPRC(A+2) 9DFC(693) s TTM(R9) «TPC (643}

RGF (643) sPOP (693} +NTTM(6) » DTPC(6)oT°0(6o?)vNQET(6)
/VOL/VREGsVLAY s VHOT
IMPS/DZ(807’?)007ﬂ(4q79?)vDZA(7y7)vD?S(16979?)

MOST OF THE MATRICES AND ARRAYS ABOVF ARE EXPLAINED TN TABLE H-1,
DTNX BLOCK CONTAINS: THE DISPNSAL TECHNOLOGY INNICES.
vOL BLOCK CONTAINS TOTAL RE(ULAPv LAYEREDs AND HOY WASTE VOLUMTS,
IMPS IS EXPLAINED RELOW:
NZ1{8s7¢2) = OUTPUT FROM GUBROUTINE RFLAIM TO MAIN PROGRAM
CONTAINING INTRUDER -TMPACTS FOR SFVFN ORGAMS
AND TWO PATHWAYS UNDER EIGHT TFSTING CONNDITIOMS.

DZ0(4+7+2) = THIS MATRIX IS USED TO VOLUME AVERAGE THFE 0OUTPUT
DOSES FROM RCLAIM, FINAL VALUES ARF FOR SEVEN ORGANS
AND TWO PATHWAYS AT THRFE TIMF STEPS (IICs S00»
1000 YEARS) AND SURSFQUENTLY PRINTFD NUT T0O TaPE4.
DZA(TT) = OUTPUT FROM SURROUTINF ACCFXP TO MAIN PROGRAM,

CONTAINING THE ACCIDENT AND EXPOS!HRF DOSFES FDOR
SEVEN ORGAN AND SEVEN PATHWAYS.
DZS(364+7¢2) = QUTPUT FROM SURROUTINE BCCEXP FOR THTE TwWn
ACCINDENT PATHWAYS CONSIDERED RY ALL STRFAMS (36)
AND 7 ORGANS.
NIMENSION IQR(36)+IAL(36)sINH(36)+TAN(36)+G(4) «D(4)
NIMENSTION NOTE(6) +DES(9) s TIMP(6) +COST(S) ¢UNI(S) 4NDX (3A)

THESE ARRAYS ARE EXPLAINFD RFLOW:

TQR(36) s IQL(3A) = INDICES OF STREAMS RELONGING TO FACH

IQH(36)« IQGN(36) OF THE FOUR WASTFE TYPES (RERULAR, LAYEREDS
HOT« AND NNT ACCEPTABLE)

NNTE (A) = HFADFR INFORMATION READ TN THRU INPUT AND
PRINTED OUT ON TOP OF OQUTPUT FOR TNENTIFICATION.

DES(9) = DESCRIPTINN NF 9 PATHWAYS CNNSINERFD,

TIMP(6) = TRANSPORTATION IMPACTS CALCIHI.ATFD IN SURROUTINE
TRANSP AND PASSED TO MAIN PRNGRAM,

COSTI(5) = DISPOSAL IMPACTS CALCULATED IN SURROUTINE FCON.

G(4) D (&) = LOCAL ARRAYS WHICH ACCUMULATES PRNOCESSING IMPACTS.
G FOR PRNCFSSING AT GENFRATOR AND D FOR PRNCESSING
AT THE DISPNSAL SITE -

UN(S) = UNIT COSTS ($/M3) FNR PRNCFSSING. TRANSPORTATION,
DISPNSAL DURING NPERATIONAL PFRION. AND DISPOSAL
DURING POST CLOSURE PERIOD,

NDX = STREAM CONTROL ARRAY

0 = DELFTE STREAM FROM CONSINFRATION
1 = PROCFEDN AS NORMAL

? = HIGH INTEGRITY CONTAINFR

3 = STARLIZFD
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“Listing for OPTIONS Cdﬁbufer Code (continued)

NNAGNC
NneTO NATA DES/10H PEC=CONS ¢10H PFC-AGRT o
006N+ - . s - I0H RFEC-AIR . 410H FRO=ATR _ '« 10H RFP°NAT . LT
NNAGQN+ 104 FRD-WAT 4]10H ACP-GNGP -IOH ACC-FTDF olOH ACC-AVG
0n7ON NATA RIWRJ/.1e409/ T . : .
nn71Nn ﬂATA "DX/16#1/
00720C. T S o e .
0n73nc : qunnourrnr COVRYN RFaANS TN Mho oF THF INPUT NATA n
N0740C AND CALCULATES THE PROCFSSING IMPACTS. PROCFSSTMG IMPAGTS
nN750€C ARE DETUDMrn IN aas«rsra.?oa THRI BAS(ISTRW2?), R
0076&0C o Ca —_—
00770 caLL cnuqu(NSTR.Nuur.Nnx) o A : C g
nn7ANC R M : IEETIE T R
00790 nran(a.)wraqF
NORON NO 300 NC=]1.NCASE
NNRIO RFAN{3+10N2)NOTE % READ(34)IPNC
AnKR20 WRITE (45 1N03INNTESIRDEC : =
0ng30 CALL ZEPO(N74721) , R
0NR4LD VPEG=0. § VLAY=0. § VHOT=0, & VNOT=0, : : .
NNRSN MREG=0N S 'NLAY=0 & NHDT=D & MNNT=n
NNARRNC T
noR7OC

. 00RANC . NEXT ‘SECTTOM CALCULATES THF INTRUDFR TMPACTS - AND nrrrnurNEq
00PONC . . THF - WASTE:STREAM STATUS = ISPC(ISTR.I1)e -~ - :
00900C . ‘
nnolocr ' - S - N
00920 NN &0 ISTR=]4NSTR PR o
nN930 IF(TPDC(1) ERL4G) anrttsrn.s)-1<DC(ISTR 5) ™ :
00040 INX=NDX (ISTR) % IMON=1 & CALL prLAIu(qun.nnuc Innn.Tnx)
nNoO5N IT=ISPC(ISTRG11)+]1 & GO TN (1042043040) 431 -
nNARO 10 NNOT=NNOT+] L3 roN(NunT)-rsTR
0N97H UNNT=VNNT+RAS(ISTR,3) % 6N TN &N : -
NNQRD 20 MREG=NRFG+1 L 3 TOD(MPFG)—ISTR_
00990 - - DO P8 I=1.7 ° T . ¢ S

e1000 0 - DA PSS J=142: -
N31010 NZO(1eT o) = n7o(1.I.d)+nnq(rsrn.1)¢n7(IMnn,I.d)
01020 N70(24Ted)=D70(29 e ) +RAS(TSTRG3I#N7 (30 ToJ) - | -
D1030 13 n70t?;IoJ)-DZO(3oIoJ)*Ra@lT%TD.ﬂ)*n7(QoT’J)«
N1040 VREG=VRFG+RAS(ISTR?) ¢ 60 TN &N . .
N10S0 30 NLAY=NLAY+] € TOL(NLAY)=ISTR
01060 nn 35 I=1.7 e _ .
01070 no 3% J=142
01080 . N7Q(4e1eJ)=N7A (44T 9 J)+BAS(ISTRS3)#N7(IMON T ) .
01000 N7N(2+T1eJ)=NZ0(25TeJ)+RASITSTR3I)I#N7 (39T e )
01100 26 N70(39T1¢J)=NZ0(3¢TeJ)+RAS(TSTR3)I#N7(8sT4J) -
ni110 VLAY=VLAY+BAS(ISTRe3) & GN TN &0 ..
N1120 40 NHOT=NHAT+] S % IQH(MHOT)=ISTR
N1130 nn 45 I=147
01140 NO 4% J=1.2 s :
01150 N7R(1914J)=NZAQ(1, IoJ)0nn§(qup.1)°n7(INODoI-J)
01160 45 N7Z0(3+T4J)=NZA(3¢1e¢J)+BAS(ISTR3)I#N7 (] Ty J)
01170 VHOT'VHOT+RA§(ISTRo3)

N11R0 S0 CONTINUE s ‘e
n1190 TE(VLAY.FN.0,) VLAY—I. '



n1200
n1z10
n1e20
n1230
01240
01250
nN12A0C
n1>70c¢
n128n¢c
N1?790
01300
n1310
01320
01330
n1340
N13R80
01360
01370
N12R0
n1390
01400
01410
n1420¢
n1430¢
N1440C
n14500
01460
N1470
N14R0
01490 °
n1500
01510
n1520
01530C
01540C
01550C
01560C
01570
N15A80
n159n
01400
nN1610
nMe20r
01A30C
n1640c
01650
01640
N1AT0
01680
n169n
01700
1710
n1720C
01730
n1740c

58

&0
AS
70
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NN 88 J=1.7

NN 85 K=)1.?

N7N()edeK)=NZN(TeJeK) /(VRER+VHNT) '
TE(VLAY.GTala) DZOQLleJeK)= 070(19J9K)‘070(49J9K)/VLAY
N7Q(?2eJeK)=NZQ(2¢JesK) /(VREG+VLAY)
n7n(?oJ9K)=DZO(3;J.K)/(VREf*VLAVOVHOT)

THF MATPIX nzo NOH CONTAIN§ THE VOLUMF AVERAGED INTRUDER IMPACTS,

IF(VLAYoFNels): VLAY 0

TF (NREG. GT.0) CALL pRT(VREGOIQR.NRFG!I'N"X)
IF (NLAY.GT.N) CALL PRT (VLAY TOL«NLAY92¢NDX)
IFI(INHOT.GTeN) CALL PRT(VHOTSIQH NHOTs3sNDX)
IF(NNOT.GT.0) CALL PRT(VNNTsIONsNNOTs44NDX)
WPTTE(4,10n0n19)

NN 70 T=1.3

NN AS ' K=1.2

A1=no

NO A0 J=17

A1=A1+D7Q(T4JsK)#FICRP (J) '
WRITE(4.10009) DES(K)Q(OZQ(IOJ’K)0J“1'7)0A1
CONTINUF

NEXT SECTION CALCULATES THE DNSES FOR THE ACCIDENT aND EXPOSURE

. SCFNARINS - CONSISTS OF SEVEN PATHWAYS FOR SEVEN ORGANS,

og
100

105

110

CALlL. ACCEXP(NSTR«NNUCNDYX)

WRITF(441014)

DO 100 K=1,7

KK=K+?2 $ A1=0,

N0 QS J=17

A1=A1+N7A(J4,K)2FICRP(J)
WRITE(4410)5)DES(KK) s (DZA(JsK) e J=19T7) A1

MFXT SECTION CALCULATES THE TRANSPORTATTON TMPACTS AND THE
NISPOSAL TMPACTS THRU SURRONUTINES TRANSP AND ECON» RESPECTIVELY.

CaLL TRANSP(TIMP+NSTR)

CALL 7ERO(Gs4) $ CALL ZERO(De4)

NN 110 I=1,MSTR )

11=I8PC(T«1M) & T2=T1/10q
13=(11/10)=12%10. % TF(I3.FR.N) GO TO 110

SFPERATFE GENERATOR AND DTSPOSAL PROCESSING IMPACTS

IF({13.EA.?). GO TN 10%
G(1)=26(1)+RAS(I,29) § G(2)=6G(2)+RAS(I,30)
G(3)=G(3)*RAS(I+31) § 6(4)=6G(4)+BAS(I,32)
GO TO 110

D(1)=2D(1)+BAS(I929) § D(2)=N(2)+RAS(I,30)
n(3) D(3)¢BA5(I.31) s nta»-n(aaonAscr.a?)
CONTINYFE

CALL FCON(NSTRIRIGRJICOST oNNYX)



01750C
01760C
01770C
01780C
01790
01800
01R10
01820
01830

"01840 7

01R50+
01860+

01870C -

018R0
01890

01900

101910

01920
01930
01940
019590
01960
01970 -
01980

s -
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PRNCESSINGs TRANSPORTATION, AND DISPOSAL IMPACTS APE NOW BROUGHT

TOGETHER AND PRINTFD OUTo

VT VREG*VLAY*VHOT :

UN(1)=G(1)/VT & UN(?)-n(l)/VT : T
UN(3)=TIMP(1)/VT $ u~(4)-cns1¢1>/v7 L] u~|q> COST(S)/VT
TCNST(2)=COST(2)+TIMP(5) § X=0,

TIMP(3)=TIMP(3)+TIMP(8) ‘ ’
untTE(A.lnla)Rt.nJostl).ntl).Trnp(l).c091(1),cner(q).
UNC1) 2UNC2) «UN(3) gUN(4) sUN(S) oG (4) oN (&) 3 TIMP(4) o X

'_f(?)90(3)9TIMP(3)9C0§T(2)oXoXoXoPOST(4)9P(?)oD(?)oTIMP(?)9POST(?)

no l?O K=142?
T IF(KJEQ.1IWRITF(451016) 4 _ ;
IFIKSENL2IWRITE (49101 ) e

"WRITE(441018)

NN 120 T=1,MSTP
Al=0," ‘
N0 115 J=1.7

115 81= Al+D7q(IodtK)¢FICRP(J)

HRITE(4910?O)BAS(Ivl)o(D7§(IoJ9K)oJ lc?)qu

1120 CONTINUE : - o
300 CONTINUE, SR R S

01990 1001 FORMATI1213) S T . T VR
02000 1002 FORMAT(6A1N) S ' A
02010 1003 FORMAT(]Hl/?x.sAlO//?X*DISPOQAL TECHNOLOGY TNDTCFS“/?Xo o

02020+ &IR =elps IN =8I26 IC =¢12%  IX =8]2/2X

02030+ - - 1+ . #IF =eJ>e -IS =el2e IL =e12# IR =eI>/2X -

02040+ - ’ © IR =sIpe’ . ICL=#12¢ ' IPN=sTRe IIC:*T4)L~‘¢

02050 “100A FORMAT(1H1/=x.oINTRuoER IMPACTS®4TXs#RONY . RONF S LTVER®
02060+ - ~'i# - THYROIN KIONEY:" "~ LUNG G=1 TRACT  TCRP#) -
02070 1009 FORMAT(12X4A1048F1043) .

02080 1013 FORMAT (/2X®NTHER IMPACTS .- - WASTE PROCESSTNG . . TRANSP = #.
02090+ T #NISPOSAL LT CARE®42X42F5,3/16X% .- -GENFRAT NISPNSAL®/2X.
02100+ #COST (F)28Xe5E10.2/2XUNIT COST (§/M3)85F10,2/2X8DNP NNSF. (MRFM) o,
02110+ 4E10.2/2X50CC DOSE (MREM): ©4F10.2/2X+16HLAND USF -(M882) 14F10.3/2X,
02120+ ~ ' ®ENFRGY USE (GAL)*#4F10.7) B

02130 ‘1014 FORMAT (/2X#EXPOSE/ACC Iupacrga) oo 4 ' ' -
02140 1015 FORMAT(12X4A109RE1043) . : : S
02150 101A FORMAT(//2X#SINGLE rONTAtNFR ACCIDFNT - ALL STQFAMqo)

02160 1017 FORMAT(//2X*ACCIDENT RY{FIRF = ALL STRFAMS#) L R
02170 1018 FORMAT (14X 4#STREAME 45X 4 #RONY - BONE - " LIVER = THYROID - #

02180+

#KIDNEY LUNG G-1 TRACT ICRP#)

02190 1070 FORMAT(I?YoAIQQBFIO 3)

02200
02210C

STOP & ENNS



L02220€¢
‘02230

02240C
02250C
02260C
02270C
02280C
n>290C
‘n2300C
02310C
N2320C
n2330C
02340C
N2350C
02360

02370+
02380+
02390+
02400

02410+
n2420C
n2430C
N2440C
02450c
024ANC
N2470C
024R0C
02490C
" NPR00C
nN?2510C
n2s20c
N2530C

N?540C

02550
02560

N>2570+
" D?2880+

02590+
02A00+
0?2610
N2620
02630
02640
02650
N2660
072A70
. NP2ARN
0?2690
N2700
2710
02720
02730
N2T40+
N2750+
027AD

70

75
AN
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SURROUTINE COMRYN(NSTReNNUCNDX)

THTIS SURROUTINE READS THE DATA FILESe TAPE1l AND TAPE?. AND
PERFORMS SFVERAL RASIC CALCULATIONS TN INTFEGRATE SNME OF

THE INFORMATION. IT PERFORMS THE FOLLOWING:

1 : READ THE COMMON RBRLOCKS BASTs NUCSe AND DTIS

2 UJSING THE VRF AND VIF GIVEN TN ISPC MATRIX MODIFIFS
VOLUMFS AND CONCENTRATIONS

CALCULATES TRANSPORTED VOLUME AND. STORFS IT ON BAS(TSTR,2R)
CALCULATES THE WASTE PROCESSING TMPACTS

MODIFIES H=3 AND C=14 CONC TF WASTE IS TMCINFRATED
CALCULATES THE RET(23+5) MATRIX FROM GIVEN INFNRMATTON,

e wWw
e o0 o0 oo

COMMON/RAST/RAS(36+32) ¢ ISPC(3A«11)sDOF (2347 4R) «FICRP(T)
/NUCS/NUC (23} « AL (23) o FMF (23) 4RET(23498) /DTIS/FSC(A) oFSA(R) »
PRC(A2) sOFC(6e¢3) e TTM(Ae3) s TPC(He3) sRAF (R43) +PNP(643) yNTTM(K) o
DTPC(A) +TPD(HK42) +NRET(R)
NDIMENSTON A7R(36) yUPRS(743) «USOL (33} +ISAV(3)
DEC(2342) «TPOP(2) «NDX (26)

ADDTTIONAL TNFORMATION NFCESSARY FOR THIS RNUTINF ARF GTVEN
IN THE ARRAYS AND DATA STATFMENTS. THF ARRAYS ARE FOLLNWING:

A7R(3K) = SPFCTRUM 1 VIF/VRF PATTONS

UPRS(7+¢3) = VOLUME REDUCTION UNIT IMPACTS

USOL (3+3) = SOLIDIFICATION, UNIT. TMPACTS

ysav(l) =" UNIT: SAVINGS RESULTING FROM VOLUME RFDYCTION

DEC(2341) = NDECON FACTORS FNR PATHOLOGICAL TNCINFR2TNR, -
: "AND DEC(23«2) IS THE NECON FACTONRS FOR CALCINER,

TPNP(2) = PERSON~-YFAR/M3 ATMOSPHERIC DPISPFRSTION FACTORS

FAR POPULATION EXPOSURE CALCULATFON FOR URRAN 'AND DURAL ARFAS.

NATA A79/1 09104937 00ledelB#]49483,e2%]109793%#] e0Pavle3obt]l,/

NDATA UPRS/13549503401006e9¢A90.920604¢19038.,9)1039,43%4,69
5603’1160'12q007?o’1*1q09404?9qo!6012".35/’

“qnl./l?RZO ’13730,2445-03"40. 03“?4-/’

USAV/210e90494e/9TPOP/] eGO6F=841.56E=10/¢NFC/7e992TR+6#2,8F =3
28] sE=231392.5F=39:99e278:A82,5F=K,2%1, F-4,11“? 5E=5/

READ (19101 )NSTReNNUCSFICRP

DN 70 I=14NSTR :

RFAN(14102) (RAS{T9J) sJd=1.27)

PEAN{2+103) (ISPC{TeJ) ed=1e10)

CONT INUE

NN 80 I=1eNMUC

QEAN{1<104YNUCII) AL (1) «FMF(T)sRET(Te1)4sRET(I44)

NN 75 K=1.8

REAN(1¢10A) (DCF(ToJeK) ed=1e7)

COMTINUF

CONTINWUF

NN 90 I=1.4

REAN(]«108)FSC(I) oFSA(I) 9 (PRCITIU) 9J=192) s (CFC(TeJ) s =142}

(TTM(TaJ)oJd=1e3) o (TPC(TeJ) oJ=193) s (RGF(T9J) e J=1e3) e« (POP(TeJ) eJd=1e3) 0

MRET(I) «DTTM(I) o DTPCII) o (TPD(TeJ) eJ=14?)

CONT INUE



02770
0?2780
02790
02800
N2R10
02820
N2R30
02840
072350
N?RA0

02870

" N2RA0

N2ROOC

101
102
103
1n4
108
10A

20

02900C . .
02910C

026920C
n?2930C
072940C
07950C
02960C
02970C
07680

02990

03000, ...
03010

03020
03030
03040
n3nsor
03060C
03070C
03080
03090
03100
03110
. 03120
03130
03140C
03150C
03160€
03170
03180
03190
03200
n3210
032200
n3230C
03240C
n3250C
" 03260
03270
03280
n3290
03300
03310
03320
03330

" RAS(ISTR4)=RAS(ISTR.4) #AY

‘+HF FACTOR 3.67 IS THE NORMALT7ATION VALUF
_FOR ONE,MILLION CURIC METERS., '

. H- 49
Listing for 0PTIONS c_;puterLCode (continued)

'.A

FORMAT (21547F5.2) =
FORPMAT (A10+2E10. 3/10x96F10.3/10XqGEl0.3/10X96E10.3/10X96Elo.3)
FORMAT (10X31015) . . . SN
FORMAT(A1044E10.3) - ‘ St '

FORMAT (10X 7E1D, 3/10X96F10.3/10Xa6E10 3.15/1ox.451o 3)

FORMAT (10XeTEYN.3) - . . oot
nn 50 ISTR=14NSTR ° e T ,
81=18$PC(ISTR,2) § Al=A1/ISPC(ISTRs3) s
AP=RAS(ISTRs3)/3.62 $ A3=A2/A1 § BAS(ISTR;B) =A3
nn 20 1=5.27

RAS(ISTR,I)=BAS(ISTReI)®#A1

RAS (ISTR28)=BAS(ISTRs3) § J=ISPC(ISTRs10)

THF. NEXT SECTION UNSCRAMRLES THF PROCESSING INDEX AND GETS
THF VOLUME REDUCTION METHOD - IP,” SOLIDIFICATION = IS, -
LOCATION = IL, AND ENVIRONMENT - IH. TF IL=0 THEN THERF IS
N0 PROCESSING AND THE SFCTION 1IS°SKIPPEN, IF IL=2 THEN
THE DISPOSAL. AND TRANSPORTATION VOLUMES "ARE NIFFERENT

I1P=J4/71000 % 1S=(J4/100)~ IP#10 § IL‘(J/]O) .IP#100-15%10 L
IH=J<IP#1000~1S#100-1IL#10 $ IF(NDX(TSTR) +EQ. ?)GO T0 31

CIFLIL.ER.0) G0 T0 SO0

CIF(ILWNE.?) GO TO 25

Avgd

37

. IFUIP.GT.0) A4=A4+A2#UPRS (IPJ) S S

. -IFUIS.6T.0) A4=A4+A3#USOL (ISsd) e . S
TFUJWEQe3) A4=A4#AS - S ' a

RAS(ISTRe2B4UY=AG "~ . Y

TF(IL.FOL0) (GO .TO 50 f
CONTINUE ~

RAS({ISTR.2R)=A2 § aas(isrn.a) BAS(ISTP;#)/AI
252045 & IF(ISTR.GT.11)A5=0.1

NEXT Do Loop CALCULATF§ WASTE PROCESSING IMPACTS :

NN 30 J=1+3 o f":f;
84=-A3% (AZR(ISTR)®A1-1.) BUSAV(J)

vvvvvv

NEXT SECTION FOR STREAMS PUT IN HIGH INTEGPTTY CONTAINERS

TFINDX (ISTR) «NE, ?) GO TO 32 Do
AAa=ARB450. , ) I
RAS (ISTRe29) =A4 ' '

“NEXT SECTION SKIPPED TF WASTE IS NOT INCINERATED

&0

’OTHFRHICFq LOCATION DEPFNDENT POP DOSES ARE 'CALCULATED

IFUIP.LT.5)160 TO S0 jﬁ;“ , -

AG=0. $ J=2 $ IF(IP.EQ.5)Js 1 o o
TFUTH4NE«]1«AND TIHJNE. ?)IH 1 ’ - '

D0 40 INUC=1sNNUC ’ o ' B
Aa-qAS(tsrn.ajaeAS(ISTn.INuc+4)unFr(Inur.d)#rpop(lu)
0N 40 I=1e7

AG=AG+AGHFICRP (1) #DCF(INUCsI+R)

RAS(ISTR.32)=A5



03340C
03350C
03360C
03370C
03380C
03390
03400
03410
03420
03430C
03440C
03450
03460C
03470C
034B0C
'03490C
03500C
03510C
03520
03530+
03540+
03550+
03560
03570C
03580
03590
03600
03610
03620
03630
03640
N3650
03660
03670
03680C
03690C
03700C
03710cC
03720C
03730C

03740 -

03750
03760
03770
03780
03790
03800
03810
03820
03830
03840
03850
03860

50

11
12
13
14

15

16
17

18

susm_

L H-50
Listing for OPTIONS Computer Code {continued)

ONLY ICRP. HEIGHTED POPULATION IMPACTS ARE. CALCULATFD
ABOVEs TWO STATEMENTS BELOW MODIFY H-3. AND C-1&
CONCENTRATIONS TO ACCOUNT FOR LNSS UP THE STACK,

BAS(ISTRs5)=(1.=DEC(1+J))#BAS(ISTR,S)
BAS(ISTRe6)=(1.~DEC(2+J))#RAS(ISTRyA)
CONTINUE

RETURN $ END

SUBROUTINE RCLAIM(ISTReNNUCsIMODsINX)

THIS ROUTINE ‘CALCULATES. THE INTRUDER IMPACTS FOR TWO PATHWAYS
= CONTRUCTION AND AGRICULTURE - AND NDETFRMINES THE STATUS OF
FACH WASTE STREAM ISPC(ISTRs11) AND DETERMINING TEST
CONDITION (IMOD).

COHMON/RAST/BAS(36’32)QISPC(36011)’DCF(?39708)
/NUCS/NUC (23) s AL (23) sFMF (23) sRET 123,5)
/DTNX/IRsID9ICoIXeIE2ISsIL9sIGyIHICLYIPOLTIC
/DTIS/FSC(G)9FSA(6)/IMPS/D7(89792) .

DIMENSION EMP(5),DLC(T)

DATA E”p/oq'075’059050o75/90LC/2?500.’1500.03000.0?“15060/
IR=ISPC(ISTR+5) $ I6=ISPC{ISTRy6) $ I7=ISPC(ISTRs7)
IR=ISPC(ISTR+8) $ I9= ISPC(ISTR.9) .

IFTIDX«GT.1) 1IR=1

A721¢ $§ IF(16eEQe2.0ReI6, EQ.3) AT=0.80

CALL ZERO(DZ9112) $ IF(I74EQel¢OR.ISEQ.0) I6=16-1
FOESZEMP(IE)®#(14=29%*1G)

AS=1¢ $ IF(15.LT.3) AS=10.%#"(15=3)

A6=13 8§ IF(J16.GTel) AG=4,82()1~16)

AS=1e $ IF(19.GT.1) A9=10.8%#(1=19)

NEXT SECTION CALCULATES INTRUDER IMPACTS UNNDER EIGHT

CONDITIONS (LOOP 35) AND SUBSEQUENTLY TESTS FOR STATUS ASSIGNMENT,
ULTIMATELY WASTE STREAM WILL RE CLASSIFIED AS EITHER NOT
ACCEPTARBLE+REGULARSLAYEREDs OR HOT.

N0 35 I3=1.8

GDEL=IPO+IIC $ IF(IC.ER.3) GDEL= IPO#SOO-

GO TO (11912913914915916917418)413

A4C=1. $ A4A=1, $ ABC=AT $ ARA=AT & GO TO 2n

A4C=0.012 $ A4A=0. $ AARC=0,.012#A7 & ABA=0. % GN TO 20
GNEL=IP0+500. $ A4C=1. $. A4A=1, $ ABC=A7 $ ABA=AT € G0N TO 20
844C=0.1 $ A4A=0. $ ABC=AT/1200. 5 ARA=0,, $ GO TO 20
A4C=0.0012 S A4A=0. $§ ABC=0.0012%#A7/1200. $ A8A=0. § G0 TO 20
GDEL=IP0+500., $ A4C=1. $ A4A=1, § ABC=AT7 $ ABA=AT $ R0 TO 20
ARC=0,12AT/1.44E5 $ IF(IG.FQ.0)ARC=ABCH*0.1

A4C=0.01 % A4A=0. $ ARA=0. $ GO TN 20

GDEL=IP0+1000. $ ABC=A7 $ IF(IG.EQ.0)ABC=0.1%A7

A4C=1. $ A4A=1. § ARA=AAC



N3IBTO

nagso., .

03R90 . .
03900
03910
03920
03930
03940

03970C

2n

H- 51
" Listing for OPTIONS' Computer:" Code (continued)

DN 30 TNUG=1 +NNUC L
A= A9¢F0F$*FxM(AL(IMUC)#Gan)oaaSthTn,xnur44)

'lAnn 25 ' I=1.7.

-~ 039500 .« -
03960C

03980 . -

03990
04000
04010
04020
04030C
04040C
04050C
04060
04070
06080
04090
04100 -
04110
04120
04130
04140
04150
04160
04170
06180
04190

04200 - -

04210
04220
04230
04240
04250
04760
04270
04280
04290
04300
064310
04320
04330
04340
04350C
N&4360C

25
a5

A?-DCF(INUColoq)
R1=A1#A4CH#AS#FSC(IR) #DCF (INUCe1+2),
RP=A1#ABC#A2#0, 057, . :

R3=0s ?S“A]*A4A*A9“FSA(IP)“DCF(INUPoIo3)

:34- 2580, ?S*AI*A4A*A6*FMF(INUC)ﬁnFF(INurolokl

Rl= AI“A4C“FSC(IP)¢DCF(INUC9T-?) b

R3=04 25”Al*A4A”FSA(IP)*DCF(INUC'IQ3)

R4=0% 5*0.?5*A1*A4A“DCF(INUC9I¢4)

-BE=0i25%A1 #ARA#AREN 27 -
D7113o1o1)‘02(1301’1)*91¢BE
02(1?9192)-92(13919?)*H3*B¢+RR

CONTINUE. : -

CONTINUE

" ALL CONDITIONS TESTED ~ NOW DETERMINE HASTF STATUS

40

50

51

.59

53

54

55
56

60
61

" I3=4 % G0 .TO 40 R
Y4

I13=1 8§ IF(IS.FNeleAND. TR FO l) 13
IFTID.FQ.?) I3=2

130=I3

IFLIDX.EQ.0) GN TO 70

NN 50 INDRG=1a7 e
00 50 IPTH=1,2 o '
IF(“Z(I?.IOQGolPTH) GT DLP(IORG)) GO TO 60
CONTINUE

GO 70 (5105?951,53943954055!561973 -
ISPC(ISTRy11)=1 . _—
IMhOD=1 $ IF(I3N.EQ. ?) I“OD“?

RFTURN

13=3 $ GO TO 40

I3=6 § GO TO 40

ISPC(ISTRs11)=2 =

IMON=4 $ TF(I30.EQ, 2) IMOD 5 .
RETIRN e R -
I3=8 % GO T0O 40 . L o A -
ISPC(ISTR«11)=3 € IMOD= 7 ' ' ‘
RETURN s S
G0 TO (6106?161153053163070070)071 .
IFLIL.EQ.ND)GO TO 63 DRI
IFLIL.EQ.0)GO TO. 63 5

i

- 33=5 % GO TO kﬂ',-j

A3

70

IFTIH.EQ.N)GO TO 70 . o T
I13=7 % GO YO 49 T ' :
JISPC(ISTRs11)=0
RETURN $ END



LI

04370
042800
n439n¢
nN&4sanoc
04410C
N4620
04430+
04440+
04650+
N4asth0+
04470+
044R0O
04490
N4500
04510C
04520C
045300
04540
04550
04560
04570
045R0
04590
046600
04610
04620
04630
04640C
04650C
04660C
04670C
N4kROC
N4690C

04700C

04710
N&T20
04730
04740
047501
04760C
n&770C
047RQ
04790
048900
N4R10
041820
04830
04840
04850
N4RA0
N4RT70
048R0

H-52
Listing for OPTIONS Computer Code (continued)

SURRQUTTINE ACCEXP (NSTReNNUCNDX)

THTIS ROUTINE CALCULATES THE EXPOSURE AND ACCIDENT IMPACTS
FOR 7 PATHWAYS (4 EXPOSURE ANP 3 ACCINENT) AND 7 ORGANS.,

COMMON/RAST/BAS(36432) ¢ ISPC(364911) sDCF(235748)
/NUCS/NUC(23) ¢ AL (23) s FMF (23) yRET (234 5)
/DTNXZ1IR, ID,IP¢IX9IF-IGoILolsylHoICLoIPOoIIC
/DTIS/FSC(6) +FSA(6) sPRC(A92) 9QFC(643) s TTM (692}
TPC(693) yRGF (693) sPOP (693) 9sNTTM(6) sDTPC(H) s TPO(64+2) yNRET (6
ZIMPS/DZOM(168) oNZA(Te7) eDZS(369792) -

DIMENSION EMP(5) 4EFF (2) ¢SEFF (2) ¢yNDX(36) - ‘

NATA EMP/e5¢e759¢59059e75/9FFF/6e49Te0/9SEFF/0.9+0,.35/

VINP=0, $§ VTOT=ND. $ VHOT=0. % GREC=IPO+IIC

FROSION TIME SCALE DEPFNDENT ON COVER USED AT DISPOSAL SITVE

GERO=IPO+2N00.
TFU1C.EQ.2) GERO=IPO+3000.
IF{IC.EN.3) GERO=IPO+10000.
IFIIN.EQ.?) GEPO=IP0N+10000.

DO 18 ISTR=1.NSTR

10

T1=ISPC(ISTRs11)
IF1I1.EQ.1)VTNP=VTOP+RAS(ISTRs3)
IFIT1.EQe1eNR.TI1.EQ.2)VTOT=VTOT+RAS(ISTRy3)
IFIT1.EQ.3)VHOT=VHOT+BAS(ISTR,3)

CONTINUE

VTOP IS JUST REGULAR WASTE
VTOT IS REGULAR + LAYERED WASTE

NEXT SECTINN ESTABLISHES AREAL FACTORS FOR 4 EXPOSURE PATHWAYS

FRA=S.72E=-5%P0P (IRy1) #1,8E+3 § VUR=EMP (IE)#EFF (IN)#SEFF (IN)
FEA=8.09E~A4POP (IR+2) *VTOT/VUR '
FRW=1.15E-4#POP (IR43) #] (AF+3

FEM=1,15E-45P0P (IRy3) #VTOT/VUR

MAIN LOOP FOR EXPOSURE IMPACTS

No 40 ISTR‘IQNSTR

A1=N4s25 $ T11=ISPC(ISTRe11) $ IF(I11.EQ.0)GO TO 40
ISZISPC(ISTR4S) § AS=1e § IF(IS.LTe3) AS=10.%4(15~3)
19=2ISPC(ISTR+9) $ A9=1, $§ IF(I9.GT.1l) A9=10.%#%#(1~19)
182ISPC(ISTRsR) § IF(NNX(ISTR).GT.1) I8=1
IFIT8.ENe]1esAND1S.EQ.1)A1=0.012/9.
IFTT114EQ.2.0RLINEN.2)IALI=A1®0.01
IF(I114FN.3)Al=]1.2PE~5/9,

AP=EMP (IE) #SEFF (- ID)#BAS(ISTR43) 7/VTOP
A3=A28VTOP/(VTNT+VHOT) § TIF(J11.GT<1)A2=0.
IFITD.EQ.2+AND.T11,NF.?2) A2=A3
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- 04890 DO 30 INUC=]4sNNUC

049500 A6=EXM(GREC®AL (INUC)) % A7= EXM(GFRO“AL(INUC))

04910 AB=RAS (ISTR, INUC+4)

04920 " B1=FRA®AI®#ARHAGHARH#AS $ R2=FEA#AZRAT®#AR i R
04930 B ”Bﬁ-FPH*Al*AB’AS“AB“A9 8 R4=FEWRAFATHAR Sl
04940 DD 20 TORG=1,7  -: - ' ' )
04950 - "DZA(TIORGs 1) DZA(IORGol)+81“DCF(INUC-IOPGoﬂ)'

04960 D7ZA(IORG«2)=DZA(IORGy?) +R2#NCF (INUC+I0ORG+B)

-04970 NDZA(IORG+3)=DZA(IORGs3)+RIBNCF (INUCsIORGy7)

04980 "'3*D?A(IORGv4)‘DZA(IORGo#)*HA“DCF(INUCanPGo7)
04990 " 20 CONTINUE :

05000 30 CONTINUE

05010 40 CONTINUE

05020C

05030C ‘END EXPOSURF LOOP

05040C 4

05050 o VQC 0. $ VFR 0.

05060C D

05070C 'w“MAtN LOOP OF ACCIDFNT IMPACT§

05080C -

05090 DO RO ISTR loNQTR

05100 - = >'13=ISPC(ISTR,11) $ IF (I3, EQ n.OR.13.EQ. 3)60 TO Ab

05110 - 7 I4=ISPC(ISTRy4) - $ 16=ISPC(ISTRyR) & TO=ISPCI(ISTR,9)

05120 AS=RAS(ISTRy3) % IF(I9.GT.1) GO TO RO Ct
05130 FAF=TPO(IR,1) & FAS=TPO(IR,?) B ‘
05140~ IF(16.6T.1) FAS=FAS#(10.%%(1-1F)) R R
05150 IF11%.LT«3) FAF=FAF®#(20,%%(14-3)) R
051607 - IF(IS.ENR. 1. AND 14.NE. 3) FAF-O- EEE
05170C

05180C *1"DI§TINGUIQH BETHEEN SINGLE CONTAINER AND FIQF ACPIOENTQ T
05190C s T

05200 .- VFR=VFR+AS

05210 ~ ~ VSC=VSC+AS = -

05220 DO 70 INUC=1,NNUC

05230 ~  -A1S=FAS®RAS(ISTRyINUC+4)#A5

05240 A1F=FAFSBAS (ISTR,INUC+4) #AS

05250 . " DO 70 IORG=1.7 - ¢ : o
05260 D7S(ISTR;IORle)—D?G(ISanIORGol)+AlS¢DCF(INUCoIORGo1)/AE
05270~ DZS(ISTRyTORG,2) =D7S (ISTR, 1NRG2) +AIFENCF (TNUC, TORG, 1) /AS ¢
05280 DZA (TORG»S)=DZA (IORG+5) +A1S#DCF (INUC+s10RGy1) -

--05290 - 70fD7A(10R696)~D7A(IORGQﬁ)*AlF#DCF(INUC-IOPqu)

-OSBOOT‘HBO‘CONTINUF

' 05310C°- P
05320C - END OF:ACCIDENT LOOP. - .
05330C - ' SRR
05340C S
'05350C LAST PATHHAY Is AVERAGFD ACCIDENT
. 05360C . - e
05370 DO 90 -IDRG=147 - : : '
05380, '»D7A(SORGo7)-(n7A(TOPG-R)¢D7£(TORG,ﬁ))/(VSC+VFR)
05390 - IFIVSC4GT40.) NZACIORG5)=N7ZA(T0RGS) /VSC
05400 IFIVFR.GT.0.) DZA(IORGs6)=N7A(INRG,6)/VFR
05410 Q0 ‘CONTINUE .
05420 RETURN $ END

05430C



05440C
N5450

05460C
NS470C
Ns480C
15490C
0s500C
05510C
05520C
05530

NS54a0

05550+
058A0+
0s570C
055R0C
055490C
05600C
0ss10cC
NSA?20C
05630C
05640C
05850C
NSARE0C
05670C
NGRROC
a5A90C
ns700C
nsrinc
ns720C
05730C
05740C
nNS750C
0S760C
ns770C
Ns7R80C
nNs790C
052n0C
ns81acC
NS820C
NSAR30C
0SA40

NSA50

NSR60+
05870

NSRRO+
05490+
05900

05810+
N5Q20+
15930+
05940

05350+
NSoAn

05970+
05980

nsagne
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SURROUTTINF TRANSP(TIMP.NSTR)

THIS ROUTINF DETERMINFS THF TRANSPORTATION SCHFMF FOR aLL
WASTE STRFAMS RASED PRIMARILY ON THF PACKAGING INDFX OF
THE SPECTRUM FTILFS AND THE ACTIVTTY CONCENTRATIONS OF THE
INNIVIDUAL, STRFAMS, ULTIMATFE RFSULT IS THFE TRAMSPORTATION
TMPACTS (TIMP). .

COMMON/RAST/BAS (36432) « ISPC(3A411) /NTNX/IRTDWICIX o IF
DIMFNSION PCAR(6+43) «PPAK(ReR) yKNN(1R) ¢ TYM(2418) 4KWT(]1R)
PNZ(2+3) 9PKV(5) «TDNZ(P92) s TCST(243) s TIMP(R) « TVOL (R )
PUMT (3) «DUMP {3) «NUM3 (43) «NTST(A) «STPS(K) 4 CASK(R)

THE ARNVE ARRAYS AND MATRICES ARF FXPLATMFN RELOW:

PCAR (A 43) ¢ CONTAINS A NDISTRIRBUTINANS OF 3 CARF TvPFc.

PRPAK(8.A) ¢ CONTAINS 8 DISTRIRITIONS OF & PACKING
CONTAINFRS + A PASITIONING TNNEY,

KON (]8) ¢ MULTIPLE TIMNDEX WHICH DESCRIQFS PACKING
CAPARTLITIFS FOR 3 CARF TYPFS AND §
CONTATNERS,.

TYM(?+18) ¢ TIME TN MINITES FOR IUNLOADIMNG 0= WASTF

: (COMTACT TIMFE) -« CNORRESPOANNDING TN THF
128 KON INDICES AROVE,”

TCST(23) ¢ TRANSPORTATION COST (%) PFR MTLF,

RNZ (7<) ¢ PADIOLOGICAL COST (DOSF) PER HNIR 0OF
CONTACT TIMF WITH WASTFE. :

TNZ(2+2) ¢ TWN PART TRAMSPNRTATION NOSF: PSR MTLF.
AND LUMP S|/M PARAMFTFRS,

PKV(S) :t VOLUME. CAPACITY FOR FACH OF 5§ CﬂNTAIMFRS.

KWT(1R) t INDFX TO RFLATF TRANSPORT VFHICLE OVFR-
WFEIGHT STATUS TO EACH OF KON INDICGFES,

NIST(A) ¢ TRAVEL DISTANCE TO nISPOSAL SITF IN
VARINUS REGINNS.,

STPS(A) ¢ STATE INSPECTIOM STOPS TO RF FEXPFCTFD
WITHIN A PARTICULAR REGION,

CASK (R) ¢ NUMBER OF DAYS A CASK wWQUILD RF RFAUTREN

IN A PARTICULAR REGION,
‘)THEn ARRAY9 AND MATRTICFS DESCRPIREN FURTHFR NmM TN DPOGRA“

NATA DCAR/IOQOQQOAQOZQ-19"(00.9.?00q0060059o?'noQOOQoIQQ?’o4'.R/
nATA DpAKloo’o,3’q“O.’].90.0."“0.0259;*0.Q.ﬁq0.‘°’097q0.?’]¢!
39N e1 el eNeeNereB9000aBeP#N490e1004%Ne9eB9levNeeTaslenPeeb®3,91,/
NATA KNM/]110302441104076+173610013701N0414111004~15011N00,
2103100422360064=-2P7NA0044P3700484=-23140514=230A001
=2402100-2501100+=33NAN5]1 ¢=~33N1049.=3402100=-3501100/

DATA TYM/200 402400974001 20001h002449h09250913000165,¢1200,01440,4
30“.'360.0260’?QQO?qnoannoOIOO0?60'960017qf¢,000031200
ANNeeT?2Nee120069144N00¢200e9312¢96N04972N0aehNNee7?040
150N0¢e1RDONG/9TEST /106891 eP801e4T9lelbe1elTelaR/

NATA RD7/5004+750491200.01R00,4220009720067¢TN7/) RF =2
PeNNF=24Pa92e/9PKV/34h2759:4539e?"R41.41R04.R14/

NATA KWT/1A68042%#]1/eNIST/30069800e90004¢100N,¢2734004/4
STPS/ZGI..Z.,3.,P0]./.PAQK/?..3..q..n..2§1./

CALL ZFRO(TIMPs6) § CALL ZFRN(TVOL.1S)



nsonoc”
nAO10C -

nAN20C
nan30nc
06040
0A050
NAOENC
0ANTOC
n&nanc
nANGN
nA100
06110
N6120
N&130
0A140C
04150C
NA1ADC
06170C
061R0C
06130C
06200
n6210
06220
04230
NR24N
06250
06260
0A270
0A280

NAPQQ -

04300
0,310
06320
06330
06340
0A3R0
NA3A0C
0A370C
0A3R0OC
NA300 °
NAR&ON
0A&10
na&a?0c
0A630C

nNGea0C

DRG0
NE&A0
0AGTO
NR&ROC
0R6901
NAKONOC
nAG10C
06520
NASIOC,
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‘Listing for OPTIONS Computer Code (continued)

““THIS SECTION =NO LOOP 16n="NISTRIAUTFS THE WASTE “INTO THREE -
“UCARF TYPES AND AMONG FIVE PACKING CONTAINERS. (3 CONTAINERS °

BSOS LL

ARE CONSIDERED 'IN EACH LNOP - IF APPLICARLE TO THAT STREAM,)

nn 160 IPAK=]1.8 U S SnTn
Nx=0 $ CALL ZERO(DU“I’ﬂ) o - s fa

1 . - .-
. [

nn LOOP 70 nISTRIBUTFS HAQTF AMONG ClRE TYPFS [ no

Nn 70 TSTR=1,NSTR P
TF(ISPC(ISTR,11) ,FR.0)60 TO 70 T Ty oA
IP=TARS(ISPC(ISTRs1)) , o R
11=12/10 § IF(T1.NF.IPAKIGO TO 70 - - =~ - & & & .-
13=T2-11#10"$ A1=BAS(ISTR.PR) -~~~ = .~ ‘. = -

T1 = PACKAGING INDEX 13 = CaRE" TYP7 INDFX

FOLLOWING SECTION NETFRMINES 14 - INDFX FOR CAQF TYPE ‘
NISTRIRUTION -~ BASED ON UNDECAYED TOTAL ACTTVITY OF GTRFAN.f

A?=RAS(ISTR.4)%#]1N0, $ TF(I3.EN.?) AZ-RAS(IGTR;#)*IO.

NX=1 % TF(13.6T7.2) GO Tn 40

TR=4L.0G10(A?)

IF(13.EQ0.7) GO TO 30
TF(A2.LTels) T4=]
TF(82.GFale) Ta=IS5+2 L B
Tr‘I4oGTo6) I“:ﬁ . o Ce A : <. A
60 YO S0 [\
TIF(82.LTe1e) T4=} -

CTF(A2.GEdle) T4=1542 7 S | .
TF(I4'46T44) Ta=4 noo . -

a0 TO §* L T o sy

an
|0
A0
70

CUTFINXGEQ.n) 6D TO 160 T E

T4=73-2 g - o : 4 i

D0 60 T=1,3 . o L N
Duultl)-DUMI(I)opcan(14.1)¢51*ﬁ o - R
CONTINUE _ S : SR G

3

NUMI. CONTATNES HASTF;VOLUHE“IN:EAhH OF a CARE TYPES 70 °7

5 -

A1=NUM] (1¥Y+NUM] (2) +NUM] (3)
12=PPAK (IPA&K R) ¢Nel

PO LOOP 80 NISTRIARUTES WASTE AMONG CONTAINERS T

"DOLRD I=143

R0

T1=1-1
DUMP (T) =PPAK (TPAK IP+TT) %A1

NIM> CONTAINS WASTF VOLUNF IN FacH OF 3 CONTAINFRS PONSIDERED
IN THIS LNNP 0F 140

CALL ZERO(DUM3VQ)
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Listing for OPTIONS Computer Code (continued)

06540C NO LOOP 130 DETERMINES PACKAGING STRATEGY FNR 3 CARE TYPES AND
0A850C 3 CONTAINERS CONSIDERED FOR THIS LOOP. OF IPAK, RFSULTS ARE
06560C PLACED IN DUM3.. -

0KARTNC

06580 NO 130 J=1,3

06590 nO 120 I=1,3

06600 IF(NUM1 (J) «LE«0.0) GO TO 130

06610 IFIDUM2(I).LE.0.0) GO TO 120

06620 TF (DUM1 (J)~=DUM2(I))90,10N,4110

06630 90 NUMILI«J) =DUML(J)

06640 PUM2 (1) =DUM2 (1) =DUM1 (J)

06650 MM (J)==1.0 § GO TO 130

06660 100 DUM3(I+J)=DUM1(J).;

NA6TH NUM2(I)==1.0 ‘5 DUM1(J)=~1.0 $ 60 TO 130

06680 110 NUM3(T.J)=DUM2(I)

N6690 NUMI ¢€J)=DUMY (J)=-DUM2(T)

06700 DUM2(I)==1.0

N6T10 120 CONTINUE
06720 130 CONTINUE

06730 DN 190 I=1,3
06740 I71=I«1
06750 no 150 J=1,2

0A7TA0 150 TVOL(I2+IT+J)=TVOL(I2+TIeJ)+NUM3(IsJ)
06770 1A0 CONTINUE

067ARNC : . o

N6790C TVOL CONTAINS TOTAL WASTE VOLUME NISTRIRUTED FOR 3 CARFE TYPES
06R00C AND 5 CONTATINERS FOR ALL WASTF STREAMS,

06R10C

N6R820C - ‘

N6830C . THIS SECTION -DO LOOP 240- CALCULATES THE TRANSPORTATION
06840C IMPACTS RFSULTING FROM TVOL NISTRIRUTION, (1R LOOPS REQUIRED
0AB50C FOR CHARACTERIZING THE 3 CARF TYPES AND S CONTAINERS USED
N6R60C IN THIS PROGRAM)

06R70C RESULTS ARE PLACED IN TIMP ARRAY, WHERE:

04B80C TIMP(1) = DOLLARS

06RANC TIMP(2) = ENERGY USE

06900C " TIMP(3) = TRANSPORTATION OCCUPATIONAL NOSF

ds910C TIMP(4) = TRANSPORTATION POPULATION DOSE ,
06920C TIMP(5) = DISPOSAL SITE OCCUPATIONAL NNSE (UNLOADNING)
06930C TIMP(6) = TRANSPORTATION OCCUPATIONAL NOSF (LNANING)
06940C

06950C

06960 NO 240 IKON=1+18

06970 IT=KON(IKNN) $ NX=1 $ FRC=1.0

069R0C '

06990C . IF KON INDEX IS NFGATIVE THFN RETURN TRIP IS NECESSARY.
07000C :

07010 IF(II.GT.N) GO TN 210

07020 II==I1 § NX=2?

07030 210 I3=11/100000 $ I2=I3/10 & I1=I3-72%10

07040 IS=II-13%#100000 $ I3=15/1001 & T4=IS-1321000

07050C

07060C IN AROVE SECTION KON RROKEN UP INTO: o

07070C Tl = PACKAGE TYPE I3 = NN, OF PACKAGES THIS SHIPMFNT
07080C 1?2 = CARE TYPE I4 = PCT. OF WASTE SENT THIS SHIPMENT

07090C
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" Listing for OPTIONS Computer:Code {continued)

07100 . JF((I2.EQs1)s0Re (IP<EQP« ANNGNXFN.2)) FRC=NGT

07110 FRS=14/7100 $ A1=TVOL(I1+12)®FRS
07120 " TIF{AleLTeleF=06) GO TN 240 R N [
07130 . ‘KSHP=A1/(I3#PKV(I1))el.0-" . B T
n7140 AP=KSHPEDIST(IR) $ A3=APuNX SRR S
07150 TIMP(2)=TIMP(P)+A3/6.
071600 . : - L
07170C IN AHOVF EQUATION 6 prpprsrnrs MILF% PFP GALLON FUFL cnnsuupTIow.
071R0C R
N7190 TIMP(4)= TIHP(&)*(A?*TD?(]-I)*KSHPGTD7(1.?)¢=TPS(IR))*FRP
07200 TIMD(3)'TIMP(3)*(A?GTD7(?01)*KSHP“TDZ(?oZ)“QTPQ(IP))‘FRC
07210 NC=1:5:IF(DIST(IR)<GT, 400..ANn nIST(IR).LT lonn ) Nr—?
07220 IFINIST(IR) LE.400.) NC=1 X
07230 TIMP(l)—TIMP(l)4A3°TCST(NX9NC)'1 15
07240C T e L
07250C IN NEXT SFCTINN CASK RFNTAL FEE AND: ovenwEIrHT FEE ADDEn -
07260C IF APPLICARLE. g
TQT2T0C T L : :
072R0 IF(Nx.Fn.l) GO TO ??o
07290 TIMP(1)=TIMP (1) +KSHP®#CASK(IR) #2680  ~~ . =~ ‘i<
07300 TF!“HT(IKON).GT.O)TIMP(I)‘TINP(I)*A?“O 7606“ “STPS(IP)
07310 220:KPAK=A1/PKV(I1)+1l.0 = . ) . T
07320 NX=? IF(IF.Eo.l.OR 1€ EO 4) NX=1" “. ' IR ‘o
07330 FRC=1.0 $ IF(IE.EQ.3) FRC=? E oo o
07340 AP=KPAK®TYM(NXyIKON) /60,
07350 " I TIMP(S)=TIMP(5)+A28FRCEPNZ (NX+12)#1.E~3 :
07360 . TIMP(E)=TIMP(6)+A28RNZ{24IP)#1.F=-3 - R :
07370 240 CONTINUF .
07380 RETURN § END :
07390C o .
07400C i
07410 - SUBROUTINE FCON(NSTRgRI.RJqCOQT;NDX)
n7420C ' :
07430C THIS ROUTINE CALCULATES THE DTSPOSAL IHPACTQ anero LARGFLY
07440C ON THE INPUTED VALUES FOR THE DISPOSAL TECHNOLNGY INDICFES,
07450C -THE_RESULTS OF THIS ROUTINE.ARE PLACED 'IN'ARRAY-COST. uHERE'f
07460C COST(1) = PRE=-OP AND NPERATIONAL DOLLADS
n7470C COST(2) = OCCUPATIONAL DOSF
0T74RNC COST(3) = ENERGY USF
07490C COST(4) = LAND USE
nrs00C COST(5) = POST-OP DOLLAPS
arsioc
07520 POMMONIGAST/RA§(36132)cI%PC(Bﬁoll)
07530 cnuMON/nTNX/IR.ID,Ic.Ix'IF.Is.IL.IG.IH,ICL-IPo.IIc
07540 COMMON/VOL/VREGs VLAY 9 VHOT
N7T5%0 DIMENSTON EMP(R)gEFF(?)oAMULT(?)oCONT(ﬁ)aCOQT(G)gSFFF(?)
07560 DIMENSTON NDX(36) ,
nTs700
N75R0C THE SIGNIFICANT ARPRAYS AROVF ARE'
07590C AMULT(?2) = CAPITAL AND OPFRATIONS COST ($) MULTIPLIFPS. ‘
N7/000C CONT (3) = CONTINGENCY COST FOR SOIL PERMFARILITY CONNITIQNS.
nreslon cCoST(5) = CONTAINS RESULTANT IMPACTS =~ IN TERMS OF S,
078200 OCCUPATINONAL NOSEs ENERGY USEes LAND USFe AND
07A30C POST OPERATIONAL S. .
0766400 :

0T7ASNC



07660C
07470C
07680
017690
07700+
07710
07720
07730
07740
07750
07760
N7770
07780
07790
07800
ATALN
n7g8a20c
07830C
07R40C
07850
07860
n7470
078AR0
07490
07900C
07910C
07920C
07930C
07940
n7950

07960¢.
07970C,

07980C
07990C
0R000C
08010C
09020C
n8030C
0R040

08050C
08060

08070

n3080

NR0OS0
08100
08110
08120
08130
0R140
08150
081600
NR170C

H-58
L‘lstinlfor OPTIONS Computer: COde (continued)

RI AND RY PAPAMETERS ARE INTEREST AND INFLATION RA ' Se RESPECTIVELY.

DATA CONT/1007¢93657¢9367e9069168691007e/91TNsF/200.015/
DaTa FM°I.§90750o5905’o75/9FPF/6o4;7.0/oAHUIT/10o3991 56/
. SEFF/e99435/

CALL ZFRO(COST.5)

VSTAB=0. $ VUNS=0. $ DECON 0-

Nn 5§ ISTR=]1+NSTR"

T11=1ISPC(ISTRs11) 'S I2= ISPP(ISTRoﬂ)

IFINDX(ISTR) «GTs1) : I2=1 o

IF1I11eFN.0.0RI11.FQe3) GO TO 5 .
TF(IE.EQe34AND«I2.EQ.0) DECON= DECON#BAS(ISTR;3)
IFII2.EQe0) VSTAR=VSTAR+BAS(ISTR3)

TFTI2.EQe1) VUNS=VUNS+BAS(ISTRe3)

CONTINUF

IF1TE.EN«3) IS=1

VSTAB %_ VUNS CONTAIN STABLE AND UNSTABLE WASTE VOLUME59RESPECTIVELY

DREGQ(VREGOVLAY)’loE-ﬂﬁ s DHOT-VHOT“I.E-O6
DLAY=VLAY#1,E=06 - - $ NECON=DECON®#],E-06
DVOL=DREG/EMP(IE) $ DAREA=DVOL/ (EFF (IM) #SEFF (ID))
GV=(1.=-EMP(TE)) #DVOL $ VTOT=VREG+VLAY+VHOT

SV=DREG#( (1. lq674NP(IE)) lo’

VOLUME AND AREA VALUES ARE EXPRESSED IN UNITS OF MILLION M? OR M2
FOR USE IN COST EVALUATIONS. GV IS GROUT VOLUME. SV IS SAND VOLUME.

C0OST(4)= (DAREA *(DHOT/I.B4))’1.E6
S12(VSTAB/VREG) #DAREA $ S2=(VUNS/VREG) #DAREA

IN FOLLOWING SECTION C1+C2s AND C3 WILL ACCUMULATE THE DOLLAR;
DOSEs AND ENERGY COSTS THROUGH THE VARIOUS PHASES OF THE SITE LIFE,

PRE-DPERATIONAL (CAPITAL) COSTS

#npodees REFERENCE RASE raeE sessnnos
C1=7452. & COST(3)=212.

sonnnane ADDITIVE ALTERNATIVES #«0'#*
IFLIDER?2)  C1=C1+593.5 .
IFIIE.EQ.2 ,OR.IE.EQ.5) c1-c1+225 5

IF(T1S.EQe1)
IFTIL.EQ.1)
IF(IEJEQ.3)
IF(IH{EQLT)
IF(IG.EQ.1)
IF(IC.EQ.3)
IF (IX<ER:3I)

C1=C1+0.99

‘C1=C1+132,

C1=C1+924.3

C1=2C1+259.4 .

Cl1=Cl+55,
C1=C1+280.5
C1=C1+9.9

CAP=C14AMULT (1)
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L'lsting for OPTIONS Com uter Code ‘(continued)

Pt}

08180C OPERATIONAL COSTS

08190C p .

08200C suananndes REFERENCE BASF CASFEF #u4nuanpus

08210 C1=22341.%DVOL & C2= 100.“DVOL $ €3=200.%DVOL .. .

08220 C1=C1+1420.#DAREA § C2=C2+2400. 2#NARFA s C3= C3+100o“DARFA
08230 C1=C1+63696., $ C2=C2+1000. ' § C3=C3+2N0.. - - . . )
0R240C S -
08250C Swappposs ADDITIVE ALTERNATIVF9 “*#“9“”1,;_ . '

0R260 IFIID.NE.?2) GO TO 20

08270 C1=Cl1+74438,%#DVOL % C2=C2+700.%#DVOL ﬁ C3 C3*300.“DVOL
08280 20 IF(IE.LT.5.AND.NE.2) GO T0 25

08290 C1=Cl+1275R.#DREG $ C2=C2+100.%DREG $& Ci= C3*100.“DQFG
08300 25 IF1IS.NF.1) GO TO 30 .
08310  C1=C1+3RBB.,#DREG % C2= C?+100.“DQFG $ C3= 03*?0.“DREP
08320 30 IF(IL.NF.1) GO TO 35

08330 C1=C1+15400.#DLAY $ C2=C2+*100.%DLAY & (3= C3*10 #DLAY
08340 35 IFUIE.NE«3) GO TO 40

08350 Cl=Cl+48975,2DECON $ C2=C2P+400.%NDECON % C3 f3*100-“DFFON
08360 40 IFUIH.NE.1) GO TO 4% .

08370 C1=2C1+176979,#DHOT -$ C2=C2+(=200.)%DHOT $ C?'C?*kﬁﬂ “DHGT
08380 45 IF{IG.NE.1) GO TO 46 v "~

08390 Cl1=2C1+72405.%GV & C2=C2+2550.#GV % (C3= C?*RO" *G .

08400 46 IFUIE.LT«4) GO YO 50 R
08410 C1=CY+3270,%5V & C3= C3*l§ﬂo“DAPFA : : :

08420 50 IF{JC.NE.?) GO TO 88 .. ..

08430 C1=C1+15524 ,#DAREA § C?= C24?400.“DARFA $ C3 C301§O *DAPFA
08440 65 IF{IC.NE.3) GO TO 60 . .

08450 C1=C1+103854.*DAREA $ CP= C?*?#OD.“DAREA S C? C?*?Dﬂ.”DAQFA
08460 60 IFLIX.EQ.1) GO TO 75

08470 $3=S2

08480 IF1IS.E0.0) S$3=51452 e

08490 IFIID.EN.?2) S3=0. .

08500 IXX=IX=1 % GO TO (65,70)¢IXX

08510 65 C1=C1+3465.#S3 § C2= CZ*#ROD.“S? % C3= C?*BOO.“S? ‘
08520 G0 10 75 e
08530 70 C1=C1+33345,#S3 § C2= C2*4800.*S3 § C? C3*60n.“91 ;
08540 75 OPS=Cl1®#AMULT(2) ; .-

08550 COST(2)=COST(2)+C2 S COST(?)'COQT(3)+03

08560C A : T ST T e
08570C . R
08580C POST*OPERATIONAL COSTS : T .
08590C R

08600C 1cL 1S BROKEN INTO THO PARTS ™ INDICATE THF LEVFL'OF
08610C CLOSURE AND INSTITUTIONAL CARF, RESPFCTIVELYo '

08620C

08630C soospess CLOSURE PERIND #esssnne :

08640 ICLI=ICL/10 § ICL2=ICL~-ICL1%1n . .

08650 - Cl=1010., $ €C2=500, § C3=15, SR

08660 IFTICL1.NE.2) GO TO 76

08670 C1=23025. $ C2=1000. $ C3=60.

08680C



I

08690C
0a700C
08710C
08720C
na730
0A740
08750
08760
0a770
8a780
08790
0AR00D
N8R10
0RR20
0RA3N
03R40
08850
08p60
08”70
naRR0
N9R90
0R900
0R910
08920
08930
0R940

NAR9S0 -

08960
0RQA70
NRQARD
0A/Q90C

0]s000C

0901nC
09020
09030
09040
9050
09060
9070
n9ngo
09090
09100
09110
09120
09130

n9140C

fa1soc
091ANF
09170
na1a0
naiag
na200
n9210
n9z20r

76

T7

7R

a0

g

90

‘oo

110

120
12%

10
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#saoesss INSTITUTIONAL PERIOD saso
NOLLAR COST SECTION

CA=18n¢ & CR 3. % CC= 510
IF(ICL2.NE.?) GO TO T

CA=303¢ $ CB=159. ¥ CC=6A3.
IFLICL?.NFE.3) GO TO 7R ,
CA=5404+CONT(IR) $ CR=303, % CC=15n,
Si=n, $ S?=0. F S3=0.

NO RO N=1.10

E=N

Nl=(l.¢RJIBBE § D?-(l.*QI)““F
S1=S1+ND1/02?

NOH RS MN=11+28%

F=N

NI=(1.4RJIIHFE § D2=(1+RI) #aE
S§2=52+D1/02

NN 9N MN=2A4TIC

F=N )

NI=(1.+RJ)#4E € D2=(]1.+RI)#aF
S3I=S3+N1/02

PYRAN=CA#S]+CRES2+CCHSI

M=IP(Q+ITO .

EM=M S"EITO=ITO € EIPO=IPN
DI=(1+RJ)FHEITO $ D2=(l.+RJ) 2AFM
DB:(l-‘RI)”“EITO‘SAn#ﬁllo*at)““ETPO
UA=(EITO#PVARO#NZ2#RI) /7 ((NI=1,) #D4&)
U3=(EITO=CleN]1aF) + U3
CNST(1)=CAP+QPS $ COST(S)=U3

ENFRGY USE SECTION

TICC=(IIC=26) +]

6N TO (100+3105120)6ICL7P
C3=CI+]085,+]15#3,+1ICC*1,

Gn TO 1725

3= F?*IO“IO.*I‘-‘NS.*IIC(‘“3. )

GO TO 175

C3=C3+10#]12,+15#10,+11CCa5,

CONTINUE

CNST(1)=CNST (1) *1n00n,

COST(2)=CAST(2)+C2 § COST(S) = COQT(S)*IOOOQ

'Cn§7(1)~C0§T(3)*C3 $ COST(3)=COST(3)*1000.

RFTURN § END
UTTLITY SURROUTINES

SURROQUTINF 7FRQ(A84N)
NTMENSTION A(N)

nn 10 I=1.M

A(TI)=N,

RFETURM § FND



002130
09240
nNaz2s0
09260
0Q270
09280
09790

09300

0310

n9320 -
09330 :°

h9140
0Q350

. 093A0

09370

Q0Q3R0 " -

n939¢0
09400
019410

N9420
09430
nasan’
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Listing for OPTIONS Computer Code (continued) .-

FUNCTION EXM(AY)
AP=0, § IF(A).LT4230.)A2=EXP(~Al)
EXM=A2

"RETURN S ENDT
' SURROUTINFE' pRT(VQIQQNOIDONDX)

COMMON/QAST/RAS (36932) +ISPC(36511) . - 7 .-7»

NIMENSION TQ(36)+LAR(4) yNDX (3A) o
NATA LAR/IOHCH-STAR ' 410HCH=UNSTAR 510HNCH=STAR ¢10HNCH-UNSTAR/
TFIN.EG.0)RFTURN - D NSTa

BOTO (10910950070 9IN - .+ '- - -

10°

IFTID.EQIIWRITE(449410)V ~ A
TF(ID.FR.2)WRITE(449420)V : e e e
N 25 K=le+4

CIT=0 $ VIOT=0."

N0 20 T=1N © - T ST o -

U ISTR=IQ(ID

TA=ISPC(ISTRy8) § IT=ISPC(ISTR,7) : o 1
IF(NOX(TISTR) ,GT,1) IR=1 s
TF (KS{NEelos2MDoI7.EQ.1.AND.IB.EQ.1) 6D TO 20 i~ " =~ ° .

1 IF(KONE«?«ANDIT.EQel1+ANN TR FRL0) GO TO 20 AN

CIF(KoNEe3.ANDoT7.EQeNeAND.TR.EQ.1) GO TH 20 e

CIF(KINE«4sANDIT+EQeNoANDeIARFRL0) GO TO 20 .70 - "¢

. 00480
LT VY I

- NQ4TO
* 0Q&R0
09490
N9s00

00520

09530 -

09540
0]550
N9RAK0N
N9sTn
narAaNn
UL
09600
09610
09620
09630
09c40
096%0
09660
09670

09RO

~ 20

Sl

55

70

75
410
420
430
440
450
460
470

25
9510~

CIFTITWEN0IWRITE(44430)LAR(K) yBAS(TSTRs1) yRAS(ISTR3)

TF(IT.EOol)HRITE(#v##O)BA?(ISTRQI)9RAS(TSTR01) 'é1fff

A'J'TT'I b ] VTOT-VTOT+BAS(ISTR;3)
CCONTINUE

TF(TTLEDe1) WRITE(45470)VTOT

CONTINUE

PETURN ©

WRITE(4+450)V < e
D0 S5 I=14N - ' Co : s O
TSTR=IOG(I) : o R
VQITF(414AO)RAS(ISTPQI)1BAS(I§T993) -
RFTURN

WRITE (44460)V

N0 TS T=leN- BRI o N “””” A : >

ISTR=IO(]) RN
WOITE(44440)BAS(ISTRe1)¢RAS(ISTR,3)

FORMAT (/2XBREGULAR WASTE :#,21XyF1Ne3965H M&a3)
FORMAT(/2X#LAYERED WASTE $#421X¢F10.396H ME#3)!
FOPMAT(7YXeAl0410F10.3):" =~ - St
FORMAT(17XsA10+E10.3) ) ‘
FORMAT (/72X®HOT WASTF 38 e2IX9F10e395H ME83)
FORMAT (/72X9NOT ACCEPTARLF:®#421XeF10e3¢5H Mo83) ~
FORMAT(IRX#TOTAL VOLUME :#GX4F10s3¢5H M&83)
QETURN $ END v Yot



0n100

00110C
00120C
on13ncC
00140C
n0150C
00160 -

00170+

00180+
00190+
00200+
00210C
00220C
00230C
00240C
00250C
00260C
00270

00280

00230+
n0300

00310+

00320+

00330+
N0340+
00350C
00360C
oo3vocC
an380C
00390C
00400C
00410C
00420
00430C
00440C
00450C
00460C
00470
00480
00490
00500
00510
00520
00530
00540
00550
00560+
00570«
00580+
00590
00600
00610
00620
00630
00640C

10
20

3n
101
104
115
106

H-62
Listing for INVERSI Computer-Code

PROGRAM INVERSI (INPUT+NUTPUT«TAPF1+TAPF?)

THIS IS THE INVERSE INTRUNER AND ACCIDENT. - CNDE., IT.FINNS
THE INDIVIDUAL NUCLINE CONCENTRATINONS NFECFSSARY TO RFACH
DNSES ASSIGNED BY THE DLC (NDOSE LIMITING CRITERIA),

COMMON/RAST/DCF (234748) oFICRP (7)) /DTNX/IRDC(12)
/NUCS/NUC(23) 9 AL (23) +FMF (23) «RET (23,45)
/DTIS/FSCU6) oFSALA) yPRC(642) 9OFCl693) «TTM(6¢ ) 9 TP (643).

RGF(691)0909(601)00TTM(6),DTPC(&)oTDO(Gc?)vnRET(ﬁ
/IMPS/DMY (235R+14) '

MOST OF THE MATRICES AND ARRAYS AROVE ARE EXPLATNEND IN TARLE H-l.
DTNX BLOCK CONTAINS THE DISPOSAL TECHNOLOGY INDICES.

DMY (23+8514) WILL CONTAIN THE CONCENTRATIONS FOR ALL NUCLINES,

7 ORGANSs AND SEVERAL PATHWAYS, :

NIMENSION DFES(20) +ORGAN(8) +ISPC(11) .
DATA ORGAN/10H BODY +10H" RONF +10H LIVFR <10H THYROIN
"10H  KIDNFEY +10H - LUNG ~+10H GI=-LLT +10H MINIMUM
OATA DES/10H UNS1-CON +10H UNS1-AGR ¢10H:STA1=-CON ,]10H STALl-AGR:,
10H UNSL=CON +10H UNSL=AGR +10H:STAL=-CON +10H STAL-AGR:
10H GEN5-CON +10H GENS5-AGR +10H HWF1-CON +10H HWwF1-AGR;

10H HWF2-CON +10H HWF2=AGR 410H INT-AIR ,10H FRO-AIR

10H INT=-WAT +10H ERO=-WAT +10H ACC~CONT +10H ACC-FIRF

Ne o o

THE "‘ABOVE ARRAYS ARE:
DES (20) ¢ DESCRIPTION OF PATHWAYS USFEN IN ROTH TNTRUNER
AND ACCIDENT SCENARIOS.
DESCRIPTION OF 7 ORGANS + A MINTMUM COLUMN,
SPECTRUM INDICES READ IN THPU JTNPUT,

ORGAN(8)
ISPC(11)

DATA AL240/1.05E-4/

NEXT SECTTON READS IN - THRU TAPEl - fHE NUCLINFE anND REGIONAL -
DATA NECESSARY FOR THIS PROGRAM,

READ(1+101)NSTReNNUCSFICRP

NN 20 I=14NNUC: -

RFAD(I’IOA)NUC(I)OAL(I)QFMF(I)OQFT(IOI)9RFT(I’4)

DO 10 K=1,8

READ(I!IOﬁ)(DCF(Iodvk)oJ 1¢7)

CONTINUE

CONTINUE

DO 30 I=1+6

REBD(19106)FSC(I) sFSA(T) 9 (PRC(I9J)eJ=1e2) 9 (AFC(TI9J)esJ=1¢3)s
(TTM(T9J) 9J=193) e (TPC(TIsJ)eJ=1e3)>
(RGF(I9J) 9J=193) 9 (POP(T9J)sJ=193)9yNRFT(T)W
DTTM(I) 4DTPC(I) o (TPO(TeJ) e U=1+2)

CONTINUE

FORMAT(?215+7F5.2)

FORMAT (A10+44E1043)

FORMAT (10X 9 7E1Ne3/10XeAF10,3/10Xe6E10,3¢IS5/10X,4F10,3)

FORMAT(10Xs7E10.3) :



H-63
" “Listing for INVERSI Computer .Code (continued)

nnesnc NFXTe THE 12 DTSPOSAL TFrHMOLnsv ANN & anrTRUu INNICFS ARF -
nNe6ENC -RFAD IN:THRI}: INPUT ; o T
nneTOC , L S . T
006R0 RFANIRDC .°. o SR R
Nn0690 PEAN (ISPCLY) ¢+ J=449) ' LT T R
00700 WRITE(241010) IRDC < HPITF(?oIO?O)(ISPF(J)odc#sQ) S
0n7TIO CeLL ZERN(DMY,2576) ¢ CALL PIMV(ISPC.NNUC) A caL uru(nuv.14)
nnr20n !

0n730c¢ AROVE 'SURPNUTINE’ RINV ‘WAS rALLFn T0 PALPULATP rnucrurpartous
N0T40C " ~ "WHICH® ARF ‘RETURNFN IN NMY MATRIX, SURRMITINF MIN FINDS e
00750C SMALLEST CONCENTRATION FOR.FEACH NUCLIDF = OVER ALL 7 ORGANSS ;"
nn760C SRR
nor7ocC LONP 40 CONSIDERS DAUGHTFR IM-Gpanu aNn pRrNTq our tn*punra
nnraoc CONCENTRATIONS TN TAPF?, N D , :
.00790C N N P
00R00 NN 40 K=lel4 " ' B Cee
NOR10 A1=NMY (17+ReK) $ AP= nuv(??.a.w)oaL(17)IAL(?=) o et
NNR?0 IF{A1.GTeA?) DMY(174ReK) =22 Bt C e
00R30 A1=0MY(1749,K) % A?-nuv(?q.n.V)oaLyan/AL(?:)~ Pt
00840 IF(A1+GToA?) DMY(179ReK)=AP:

00R%0 A1=NDMY (20e84K) $:-AP=MY(1RR, k)uAL(?n)/ALtlﬂ) T
HLETY IF(A1+GT.A2) DMY(2N4PsK)=AD AR
00R7T0  WRITE(241003) DES(K)« (NRGAN(J) oJ= 1e8) ' Ll
0NRAD “'-‘untTE(?.1004)(NUC(I).(DMV(I.J.K).J lqa).r I-NNHC) o
0NR90 40 CONTINUES . R
00900 IF(T.NE«=1160 TO AD

00910C R S
00920C NEXT SECTION SIMILAR To ONF AROVF -AONLY Now an Arrrnrur R
00930C SCENARIOS. ' o o7
anganc St R e SRR
00950 caLL ZERO(DMY01840) b rALL AINV(ISDC-NNUC) c caLL MIN(nMV.ﬁ)
00960 TDh &0 K=146 - . DU
00970 KK=K+14 e ‘ Tt Cem ‘ RS AT
n0980 WRITE (241003) nFs(KK).(nnsAM(J).J I-P) LFE LT
00990 UQITE(?slno4)(NUC(I)o(DMY(IcJ.K)sJ=l-n)9I 1. NNur) ST

01000 &0 CONTINUE , T
01010 Ah CAMTINUE Lo Do
01020 1003 FORMAT(//2XeAG42XeRAIN) . : : - o N

01030 1004 FORMAT(2X+410,RFE10.?) = ¢ . 7% .~ ' Lo S
01060 1010 FORMAT(IH1/2X+#DISPQOSAL" TFPHNO[OGV rnnICFSazsx Clo
01050+ #1IR =6I2% IN =8]28 IC =#I2% - IX =eT12/°X S
01060+ ) S1E =®#12# IS =28 L =#1p&." IG =#T2/PY el
N10T0+ BIH =RIP®° TCL=®I28 IPN=tT28 IIC=#T74)

01080 1020 FORMAT (/2X®SPECTRAL INDICFS#/2X LT :

01090+ BFLAM  =&#]D#8 NISP =#12/2X

01100+ #LEACH =u#]p® CHFM * =812/2X

01110+ #STARI =a]2# ACCFS =#12/)

01170 STAP $ END , <o

ni13oc . n

N1140C

N1150 SURROUTINF RINV(ISPC.NMUC)>

011600 L

n1170C . THIS RPOUTINF DOES MOST nr THF unnn IN CAUCULATTNG THF D
011R0OC CONCENTRATINNS. IT IS SIMILAR Th SURPNUTINE RCLATM IN I
n11900 THE OPTIONS CONE EXCFPT. THF DATHWAY FOUATIONS HAVE RFFM

nizonc MODIFIED TO FIND THE CNNCFNTRATIONS WHFN THE DOSFS a®F
01=210C GIVEN. .



um_

ni>20cr
n1230

nN1240«
N1 280+«
n12A0

n17270

pya2anc
n1290C
n13anc
n1110c¢
n1220C
n13300

N1340

n135n
n1360
n137o
01384
01390
N1400
n14l10
n1a420
014300
014400
01450C
N1460C
01470C
N1480
01490
01500
01510
01520
‘N1530
01540
N1550
N15A0
N1870
N18A0
n1590
n1400
01610
n1A20
n1+s30
016/40
N1ARD
nN1A60C
N1670C
016RNC
(1494
nL7nn
.0171n
n1720
n17130
01740
01750
nN1760

11

13
14
15

16

17

20

H-64
Listing for INVERSI Computer Code (continued)

CAMMON/RAST/NCF (P3¢ Te8) /DTIS/FSOLG) yFSA(S) Z/TMPS/NMY (23589 14)
/NUCS/NUC(23) « AL (223) oFMF (PR) yRET (23+45)
/NTNX /TR INeICIIXSIE«ISsILIIGIIHLICLSTPOSTIC
NTIMENSION FMP(3) s ISPC(11)NLCLT)
NATA EMP/, 59o7qv.5/oDLC/?“300o01500.c3000.01*l§00 /

THF AROVE ARRAYS ARF3
EMP (3) ¢ VOLUMF FMPLACFMENT EFFICIENCTES .
ISPC(11) -3 SPECTRUM INDICES PASSED FROM MAIN PROGRAM
oLe(n: ¢ DOSFE LIMITING CRITERIA FOR 7 ORGANS

TR=ISPC(S) $ IA=ISPC(R) $ IT=1ISPC(T)
T1A=ISPC(A) $ I9=ISPC(9) ® NSTR=n
IF(TBQEOOIOAND.IS.EQOI)NSTB"—'I

AT=15 % IF(IAFQe?eNRIALER3) AT=N.B0
IF(I7.£Q<1.0R.IS.EN.N) I6=16~1
FDES=EMP(IFE)#(le=.9%1G) '

AS=13 S TF(IS.LT¢3) AS=]10.4#(15=3)
AA=1% 8§ IF(T6.GTel) AR=4 %2 (1=16)
49=)¢ 8 IF(I9.GTel) A9=]10.#8(1=19)

NUTSIDE LOOP IN CONCENTRATION CALCULATIONS - SFTS UP
PARAMETERS NEEDEDN FOR TESTING WASTE STREAMS AT ALL THREF
CLASSIFTCATION LEVELS:REGULARe LAYEREN, AND HOT,

DN S0 I3=1,7

GO TO (11+17913914915+16+17),13

GNEL=IPN+IIC § IF(TIC.EQ.3) GDOFL=IPO+500,

AAC=1. $ A4Aa=], 5 ABC=AT7 $ ABA=AT $ GO TO 2n
GDEL=IPD+IIC $ IF(IC.EQ.3)GDFL=1P0+500, .
A4C=0.,012 § A4A=0. $ AAC=0.N12%A7 § ARA=0, $ GN TO 20
GNELZIPN+IIC $ IF(IC.FQ.3) GDEL=IP0O+500,

A4C=0s1 $ A4A=0. $ AAC=AT/1200, § ABA=0, $ GO TO 2n
GPEL=TIPN+IIC. $ IF(IC.EQ.3)GDEL=IPO+500,

GNEL=IPN+S00.

A4C=1, % A4A=]. $ AARC=AT7 § ABA=AT $ GO TO 20n
GNEL=IPO+IIC $ IF(IC.,EQ.3)GNEL=IPO+50N0.

B4C=0.N1 ¥ AARC=0.1%AT7/1.44E6 § IF(IG.EN.0)ARC=n,]%*48C
A4a=0.- § ARA=0, § GO TO 20

GDEL=1P0(+1000. :

A4C=1. $ ABC=AT $ IF(IG.EQ.N)ABC=0.1%ARC

Ada=1, & ARA=ABC

AAC=0.0017 § A4A=N, $ ARC=0.0012%A7/17200. $ ABA=0. $ GO Td~?ﬂ

MAIN CALCULATION LOOP

NO 40 INUC=1.NNUC

Al= AQ‘FDEQ“FX"(AL(INUC)“GDEL)

NO 30 I=1e7 .

A2=DCF (INUCTI+S)
R1'514A4C*A§'F§C(IR)’nCF(INUCvI'Z,
R2=A1#ARCH#A2®#(,057

R3=0: ?5*A1”44A“A5“FSA(IR)“DCF(INUCOIO3)

R4= Doq“Oo?S‘Al“Akh‘AG‘FMF(INUC)’DCF(INUPoloﬁ)
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‘Listing for INVERSI Computer Code (continued)

01770C RB1=A)®A4C#FSC(IR) #DCF (INUCs1+42)

01780C R3=N$257A1#A4ASFSA (TR) #DCF (INUCs1¢3)"

01790C B4=03520,254A1#A4ASDCF (INUC« T+ 4) 8FMF (INUC)

01800 RS=0725%A1%ABA®AR#0.27 A : o
01810 J=(I3-1)%#2 § A2=R1+R2 $ A3=RA1+R&4+RS . LT
01820 . . . IF(A2.NE«0.)DMY(INUCsT4J+1)=NLE(T) /AP L ST
01830 . '  TF{A3.NE.0.)DMY(INUCsI.Je2)=DLC(I}/83 B
01840C ‘ ' SR
01850C DMY CONTAINS CONCENTRATIONS FOR ? INTRUNER PATHwavc :
01860C : (J+1) : CONSTRUCTION,’ , o y
01R70C (J+2) : AGRICULTURE . o <

01880C . S ’ o

01890 30 CONTINUE
01900 40 CONTINUE
01910 .. 50 CONTINUE

01920 - RETURN 'S$ END

01930C

01940C

01950 suanourrwe AINV(ISPC.NNUC)‘ .

01960C -
01970C THIS ROUTINE PERFORMS FUNCTION QTMILBR TO THF PRECENING
01980C SURROUTINE = ONLY NOW FOR THE ACCIDENT SCENARIOS, '
01990C ' ‘ - ' - -

02000 COMMUN/BAST/DCF (?3+7+8) /IMPS/NMY (2348410) .

02010+ T /NUCS/NUC(23) 9+ AL (23) + FMF (23) yRET (23,5) -

02020+ ZDTNX/IReIDGICsIXeIESsISsIL«1IGyIH, ICL'7°0~I”‘

02030+ Z/DTIS/FSCLE) «FSA(A) sPRC(A2) QOFC(603) «TTH(643) o

02040+ TPC(G.?),Rsrte,w).poota.a),DTTM(A).nTPC(a).Tnn(a.?).NRFftsw
02050 DIMENSTON EMP (3) +EFF (2)9SEFF(2) 9 TSPC(11) s,

02060+ DLCEA(7) sDLCEW(7) «DLCAC(T) - '

02070 DATA EMP/eS4e7541e5/1EFF/64497.0/+SEFF/0. 94043574 "

02080+ DLCEA(?*IOO /.DLCFu/7*4./.nLCAC/7¢soo. 4

02090C ‘ o ‘ R

02100C THE ABOVE ARRAYS ARE: '

02110C EMP(3) : VOLUME EMPLACEMENT EFFTCIENCTES

02120C EFF (2) : LAND USE VOLUME EFFICTENCIES. ..

02130C SEFF(2) : LAND USE SURFACE ARES EFFICIFENCIFS. o
02140C 1SPC(11) : SPECTRUM INDICES PASSED FROM MAIN PROGRAM "
02150C DLECEA(7) : DOSE LIMITING CRITERIA FOR EZOSION AIR S
02160C BLCEW(7) : DOSE LIMITING CRITERIA FOR EROSION WATER
02170C : . ‘ o
02180 GREC=IPO+IIC $ GERO=IP0O+2000, -
02190 IF(IC.EQ.2)GERO=IP0+3000, . . .

02200 IF({IC.EQe3I)GERO=IPN+10000,

02210 AREA=) +BE3®EMP (IE) /440

p2220C AREAZ200#EMP (IE) #0012

02230¢ AREAZ1B.#EMP (IE) /4,0 _

02240C AREA=2.*EMP (JE)%0.017 L N

02250C AREA=0¢2%EMP (IE) ' S

02260C X o ‘ , o
02270C NEXT SECTION ESTABLISHFES AREAL FACTORS FOR 4 FXPOSIIRF PATHWAYS
02280C i
02290 FRA=5,72E~5#P0P (IRy1)#ARFA  § VUR=EFF(IN)#1.E~&’

02300 FEA=B8.,09E~6#POP(IRy2)/VUR = ' =

n2310 FRW=1.15E~4#POP (IRy3) ®AREA

02320 FEW=1415E~-4#POP (IR¢+3)/VUR

02330 1S=ISPC(5) § AS5=]¢ $ IF(ISeLTe3)AS=]10,8#(T5-3)

02340 I9=1ISPC(9) % AG9=1, ¢ IF(I9.GT.1)A0=10,##{(]1-19)
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Listing;¥or INVERSI Computer Code (continued)

02350C L .
023600 MATN LOOP FOR FXPOSURF CONCENTRATION CALCULATIONS

02370C 3y

02780 N0 20 INMUG=1,NNUC

n2390 AA=FXM(GREC#AL (INIC)) § AT=EXM(GEROSAL (INUC))

02400 NO 10 TORG=1,7

02410 - F1=FRA®AGSDCF (INUCy TORGYA) #4520 § F2=FEA®AT®DCF (INUCs TORG+8)
02420 F3=FRWEAR#DCF (INUCe[ORGy7)#AS '~ & FA=FEW®ATHDCF (INUCsTORGsT)
02430 IF(F1«NFo0,). NDMY (INUC+IORG,1)=DLCEA(IORG) /F1

02440 TF{F3NE.0.) DMY(INUCeTORG43)=DLCEW(IORG) /F?

02450 IF(F2.NF<0e) NMY(INUC+I0RG,2)=NLCFA(TORG) /F?

N2460 IF(F4.NFoo) DMY(INUCsTORGs4) =DLCEW (I0RG) /F4

02470 10 CONTINUF
024R0 20 CONTTINUE

n2490¢C .
02500¢C NFXT SECTION SETS UP PARAMETERS FOR FIRF(FAF) AND SINGLF
02510¢ CONTAINER(FAS) ACCIDFNTS,
n2520c
N2530 FAF=TPO(IRs1) & FAS=TPO(IR«?) _
N2540 TA=TISPC(6) € IF(I6,GTel) FAS=FAS® (1IN #2(1=TR))
12550 T4=TISPC(4) % IF(I4.LTe3) FAF=FAF®#(20.%%(14~3))
025640 A9=13 S I9=TSPC(9) $ IF(I9.GT, 1)A9=10.%#(1~-19)
n2570 "TF(ISEQ.1.AND.I4,NF,3) FAF=0,
n2580C . .
02590C MAIN LOOP FOR ACCIDENT CONCFNTRATION CALCULATIONS
02600C ) . :
02610 N 70 INUC=1NNUC
026290 NN 70 IORG=1+7
02630C )
N2A40 A)=AQUFAS#DCF (TNUCyIORGs1)
N?2650 AP=A9#FAF#NCF (INUCs IORGW1)
0?2AA0 IF(A)l aNFoNe) DMY(INUCoIORGcS)-DLCAC(IORG)/AI
02670 TF(42.NEeNe) NMY(INUCIINRG.6)=NLCAC(IORG) /A?
. N?26R0 70 CONTINUFE
0PR90 RETIIRN $ END
nz2ronc )
02710 SHURRAOUTINF ZERO (A +N)
02720 NTMFNSION A(N)
072730 NN 10 I=1.N
02740 10 A(T)=n,
n2750 - RFTURN % FEND
02740¢,
N2770 FUNCTION FXM(Al)
n>780 AP=03 8 TF(Al1LTe230,)AP2EXP(=A])
02790 EYM=A?
p2a0n RETIIRMN $ FND
araloc
nN2a20 SURRPOUTTINE MIN(DeN)
0n2R30 DTMENSTON ND(P3+8e14)9X(7)
02840 nn 10 1I=1+23
n2850 . NO 10 K=]eN
N2R60 nn & U=1,7
n>2870 X(J)=D(TedoK) ..
n>2aA0 IF(Y(J) FA.NG) X(J)=]1.5+99
02R90 S CONTINUE , ,
n2900 D(Y-A.K):AMTNI(X(l)oX(?)9!(3).th)oxtﬁ).!(ﬁ)oxt7))

n2a10 10 CONTINYF
02920 RFTUPN & FND



01100

00110C

noi12o0C
0n130C
00140C
001%0C
n0160

00170+
NN1R0+ -

nNN190+
00200+
an210cC
00220C
ooz23nc
nng4oc
00250C
N0260

00270

002R0+ -

00290
00300

00310¢
00320C
" 00330C
00360C
00350C
00360C
n0370C
003R0C
00390

00400C

oo0s10cC

N0az0C

00430C
00440
0nasg
00460
00670

- 00480

noaon
00500
00510
00520+
NN530+
Q0540+
nnsson
00560
00570
008RN
nngeo
nnanOC

PPOGRAH INVEQSU(INPUTqOUTPUTvTAPEloTAPEZ) {‘

Ha67
Listing for INVERS Computer Code

THIS IS THE INVERSE GROUNDWATER CODE- IT FINDS INDIVIDUAL
NIICLTIDE CONCENTRATIONS NFCESSARY TO REACH DOSES ASSIGNED IN
THE DlC (DOSE LIMITING CRITFR!A) STATFMENT. :

1L

, rnuudN/nAqT/ocr(aa.v,a).Flcnptv)/oTNx/IRDC(lz) | R

/NUCS/NUC (23) vAL (23) «FMF (23) yRET (23,5) - '

"/DTIS/FSC(G)oFSA(G)qPRC(G;Z)oQFC(GoB!oTTM(écﬁ)oTPC(6c3)9

' RGF(693)oPOP(6,3).nTTM(G)oDTPC(ﬁ)oTPO(G’?)oNRET(6)

/TMPS/DMY (234845)
MOST OF THE MATRICES AND ARRAYS ABOVE ARE EXPLAINED IN TABLE H-1.
OMY(234A¢5) WILL CONTAIN THE CONCENTRATIONS OUTPUTED FROM. ':
SUAROUTINE GINV. o
co
NTMENSION DFS(3)50RGAN(8) o ISPC(11) sLIM(3) 4CP(3) Cr
NATA ORGAN/IOH BODY 410 " 'RONE - +10H - LIVER 410H :THYROID ,
© "10H KIDNEY +10H LUNG ‘s10H -GI-LLI: ¢10H 'MINIMUM /

DATA DES/10H INT-WELL «10H ROU~WELL ‘+10H POP=WELL / fo
DATA LIM/RH ACTUAL +BH 'LOWER +8H HIGHER /iCP/].oiﬁo¢./ P

N

THE AROVE ADRAYS ARFS ... © ¢ - ,
DESCRIPTION OF 3 GROUNDWATER PATHWAYS.

"'DES(3) . i S
ORGAN(H) ¢ DESCRITION OF 7T ORGAN + A MINIMUM . COLUMN, ' °
ISPCI(1Y) ¢ SPECTYRUM INDICES READ IN THRU INPUT, -
LIM(3) ¢ DESCRIPTION OF 3 RETARDATION LEVELS, e
cP(R). : MULTIPLIER USFD IN MODIFING RETARDATION LEVEL.

DATA AL?40/1 OSE-4/ e

NEXT SECTION RFADS IN - THPU TAPFI - THF NUCLIDE AND

-~

- REGIONAL DATA NECESSAPY FOR YHIS PROCRANo

5
10

18
1n1
104
108
106

onslneG |

aps20C
NNAID
No6an
0NERD
nneast

2n

QFAD(I!]OI)NSTR!NNUC'FICRP

ND 10 I=1+NNUC .

READ(1 1043NUC(I)QAL(I)QFNF(I,’RFT(IOI)QRFT(Iv&)

NN 5 K=1.R

nrantl.losycocr(z.J,x».J-l.v) B AR

CONTINUF SRR

nn 15 I=1+6 ' o "1"‘” : oL i S

DFAn(IOIOW)FS"(I)vFQl(I)o(PRC(I.J)'J 1!?’!(QFC(I!J)’J=113)C‘f“
(TTM(I9J) 9U=1e3) o (TPC(T o) 9J=193) 0} & C

. (RGF(14J) oY= 103)0(POP(IOJ)'J=lo3)oNPFT(I)’

"DTTM(I) oDTPC(T) s (TPO(I9J)s J=10?) :

CONTINUE

FARMAT (2I5¢7FS4?) SEn T

FORMAT (81044FE1043) - A

FORMAT(10X47FE19, 3/10X06510.?/10X06F10 1’!5/]0X9#F10.3)

FORMAT(10X47F1N,.3) '

REMAINING RFTAWDATION COFFFICIENTS ARE NOW COMPUTED

DO 20 INUC=]4NNUC :
a2=PFT(INUCs4) & Al= (A?/QFT(INUCQI))**0031£
RFT(INUCS)=A28A) § RET(INUGsR)=a2/A]
RFT(IMUC?)=RET (TNUC 1) #A]



noev0C -

NNAANC
0N&90C
nor0nC
nnrl1o
0n720
pn7306
0nT40C
nn750C
nn760C
no770C
0nO0TRAOC
00790
00A00
0nAal0
00R20
anR30
Q0DR4D
00AS0
N0R6N
N0ATO
ananl
0nAR9G
angan
01910
00920
n0e3ac
00040
0n9s0n
nngeac
. 009700
00980C
00990¢
n1000C
a1nine
01020
01030
0)a%0
01050
01060
01070
010R0
01090
01100
01110
£ 01120
01130
01140
01150
01160
01170C
01180°
01190
01200
031210
01220

30
15

40

50
60

1001
1003
1004
1005

1006.

tum_
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Listing for INVERSW Computer Code (continued)

THF 17 NISPASAL TECHNOLOGY INDICES AND & NERESSARY SPFCTRUM
INNICES ARF READ IN THRU INPUT.

READ, IQDC $ QEﬂDv(TQPC(J)oJ-écQ)
HRTTE(?vIOIG)IRDC $ HQITF(?cln?O)(IQPC(J)vJ'4oQ)

Lnne 13§ FINDS THE FROHNHHATFD CﬂNCFNTRhTIONQ FOP EACH 0oF

THE S RETARDATION COEFFICIENTS,. SURROUTINE GINV DOFS MOST OF
CALGULATIONS INVOLVED, NAUGHTFR IN=GRONTH TS ALSO TAKEN

INTO CONSINERPATION.

00 35 IRET=1+5 PR R
WRITF(2+1008) TRET $ CALL ZERQ(NDMY4970)- .
CALL GINV(ISPCsNNUC.IRFT) € CALL MIN(NMY+3)
NN 10 K=1«3

A}=NMY (174B4K) & AP= nMV(?9.R.K)*AL(l7)/AL(??)
JF(Al14GTeAP) DMY(1T7sR4X)=A2

A1=NMY (17 4R4K) $ AP=NMY(P3«R+K)HAL24N/AL (23)
IF(A]1«GT4A?) NMY(1T+ResK)=A? :

A1=DMY (204ReK) S AP=NMY (1R RLK)#AL (2N) 7L (1R)
IF(AleGT<A2) DMY(20+RK)=A?

WRITE(2+410072) DNES(K) ¢ (NRGAN(J) s J=14R)
HRITE(?!IOO4)‘NUC(T)Q(D“Y(IvJoK)QJ IVR)CI 1 «NNUICT)
CNANTINUE

CONTINUF

IR=IRDC(1) § NR=NRET(IR).

LOOP 60 FINDS THE GROUNDWATER CNNCENTRATIONS FOR THE
RFTARDATION COFFFICIENT AS TMPLIED RY THE I2 INDEX OF
NISPOSAL TECHNNLOGY. THIS LOOP HOWEVER VARIFS THF PERCNLATION
VaLlIE. IT USES THE ngbF IMPLIEN RY IR AS WFLL AS HALF THIS
VALUE AND DNURLE THIS VALUFR,

DO 60 KN=1,3

AI=NMY (17+84K)  A2=NMY (2248,K) #AL (17) /AL (22}
IF(A1+GTeA2) DMY(174RsK)=A?

A1=NMY (1T7eB4K)} S A2=DMY(23+%,%) #AL240/AL (23)
IF(A1.GT.A2) DMY(1748,K)=A2

A1=DMY (20484K) $ A2=DMY (185R+K) #AL (20) /AL (18}
TE(A1.GT.42) DMY(20.RyK)=A? -

WRITE(2+1006) LIM(KN) € CALL ZERO(DMY,920)
PRC(TR¢1)=PRC(IR+1)1#CP(XN) $ PRC(IR+2)=PRC(IR,?)#CP (KN)
CALL GIMV(ISPCeNNUCsNR) § CALL MIN(DMY,3)

NO 50 X=1,3

WRITE (241003) NES(K) ¢ (ORGAN(J) 9J=19R)
WRITE(291004) (NUCII) o (NDMY(TeJaK) 9J=1¢8) s I=1sNNU)
CONTINUF

CONTIMUE

FORMAT(1213)

FORMAT (//27%4A948A10)

FORMAT (A10+8E10.2)

FORMAT (//2X+#RETARDATION COFFF, #912)
FORMAT (//2X«AT+»#PERCOLATION VALUE®)
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Listing for INVERSW Computer Code (continued)

n1230° ]010 FORMAT (PX#NISPOSAL TEPHNOLOPY INDICES®/2Xe’

01240+
n1>250+
N12A0+

01270 1020

017280«
N1200+
N1300+
N01310
n1320¢
013300
N1340
01350C
N13A0C
n137ne
013RNC
01390
01400+
N1410+
01420+
01630+
01440
01450
01460
01470¢C
N14R80C
01490C
N1500C
n1510C
015720C
01530C
01540C
ON168840C
N1560
01570
015A0
01590
N1600
N1610
n1een
01630
0164N
01650
N1AAD
01AT0
01680
01490
01700
n1710
017720
01730c

20

SIR =04,1P48 TN SH,IP¢8 JC =%4I2.8 IX =t¢,12/2X, s
BIE =0eJ2¢% IS = TPest TL =#4J2e% TG =0 J2/2Xy '
#IH =t4IPe«% JCL=#I24# TDO‘“QI?- IIC‘“OI4) e

FORMAT (/2X 4 #SPECTRAL INNICES®#/2Xe BT ‘
BFLAM  =0,I24%  DISP =8,12/2X%y
SLEACH =8,J2.% CHFM =#,T2/2X, ' R

o 8START -“91?. BCCES =#eI2) - -
STOP '$ END : : S e

SURROUTINF GINV(Isbc.Nch,NqT) o S .af~

THTS ROUTINF COMTAINS THE ACTUAL CALCULATION OF THF
CONCENTRATTIONS . TION OF -TH

CAMMON/RAST/NCF (239 T+ 8) /TMPS/DMY (P34845)
/NUCS/NUC (23) « AL (PR) +FMF {23) «RET(23e5)
/DTNX/IQ'IUQ!CqIXQTFoIQ,IL.IG’IHQICLQTPOOIIF o
/DTIS/FSCLE) oFSA(R) «PRCIA2) s OFC(643)aTTM(693) ¢ e
TPC(6g?)-RGF(G.?)QDOP(6Q3)oDTT“(6)chpF(ﬁ)9T°0(69?)1NQET(6)
DYMENSION EMP(3) +EFF (2) «SEFF{2) oDLC(T o) ISPC(11) - .
DATA - NSrC/IO/’nLC/9“qOD.9lqﬂﬂo93000.’3“1500093“?5.979091“?qo!7‘40/
DATA EMPY/ o6,y o 15905/ eFFF/6e40Te0/7eSEFF/06990.357

THE MATRICES AND ARRAYS ARQOVE ARF:

EMP (3) ¢ VOLUME FMPLACEMENT FFFICIFNPIEQ
EFF(2) ¢ LAND USE VOLUMFE FFFICIENCIFS -~ ¢
SEFF(>) ¢ LAND USF SURFACE ARFA EFFFICIENCIFS -
DLC(T3) ¢ DOSF LIMITING CRITERIA FOR 7 ORGANS

AND I PATHWAYS,

PARTITIONED INTO. ~ =~ )
GNEL=0. % VUR=1. n/(FMP(TF)°FFF(In))
IF(1C.EQ.1)PRCN=PRL(TR1])
TF(TCeGTa1)PRCN=PREC(TR4?) SR
TF(IXeEQ,1)PREN=4 4 #PRC(TRe1) ST o Sk
TF(TXe6T,1)PRCD=2,25#PRCN e
T6=ISPC(6) -§ I17=ISPC(7) 'S 18=ISPC(A) S T19=1SPC(9) T
PERC=PRLD & IF(ISeEQ N ORIT.FQs1)IA=TA=1" . c
TF(IB8.NFe1.0R.TSNF.1)60 TO 20
IF(IC.EAL1)PERC=PRC(IRs1)
TF(TC.6T.1)PERC=PRC(IR2)
TVNL=352000,#SORT (PRE(TRe1)#27,R) '
IF(TN.EN.2,0R. TH.EAL1)PERC= pnr(xp.Z)/ls.
PERC=PEDC®(140-0.9%1G) : v
B6=1e T IF(16.GT.1)A6= 4,88 (1-T6) SR
80=1. $§ IF(19.6T.1)A9=10,%#(]1-19) ; R
T1=MPT'S IF(IS.FQ40.0RI7.FN:1)T1=T1-1. o :
THYM=] N/ (PFRCH#VUR#AEBAQ) § TF(T11.LFeN)T1=1



n1780C¢
a1780C
ny7sR00

ny770

n1780
0]7Qﬂ
n1R00n
M0
N18_>2nN
01RAD
01R40
LRI LT
n)aAn
N1R7TNH
N1RRN
pylean
0)9ann
n1al0
ni1azn
01930
niasn
n1o8n
N1QAN
niarac
nionner
n1qon
n20n0
n2o1n
a2n20
3 i ])]
n2040C
nonen
N20n/0
a2070
n2080
a2nQnc
n210n
n2110c
naya0c
n213anc
n2140¢C
02180
N21A0
n2170
N21R0
n2190
02200
n>210
n222n0
N223n
62240

an
|n

&0
70
’n

H=70
Listing for INVERSW Computer Code (continued)

WATN LOOP = GROUNDWATER PATHWAY EQUATIONS MANIPULATED SO
AS TOh FIND CONCFNTRATIONS WHEN THE NNSF TS GIVEN.

nn R0 TNUC=1«NNUC '

Tnuw-TDUM/FuF(tNUC)

NN 70 IPTH=1.%

12=A € IF(IPTH.EQ.3) I>=7

QP=0RF (IR« [PTH) Z(QFC (IR« IPTH) 8NSF2TNHUR)
TF(TVAL.GT, nFr(IDyIPTH))R? A23QFC(IR«IPTH) Z/TVOL
A1=0, & TMRT=RET(INUCE1)BTTM(IR,IOTH)

N0 40 ISEC=1.NSEC
QA=TNRT+RET(INUC+I1) ¢ (ISEC=1)&DTTM(IR)
TF(R,GEL,TNRT+TDYR)GN TN 50

.A4=TSECHEYM (AL ( INUC) #R73)

AI=AMAY] (ARe44)
CONTTNIF
nn A0 INrPGR=1e7
2] JEA®AHARAINCF (INUC INRAKR T’)
61““. S IF(ADNEL0,) Al= DLF(TﬂRG-I°T“)/AD
NMY (INIIF o TORGE TPTH) =A]
CANTINUE
CONTIVF

T QFTHPM € FNY

1n

10

SURBNUTINF ZFRO(A4N)
NTMFNSION A (N)

N 10 I=1eN

All)=n,

DFTUURN § ENN

FUNGTTON FXM(81)
A2=N, ¢ IF(AIoLT.?1O.)A?==!°(-Al)
EXu=42 :
DETURM & FNN '

SHAROUTINF MIN(DN)

THIS PQUTINF RETURNS THF SMALLFST CONGENTRATION - OVER
ALL 7 NRGAMS = FOR FACH NUCLINE.

NIMENSION N(?39R¢5) oY (7)

NN 10 I=le>

nn 10 K=1.N

nn 8 J=1.7

X¥(JI=ND{TedeK)

TRLY(J) «ENLNe)} X(J)=]1.F+99

CONTINYFE ‘
N(TeReK)= AMINI(xtl)-x(7).211)-X(6)oX(=).X(6)oX(7))
CONTINYE

OFETIRN & FNN



36
P-IXRESIN

1
B
1
P-CONCLIG

231.000 120

1.100E=-01

1 3.360E-02

8.610€-04
2+190E-02
Te940E=-04
1.100€-01

2 1.090E~-01

2
e

8.360E-03
24850E-02

@ 1,440E-03

P=FSLUOGE

1+100E-01

3 1.,060€E+00

3
3

1.140E-01
24140E-02

3 6.,750E-03

P=FCARTRG
&
4
G
4
8«1XRESIN
]

S
S
S
B«-CONCLIQ
L]
6
&

1.100E-01
1.860E+00
240640E-01
9.540E~03
1.660E~D2
I.ZOOE-OX
4e630E+00
2.150E-02
24040E+Q0
2.600E-03
1.200E~01
2.87°E-01
1.800E-03
6.650E~02

% 44,600E-02

B8-FSLUDGE

1.200€-01

7 5.260E+00

7
7
7
P=COTRASH
8
8

8
8

P=NCTRASH

3.250E-02
1.330E+00
1.150E-02
2100E-01
24280E=-02
2.190E~-03
2+510E-03
2.‘105‘0“
20100E=-01

9 5.250E-01

9

9

9
8~COTRASH
lo

10

10
B8~NCTRASH

1
F«COTRASH

12

12

127

12
F=NCTRASH
13
13

13
13

S.0S0E~02
5.,780E-02
5.550E~03
2.200E-01
2.3505'02
14360E=04
7.140€E-03
S.630E-05
2.200€-01
3,790E+00

2.190E-02

1.150£+00
9.080E-03
2¢110E-01}
S5.580E=06
0.
[\ 19
“ O
2+110E-01
S¢330E-06
c 0.
e
n.
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Listing of DATA Data File

«060 .030
J.463E+04
2.660E-03
8.840€-08
“.7105-08
3.990E-08
2.435E+0S
3,450E-03
8.580E-07
6+150€-08
7.250E-08
44279E+03
2.590€-03
1.170E-05
x.‘6°E°o7
3.390E-07
2.177E+04
1.150€-03
24090E-0S
3.640E~07

. 8.340E-07

7e623E+04
109205-02
3.090E-05
$.330E-08
1.170E=07
24102E+05
602“0E-°‘
2590E-06
J,L60E~08

24060E~07
1.690E+05
1.260E~02
4.700E=0S
3.320€E=07
S.180E~07

bho24LEQS
3.0“05-05
2250E~07
T+890E-09
1.210E=-08
2.178E+05
6.990E~023
S.180E~06
1.820E-07
2.790€E~07
2.086E+0S
6.750E~0S
1.960E=-07
1.220€~09
2.530E~09
9.896E+04
1:090E-02
3.160E~05
1.970€-07
4.080E~07
24359E+05

0.
0.

1.180E-06

0.
4e1T1E04

0.

0.

1.130E-06 4

Ne

«060 ,120

9.740E=-0S
1.9605-06
3.710E-07
6.156E-05

1.270€E~04
2+520E-006
‘0.8‘05-07
7.132E=-05

9.,550E=05
1.890€-04
1.150E-06
4.581€E=04

4+250E=05
B8.400E=-05
2.870E=-06
6.614E-04

1.190E-03
3.640E-03
%.200E=07
9.798E=05

e 890E-05
1.180€~04
24710E=07
2:523E=-064

Te 180E-04
20370€-03
2.610E=06
6.868E-04

1. 1205-05
2.220E-05

6.220E-08
1.089€-05

2.570E=04
S.110E~04
1.,430€=-06
2.5085-04

6.1705-06
1.270E-05
9.600E-09
2+586E-06

6.TI0E~04
2.050E-03
1.550E-06
6.1725-04

0.
0.

4+400E-06 -

O.
0.

. 0e -

Q.
+200E~06 - -

<060

20340E~03
8.230£-07
9.060E=-12
1.260E-06

2.270E-02
1.070E=06
1.180E~-11
2.020E~06

3.100E=-01
8.030E-07
2.810E~-11
l 7805-05

5 SSOE-OI
3.580E~07
7.020E-11
1.100E=-05

9.480E=-01
7.650E=0S
1.020E=-11
1.5705-06

9605-02
2.500E-C6
6.610E~-12
8+.100E=-06

1,440E+00
S5.000E~0S5
86.380€E-11
1.050E=-05

S$+970€E-01
9.420E-08
1.520E-12
2.6705-07

| 3705-01
2.170E=06
3.690E-11
6.150E-06

6.010E-03
2.680€-07
2.3S0E-13
6.520E-08

9.690E-01
4.330E-05
3.780E~-11
1.050E-0S

P1e De

2+790E-06
2.““05'06
2+600E-05
9.920€E-09

2.710E~05
3.160€E-06
S«120€E-05
1.170E~-08

3.710E~04
2.370E-06
4o 760E~-05
3-100E-07

6o 6005-06
1.060E=-06
2.510E~04
1-9308'07

9.800E~04
2+.040E=04

84,340E=05
2.700E-08

B84210E-0S
6.6505-06
1.990E=~04
2.590E=07

10“905‘03
1.330€=04
44660E-04
2.970E-07
7.110E-06
2+780E-07

5.970E-06
2.740E-09

1.640E=04
6.410€E-06
1.380E~04
6,300€E-08

6.210E~-06
T4140E~07
2+300E-06
1.930€-09

1.000E~03
l.lSOE-Oh
307105’0‘
3.120E=-07
0.
- Oe
N TR
0.

Oe
‘Do

i, S

4.530E-03
B+230E=07
1.820€E-05
1.380E-05

4.400E-02
1.070€-06
3.310E-05

1.920E-05

6.000E-01

8.030E-07 - °
1.550E-04

1.770E-04

1.070E000
3.580E-07
3.800€-04
1.100€-04

1.590E+00 - -

7+650E-05

S+340E-05 -
1-8205-05 :

1 33OE-OI

2+500€E=-06 .

9.430E-05

2.0505-06

Zc‘lOEOOO
5.000€-05
Ce360E-06
20260E-04

1.150E-02 -

9+420E-08
S«SI0E-06

2.610E-06 -

2.650E-01

2.170E-06 .

1270E=06 -
6.000E-05 -

1.010E-02 -

2.680£-07

1.160E-06

1.490€=-06

1.620€+00 -
64330E-05 . : -
1.860E~06 -

[/IN
Qe
"Oe
0.
0.
0 -

0.
Na



I-COTRASH
14

14

14
1s

I+COTRASH.

15,
15,

15
N-SSTRA?H

N=LOTRASH
18
18
18
13
NeLLOTRASH
19
19
19
19
F-PROCESS
249
20
20
20
y=-PROCESS

a2

I+LQSCNVL
23

23

21

a3l
I-A8SL1Q0
24

26

26

26
I+A8SLIRD
25

25

4]

’ 2s
1-RIOWAST
26

. 86

26

26
T4ATNWART

2.030E-01

1.130€-01
0.

4,560E-0)
L

2¢030E-01

14130E=01
" Qe

1s' 6.5638-03

24060E=01
1.120€-05

2.060E-01
101205-05
0e

0.

0.
2.070E-01
3.5335-02
1.420€-03

0.
2.Q070€E=-01
3.530€=-02

0. -
1.420E-03

0s -
3.110E-01
1.080E~Q&

O

0.

Qe
3.120E-01
3.800E=04

.OJOE~01

9.600E-03

0.

Q.

0.
J.030E-01
9.600E-03

0.

0.

0. .
J3.030E~-01
1990E=-01

Qe
1.370E-02

0

3.030E-01
1.990E-01

0.
l.J?gE-OZ

3.030E-01
2.060E-01

0.
8.760E-03

0.
1.00F =M
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Listing of DATA Data File (Continued)

1.407€E+0S
9.130E-02

Oe

0.

Oe
14407E40S
9.130E-02

O«

Q.

Ge
1.T96E+0S
Qe

0.
2¢360E-06
0
1.796E+0S
- Qe
i I
2¢360E-06
0

: .
5.064E+04
2.850E=02
N
0.
Oe
S+364E+04
2.350E-02
0.
O
0.
T«Bl16E+04
O
Ne-

'z.:oos-os

2. 811E006
O¢’

Qe

1.650E=0S
Qe

4.914E4+06

5+010E-03

0.

Qe

"0
6.9)14E+04
5.010€-03

O«

0.

Qe
54585E+03
1.420E-01

0.

O

- Oe
5.585E+03
1.420€E-01

. Qe

0.

0.
1.S71E+04
loTSOE-Ol

1.871F+ 004

5.260E=03

1.450E=-03
0.

©,820E=06

5.260E-0]

' 105505‘03

L
4,0820€=-06

Oe¢

Oe
8.800E=06

'

‘O

Q.
8.800E=-06

0.

1.640E-03
4.530E=04
0.

- 1e510E=06 .

1.640E-03
44530€E=-04

Q.
1.510€E-06

0e:
O0e

8.540E-09
0.

0e ~

0.
3.640E=06
’ " 0e

2.510E-06 -

“.3“05'03
O
0.

2.510E-04
4+360E-03
0.
Oe

8.160E-03

’ ‘003‘05‘03

0.
Oe

8.160E-03
he340E-Q3
O
0.

1.010E-02
8,330E-03
0.
Oe

0.
3.390E~-09

0.

0.

0.
3.390E-09

0. -
1.060E-09

a.

0.

0. .
1.060E-09
9.

0.

. 0.
1.020€-08
0.

0.

Q.
1.020€E-08

0.

0.

6.5105-09
g.
0.

Qe

0.
Ne

Qe

Oe
0.
0.
Q.

1.040€E-02
Qe
Q.
Qe

1.040E=02
Qe
Qe
0o

0.
Q.
Qe
Q.

Oe
Oe
O«
Oe

3.250E-03
Qe
0.
[+ Y

02505-03
0.
0.
'

O
0.
("
0.

Q.
G
Oe
0.

0.
Qe
O
0.

Q.
0.
O«
Q.

3.120E-02
0.
Qe
Qe

3.120€-02
Oe
Q.
0e

3.990€-013
Qe
Ce
0.



D WHe3

-
® wowen:

H-73

1

Listing of DATA Data File (Continued)

P

1.750E-01>

’

27 200605'01 «010E-02 "0 "' - O0e :309905-03 :
C_r- 0. - Qe 8. 3305-03 64510E-09 - Qe - 0. -
T, - 4 8.7605'03 : Qe T O - 06 B TSRS Qe -
T et “ Qe  De* 0. 0. 0. 0.
N-SSUAS?E-3.0G°E°°I 6.339E006 R E -
28 2. 1705'0‘0 . 0. 0. ; 0. 0e Qe TR
1.28, Qe 0. o 0 0. "0 TQe T
28 Ce 4+600E=05 1,710E=04 - 0. 0. © - 04
28 ' 0. O 0. - Q. " Qe RN 1Y
. N'LOU‘STE 3.070E=~01 6.027E+04 ' i oo oo
. . e9 2.1105'02 1.630E-02 9.3605-06 "G - 0 1.470E-03 -
‘29 0. 0. 1.3105-03'7.7605-10 Qe " O .
- 29 1 0505‘03 Oe " 0. . 0. . . 0.' 0!
. - 29 04’ 0. 0. ‘0o - © Q6 0-
: QL-NFRCOMP 4.3005f01'2.387€003 Tt e Y
..30 4.040E+03 - ' 0. 2.590E«0]1 2,230E+00 1,400E+00 10600E003
T30 200905‘02 ‘84190E«03 - - 0. 0. 0e Oe °
-3 e 6. ¢ 6. 0. K 0.
. 30 0. Qo Qe Oe L 0.
L-DECONQS 4.600E~0]1 3.498E+06 - - - Co- — coent
o <7731 '1.560E+02 1.080E«02 6, 8805-05 4,0S0E+0] 4,490E-02 7.280E+01
31 '4690€+00 1.,620E=03 4,280E=02 1,200E~0S 3.I40E=0S 1,200E~0S - -
<31 Je180E~0]1 6.,840E=05 S5,400E=04 1,320€E=08 1,340€+00 1.770E00 -
I 31 3.5S0E+01 ‘3.870E«03 '1.026E+00 JI,SS0E=04 3.460E~04 I.270E-03
o -N-xsopnoo %o040E=01 5.196E603 - ' - _ R
S 32 1.500E+01 4.200E~02 4,S10E«0S: ' o0, - e - 0 < "I
-3 0. - “0e  ©42T70E+00 J,270E=06 2,T20E=06K 3.270E=046 -
¢ a2 8.7305’00 1e020€«0S 3,8l10E=05 S,330E=~13 1.970E=04 S.550£-05
‘32 7.100E~03 -9.570€E=08 201525-0“ 1.250E=06 -1.6S0E~0& 2.8805-07
N-HIGHACT ‘%<030E~01 2.608E+03 - o :
[ k| 2-1005’02 0s * “le 3205-02 1.150E+02 6.560E=02 8.6805001
33 1.060E+01 44T0E=04 "Oa.” . 0. 0o
o 133 - .00' O e 0. , 0 0.
Lo S 33 . 0e " ¢ 04 i0e - 0, Oe - "0e
.. NeTRITIUM 4,0S0E=~0] "J.481E+03 e o :
T 36 °24330E003 24330€+03 . 0e Oe 0e 7 Oe
. 36 . 0. PO Q. - De 0e 0. v
30 Qe 0. 0. ! 0. Oe YT Qe vt
T S | 3 0 De . 0 Qo 0 -~ = ~°o s
. N=SOURCES #4030E-01 1.865E+02 Pt -t
N 35 SeT760E+03 2,090E+03 J.190E-03 " Oe BN Y 8.1205001
35 1.050E01 [T 2.3705001 7 Qe ~ 0o 0.
.. 35 3.540E+03 0. : Yy . Qe Oe¢
. 35 . - 0. - 0. 106005001 0o O Qe
'N-TARGETS 6,030E=01 -1.360E403 ~ - S B -
.36 8.0905001 8.040E+01 0. 0. - "o 0.
" 36 * ' 0e ) -0e - -0 ' 1S ‘00' O ’
36 0. . O 0. ) Q. Qe 0o ’
36 -Oe 'O i 0. 0. ) Ne 0- o
) . S+630E=-02 1. 1505000 100005000 loOOOE‘GQ S ) .
He3  /ACC 14252€¢09 5.190E¢07:1.252E¢09 1,252E+09 1.252E+09 102525009 S¢190E+07
He3  /CON 1.172E¢10 Se190E07-1.172E¢10 1,172E+10 1.172E¢10 14172E¢10 1,052E+10
H=3  /AGR 5.‘515010‘5-1905007‘$o6515010 4o451E«10 4,4S1E+10 4,451€410-4,331E+10
H=3 ' /FOO S5.995E«04-° ' ':' 5.99550°5~50995E00‘ 5.9955’06 Se995E¢06 S.995E+04
H=3  /DGM 0. S et T c0e < toa e ' - - O
Ha3 - /WHT 2.367E+06" l.‘ZZE-Ol "2e36TE06:-2,36TE+06 2.367E‘06 2e36TE+06 2.367E+06
"He3 " /SWT 24368E+06 1.422E=0]1 2,36BE+06-2.16BE+06 2,I68E+06:2.I68E+06 2.36BE+06
Hed  /AIR 4,451E¢10 S,190E007-4,451E«10 4,451E+10" c‘SlE*lﬂ 6.5515010 “03315010
Cele " 1,210E-04-5,760E=03 1,000E+0! 1,000E+01
C-16 /ACC 3.166E+09 1.405€E+10 J¢166E+09 3.166E+09 3.1665‘09 3.1665009 2.5265009
C~14""/CON 646T8E+10 34321E¢]11-6,678E+10 6,67BE«10 6.678E+10 6.,678E+10-6.614E¢10
Ce14 /AGR 2,660E+11 1432BE+12 2,660E+11 2,660E¢1] 2.660E+11-2.660E¢11 2.654E¢11}
" C=14 /F00 3.721E«0S 1. 8615006 3.,721€+05 3.721E005 307215‘05 3.T721€E+05 3.721E«05
C-16 IDG" . o. 0. oot °o ) 0. A 0. 0. . " Oe
C=16 " /WWT 1.441Ee07 T.205E+07 1.461E¢07 1,4641E+07" 1.5615007 1:441E07 1.641E¢07
Cola /SMT VTARIFeNT 1ARONFNR VuTAIFeNT ALTAIF AT N TAIF4NT ATAIFNT VT6IF0OT7



C-14

FE=SS
FE-S5
FE-S5
FE-SS
FE=-SS
FE-55
FE=S5
FE=SS
FE=SS
NI=-59
N[-S59
Nl-59
NI-S9
NI=-59
NI-59
NI[-59
Nl-59
NI=-59
C0-50
C0=-50
C0-60
C0-60
C0=-60
C0=-€0
C0-60
C0-60
CO-60
NI1-63
NIl-63
NI-&3
NI-63
MI=-63
Nl-63
NI-63
NI=-63
NI-&3
NB=94
NB=94
NB=94
NB=94
NB-94
NB«94
NB=94
NB=94
NB8=94
SR=90
SR=90
SR=90
SR«90
SR=90
SR=90
" "SR=90
SR=90
SR=90
TC-99

0 TC=99.
. 7C=99

"1C=59
TC-99
_T7C=99
7C-99

L. TC=99
' TC=99

1-129
T=-129

o« wene

ZAIR

/ACC
/CON
ZAGR
/F0Q
/DGM
IWNT
/5uY
ZALR

/ACC
/CON
ZAGR
/FQ0
/0GM
/WNT
/54T
/AIR

/ACC
/CON
/AGR
/F00
/0GM
/WNT
/ST
ZALR

ZACC
/CON
/AGR
/F00
/0GM
ralls
/ST
ZAIR

/ACC
/CON
/AGR
/F00
/70GM
/WUNT
/5WT
ZAIR

/ACC
/CON.
ZAGR
/FQ0
/70GM
/WNT.
/SHT .
ZAIR

/ACC
/CON.
/AGR
/F00

/DGM -

/WNT.
/SWT
/AIR

ZACC

2660€+11
2¢670E-01
1.805E+10
9.283E+09
3.219€E-10
34482E01
O
2«72TE«06
4.450E+06
4.827E+10
84660E-06
3.698E+10
3.872E+10
1.247E+1]
3.633E«03
64200E+03
B8.537E+06
9.825E+06
1.505E¢1]
1.320E-01
2.358E+12
1.237E¢11
3.695E+11
5.27T4E+03
1.S40E+07
1.432E+08
1.458E+08
24683E+12
7+530E-03
3.0S6E+10
14040E*11
3.341E+]11
9.878E+03
0.
1.915E+07
2.260E+07
3.,341E+11
3.470E=-05
64102€¢11
1.389€E~10
1.399E+10
2.116E+00
9.630E+06
3.193E+07
3.232E+07
6.103E+11}
2.470E-02
2,41T7E*13
66394E+13
1.891E+14
6.407E+07
3.060E+04
PeSE64E 09
1-0145?‘@
1.892E~14
3.270E-06
1.176E+09
2.960E+09
8.5685909
6.566E¢03
- 0e
44186E+05
4,260E+05
Be548E+09
4.080E=-08
Qo‘JQFOll.
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Listing of DATA Data File (Continued)

ePwwcum o

1.328E+12
1.480E-02
1.8ASE+10
4.816E+10
1503E+11
2.161E+02
0.
1.2““5007
24314E+07
2.064E+]]
1.480€E~02
9.378E+10
2+325E+11
TaoT6E11
2.211E+04
6+200E+03
44.425E+07
5.198E+07
Te733E+11
1.480E=-02
2.336E+)2
20280E+10

ZOZBOEOIQ

Ne
1.540E+07
1.238E+08
1.238E+08
24336E+12
1.480E=-02
94602E+11
3.1%0E+12
1.001E+13
209‘55005

Oe.
S.711E+08
64738E+08
1.001E+123
1.110E=-02
6e114E+11
1.515E+10
14548E+]10
7+078E+00
9.630E+06
3.196E+07
30324E+07
6¢118E+11
9.860€E-03
9¢617E-13
2.588E+ 14
T.686E+14
2.611E+08
Je060E+04
3.895E+10

4e128E+10

T+688E+140
1.150E-01}

9.680E+08

Se411E+09
1.933E-10
1.635E+04
) ‘Qa -

1+042E+06
1,056E+06
1e933E+10
1«150E-01
R.S18F <11

2.66“5011
6.300E+02
24413E+10
3.941E+10
1.376E+11
1.493E+02
O
8.863E+06
1.625E+07
1.537E+11
4.200E+02
5.058E+10
8.,130E+10
2.581E+11
7.590E+03
6.200E+02
1.609E+07
1e874E07
2.838E+11
4.200E+02
20353E+12
7+599E+10
1.874E+11
2.391E+03
1.540E+07
1,326E+08
1+4338E+08
24500€012
44200E+02
64576E+10
24176Ee11
64931E¢11
2¢041E+04
’ Oe
3.958E+07
4eQT0EO7
6¢931E+11
1.000E+03
6.108E+]]
1.454E¢10
1:472E+10
3.937E+00
9.630E+06
Je194E+07
3.266E+07
6e111E911
9.000E+00
1.668€+11
1.760E+09
107605‘09
0. -
3.060E+04
B8.B35E+06
8.835E+06
1.668E+11
2.000E+00
2+280E+09
8-8905009
2.960E+10
2.433E404
O

'14551E+06
1.571E+06

2+960E£+10
2+000E+00
R.S1GF«1Y

e mwam e

2.660E-11
S«400E+03
1.613€+10
5.080E+07
S.080E+07
. 0.
0. ..
3.609E+05
8.609E+05
1.613E+10

3.600E+03

2.578E+10
S.980E+07
S.980E+07
0. -
6+200E+03
1.377E+06
1.377E+06
2.578€+10
3.600E403

24336E+]2

24280E+10

2.280E+10

- 0e
1.540E+07
1.238E+08
1.238€+08
24336E+12
3.600E+03
1.560E+08
1.560E+08
1.560E+08

, O .

0. -
4.276E-01
44276E-01
1.560E+08
1.000E+04
6.095E+11
1.320€+10
1.,320E+10
. 0.
9,630E+06
3.192E+07
3.192E407
64095E+11
T.300E+01
1.668E+11
1.760E+09
1.760E+09

0.

3.060E+04

8.8355006
8.835E+06
1.668€+11
5,000E~00
7.600E+08
7.600E+08

7.600E+08 ,
- 3.,061€+405

0. .

oo; Z
2.083E+00
200535000
7.600£+08
5.000E+00
S«12RFe1

we cam e

2.660E+11

1.613E+10
S.080E+07
S.080E+07

0.

Ne
8.609E+0S
8.609E+0S
1.613E-10

2.578E+10
5.980E+07
S.980E+07
" 0.
6+4200E+03
1.377E+06
1.377€406
2.578E+10

2.326E+12

2.280E~10

2.2B0E+10
- Qe

1.540E+07

1.238E+08
1.238E+08
2.336E+12

'1.560E+08
14560E+08
1.560E+08

0.

Q.
4.276E~01
4e276E=01
1.,560E+08

66107E+11
le.446Ev]0
ll‘64Ef10
3.892€+00
9.630E+06
3.194E+07
3.265E+07
6e110E¢11

1.668E+11
1l4760E+09
1076°E°°9
0e -
3.060E+04
8.835E+06
8.835E+06
1.668E¢11

_10996E010

1.031€+11
3.636E+11

- 06

1.951E+07
1.976E+07
3.636E+11

R.EISF+ Y

.o e maw -

2.,660E¢11

2,081E+11
24095E+11
26644Ee]]
8+331E+01
Qe
5.326E+06
Fe449E+06
2¢804E-11

S.778E+10
3.206E+10
3,206E+10
. 0
6+200E+03
1.377E+06
1.377E+06
S.778E+10

2¢634E.13
24402E+13
24402E+13
Q.
1.5“05007
1.239€4+08
1.239€.08
2.634E413

8.816E¢10
8.,8l16E+10
8.816E+10

Qe

Oe
2e416E002
2.416E¢02
8.,816E-10

1330E+12
Te332E+11
7e332E+11
Qe
9.630E+06
3.,192E.07
3.192E.07
1.330€.12

1.980E.11
3.296E+10
3.296E+10
Oe
3.060E+04
8.B3SE+06
8.8J5E+06
1.980E.11

704°°E0°9
7.9625009
9072°E009
2.067E+03

Oe
1.318E+05
1.335E.05
9.721E+09

A.RT2Fe1)

2.654E+11

1.925€E+10
2+.116E10
Te752E+10
8.566E+01
0o
S.452E+04
9.692E+06
94360E+10

2.850E+10
l.441E+10
S.082E+10
1.563E+03
64200E+03
44,408E+06
4.,953E+06
T+654E+19

2.50“5012
B8.593E+11
20953E+12
4.492E+04
105“08007
2.393E+08
3.112E+08
Se256E+12

Te4J6E+09
309115‘10
1.,383E+11
44259E+03
Oe
8,258E+06
3 T43E+04
1.,383E~11

65.839E+11
4.432E+1]
1.557€+12
2.390E+04
9.,630E+06
1,466E+03
4 ,496E+09
2.153€+12

1.892€+11
4,727€+12
1.946E+13
T« S43E«06
3.060E+04
101355009
1.201E+09
1.962E+13

T.880E+09
24240E+11
9.008E+11
T+9S3E+0S
‘O
S.069E+07
S+135E+07
9.008E+1)

R.S21F+11



® aAmme o orw

Lo 1-129 /CON
©. 1=129 /AGR

1=129 /F0O

. "1=129 /DGM
~ =129 /9T

1~129 /SWT

20068E+12
8,346E412
6.019€E+04
Je920E+04
*%,289E+07
*ho389E+07

"1=129 /AIR'9,197E¢12

iy

€s-135
CS=135/7ACC
CS=135/7CON
CS=135/AGR

. €S-135/F00

CS~135/DGM
CS=135/wWWT
CS~-135/5uT

'“f.cs-lsslaxn

tC§=137
. '€5-137/ACC
" €S=137/CON

- CS=137/AGR

' Ue235 /
. -U=238
- U=238

U=~238

‘U=23S

U=235
2 Y=235
© U=235-

.7 'CS«137/F00

CS=137/DGM
CS«137/wMT
CS~137/SWT

" CS-13T/AIR
i U235

74CC
/CON

y=-235

U-235
/F00

ZulT
/54T
7AIR

U-235

/ACC
U~-238 /CON
u-238
u-238
U-238

/F00
706M
/7uNT
U-238 /SWT
U-238"
NP=237
NP=237/ACC

~ NP=237/CON

. NP=237/AGR

NP=237/F00

- NP=237/DGM

NP=237/WWT
NP=237/S4T

©  NP=237/AIR
PU-238 -

PU=-238/ACC

" PU-238/CON

* PUY=238/F00°
PU=-238/0GM

PU-238/AGR

PU=~238/7WlT

- PU«238/5uT

PyY=-2387A1R
PU=2139
PU=-239/ACC

PU=239/CON

PU=-239/AGR

Pi1=219/F00°

/AGR’
/DGM

/AGR "

/AIR’

: 20310E-07
2,371€+10

1.566E+]1]

‘54729E¢11

8. 836E+03

- Oe :
3,318E+07
1+442E+08

6. T29E+11

2.310€E-02
44499E+])
1.397E+12
Se117E~12

‘T4896E+04 -

3.500E+06 "
3.0594E-08
1,302E+09
Se3S8Ee12

"94760E~10
24062E-12-

2.6423E+12
5¢154E«12

-1 0443E06

1.500€+05

'24073E+08

24109E+08
Se374E0 12

’I.SBOE-IO

1.,69S5€+]12
24429Ee]2
4o TT4E+12
1e348E+04

Se160E+03

1.835E+08
1.868€+08
4o TB9E~]2

3.260E-07"

Se202E~l4

S.209E~)4

5.238E*)4

1.665€E+04"

6.560E+04

2.312€+08"

2+572€+08
Se239E~14
8.020€~03

2.000E+)6

24003E14
2+012E+14
1.137E+03
1,930E+01

"T«019E«07

TohBSE«07
2¢012E+1¢a

. 20860E=0S.

20240E+]0
2424JEs10
2.253E+]4

1.?270E+073.

i

ESAL AN
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Listing of DATA Data File (Continued)

wewowwm oo

Te)24E+11}
2e942E+12
2.137E+04

1e920E+04 "

1.758E+07
1.793E07
3.792E412

:1e620E-04

9.,651E+10
44209€E-11
1.437E+12
2+157E+04
T D
8.098E+07
3.520E+08
144376412
1.620E=04
64339E+1)
14719E+12
S.872€«12
-8e8l4EeQ4
OSOOE‘ob
3.5385008
1.452E+09
'6e112E+12°
1.250E=04
3.062E+13
4.361E+13
8¢5N0E¢13

‘2437RE«0S

1.500E+05
J4235E009
J.294E«09
8.522E+13
1.250E=-04

‘2¢882E+13
"4e145E13

&.108E+13
2e277E+05
S5¢160E+03
3.087E«09
3144LE+09

8.109€+13-

606705-06

14200€E16°

14202E+16

"1209E+16
4406TE+0S

6.S60E+04
SeS46ED9
6.189E+09

10209E+16 .

‘06705‘06
©e.080E+15

4¢091E+15

4e126E4+15

4¢522E+04
1.930E+01 1
2eT4)E~09.

20926E+09
4e126E¢1S
4e&6T0E=-04
4+B800E~1S
44313E+15
44854E¢15
Se234F 00

6-!23E011

"24528E¢12

14836E+04
1.920E+04
1.562E+07

"14592E+07

3.379E-12
8.500E+01
B8.851E+10
3,879E+11
1.326E+12
‘1e991E+04

0e¢  °
To4TSE+OT
3.250E408
1.326E+12
8,500E«01

-TeT79Ee11
2.351E+12-1

B.030Eel2

1.205E+05°

3.500E+06
4L 4,655E+08
1.981E+09
8.270€ T2
8.,400E+02
2e214E+11
1.590€E+09
1.590E+0%
' P
1.500E+05
1.177E007
1.177E+07
24214Ee]1
B4400E~02

1o4S4E+]10-

B.570E+07

8.570E+07 -

R O"
S+160E+03

TeT3I9E+05.

7.739E+05

1454E+10°

3.000E402
1e120E+15
1,122E+15

'1.12BE+15 "
3.533E+06 -

6.560E«04
4,885E+08
S.643E+08

1.128E+15"

8+400E+02
2.800E+15

2.802E+15 "
-84870E+07 B,850E+14

i - 4eB6BE+03 - :
-1¢930E+01

24807E+15
64371E+03
+930E+01

‘Je9I1E+0Q8
40192E+08
"2.807E+15

8.,400E+02
3.,120E+15
3.122E+15

3.127E+]15"

T.040Ee07

4

----- A woweww a4

1. 6245015 ,1e31SE*12
6,553E+15 'S.633E¢12
%o,T25E0T 3,947€¢04
1.920E+04 1,920E+04
‘3+081E+10 2.938E+07
J.160E+410 3.,004E+07

8.554E+1S 6.284E+12

7+200E+02
5.080E+08 303315‘10
‘54080E+08 ]1,466E¢]]

'S.0B80E+08 S,014E+1] 1
© 0e Te saleoos
00 : -

1. 3925000 2e 8285007
1.392E+N0 1.229E+08
S.080€+08° 5-01“5‘11
T«200E+02°
"2e419E01] “-2595‘11
1.530E+09 -3,010E¢11
1.530E+09 2,729E«12
<. Oe - “4e092E+0L
3.,500E+06 3.500E+06

‘2e&19Ee1] 2.9095‘12
T4200€E+03 !

24216E011 742626412

"1eS90E«09 1,013E+13

[+ P
'10177E‘°7‘706“35°08

1.177E+07 7.781€+08°2
2:214€411 2.001€+13

7+200E402 .- -
1.,454E+]10 6. S7SE‘12
B8.,570E+07 9.447E¢12
B45T0E«07 -1,849E+13
) o".;

1o454E+10 1.850£+13
2.500£+03 .-

-1¢340E~1] "2, 840E+15
8,400E¢0B J.84TE+1S
a.aogsoog J.868E+1S

Te126E+06.1.867€+09 -
1,340E~11 3.8685'15
Te200E¢03" - - .- -

1.924E+10 8.801E+14
8.870E+07 B.Bl2E+14

FRPEN « PO
1.930E+01 1.930E+01
1.025E+06 2,972E+08
1.025E+06 3,171E+08

1e924E+10-8. 8508‘16
"Te200E+03 :
Te400E+09 9,601E«14-
'Se170E+07 9.613E+]04

Se170E+07 . 9.655E+14
R + PO

.1 1e223E+0S-
6eS60EC DL &.,560E«04
"Tel26E+06 -1,6TLE*09

—-cwrme a4

6+366E+09

-2 366E¢09
* 24901E+03

0 *

10920500“~

J.644EQ6
3.644E+06
B.572E+11

1.491E410

a.886€¥10
1.551€E+11

‘20256E403
i De i T
‘BelT2E406
"3.583E.07

1.551E+11

%3.2995.1}
24941E+11
9,350E+11

1.360E+04

‘34500€406
1.287E+07 -1,665E+08 6
1.287E+07 6,808E+08 2

1.1755-12

039‘E0°7
«349E.08

'3.360E415
: 13.360E415
1,590E+09  1.979E+13 -3
- '6,552E+04 .
‘145005405 14500€E+05

¢350E+1S
“',o.,.
1.500E+05
2.098E007
«098E+07
3.360E+15

3.120€+15
3,120E415

‘J.120E«15
. S.196E+04
-Se160E+03 S.160E+03

7+739E+05 7.050E+08-
TeT39E¢05.7.179E+08"

w7 Des -
S+160E+03
9.325E+06

‘vl Qe

'64560E+04
‘8e113E406

84113E406"
3.602501“

k.OBOEolS
00805015
4,080E+15
- Qe

1.221E«07
1.221€+07
-9805015

3.840E1S

13¢B40EC15
'3¢840E+15
R5.39%Fen, -

fNa

wemmaw aas

9.787E+10
4.006E+11

1.520€E+04
Se536E+06
S«584E+06

1.251E+12

1. 004E+09
8.007E+09
24994E+10
Lo656E402
0. -

1. THBE«D6

7.600£+06
2.99¢E+10

2.464E0 11
3.919g+10

1+491E¢11
20333E¢03

3.500E+06
20163E+07
S5.096E+07

3.895E+11
S.175E11

'1.586E+12
S.621E+12
24319€+04
1.500E+05

‘J.261E08

3.,318€E+08

-S.BﬁlE‘lZ

2+546E«1]
1.147E¢12
3,989E+12
1.633E+04
S.160E+03

-2e221E+08
94325€+06
‘3.1205015

'3-602E016
‘3+600E016-
"3.600E414
. 2eISTE+04
‘6eS60E«04

2.262£+08
44003E+12

3.740E+11
1.550E+12
5.652E+12

3.263E+08
-30635E+019
5.7855‘12

3.313E011
‘12514E12
S.277E+12
4.855E+03
1.930E+01
20940€+08
3.,139€E+08
S5.297E+12

3.034E+11
1.392E+12
4.826E+]12
L bPOFE 0



PU-239/0G

PU«239/WNT
PU~239/5MT
PU-239/AIR
P26l .
Piy-241/ACC,
PU~241/CON,
PU~261/AGR
PU-241/F00
PU=261/0GH

© . Ple261/wdT

PU=24]1/S4T
PUY~2461/7A1R,
Py=242
PU-242/ACC
Py=2642/CON
" PU=2462/AGR
O\j=26L2/F 0
PU=242/0GM
PU=242/WdT
PY=242/54T
PY=242/A1R
AM=24]

AM=241/7ACC
A4=241/CON
AM=24174GR
AY=25]/F0Y
AN=25H 1 /5GM
AMa 241 /9T
A4.241/54T
ANa241 /7410
AM«243

AM=24/7ACC
AM=243/CON
AM=283/4GR
Au-2643/F00
" AM=243/0GM
AM2463/WWT
AM<24I/SHT
AM=263/A1R:
CH-24]

CM=263/ACC
CM=243/CON
CM=243/7AGR

- CM=243/F00

| QM=243/0GM
- CM=243/4NT

CM-243/SHT.
T CM=243/AIR.
.Je940E=02

CM=244
- CM=24a/ACC
CM=244/C0ON

T CMe244/74GR-

- CH=244/FQ0

T CU=264/0GM

T CM=264L/4MT
CHe244/SwT"

CM=244/AFR"
"9.130E-12
"2+000E+Q2

_ REGION 1

REGION 2

9.390E+01 .
T«T765E+97
8+286E+07
2+253Ee14
S.250€-02.
3.040E+12
3.0‘6E'12
3.063E+12
2.208E4+Q1
3-“305‘01
1e341E+Q6 .
1e431E+06
3.053E+]2

-~ 2¢A80E=~06

20160E+]14
2.163E+]4
2.173Ee106
14224€493

P o. :
Te520€E-07
84Q021E+07
Cel73Ev14
l05l°E~°3
5.0“15'[5
Se009€ 6
5.017E*‘h
J.599E 00
T 110E Q%
2.2“7E‘08
3.721E+08
50016E’1§
4.720€-05
“.96!5'1“
44969€+ 10
“.9968015
34325€E+0Qn
1«350E+0S
2+208E+08
3.653E+08
4.997€« 14
2.170E-92
Je843€0106
3e846E+1a
30666501“-
1e113E+04.
3.,820E+0S-
1.647E+08
2.087E«q8:
3.868E+14

2.800E+16
24805€+14
24820E+¢146°
84520€+03
Se640E+Q]
1.170E+08
1.507E+0%8:
24820€014

1.000E+00
4.000E+02"
2+010€E=-11
44200E+01
1.000€+30
6.600F 01

Listing

9.390E+01
34172E+09

3,388E+09
4.854E+15
2,670€-04

T4440E«13
T66T€+13
T.552€13
14097€E+0Q3

‘J.430E-2L

64662507
7.091E.07
T4553€.13
©.570€E-06
.~058°€015
4,692E+1S
“¢S30E+1S
4,843E<04
.. Qe
2+938E+09
J.137E-09
4,SI0E.1S
%,110€-0]
T.120E+1S
Tel1ILE]S
T«1T6E-1S
Sea0BE 08
T+710E-L4
3. J0E«GY
S43T2E<09
To1TOE LS
%4110€-03
T<160E-1S
Te054E«15
7o°q§E°ls
SebG1E9S
14A60E+0QS
Je3IITEL09

‘54566E+09
T.096E~1S.

4«8570E=Ge
6.161E¢15
6e1T1E~1S
6.,2064E+15
1.997E+0%
3.820E+0S
24598E+09
34T 409
642C4E 1S
506705‘05
4,400E~15
4.408E+1S
4e633E+]1S
Le&34EQS
Se640E.01
1¢9564E+09
2+521€+09
4.433E01S

"2«960E-11
S54000E+03

1.000E.00
8.000€E«02
J.18Q0€-11
4.000E+02
1.000E+00
‘¢600F003

H-76

of DATA Data File (Continued)

-® cw e

9¢390E+01
443435408
%.632€+08

8.40Q0€02
&,560€+13
4.561£+13
4.566E1)
Se613E+Q1
3.63QE=01
JS12E+06
Je762E+06
44S66€+13
8.400€+02
J.040E+]1S
3.042€«]1%

.3«047E-1S

§.,7AJE~Q]

. Os )
“e184E+Q8
4.462E+08
J04TE.1S

.3e009€«C2

6e6w0L41S

64845E¢15

6H40E+1S
14918E+0S
7+T10E+04
118295+09

1e97CE«09.

£e86CELS
3.090E+32

EaWBQE~1S

6+485E+15
64499€+15

18495405
-1«B6QE~QS

1+148E+09

1e906E+09

6:4995+15
3.G0QE~Q2
S«601E+1S
Se604E+1S

Se616E+1S,
T«155E+04 .
. 3.820E+05
9eSTIEQY:
.14280E+09

Se817€018
3.000E+02

44160E+15"

4e153E~15
4e174E]15
G.145E 04
S+640E+01

Be463E+28"

14087€+09
44]1T70E+1S
L«9T0E=-04
1.000E+04
1<000E~00
1.830£=-10
1+160€-03
8.000E€+02
1.000€E+00
1R10F =10

9.390E+01
J.934E 05

3.934E+05
3.127E+15

T«400E+09
7.200€+493
4.780E+07
4.T80E+Q7
4.T80E+07

0.
3.430E-01
14310E-01
1+310E=-01
4,T780E~Q7
7.200E+03
lebalEsl0
6.,330E+07
6.930E-07

Q.

9.
Te6T6E+QS
TGT4E+0S
1.441€10
24%00E-03
7.369E+10
3.800E+08
a.éogaooa,

7.710E+04
4,192€.06
“«192E«06
T.869E+10
24500£+03

Ye096E+10

6,090En8
6.,090€+08
: Oe
1.860E+05
4483T7E«06
4+83TE068

9.096E+10

24S500E+03"
2e644ES]]

"24260E+09

2.260E+09
.3 Qe

J.820€«05
1.296E+Q7

:1e296E+07

2ebaaEel) -
2.500E+03 "
l.T06E+10
T4230E«Q7-
T.230€+07"
.«
S¢640E+0Q]
9.093E+095
9.093E+05
l«706E+10
44930E-05
4.000E+02

"1¢010€=09

24010€E-12
J.240€E-05
1.300€+03
3.500€E-10
J.23F=12

9.390E+01
3,2085E+08
3.,506E+08
9.656E~14
1+640E~13
lo“‘3€’l;
1.450€+13
1.017€~02
3.430E-0Q1
64179E+06
6.,596E+06
1.450E+13

9.601E+]4
9.613E+14
9.A53E+14
§.194E+03
Qe
3.168E008
3.381€+08
9.554E¢14

3.840€E+1S
J.34TE-1S
3.A68E~15
2.T70TE+0S
T«710E+04
1.,463E+09
2+772E+09
J.36RAE-1S

3, 760E+1S
3.T4TE+15
J.787€+15

- 2+85S6E+0S .

1.860E+0S
1.631E+09
2.T18E+Q9
3.7HBE+1S
1.76QE+15S
1.T63E+1S
1.T72€+15

. Sel95€+04:

3.820E+05
T.212E+08
9.264E+08
1.T72E~1S

1.280E+15
1.282€+18
19289E+15

3.978€+04 .

Se540E+01
S«4J0E+08
T«001E~08
1.289€+1S
T<700E+0]
1.000E+04
1.510E~09

7.700€+03
1.000E+04
5.250E=10

.9¢390E401
1+092E+07
12092E+07
3.“050‘5

6.800E+12
6.300E+12
6.800€+12
Qs
J«430€-01
1.864E+04
1.864E+046
6.800€.12

J3.680E.15

3.680E+1S

3.580E+.S
Qe

o Qe
-1408SEQ7
1.08SE«Q7
3.6802015

©.261Es18

4.2480€+16

§e28QE &
0

7071°EOQ~
S+354E«06
Se354E+06
4,201Ce14

4.001E~14
4,000E+146
4eQ00E+14
Qe

14360€+0S .

S¢933E+06
54933E+06
"%¢001E+14

44403E.14
44400E016

1 4eh0QEs 14

) Q.

" 34R20QE«QS
1.417€E+07
1e417EQ7
4,403E10

. &e&00E<14
“heHQQES1S
‘NeHQ0ES 14
Qe .
Se840E+Q])
2¢11S5€+06
2115E+06
44400E+ 14
‘2«000E+0S
. 24000E«06
1e120E-07

24000E+0S
24000E+0Q6
14120E-07

9.390€+01
2.676E+08
2+8S8E+08
44813E+12

S5«568E+09
2.861E+10
1+008E+11
9.J10E+01
J.430E-01
S«618E+06
S«999E+06
1.0Q3€+11

24944E011
1.355E+12
4.722E+12
4.343€+03
0o
2.628€+08
2.806E+08
4.736€E+12

3.547€-11
1.308E+12
S435S5Ee12
44936E+04
TeT10E+04
J.047E~08
Se065E+08
SebIAEeL2

3.630E-11

‘1e713€12

§,223E+12
S.TBTE+04
1.860E+05
3.S72€+08
Se¢942E+00
6¢313€E+12

50‘5“5“1
1eS94E+12
S.629€+12
2e319E+0s
3.820€+09
3.269E+08
4.184E+Q0
S.871E+12

3.051E+11
1533E012
S5.434E012
2.201E+006
S«640E+0Q)
JeQ44EL0R
3.92%9E+0Q8
S«451E+12
6.5005’06

3
4£.500E+06
3

U



REGION 3

REGION &

REGION S

REGION 6

FrY SROgTTY

H-77

wagn.

Listing of DATA pata File (Continued)

eE i s e eSmewem .o

‘2¢510E~11 '3.280€~11

1s400E+02 24900E+03.
1<000E+00:14000E+00.
1/600E+02 8,000E902

.2¢640E-10-84060€E-11

14500E+0) .J.000E02

'14000E+00 1,000E«00

8.000E+00 B4000E02"
2010E~11 J.180E-11

i34200E+0]1 3.900E002

1.000€¢00-1,000E+00
64400E*01-1,600E403.

94200E+0]1 4,S00E+02

:14000E+00 1.000€+00 .

6+400E*01.1,600E403

9.0005-05\
S.,800E+03
1.0005’00;
1.830E-10
1.3005°°6t
6.000€402
1,000E¢00°
1.830€-10
1.160E=06
T«900E«02 -
1.000€E+00 .
1.830€~10"

‘20010E-11.3.180€~11"1,160E=-02.

B8.500E+02
1.000€+00-
1,830E-10

2+2S0E=-05
b4,000E002
J.860E-10
2+550E-12
J4250€-07
14300E+03
2e660E-11

14790£~12 .

3.,240E-06
1.300E+02
3,030E=~10
3.323E-12
3.,240E-04

1,300€+03.
-4+4550E~10
J.323E-12 @ | ..

3.030€=-10

7.TT0E+03
'1-2505‘0“

S.790E~10

7.700E+03

3.,000E+04
3.9995-1!

7.700E+03

1,000€¢04 .
64550E~10

7.700E+03
l.OOOEOOh

14120E-07 :

64000E«04 -

14120E=0T
'24000E+05 4.S00E06

2.000E«04

1¢120E-07 -
2,000E+05 4.500E+06

24000E+04
1.120€-07

.-

b

2

2

4

2.000E+05 4+500E+06
2.500E406 ;

24000E+05 %¢500E+06



36 231,000 .120

9-IXRESLT
1
1
P~CONCLIQ
s
2
2

[
P~FSLUDGE
3

3
3

3
P-FCARTRG
&

&
o

&
3=IXRESIN
S

S
S
S
B8-CONCLIQ

101005‘01
3.,360E-02
8,1S0E~04
1.860E=02

1 $.630€-04

101005-01

2 1.,090E-01

T+920E-0)
2,4J0E-02
1.020E-0)
101005'01
‘00605’00
1,080E~01
1.,820E-02
&,T90E-03
1.100€=-01
1+860E+00
1.,930E-01
8.120€~03
le1B0E-02
102005‘01
4,630E+00
2.040E-02
1.740E+00
1.850€-02
1.200E-01

6 2.870E-01

-]
6

6
B~-FSLUDGE
7

L4
7
7
P=-COTRASH

107105'03
S«6T0E=-Q2
3.280€-03
1.200E-0}
S42640E+00
3.080E-02
1.130€+00
8.200E-03
2.100E-01

8 2,280E-02

8
8
8
P=NCTRASH

2.070€-03
24140E-03
1s710E=06
2.100E-01

9 5.,250E-01

9

9

9

8-COTRASH
1

10
10
10
B-NCTRA?H

11
11
11
F-COTRASH

F-NCTRASH
13
13
13
13

4,780€-02
4,920E-02
3.930E-03
2.200E-01

0 2,350E-02

1+290E-04
64090€-03
%.010E-05
2.200E-01

1 3.790E+00

2.080E-02
9.810E-01
6.470E=03
2.110€-01
5.580E-06

0.

a.

0.
2.110E-01
54330E-06

0.

0.

Q.

H-78

Listing of DATAD Data File

«0560 0230
3.463E+04
‘084°E°°3
8,340E-08
4,7T10E-08
3.,990E-08

2+:435E+05 -
‘1e270€E=04
‘20120E=04

2.390E-03
8,580E-07
64150E-08
T.250€E-08
4.279E€+03
1.,790E-03

1.5605‘07
3.390€-07
2.177€+Q4
T49370E-04
24090€-05
3.640E=-07
3+340E=~07
7.623E+06
1.340E-02
3.090€-05
S+330€E-08
1.170E-07
20102E+0S
4,350E=Q4
2¢590E=06
3.440E-08
24060€=07
1.690E+0S
8.780E-0)
4,700E=-05
3.320E=-07
S4180E-Q7
44244E+QS
2.110€-04
2+250€-07
T«890E-09
1.210£-08
24178E+05
4.,A40E-0)
5.180€=06
1.820€-07
2¢790E~07
24086E4+0S
4,T700€E-05
1.960E-07
14220£-09
2+530E=09
9.896E+04
7.600E-03
3+160E-0S
1.970E=Q7
4.080€E=-07
2¢359E+05
0.

0.
1.180€-06
{1 1Y
4,171E406

0.

0.
1.130E-06

fla

«060 o120
9.730E-0S

1.630E-04"

J.710€E-07
44 1J4E-05

‘08“05'07
T.102€-05

'94S40E=05
10170€-05

1.590€-04
1.150E-06
4.551€-04

4.250€=0S
T.07)E=0S
2.870€E-06
5.J9E-04

1.1905-03
3.080E-03
4,200€E=07
9.768E=-05

3.590E’°5
9.970E=05
2’7105'01
2.513E=04

T.T70E=-06
24000E-03
256105.06
4,348E-04

1.120€-05
108706'05
6.220€E-08
1.,085€-0S5

205705-0“
5.3005‘0“
1.630E-06
2,498E-06

4,170E=06
1.070E-0S
9.600E=09
205755‘06

6.7205‘0‘
1.730E-03
14550E-06
44152E=04

0.

Q.
‘0“005'06

0.

G.

0.
4+200€E=-06

N

«060

7.300E-04 2,790E-06
B84230E=07 2,440E~-06
94060E<12 2,450E-05
1.260E=06 8,520€~09

7.080E-03 2.710E-0S

14070E=06 3,160E~06"
1.180€-11 4,830E-0S

24020E~06 1.010E-08

9.670E=02 3.T10E-06

8,030E=07 2,370E-06

2.810E~11 4.490E=05
1.7895-05 206608'07
14730E-01 6.600E~04
3.580E=07 1.060E=0%

T.020E~11 2.370E-04
14100E=05 1.660E=07

24990E-0 9,800E-04
T.650E=0S 2.0‘05‘04
1.020€E-11 7.880€-05
105705-06 2.3305'08

ZQSOQE‘QZ 302105'05
2.500€E=06 6.,650E-06
6,610€E-12 1,880E-04
8,090E=06 2.230E-07

4,540E-01

S5«000E=0S 1,3J0E=04
8.330E=11 4,400E=04
1.09QE=05 2.560E=07

1.860E-03 T,110E=06
9.420€-08 2,780E-07

1.490E=03

1+520E=12 S.640E~06
2.870E-07 2,350E-09

4.270E=02 1.,640E~04

2.170E-06 6,410€~06
3.490E-11 1.300E-04
6.140E=06 5,410E-08

‘.8905-03 6.2105‘06
2.680E=0T7 T,140€E-07
2,350E-1) 2,170E-04
6.5‘05-08 106605‘09

J3.0S0E-01 1.000E~03

44330E-05 l.lSOE-oa

307805-‘1 3.5105‘0“
1.050E-05 2.,690E-07
0. Qe
0. 0.

0. 0.

Q. Qe
Q. Qe
0. Oe
0. 0o
0. N

2.170E-03
8.230E-07
1.820€-05
1.060E-05

2.110E-02
1.070E~06
3.310E-05
l.470E-05

2+880E-01
8¢030E-07
1.550E-04
1¢360E=046
S«140E-01
3.580E-07

3.300E-064
Be44QE=0S

Te700E-01
T«650€«05
S¢340€E-05
1.400E-0S

6.46QE-Q2
2+4500E-06
9¢430E-05
1.580€~04

1e170E«00

S+000E-0S

20360E-04
1.720E=-04

S¢520E-03
9.420€-08
S5.530E-06
2.000E-06

1.270E-01
2.170€E-06
1.270E-04
4+600E-0S

4.890E-03
2./580E-07
1.1690€-06
1.150E-06

T+840E-01
44330€E-95
1.360€-04

14860E=04 .

O
0.
Oe
0.

Qe
Qe
Oe
fNe

L1 .



| e

Listing of DATAD Data File (Continued)

2.030E=01 1.407E+05

I-COTRASN
‘14 1.130E-01 S.950E~-02
14 O Oe
, 14 3.780E-03 O
Jda O Oe
I1+COTRASH 2¢030E=01 1.407€+0S5
15 1.130E-01 5.950E-02
lS 0. O
.15 3.780€E=03 O
15 0. 0.
N=SSTRASH 2.,060E=0] 1.796E+0S
16 14120E-0S 0.
16 0.
16 0. 2.3605-06
16 0. * Oe
NeSSTRASH 2.060E=01 1.,796E+0S
- 17 14120€-05 0.
17 0. 0.
17 ,0e - 24360E-06
17 0. © De -
N-LOTRASH 24070E=0]1 S.064E+04
e 18 3.530E=02 1.860€E-02
18 L] 00-
.- 18 1.180E-03 0.
-. 18. 0 . - 0, .
N*LOYRASH 2.0705-01 5.0665004

. 26

26, -
$26.

26
TeRTOWAST

. 19 3.530E-02 1.860E<02
‘19 0o " Do
\ 19;1.1805-03 0.,
19° 0. 0.
F=PRUCESS 3110E=0] 7.816E+04
. 20 1.080E-04 0.
20 0+ 0.
., 20 0.  24300E-05
. 20 0. Oe
U~-PROCESS 34120E~0] 2.811E¢04
17 21 3.800E-04 O
el 0. 0,
.-. 21, 0s  14650E-0S
' . a2t 0o O
I-LQSCNVL 3003°E'°l “QQI‘E.O“
T, 22 94600E-03 3,270E-03
22 0. 0.
22 0. 0.
- Oe 0.
IOLQSCNVL 3.030E=01 4.914E+04
23 9.600E-03 J3.270E=-02
23 0. - 0. .,
.. .23 0. . ...0e
.. 23 Oo- - 7 .. 00 B
11-ABSLIOD‘3003OE-OI '5.585E403
. .- 26-1.990E-01 9.2605-02
24 (1 Y 0e’
26 1.140€-02, o.‘h
ol e Oe . ’ .
,I*ABSLIOO 3. 030E-01 SoSGSEOOJ
25 1.990E~01 9.2605-02
- 25 0o . . '
Y 25 1.160E-02 0%
. 25 - 0. 0. .
'I-BIOUAST,3003OE-01 1.57!5006

24060E-01 1.140E-0]
0. 0

7.260E-03 ‘0. f
"0 S

L ] o.
A.030F=01 - 1.571F+04

H-79

I -, we

S$.250E~03

1190€E-02
O
507608'06

5.250E-03

1.190E-03
O -
4+ T60E=06

0.

8. 8006-06

0o

0.
8.800E-06

0. -

"14640E=03

3.710E=-04
0, -
1.490E-06

1.640E=03 .
3. 710£-04

"1.«90:-06'

O.
0. .

8.5505-05
Oe

3.6&05-0«_

0o
24510E+04

3.550€=03

0.
o -
2.510E-04

3+550€-03
PR
A T

8. lSOE-OJ'

"34550€-03"
0

..‘: “ Q. ’
84150E<03 7

3.5505-03
, Qe i U
00

1.010E=02 ~~ 0.
6.510:-09

6.820E-03
S 0e
0.

0,
J.390E~09

0.

O

" 0.

3.3905-09

1.060E-09

0.

.
"1.060E-06

Oe

C.

0.
0. .
0.
0.

1.020€=-08
.. O0s .

. 0.

:' 0.
lonZOE-OB
L P
-, 0O

0.
“0e

«

“he k105-03~
"0e . .
g,
Oe

06105003
. Oe
T LTS
,;0.

.__' Oe
" Oe L.

0.

. O

0
. Qe
. O
.. Qe

Qe
B
- Qe

l 3805-03
0o .
0. °

" O

.3805-03

Oe
e .
. Os
. Qe

O

Do .-
f 0s
i

. Oe

.06 .
Oe’
0.

0.
;" O
. .De
O

";;1.3zoe-oz ‘

0.
Oe
)

. 10320E-02

. 0O
- De
Oe

.6905-03 :
. 0e -

" Oe
" O



® wewwitwe

27

27

27

27
N=SSWASTE
28

N=LOWASTE
29

29

.29

" 29
L-NFRCOMP
30

30

30

30
L-DECONgS

k)
31
31
N-ISOPRgD

Je

32

32
N~-HIGHACT
33

33

k]

. 33
N-TRITIUM
34

3

34

34
N-SOURCES
k1

35
35
s
N-TARGETS
3
36
36
36
He3
He3
H=3
H-3
H=3
H=3
He3
He3
He3
C-14
C-14
C-14
c-14
C-14 .
C-14
C-14
Cett

/ACC
/CON
/AGR
/F00
/06GM
ZWNT
/59T
/AlIR

/ACC
/CON
/AGR
/FQ0
/DGM
/Wil

s e oom wa

2.,060€E-01
0.
24260E-03
0..
3,060E~01
2.1T0E=-04
' 0.
° 0.
' L P

3.070E=01

2.,110E=02
0.
8.6235-06

4%.,J00E=-01
4,040E+0Q3
1.980E+02
0.
0.

1 1.560E+02

3.490E-00
2.710E-01
2.520E+01
4,040€=01

2 1.500E.01

0.
T.240E¢00
4.750E-03
4.030E-01
24100E+02
9.950E+00

Oe

0.
4.0505'01
2.330E+03

0.

O

0.
4,030E-01
S«760E+03
9.860E+00
2+930E+03

0.
4.030E=-01
8.040E+01

Oe
0.

0.
S.630E~-02
1.252E+09
1.172E+10
44,451E+10
S5.995E+04

0.
24367E+06
24¢368E+06
Le4S1E1O

"1.,210E-04

/SuWT

3.166E+09
64678E°10
2.660E+11
3.,721E+0S
0,
1.401E+07
3.761Fen7

H-80

Listing of DATAD Data Fi]g,(Continued)

1.140E-01
0.
0.

0.
6.339E+04
0.

O
4+500E-05

O
6.027E+04
1.0605-02

0.

'

0.
2,887€E+0)

0.
8.190€-03

0.

0.
3.,498E+04
T.510E-03
1,420E-03
6+340E-05
3.870E-03
5.196E+03
2.740E=-02

Oe
1.020€E=-05
9.570E-08
2.608E¢03

O0e
“.“705"0{0

0.

S
Je4B81E+03
1.520E+03

0.

Oe

0.
1.865E+02
1.360E+03

Oe

0.

Oe

‘1e340E+03

5.240E+01

0.

Oe

Qe
1.150E«00
Se190E+07
S5¢190E+07
S+190E+07

O

0.
1l.422€-01
1.“225‘01
S5¢190€E+07
S¢760€E=03
1,405E-10
J.321€011
1.328€¢12
1.861E+06

. Oe
7.205E+07
1.ARNF+N8

1.010€-02
6.820E-03
Oe
0.

0.

0.
1.710E=04
0o

9.3505‘04
1.070E~03
0.
0.

24590E-01
0.
0.
0.

6.870E-04
3.610E-02
Se400E=06
1.026E4+00

4,510E-05
Se140£+00
3.810E-05
2.151E-04

1.320£=-02
0.
Oe
0.

Qs
0.
0.
Ce

34190E~-03

2¢350€E+01
0.

1.580£+01

O«
0.
0.

" Qe
1.000£E£+00
1.252E+09
1.172E+10
4.451E+10

Se995E+04

0.
2+367E+06
24368E+06
4.451E°10
1,000E+01
Je166E+09
6.678E+10
2.6605011
3.721E+05

Qe
1.441E07
1.7R1F+07

0.
6.5106-09
T 0.

0.
T«760E=-10

0.

0.

64980E+02
0.
0.
0.

1.270E+01
1.200E-05
1,320€-08
3.590E-04

0.
3.270E=-06
5.330E-13
1.2505‘06

2.970E+01
Q.
0.
0.

0.
0.
Oe
0.

0.
0.
0.
0.

0.

0.

0.

0.
1.000F«n0
1,252E+09
1.172E+10
4.451E~10

S¢995E+04

0o
2.367E+06
2.36BE+06
%¢451E«10
1.000E+01

"Je166E+09

6.678E~10
2.660E+11

34721E+05

0.
1.441E+07
A.7A1FenN?

1,400E+00
0.
0.
Ne

5.“905‘02
3 340E=0S
1.260E+00
2.980E-04

De
2.T720E~06
1.840E-04
1.380E-04

6.560E-02
0.
Oe
O.

0.
Oe
0.
0.

0.
Oe
0.
De

0.
e
0.
0.

1.252€+09

1.172E+10

4.451E+10
5.995E+04
Oe
2.367E+06
20168E+06

bob4S1E+10

3.166E¢09
6.478€E~10
2e660E¢1]
3.721E+05
" De
1.641E+07
1. TAIF 07

1,690€-03
Qe
Oe
0O

O
0.
Oe
0.

6¢230E=-04
Ne
0.
0.

7+700E+02
0.
0.
0.

3.S0NE+01
1.200€E=-0S
1.770E+00
2.510E-03

0.
3.,270E-04
5.550E-05
24110E-07

3.600E+01
O
0.
0.’

0.
0.
0.
0.

3.440E+0)
0.
Oe
0.

0.
0.
O
i

1.252E+09
1.172E+10
444S1E-10°
S5.995E+04
O
2.3675006
20368E+06

4451E+10

3.166E+09
64678E+10
2.660E¢]1
3.721E+05
O
1.441E407
A.T761F 07

S«190E+07
1.052E+10
44.331E+10
S+995E+04
0.
24367TE+05
24168E+05
44,331E+10

2.525E+09
6.614E+10
2.5654E+1)
3e721E+05
Oe
1.461E+07
A TAIFeNT



" FE=SS’

. NI=S9

U UNT-63 [/0GM
“N1-63 /WdT 1.915E+07

© .SR=90

T TC=99

"L 1=129

C-14 /AIR 2.660E11
: 2.670E-01
FE-S5 /ACC 1.805E+10
FE~55 /CON Y.283E+09
FE<SS JAGR 3.219E+]0
FE-55 /FO0 3.482E+01
FE-S5 /DGM . 'O

-

FE~55 /WNT 2.T727E+06"

FE~SS /S4T 4.6450E+06
FE~S5S5 /AIR 4.827E+10
. 8.660E-06
NI=59 ZACC "3,698E+10
NI-S9 /CON 3.872E+10
NI~59 /AGR 14267E+]1
NI~53 /FD0 J.693E+03
NI=53 /DGM 6.200E+03
NI=53 /WWwT 8.537E+06
NI~S9 /SWT 9.B2SE+06
. NI=S9 /AIR 1.505E+11
- CN=60 '14320€E~01

" CO-60 /ACC 2.358E+12

*" €0-60 /CON 1.237E+11

. CN-60 /AGR ‘3,69SE+1)
. "C0=60 /FO0 'S5+274E+03
1 CO-60 /OGM 1.540E+07

T 'C0O~60 /WNT ‘1.432E+08
C0-60"/SwT 1.458E+08 -

.. CN=hd /AIR 2.683E+]2
NI«63 . ' TeS30E=03

© . NI=63 /ACC ‘3.056E+10

N1-63 /CON1.040E+11

" NI=63 ZAGR 34341E¢11

. NI=63 /F00-9.878E+03
" Q4

"NI=63 /SWT 20260E+07
NI=63 ZAIR 3.341£411
NB=94 - * ‘JkT0E-05

| "NB=94 /ACC*6.102E+11
" INB=94 /CON 14389E+10
NB-94 /AGR 1.399E+10°

NB-94~
NB=94"
NB=94
NB=94"
N894
SR=90
S=90
SR=90"

/F00 2.116E+00
/DGM 9,630E+06

/SHT 3.232E+07
ZAIR 6.103E+11
©. "2e6T0E~02
ZACC 2.,417E+13 9
JCON 643%4E+13

SR~90
. SR=90
SR-90
SR-90
SR=90
. TC=99
TC=99

/0GM 3.060E+04
MWNT 9.564LE+09
ZSWT 1eQl4E+10
ZJAIR 1.892E«14
" 3.270E~06
JACC 1¢176E+09
/JCON 2.960E+09
ZAGR BoS4BE+D9-
/FQ0 6.5665003
J0OGM - 0. .
ZWNT G&o1B6E«0S:
ISWHT 44240E+0S"
JAIR 8.548E+09
7 4.080€-08"
Z4CC 9.116F 11

TC=99

7C-99
, 7C-99
' 7C-99
T€-99
1C-99

' ’T-"’Q

/wdT 3e193E+07

H-81

.

Listing of DATAD Data File (Continued)

evecwm w=

1.328E+12
1.480E-02
1.885E+10
4.A16E+10
1.903E+11
2.161E402
0.
1.244E+07
2.316E407

2.064E+11
1.480E-02

9.378E+10
20325E+11
7.‘0765‘11
20211E+04
6+200€+03
Loa2SESQ7
S.196E+07
TeT33E1Y
l1.480E=02
2.336E+12
2.280E+10

‘2+280E+10

6052'
1e540E+07 -

*1.238E+08

1.238€£+08"
24336E012
l.480E=-02"-

"9.602E+11"

J.150€.12"
1.001E~13

2.94SE+05

Q.

"Se711E+08"

6.738E+08 -
1.001E+13"

‘14110E=02"
“GellbEs]ll

1.51SE¢10"
1.548E+10
T+078E«00-
9+630E+06"
3.196E+07-
3¢3264E+07-

9.860€-03-
9.617E+13

"24588Es16°
ZAGR 1.891E+14 7
/FO0 6.40TE«07"

«GBGE+ 14

3.0605006
3489SE+10"
44128E+10
7.688E+14"
1.150E-01"
9.680E408
S.&11E409"
1933E+10

163SE+06

Qe

1.042E406

1.0S6E+06
1.933E+10-
1.150€-01"

ﬂ QIRFoll ﬁ.\lﬂ?‘ll S.12AF¢ 17 A.GIQFOII A. €77FQI|

24061E+04 -

weccam w: SCectwmawm we

2.660E+]11 2.660E+1]

6.300E+02 5.400€+03

2e413E+10 1.613€E+10
3.941E€+10 S.080E4+07
1,376E+11 50080E‘07
le “93E’°2 00 :
: Qe - 0.

8.863E+06 B.609E+05

1.625E~07 8.609E+05
1,537€+11 1.613E+10

%e200E+02 3.600E+03
'S.058E¢10 2.578E+10

8,130E¢10 S5.,980E+07
2.581E+11 5.980E+07
TeS90E«03 O

‘64200E+03 6.200€03
"1e609E+07 14377E+06

2.660E+11

106135010
£.080€+07
5.080E+07
T Qe

: 00'}"
8.609E+05

8.609E+05
1.613£010

'2578E+10

Se980E+07
S.980E+07
O
‘6:200E+03
1.377€E+06

‘1.8T4E«07 1. 377E~06*l JTTE+06
2.838E«11 2.5785010’2o57HE¢IO
44200E+02 ‘Jo600E«03 "

'20353€+12 2.336E12
TeS99E+10 2.280E+10

2.3365012
24280E10

1.874E+]1]1 2. 280E¢10’2.280E‘10

2.3915.03
1.540E+07 1.540E+07
14326E+09 -1.238E+08
1.338€408 1.238€+08
'24500E+12 -2.336E%12
4.200E+02 3.600E+03
6.576E+10 1.560E<08
2.176E+11 1.S60E4+08
€i931E+11 1.S60E+08
0.
00 ¢

Q¢ -~ ¢

" Oe

15408007
"1 ¢238E+08

1.238£408 -
2.336E012°

1.560E+08 -
1.560E+08 -

1.560E+08

0.
Q.

mesvam or wescewm e

2.6605‘11 24654E+11

2.0815011 109255010
2+095E+1172.116E+18
2e664Es)] T,7S2E+1D
8.331E001 8.566E+01
" Qe et O
S6326E+06 S5.452€+06
FebGIES06 F.692E+06

2080“5‘11 903605‘10

5.7785‘10 2 BSOEOIO
3.206E+10 '1.441E10

Je206E+10 S5.082E+10

. 0e i -r14563E+07
64200E+403 6.200€+03
‘1e37TE+06 4+408E+06
1e3TTE+06 44953E+06
5.7785010 *T<654E+10
2.6365013 ZoSOAE‘lZ
2e402E+13 '8.593€+11
2.6025‘13 "24953E+]12
L 0e. s 4ew92E0

560807 1 540E 07
12239E+08° 2.893E+03

1.239€¢08 -3.112E+08
'2.634E+13 5. 266E+12

B4S16E410:7,436E409
8.816E+10 °3.911E+10
8.816E+1071,283E+11
0e - 464259E+03

Qe ' s

. 06 Lty Oe
3.9S8E+0T 4¢276E=01 4.276E=01" 2.6165002 8,25BE+06

4o6T0E+07 44276E=01 4,276E-01 -2,616E+02 9.74IE+06
6+931E+11 ‘1.560E408" 1.5605006 8.8165010 1-3835011

14000€+03 "1.000E+04 "

‘64108E+11 6,095E+11 6.107E¢11 1. 3305012 6.839E011
14454E410 1e320E+10 1 .646E+10°7.332E+11-4,432E+11
1.472E410 1.320E+10 14466E+10 7.33ZE¢11 ~1.557E+12

3.937E¢00 -~ 0.

9.000E+00:7.300E+01 -

1.668E+1]1 ‘1,668E+1]- lo668€011 109805011
1.760E+09 1.T60E+09 1.760E+09 ' 3,296E+10
’ 1.7605009 1.760E+09 107605009 3. 2965010
2.611E+08 _-° . T T .
3.0605004 3.060E+04- 3.0605005 3.060€+064
8,835E+406-8,835€406 8.83S5E+06 B,83SE+06
B¢BISE+06-8.8IS5E+06 BBISE+06 8,835E+06-
1.668E+11 1.668E+11- 1-6685011 1.9805011

24000E+00 :5.000E+00 °

2.2B0E+09 T.600E+08 1-9965010 7.6005009
8.890E409-7.600E+08 1.031E+11 T4962€+09
2.960E+10 7-600E008 3.636E+11 9,720E+09
- 3-0615005

2.5335006
O

0.
-0

1.551€+06 2.083E+00 1.9S1E+07 1.3185605
1.S71E+06 2.N83E«0N 1.976E+07 1.335E+05
24960E+10 T.L00E~08 3. 6365’11 9.7215009

2.000E+00 S.000E+00

- 30892E¢00
Qe 5305006 9.630E+06-9.630E06 9.6305006
3.194E407 J.192E¢07 3,194E+07 3,192E+07
3.266E+07 3.192E¢07 3.265E¢07 3,192E+07
6.118E+11'6,111E+1]1 6.095E+11 6-!;05011 1-3308012

"0

' 2eJF0E0H
9.630€E+06
14466E+0R

4.496E+09
2.153E°12

168925011

&44,T27E*12
1:946E¢13

T5643E+06
3.,060E+04
1.134E+09
1+201E+09
:lo962E°l3

T7.880E+09
‘2e240Ee11
9,008E+11
7.953€+05
- 0.

S.069E+07
S.135E+07
'9.008E+11

R.GPIF e

Qe

08t

2.067E003
“0e -



® Qe ecsww

1-129 /CON
=129 /AGR
-1=129 /FQ0
[=129 /0GM
1-129 /7wdT
1=129 /SHT
I=-129 /AlIR
.. CS=13% .
CS-135/ACC
CS=135/CON
CS=135/A6R

" . CS=135/F00

. CS=135/0GM
. CS=135/wnT
CS-135/5uWT
€S-=135/74AlR
CS-137

CS=1377aCC
CS=137/CON
CS=1137/AGR
CS=137/F00
CS=137/064

- CS=137/uwT

CS=137/5uT
CS=117/AIR
J=23S

U=235 /ACC
J=235 /CON
U=235 /AGR
U=-23S /F00

. y=235 J0GM’

U=23S /7wil

T y=235 /SWT.

U=235 /7AlR
"Y=238
U=233 /ACC

. U=238 /CON.

U=+238 /AGR
U=-238 /F00
. U=238 /0GM

U=238 /wdT. 3
.1.868E+08

- U=238 /SHT
- U=238 /AIR
NPe237 .
NP=23T/ACC

NP=237/CON
NP=237/AGR
NP-237/F00.

NP-237/0GH

© NP=23T/WMT

NP=237/SuT

NP=237/A1IR.

Py-233-
PU-238/ACC

PU=-238/CON.

PU=238/AGR
PU-238/F00

" PU-238/00M.

PU-238/uNT

" PU=238/SWT
PU=23R/AIR.

. PU=239 -
PU=-23974CC
P11=239/CON
P1)=239/AGR
Pll=219/F0NN

2e+068E+12
8eJ46E+]12

6.019€+04

1.920E+04
4,289E+Q7

%¢389E+07

Qe¢197E12
2¢310E-07
24371E+10
1566E+11
Se729E+11
B8.836E+03
'

3,318E+07
l1+462E«08
Se729E+11
24310E-02
4,499E«11

1+39T7E+12

Sell17E+12

.T«896E«04

3.500E+06
3.094E+08

1302E+09
S54358E+12

9.760E~10
2.062E+12
24643E012

S 156Ee12

1.443E04
1.S00E+0S
2.073E+08
2.109€+08

S¢374E+12
. 14540E=10

1.,695€-12
2.629E+12
‘.77650!2

1.348E+04

S<160E+03
1.835E+08

4,789€¢12
J.240E-07
S.202€+16
S.209€E+14
S.238E+14
1.645E+06
6.560€+04
2.312€+08
2.572E+08

5.239E+14

8.020€E-03
24000E+]1s

2+003E+14.

2.012E°14
1.137€+03
1.930E+01
T«019E+07
Te485E«07
2¢012€E14
2+840E=-0S
2+240E«14
2:26JE*14
20253E+1s
1.270F 0}

H-82

Listing of DATAD Data File (Continued)

Tel24E+1l 64123E+11.1:624E+1S
Ce942E12 2.528E+12 6,S53E+1S
2e137E+04 1,836E+04 4,725E407
1.920E+04 1,920E+04 1,920E+04
1e758E+07 1.562E+07 3.081€-10
1.793E+07. 1:5925+07 3.160E+10
Je792E+12 3.379E+12 64554E+15
1.620E~04 8,500E+01. 7,200E+02
9.651E+10 8,851E+10 S.080E+08

4e209E+1) 3.879€¢11 S.080E+08
1e437€+12 1,326E+12 5.,080€+08

24157E+034 1.991E«04
0. I

8.098E+QT ToATSESGT 1.3925000

3.520E+08 3.250E+08 '1.392E+N0
1e6437€¢12 1,326E+12 5.080E+08
1.620E-04 8;510E+01 7,200E402°
6.339E¢11l 7.775E+11 2,419E.11
l«719E.12 2.3515‘12 1.530E+09
Se872E«12 8,030E+12 1,530€+09

8.814E+04, 1,205E+05

3.500E+06 3.500E+06 3,500E+06
344IBE+NY 4,655E+08 1,287E+07
1:652€+09 1.981E+09 1.287E+07
6e112E+12 8,270E+12 2.419E+11
14250E«Q% 84400E+02 7.200E+0)
3.062E+13 2,214E¢11 2,214E+3)
4e361E+13 1.5390E¢09 l S90E«09
+SF0E+19

8.500E¢13 1.590€+09 1
2437RE+QS " Qe

1.500E+05 1.500E+05 1.500€+05
11T7TE«0QT
30294E009 1.177E+OT 1.17T7TE407
8.522E+13 24214E+]1 2.2]14E+11.
10250E=04 8.400E+02 7.,200E+03
20882E+13 1.454E+10 1.454E+10
4414SE+13 8,570E+07 8,57TQE+Q7 _
8.108E+13 8,570E+07 8.570E+07 1
i v+ Qo

Se160E+0) S.160E+03 S,160E+0)
3.087E409 7.739E+05 T+739E+0S
3e144E409 7.739E+05 T.TIFE+0S
‘801095013»1.4568010_1.6545010
4.670E=~04 3,000E+02 2.500E+03
1.200E+16 1,120E+15 14340€+11
1-2025016 "1.122E+15 8.400E+08
14209E¢16 1.128E+15 8.400E-08

3423SE+09 1.177€+07

2:2TTE«(05 " Qe -

44067E+05 3.533E+04

6¢560E+06 6.S60E+04 . 6,560E+04
54546€+09 4,88SE«Q8 T.126E+06
60189E+09 S.443E+08 T.126E+06
10209E+16 14128E+15 1.340E+11
©s6T0E=04 B,A00E+02 74200E+03
4.080E+15 2,800E¢1S 1.924E+10
4©¢091E+15 2.802E+15 8.870E+07.
©e126E+15 2.807E+15 8.870E+07.

4¢522E+04 6.371E+0] -

14930E+01 1.930E+01 1,930E+01
20T41E¢09 3,931E+08 1,025E+06
20926E+09 4.192E408 1,025E+06
4¢126E+15.2.807E+15 1.924E+10
4¢6T0E=046 B84400E+02 7,200E+03
4«B800E+15 3,120E+¢1S T.400E+Q9
44813E+1S 3.122E+1S S5.170E+07
4eB854E+1S 1.127E+1S S.170€-07

Se?2VaF+04 T.069F N

0. -

" Oa.-

».0
[}

3 0.

1 Qe

;0

Q.

- 14223E«0S -
6+560E04

werwsowm aa

1+315€E+12
Se633E¢12
J.9ATE+CH
1.920E+0s
24938E+07
3-0055‘01

6.284E+12

3,331Es10,

1.464E+11
5,014E+11
7.531E+03

< .. 0e,

2.828€EQ7
1.229E+08
Se014Ee])

4.250E+11)
A4010E-1}
2.729E~12

4,092E+04

3.500E+06

1.665E+08
6.303E+08
2.9695012

7 Z62€‘l2
1.013E+13
14979E~13

S.552E+04
1.500E+05
T«64L3€E08

7.781£+08
2+001E+13

6.575E+12
9.66TE+12
<349E+13

. 5.196E+04 .

Se160E+03],
7.050E*08
74179E+08 "
1.850E013

3.840E418

3.84TE-1S
3.868E+19

1.674EQ9
1.867E+09
3.368E+15

B.801E+14 &
8.812€+14,
8.8505‘1‘

4,R68E+03’
1.930€+01

2.9T72E+08

3.171E+08
B.850E+14

9.601E414°

F.613E+14
9.655E+14
%<19F e

woeSrm= ae

6¢366E+09.

6+366E+09

i TR
loquEOOOv

J.644E06

Je664E 06,

8.572E+11

1.491E410°

4.,884E+10

1.551E-11.

24256€+01
0.
8,472€+06
3.683E.07
1.551E.11

3.299E.11
2.941E.11
9.350€.11
1.360€+04
3.500E«06

6¢394E+07

2¢349€408

"1eL7SEe12

3.360E+15

Je360E+15

3.360E.15
0e
1.500E+05
24098E+Q7
24098E+07
3.360E-18

3.120E415°

3.120E-15
3.120E415
.:°.

Se160E+03

9.325E+06
9¢325E+06
3012050‘5

3.602E+14

34600€e14

J4600€e14
-0e

84113E+06

8.113E+06

3.6025‘15

.0308015
4.080E«1S
4,080E+15

0.

1.930E+01
1.221€+07

1.221€+07
4,080E+15

3.340E+15

3.A40E15

3.840E+15
Ne

wowmew oo

9.,787E+10
4.006E¢11
2+901E+03
1.920E+04
SeS36E+06
S.S84E+06
14251E+12

1.004E+09

‘84007E+09

2¢994E+10

‘6.6565002

1.7‘65’06
T«600E+06
24994E+10

2.464E4]11)
3.919€-19g
1.491€+11

24333E+03

J.S00E+06
24163E+07
S+096E+07
3.895E+11

5.175Ee11
1.586E+12
5,621E+12
2.319E404

1.500E+05

3.,261E+08
J.J18E+08
Se861E+12

2.566€+11

1«l16TEsL2

3.,989€+12

- 14633E4004

S«160E+03
24221E+08
20262E+0A
4,003E+12

1. T40€+11
1.550E+12
S.652€+12

. 20J5TE0S
6+560E06

6.,560E+04
3.,263E+04
J.63SE+08
S.788€~12

3.313€+11
1.514E¢]2
Se277Es12
4+855E+0)
1.930€+01
249640E+08
3.139E+08
S«297E]2

3.034E11
1.392E¢]2
&,B826E+12
8,029F 40
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Listing of DATAD Data File (Continued)

- mwmrsr ew e Sm w wowe e -

PU-239/DGN '94390E+01 9.390E+01
PU=239/WWT T+76SE+07 3.,172E+09

“PU=239/SWHT 8.286E+07 3.3B6E+09"
‘3.127E+15

PU=235/A1R 2.253E+14 4.854E¢])S
PU=241- - 1 5,250E-02 4.670E~-04
PU=241/ACC 13.040E+12 T.440E+13

(L IPUYR41/CON " 34046E+12 To46TEL3

PU=241/AGR .3.063E+12 7.552E+13

PU=241/F00 2.,208E+01 1.097E+03"

Pl)=241/DGM 3,4J0E-0] 3.,430E-01

- PU=241/WNT 1.361E+06 6.642E07
PU=241/SWT 1.431E+06 .T.091E+07"

PU=2417A1IR .3.063E«12.7.553E+13
PU=242

PU=242/CON 2+16JE+14 4,492E+15

PU-262/AGR 2,173E*14 4,530E+)15:2
"64783E+03

PU=242/F00 1,224E+403 4.,848E¢04
PU=242/0GM 0, 0o

PU=262/WNT T.S20E+07 2.938E4+09
PU=242/SWT 8.021E+07 3.137E+09
PU=242/AIR 2.173E+14 4,530E+15
AM=261 1.510€-03 4.110E=03
AM=241/7ACC S,041E¢14 7,120E¢15
AM=26]1/CON S5,049E+14 7,134E+1S
AM«241/7AGR S 0TTE+14 T7.176E+15
AM=241/F00 3.599E+04 S.448E«0S
AM=261/0GM 7,710E+0t4 7.710E+04
AM=241/WNT 2624T7E«08 3.340E+09
AM«241/5WT 3.721E+08 S5.572E+09
AM=24]1/7AIR S.,078E«14 7.176E¢15
AM=24] - B8.720E=05 4.110E=03
AM=243/7ACC 4o961E~164 7.,040E+1S
AM=243/CON 4.969E+14 7,054E01S
AM=243/7A6GR 4.996E+14 7,096E+15
AM=243/F00 3.525€+¢04 S.441E+05

2+480E=06 4.670E=-04"
LT PU=262/ACC 2.160E+14 4.480E+1S

AM=243/0GM 1.860E+05
AM=243/WNT 2.208E+08
AM<263/SWT 3.653E+08
AM=243/7AIR 4.997E+14
CM=243 2¢170E=02
CM=263/ACC 3,843E+14
CM=243/CON 3.,846E+14
CM=263/7AGR 3.866E+14
CM=263/F00 1.113E+04
CH=243/DGM 3.820E«0S5
CM=243/WNT 1.647E+083
CM=243/SWT 2.087E+08
CM=243/7AIR 3.868E+]14
CM=244 3.940€E~02
CM=244/ACC 2.800E«14
CM=244/CON 2.B05E+14
CH-244/7AGR 2.820E«14
CM=244/F00 84520E+03
CM=244/0GM 5.640E+01]
CM<246/WWT 1.,170E+08
CM-244/5WT 1.507E«08
CM=244/ATR 2.820E]4
REGION | 9.180E=12
24000E+02
1.000E+00
4.000E+02
2+:010E-11
4.,200E+01
1.000E+00
fabNNESDY

REGION 2

1.860E+0S
3.337€+09
S.566E+09
7.096E+1S
4.6T0E-04
64161€1S
6.171E+15
6.204E+1S
108975005
3.820E+0S
2.598E+09
3.3“75009
6.20‘5015
4.670E=-04

4.400E1S"

4.408E¢]S
40“33E015
1.434E+05
S.640E+01
1.954E+09
2.S21E+09
44433E+15
2.960E=11
S.000E+023
1.000€E+00
8.000E+02
3.180E~11
4.000E+02
1.000€+00
1.ANNF+03

9.390E+01
44343€E+08
4,632E408

8.400E+02
%¢560E+13

G.SGIEOIJ.

4eS66E+1I
S.613€+01
3.430E-01
3.512E+06
J.T42E+06
4,566E+13
Bow00E+02
3.,040€+15
3.042E+1S
«0467€+15

Q.

4,184E+08
4e462E+08
3.047E+1S
3.000E+02
6.6460E41S
6.645E+15
6.660E+15
1.916E+05
7710E+04
1¢189E+09
1.974E+09
64660E+15
3.000E+02
6.4B0E+1S
6.485E+15
64499E+1S
1.849€+05
1.860E+05
1.148E+09
1.906E+09
6¢699E+]1S
3.000E+02
5.601E+15
S.604E+15
Se616E+1S
T+15SE+04
J.820E+05
9.970E+08
1.280E+09
S5.61TE+1S
3.000E~02
4.160E+15
44163E+1S
&Lo1T4E+12S
6.145E+04
5:640E+01
8.443E+08
1.087E+09
h.l?kEolS
1.970E-04
1.000E+04
1.000€+00
1.830E-10
1.160E=-03
8.000E+02
1.000E+00
1.83NE~1D

0390E001 .9.390E+01
3.934E+05 .3.,285E+08
3.934E+05 "3,506E+08
T+400E+09 9, 6568014
7+200€E+03 .
44 T780E«07 1-450E013
+7B0E+07 1,443E+13"

4o780E+07 1,6450E+13.
..21e017E«02
3.430E-01'3.430E~-01:

0.

1.310E«01 6.179E+06
1.310E-01 6.596E+06
4,T80E+07 1. 6505013
7-2005003 T
1,64]1E+10" 9 601E‘15
6.930E¢07:9.613E¢14
6.930E+07 9.653E+14
0. S.194E+03
0, 0.
Te6T4E+0S 3.168E+08
Te6T4ESNS 3,381€+08
1,641E+410 9,654E+]14
2.500E403
T«869E€+10 3.840E¢15
3.800€+08 3,847€¢15
3.300E+08 3.,868E+15
0, 2.707E+05
T«T10E+064 T,T10E+04
4o 192E+06 1.663E+09
44192E+06 2.T72E+09
Te869E+10 3.868E+15
2.S00E+03
9.096E+10 3.760E+15
6.090E+08 3,767E+15
6.090E+08 3.787E+15
0. 2+654E+05
1.860E+05 1.860E+0S
4,83TE+06 1,631E+09
4.837E-06 2.718:’09
9.096E+10 3,788E+]15S
2+500E+03
2.444E+11 1,760E+15

2.,260€+09 1.763E+15

2,260E409 1,T72E+1S

0. $.195E+04
3.,820€+05 3.820E+05
1.296E+07 7.212E+08
1,296E+07 9.264E+08

24444E411 1.TT2E+1S

2.500€+023
1.T06E+10 1,280E~1S

Te230E+07 1,2B2E+15

7.233E007 1.289E+15
L)
5.640E+01 S5.640E+01
9.,093E+05 S.430E+08
9.093E+05 7.001E+08
1.706E+10 1.,289E+15
4.930E~05 7,700€E+03
4.000E+02 1.000E+04
1.010E~-09 1,510E~09
2.610€E=-12

3.260E~05 T.700E+03
1.300E+03 1.000E+04

3.5005‘10 502505'10
3.3723F =12

3,978E+04

9.390E+01
1.092E+07
1,092€+07
308“05‘15

6.800E+12
6.800E+12
6.800E.12
. 0.
3.430E-01

‘1.864E+04

1e864E+04
6.800E+12

'3.680E+1S
J.690E-15
3.680E+15

Ce

Oe
1.0855007
1.085E+07
3,680E+15

4.241€+16
4o240E014L
Lo2640Ee14
0.
TeT10E+04
5-35‘5006
S5.354E+06
h.ZhlEo 1‘0

4,001E+14
50000501“
44000E+14
O
1.860E+09
S.933E+06
S.933E+06
4.001E+1%

60503E‘1“

4e400E014
0.
3.R20E+0S
le217E+07
1.017€07
44603E+14

4,400E01G
Ge400Es]G
“e400Es 16
0.
506405001
2411S5E+06
2.115E+06
6.4005016
2.000E+05S
24000E+04
1.120€-07

24000€+05
24000E+04
1.120E-07

. ewm ww

9.390E+01
2.676E+08

:2085BE+08

4.833€+12
S.568E+09

;24B61Es+10

1.008E+11
9.310E¢01
3.430€E=-01

‘S.618E+06

5.999€+06
1.,008E+11

2e944E-~11
14355E-12
4,122E+12
4¢343€E03
0.
2.628E+08
2.806E+08
4,TIGE+12

3.587€411
1.508E+12
S+355€E¢12
4,936E«06
Te710E+00
J.047E+08
S.069E+08
S634E+]12

3.630E+11
1.713€E.12
6.223E+12
S.787E+04
1.860E£+05
3.5T2E+08
S.942E+08B
6.313E+12

S.484E~11
1059“E012
Se629E+12
20319E«04
3.820E+05
3.269E+08
4e184E+08
5.871E.12

3.051£-11
1.,533E¢]2
5.“3“5012
20241E+04
Se640E+01
Je044E+0A
3.929E+0R
S.451E+12
4.S00E+06

3
4.500€+006
3



Tu-—_

REGION 3
REGION &
QEGION S

REGIOM 6

e s ecaw oa

2.510E-11
1.400E+02
1,000E+00
1.600€+02
2+.640E-10

1.500E-01°

1,000E+00

8.,000E+00-
'34180E=11:1,160E-04

200105'11
3.200E+01
1.000E+00
64400E+01

2.010E=-11"
©4500E«02 8,500E+02-

9.,200£+01
1.000E+00
6+,400E-01

H-84

Listing of DATAD Data File (Continued)

3.,280€~11 9,000E-0QS
2¢900E+03 5,800E+03
1.,000E+00 1,000E+00
8.000E+02 loa3°E‘lo
8.060E-11 1,300E-06
3.000€+02 6,000E+02

-1+000E+00 1,000E+00

8.000E+02:1.830€-10

J+900E+02 7,900€E+02
1.000E+-00 1.000E+00
1.600E+03' ]1,830E-10
3.180E-11:1.160€-02

1.000€+00 1.000€+00
1.600E+03 1,830E-10

‘e romem o

24250€-0S
4¢000€+02
3.860E~10
24550E=12
3.250E=-07
1.300E.+03
2.660E-ll
1.790E=-12
3.240E=-06 -
1,300E+03
J.030E~10
J3.323E-12
302405‘0“
1.300€+03
3.030€E=-10
3.323E~12

7.TT0E+03 2,000E+0S
1.250E+04 2.500E+04
5.790E-10- 1.120€-07

7.700E+03 2.000E+0S
3.000E+06 6.000E+04
3.990€-11.1.120E-07

LICY S .
T.T00E+03 2.000E+05
1.000E+04. 2.000E+04
4.550E-10 1.120E-07
T«TO00E+03 2.000E+05
1.000E«06 2,000E+04
4,550E-10 1,120E-07

4.S00E+06
“
4.500E+05
2
4.500€+06
2
4.500€+06

.“



36
He3
H-3

. He3
. He3

. . He3

¢ Hed ..

T Hed

3
L Hed
C-leo

. Cell

':‘c-lbl
Celb.

:C=la

L. G164
. Cela
FE-5S

- : .FE=SS
7 'FE=SS
. FE=S$%

- . FE=SS

.. it. FEaSS

5

. 77 FE=SS
. ... FE=SS

..+ FE=SS

N1-59

‘NI=R9 :

.. NI=59

~ . "Nl=59

‘Nl=59

. N1-59,
LT 'NT=S9”

. :'Nx'591.
"ZAIR

NI=59

Co-60
:C0=60
.CO=60

. [ CO=60.
. CO=60.

C0=~60

. CO=60

. :CQ=80
.- CO=60
N1=63

T Nle63
NI-63
NI=-63

. NI=63
‘Nl=63

s NI=63

s NT~63

S NI=63

NB-94
N894
N894

| NB=94

. . NBe94"

N + - NBa94 -
© o NBeG6
NBa94 -

- NBe%4
SR=90

. QR=QN

23

. JACC
. #CON
<. JAGR
. /FQ0
/00"
WA Lg

/7547
/AIR

/ACC
/CON
ZAGR
/F00

- /O0M

/Wt
/SWTY

CAIR

.JACC
~#CON
./AGR
»/F00

70GM
i lls
4SHT
/A1R

ZACC
/CON
JAGR
/FQ0
/70GM
Z7wNT
/54T

Z7ACC

/CON

ZAGR
/FQ0
/0GM
/wdT

.ISWT

ZAIR

ZACC
Z7CON
ZAGR

-/F00
J06M - -
XA LL

/7547
/AIR

/ACC
/CON
ZAGR
/F00
/DGM
ZWdT
/57
/AR

J4CC

1.00 .12
5.630E-02
14252E+09
1¢172€+10
4o4S1E*10
S.995€+ 046
Qe
203675006
24J08E*06
he6S1E-10
14210E=-04
J.166E+09
6.678E+10
20660€+11
J.,721E+05
0.

lett1E«07?
J.761E«07
Ce660€«]1
2+670E=01
1.805E~10
Y.283E+99
3.219€E+10
J.482E+01
.+ Qe R
2.T27E+06
4 4450E+06
4£.827€E+10
B.660E=06
3.698E¢10
3.822E+10
1e267E*11
3.693E+0)
6.200€+03
8:537E+04
9.825€+06
1.505€+11
1.320€E-01
20358E]2
1.237E+1)
J.695€+11
5.274E+03
1.S40E«07
1.432E+08
1.6458E+08
24683E+12
T+S30E~03
3.056E+10
14040€+]11
3.341E+]1
9.878E+03
L T
1.91SE+07
2.260E+07
3.341E+11
3.470E~0S
6.102E+11
1438%E+10
14399E+10
2¢116E+00
9.630E406
3.193E«07
3.232E4+07
6¢103E+1]
2¢670E=02
PLVIF1

H-85

Listing of NUCS Data File

«06 03
1.150€«00
S«190€+07
S«190E+07
S«190€+07

0.

I -
.- Qe

14422E-0]
14622E-0]
S«190E+07
S«760E=03
140SE-10
3.321€E11
1.328E12
1.861E+06

0.
T.205E+07

1.880€E+08
1.328E+12
1+480€=02
1.,885E+10
4«816E¢10
14503E¢11
24161E+02
- . 0e ..
1e246E+07

2¢314E07

2.064E+11
1.4B80E=02
9.378E+10
24325€+11
TetT6E1]
2+211E+04
6+200E+03
44425E+07
Se196E+07

T4733E+11

1.480E~02
2¢336E+]12
2+280E+10
2+280E+10
.Oe

1.5“05007
1.238E+08
1.238E+08
2¢336E¢]2
1.680E=02
9+602E~11
Je150E«12
1+4001€«}13
2+94SE+QS
. OCfA

5.7T11E408
6.738E+08
1.001€+13
1¢110Ex02
6.114E¢11
1.51SE+10
1,5648E+10
T+078E«00
9.630E+06
J.196E+07
3,324E+07
6.118E+11
9.B60E~-03
9.417F+12

06 L12
1.000€E+00
1.252€409
1.172E«10
4.45S1E«10
S.995E+04
o Qe
2¢36TE+06
2+368E+06
4.451E-10
1.000€01
3.166E+09
6.678€+10
2.660E¢1]
J.T21E405

Qe
1.661€+07
3.,761E+07
2.660E+11
64300E+02
2+413E.10
J.941E+10
1376E11
1.493E+02

- Qe
8.863E+06
1.625E407
1537€+11
4.200€E+02
5.058E+10
B8.130E-10
2.581E+11
T«S90E«02
6200E+03
1e609E+0Q7
1.8T4E+07
2.838E¢11
44200E+02
2¢353E+12
TS99E+10
1e8T74E+11
20391E+03
1.540E+07
1.326E+08
1.338E+08
24S500E+12
4+200E02
6.ST6E+10
2.176E+11
6.931E¢11
2+061E000
Qe -
3.958E+07
446T0E+07
6.931E411
1.000E+03
6+108E¢]]
1.654E«10
1.472E¢10

3.937E+00

9+630E+06
3.194E+07
Je266E<07
6e111E0]1
9+000E+00
1.66RF 11

AL
A .

06
1.000E+00
1.252E+09
14172€+10
6,6451E+10
S5.,995E+04
Tos 0-- -
Ce36TE06
2¢368E+06
4,451E-10
1+000E+0)
3.166E+09
6.678€E+10
24660€+1Y
J,721€+05

0.

1,441E+07
3.761E07
2.6605’11
S.400E+03
1.613E«10
S.080E+07
5.080E+07

. Qe :

- Qe N
8,609€+05
8,609E+0S
1,613E+10
J.600E+02
2.578€E+10
5.980€«07
5.980E+07

_o."_L PRI

6.200E+023
1377E+06
1.377E+06
C¢STBE*10
3.600E+03
24336E¢12
24280E+10
2.280E+10

+0e. * .

1.540E+07
1.238E+08
1.238E€+08
24336E¢12
34.600E+03
1.560E+08
1.560E+08
1.560E+08
0.;
Qe .

4,276E=01
64276€E-01
1.560E+08
1.000E+04
6.095Es11
1.320E¢10
1,320E¢}0

o 0e
9.630E+06
3.192E+07
34192E4+07
6.095E+1}

T+300E+0]
1.ARAF 11

B

1.252E+09.

101725010
4,4S1E+10
5.995E+04
- 0e ¢
2,36TE+06
2.36BE+06
4o 6S1E+10

5016‘E‘0§'

6.678E¢10
2+660E+11
30121E0°S
e
14441E+07
3.761€E+07
2.660E+11
1.613E+10
S.080E+07
S«.080E+07
0. .

8.609E+05
B8.609E+05
1«613E+10
2.578€410
5.980E+07
5.980€+07
Oe .

6.200E+03
1.377E-06
1.377€E+06
2.578E+10
24336E¢12
2.280E+10
2¢280E°10
-0 .

1.540E+07
1.23R8E+08
1.228E+08
24336E+12

1.560E+08
105605908
1.560E+08
R L
i -0e -
&44276E-01
4,276E-01
1.560E+08

64107E11

1.446E+10
1e464E+10
3,892€+00
9.630E+06
3.194E407
3.265E+07
64110€E¢11

1.RRAF 1Y

1.252E+09
1.172€010
44451E+10
S.995E+04
" o. 4 .
2¢J6TE06
24368E+06
44481€E.10

3.166E+09.
6.678E10
2e660E+11
3.721E+0S

cor Qe oot

1.661E407
3.761E407.
2.660E+11"

..'.r.
€+081E«]11

~5.!905’07
1.052E+10
44,331E-10
Se995E+04
. 0o

2.367E+06
2436BE«06,
40,331E.10

24526€+09
6.614E010
2.654€+11
3.721£+05
0.
1eb61E«07
3.761E+07
2.654E+11

1.925€+10

2.09SE«11 2.116E+10

20644E+11
. Q0 ‘.

7.752€«10

. Bq33lE¥0}AB.566EOOI

. Ge
Se326E+06 5,452E+06

9.649E+06
2+804E+]1

9.692E+06
?03608010

S.778E+410 :2.850E+10
30206E510 ‘14441E+10

3.206E410
“ Qe -
6.200€+03
1.377€+06

5,082E+10
1.563E+03
64200E+03
4.408E+06

1.377€406 4.953E+06
S.7THES10 7.6548+10

2.634E413
2¢402€+13

2.504E12
8.,593E+11

24402E+13 -2.,953E+12

vy Qe
1.540€«07"
1.239€+08

Lk eh92€e06

1e560E+07
20893E+08

14239E+08-3.112€+03

24634E+13

5.2668?12

B.B16E+10 Te436E+09

8,816E+10
8.816E+10-
A Y 'o. .

< Qe
200616E402
2¢616E+02
8.816E+10

1.330E412
7.332E411
733260100
7+332E41

9.630E406

-34192E+07

3.192E407
1033°E312_

3.911€+10
1383E+11
4.259E+02
. Oe

8,258E+06
9.TLIES06
14383E+11

;60839E‘11
4.432€+11
1.557E+12
2¢390E+04
9.,630€E+06
1466E+0R
4o496E+09
2.153€-12

1.9ANF+11 - 1.892F¢ 11



tum_

© U=238

wis tew s rew

SR«90 /CON
SR«90 /ZAGR
SR=90 /FQ0
SR-90 /0GM
SR«90
SR-90Q
SR-90
TC-99
TC»99
TC-99
TC-99
TC~99
TC-99
7C-~99
TC-99
TC-99
1-129
[-129 /ACC
I-129 /CON
1-129 /AGR
1«129 /F00
1-129 /0GMm
=129 /WwNT
I-129 /SWT
1-129 /AIR
CS~135

Cs=135/aCC
CS~135/CON
CS~135/AGR
CS~135/F00

/ST

/ACC
/CON
/AGR
/€00
/0GM
/WNT
/54T
JALR

CS~135/0GM -~

CS=«135/unT
CS~135/54T
CS~13S/A1R
cS~137
CS=137/ACC
CS~137/CON
CS=13T/AGR
CS-~137/F00
CS=137/0GM
CS=137/7%MdT
CS=137/5uT
CS<137/AIR
U=235
y=23S
U=235
U=235
U=-23%
y-235S
U-235
U=23S%
T Y=235
U-233
u-238
u=-238
7 =238
u-238
U=-238
‘U=238
_U=238

ZACC
/CON
ZAGR
/F00
/706G
JWNT
/SuT
/AR

ZACC
/CON
/AGR
/F00
/706G
/WiT
/ST
/AIR
.NP=237
NP-237/ACC
NP=237/CON
NP=23T/AGR
NP=2IT/FN0

i
/AIR

- @ @ aw

6¢394E+13
l«891E+14
A4 0TE+0T
3.060E+04
9056“5009
l.014E+10
1.892E+14
3.270€E-Q6
14 176E+09

2q96°E‘°9‘

8.548E+09

6.566E+03
Oe

44186E+0S

%442640E+05

8.548E+09
4.080E-08
9.139E~11
2.068E+12
deJhb6Ee)2
6.019€+04
1¢920E¢00
44289€+07
o389E+Q7
Fe19TE12
20310E'°1
24371E190
1+566E«11

Se729E11

8.836E+03
0. '
3.318E+0Q7
1.442€408
Se729E+11
2.310E=-02
64499E+1]
1.397E+12
S.117€~12
7.8965‘06
3e500E+06
3.094E+08
1.302€+09
5.358E+12
9.760E=10
20062E+12
24663E+12
SelS4Ee)2
1e8443E 0%
14500€¢0S
2.073E+08
2¢109€+08
Se374Ee]2
105505'10
1.69SE+12
24429E+12
4.77‘5012
103‘8Ef°B
Sel160E+03
1.835€+08
1.868E+03
4.789E+12
3.240€-07
5.202E+14
S5¢209E+1s
54238E+]4
1.645F+04

H-86

Listing of NUCS Data File (Continued)

"

sewarm esw

24588E+14
7T.686E+14
2.6511E+08
3.060E+06
3.895E+10

4. 12RE+10

T«68RE+14
1+150E-01

9.680E+08

Se4l11E409
1.933€+10
1.63SE+04
Oe
1,042E+06
1.056E+06
1933E+10
1.150E=-01
8.515E+11
7.12“5‘1‘
24942E+12
2.137€+06
1.920E+046
1.7S8E+07
107938007
3.792€512
1.620E-04
9.651E+10
44209E~11
1.437€E+12
2.157E+06

- 0.

8.Q98E.07
3.5205008
1e037€012
1.620E-04
6.339E.11
1.719E+12
5.8728012
8.814E+06
3.500E+«06
J.438E+08
1.452E+09
6.112€412
1.250E-04
3.062E+13
4.36]E~13
8,500€+13
2378E+0S
1.500E+05
3.2355009
Je294E409
8,522E+13
1.250E=06
24882E+]13
4J145E+13
84108E+12
24277E«0S
S.160£¢03
3.087E+09
3.144E409
8+109E+13
‘067°Ef0~
1+200E+16
1e202E+16
1.209E+16
4.06TF+0S

Scsvww oo

1e760E+09
1.760E+09
o Qe

3.060E+04
84835€+06
8.835€+06
1.668E+11
2¢000E+00
24280E+09
8,890E+09
24960E.10
2.4533E+04

Qe

1.551E+06
1.S57T1E+06
2¢960€E10
24000€+00
8.515E+11
64123E-~11
2+528E+12
1.336E006
1.920E+04
1.562E+07
1e592€+07
J.379€+12
8.500E+01’
8.851E+10
3.879E11
14326E+12

1.991E«04

0.
T4TSE0Q7
302505?08
1.326E¢12
8,500E+01
T«TT9E+11}.
2.351E+12
8.030E~12
1.205E+0S
3+S00E+06
4.655E+08
1.981E+09
8.270€+12
84400E+402
2¢214E-1)
1.590E409
14590€+09

[ PO
1.500E+0S
1177E07
1.177E+07
2.214E4+11
8.400E+02
1e4S4E010°
8.570E+07
8.5T0E+07

- Qe -
Se160E+03
T«TIA9E+0QS
7.739€+05
1.456E+10
J.000E€+02
1+120E+1S
1.122€+15
1.128€E+1S
A.81F 04

aeweomw sa

1.760E+09

L«T60E+09
0.
3.060E+04
8.835€+06
8.815€+06
1.668E+11
5.000€E+00
T+600E+08
T.600E+08
T+.6Q0E+08
0." -7
0.
2.083E+00
2.,083E+00
7+600E4+08
S«000E«00
Se128E+11]
1.624€+1S
6.553E+15
4,T725E+07
1.920€+04
3.081E-10

3¢160E+10

6.5S4E+1S
Te200E+02
$.080E+08
S.080E+08
S«080E+08
0¢ -
d. SoLeen
1.392E+00
1.392E+00
S5.080E+08
T7+200€E+02
2446]19Es11
1.530€+09
1.530€+09
0.
3.S00E+06
1.287€+07
1.287€E+07
24619€~11
702005‘QJ
2e214E+]1)
1.590E+09
1.590E+09
0.
1.500E+09
1.177€+07
1e177€+07
2¢214E+]1
T«200E+03
14654E+10
8.570€E+07
8.570€E+07
Oe
S.160€+03
T+739E+0S
Te7TI9E+0S
1.454€+10
2+S00E+03
le340Ee1]
84400E+08
8.,400E+08
e

R «
avwwww aa

1.760E+09
1.760E+09
" Qe -

3.060E+04

8.835E+06
8.835E+06
1.668E+11
1.996E+10
1.031€+11

J.636E+11

3.061E+0S
[ I
1.951€+07
1.976E+07
3.636E-11

R.S1SE+11
1.31SE+12
S,433E+12

3.94TE+04 !

1.920E+04
20938E€+07
3,0064€+07
6029‘5‘1;

3.331€+10
1.466E+11
5,014E+1]
7.531€403
"~ 0.
2.828E+07
1.229€+08
S.014E+11

6.259€f11
8,010€E+11
2.729E+12
4.092E+04
J.S00E+05
1+665E+08
6,808E+08
2.969E+12

T.262€412
1.013€+13
1.979E+13
S.552E+04
1.500€+05
7.643E+08
7.781E+08
2.001E+13

6,S7SE+12
944TE12
1.849E+13

Se196E+04 -

S«160E+03
7.050E+08
T«179€+08
1.850E+13

3.840E1S
J.847E+15
3.368E¢1S
V.22 o018

J4296E+10
302965‘10
Lo Qe

3.060E+04
8.93SE+06
8.835E+06 -
1.980E+11

T«400E«09
T962E+09
9.720E+09
2.0867E+03
N T
1318E+0S
1.335€+0S
Fe721E+09

8,572E+1
60366E+0
§4366E+09
N P
1.920E+04
3.644E+06
J.644E+06
8.,572E+11

1.491E+10
4,884E+10
1.,551E+11
20256E+03

Qe
8.,6T2E+06
J¢683E+Q7
1.551Es+11

302995‘1!.
2.941E+11
9.350E~11
14360E+046
3.S00E+06
6394E+07
2¢349E+08
lol75€‘lz

34360E+15
3.360E+1S
34360E+15
T Qe

1.500E+0S
2.0985007
2¢09BE+07
3.360E+15S

3.120E+15S
3,120E.15
3.120E413
Sel60Ee03"
9+.32SE+06
94325E+06
3.120€+15

3.602€E«14

3.600E-14

3.600€E«14
Ne

®e o wmam ae

4.T727E«12
1.9406E+13

- TeSA3E06

3.060E+04
1e134E+09
1.201E+09
1.962E+13

T«880€+09
202‘05011
9.008€E+11
T+953E+05

e
5,069E+07
5.135€+07
9.008E+11

8.521E¢11
9.787E010
4.006E+11
2.301E+03
1+920E+06
S«S36E+06
S5.584E+06
IQZSlEOIZ

1.006€+09
8.007E+09
2¢994E¢190
4,656E+02
0.
1 T48BE+06
Te600E+06
2e996E¢10

2.664E+11
3.919E+10

le431Ee11"

24333€E+03
31.500E+06
2.163E+07
Se096E+07
3.89SE+11

5.175501"

1.586E+12
5.621E+12
2.319E+04
1.500E+0S
3.261E+08
3.318E+08
5.841E¢]12

2e546E¢11]
1.147€¢12
3.989€+12
1.633E+06
S+160€+03
24221E+08
2.262E+08
4+003E+12

3.74QE-11
1.550€¢12
S5.652E+12
’nBS’FO 04



.. NP=23770G

o s ww

NP=237/WNT

. NP=237/SNT"
NP-237/AIR"
—,8-0205'03

PU=238 . .
py=-238/ACC

" Py-238/CON

PY=238/AGR
PyY=238/F00
PyY=~239/0GM
PUY=~238/7WNT

PU=238/SHWT-

PU=-2387AIR
Py-239

PU=239/7ACC
PY-239/CON
0Y=-239/AGR
011-23%/FQ0

PY=239/06M

PU=23S/WNT
PY=239/SWT
PU=239/A1R

'pU'Zkl:; N

PU-24178CC

PY=2641/7CON

PU-2417AGR
PU-241/F00

PY=2641/06M

PU-261/%WT
PU=261/SHT

- PU=241/AIR
PiJe62 .
PU-262/7ACC

PU=242/CON
PU=~242/7AGR
PU=262/F00
PU~242/0GM
PU=242/WNT
PU=242/5WT
PU=242/AIR
AM=24]

+ AM=241/ACC

AM=24)/CON
AM=241/AGR
AN=241/F00
AM=24]1/06M
AM=241/dWT
AM=261/SWT
AM~2417A1R
AM«243

AM=263/7ACC
AM=263/7CON
AM=243/7AGR
AM=243/F00
AM=243/0GM
AM=24/WNT
AM«263/75WT
AM=243/7A1R
CM=243

CM=243/4CC
CM=-243/CON
CM«263/AGR
CM«243/F00
CH=2463/DGM
CM=243/7WiT
(MaDeI/SWT

eve cmss 4 o

6.560E~04
24312E+08
2.572E+08
S«239E+14

2.000E+14
2¢003E+146
24012E+}14
14137€+03
Je930E+01"
Te019EeqQ7
T+48SE«Q7
2.012€+16
2¢940E-05
2.240E14
20243014
2¢253E¢14
1e270E+03
9.390E+01
T.765E+07

H-87

i

Listing of NUCS Data File (Continued)

64560E«0a

Se566E+09

6.189E+09

14209E16

446T0E=0b
“oDBOE+1S
4,091E+15
“012660l5
4.S522E+04

1930E+01"

2eT41E+0Q9
2.926E+09.
64126€+15
4o670E=04
4,800E+15S
4e813E+15
4oBS4E]1S
‘50234E‘°"
9+390E+01"
JJ172E+09

B4286E407 J,3B5E09

24253E¢ )46

S$4250E-02 ..
Tebb0ES13

30060:’12
3.046E12
3.063E+12 .

‘2+208E+01
13e630€E-0]
1e341E~06

1e0431E«0%

3e063Ee12
. 24480E=06

24¢160E+14
2e¢163E+14
2¢1T3E0 )4
1.224E+03
.
TeS20E«07
B8.021E+07
241736014
14510E~07
S.041E«1a
Se049Ee)b
S«O0TTE~14
J.599E+04
T.710E+04
2.24TE«08
3.,721€+08
S5.078E¢14
8.720E=05
“4¢961E+16
4.969E+14
4.996E+]4
3.525E+04
1.860E+0S
2.208E«08
3.653E+08
©.997E+16
2¢170E=02
JeBLIE+LG
J.866E414
J.866E+14
14113E+04
3.820€+05
1.64TE+08
PNBIFe0R

5085“5015
4eH5T0E=DG

Teb6TE+13
7.552€+13
1.097€4+03
3.430E-0)"
6-6“26007
T.091E+07.
ToSS3IE~13
“06705-05
&o480E+1S
4o 692€+15
4oSI0E+1S
4,848E+04
Q.
2+938E+09
3.137E+09
4+530€+15
4e110E=-02
7012050‘5
Te14E1S
T«176E+1S
SeH4LBE0S
7e710E+04
3.340E+09
S.572E«09
7+176E+1S
4+110E-03
T+060E«1S
T«0S4E*1S
T+096E+15
Se0h]1E+0S
1.,860E+0S
3.,337€+09
S.566E+09
T.096E+1S
‘06705-0“
6.161€+1S
6.171E+1S
6.2064E+15
14897E€+05
3.A20E+05
2+598BE+09
A WTIF 09

wes awe

6.560E+04
4+8USE+08
S.443E+08
14128E+1S
8.400E402
2+800€¢15
24802€~15
2807E+15

1.930E+01
3.931€+08
44192E+08
24807€«1S
84600€E+02
‘3.120E+15
Jel22E.1S
34127E15

T.069E+03 -

9.390E+01
4eJb3E08
6,632E+08
3.127€+15
8.400E+02
4JS60E+13
4.561E+13
4.S566E+13

S.613E+01
3.430£~01.

3.512E+06
J.TG2E~D6
44S66E+13
B.400ESD2
3,040E1S

J.042E+)5"
‘3.047E+1S

64T783E+Q]
0.
4,184E<08
&o862E+08
3.047E+15
3.000E+02
G 6H0E+]1S
6.645E*]15
6.660E+1S
1.916E+05
7.710E+06
1.189€+09
1e974E+09
6+660E]15
3.000E+02
64680€+15
6,685E+15
6.699€+15
1.849E+05
1.,860£+05
1+14BE«09
1906E+09
6.4L99E+)S
3.000E+02
S5.601€+15
S.604E«]1S
S:616E+15
T+155E+04
J.820E+05
9.970€+08
1e7R0F N9

6.560E+06
7.‘265006
7.126E+06

1e340E+11

7.200E+03

1.924E+10.

8.870E+07

8.870E+07.
6+371E+03 .

Be ©
1e930E+n]
1.025€¢06
1,025E+06
16924€+10
T+200€+03
Te&00E+09
Se170€07
S54170E-0Q7
-, Qe ,
98¢ 390E+0]1
'Je93I4E+(S
3.,934E+05
10‘005009
T«200E+03
44T780E+07
4o T780E+07
#.T80E-07
. _" :'10.
3.430E-01
1¢310€-01

:14310E=01
4%.780E«07

T<200E+02
1“415010
6,930E+07
6.930E+07
Qe
0.
T 6T74E+0S
T.674E«0S
1.6‘15‘10
2.500E+02
7.8695‘1“
3.800E+08
3.8005008
0.
T+T10E«04
44192E+06
6,192E+06
7e869€+10
©+500€+02
9.096E+10
6,090E+08
6.090E+08
0.
1.860E+05
4,837E+06
4,837E+06
9.096E+10
2¢500E+02
2.444E+11
2.260E+09
202638009

L
3,820E+05
1.296E407
1 .?06F.ﬂ7

evmmwen o=

6.560E+04
1.674E+09
1.867E+09

3.B6BE1S

8.801E+14
8.812E+14
8.,850E+14

- &o4B6BE<0]

1.930E+01
2.972E+08

.171E+08

8.8596016

9.601E+14
9.613E+14

9.655E+16
: 54393E4+03

9+390E+01

i3+285€+08

3,S06E+0R
9.6S6E+14

1.640E+13
1.643E413

14450E+13

: 14017€«02

3.,630€=01
64179E+06

6.S98E+06
14450E+13

9.601€+14
9.,613E+14
9.653E+14
5e194E+03
Qe
3.168E+08
3.,381E+08
9.656E+14

3.8460E+15
3.84TES1S
3.868E+15
2.707€+05
To710E+04
1+86JE+09
2.T72E+09
3.868E+15

3.760E+1S
3.767€+15
3,787E+15
2+654E+05
1.860E+0%
1.631E+09
247T1BE+09
3.788E+15

14 760E+15
14763E+1S
1eTT72E~1S
S.195E+04
3.R20E+05
T.212E+08
Q.264LF+0R

6.560E04
8.113E+06

B8e113E+06

3.602€16
4.NR0E+15
Q.OBOEOIS
500805015

.. Qe ‘.
1.930E4+01
1e221E+07
1221E+07
60080E+]15S

3.86DE1S
3.840E€«15
3.840E¢15
e
9.390E+01
1.092E+Q7
1.092E+07
3.A40E+15S

6.800E+12
6.800E+12
6.800€+12
- Qe
3,430E=01
1e864E+04
1e364E<04
6.900€E+12

3.680E+15

3.680E~1S

3.680E-1S
0.

Oe
1.085E+07
1.085€+07
3.680E+15

44261E 14
4.260E+14
“-2“05016
O
Te710E+04
S5.354E+06
S5¢354E+06
be261Ee]l6

%.001E+14
6.00“501‘
4.000Ee]4
0.
1.B60E+0S
S$¢933E+06
S«333E¢06
4.001E+14

4.403E+ 14
be40QE]4
LoLO0E+16
Oe
J.820E+05
1e417E«07
1euV7E07

- em tm e

6.560E+04
34203E+08
3.635€E+08
S.T85€+12

303135‘1!
1.S14E+12
Se2T7Ee12
4¢855€+03
1930E+01
2¢940€+08
3.139E+08
Se297€e12

3.034E-1)
1.392E.12
64.826E+12
4e4239E+073
90390E0°l
2.676E+08
2+858E+08
4.833E.12

S+S68E«09
2.861E+10
1.008E+11
9.310E+01
3.430E-01
5.618E«06
Se999E«06
1.008E+11

2.944E+])
1.355€E+12
4,722E+12
4¢J4JE+03

0.
2.528E+08
2+.806E+08
4,T736E+12

3.5875011
1.508€+12
S.,355€+]12
6©,936E+04
T.710€E+04
3,047E+08
$.069€+08
S.434€E012

3.630E+11
1.713Ee12
6.223E¢)2
S.787E+04
1.860£+05
3,572E«08
SeJ02E+08
6.313Ee12

S.hB4E1
1.594E«12
S.629E+12
2¢319E+04
J.820E05
3.,269€E+08
G 184LFNA



s

CM=243/41R 3.868E+14
CM=244 - Je940E~Q2
CM=244/ACC 2.8Q0E+14
CM=2464L/CON" 2.805E+14
CM=244/AGR 2,820€E+14
CM=244/FN0 8,520E+03
CHOZ““/DGN'SQ6QOE‘OI
CM=2uu/wnT 1.170E+08
CM=244/SdT,1.507E+08
CM=244/AIR 2.820€+14
REGION 1 9.180€E-12

2+000E+02

1+000E+00

H-88

Listing of NUCS Data File (Continued)

6.26‘5“5
4.6T0E=04
44400€+15
4e408E+18
4,433E+15
14434E«05
S.640€+01
1.954E+09
24521E+09
4,633E+1S
20960E=11
S¢000E+0
1.000E+00

4.000E+02 8.000€+02
3.180E=11" 1.160E=03

2.0108-11
44200€E+01
1.000E+00
6.400€E+01
24510E-11
1.400€E+92
" 14000E+Q0

REGION 2

PEGTON 3

REGION &

REGIQON S

REGION 6

1.600E+Q2
2.640€E=190
1,500E+01
1000E+qQ0 -
84000E+00°
24010E-11
3.200E+01 "
-1.000E+90
6.“005’01
2.010E=11.
Y.200E+01"
1.000E+00
6.“00E‘01

4.000€+02
1.000€E+00
1.600€E+03
3-2805’11
2.900€+03
1.000E+00
8.000€+02
8.060E~11
J.000E~02
1.000E+00
8.000€+02
3.180E-11
J.900E+02
1.000E-0Q0-
1.600E+02
3.180E-11,
4,500E+02
1.000E+00
1.600E+03

S«617E~15

3.000E+02

44.160E-15
4e163E¢1S
-441T4E]1S

"6e145E404
S54640E+01-

" 84443E408
14087E+09
4,1T4E+1S
1.970E-04
1.000€+04
1.000E+90
1.830E-10

- 84000E+02
1.000E+00

1.830€E-10

9.000€=-0S
S«300E+03

1.000€-00
1.330€E-10
1.300E-06

6.000E+02
1.000E+00
1.830E=10
1.160E~04
T«900E4+02

1.000E+00

1+830E-10

14160E-02
8.500E+02"

1.000E+00
1.830€~10

T weese we we

20‘4‘5’11
24500€+03
1.T06E+10
74230€+07
T<230E+07
- Qs

9.093E+05
9.093E+09
1.7065“0
44930€-05
44000E+02
1.010E=09
2¢610E-12.
3.2640E-nS
1.300€+03
3.500E=10

3.323€-12

2.250E-05

4.000E+02

3.860€~10
€¢550€-12
3.250E-07
1300E+03

2+660€E-11.

14790€-12
J.240E-06
1.300€E+03
J.030E-10
34J23E-12
Je240E-04
1.300E+023
3.030E~10
J.323E=-12

5+640E+01"

1.7725015'

1.280E-15
14282E+15
1.289€-1S
J.97BE«0&
Se.640E+01
Se430E+08
T«001E+08
1.289E+1S
T«700E+03
1.000E+04
105105-09

7.T00E+03
1.,000E+04
$.250E-10

7.770E+0)
102505‘06
5,790E-10

T.700E+03
3.000E+04
J990E~-11"

7.700€+03
1.000E+04
h.SSOE-lO

7.701€+03
1.0005‘06
4,550E-10

44403E+14

4.400E+14
4.400E+14
44400E¢14

0.
S.640E+01
2¢115E+06
24115E+06
4.400E+14
2.000E+05
24000E+04
1.120E=-07

24000E+0S
2+000E+04
l.120E-07

24000E+05
24500E+06
lol?QE‘O?

5.871E+12

3.051E+11
1e533E+12
Se434E+12

- 2e2hlE+04

5.640E+01
Je0a4Ee03
3.929E+0A8

S.4515+412 .

4.500E+06
3

4.500€+06
3

4<S00E+06

&

2.000E+0S 4,500E+06
6.000E+04
1.120€-07 2

24000E+05 .4.500E+06
2¢000E+ 04
1.120E-07 2

24000E+05 4.S500E«06
24000E+006
1<120€E-07 &



H-89

L SPC1 ‘Data File !

1.0010

. P=IXRESIN 11 100 100 2 1 1 o- 1 :
. P=CONCLIQ 11 100 140 1 1 2 0 1 11; 0110
P-FSLUDGE 11 100 100 1 3 1 0 1+ l.00l0 -
P-FCARTRG 11 100 100 2 2 | 0o 0 10110 ..
B-IXRESIN 11 100 100 2 1 1 0 1 1- 0010 .
B-CONCLIO 11 100 140 1 | 2 0. 1 1: 01107 -
. B=-FSLUDGE 11 100 1100 -1 3 1 o 1 .1 o010
. P=-COTRASH 21 100 100 3 2 1. 0 0 1: 0000 .
. P=NCTRASH S1 100 100 0 0 1. o0, 0 2 0000 .
B-COTRASH 21 100 100 3 2 1. 0. 0 1 0000 -
B-NCTRASH S1 100 100 0 0 1 0. 0 2 0000
F-COTRASH 22 100 100 3 2 1 0. 0 1 .0000 -
F-NCTRASH 22 100 100 0 0 1 0 0 2 0000 -
I-COTRASH 23 100 100 3 2 1 0. o0 1: 0000
I+COTRASH 23 100 100 3 2 1 0 0 10000 ..
N-SSTRASH 22 100 100 2 2 1 0 0 1.0000 -
N¢SSTRASH 22 100 100 2 2 1 0 0 1-0000
N-LOTRASH 22 100 100 3 2 1 0 0 10000 -
N+LOTRASH 22 100" 100 -3 2 1 0 0 1.0000
F-PROCESS 52 100 100 0 3 1 0. 1 0000
U-PROCESS S2 100 100 .0 3 1 0 1  1-0000.
I-LQSCNVL 33 100 300 3 3 1 1 0 1 o0lo
I+LQSCNVL 33 100 300 3 3 1 1. 0 1 o0lo -
I-ABSLIQD 33 100 300 3 3 1 D B § 1.0010
I+ABSLIGD 33 100 300 3 3 1 ) S | ‘1.0010 .-
1-BIOWAST 33 100 192 2 3 I 1 0 1 0010 .
I1+BIONAST 33 100 192 2 3 | 1- 0 -1 0010
¢ N-SSWASTE 31 100 100 0 3 1 0 1 1.0000
. N~LOWASTE 31 100 100 3 3 | 1 0 1:-0000 .
L-NFRCOMP 51 100 100 o 0 1 0 0 2.0000. -
L-DECONRS 51 100 200 2 0 4 . 1 1 10310
N~ISOPROD 51 100 130 1 1 3 1 -0 1 0210
N-HIGHACT 52 100 100 -0 .0 1 o0 0 3 0000
N-TRITIUM 52 100 100 3 3 1 1 | 1 0000
N~SOURCES 52 100 100 0 0 1 0 1 2 0000
N-TARGETS S2 100 100 0 0 | 0 1 1 0000

[l R= X=X - X=X X-K-E-E-N-E-N NN NN N NN =~ N =]



tum_

P=IXRESIN
P=CONCLIOQ
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
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
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
100
100
100
200
200
100
100
100
100

H-90

SPC2 Data File

COUOHNOWONNWWWWOOWWNNWWO WO WO W ki s 1 s

COWOOOQOUWWUWWWWWWWWNNNNNNO NON ON ke st b=t i b =

COMMOMMOMNMOMNIMMEHMOM™MEFEOQOOOOO0O0OO0OO0O0OO0ODO0OOD0O00O0OOODOCO

Pt bed et et et ot PP O I OO O I It OO0 OO OO M O Fd bt b ot pd ot Pt
2t [\ bt (W) =t feed [\) Pt ot bt Pt Dod Gt Pt Pt Pt Pt fust (et Pt ot Pt Pt [\) Pt [\) St [\) Pt et Pt pmd Pt Pt et Pt

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
00l0
0010
0000
0000
0000
0310
0310
0000

0000 -

0000
0000

COO0O0O0O0OO0OOOO0OUVLOOOO0O0O0O0OOOO0O0OO0OO0OODOO0ODOO00O0OC



. 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
I+COTRASH
N=-SSTRASH
N+eSSTRASH
N=LOTRASH
N+LOTRASH
F-PROCESS
U-PROCESS
1=-LQSCNVL
1+LQSCNVL
I1-ABSLIQD
I+ABSLIGD
1-BIOWAST
I+BIOWAST
N=SSWASTE
N-LOWASTE
L-NFRCOMP
L=-DECONRS
N=1SOPROD
N-HIGHACT
N=TRITIUM
N=-SOURCES
N=TARGETS

100
600
100
100
100
240
100
8000
100
8000
100
4000
100
2000
8000
1000
4000
2000
8000
100
100
452
100
100
100
1500
100
100
100
100
1800
100
100
100
100
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

COWOMOWONOWOWOOCOWONOWOOOSO OO NN NN

SPC3 Date File

H-91

et o P R ol ol R R R R R R R R R R R ol R R AR R N

COMOHOONOHOROROOOODODO0O0OD000000O00000O.

- ) Pt Pt fond i b pusd Pt P Pt pud Gt Pt Pt

A AN . B A o -1

N =t (V) 0=t ) b bt Pt Pt ot fud pmd pd

0310 -
43107
0310 . _.
10310 - _-.
‘0310 -
‘4310 .
-0310-, ..
.6312
0000
6312’

16311
0000
-5311

15311
.7322 -
0000
5311,

“0310.
- 0010:.. °
8311, -
-0010-

6312 ..
- 0310 ..
0000 _.
- 0000 .

0000 -

7322
5311
7322

00lo0- .-

0000 -, -
0000 .

0000 ...
0000

OOOOOOOQOOOOOOOOOGOOOOOOOOOOOOOOOOOO



1

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
I+LQSCNVL
I-ABSLIQD
I+ABSLIOD
I-BIOWAST
I+BIOWAST
N=-SSWASTE

© N-LOWASTE

L=-NFRCOMP
L-DECONRS
N-ISOPROOD

" N-HIGHACT

N=-TRITIUM
N-SOURCES
N-TARGETS

52
52
63
33

1800
800
500
100

1800
640
500

8000
600

8000
600

4000
600

2000

8000

1000

4000

2000

8000
100
100
452
100

6310000

33
63

100
1500
100
100
100
100
1800
100
100
100
100
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

COWOOOQOWONOCWOWOOOWONOCQWOOOOr Oire e 1t pod \) bt 4ot gt

H-92

SPC4 Data File

COWOOOOWWOOWOWDWWOOOOOOOOODODODODOO0OODO0O

Ittt s bt D P ht bt pd et Pt Pt Pt et D PP PP PP PP
QOO OOOrrEOMMQOQROOOODOOOODO0O0LDOOQQOQCOO0OO00OO

6312
6312
6312
0310
6312
6312

6312

6312

3010

6312
3010

6311

3020
5311
7322
5311
1322
5311
7322
0000

0000
5311

0010

5311
0010

5311
0010
0000
0000
0000
6312
0310
0000

0000.

0000

0000 -

(~N-N-N-N-N.N-Y-N-N-J-N-N-N-N-N-N-N-N-N-R-R-R= g N R o NN o~ N0

susm_
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- Appendix I

The fo]loﬁing branch techﬁica1 position on site closure and stabilization is
reproduced in its entirety.

(N

UNITED STATES NUCLEAR REGULATORY COMMISSION

BRANCH POSITION - LOW-LEVEL WASTE BURIAL GROUND 3 .
' SITE CLOSURE AND STABILIZATION .

Low-Level Waste Branch -

1

Qioe

Recent events have caused the. staff to reassess the terms and condit1ons of
‘licenses that have been issued under 10.CFR Parts 30, 40, and 70 of NRC's
~‘regulations for disposal of materials -at.low-level waste burial grounds. .
Licenses do not specifically -address measures required to c1ose and stabilize
sites when operations cease.

In the past, decommissioning of all types of nuclear facilities wasAaddéesSed

‘only in:general ‘terms, if ‘at"all. .In 'recent years, decommissioning of fuel
--cycle facilities, and‘particularly stabilization of :uranium mill tailings, has

been receivingincreased regulatory attention. Most licenses for fuel cycle

- facilities :specifically address decommissioning. A Colorado State University

-veport ‘entitled, "Evaluation.of Long-Term Stability of Uranium Mill Tailing
-.Disposal: A1ternat1ves," was prepared in April 1978. : The effectiveness and
"stability of various engineering designs for .the ta111ngs caps, ‘embankments,
liners, and water diversion structures were assessed against failure modes

. such as wind erosion, .fioods, and settlement. " Work such as :this, coupled with

extensive experience in working out specific methods of uranium mill tailings
management, contributes to both a conceptual and technical base for formulating
performance-objectives for site closure and 'stabilization for .shallow 1and
burial of. packaged low-level waste since the activities and. engwneerlng are
similar in many respects.

The.Office of ‘Standards Development, NRC, has a major ‘effort underway to -
develop criteria and standards for decommissioning of all types of fuel cycle
.facilities.::A comprehensive technical information base is being: developed by
Battelle's Pacific Northwest Laboratory.  Reports-on each type of fuel cycle
facility are being prepared. A report on decommissioning of low-level waste
burial grounds is scheduled to be completed later this spring. Although the
.report of this work is not completed, information on alternative methodologies,
procedures, and costs requ1red for. s1te c]osure and stab111zat1on has been
deve]oped ' v : .

The NRC has underway the deve]opment of a: specific regu]atory program for
management of -LLW.... On October 25, 1978,- NRC noticed, ‘in the Federal Register,

I-1
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its intent to develop a proposed new 10 CFR Part 61 for LLW and invited advice,
recommendations, and comments on the scope of the environmental impact statement
for the new part. Site decommissioning is intended to be an integral part of
the new regulations, currently scheduled to be pub11shed as a proposed rule in
late 1980. g

Specific events at the Sheffield, I11inois site have, however, necessitated
development of an interim Branch Position before these regulatory framework
efforts and technical base specific for burial grounds are completed. Towards
this end, the NRC staff has developed interim performance objectives for LLW
burial ground site closure and stabilization based on information available at
this time.

Site closure and stabilization plans developed to meet the objectives outlined
below are intended to prepare the site for transfer to a custodial government
agency. The custodial agency or agencies will be needed until the site can be
released for unrestricted use (usually a few hundred years). The site operator's
responsibility and authority for possession of buried wastes continues until

the Commission finds that the plan established for preparation of the site for
transfer to another person has been satisfactorily completed in a manner to
reasonably assure protection of the public health and safety and takes action

to terminate responsibility and authority under their license.

Position

The staff recognizes that the site c]osure and stab111zat10n program requ1red
at a site will vary'depending on site or region specific parameters, such as
geology, hydrology, and climate as well as arrangements that may have been

" concluded between the licensee-and site owner.- The operating history of the
burial ground, site performance as shown by maintenance and monitoring pro-
grams, site inventories, and anticipated future use of the site will also be
important factors. The overall objective is to leave the site in a condition
such that the need for-active ongoing maintenance is:-eliminated and only -
pass1ve surveillance and monitoring are required at the point when the license
is terminated.

Low-level waste burial ground 11cen§ees shall develop a site closure and
stabilization plan that addressess, as a minimum, the fo]]ow1ng performance
objectives.

1. Bury all waste in accordance with the reguirements of the license.

- 2. Dismantle and decontaminate as required and dispose of all structures,
equipment and materials that are not to be transferred to the custodial
agency.

3. Document: the arrangements and the status of the. arrangements for orderly
transfer of site control and for long-term care by the government custodian.
Also document the agreement, if any, of state or federal government -
participation in, or accomplishment of, any performance objective.

Specific funding arrangements to assure the availability of funds to
complete the site closure and stabiljzation plan must be made.
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Direct gamma radiation from buried wastes should be essentially background,

S L T . . . o, CoTe L, T e
Demonstrate that the rate of release of radionuclides through air and

ground and surface water pathways are at or below acceptable levels.
Acceptable levels for water are those set forth in 10 CFR Part 20,
Appendix .B, at:the site boundry .and EPA drinking water limits at the
nearest water supply. - Acceptable levels for air are a small fraction of

--those in 10 CFR Part 20, Appendix B... The 'EPA env1ronmenta1 standard for

disposai of Tow-level wastes should be used when ‘available.

-

‘Render the site-suitable for surface -activities during custodial care.

- Planned ‘custodial care may be limited to activities such as: vegetation -

. control, minor.maintenance, and environmental monitoring. .However, use of

.. the, site surface for activities such.as parking lots.may be planned.;

10.

11.

Final conditions at the site must be acceptable to:the. custodial agenc&
and compatabie with its plans for the site.

Demonstrate that a11 trench bottom eievations are, above water tabie

Jevels- taking into account the compiete history of seasonai f]uctuations.

E]iminate the potentia1 for erosion or loss of site or trench 1ntegrity
due to factors such as ground water, surface water, wind, subsidence, ;:and
frost action. For example, an overall site surface water management’
system must be established for humid sites to drain rainwater and snowmelt

. -away_from.the burial trenches. A1l slopes must be sufficiently. gentle to
-~ prevent slumping or gullying. .The surface must be stabilized with estab-

_“Vished short-rooted grass, rock, riprap, ror other-measures. Trench caps
. 'must -be stabilized so that erosion, settiing, or siumping of caps does ..
-not occur.: . o ‘ . . S e e

.';

bemonstrate that trench ‘markers are in p]ace, stable, and keyed to ; ;,;f
benchmarks. Identifying information must be clearly and permanentiy '
marked.

Compile and transfer to the custodial agency complete records of site
maintenance and stabilization activities, trench elevation and locations
(in USGS coordinates), trench inventories, and monitoring data for use
during custodial care for unexpected corrective measures and data
interpretation.

Establish a buffer zone surrounding the site sufficient to provide space
to stabilize slopes, incorporate surface water management features,
assure that future excavations on adjoining areas would not compromise

trench or site integrity, and provide working space for unexpected mitigating

measures in the future. The buffer zone must also be transferred to the
custodial agency. The width of the buffer zone will be determined on a
site-specific basis. The buffer zone may generally be less than 300 feet.

Provide a secure passive site security system (e.g., a fence) that requires
minimum maintenance.
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13. Stabilize the site in a manner to minimize environmental monitoring
requirements for the long-term custodial phase and develop a monitoring
program based on the stabilization p]an for implementation by the custodial
agency.

14. Investigate the causes ‘of any statistical increases in environmental
samples which have occurred during operation and stabilization. In
particular, any evidence of unusual or unexpected rates or levels of
radionuclide migration in or with the ground water must be analyzed and
corrective measures implemented. '

15. Eliminate the need for active water management measures, such as sump or
trench pumping and’ treatment of the water to assure'that wastes are not
leached by standing water in the trenches.’ Passive systems are preferred.

_ Engineered methods of intercepting contaminated ground water or diverting
ground water should also be’ passive ‘

16. Evaluate present and zoned activities on adjoining areas to determine
their impact on the long-term performance of the-site dand take reasonable
action to minimize the effects. Staff recognizes that these actions
would normally be Timited to areas under control of .the licensee.

Implementation

A11 objectives will be considered and satisfied to the extent practicable
during the review of requests for burial ground operating license termination.
Existing licenses will be amended to-add conditions requiring submittal of

site closure and stabilization plans and explicit requirements for satisfactory
completion of the plan before the license can be terminated and the 'material
buried at the site transferred to custodial government ‘care. New applicants
will be required to submit preliminary site closure and stabilization plans as
part of the initial app]ication



Appendix J
REGIONAL CASE STUDIES

This appendix presents the results of four regional case stud1es ‘Each regional
case study consists of the calculation of impact measures for a geographic

region of the conterminous United States resulting from the disposal of low-level
radioactive waste (LLW) generated and disposed within that region for a period
of 20 years. The regional case studies are meant to help provide an illustration
of the unmitigated impacts of LLW disposal on a regional basis following the
application of the performance objectives and technical criteria for LLW

disposal established in this environmental impact statement

In this appendix, the, conterminous U S ' has been d1v1ded 1nto four regions
with boundaries based upon those for the U.S. NRC Regions, shown in Figure
J.1. These waste generating regions will be referred to in this appendix as :
the northeast (Region-1),. southeast (Reg1on 11), midwest (Reg1on 111), and
western regions (Regions IV and V). Each of these regions are projected to
generate up to one m1111on m3 of LLW between the years 1980 and 2000 (see
Appendix D). L - . C

Within each regioﬁ a hypothetical disposal faci1ityois‘assumed to be 1ocatedf
at a site which is consistent with: (a) the basic disposal facility siting
considerations discussed in Chapters 4 and 5 and Appendix E, and (b) the
generic environmental characteristics within that geograph1ca1 region. These,
regional sites are described in Section 1. A description of the d1sposa]
facilities assumed to be situated at each of these sites are presented in {
Section 2. The design, operation, and closure of these hypothet1ca1 disposal
facilities are consistent with the performance objectives and the technicatl
criteria outlined in this environmental impact statement. Finally, the various
quantifiable impact measures associated with -the management and disposal of
LLW generated within that reg1on at each of these regional disposal fac111t1es
are outlined and compared in Sect1on 3.

G- : ) : !
1;: REGIONAL SITE DESCRIPTIONS I e cee

i
1

This sect1on provides a brief descr1ption of the hypothet1ca] sites ut111zed

_ for the regional case studies. These hypothetical sites are meant to be

',cons1stent with the basic siting considerations presented in Chapters 4 and 5,

" Appendix E, and the generic environmental characteristics within the region in

* which the s1te is assumed to be located. ~Thé regional site descr1pt1ons are .
meant .to be typical of the environmental characteristics of the regions and

"~ have_been developed from a number of sources. The regional site descriptions

are 1ntended to describe reasonable sites--i.e., sites that could be licensed--

"~ but are not intended to represent the "best" site that could be located within

a region. - The site descriptions should not be interpreted as represent1ng any

- existing -disposal :facility or specific location within the regions. -Neither.

. should-they be 1nterpreted as NRC advocacy of any reg1on or any specific location

or s1te w1th1n a reg1on , :
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"1 1 Northeastern Sitev

sy

* The northeastern site js assumed to be iocated within-the Appa]achian Up]and

portion of the Appaiachian Plateau physiographic province A general topographic
map of the site is presented in Figure J 2 _

1,:'

The" area has been reworked by erosiona1 and depositional forces associated )

with glacial ‘and postglacial activities. The disposal faci]ity site 'is on an -

" upland area, havvng an average elevation of about 555 m 1, 820 ft) ‘above mean |
+'sea level (ms1), and slopes to the south at a rate of ‘about 3. Thevdrajnagef

from the 51te flows into the headwaters of Point Creek

L3 Gedleay o

‘;“Throughout most of the Appalachian Upland, the bedrock is underlain by un-‘V

.. consolidated deposits of glacial origin. The thickness of these units s
" generally greater in the lowlands and valleys, gradually thinning out over, the
g rup]and regions. The material properties of the deposits are highiy variabie.}

XEThe 51te is.underlain by approximately 9 to 23 m (30 to 75 ft) of compact i
.-glacial'till frequently referred to as hardpan. Thin and discontinuous jAf"{
- interbedded layers of sand and gravel are observed locally in the area. ’

© - Coarser-grained sediments are princ1pa11y found in vaileys and lowlands, and

x?are associated with stream channe]s. o o - ',,

~ Underiying the glacial’ mantle are flat 1ying rocks of . upper Devonian Age S

belonging to the Schaffer Group. These rocks.consist of marine, black, and ‘.
gray -shales and 511tstones with some thin, sandstone layers. The regiona1 dip

©- of .the strata is to the south-southwest at a rate of about 2% A west-northwest/
. east—southeast geologic profile of the- site area is_ shown on Figure J- 3.,, :

.aThe northeast site falls within one of the more tectonicaliy stabie regions of
. the northeast.  The site location has been estimated to have a peak. horizontal

t. ground acce]eration of 0.04 g, with a recurrence interval ‘of more than 500 years.
' Based on available data, no capable fauits are known to. under11e the site or
;‘11e within 5 miles of the site. CLo F ‘

1. 1 2 50115 :

- The site area is covered by si]ty loams ‘with an under]ying brittle. dense ‘.;.
_ fragipan. The! predominant soil types belong to the Brickton,. Warren, Chitta °

and Highland series.- The parent mater{al consists of acidic, low 1ime 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, affording low permeabi]ities ranging between less than 1.5°

to 5 mm (0.06 and 0.2 inches) per hour. The soil is strongly acidic, especially

NP -
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in the topsoil layer. The plentiful root material in the upper layers contribute
to the relatively high organic matter composition. 1In general, available
nitrogen is high, with a moderate phosphorus and potassium content. The

low 1ime content of the glacial till might indicate a correspondingly low
calcium content.

1.1.3 Ground Water

The ground water generally occurs where the bedrock and glacial till meet.

The depth to ground water at the site averages about 12 meters. The amount of
ground water available in the local upland area in which the site is located

is largely limited to that which reaches the zone of saturation from precipita-
tion falling upgradient of the site. This recharge quantity is small because
of the low 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 2.0 inches) per year.

Ground water 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 movement. Rocks of
this type typically have an upper permeability of about 4.72 x 10-7 to

4.72 x 10-5 cm/sec (0.01 to 1.0 gallons/day/ft2 (gpd/ft2)). Movement in the
intergranular pore spaces of the sandstone‘layers will be somewhat greater.

" Ground water flow is to the south fo]lowing the local topography, and enters

. the unconsolidated deposxts at erosiona1 interfaces. As stated previously,

. ti1l is not a good water-bearing unit.. The permeability of- this material is

. on the order of 4.72 x 10-8 t6 4.72 x 10-° cm/sec (0.001 to 0.0001 gpd/ft2).

here coarse-grained deposits are encountered, the permeability increases
considerably, with values ranging from 4.72 x 10-2 to 4.72 cm/sec (1,000 to
10,000 gpd/ft2). Most of the recharge entering at the site follows the hydraulic
gradient to the south and is discharged as base flow into the headwaters of f
Point Creek which is about 1,000 m (3,000 ft) away.

- Ground-water 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).

. The quality of ground water in the unconsolidated depoS1ts 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 depos1ts 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 deposits
is very hard.

tum._
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1. 1 4 Surface Water

The s1te is- located in the once g]ac1ated reg1on of the Birokill Mountains.

The ro111ng terrain is typ1ca1 of the region, -the ‘result ‘'of glacial scour and
- fi11. - The drainage basin in which the site is located covers 7.36 km?, with a
coarse drainage density of 0.5 (d1mens1on1ess) Total stream 1ength above the
s1te 1s 2 286 m (7 500 ft) -

The s1te v1c1n1ty is genera11y sloping to the south with tota1 vegetat1Ve W
cover. The surface soils and vegetation allow for considerable retention of
prec1pitat1on only-20-to*30 percent of’ prec1p1tation becomes surface ‘runoff.

A strong correlation exists between stream~d1scharge and precipitation in-the
basin.: Mean ‘annual d1scharge 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’ un1t
hydrograph indicates that while: peak discharge in the stream-occurs within .

"-30 minutes of vrainfall commencement, recession of the flow takes up to 30 hours
This variation is 1ikely due to the base ‘flow sustained by and fair weather
runoff derived from ground water,

Saturat1on of the lower basin area occurs during hlgh 1ntens1ty prec1p1tat1on
events; cau51ng return ‘flow. The maximum‘discharge of a 500 year: “flow ‘is” i
“‘estimated to be-on the order of 368 m3/s:(13,000 cfs). The floodway of such a
flow is delineated on Figure J 2 As can he seen, the site:isllocated‘we11f
above the floodway. RN ) C C oo
Deve]opment of the site w11] tend "to reduce the 1nf11trat1on area of the
‘basiny reduce the time to peak discharge and increase the flood: stage of the
_stream. Fac11ity operat1ons ‘such as p1acement of 1mperv1ous cover materials

. ‘and c1ear1ng of .vegetation are expected ‘to increase the {runoff by approx1mate]y
60% by the time the facility is closed. This increased runoff, however, will
not resu]t 1n 1ncreased potent1a1 for s1te flooding. ,

1 1 5 Meteoro1og¥

The c11mate in the area of the northeastern s1te 1s c1assif1ed as- hum1d contlnen-
tal, characterized by wide variations in seasonal precipitation and temperature.
Mo1sture sources’ for precipitation are ‘obtained from the southerly” flow of-

“Gulf air during ‘the ‘summer,: ‘cyclones’ that- orig1nate in the'Great Lakes,: and
Atlantic Coast systems. 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 precipitation is
approx1mate1y 1, 034 mm (41 in)

The area is characterlzed by distinct’ seasona] temperature var1ations 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 temperatures
are generally mild during June through August and maximum temperatures average
from 24 to 26°C (75 79°F) The mean annua] temperature for ‘the area is 8°c
(46.0°F). ~ "~ A
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The prevailing 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 knots), respectively. The
average annual windspeed near the site is 16.6 km/hr (10.3 mph), and occurs
from the west-southwest direction. : . 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 generally occur on one or more occasions during the winter but are of
short duration.

Slnce the area is character1zed by frequent storm passages partlcularly 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

1.1.6 Terrestria1 Ecology

The site is. ]ocated withln the Appa]ach1an nghland Div151on of the Hemlock-

. White Pine-Northern Hardwoods Region. The region is characterized 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 (25 mi) radius of the site
include the. Crol1a Wildlife Management. Area located 2.7 km (1.7 mi) north, the
Crown Lake State Park located 9.7 km:(6 mi) south,. the Frog Pond State Park
located 29 km (18 mi).east, and the Severn Fish Hatchery located 6.4 km (4 mi)
northwest.

The disposal facility site itself is entirely 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, cont1nuous
with the woodlands found ons1te.

No state or- federal]y dec1ared rare or endangered spec1es are known to occur
onsite. . A variety of mammal species are found onsite. The most abundant, are
small mammals. such as the white footed mouse, short-tailed 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 to 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 rept11es have been observed or are expected to occur ,
within the deciduous woodlands. Reptiles found include the eastern garter
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snake and snhapping turtle, the latter be1n§ essent1a1iy restricted to areas
immediately adjacent to water. Other reptiles observed 1nc1ude the spotted
salamander, the wood frog, and the Amer1can toad.

S 1.1.7 Aquat1c Eco]ogy

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 Wiider .River, 27 km (17 mi) further.
south. Both Point Creek and Boyle Creek are considered.Class.C waters, best
suited for recreat1ona1 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 phyto-
plankton are Tubellaria, Frag111ar1a, Asterionella, and Cyclotella. The’'flow
of these streams somewhat limits the abundance of macrof]ora Forty seven
fish species are known to occur within the county in th