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Abstract

in the Federal Register, Volume 51, Number 168. NRC has intended the use of IMPACTS BRC to evaluate petitions for
evaluating radioactive waste streams as below regulatory concern. IMPACTS BRC is a generic radiological assessment
code that allows calculation of potential impacts to maximum individuals, waste disposal workers, and the general
population resulting from exemption of very low-level radioactive wastes from regulatory control: The code allow:
cal;ulations to be made of human exposure to the waste by many pathways and exposure scenarios.

This document describes the code history and the quality assurance work that has been carned out on IMPACTS-BRC. |

The report includes a sum. nary of all the literature reviews pertaining to IMPACTS-BRC up to Version 2.0. The new

code and data venfication work necessary to produce IMPACTS BRC, Version 2.1 is presented. General comments about
the models and treatment of uncertainty in IMPACTS-BRC are also given
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I

Executive Summary

IMPACTS-BRC is a computer program developed to conduct scoping analyses for use in supporting rulemaking on
petitions for exemption of. waste streams from multiple producers. It was not initially intended for use on individual
license applications for specific sites. llowever, the Federal Register, Volume 51, Number 168, specifies that IMPACTS-
BRC be used to evaluate incoming license applications. This creates a problem since IMPACTS-BRC is not being used for -
its intended purpose. It is a generic code that is now being used for site specific applications. This is only a valid

i

procedure ifit can be shown that generic results from IMPACTS BRC are conservative when compared to results finm site
|specific models. Otherwise, IMPACTS-BRC should not be used.

The purpose of this report was to verify that IMPACTS-BRC works as specified in its user's guides. In other words,
Sandia National Laboratories (SNL) has determined that the mathematical models given in the user 9 guide are correctly

|
implemented into the computer code. No direct work has been done to venfy that the mathematical models used in the
code are appropriate for the purpose that they are being used, in fact, scrutmy of the groundwater transport models in

| IMPACTS-BRC has led us to recommend that alternate geosphere models should be used.

Other work carried out for this project included verifying that the input data for IMPACTS-BRC is correct and traceable.
This was carried out, and a new version of the data with these qualities was produced. The new version of the data wasj

- used with the verified IMPACTS-BRC, Version 2.0 to produce IMPACTS BRC, Version 2.1. Note that no code changes

; were made in the evolution to Version 2.1: performance differences between Version 2.0 and 2.1 are caused by the
updated data.

.

i

,

1
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1.0 Introduction

that the code functions a specified in its documentation.
1.1 Background

!Dis report summarizes previous broad and extensive
We low-Level Waste Policy Amendments Act requires verificati n work that has been done on IMPACS-BRC i
the U.S. Nuclear Regulatory Commission (NRC) to by several independent investigators. These activities
develop the technical capability for evaluating petitions to consist f data and code verification, reviews for
classify very low-level radioactive waste streams as Below c mpleteness, and compansons with other ~ nuleling
Regulatory Concern (BRC). He NRC published a policy approaches. For IMPACTS-BRC, Version 1.0 a summary
statement on BRC waste in the Federal Register Volume is given f past aussments and evaluations. In addition,
51, Nurnber 168. His exphcitly stipulates that details are given of the code verification and quality
IMPACTS-BRC shall be used to evaluate petitions for aswrance activities e nducted during the development of
BRC clusifications, it therefore provides a strong Versi n 2.0.
incentive to petitioners to use the code, although it does
not require the code's use in a BRC petition. However, Independent review and verification of data m Version 2.0

.

petitioners are requested, at a minimum, to provide NRC input fdes was conducted, and code verification wa<
with the IMPACTS-BRC input data [Forstom and Goode, perf nned on portions of the code that were not exercised
1986]. by the existing sample problems. New sample problems

have been developed to check the ur/.ested settions of the
IMPACTS-BRC is a generic radiological assessment code c de, and the results of thew tests also are discussed. The
that allows calculation of potential impacts to maximally Proce*S of verifying the code and the data resulted in a
exposed. individuals, waste treatment and disposal new ven,i n of the code denoted IMPACTS-BRC, Version
workers, and the general population resulting from

2'I'
exemption of very low-level radioactive wastes from,

regulatory control, The ' code allows radiation dose This document is mtended to be a supplement to the. .

calculations to be made of human exposure to the waste by IMPACTS-BRC, Version 2.0 user's guide [O'Neal and ,

many pathways and exposure scenarios. These scenarios Lee,1990) and is not intended as a stand alone user's
encompass transportation, treatment, disposal, and post- manual, ne user is refened to O'Neal and Lee [1990),
disposal activities. Default environmental and Forstom and Goode [1986), and Oztunali and Roles
populational parameters are included in the code for three [1984] for details of operation and theory.

_ _

a highly populated, . humidgeographical- locations:
Northeast site, a moderately populated, hurrM Southeast
site, and a sparsely populated, arid Southwest ate. Default

1,3 Code IIistory
parameters are also included that are representative of
treatment and disposal facilities that allow calculation of IMPACTS-BRC has its roots in the De Minimis Waste
radirtion doses to workers on a generic basis. Several Impacts Methodology developed by Oztunali and Roles

options are available to the user related to facility design [1984) and uses many of the same approaches developed

and treatment options. for the impacts Analysis Methdology for low-level
radioactive waste disposal (Ortunali er al.,1981; Oztunali
and Roles, 1986). He original structure of - the

1.2- Purpose of this Report methodology was two codes, IMPACTS and INV!MPS,
that implemented the recommended modeling methods.

- Because of the primacy of IMPACTS-BRC in the petition ne purpose of IMPACTS was to estimate radiological
process and the potentially contentious atmosphere in unpacts on mdividuals and populations using pathway
which the code may be used, there is a strong requirement analysis to evaluate waste treatment or disposal options.
for the code to be as defensible as possible. To some The purpose of INV!MPS was to translate a user-specified

'

extent, the defensibility of the code is linked to the dose limitation criterion to concentration limitations in the
adequacy of the verification that has been done to ensure waste.

I NUREG/CR-5797
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Forstom and Ocale [1986] updated and nulified the were made in going from Vernon 2.0 to Version 2.1, i

Impacts Methodology to produce a code for below since the cale was verified to perform as advertised. The
regulatory concern waste: IMPACTS BRC, Version 1.0. differences in perfonnance between Version 2.0 and '

' IMPACTS BRC is a single computer cale designed to run Version 2.1 occur because of the updated data input files.
on a DOS-based personal computer. Other modifications
include changes to the types of facilities considered, and 1.4 Approarlies to Building
changes designed to make the results of the cale easier to
interpret, COnridenct

Forstom and Goode [1986) changed parameters used in The purpose of this document in to build confidence in the
the ground-water impact assessment to make the code IMPACTS-BRC code. There are four general approaches
yield tnere conservative results. More specifically, to building confidence in models implemented in
ground-water travel times, retardation factors, and computer codes. First, the cale may be asseased fo-
leachate concentration ratio data in the source were completeness. nat is, there must be nnlels available in -'

-- altered. Dispersion also was eliminated from the analysis the code to evaluate any of the important physical or
of ground-water impacts. chemical processes that could result in significant

exposure to radionuclides as a result of exemption of
For a more in depth disussion of the differences between wastes from regulatory control,
the original IMPACTS code and IMPACTS-BRC Version
1.0, including analyses of a potential BRC waste stream Second, the code mi st go through a quality assurance
using both codes, see the review by Chan et al [1988]. verification process that providea confidence that the

chosen nniels are correctly implemented in the code,
Users of Version 1.0 expresed concem that there was part of verification is the comparison of code results _with
limited verification work done on the code (e.g., Parrish hand calculations or analytical solutions. When analytical
et al, [1989]). Consequently, ,C -iin Naticnal solutions are unavailable, one can verify that the models
Laboratories (SNL) was contracted by i > , to evaluate are implemented correctly in the code by benchmarking it

i IMPACTS-BRC, Version 1.0, and to conduct extensive against other similar codes that purport to implement the
physics or chemistry. Benchmarking exercisesdata and code verification and revision of the code. The same

resulting code, IMPACTS-BRC, Version 2.0, was provide confidence that the equations are correctly,

doeurnented in a user's manual [O Neal and Lee,1990), implemented in the code.

Improvements over Version 1.0 include a user-friendly
shell that simplifies editing input files, an update of all A third approach to confidence building is

dose conversion factors, some updated scenario intercomparison, which is comprised of companng the
- parameters, improved file management, and cornetion of code's results to other nuleling approaches for the sanw

P ysical proceses. Interwmparison can provideh ainconsistencies in transport calculations. He user's
manual discusses the impmvements made to Version 1.0 different sort of confidence than verification: confidence
to . create Version 2.0, but does not document all the that the modeling approach is reasonable compared to
verification activities that were performed on Version 1.0c other possible modeling approaches. The difference

between benchmarking and intercomparison is that
- Following the release of Version 2.0, possible benchmarking cornpares nulels that implement similar
inconsistencies between Version 2.0 and its documentation physics while intercompariscm compares different models

i were identified. Also, there has been a continuing need to for the same processes,

_ develop additional sample problems that completely
exercise the code _ and permit assurance that all aspects of Founit, the nulels in the cale may be subjected to
the code function as advertised. The resolution of these validation. Validation is the process of providing
issues was accomplished by prmlucing a new version of * assurance that a model, as embodied in a computer code,
the code follawmg a careful quality assurance program of is a correct representation of the process or system fo:
data and code verification, and including production of which it is intended"I, Consequently, the validation'

new sample problems. The resulting version of the code, I NRC, A Revised Modeling Strategy Document for Egh-Level wmedocumented herem; u Vernon 2.1. No code changes Perfonnance Aucument, U. S. NRC.1484.
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process consists of comparing model results with his report is directed towards addressinF uncertainties

experimental data, and using the results to build about the future, and mathenutical model uncertainties

confidence in the model for that specific application. The asscciated with IMPACTS-BRC, but the other aspects of
'

validation process should not be viewed as an attempt to uncertainty are outside the scope of this report.

produce ' validated * models, in fact, it is not possible to
* validate" typical mulels uset a performance assessments ne uncertainty about the future nature of the site is

[NEA,1991], owing to the time scales, space scales, and accounted for in IMPACTS-BRC by explicitly unleling"

empirical nature of the models used in these analyses. alternate future acenarios, and identifying the impacts

he validation pro:ess is more correctly directed toward associated with them. Of primary importance in this

denenstrating that the model is 'not invalid * rather than approach is that the list of scenarios be reasonably
ettempting to demonstrate " validity * [ Davis et al,1991]. complete.

Furthermore, the validation prtress is site-specific, and
cannot be performed on a generic basis [Davia er al, Mathenutical rrniet uncertainty refers to uncertainty

1991). A further issue in conducting validation on caused by the assumptions that are needed to solve the

IMPACTS-BRC is that the code is intended to provide mathematical equations. This type of uncertainty nuy

deliterately conservative results. Therefore, validation of include, for instance, differences between a differential

the code should not consist of evaluating the accuracy of equation and its discrete numerical representation, caling

the code, but - rtther its adequacy for providing errors, or truncation errors amoeiated with summing
conservative resulta.- IMPACTS-BRC rnay well provide infimite- series. Approaches to reducing nuthematical ,

ine ~. r .te results in some cases, but the results may be nulel uncertainty primarily consist of verification and

considered adequate if they are demonstrably quality assurance (Davis er al,1990].
;

conservative.
Uncertainties about the future are addressed by reviews

There are no known attempts'at validation of IMPACTS- for completeness of the pathways and scenarios included
_

.

BRC in the open literature. If such validation exercises did in the . code. Mathematical model uncertainties are

exist, the site-specific confidence derived _ from them addressed by appropriate verification and intercompaniwn,

would not necessarily be transferable to _ a new site. which are reviewed in this report.

Consequently, even if there were existing validation
studies on the code, these may not lend confidence to a In the remainder of this section we briefly reviewi

new application, and hence would be of limited utility in parameter and conceptual model uncertainties. and-

developing confidence in the code on a generic basis. identify how they should be addressed while using
IMPACTS-BRC.

In this report, we discuss applications of all these

except validation. Instead, we report on assessments of_

In the present context, parameter uncertainty refers to anconfidence-building - approaches to IMPACTS-BRC,
incomplete knowledge of the . nalel constitutive

completeness, on verifications of data and coding using coefficients used in the assessment. ,In part, this
uncertainty is identified with uncertainty in the values,hand calculations and . benchmarking, and on

intercomparisons. Here has been extensive work done on and the statistical and spatial distributions of data used to

each of these confidence-building areas by independent infer the model parameters. This type of uncertainty can
be addressed by associating a continuous probability _investigators.
density function with each input variable [NCRP,1984).
ne effect of the =e"aimy on naleling results may be

1.5 Treatment of Uncertainty determined by sampling from each distribution and
pr pagating the resulting fmite number of paranrter sets

Uncertainties arise from several different sources in thrqigh the nulel to approximate an output probabilityradiological assessments. The general types of uncertainty
-

distnbution. This approach,- known as Monte Carlo
are uncertainty about the future ' state of the site, 83*ly$i8. Provides a way to assess whether the maximum
conceptual rnodel uncertainty, mathematical model 'e8"It has been generated _ by . the input variable
uncertainty, and parameter uncertainty (Davis er al, distnbutions.

.

1990)
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Uncertainties in the conceptual undel arise from many be very conservative, and that less conservr'ive values
sources, in;luding inadequacies in sitesharneterization should be justified on a site-specific basis. i

data, data misinterpretation, and limitations of the current
nodels 12 describe adequately proceces that occur at the Previous evaluations of conservatism in IMPACTS.BRC

,

astual ute. When using simple generic nalels at specific have suggested that portions of the code are merly
sites, as is done in IMPACTS-BRC, it is important to conservative for specific applications (Rogers and
awure that the model is conservative for the actual site. Murphy,1958; Kennedy er al,1989). These results are
ne test way to do this is by collecting site-spwific data, not general, and cannot te completely transferred to other
and conducting vahdation exerciws using the data. specific cases. Instead, either generic (but very

conservative) analyses may be used, or site-specific (lems
The modehng approaches used in IMPACTS-BRC are conservative) analyses may be used if the reduction of
intended to be conservative; nuessment snodeling conservatism has been justified using site-specific
conducted thu way attempts to bound the parametric and information.
model uncertainties in the radiological assessment
[Starmer er al, 1988; Deering and Kozak, 1990]- 1.6 Structure of the Rerart
However, to have confidence that the analysis bounds the
uncertainty, both conservative models and conservative The results of previous assesments e, various venions of
parameters are used. This requires that the analyst be able IMPAGS-BRC are presented in Chapter 2. For the
to select the most conservative ccmbination of models and menu of early venions of the code, we have
parameters a priori. presented only the results that are still pertinent to the I

presen: version of the code. Hence we have omitted
'!i The key point here is that to bound both conceptual model concems about codmg errors and difficulties using the

and parameter uncertainties, a combination of conservative code that have been resolved in the evolution to Version
models and conservative parameters must be used. 2.1. Furthermore, many early comments about data and
Lesening the conservatism of either will lead to increased code venfication have been omitted, since these comments
likelihood of underpredicting the radiological inrpacts have received comprehensive attention in the
[NCRP,1984]. If the analysis produces doses that are far documentation of Versions 2.0 and 2.1. The remaining
below the regulatory limit, this may not be a concern. attention of the reviewers was dedicated to reviews for
However, if the doses are near the limit, it may be unclear completeness, to benchmarking, and to intercomp*.zison
whether the standard has been violated' exercises, neluding assesstreuts of conservatism of both

data and modeling approaches. %ese exercisea were
la this report, we have not fully addressed conceptual directed toward the models in IMPACTS-BRC rather than
model uncertainty, although we have commented on the the implementation of those models in the codec
models used in the code. We have prirnarily reviewed Consequently, many of the resuhs of these exercises are
intercomparir.ons between codes, which may lend g;,,,, g ,y
confidence that the model in the code. is conservative
compared to other possible modeling approaches. The In Chapter 3, we discuss the procedure and findmgs of our
assessment of conceptual model conservatism should be review of IMPACTS-BRC, Version 2.0. We have
done .on a site-specific basis. To ensure that generic included details of the quality-assurance procedures used
models - - bound the site-specific conceptual model in the assessment process. This process has ensured that
uncertainty, the generic - models should be very all data in the code are traceable and correspond to
conservative. appropriate literature values, and that the most important ,

portions of the code have been exercised in verification
We have not fully addreged parameter uncertainty; in activ ties. New sample problems have becu developed,
general, tlus is also a site-specific issue. We have which are documented in Chapter 3, In Chapter 4, we

| identified where and when the pararreters were justified discuss general concerns about IMPACTS-BRC that have
| - for use in the code (a quality assurance approach), but ansen during our close scrutinization of the code.

-have not assessed them for their use as generic Chapter 5 summarizes our verification work, while
conservative parameters.- Again, to bound the uncerteimy Chapter 6 gives information about the distribution of
in the analysis, it is desirable that the generic parameter * IMPACTS-BRC, Versien 2.1.

l
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2.0 Previous Evaluations ofIMPACTS-IIRC

he purpose of this chapter is to review the literature Kenonly er al [1989] state that numerous modsications-

pertaining to IMPACTS-BRC. Most of the existing to the IAEA results were necessary to put them on the
reviews are done for IMPACTS-BRC, Version 1.0, and sa. ie basis for comparison with IMPACTS-BRC for the
not for the more current versions. Therrfore, not all the incinerator 5:enario. Differences in the pathway analyses ;

i
infonnation rnay be pertinent to higher version numbers. for 11-3 and C-14 were attnbuted as the cause of the
nis chapter is organized in sections that detail each differences between the results for those nuclides. The
myiew of the computer program. lAEA uses an equilibnum model for the uptake of these

radionuclides by biota, while IMPACTS BRC uses the
4

2.t Evaluation of Version 1.0 by approach rewmnwnded in NRC Regu! story Guide 1,109
[NRC, 19774). The results for the other radionuclides

Kennedy et al [1989] ,,,minea ,,,, in cios, ,g,,, ment,

Kennedy er at [1989] conducted an estensive review of A similar compariwn was conducted between IMPACTS-
IMPACTS-BRC Version 1.0 [Forstom and Goode,1986). BRC ' and ONSITE/M AXII, in all cases tested,

The scope of their review encornpaued four objectives: IMPACTS-BRC provides either Food agreement
.

,
or a

(1) evaluate the reasonableness of the dme asseament shghtly' conservative estimate of the dose from the
modeling, (2) determine the amount of consenatism in the incinerator scenano. Differences between the results were
code, (3) assess the sensitivity of doses to rcodeling attributed by Kennedy er al il989] to be the result of,

parameters and assumptions, sad (4) review the dose using different dose conversion factors in the two codes.
pathways for completeness. The evaluation produced the We note that these differences have pmbably been altered
following results for each of these objectives. for IMPACTS-BRC version 2.0 or greater, since all dose

!- ccaver . ion factors have been updated.

2.1.1 Reasomtbleness of Dose Assessment'

Modeling- Kennedy er at [1989] noted that numerous modifications
were necessary to the IAEA approach in order to make the

De evaluation of reasonablecess incorporated both code comparison for the intruder construction scenario, since

- verification, and intercomparisc,n with alternate modeling the IAEA auumed much less dilution in the analysis, and
'

cpproaches.- Verification against hand calculations was applied somewhat different anumptions about esposure;

performed for selected radionuclides and scenarios using
conditions in the pathway analym. Kennedy er at (1989]

the sample problems included with the code. The corrected the IAEA doses 1.0 account - for additional
dilution, but did not account for other differences in the

verification was performed on an overall basis rather than
a line-by-line code comparison. Based on this, Kennedy analysis methods. The dows calculated by IMPACTS-

er as [1989] concluded that the program was operating BRC are generally lower than the IAEA results, and
Kennedy er al (1989] attriboled thne differences to thecorreedy.
differences in pathway assumptions, and to differences in

Kennedy er at [1989] compared IMPACTS-BRC, Version external exposure dose conversion factors. Again, we
note that the extermd dese conversion factors used in1,0 with the approaches used in ONSITE/MAXII
IMPACFLBRC, Version 2.0 are different from the ones

|
[Kenndy er ut,1986; Kennedy er al,1987), and with a
recommer61 Intemational Atomic Energy Authonty in this comparison, so the resulta may appur somewhat

(IAEA) eppmach for exempting radiation sources and different if a compi.rable analysis were performed using,

- practices from regulatory control [lAEA,1987]. .Tne the updated IMPACTS-BRC. Differences resulting from

intercornparison was conducted for four scenarios: (1) pathway assumptions should still exist,

onsite incineration, (2) intruder construction at a closed ;

Differences between the ruub from IMPACTS BRC,
-

sanitary landfill, (3) intruder agriculture at a closed
Version 1.0 and ONSU UM AXf for the intrudersarutary landfill, and (4) intruder well at a closed sanitary<

construction <cenario v.ere explained by Kennedy er al
landfill.

.
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Previous Evaluations

-(1989] as follows. Differences between Ib3 and C-14 IMPACTS-BRC modeling approach was alxo qualitatively
doses were caused by differeneca in dose conversion compared to the conservative approach rrcommended by
facton and by modeling differences in the pathway Goode er al (1986]. It was concluded that the
analy sis. The ONSITE/ MAX 11 program uses a spo:ific IM PACTS-BRC ground-water model wu both less
activity approach to estimating the concentrations of Ib3 conservative and nore reahstic than the model of Goode

'

and C 14 in foods. The ratios of Ib3 and C-14 to stable et al It was also concluded that the IMPACTS-BRr
hydrogen and carbon are awumed to le the same in the ground-water model note adequately secounts for tirne-
food as in the surroundmg environment in which the food dependent relcues.
is located. Differences in Pu-239 and Pu 241 doses were
attributed to a higher air concentration (higher by a factor The exposure nadel for the transportation worker was
of 100) uso.1 by IMPACTS-BRC, and to other inhalation compared with results from ISOSHLD [Engle et al,
exposure parameters used in the analysis. 1966). ISOSHLD analyses were conducted (assureing an

infinite slab geonwtry) for a number of radionuclides.
Kennedy et al [1989] also wmpared the modeling ISOSHLD analysis results were compared to the pathway
approaches for the intruder agdculture scenario. Again, dose convenion factor used to determine impacts from
mcdifications were made to the IAEA results to put them direct gamma radiation exposure to contaminated soils in
on a comparable basis with IMPACTS BRC, Venion 1.0. IMPACTS-BRC, Version 10. It was conch 4ded that the
For this case, the IAEA analysis used different dilution- results Ibr the limiting radionuchde, Co-60, compared
factor and pathway assumptions. Kennedy et at well Dr teth approaches, but for other radionuclides there,

attributed the difference in Si-90 dow to the use of the wu considerable variation. We note that the Tc-99 result
in IMPACTS-BRC to account for the deviates greatly, with all other results being in reasonableparameter Mo

effects of waste packaging in retarding not uptake The agreement.
,

IAEA approach does not account for this mitigating ,

mechanism. For the radionuelides that have inhalation or Kennedy et at [1959] also performed an analpis of the
external exposure u cntical pathways, the comparison truck-dnver dose uning a finite dunension aource in '

|- was concluded to be good. Again, for H-3 and C-14 the ISOSHLD.. Bawd on this analysis, they found the dose to

i two methods use different models for the uptde analysis, the driver that was lower than the IMPACTS-BRD dme -

| and this accounts for some of the differences for these two by about an order of magnitude compared to the results
- radionuclides. for the infinite source. They also stated that a

combination of scenaria-spaitic parameten in IMPACTS-
"Ihe companson between IMPACTS-BRC, Version 1.0 BRC also she'dd lower the dow by about an order of
and ONSITE/ MAX 11 for the intruJer agriculture scenario magnitude, which should make the results from the two

in codes agree well but they apparently did not conduct thewas complicated by the inclusion of the parameter Mo
lMPACTS-BRC, since ONSITE/MAXil does not account comparable analysis. ;

for the effect of packaging on the releaxe rate to the
biosphere. Kennedy et at (1989} concluded that when the Kennedy et al {l989] provided a qualituive evaluation of
dose is d tunated by external exposure, the two codes the differences in the oserall result caused by thi kerc

compare well, and attributed differences between results shielding and altered trave 1 distance and veksity. They
. from the two Todes to minor differences in - the dose concluded that the truci-driser exposure scenario doses ,

conversion factors. There were aho discrepancies caused calculatal using IMPACTS-BRC were conservative. by.-
by differences in the models for inhalation exposure, and atout a factor of 10 compared ic the results from
becruse of the use of a specific-activity model for Ib3 and ISOSHLD.
C-14 in ONSri'E/MAXII. Given these differences,
Kennedy et al [1989] concluded that the two codes Kennedy er al [1989] concluded thtt the assumptions and
compared relatively well. parameters used in IMPACTS-BRC appeared generally to

,

he rea.umable, and that the program operated consistently '

| A comparison was made between IM PACTS-BRC, with its documentation. The code was found to compare

| Venion 1.0 and ONSITE/MAXll for the intruder well generally well with ONSITE/MAvil and the modified
L scenario. Differences m the H-3 and C-14 doses were IAEA analysis results. The rotmd-water transportn

| agairs attnbuted to differences in pathway modeling. The analysis was concludeJ to be reasonably con.servative, and
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more realistic than other simpler nulehng approaches. A comparison of different modeling approaches. ne .--

coution was added that unaware useni may obtain results . approaches egreed reasonably well for all cases.
that do not reprewet the conditions intended to be llowever, sene of the assumptions in the truck driver

scenario in IMPACTS-BRC were identified as potentially
modeled.

overly conserutive compared to the results from other

2.1.2 Settsitivity Analysis programs.
I

'

Several r.ensitivity analyses were performed by Kennedy er
In addition, Kennedy er al conducted sensitivity analy>cs
to dr .crmine whether the cale producoi expectedal, from which they concluded that vasing option- correlations, and found that in each case the code

_ sclection indices only affects the dose in a few cases: (1)
the processing index affected doses for scenarios i.~olving performed as expected. Again, these sensitivity studies

are related to the overall reasonableness of the modeling
elevated r-lemes, (2) intruder scenario doses were sman
for short-lived radionuclides, (3) the accessibility index approaches, rather than the verification of the code.

octivated metals option affected ground-water dcas, and
(4) the sensitivity to region index varied for different ne study of IMPACTS-BRC, Version 1.0 by Kennedy et

scenarios.
al provides mnfidence that the code is complete in
pathwsys and < cnarios, although it was suggested that

Porameter sets were generated using Monte Carlo analysis more attentmn my be in order for discrete sources, t '

with Latin Hypercube sampling [Inun et al,1981]. A also provides confidence that IMPACTS-BRC naleling

'lcrge number of parameter sets was generated (960) and approachs are in substantial agreement, for the scenarios ;

IMPACTS-BRC analyses were performed for each of studied, with other existing nodeling approachea,

these sett. The results of these analyses were evaluatal by
gene rating scatter plots, which pictorially identify 2.2 Evaluation of Version 1.0 by

,

. correlations between input parameters and output doses. Rogers and Murphy [1988]'

De results were only defined in a qualitative manner An evaluation of IMPACTS-BRC, Version LO was
(increase or decrease); the functional form of the conducted by Rogers and Murphy [1988]. Reir report
correlation was not evaluated. In each case, it was found

had three objectives: (1) assessment of the sensitivity of
that the code produced the expected correlation. dose results to modeling parameters and assumptmns, (2)

determination of the amount of cormervatism in the code,
2.L3 Ret.few for Completene" and (3) venfication that the code correctly pe. forms dose

-

calculations as described in NUREG/CR-3585, the De
Kennedy et al (1989] concluded that the pathways and Minimis Modolg
scenarios included in IMPACTS-BRC are quite complete .

: end rusonable, except for situations such as salvage of nese objectives were pursed using three activities: (1) a
dtscrete sources c r exposure to nonhomogeneous sources. series of computer runs were made-using the code to |

evaluate riensitivities to parameter values, and to identify
2.13 Summary of the Review by Kemnedy the crucial pathways, (2) a nyiew was conducted of the - ,

et uh [1989] default parameters used in the code to assess their
,

reasonableness or conservatism "I _(3) a comparison was

Kennedy- et al [1989] reviewed IMPACTS-BRC for made between the source c6, s the description of the

completeness of -- pathways . and scenarios, and for methodology in Oztunah and Roles -[1984], with hand
reasonableness of the modeling approaches (inc' Jing an calculations being performal to verify the results of the

assessment of conservatism). He cale results were code. Rese activities are desenbed in more detail in the -
compared to results generated using ONSITE/MAXU and following sections.

. an I AEA study. He review was not a benchanrk
. analysing since one would not expect ONSITE/MAXII,
IMPACTS-BRC, and the IAEA approach to produce
identical results. Instead, the review constituted a

,

;
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2.2.1 Sensitivity Analyses maximum dow. It was therefore concluded that analyses
of power plant w astes using IMPACfS-BRC would

The sensitivity analyses conducted by Rogers and Murphy typically be limited by transportation and incinerator
were intended to be complementary to the analyses worker donea, n ese dmen would then htmt the
reported by Kenwly et al. {l989). A series of computer radionuelide concentrations in power-plant wastes that
runs was made to auess which scenarios and pathway, could be considened for BRC disposal.

tended to produce the largest influence on doses. Runs
were also made to aness the sensitivity of IMPACTS- 2.2.2 Assessment of Cotwervatism
BRC, Version 1.0 results to changes in wate

,

composition, facility options, and waste treatment and Rogers and Murphy pnmarily considered the extent of
dispw.al optians. conservatism in the calculation of dose to a transportation

,

worker, dow to an incinerator worker, and dose to a '
,

A survey was conducted of electric utihties that operate disposal site worker, since their sensitivity analyses had
nuclear power plants to identify ranges of values for determined these , be the limiting esposures for power
parameters to be used in IMPACTS-BRC. Data were plant wastes. Alowever, for the sake of completeness they
sequested on landfill capacity, mus of waste received aho considered the consersatism of the calculations of
annually, distance from the power plant to the disposal doses to inadvertent intruder and from releases to ground
facility, and infor: nation on the use of incinerators. The water. |

- responses to this survey were used to _ identify a reasonable
- range for parameters to be used in the emie. The transportation worker dose calculated using

IMPACTS BRC. Version 1.0 was compared to the dosc
A number of computer runs were made in which waste calculated using MICROS!!! ELD [ Grove Engineering,
density, weight percent of combustible material, percent 1985]. The tmek was modeled as a 7 ft n 7 ft x 14 ft
of BRC waste in a truckload of nutenal, waste processing rectangular walid. Two comparisons were made: in the
option, and annual volume of non-BRC waste dispml first, the shielding from the metal truck sides Aas not5

were varied. These parameters were varied over fairly accounted for, and, in the second, the sides were nuleled
wide sanges, which lends confidence that the range of as !!B-inch steel. he dose per trip was calculated
variation cf dose as a function of these parameters has assuming the worker spent 2 hours 1 meter from the 7 ft x

| been spanncd. 7 ft face of the truck bed (in the cab) and 1/2 hour 1 meter
from the 7 ft x 14 ft face. The compan*on between

Rogers and Murphy concluded that in all of the analyses, IMPACTS.BRC and MICROSillEl.D is shown in Table
NPACTS-BRC identified the transportation worker doses 2.1. The results for the 10 percent B".O we:e had were
and the incinerator worker doses as the greatest. Intruder in good agreernent, and for the 100 percent BRC waste the
doses were calculated to be about two orders of magnitude IMPACTS BRC waste dose-is slightly lower, it was
smaller than these, and doses for other pathways and concluded by Roger 5 and Murphy that the IMPACTS-
scenarios were 3 to $ orders of magnitude smaller than the BRC results were satisfactory for this application

|
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Table 2.1: Transportation Worker Dose (mR/ trip) Compariwn Betwun
hilCROSillEl.D and IhtPACTS-BRC*

thtPACTS liRC MICROSillELD 511CROSillELD
(rw shidding) (shielding)

100% BRC
Waste in Imad 1.7 2.4 2.30

10% BRC
Wete in lead 0.3 0.3 0.3

-_

** Rogers and Wrphy 119881

The other assenments of conservatism w ere nune exposure pathway for the reactor w astes examined,

qualitative in nature. The conservatism of a number of Compansons of the dose to the vtasyntation worker
default puny.4ers for incinerator worker and disimsal site showed that IMPACTS BRC providea e,ccurate or slighuy

comparable analysis usiryworker dosea was usessed accounting for the results of lewer doses than a
the survey of waste generators (see section 2.2.1). They MICROSillELD.
concluded that some of the default parameters used in
usessing the transport scenario were conservative when Rogers and Murphy's evaluation was reviewed by O'Neal

compared to values from the survey. Ilowever, we note and Lee [1990), and changes were made to the code where

that the survey results were based on a 60 percent appropriate. These changes are documented in O'Neal

respmse rate from the surveyed utilities, and therefore and Lee [1990].
should be treated with caution. Several other parameter
values were identified as being conservative; the.se weie 2.3 Evaltlation of Version 1.0 by
reviewed and chmges wme made by O'Neal and Im Snu.th el al. [1988)[1990) when the changes were considered appropriate.
These changes are described in the executive summary in

Smith er al. [1988) conducted a screening study designed
O'Neal and lee [1990). to identify the most important radionuclides and pathways

f r denonstrating compliane, with BRC guidelines. The
2.2.3 Verification Activities intent of this study was not to provide a critical reviuw of

the IMPACTS-BRC, Version 1.0, thus coding and default
Rogers and Murphy verified portions of the code against parametea were accepted as correct. Consequently their
hand calculatb>ns, st.mmarimi incorrret coding, and made results are of limited utility here. 110 wever, Smith er al
recommendations about revisions to be made to the code. (1988) varied input parameters over quite wide ranges,
These issues were reviewed end addressed by O'Neal and and their ruults provide complementary information both
Lee [199C] in tbc production of IMPACTS-BRC, Version to Kennedy er al. [19891 and to Rogers and Murphy
2.0. Coesequently they will not be discussed here.

[1988]. Smith et al. t19881 found that for offsite
d * **I' 'h* ''*" P # "U " ""d i"d"''"U " P''h**Y'

2.2.4 Summary of the Assessment by were typically the most important. For onsite digesal,
Rogers and Murphy (1988] they 'found the intruder agriculture and intruder

construction scenarios to be ti.e most important. These
Rogera and Mughy extended the sensitivity analysis ruults corroborate the results of both Kennedv cr al.~

begut by Kennedy er al. [1989), assessed the [1989| and Rogen and Murphy []981
ccmser,ausm of the code through interromparison and
parameter review, and conducted verification activities on
portions of the toue. The sensitivity analysis indicated
that the dose to the trar. pe-tation worker was the limiting

9 NUREG/CR4797
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2.4 Evaluation of Version 1.0 by effeively a modified IMP ^ cts.uRC analysis that took
greater crnht for shieldmg provided by the truck, andIICfl0! d d. N bbl replaced the pathway dose conversion factor with an
apptcach consistent with the Environmental Pmtection

Hertel et al [1988] identified the transportation-worker Agency (EPA) methaiology.
dore to be a key exposure for BRC waste petitions.
Consequently, they conducted an intercomparien of the Unfortunately, the details of the intercompanson were
IMPACTS-BRC, Version 1.0 truck-driver dose analysi$ omhted from the conference proccwhngt We 'herefore
with the results from a Texas Ixw Level Radioactive 'imtacted Dr. Hertel directly to obtain the iesults of this
Waste Disposal Authority study [Baird et al, 1985; comparisen, which are .hawn in Table 2.2. The
Rogers and Baird,1986; Rogers and Baird,1987], with concentrations in the table were calculated in the Texas
MICROSHIELD [ Grove Engineering, 1985] and with study to be the limiting concentiations that gave a 1.0

~QAD-CGGP [ORNL,1986]. Both of the lutter codes u* mR/ r exposure.3
point-k-rnel shielding approaches to nalet the exposure.
The Texas study transportation-worker analysis was

Table 2.2: Comparison Between IMPACTS-BRC, MICROSillELD, and QAD CGGP
for Tramportation Worker Espmure

(Conce11trations Gase 1.0 mR/ r Esposure in the Texas study)*3

Nuclide Waste Conc. IMPACTS-BRC MICROSillELD QAD-CGGP
, (Ci/Yr) (mR/yr) (mR/ r) (mF /> r)3

Sc46 0.002 5.4 2.3 2.1
Cr-51 0.6 24.0 14.0 14.0

'

Fe-59 0.005 8.0 3.0 2.8
Co-57 0.06 11.0 3.2 6.8
Mo-99 0.05 8.3 3.5 3.7

Tc-99m i.0 32.0 : 2.0 2(.0 -

I-131 0.004 18.0 9.5 9.2
Ce-141 0.4 32,0 10.0 22.0
Ir-192 0.01 " 5.8 5.4

Hg-203 0,I a 10.0 14.0

* N. E. Henel, penonal communkanon. Univenity of Te tas, Augm IW1.

** Radionueles not in.luded in the IMPACTS-BRC IM

Hertel er al [1988] concluded that MICROSHIELD and the use of an area source to approxinute a solume source
QAD-CGGP were in good agreement for all radionuclides in the Texas study, which omits buildup in the waste.
except Tc-99m and Ce-141. In addition, we note that Differences between the Texas study and both point-kernel
there are larga relative errors between MICROSillELD analyses were attributed primarily to this omission of
and QAD-CGGP for Co-57 and Hg-203. The reasons for buildup in the waste, and to differences in the geometry
these discrepancies were unknowli, but were tentatively factots uvd in the analyse . Accounting for buildup
ettributed to the buildup factor (Trubey and Harima, brought the Texas study results quite close to the results
1987] and the dose conversion facters. Differences from MICROSHIELD and QAD-CGGP. In addition,
between IMPACTS-BRC and the Texas study were when the geometry factors were accounted for, Hertel er
attributed to additional credit taken in the Texas study for al stated that both the IMPACTS-BRC results and the
shielding, to differences in dose conversion factors, and to Texas study results would be lower by about a factor of

NUREG/CR-5797 10
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5.0. Ain means that the IMPACTS-BRC results would corducted to evaloate IMPACT 5.BRC for can picteness,

be sonnhat lower thaa the MICROSHIELD and QAD- and to compare modeling approaches used by the codes

COGP results, and that the Texas study results would be
low by about a factor of 5.0. h was concluded that DOS 10 MAN ums a compaittmnt

nuieling approach, with all other cois using a pathry

2.5 Evaluation of Version 1.0 by dose cmversion factor appwh. Nw $n compannent
modeling may cometirre ba nonenmemtive since it*

O'Nea.s and I.,ee (1990] ayume, inuanta. ,ous dwn or the c iaminani over

some finite volume {Korak et al.1989). In principle,
O'Neal and Lee [1990], in the proceas of developing this problem inny be overcome by rr.aking the na nber of
IMPACTS-BRC, Version 2.0, conducted an extensive compartmer ts large, in which case the compartrrent nulel
evaluation and verification of Version 1.0. They took the bwomes equivalent to en n sumption of local eqdibrium.
recommendations of Rogers and Murphy [1988) as a 110 wever, in practice one urcs relatively few
starting point, and addressed concerns raised in that compartments, hence the results ter d to be
evaluation. In addition, they conducted an independent noncomervative. F.
review and evaluation. These code evaluation activities L

are mentioned in O'Neal and Lee [1990), but details of the Differences in the results fmm the various computer
*

process have only been documented in letter reports to programs arise from differences m the way in which each
date. 2,3 A His section documents the evaluation of the mcorporates e.tposure .wenarios and pathways. PRESTO,
code i.s it is describal in the above mentioned letter PATilRAE, and DOSTOMAN were developed using only
reports, the few pathways believed to be the armt important f/r the

pro'slem. Code modificatiom were made vhen a new ,

ne code was reviewed for completeness b) comparing it5 problem was faced, and as a result there are many versium
capabilities with other similar codes, it was venfied of these codea, each with shghtly diff-rent capabilities.
against hand calculations, and portions of it were For instance, Rogers et at [1985), Merrell er at [1986),
benchmarked or compared with vther codes that periorrn and Rogers and flung [1987] all desetibe nnlerate
similar analyses. perturbations to the base PATHRAE code. Of the codes

evaluated, only IMPACTS-URC is intended to include all ,

2.5.1 Evaluation for Completertess pathways oflikely significance in s single code.

7 relates to ismes about IMPACTS-BRC was found to comider all of the exposureMuch of the first . letter report ,

Versioc 1.0 and are no longer pertinent for version scenarios ircluded in the other t' tree codes except (1) -

numbers 2.0 and higher, and hence are not discussed postoperational, onsite exposure of sn intruder to irrigated
- further. However, this report also includes a scenario and Agricultural pahicts and drirling water, (2)

pathway comparison with sinular available codes. The postoperational, orsite exposure of an intruder engaged in
_

ccmmunity agneulture, and (3) postopetational offsiteprimary codes considered in the cornparison were
PRESTO [ EPA, 1985], several brms of PATilRAE esposure to an individual or population well. These .,

*

[ Rogers et al,1985; Merrell, et at,1986; Rogers and scenarios were comidered only by DOSTOM AN. Only

H un,*. 1987], and DOSTOMAN [ Root, 1981], with IMPAC"rDRC considered population exposures to
consideration given to RESRAD and MILDOS [Strenge exptwd witMe. A comparis m of the exposure scenarios5

and ilandt:r, 1981). His comparison was primarily considered in the codes is ebown in Table 2.3

2*Evalua6on o'Capabauc4 and Lisniunons of tMPArrS-BRC,* Tuk The hst of operational periad onsite pathways in
i Lener Report to NRC, RN A1763, Sepurrber 1,1988.

3*tMPACTS BRC Cornrutar Code Verifwa6on,' Task 2 Leuct Repon IMPACTS BRC is much more complete than the other
to NRC, FIN A1763, October 27,195L codes, as is shown in Table 2.4. The only pathways not

4* IMPACTS BRC Co upoter Code Bencknarking,* Task 3 t. citer consideted by IMPACTS-BRC relate ta vistor exposures
RepM to NRC, FIN At763, February 10,1989. (which PRESTO considers); however, IMPACTS-BRC )5Ghn, T. l . M. J. Mko, K. F. laceraen, W. R. flanna. W. E

condders ittstead more chronic exposures to indiddualsKannedy, B. A. Napier, ax' L K Soldat. MLimajhtigkunty
Reshk=19afacGee Materini Guidelinet. Argonre Nanonal and populations during this priod (which PRESTO does
Laboratory, Fiut Drutt, b.ry,1911L not M d 4
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Table 2.3: Scenario Corr.pleteixu Canparison for Sevent Codes'

Scenario PRESTO PATIIRA E DOSTOMAN IUPAC*I S-GRC
'

_ _ ,

Operational Niiod (usate)
dispoul sie worker / visitor yes yo yes yes
weste tiansportation worker no ( yes yes ym

|wute prou.ss wwi er no no no yes
offsite impacts no rw no yes ;

I '

t
Pcstopesational(onshe)

|
st truder discovery /;r>nstruction

|
yes yu y e(no

intruder agricultcre no yes no ps
intruder agriculture with irrigation and "

drinkiiig water no no ye.s ra,

intrnder cornmanity agriculture no no .yes no 1

Postopentional (offsite)
individual or population well

',

no no yes
individual or population well with

.

no

irrigation and drinking water yes yes yes yes
_ _ _ _ population expos d waste no no no yes i

* *1MPACTS-PJLC Coopver Ccdu Veri 6 canon.' Task 2 letar Report to NRC, f1N A1763,(At4h:17, IM.

TeNe1.4: Opotional hviod Ortriu Pathuy: Coenpleteness Comparison Tor Sem J Codes *

n- ,

Scenario PRESCO ' PATHRAE DOVIOMAN (IMPACTS-BRC '
'

_

Lurface Contamistks. or Waste
disposal site worker yes yes yes yes
pt(maing Worker no nc no yes
transportatico w erker no no na yes
population or individual r,o no ao yen
visitor yes no no r.o

Air Immersion no no n:- yen

Resuspended &>il
worker yet yes yes yes
virPor yes no no no
oTisit individual or population yes no no yes y

I

hn'neration or Fire karticulater.) | '

offsiteindividual y pcrulation yes yu no yes

Ingestion
,

Vegcl4blea no no no yes
animal pmducts no no ao _yes

_ ,

* * IMPACTS BRC Coryuter Caie Venfcation.* Taat 2 Leuer Repost to NRC, FIN Al?63, October 27,1943

' BUREGICR-5797 12
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The IMPACTS BRC list of postoperational perked but PATliRAE includes the ability to nrdet decay chains

pathwiy* is alno more complete than in the other codes, as during transport, w hich the othern do not (though
show11 m Table 2.5. IMP ACTS BRC only lacks occite 1MPACTS-BRC does ucount for daughter proilution for

ingestion of water, aquatic foods, ard soil, and thexe ne intruder el expmed waste scenarius). Only

included Ut the offsite expware pathways. Anong DOSTOMAN irwludea trannp,rt through biological
transport pathways, all of ti.e codes are furly ectrolete, eteretion.

d

Table 2.5: Po.toperational Period Pathwnp: Completeness Comparbon for Several Codes *
.

,
- ,

Sc_enario PRFSf0 ,I PATl!RAE | DOTTOMAN IMPACTS-P3C'
-

- - - -

-

_.

--

Ettetaal Exposun:
air itnmersion no no y es yes

riated or buried w aste no yes no yes 1

I surface contamination nn yes yes yes

Inhatttion
resspended sail partKulates no y es y tw yes

Inges:icq
wvter nt no yes no

vegetaticn yes yes yes yes

anirnal products yes yes
.

yes yes
'

aquatic pso6 cts no no yes no

a. oil no no yes no

'

Offsite
External Exposure

air imme, ion yes to no yes e

surface cocednatloo yes no no yes

Inhalation '

! resuspended w;l particulates yes yes no yes [
Ingestion

water no no as no

f ye4 novegetation no yes

aninal products 95 yc3 yes yes

I acriatic products jes vos yes yes

* * IMPACT 54PC Corrouter Code \ enft.utim,' Tast 2 leuer kceott to NRC, FLN Al?63, Rtcher 17,1988.

2

2.5.2 Verification of the Code develop tiow chagramc, and e n luate math:maticsi
*

expressions.

An ertertsive verificatioc of the muhermtical expreuions
in Version 1.0 of the code was aho conducted by O'Nea! ne liae-by-brm compuison was cortducted by adding

w1ite sutenrats for each varichte of interest before andar.d Lee and docunentu.! in a letter seport/ A line-by-
line venfication was conducted on the ruin pmgram and efter each line in the suhroutine in:mg tested. In w h

all subroutices ung the sample problems. This line by- caw , kfter the write statements were added, the full

hne verification we used to dexrmine logic padis, program was nm, and the output cornpared to a bawlined
output file. In this way, amurance was pneruted that the

g' *!MPACTS-89C Corbn. rut Code Fuhmarkits," Teak 3 Letter M N of tk wth Whe dM M mih@ h
Repor to ite NRC, F,N Al*sb3.1%rwy 10, im

13 NUREG/CR 579'/ |
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the computer program. De intermaliste oucput of the
parameters from the verification calculations was then Subroutine CIINS: Tne chains with parents Pu-236,*

compared to hand calculations. These calculations were Cf-252, Mo49, and h.140 were not testal.
recorded and dxumented, and have been asthived at SNL
along with other verification results. Subroutme GWATER: Cases where the cumulative*

pumping volume (TVOL) was less than 110.0 were
A few sections of IMPACTS.BRC were identified as not tested. Aho, the contaminant transport kop wu
having not been exerched by the original sampk probbms not wsted for cases where one or more of the 10
by O'Neal and Lee. neir fiodings are paraphrawd sources had ns reached the well (TYM*R3 < l.0,
belcrw. line GWTR 680). ,

,

Subroutine SPLICE: the waste processing option that These portions of the code were not verified dunng the
_

*

includes size reduction and separation (IP= 4) was not development of Venion 2.0, and presurnably have not
tested. twen venfia) by any other investiptors. Many of the

tmtestext * branches * are quite minor, consisting of a
4 Subroutme READ 2: non-default facility and statement to change the value of a single pararnecer.

environmental parsmeters (ID AT=3) were not tec.ted
(Section of subroutine from RED 2 620 to REfA 2.$.3 Transportation Model Benchmarking

I 830).

Benchmarking analyses were performed by O'Neal and
Suhroutine READ 5: the branches for hazardous waste*

Lee on several port 4ous of the enle: the transportation
incinerator /hazaMous waste landfill (IQ=4 or 5) nulel, the due conversion factar table for a volume
when the ratio of the total mass of the BRC waste source used in the transportation model, the model for
stream to the number of transportation vehicles evalunng a finite volume source, the dow conversion
.nultiplied by the percentage of BRC waste in the f,ctor tablea for inhalation and ingetion, the dose

,

vehicle (A4) is greattt than 11.3 Ome RED 5 860 in con ers an factor tables for ground r,urface and air
subroutine) were not tested. imrmrsion es|mtres, and the analysis of rsdionu lide

detsy chains.
o Subrouthe INCIMP: of the 5 DO hups in the

subroutine, the first and fourth were only tested for The transportation model was chosen for the
the municipal incinerator (lQ-2) and not (br the on- henchmarking analysis because it is believed that this ;site or hazardous waste irdnerators CQu I,5). e p ure pathway will often dominate the exposure ~

analysis. In addition, useri have exprowd concern that
Subroutine OVRFLO: Activated metal waste (IA=2) the transportaur.o unlel produced overly conservative

*

was .not tested in this subroutine. The branch where resulta by not using realistic shielding factors. Therefore,
the disposal fucility life OLFE) rnultiplied by one the benchmarking effort was directed toward d-termining
minus the er. pour.tial of the negative nuclide decay the amount of conservatism in the IMPACTS-BRC nnlel )

constant (Al on lines OVRF 450 and OVRF 460) is relative to other models. ,

zero was neve- tested. _ This branch is designed to
avoid divide by urns arid should not be taken during The IMPACTS-BRC tranytation model is described in
normal code openthm- detail by O%al and lee [1990). The nulel is used to

evaluate exposures to the maximally exposed
Subroutine INTIMP: activated metal waste OA=2) is trusportation worker, to all transportadon workers, and

*

rot tested in thh subroutine. The branch where the to the population. The model is t*twd on an exposure
institutional control period GINS) is rem causing Al scenario that defmes tla source tertu, and exposurt time
to equal A2 (INTI 600) was not tested. and exposure disamce factors for teth individeals and
Subroutine OPSIMP: for a hazardous waste landfill*

population gmups. rhe model uses dose conversion
OQ=3 or 4), activated metal waste OA-2) and very fwton for expowres u an infinite volume source of
dispersible waste (ID =3) were not tested.

uniform radionuclide concentration. Correctian factors
are applied to the dos convenion factors to represent a

NUREG/CR-5797 .6
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semi infinite volunx source of finite lateral dimensions. benchmsrktd against an malytical solution ilevelqui by
his source configuration is used to approxirrate a gtneric Lee (1973). The agreement tetween the analytical
waste disposal vehicle, and to adjust for gamma radiation solution and the IMPACTS.BRC cc.trection factors is
attenuation resulting from waste density variations. excellent, as is shown in Table 2.6. Th correction

factors from the two approaches are identical to four
significant fi ures; the snasunum 'bsolute error betweenCorrection facton for source dimensions and distances F

4
used in IMPACTS BRC are calcubtal as the parameter the two methods is 6.4 x10 7 (relative error 1.9t10 ).

CF in ti>e code. He values of this pararrrter were

*

Table 2.6: Verification of Corrtrtion Facton lor Source Dimension and Distance

Source Raditri (m) | Dhtance from Source (m) Correction Factor Absolute Error
~

i 7
2.0 1.0 1.949 x 10~ l 1.0x 17

4
2.0 5.0 2.826x 10 2 I.6x10

2.0 10.0 9.608x 101 4.0t10 a

2.0 20.0 3.283 x 19~ 3 4.h 104
*

2.0 30.0 1.785 x 10-3 8.9x t &8

2.0 40.0 1.I71x103 5.7 x 107
4 6.4x 10 '2.0 50.0 8.50Sx10

4.0 1.0 3.409x 101 1.1 x 10 '

4.0 5.0 9.376x 10 2 1.5x104

4.0 10.0 3.626 x 10-2 5.6 x 10 8

4.0 20.0 1.292x10 2 4.2x 104

4.0 30.0 7.085x10 3 7.8x 108
7

4.0 40.0 4.664 x 10-3 5.7x 10

4.0 50.0 3.393 x 10 3 6.4 x 10- 7 ,

8
10.0 1.0 5.46h 101 8.0x10

10.0 5.0 2.992x 101 5.4x10 a
4

10.0 10.0 1.e48x10 1 1.3x10
~

4
10.0 20.0 7.283 x J2 4.Ix10

-

10.0 30.0 4.209x10 2 3,73 go s
7

10.0 40.0 2.828x10~2 5.9x 10

10.0 50.0 ! 2.078 x 10~ 2 6.2x 104
4

20,0 1.0 6.936x1&I 3.0x10

20.0 5.0 5.103 x 10 1 8,1 x 104
L

20.0 10.0 3.749x10~1 2.2 x 104

20.0 20.0 2.2G4 x10 1 3.Ix104
7

20.0 30.0 1.439x 10-1 1.1x10

20.0 40 0 1.024 x10 1 6.3 x 10 7

20.0 50.0 7.756x102 5.2 x 1&7
_ _ _ _.

* DriPACTS BRC only a::ouraa ist daughter trMuetum fur intrudes and exposed wsate nevnos.

Gamma radiation attimuation calcuictions in IMPACTS- code that the linear attenuation coeffteients for the gamma

BRC were benchmarked against MICR'slIIELD (Grove energies are sufficiently linear over the range of interest.
Engineering,1985]. The dose conversian factors for the llence, a ratio of the density of the %te of interest to the
transportation nuiel tabulated in IMPACTbBRC ate be.se case density a used to evaluate waste of another
based on a waste densty of 1.6 g/cc. h is assumed in the density. The user is required to supply the waste density
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as an input parameter, and the code calculates an effective betwern the IMPACTS-BRC and the MICROSillELD
density ba:,ed on the percentage of BRC waste using a evakstion of the density effects, although the maumum
generic density of 0.27 g/cc for non BRC waste. ne deviation is atuut 65 pervent. Ilowever, as indicatex! by
results of this benchmark are shown in Table 2.7. As the the results, the IMPACTS BRC appnwh will produce
waste density decreaso.,, there is iscreasing divergence conservative rwults at reduced waste densities.

,

Table 2.7: Demity Corrretion Fectors. Used in IMPACTS-BRC
Compared to Values Calculated by MICROSillELD*

Waste Demity IMPACTS BRC MICROSilIELD Hatio (IMPACTS-
Correction Factor Corintion Factor ** BRC/MICROSillELD)

1.60 1.00 1.00 1.00
1.00 1.60 1.46 1.09
0.50 3.20 2.49 1.28
0.25 6.40 3.91 1.64

* Adapted from O'Neal and in (1WO)
" Nue, MICROSHIELD desaty efTeets ars deperulent on gamma energy and wasic denany. The tabulated values arv the averages of the fohwirg
gamme energies; i25 McV,0 836 McV,0 564 McV,0 36i MeV, and 122 McV. bum s,p was enounted for in the cal.;alanons esmg the
geomettw progreasson methmL

An intervomparison between IM PACTS-BRC and The problem was mn for several radionuelides with
MICROSHIELP was conJucted for a typical varying gamma energies to evaluate the influence of
transportation scenario. The implementat on in shielding (Details of the ttskness of the shieldmg and thei

MICROSHIELD uxd the auumptions cf a finite size of the wehicle can be found in Table A of O'Neal and
rectangular solid geometry, ne truck was assumed to be Lee { 1990] ). He results are given for both unshielded
filled with 100 percent BRC waste with a homogeneous and hypothetical shielded conditions in Table 2.8. The

3nuclide concentration of 1 pCi/m . Waste density was IMPACTS-BRC analysis providni results that were alcut
3assumed to be 1.6 g/cm , resulting in a stwit~ic activity of 40 percent lower than the unshielded dow calculated

0.63 pCilg. He transportation worker was assumed to be usmg MICROSHIELD, and were aleut the same as the
_

1 meter from the side of the truck for 0.5 hours and 1 MICROSHIELD dases that accounted for shielding. This
meter from the front of the waste (in the cabi for 2 hours. is one case where IMPACTS-BRC does not produce

conservatise results in an intercomparison study,

Table 2 8: Comparison of Doses (mR) frum IMPACTS-BRC and MICROSillELD
for a Sample Transportation Scmario*

Nuclide MICROSillEl.D Dose MICROSHIELD Dme IMPAC'IS-BRC Dw.e
OVithout Shielding) (With Siielding)

Co-60 1534 1140 1000
Mn-54 527 344 329
C+137 382 231 219
I-131 236 110 139
Co-57 16 24 36

* IMPACTS-BRC etdy acounts for daughter pnaction for intruder and exposed waste es.es arios.
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2.5,4 Benchmarking Dose Conversion exposures the ame conversion facton provide reasonable
''timava of the ame for eixta enugies grea man

Factors for External Exposures about 1 MeV, and may be considered conservative for
I wer energy electrons. Daughter radionuclides are not

External doses must generally be cabulated using the taken into account explicitly; rather, the dose conversion
geometry of the source and orientation of the receptor to fact n f r o me pants ince 6e conMons fmm
the source. Howeve4, in radiological asacssments, such daughter radionuclidea. nese radionuclides are identified
detaihl information is often unavailable, or at best is in the IMPAGS-BRC, Vrrsion 2.0 User's Manual
generatM by speculativs judgment about the behavior of 10%41 and be,1990b
an individual in a radiation field. Dece problems have
given rise to the use of simplified (and usually 0%al and Lee undertook a benchnrtrk analysis to
conservative) assumptions about the exposure geometrie6. d"*** ** * * **'"*I d"* '"*"i" ''""**d*"
For instance, the source nay be assumed to be unifonnly IMPACTS-BRC, Version 1.0 against comparable results
distributed over an infinite or semi-infinite domain. generated using MICROSHIELD. Howeur, these dose
nese assumptions are rarely, if ever, met in practice, but e nyersmn fact rs were updated during developnwnt of
they nerve to chminate geometric considerations from the Versi n 2.0, and these updated factors were subsequently
assessment, which makes the evaluation simple and venfied during this work (see Chapter 3). llence the
generic. Rese geceric assumptions 1 ad to doses that are rmb of this benchmark analysis are no longer pertinent.
independent of the details of the exposure mode, and that
can therefon be used to generate generic do* conversion An ther portion of the transportation model that was
facton for external exposure. benchmarked against MICRO 3HIELD was the pathway

due cension factor for extmd exposures (PDCF 5).
De external dose conversion factor approach to medeling

The dose model in IMPACTS-BRC is based on direct
external exposures is used in IMPAGS-ERC. The dme garn an exp sure emitted by radionuchdes homogeneously
cocvenion factors used in the code are based on datnbuted through soil of infinite depth and honrnatal
immersion in contaminated air, and irradiation at a height ne c mparis n between IMPAGS-BRC andextent.
of I meter above a contaminated ground surface. These MICROSHIELD is not included in this report, since the
assumptions identify the dose conversion factor uniquelv analysis was conducted using Vernon 1.0 dose convenion'

for a given radionuchde and exposed organ. factors. Consequently ths results of this benchmark
"^^I *i' "'' " I "E" P " "''

Yin most cases, the dose conversion factor approach can be

expected to provide a conservatne estimate of the external 2.5,5 Benchmarking Radioactive Decay and
~

dose. The factors may be expected to provide reasonably
Decay Chainsrealistic estimates for electron hources if the source

concentra* ion does not vary greatly over a distance about
equal to the electron range. The ranFe of energetic Ten of the 85 radionuclides in the code are parent i

electrons is on the order of several meten in air. By radionuchdes of decay chains. These radionuclides are

con"ast, for photon exposures the contamination must be Mo-99, Ba 140, Pu-236, Pu 241, Pu-242, Cm-242, Cra-

approximately uniform over a few hur red meters before 243, Am-243, Cm 244, and Cf-252. For the intruder
'ed to provide a scenario, IMPAGS-BRC calculates decay and ingrowththe dose conversion factor car, be -

reasonably correct value. If the a < i the source is of daughters for the length of time between facility cicsure
: dose conversion and loss of institutional control. nis time penod must besmslin than the appropriate value

factor will overestimate the dose. Similarly, the dose input by the user. For the erosion sceaario, decay
- convenion faewrs do not account for shielding by calculations are performed for an erosion delay period of

building walls and ground irregularities, which also makes 10C0 years.

the factors provide conservative overestimates of the dose.
ne decay and ingrowth calculations are based on theThe ground exposure dose conversion facto.s are

calculated for a height of 1 metn, rather than averaging well-established Bateman equations {bateman,1910). A

the do*e over the person's height. This approach provi6s benchmark comparison was made of the Bateman equation

reasonable estimates for photon exposures unless the implerrentation in IMPAGS.BRC with RADDECAY,
photon mean-free-path is less than 2 meten. For chxtron which is a submodel of MICROSHIELD [ Grove

17 NUREG/CR-5)97
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Engineering,1985] tlut perfornu decay and ingrowth 2.9; alight differences in the ruults were attnWtable to '

5 ulculations for a large number of radionuclides. The two small differraces in the decay u s tants for t'ar
codes showed excellent agreement, u is shown in Table i whcmuclidea.-

,

Table 2.9: Cunpariwn of fractional Amounts Wmaining for Pu@8 Chdn,
'

IMPACTS.BRC and RADDECAY'
1

Nuclide IMPACTS RADDECAV IMPACTS RADDECAY
00Yesn) (30 Ye n . (1000 Yean) (10')0 Yean)

Pu-238 7.862:10 8 7.890s10 3.2 $ 8 a 10* 3.7111104
U-234 7.202s1US 7.572a 10 5 3.494 x10 8 3.578x104
Tb 230 1.012x10 8 1.06)108 2.642a 104 2.607s104
Ra 226_ 4.455 x10ll 4.67 R : 10-11 4.510t t 07 | 4.786x t,0 7

,

* IMPACTS BRr only ucowou fc. daughtn moducuon for t 4er eM uroud mass warm

2.5,6 Verification of Pathway Dose the code are within the range of values that appear in thei

Conversion Factor Transfer and literature. The literature values selxted for compariwn
U take I,arameters were found in the recommendations of the National

P council on Ruliation Prtocuan [NCRP,1984). A more
extensive literature searth was not conducted for thisIMPACTS-BRC uses the pathway dose convenion factor .

,.crification eterrie.
! (PCDF) appna:b to calculate radiologaal dosea, as has

been documented in Onunali and Roles [1984) and so 1-to-plant concentration ratios, shown in Table 2.10,
Forstom and Goode (1986). Each PCDFs repreunts a :

commonly vary over several o.+ders of magnitudespecific set of a biotic access nwdium end an exposure
depending on chemical and physical form of thepathway. They are generic, and parameter values are

asmned based on typical environmental conditiorts % radionuclide, plant species, physicochemical pmperties of ,

h mit plant pam and stap of gmd hhuman actions. Some of tis parameten are accewible t
contentration ratios may t< measured in Isboratorythe user, and some are not.
experiments in greenhousa, or f.om fitJid plots. If ,

Most of the parameters used ir IMPACTS-BRC for experimental datr are unavails.ble, thee facton may te.

estimated from concentration ratios of stable iwtoaes intransfer and uptake factors were thown to te consistent
hidpwn plants. Experimental conditions often do not *

( with NRC Regulatory Guide 1.109 [NRC,1977a]. The
reDee normal or average situations, and this introduces

objective of the verification exercise cw lucted by O'N+al additior.al tmccriainties into the values,
and 1.se was to determine if the par =ns. r values tual ia

,

|

,

|
|
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Table 2.10: Soija> Plant Concerittstion Ratim: I

Cornparison of IM PACTS-IIRC te '.CRP 76 Vahaes* |

'

_ _ _ - |

Elanmt i IMPACTS-ftRC NCRP 76 Range

Co 1.5 x 17 ** 1.0110 C 9.4110 33

Sr 7.5 x10 2 3,753o 2 ,1.0

Ru 1.4510 3** 3,8s10 3 6.0t10-2

1 4.5:10 " 2.0t 10 2 ,3,$ g to 23

6.4x10 - 7.611024
Ce 5.01103 ,

Rs 1.4x103 3.11104 - 6.2110 2
i

tt 2.51104 2.9t104 2.5110'3
10 2.5x10444Pu $.6x10 " 1.0

* meActs ske owy uaurus for d. Aur prodo-t.no r,6 niver .ad .c .4.... ur.rw.
** Valve b outside of verommended NCB P % ttrge.

.

4

The foed and water-to-meat transfey factors recomtraended and will further vary Acwrding to chemical spectation of ,

by FCRP very somewhat less than the concentration the radionuclide. These factors are estimated from
ntios, as is shown in Table 2.11. Nevertheler.s. these radicdwtope trater studies, and from the concentrations of
values have considereMe unce:tuoty associated with them, radmactive or staNe eletuents in meat and fml.

4

Table 2.11: T~eed and Water-ta.Mean Tramfer Factors:
Comparium of IMPACTS.31RC to NCRP 76 Values **

_--

| Einnmi IMPACTS-BRC . . _ _ NCRP 76 Range i
~~~

Co 9.72104 1.0x10-3 - 1,71104
,

| $.91104 3 Os104 2.0410 3Sr ,

Ru 1.4x10 " 3.81103 - 6.0110-23

I ~ 4.5210 " 2.0tig2 3,3x;p 24

Cs $N 10-3 6.41104 7.81104
Rs 1.41104 3,1x 104 - 6.? t10 2 |

,

U 2.5 x 10 3 2.9t 104 2.5110 3
1.0x10 -?.511044dPu 5.6s1& ",

m
_

'

* MT ACT3-SRC tmly .ccounts for dausbier produt:oe fe4 iraruder and expone41 m ur.e .cer.erme.
'

** v lu. h ouwies orr. commended Ncn M r.ngc.

& feed and water.to-milk transfer factora in IMPACTS- They a e typically measurul by tracer experiments in .,

BRC are compared to NCRP recomnaded values in which concentrations in adik are evasured as a functen
- Table 2.12 Thev: facton depend on the ,Aysical and of time after a single intake of radionuclide.

chemical fortn of the radionuclide in the arumars diet. -

.

;

i
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Table 2.12: Feal and Water-to Milk Trander Factors: ;

Comparkats of IMPACTS-BRC 6 NCRP 76 Values *
._.

.

Elauent IMPACI S-RRC NCRP 76 Range
Co 1. 8 a 10-3 5.0dO4 2.0x103,

$r 1.4x104 8.0x104 - 2.41103
Ru 6.tx10-7 5.0x10'7 - 1,0x104

1 9.9x103 6.Os103 1.0t10 2
Ca 7.1x103 35.0x10 1.2sig2
Ra 5.9x!04 42.0x10 8.0x10'3
U 6.1x10 " 1.2x104 6.0x1044

Pu 1.0 10-7 2.5:10 1 0s134
__

8

* BfPACT&-LRC on'y er:aums for daughter prtstuttson for intrder sad ereceed meste esenarios.

** Ve4us is outsidt eln somenended NCRP 76 rerge.

Water to-seafond tramfer factors are compared in Tabis Furth:rmore, the tramfer factor varica according to such
2.13. Dene factors represent the ntio of the .tiverse effects as chemical form of the redionuclide, ,

conceraratice in the whole animal or tissue to the species characteristics, chemical composition of uater,
- concentration in wr.ter. This assitruh: ion process is and whether dry, wet, or ash weight was used in the
particularly cornplet, since it snay include direct analytical deter nination of maAs. Consequently these

'

absorptica from the water in addition to uptake by rameter values may be expected to have large
consumption of other contaminated organism. . uncenainties in them.

.

Table 2.13: Water-to-Seafood Tramfer Factors:
Compsthon ofIMPACTS BRC to NCRP 76 Values *

Eement IMPACTS-BRC NCRP 76 Range___ , , , _

Co 50.0 5.0 ?B0.0
Sr 30.0 1.3 130
Ru 10.0 " 0.2 3.5

1 15.0 15.0 170.0
Cs 2000.0 400.0 - 14000.0
Ra 50.0 42.0 140.0
U 2.0 0.7 - 38.0

,
- Pu '$ 10.0 70.0

*
..

* EfPACT3 BAC ordy acsouna fr daughter prodxike for iramder and eyar41 masis a;enarios.

** Vahe is outside of ruornmeaded NCRP 76 range.

Rediteuclide-independent paratneters used in food chain average daily uptake of adult males, and were determined
'

Analyses in IMPACTS-BRC are conpared to fram a 1965 survey, Consequently, these values are no,
.

.recornameded NCRP values in Table 2.14. Rese are necessarily appropriate today given the new health-
intended ;o be causesvative default parameter values to be conxious diets of many Am ricans; changes in dictary
u.ned ii the absence of site-specific data [Oztunali and habits since 1965 have not yet been characterized [NCRP.
Roh:4, 1984]. b dietary factors are based on the 1984).
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Table 2.14t Radionuclide-indepmdent Parsmeten*
|

Parameter De.cription IMPACTS-IIRC NCRP70 l

Consumption of Plants by Man 190 kglyr i15 - 220 Lglyr |

Consumption of Plants by Ammals 50 kg/d 16 kg/d |
Consumption of Animals by Man 95 kglyr 90 120 h glyr j
Consumption of Milk by Man 0.3 l/d 0.3 0.65 l/d
Consumption of Water by Beef Cattle 50l/d 50f/d
Consumption of Water by Mill Cows 60l/d 60l/d

Consumption of Water by Man 370 Dyr 192 - 411 Uyr
;

Consumption of Fish by Man 6.9 kglyr 3.9 65 kg/)r |

Consumption of Seafoal by Man 1.0 kply: " 1.3 | - 44 kglyr
3Inhalation Rate of Man 8000 m'/yr 8400 m />r

2 2Crop Yield per Unit Area 1.0 kg/m * * 0.3 0.7 kg/m
i 3Soil Density 1600 kg/m " $00 1300 kg/m

Resuspension Factor 8.5x10'' I/m 1010- 10-3 1/m
Areal Mass Available for Resuspension

2 2(Top I cm of Soil) 16 kg/m * 5 - 13 kg/m
Fisction of faitial Activity Deposited as Fallout

or Contanunated Water Retained by Frelinge 0.25 0.25
Fraction of Activity Deposited as Foliage

Removed per Unit Time by Weathering
Mechanism 0.04831/d 0.02 - 0.251/d

Fraction of Activity Deposited m the Root 7ene
Removed per Unit Time 0.000761/d ***

Settling Velocity for Elements Other than lodine 8.0110 in/s 1.0x103 m/s4

Settling Velocity for lodine 1.0110-2 rn!s 1.0t10 2 m/s
Mass of Soil in Root 7ene 240 kg/m * 75 195 kgb22

* IMPACTFilRC pedy accovina for daughter prud acuan for iraruder and eyx.nd mena weranos

** Value is outside of recornparded NCRP 76 reryre.

*** The effe4tive ternovel rate . rom eoilis sorm Jertd r#<hmmbde deperderd. std is appronirne'.ed by the rawbde's raduecuve decay constant

Seywal of the value4 in 'MPACTS-BR C a.re not within the of this amersment wu only documented informally in
range recommended by NCRP. The outlier values were letter reports or briefly referred to by O'Neal and 12e
not changed during the developmmt of Versions 2.0 or [1990]. Coracquently, we have summarized the work in
2.1, so these differences exist in the current version of tie detail here.
code. Ilowever, we note that all of theae parameter valuu
contain large uncertainties. Furthermore, there is no The code was examined for completeneas sad compared to
general scientific consensus on the e.ppropriate values for several other codes that conduct comparable pathway and
any of the paruretera. scenario analyses. It was found that, for the most part,

IMPACTS BRC is more general and complete in the
2.5.7 Summary of the Assessment by scenarios and pathways considered ther, any of the other

O'Neal and Lee code *-

^^ *****SiV' II"'^by line code verification exercise wasExtensive araessment of Version 1.0 of the code was
conducted by O'Neal and 12e using the original sampleperformed prior to the development of Version 2.0. Most
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problems. Consequently, portions of all of the BRC. No auessant is nade here atout the ims'ortance or
subroutines in the program were verified. The logic paths accuracy of dise evaluation.
in the program that were not esercial in the original ,

sample problerre were clearly identified. The*e were the
,

IMPACTS BRC currently contains a hbrary of 85*

only parts of the program not subjected to line-by Ime radionuclides. It was suggested ths.t this library may
verification. he results of tids venfication eterrise are not be sufnaent and should te expanded.
arthived at SNL

IMPACTS-BRC um Gaussian plume models to*
Benchnark analym were perfornn! on the tranuportation calculate dispenion of eirbctne contaminants. These ;
model, on etternal dor.e conversion factors, and on tradels are known to give good results over long
radioactive decay and ingrowth calculations. It was distargee, but their applicabihty for short distances

,

concluded that the trsnsportation rnodel provides g(w.d w as queationed by the reviewen.
agreement with point kernel ca)culations condueled using ~,

MICROSHIELD [ Grove Engineenng, 1985). Shght * The review suggested that the analysis of
overestimates of esposurea may te calculated if the waste bioaccumulation of C 14 used in IMPACTS-BRC
stream contains radionuclides whose emiuions are should be altered to include uptake of H CO during

.

'
2primarily photon with energies less than 200 kev. De photosynthesis,

external done convenion factor tenchmark is no longer
j

pertinent, since the is.ctors were updated for Venion 2.0. ne review sugge4'rd that chronic gaseoun emissions '*

It was dso concluded that the decay and ingrowth of H 3 and C 14 should te included in the code,
calculations are correcdy gerformed, following a
benchmark against RADDECAY [ Grove Engineenng, ,

Re review suggested that increased flexibility should*

1985]. le incomorated in modeling sanitary landfill
occupatiotal exposures for large landfills.

An examination was perfornn! on pathway specinc,

parameters used in IMPACTS BRC, and these parameters The review recomnaded esaluating the range of*

were compared to values recommended by the NCRP applicability of the ground water pathway nodel
[NCRP,1984). Some of the parameters are not coraistent through benchmarkmg and intercomparison studies.

.

with the secomnadations of the NCRP. However, there
;

is so much uncertainty in these pasameters, and there is so * ne review suggc6ted that the list of accident ~

little cotsensus about the appropriate values, that this is scenarios rosy not be complete. i

not considered to le a mejor coarn.

ne review noted that some retardation factors are i*

2.6 Evaluation of Version 2.0 by S. c'Mdd m'em'UY " th' *d' "d ""88'''*d 'h*'i

the uternate une of the values m.' "TAPEl.DAT willCohen and Associates as,ys mate die ,etardation fator visible to the user,
!

An irxhpendent review was conducted by S. Cohen andi

De review noted that IMPACTS-BRC does not*

! Associates, and preliminary results of the review were
truncate dosca twlow 0.1 mremlyr, and suggested that

docuented in a letter to the NRC.7 he review such truncrion could be implemented in the code.identified 15 potential issues auocial with IMPACTS-
BRC, Version 2.0 De iuues can te broadly categorized ne review suggested that grever flexibility is needed*

..into two groups; parameters that were inconsistent with
in dispenability and accesibility indices,

the documentation or untraceable and limitations to the
modeling capabilitie.s of the code. Our present work * De review suggested that all the 'hard-wired *
addresses all of the former issues, hence they will not be parameters in the c<de should read in through an

'discuued here. The remaining issues are untioned here input file.
as a posible buis for fu'ure improvements to IMPACTS-

l - 7 3
* E' ICN'* ""** #Y" I" "#tener from LC. Dehmet,3. Caen auf Assocines, le u, $.

Memerania, NRC Ofke of Research,(Atoter 29,1990. the code that treats parameter uncertainty.
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2.7 Summary of Previous L'' ! ! "I *1"' ''P""*d "a '"'"$"*P'"" b''*""
MICROSHIELD and IMPACTS BRC for a sample

Assessments iranyportation scenario, ana conciuded that ide iwo c< des
agreed well for the shielded conditions of their problem.

Most sensitivity analyses conducted by the various
reviewers of the code have indicated that the Bawd on previous aucunwnts of the code, we conclude
transportation worter dose will be the limiting exposure that the trauportation wo:Ler dose model in IMPACTS-
analysia for BRC wastes. Several asseramenta have bwn BRC is reasonable compared to more elaborate analpis
made of the transportation scenario nxdel, with differing methods, llowever, the results from all of the methods
conclusions. All of these evaluations were performed on are quite scattered, suggesting a significant amount of
Version 1.0 of the code, ao the results may be momewhat modeling uncertainty, which may arine from a number of ,

different for Version 2.1. different sources. In order to ensure that this and other
uncertaintsea are bounded by the analysis, the analyst met

Kennedy er al [1989] comparmt IMPACTS BRC results be certain of using appropriately coracrvative parameter
to those from ISOSilLD, and found that they compared and expsure scenario asumptions. The updated |me
reasonably well, but that neither approach wat clearly cuaversion factors used in Version 2.1 should have Intle

,

conservative. For the cue of Tc 99 there was substantial effect on the conclusiora for the insportation mdel,

deviation between the approaches. Kennedy er al also evaluations.
criticized shielding and exposure duratica assumptions
used in IMPACTS BRC, and suggested that the Kennedy er at [1989] also compared does calculated
transportation worker dose was conservative by a factor of using IMPACTS.BRC to two independent nrth<ds: the
about 10 because of those usumptions. IAEA approach and ONSITE/MAXil. Kennedy er al

,

concluded that the awthods agreal within mdeling
Rogers and Murphy (1988] conducted an intercomparison accuracy. Ilowever, we note that this modeling accuracy
of the transportation scenario model in IMPACTS BRC to encompaued quite large deviations. Consequently, we
MICROSlilELD, which is the perr,onal computer version again comment that in order to bound the modeling
ofISOSilLD. For 10 percent BRC waste in the load. the uncertainty, one must ensure that conservative mdel
exposure calculations agreed wcH. For 100 percent BRC assumptions and parameter values are applied. Thea

waste, the two ecdes still compared twenably well, with alternative is to apply formal uncertainty analysis (e.g.,
'

MICROSli! ELD prtducing moderately more conservative Monte Carb analysis) to attempt to ensure that
results conservative parameter values have been applied.

liertel er at [1988] compared the transportation worker Several workers evaluated IMPACTS BRC for
exposure analysis to a Texas Low-Level Radioactive completeneu, and all agreed that the code was reasonab|y
Waste Disposal Authority study, to MICROSHIELD and complete and general; O'Neal and Lee compared
to QAD{GGP. Following adjustmenta for differing IMPACTS BRC in other similar codes and found it to be
assumptions in the analyaca, it was concluded that the the exat complete. Furthermore, the exposure pathways
MICROSillELD and QAD-CGGP results were in good and analyses unique to other codes were bounded by ones
agreement, with IMPACTS-BRC exposure results slightly found in IMPACTS-BRC. Kennedy er at [1989] noted
low but in reasonable agreement, and the Temas study that a pouable improvement in the generality of

'

improved treatment ofexposure results quite low. IMPACTS-BRC could be an
discrete sources.

O'Neal and Lee [1990] benchmarked the geonwirical
- chape correction factors -in IMPACTS-BRC to an

analytical solution, and found excellent agreement. They
also compared the effects of the density correction factor
in IMPACTS BRC to the correction factor in
MICROSilIELD, and concluded that the approach usal in
IMPACTS-BRC was accurate near demities of 1.6 g/ce,
and more conservative at reduced demities. O'Neal and
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3.0 Current Assessment and Verification of Version 2.0

.

The evaluation of Version 1.0 by O'Neal and Lee showed surveillance w-s perforrrxd by the suff quahty
that the sample problems distributed with the code allowed coordmator to verify that all quahty requirements were
for verification of most, but not all, of the code. De natisfied. De results of this surveillance are included in
evaluation of Venion 2.0 by S. Cohen and Aaaociates. Appendia 11.

Inc. suggested the need for an additional verification of
the data filen ural by the code. He current acessnxmt of IMPACTS-BRC, Version 2.0 was obtained from the
IMPACTS BRC was undertaken to remedy the gaps in the National Fa ergy Software Center (NESC) at Argonne

verification of thi code. National Laboratory. To venfy 'bt $NL had received the
correct venion of the program, and that it was running

2.1 Quality Assurance Procedures wrtwtly m SNL's mmputen, ec namf e pmWmsl

were run and compared witl the output in the user's
ananual |Oh! and 1.ae,1990). The reaults obtained

The basic goal of software quality anurance in the R&D from running the code on our computen were identical to
proccas is to ensure that reliable software is developed, its se results given in the user's manual. This formed the
epplication in analysis is appropnate, and the results are Venion 2.0 tw.elme for SNL's verification effort..
traceable, retrievable, reproducible, and defensible in the
regulatory or scientific community. The purpose of

'"II "'*II " 5""# f ' *'" ' 'Y 5'' * "N"E^ """"'I I
quality assurance procedures is to identify controls that diskettes was *atablished to centraliu and control Version
will help ensure the quality of work yet allow flexibility 2.0 and subsequent versions of the code and data
in the planning and esecution of project activities developed under this project. Analysts were required to
[Brosseau er al.,1991), create a directory structure on their pen onal computers to

ensure that each version of the program ar.d each venion
Prior to the initiation of the verification work conducted

"I Ik'. data were mamtmined in different subdirectories,for this report, quality assurance procedures were De mitial versi n 2.0 of the data and wde uwd by each
established.8 he complete quality assurance plan has ""*I 'I *** "h'ained from the controlled venion of theYbeen permanently archived in SNL's Central Technical code. Prior to beginning the verification work, Venion
Files, Organization 3140. His section will deacnbe the 2.0 of the data and code were installed on each machine,
salient aspects of that plan. and the three existing sample problems were run to test

me baseline against the results presented in the user's
Pmject logbooks were used to record all technical work guide [O'Neal and lee,1990).
on this pmject. Sepamte areas v ere maintained for data
verification and code verification activitica by each penon

An indepcodent check and aswas.nent of all fmdings was
involved in these actisities. Any corrections made to the made by an independent reviewer from the project team
logbooks were made by lining through the original text no

O'" a team member who was not mvolved in the imtial
,

that the original is readable. Any chaages were dated and aadit). For fmdings involving dose conversion factors,
nitided. the independent assessment wa.s perfornwd by the project

team health physicist. Each correctise action was alw {
All BRC project logbooks, letter and formal reports, and documented by the reviewer. No changes were made to >
the configuration management notebook have been sent to the data r code until all fmdings vpre reviewed and
SNL's Central Technical Files, Organization 3144, for appM AH cWges were een nemuhanemdy to
permanent stonge. generate Venion 2.1.

During the coune of the project, a quality assurar ce

3 C.P. Hertan and 5, Ikasonheur. 'Quahty Coramt Pian *, FIN Ll925
Task 1.0 Lener Report, hrw 26, 1991.
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3.2 D9ta Verification pnduce compatibility with the dose conversion factors
used in the code, which are based on those half lives, and,

A review of data in the IMPACTS BRC, Version 2.0 code m ensun traceabihty. A listing of the workshwt used to

was conducted. Data that could be cornpared to specific, calculate the decay constanta can be found in Appendis L
he donc c m enim facmn for a volume sourceaccepted refereneca (e.g., fundamental done movenion

factors) were reviewed for concetneas. However, many (DCF3W)), were compared m Se remha obtained fmm

of the parameters used in IMPACTS-BRC do not have 114 MICROSlilELD computer code, which are listed in

generic *curect' values (e.g., retardation factors, transfer Table 7-6, pages 719 to 7 20 of O'Neal and Lee [1990).

factors). For these parameten the data sc4 was evaluated The decay chains included in calculating DCF3(N) values

for tinceability: the historical developtrent of the code are indicated in Table 7 6, page 7 9 of the IMPACTS-

[Oztunali and Roles,1984; Forstom and Goode,1986; BRC user's guide (O'Neal and 12c,1990).

O'Neal and Lee,1990) was examined to identify when
Um dce cwenim faemrs for inge6 tion (DCFl(N)) andand by whom the parameter value was justified. An

evaluation was also made to ensure that the most recent inhalation (DCiv(N)) were compare ' to the electronic

parameter recommendations were meorporated in the tapes, DFINGEST.DAT and DFhTrW E.DAT, received
fr m Dr. Keith Eckerrun at Oak Ridge Nationalmde. Ilowever, SNL did not cornpare this set of

parametert to any other references to attempt to establish 1.ab ratory. Tbc tapa were taken from the ICRP/ORNL

their cont.crvatirm. Dosimetry Fl.a assembled during the course of the
calcidr.uons for ICRP-30 [lCRP,1982), Parts I IV -in

The following parameter values for ea:h radionuclide Preparation for the Federal Guidance Report 11

were traced historically through the developmnit of the (Ederman er al,1968). The tapes include organ dose
c mrsi a factors needed for IMPACTS BRC that werecode [Orrunali and Roles,1984; Fontom and Goode,

1986; O'Neal and Lee,1900]: not included in the organ list published in Eckerman er al.
[19f4). The tape valuca refer to a unit intake of the stated
ra&mmelide, but include comnutted dos equivalentRadionuclidea included in IMPACTS BRC, Venion*

10 e ntributed by any daughter radionuclide pmduced from
radioactive decay of the parent nuclide in the body. He
dme cwenion facen for inhal 6m are based on 1Number of solubility classes included*

micron activity median aerodynanue diameter site

Solubility clanes gwticles.*

Soil-to-plant transfer factors The dose conversion factors Ag-10Bm and Ag-110m were*
omitted from the Ederman diskette. The ingcation and
inhalation dose conversion factors for those radionuclidesFeed and water-to-me.at transfer factors*

were compared to the dme conversion factor document by

* Feed and water-to-milk transfer factors Eckernon er at [198B] (page 132 and page 163) for the
organs included therein. %eae organs were lung, red

Water-to fish transfer factors marrow, bone surface, thyroid, and the effective dose*

equivalent. For the organs not included in the Eckerman

* Water-to-freshwater seafomi transfer factors d cument (l.c., stomach wall, lower large intestine (LLl) >

wn!!, kidney, and liver) the dose conversion factors were

Waste-to-leachate partition ratio compared wuh the vaNea cited in the sample*
TAPE!.DAT in Volume !! of the de Minimis

'

* lst and 4th r,et of retardation coefficients docunwntation [Forstom and Goode, 1986) and were
found to be m agreement, Therefore, they were left

The nuclide decay constanta used in the code are unchanged.

consistent throughout all venions of the code; however,
The fundamental dose conversion factors for esternalthey wert not referenced anywhere during the code's

history. Consequently, they were recalculated using the expmure to an ares source, DCF4, and for air immersion,

halflives given in Kccher and Eckerman [1985] to DCFS, were compared to Tables A.I and A.3 in the DOE

NUREG/CR 5797 26

- . . . . . - _ - . . - - - - - - . - - , - . , . . - -- -.



_.___._._ ___.m _ _ . _ _ _ _ _ _ . - _ _ _ _ ._- _ _ _ _ . . _

Current Assessment .,

1

dose nte conversion document [Kocher and Eckerman, change be made.

1988). For name nuclides, to obtain a done conversion
factor for the parent in a decay chain the dose convenion ne current version of the code allows for only 85
factor of the first daughter is added to that or the parent. radicmuchda, and it is recognited that this list is
n eae valuce are included in TAPEl.DAT, ne inadequrte for certain fuilities. To incorporate an
worksheets for the calculation of the dose conversmn additicanal rationuclide involves replacing one of the
istors for these decay chains can te found is Appendix L nuclidea in the standard list of radionuclida and all of the
A summary of the historical tracing of TAPEl.DAT asacciated nuclide specific parameters. At the present
panmeters is given in Appendit E. tine, this proccas is not trivial with many considerations

necessary to ensure the substitution will allow the cale to

All TAPE 2.DAT parameter values have been tracal function u expected. Modifications also would have to
histor cally from Volume I of the de Minimis be made to the data input preptwesor. It would bei

,

docunentation |Ortunali and Roles,1984). A sumnary duitable to nxdify the current venion of the IMPACTS-
,

of this process can be found in Appendix F. BRC code to allow for more flexibility on the part of the
user to add radionuclides appropriate for their analysis, or

3.L) Additional Noted lietns converuly, to nate the library large enough that all
nuclidea of interest are included.

Several items were identified during the data review for
which action was not taken taause they were not within 3.3 Code Verification
the scope of this work. Correction of these items would
lead to improved clarity and usefulness of the cale's input in this section we describe the nethis and results of the
files. code verification work. The current venfication effort was

conducted according to the quahty anurance proecdures
ne current format of the TAPEl.D - giut file for the previously mentioned for this work.C nis invohed
IMPACTS-BRC computer code allow. nor a field of sit production of an intenm basehne version of the ccde
alphanumeric characters for the identification of the using the updated (Version 2.1) input data, dev. ieu

radionuclides. Several of the radionuclides are considered under the data verification component of the current
in their metutable state and these are noted with a small project. All code verification efforts were conducted
letter *m' following the isotope identifiet When the using the ba>clined 2.0 Version of the ccde with the
isotope identifier itself is composed of six characters the updated Version 2.1 input data. The baseline Version 2.1
'm' is currently dropped from the field in the TAPEl.DAT and TAPE 2.DAT data files are attached to
TAPEl.DAT input file for those isotopes widle it is this report u Appendix B.
retained for those isotopes for which the identifier is
composed of less than six characters. This inconsistency Write statements were added to the previously unverified
could potentially lead to confusion on the part of the user sections of the boelined Version 2.0 of the code, which
and should be considered for possible future action. It has allowed for a line-by hne examination of the pertinent,

not been done at this time because such a change would parts of the code, ne modified cale was then compiled
require concurrent clanges to the IMPACTS-BRC with the Lahey FORTRAN r77L.EM/32, Version 4.0
computer code and preprocessor. compiler, ne existing temple problems were terun to

ensure that addition of the write statenents did not cause
Only one solubility class (Y) is currently b:ing used for any spurious changes nis venion of the cale was then
the radionuclide Nb-95 even though the documentation used for verification activities.
indicates that two solubility clauca (Y and W) will be
used. These two solubility classes are currently used for 3.3.1 Development of Verification Test
bb94. It would be desirable to include the solubility g
class, W, for bb95, but such a change in the
TAPE 1.DAT input file for the IMPACTS-BRC computer ne intent of the test problems is to verify all previously

.

code would require modifying the prepocessor. Since a g g gg
solubility class of a year is more conservative than a documents (Ornnali and Rolea,1984; O'Neal and lu,
solubility class of a week, it is not imperative that this

,

1
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1990) and ensure that they are implenxated cornetly. It 3.3.2 Verification with Tsst Problems
is therefore unimportant for the problem to be completely
mesmogful, t.ince the physica behind t!e nathematical This section details the results of teating the necensry
modelis not being testod under the current scope of work. portions of the subroutinea with the test problems. Each
herefore, norm unliaely ciombinations are included, such verified - subroutine is dancusmi separately, ne
as Pu-236 present in an activated-metal BRC waste discussion begins with s statement of the part of the
atteam. His was done no that the unvenfied sections of subroutme that netds to be tested a,d goes on to detail the
the code could tw tested in the most efficient canner. results of the venfication work.
nree test problems were developed, which are dea;nbed
below. Subroutine SPLICE: Test auting option 2 OP= 4*

Ris test problem exercised subroutines SPLICE, in subroutine SPLICE, there are two discrepancies
*

READ 2, CHNS, and half of INCIMP. His first teat between the model described in NUREO/CR.3585
problem has the following properties. Non default and its implementation in the code. Table 5-10 of the
environmental facility and environmental parameters NUREG ideatifies
GDAT=3) are used nis was achieved by using the
default paruneters as non-default ones; -in this cue, V,, = 0,036 VBRc 0)
we ust4 the Northeast region paameters. He wate
stream is separated and reducal in site, usmg sorting where V,, = volume residue
option 2 GP=4). An activated metal stream (IA=2) V = volume BRC wastegge
is used that contains Pu 236 (.0001 mCilg), Cf 252
(.0002 mCilg), Mo-99 (.0003 mci /g), and Ba-140 but the IMPACTS-BRC Version 2.0 um
(.0004 mCilg), ne waste stream is considered very
dispersible GD = 3). The on-site incinerator / sanitary
landfill OQ=li disposal option wu um!. The input
fde for this test problem is attached to this report in

(2)Appendix C. V,,, = m"*

A=
* The 6econd test problem exercises subroutinea

OVRFLO, and half of INTIMP and OPSIMP. In where m, = mass residuey

this problem, the wasa stream is disposed of OP= 1) pm = density residue
at a harardous waste incinerster/haardous waste
landfill 0) OQ=4). All other parameters are the The change between these approaches is not traceable
same as test probl m 1. The input file for this test in subsequent documentation of the code. Ilowever,
problemis in Appeadix C. the approach used in the code is logical because

volume, nass, and density will be consistent, and
Re third test proMem eserciwa subroutines READ 5, should be retained, ne approach in the original*

and half of INCIMP and OPSIMP. In this test reference is not con:.istert. Table 5 10 in
problem, the waste, uream (Rs.226, .0C01 mCitg's is NUREG/CR 3585 also reports that
incinerated ana disposed of OP=2) at a heardous
weste incinerator / hazardous waste landfill (II) may,g = 0.37 maac 0)
OQ=5). A4, defmed as the ratio of the total mass of

. the BRC waste stream to the number of transportation where - mdA. d mass discarded wastea

vehicles neultiplied by the percentage of HRC wute in mass BRC wastern ge =
a

the vehicle, will be set greater than 11.3. The
institutiona! control period is zem OlNS=0). The in contrut, IMPACTS-BRC, Version 2.0 usca
input file for this test problem is in Appendix C.

momud = mage 0-AI) H)

where Al = fraction waste incinerated
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,

Again, it has not been documented when this change and working correctly.
was nale, but the current appmach used by the code,

Subroutine OVRFLO Test activated metal wetewhere the maas diacarded is the exnount remaining *

after incineration, is more appropriate and abould be option (I A = 2).

retained.
De activated-metal waste acetion of the subroutine

* Subroutine READ 2: Test nondefault facility and wu verified to be implenwnted and working
environnatal parameters ODAT= 3). correctly. De branch where the dispor.al facility life

OLFE) muhiplied by one minus the exponential of the

ne nections that had been untested relate to negative nuclide decay constant is zero has been ,

calculation of impacts to individuals and populations verified to be correctly implenented by hand '

from airbo,e contaminants for nondefault calculstions.

parameters. This is the only part of the code that unes
* Subroutine INTIMP: Teat activated metal wasteJ.a function XOQTC. Consequently, SNL verified

that XOQFC was appropriate for its purpose by option O A = 2).

comparison with Equation (3) in NRC Regulatory
Guide 1.111 [NRC,1977b). The approach described he activated metal waste acetion and the branch
in Oztunali and Roles (1964] for estimating where llNS is zero were verified to be implemented

parameters in the unlel was reviewed, and this and working correctly,

procedure was verif ed to be correctly implennled in
Subroutine CPSIMP: For a haardous waste :andfillthe code. %e function was verified agaiust hand *

calculations using the appropriate model [NRC, (lQ-3 or 4, since they are both haardous wate
1977b]. De algorithm for evaluating oopulation landf, tis and the mathematical models are identical,

exposures was verified by inspection. It was noted on'y the parameters are different) tec activated metal
that the ASCil file nonnally distnb sted with waste (IA-2) and very dispersible wate (ID e 3).
IMPACTS-BRC, Version 2.0 contains a

typographical error in XOQI C, such that the The activated metal and the dispersible waste sections

conversion factor for s/m3 to yr/m was in the were verified to be implemented sad working3

r.urnerator rather than the denominator. His error correctly,

wu only in the ASCll file; the uource cale and
Subruatine CIINS: Test the entire subroutine for theexecutable files coctained the correct equation. No *

changea to the code were neceuary, following chains: Mo-99, Ba-140, Pu-236, and Cf-
252.

* Subroution READS: Test branchea for haardous
waste inc;nerator /haardous waste landfill (lQ=4 or Verification of the decay chain analyse 4 in subroutine

5) what A4 is greater than 11.3. CilNS was run for Mo-99, Ba 140, Pu 236, and Cf-
252 at 50 and 1000 years. The results of these

The sections of the suoroutine affected when A4 is analysea were compared to results from RADDECAY

greeter 11.3 are implemented and working correctly. Version 3.01 [ Grove Engineering,1985). The Mo-99
and Ba-140 chains in IMPACTS-BRC are complete:

Subroutine INCIMP: Test the first and faurth DO all daughters are included. IMPACTS BRC and -*-

loops for the on-site and hazardous wu'e incinerators RADDECAY agreed to three significant figures for

OQ - 1,5). both times with these two chains. The Pu 236 and
Cf 252 chains in IMPACTS-BRC are simplified

De only part of the first loop that depended on IQ chains, in which only radionuclides with half lives

was what fraction Al was set to. This was greater than a year are retained. He Pu-236 chain
determined to be working correctly, lQ did not affect calculations agreed to three significant figures for the,

the mathematical models in the rest of the DO loop, thsee nuclides included in the IMPACTS-BRC chain,

only the choice of parameters. Derefore, subroutine ne agmement was re as good for the Cf-252 chain.
INCIMP for IQ-1,5 was verified to be implemented De results of this compatiwan are shown in Tables
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3.1 and 3.2. ne Cf 252 chain is also a simplified the tables. ne differences are comparatively minor,
chain, and the abort-lived radionuclides are omitted in and do not require twre attention.

Table 3.1: Comparison htween IMPACTS BRC. Venion 2.1 and RADDECAY
for Calculation of Cf 252 Chain at 50 years

Radionuclide Fractional Activity Fructional Activity
(IMPACTS BRC) (RADDECAY) !

Cf 252 1.59x104 5.98x10+
Cm 248 7.68x104 7.54x104
Pu-244 2.98 x10-12 2.68x10-12
Pu-240 7.27x 10-15 6.59x 1015
U 236 3.36x 10-2I 2.08x10 20
n-232 0 5.84 x10-26
Ra 228 0 9.86110-26
n-228 0 B.16x10 26

.

Table 3.2: Comparison Between IMPACTS BRC, Version 2.1 and RADDECAY
for Calculation of Cf-252 Chain at 1000 cars3

Radionudide Fractioral Activity Fractional Actisity
(1MPACTS-BRC) (RADDECAY) '

Cf 252 0 0
Cm-248 7.66x104 7.53x104
Pu-244 6.41 x 10'I I 5.77x 10*II
Pu-240 3.24x 10-12 2,94 g g o-12

U-236 3.21:10-17 2.00x 10-16
% 232 4.07x 10-25 2.51x10-24
Ra-228 3.72x10-25 2.49x10-24
Tb 228 3.49x 10-25 2.45x10 24

Subroutine GWATER: Test to see that if the code. We verified that the algorithm in the code is correct*

cumulative pumping volume (TVOL) is less than the and that no changes should be made. An error was found
tninimum value of 110.0, it is set to !!0.0. in function XOQFC in the ASCll file normally distribu'ed

with the code. The error was not found in the code itself,
The correct implementation of this was verified by and no changes to the code were necesary. Minor
inspection. He contaminant transport loop was also deviations were found between radionuclide
verified by inspection. concentrations calculated using subroutine CHNS and

independent alculations for the Cf-252 chain. The
3.3.3 Summary of Code Verification differences are believed to be the result of slightly

different half lives used in the two codes. No alterations
to IMPACTS-BRC are recommended to addren this issue,All previously untated portions of the code were

exercised in this verification work. Deviations were All other portions of the code were verified to be working
discovered between the description of subroutine SPLICE correctly. No algorithm or coding changes to IMPACTS-
in Ozrunali and Roles [1984] and its implementation in the BRC were neceaary as a result of this vuification effort.
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3.4 IMPACTS-BRC, Version 2.1

Version 2.1 of IMPACTS-BRC was produced from
Version 2.0 of the code with very minor revisions. These
revisions include madifying the banner to print out the
new version number and adding comnents to detais our
verification activities. No changes were made to the
tnodels in the code m produce Version 2.1. The sourte
code listing for IMPACTS-BRC, Version 2.1 is given in
Appmdix A. De most significant change to Version 2.1
is that it uses the 2.1 input data, which was produced
during this project. Differences tetween TAPEl.DAT
and TAPE 2.DAT from Version 2.0 to 2.1 of the data are
summarized in Appendit G.

He results of runmng the original sample problems
(given in Appendit C) [O'Neal and 124, 1990] with
IMPACTS-BRC, Version 2.1 are given in Appendix D.
Any user of the code should compare the results from
running the program oc their computer to the resubs in
Appendit D to verify that the code is working properly on
their system.
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4.0 General Comments About IMPACTS-BRC

in conducting our review of IMPACTS BRC, we have (acoping) i n tels [lAEA, 1989] that bound the
several general conuncnta about uaing the ccde for site- conceptual nxdel uncertainty,
specific applications. Our primary comments pertain to
possibly non cornervative mxlels used in IMPACTS-BRC IMPACTS relies heavily on nonmechanistic 'indes'*

and the way uncertainties ce addreued. factors that reduce impacts by orders of magnitude;
these factors ramot be justified for specific sites.

4.1 Comments on Models in
IMPACTS-BRC iip 4ch3*"" "#' " " * " ' ' " "*

Some of the models in IMPACTS-BRC have dubious
IMPACTS BRC was derived from the Impacts Analysis physicochemical bases. One example is the nxdel for
Methodology for low-level radioactive wate (Oztunali et calculating the impact from batt tubbing of the disposal
al,1981). He Impacts Analysis Methedology [Oztunali facil ty, which leads to overland flow that contaminates a
er al,1981] and its BRC update [Oztunali and Roles, nearby stream, ne smpact.11, is calet. lated using the

2
1986) were generated to support the Environmental equation
Impact Statement for 10 CFR Part 61. They were
developed to allow NRC to muess qualitatively the effects
of various variables on the overall impacts of low level
waste disposal. The arproach was clearly acknowledged f, C" f, V M * t,10 "* f,1 PDCF 7tto be used for scoping analysca, and it was not believed to 11 =E I

'

3 9be appropriate for site-specific applications. Similarly, ' *

the EPA developed the PRESTO family of codes to (5)

conduct generic asseasrrents for their 40 CFR Part 193
rulemaking on low-level waste (which has not yet ken o = decay correction factor"h'''f

Promulgated).
Cg = concentration of the n* radionuclide in the

3i waste stream (Ci/m )Both PRESTO and the Impacts Analysis Methodology
were eliminated very early on in the development of the .f = fracti n of the total wute mlunw that ucurrent NRC low-level waste performance auessment i

methodology, since they were specifically developed only comp of the P waste stream

for genene use in rule making, and they are considered
3Yt = volume of leachate released annually (m )inappropriate for site-specific applicstions.

M0 = radionuclide-specific leach fractionMany of the tuodels in IMPACTS-BRC are the name an
thone in the Impacts Analysis low-level wute
methodology, and the models retain many of the same 's = fraction f a year that the teachate contacts

the wastedrawbacks. nese drawbacks are:

lA = tcceasibility indexhe Impacts Analysis Methodology is demonstrably*
nonconservative compared to trxxlels in the current

I = radionuclide retention in soil duringNRC low-level waste performance assessment 2n
verland flowmethodology for the ground water pathways [Kozak

er al,1990].
PDCF-7 = pathway dose conversion factor

Geosphere modeling cacaot be done on a generie (mrem m lyr Ci)*
basis except through the uw of very conservative

3,

1
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General Comments

Equation (5) is used to calculate concentration of ne teach fraction is another matter. Values for the teach
| radionuclide in surface water, wtuch can then be fractions in the code were deschiped from data from the

multiplied by the PDCF, and se,:nmed over all Mtsey Flata' low. level waste disposal site. It in often
radionuclides to calculate an impact from this pathwmy. argued that theme values for leach fractions are '

ne suumptions necesary in using this equaten are not comervative, but shere Lr absoluicty no c.sperimental or
discumed by Ortunali and Roles (1954], therefore, a shcorrrimt barltfor shte argument. ne teaching procen
discussion is presented here. depends heavily on the chemical and physical form of the

waste, the geochemistry of the wate, soil, and ground
One genersi problem with the IMPACTS-BRC code is the water, and on the hydrological flow regime of the site.
use of generic pathway done woversion factors for site. Lc ching results imm Masey Flata depend in a
specific applications. This approach is only appropriate u complicated way on conditions at Maxey Flats, and other
long as the psthways and usage factors in the tralel sites rnay bear no resemblance to these conditions. For
correspond to the conditions at the site, llence, this example, at Masey Flats, uranium movea very slowly.
cpproach carmet thy be conservative, and there may Conwquently, it is auigmed a law leach fraction in the

'

clearly be cases for which the suumed pathways ue IMPACTS approach. Ilowever, it is well known that
- - - inadequate. De conservatism of each pathway do e uranium wmpounds are quite mobile at a number of

conversion factor must be evaluated for each specific site, existing DOE sites [Shepped and nibault,1990J. His
ne generic parameters and the unjustified awumptions is a clear and denonstrable case in which the Masey i

uwd by the code should also be questioned. For Equation Flats' data are not wn ervative when used for a different
(5), as an example, the assumptions rnade and the sac. In addition, chelating compounds cannot be excluded4

i parameters used to calculate surface-water concentrations from consideration in BRC wute aucument, and the
are doubtful. prexace of chelating agents may inerece leach rates even

further. Furthermore, in developing the teach fractions, a
De purpose of the numerator in the equation is to number of dubious auumptions were required, so the
calcula+e the release rate of radionuclides into the stream. Masey Flats "dats* are not u atraightforwsrd as they first
his rrlease is then dduted by the stream flow rate to appear.' One of the amt important picees of missing
produce a surface. water concentration. His analysis information needed to generate the teach fractions is the
muurms complete lateral mixing in the stream. While this inventory at the site. The quantities and forms of the
opproach may be appropriate for small streams, it is inventory sie not known with confidence at Maxey Flats,
inappropriate for larger streams [Kozak er al,1989), so the leach fractions are bued on dubious estimmten of
cince it will lead to calculation of nonconservative surface- the inventory [Pexatore .md Sullivan,1991).
water concentrations. Previously this limitation has not.

been acknowledged , We also note that the code cannot Current low level wate leaching unlels assume that
' model lake concentrations, and that lakes have the teaching from trash occurs through a ' surface-wnh'

rotential to be net accumulators of radmnuclidea. mechanism [Sullivan and Suen, 1989; Kozak er al,
; Neglecting this potential accumulation is also not 1989), which suggests that much higher release rates can
'

conservative. be expected. De uncertainties in leaching from sery
heterogeneous waste are beheved to be bounded by this

Next, eammine the parameters uwd in the num rator of approach.
equation (5) to calculate the radionuclide releas; rate to

i the stream. He combination f,C,Mo is used to calculate %e leachate concentration is multiplied by the parameters
radionucFde concentrations in water in the dispoal trench V , t,,10 l^),and f . V0

b as dermed in Ozrunali and
wt h

; fmm concentrations in the waste stream. It assumea (1) Roles (1984) in units of m , but it should be m /yr for3

| complete dilution of the i* waste stream by other wastea, dinensional consistency of the overall equation. More
and (2) some generic ' leach fraction," M , that relates importantly, we note that the paranwter t , as originallyo
ground-water concentrations to solid concentrations. De defined, has no basis in hydrological principles. De

j complete dilution suumptio: s not comervative, but variable t, is defined as p/(nv), where p is the infdtration
probebly cannot be avoided because of the uncertainty ,

i about the distribution of wade in the di w.al facility. y suman, nema monal mu,w>nal
9 communicatmn.1991.'

i
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raie (nfyr), n is the effective porosity, and v is the titoch in lM PACTS-BRC indicates tbt
ground-water velocity (m/yr). He stated intention is fr

Paranctus in the rnodel have no physical orthis fraction to be a conection factor for 'trarutient and *

partially es.turated conditiom' [Onunali and Roles,1964): e spmnental baus.
it is also identified with *the fractmn of a year that ..

+ %e nalel takes esecasive credit for dilution andwater is in contact with waste * [Onunali and Roles,
1984). In fact, t, is the fractional uturation for retroval truhanisms at each step in the process.
i.nsaturated flow, and is equal to unity for asturated flow;
it hu nothing to do with tsansient effects, it is not he model cannot therefore be considered to be
entirely clear why the fractional saturation should multiply conservative on a genene basis, rear can it be comidered
the other factors in equation (5), panicularly smce the either conservative or reabi, tic for site-specific analpes.

leach fractions are supposed to be bs3ed on *real* data
thrt would include the effects of partial saturation. We The*e imues have been ruii.ed by examining only one of

conclude that t, appears to be nothing more than a ' fudge * the rnany models in IMPACTS.BRC. It is expected that
factor that can be used to decrease impacts. The there are sinular problems in other nniels in the ude.
parameter was set to 1.0 for all cases by Forstom and Note that SNL's primary concerns are for the nalein for
Goode [1986], and connequently does not affect the results trangiort in the geosphere. Theae models have not been
of current ecde analyses. However, future users may wish considered the most important f:.r DRC waste disposal
to use other values for the parameter, so it is important to petitions. It has tan more common foi doses to the
secognize that it does not have a physical basis. We also transportation worker to dominate the digw.al scenano
suggest that the inclusion of this parameter in this nniel doses [ Kennedy et al,1969). It is therefore possible that
is suggestive of the level of empiriciam that exists in many addrening our concerns about these modeh will not
of the models in the code. substantially change previously calculeted mcrall BRC

dos.es.

The effect of the accessibility inden, IA, in the cale is to
reduce relene rates of activated metals by a factor of 10 On the other hand, doses for the ground water-to-well
for all situations. Here is no expenmental evidence for pathw my almost alw sys dominate postclosure doses in low-

this ten-fold reduction in the release rate. Actual releases level waste disposal sucuments. De sptem here is
may be either more or less than those calculated using similar, except that inventories in BRC waste hase lower
IMPACTS-BRC, and uill depend on site-specific concentrations, and the doses are compared against lower
c nditions. Sullivan and Suen [1989} have suggested an regulatory performance objectives. The ground water
alternate model for releases from activated metals. This transport analysis in IMPACTS BRC is believed to suffer
model is a semiempirical approach that combines an from the marne defects as the overland transport analysis.

established phenomenological analytical structure for Furthermore, many of M assenments of the relative
corrosion rate uith field data for underground corrosion as importance of pathways have been carned out using
a function of soil properties. Limitations to the model are IMPACTS BRC. Given the probable nonconservatism of
docurrented [Sullivan and Suen, 1969; Korak et al, the geosphere rrodels, these pathways may have been
1989) and censist primarily of narrow empirical basca for incorrectly identified as bems inugnificant.
parameters in the model. Nevertheless, the unlel is Consequently, these iuues are of uncertain importance in
considerably more defensible than an arbitrary ten-fold relatiomhip to the overall assessment of BRC wastes. In
reduction in release rates. SNL's opinion, they should be mvestigated in order to

produce a nore defensible BRC analysis.
The factor f is the fractional amount of radionuclides2n
retained by soils during overland flow. Two inues should 4.2 Comfnents on Uncertainty
be raised in regards to this parameter: (1) it is
conventional to model sorption as a delay mochanism Analys,ts
rather than a removal nechanism (the current appnwh in
the code is not conservative), and (2) soil-radionuchde A wther concem about IMPACTS-BRC relates to the

interactions cannot be quantified on a generic basis. approach to uncertainty m current appheations of the

he examination of overland transport from the digosal code. Refer to sectinn 1.5 for a hckground discusson on
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Inatment of uncertainty. In SNL's opinion, IMPACTS- Allowing for greater fleubility in the nalels used in
BRC does not adequately addreu either conceptual adel IMPACTS BRC would addreu concerns about the quality
or parameter uncertainty, of unlels used in the cale as well as concerns about the

way the program handles conceptual unlel uncertainty.
In assessing a BRC petition, the analyst must develop a ne code also needs greater flexibility for handling

.

'

conceptual adel that includes information about the paranrict uncertainty, ainre numy of the parametess are
geosphen (for offsite exposure analyses) in addition to hard wired into the code.
making hypothcaea about the futun tchavior of people at
the site (for input into operational and intrusion analyses). 4,3 Summary of General Comments
The process of devek> ping a conceptual model of the
geoaphere is complicated and site specific. When using Two areas of concern are identified in this report. De
IMPACTS-BRC, the analyst is confined to a small set of fird is um abut h Id of mrvatism and the lack
conceptual models of the site. Consequently, the analyst of physical bases for many models and parameters used in
is unable to examine pouible alternative conceptual the crde. He second area of concern is the apprmh
trndels. In addition, some of the nodels are clearly not

.

, taken toward untertainty. ne code appearo to be
conservative comparnt to other comparable models

intended to be used as a boundmg analysis, but neither the
currently in use (see section 4.1). M ds m h pn e op 6 W nd h

uncertainties. If, alternatively, an accurate estitrdle of
To bound both conceptual model and parameter impacts is desired, mite-specific models must be uwd.
uncertainties, a combination of conservative udels and

H IMPAGS BRC, with its generic models and data
conservative parameters must be used. Unless formal sets, does not appear to produce either scrunte site- 2

parameter uncertainty methods, such as Mor.te Carlo
, speci6c ruub or comervative generic results.

methods, are used, it is dif6 cult to provide evidence that
the parameter uncertainty has been bounded. Unless site' Pouibly, the areas of concern will not affect calculated
specific validation is performed, anything 'ess than a veryl

doses from proiected BRC waste disposal. Howener, we
conservative model as not justified [ Davis er at,1991). If recomrnend that the models in the code ard the overall

~

either the parameters or the models are nonconsenative, it approach to uncertainty analysis be reevaluated to ensureis likely that the radiological impacts will be
the conservative and defensible analyses are used.

underpredicted [NCRP,1964). *

Evaluation of BRC petitions would be better conducted by
Previous evaluations of conservatism in IMPACTS BRC identifying a suite of codea to cceduct individual parts of
have suggeoted that portions of the code. L t. the the asseument. Several codes should be identified for
transportation analysis, are overly conservative for each adule of the methodology. This approach was used
specific applications [ Rogers and Murphy,1988; Kennedy in the recently developed NRC/SNL low-level waste
er al,1989). However, these results are not general and performance sueument racthodology [Kozak er at,1990;
generic models and parameters must be very conservative Deering and Kozak,1990]. One important advantage is
to bound the uncertainties associated with their use at h different adds m k sukimtM ink tk mlpis
hetemgeneous sites. when they are apprcpriate. When greater uncertainties

exist, more conservative models may be uud.
We conclude that in usm.g IMPACTS-BRC, an analyst can
neither span the conceptual model uncertainties, not ne phary disadvantage to this approa:h is that a greater
bound them. In addition, using Eenerie data as a burden is placed on the applicant tojustify the adels and

; surrogate for ante-specifie data is not necesarily
pawn ud in h %sio in ohr words, it is am

j- conservative. This problem is further aggravated smce work for the applicant since he must understand the site
j some of the parameters tn the code are *hard wired,' and better. Again, the NRC's lew-level waste performanceinaccessible to the user, his means that a uner could cot

asseasnxnt philosophy is to require a conwrvative analysis
use more conservative values for these parame'ers even if to be used, unleu the applicant can demonstram that leu
he were so incimed. If the code is used to produce only a conservative approaches are appropriate |Starmer er at,
ningle realitation of the data set, this approach does not

, 1988). We believe that forcing the applicant to justify
j allow the analyst to acknowledge date uncertainties,

asaumptions will result in better radiological useaments.
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5.0 Summary ofIMPACTS-BRC, Version 2.1 I

All the data in the input 61ce (TAPE!.DAT and
. TAPE 2.DAT) to IMPACTS BRC have been verined. Some of these models have tan called into question;
he verification was carried out by comparison of the data primanly the models for geosphere transport. D ese
files with independent sources [Bckennan et al.,1988 or erniels and their associated painmeters are intended to
Kocher ar.d Eckertrm,1983), tracing the data to earlier bound possible offsite impacts, but it is quite clur that
docuuntation of the code [Onunali and Roles,1984, they do not. SNL has suggested an alternative to
Forstom acd Goode,1986, or O'Neal and Lee,1990], evaluating BRC petitions that is comparsble to the NRC's )
changing the data to be consistet with the dceunatation, tubnical position on low-level radic ctive waste disposal |

'

or identifying the data as untraceable, ne new data, nuessnats.
Venion 2.1, has been produced under strict quality
assurance procedurce, ne new data set have been
included in this report as Appendix B.

In sddition to the data verification, SNL has conducted
code veri 6 cation on previously untested parts of
IMPACTS-BRC. SNL has determined that the code
implemcets the axxiels conectly as documented in
Ozrunali and Roles (1984), and that it performs as
desental in the code accumentation [O'Neal and Lee,
1990). No clinges were recommended to the code as a
result of the code verification erYorts.

We have produced IMPACTS BRC, Venion 2.1, which
uses Venion 2.1 of the data. Version 2.1 of the code
differs from Version 2.0 ordy in the venion number on
the banner it prints in the output files and in some of the
comment lines. The updated code is appended to this
report as Aprendiz A. IMPACTS-BRC, Version 2.1 was
produced under quality asmrance guidelines.

The purpose of the verification work was to produce a
more defensible venion of IMPACTS-BRC by ensuring
that the data and the code were checked carefully for
consistency with tbc literature. - However, in SNL's
opinion, the defensibility of the co:le is even more closely
related to i- defensibility of the underlying models than
to its ben.g produced under strict quality assurance
guidelines.

,
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6.0 Distribution of IMPACTS BRC, Version 2.1

IMPACTS BRC, Version 2.1 is available from the
Energy Scicace and Technology Softw ast Center
(ESTSC), P.O. Box 1020, Oak Ridge, Tennesse 37831-
1020 on floppy disk. This dak covains the following
files:

,

Nanne. ext Size Date
,

IMPACTS.EXE 242576 10-11 91

IMPSHCLL.tNE 113920 12-17-69
RROVISE.EXb 42240 12 15 39

i INSTALL.EXE CU20 12-15 19
idlNTER.DTA 7)S2 12-15 89 :

IMPSHELI..OVR 111037 12 15 89
IMPSHEL2.PCS 57328 12 19-89

TAPEl.DAT $9350 8-21-91

TAPE 1.DTA 59350 62791 ,

TAPE 1B AK.DTA $9350 8-27-91

TAPE 2.DAT 3848 8 27-91
TAPE 2.DTA 3848 8-27-91

TAPE 2BAK.DTA 3848 8 27-91
TAPE 5.DAT 2758 12 15 89

TAPE 5BAK.DTA 2756 12-15 89

l IMPACTS.ASC 69929 10-03 91

IMPACT 0 EXE is the executable of IMPACTS.BRC,
Venion 2.1. IMPSHELL.EXE is the data preprocessor

,

! that can be ural to nvxlify the input data e,ets. The

|
preprocessor uses BROWSE.EXE, INSTALL.EXE, ,

! PRINTER.DTA, IMPSilELL.CVR, IMPSHEL2.PCS,
TAPEl.DTA, and TAPE 2.DTA. TAPE 1.DAT,

; TAPE 2.DAT, and TAPE 5.DAT are the data input files,

| while TAPElBAK.DTA, TAPE 2BAK.DTA, and
TAPE 5BAK.DTA are their backups. IMPACTS. ASC is
an ASCII listing of the IMPACTS-BRC, Version 2.1
source code. Note that the common blxks required for
compiling the program are not included in the ASCII file.

Details of how to use the preptoccamr, and the haniwne
and no'tware requirements for running the code can be
femd in the IMPACTS-BRC, Version 2.0 user's manual
[O'Neal and Lee,1990). Note, during the creation of

|
Version 2.1 of the code, no changes were made to the
preprocessing software.
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PROGRAM IMPACT 4 DRC
C'

'
'

,

S- C PRtXiRAM'IT11.ft IMPACISDRC VI R$10N 11yi , C ;

C O!W110PCD IOR. UX NUCi ti\P 6tJ%lllATORY COMMtMION
C. OIT1cl? OJ NVCtrAR MATERIAL M11RY AND WEOUARDS EC Dh ISION OF WAYTE MAN AGINr.NT
C ;

C+ VERSION 10 De. skyed or. *
*

C DATI': MAY1*
C'

C NRC CONTACD CllllT, Gl:OTIT11NICA1. DRANCil P1tONth (701) 4E.he !

C DIVIs10N OF WAYIE hNAGEMl!W i

!C
C ' CODil DEV110PER: DR O | 0;WNALL M1AMO SFRVICliS INC. t

C %Till MODil1CA110NS IfY DANITL J, GOODif, NRC
.

IC

- C - 1TTti:S OF ASSOCIA11:D DOCUMIA TAllON AFD NURCO NUMiltM
-

iC
C OtrUNA11,0.1 AND C.W. ROLES Dil MINIMIS WAYrillMPACiti ANAIMIS

f
4

.C MITIKODOLOGY, VO! 1. NURIX1/Ck-35M,1%4.
C ._ i

C . IURSTROM,J.M AFD DJ. GOODf.:, NE MINIMIS WAY!U IMPACT ANA1.vSIS4

C MirnlODOLOGY, % OL 2, IMPAC3%DRC USER'S GOtDF. ANi^ MlfMIODOIDGY I DH iC RAD)DACnVE WAFMI DIMW M1 GUI A10RY CONCkdN, NUROG/CR.1%$,1%
C+

4

C+ -~

C+

C+ Venica 24 devekedC.n
C+ Date : Octcher 1,1989 ~'
C+
C+ Dy

e -C4 Mfety and RetaNhty Analysis Dwision MIS 4

C+ Sand:a National laboretones
C+ A%querque, NM RI10

3

C+
C+ Cn:e Revisions by:
C+ '

C+ Dr, Clarence E?, Lee Mr. Iht! O'Neal
C+ - Apphed Phpin, lac . Diemrt Mi$

,

, . 5153 Wyoming Dh4. NE, Sune 3 . Ladut National I.aa oratoryC+ 1

C+ : Albuquerque, NM F7109 Albuqocrque, NM 8'f1M
C+
C+ Version 2 maddications include:
C+ c Addition <t Tere!I containing JCHP summny informatkm

iC+ o Mcddication of the Tape 2 furnut to include all puible card
C+ configurations automatically, e g site spectre information.

J

-
,

C+- ' so that the IMPACTS preprcuessor shelGMPSl(1;LL.EXFs could be
C+ uwd to efficieritty . input enoddy data ar d tt en run (MPACallit
C+ o Alkwing the user to name aput and output files fruer the
C+ command hne (see format below)in face standing er 4eli nxxtu.

- C+ o impkmention of orurcen waste stream batch run manitonng. *

C+ o Auto deertion of fd4 status precludmg a run and abortmp
C+ o ' Addition of ckxk and timing informanon on rura ;

.

C + o Coriection of a few programming and &wputationel errors.
C+ o IJmited model changes were implemented tsy SNI/,

-C+ . (these are documented separately-in the user's manuall
-

C+ .

'

C+
'

CSNL+++++++++++++++++++++++++++++++-++++++++++++++++++++*++'

CSNL-
CSNL ' Version 2:1 developed on Ooober 1,1991
CSNL'

- CSN!! Dy Sandia Nanonat Laboratones, DMson M16
CSNL

CSNL lbtlowing c de and data verificanoe ocitnties, Versi m 11 d ,

'

A2
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|
1

CSNL IMPAtl%I1RC was, produced.
CSNL'

fCSNL Venne 11 smedwatsons indude;
ChNL ,

CSNL o lhe input data files. TAPEl DAT and TAP 12 DAT, were mtMed ;
'

CSNL as der.cribed in NURI O/CR $M. ,

CSNL ;
'CSNL o The only thsige required for the cree was to update the tient>er to

CSNL print out Venkm 11,
CSNL
(sNL+++++++++4+++++++<+++++++++++++4++++++++++++4++++,+++++++

C i

C Tilh PROGRAM WAS fRFPARI'D IOR AN AGENCY 01'111U UNTI1B STA113
C OOV11NMbvr. NilDthR TIIB UNril.D YrA113 OOVI:RNMINT NOR ANY AOI:NCY
C = ll(E.R8!OP NOR ANT OF TIC 1R EMPLOYITS, MAK13 ANY WARRAVlY. ItXI'hl3MD {

'

C OR IMWJim. OR ASSUM13 ANT LEGAL LIAllllfaY OR RiiSPONSilillIIY IUR :

C ANY 1111kD PARWS USE, OR lilE RI3UL15 Ol' 5001 USP, OF AdY POR110N [

C OP11tl3 PROGRAM OR REPRI3tNI511 TAT fl$ USE IlY SUOl1111RD PARTY
C . WOULD NOT INI'RINGE PRIVA1T'LY OWNI'D RIGirli j
C
C4 -

C
C Tills CODE KfPH15fN15 AN ANALYS15 M2DIODOlOGY IOR Dl!!1AMINING 1111:
C RADIOLDOICAL IMPACI's A% SOCIA 11D WrI1( 11111 DISPOML OF B110W RPOUIATORY '
C . CONCERN (11RC) WASill fr CALCULA113111B iMPACIS UNDI R A NUMi1ER Of, .

'

C SCE.NAldOS, INCI UDING '!110SE INVOIVI'D %Till- TPANsPORTA110N OF '1112 WA511;
C SOR11NG/lNCINTRA110N/ RECYCLE Ol' TIIII WANr!! AND 11NAL DISPOML AND
C POTI' DISPOSAL CONSIDERA710NS.

.1C
C 1118 INitT/olff1'LT11Llis ARl!IDI;NDillV AS FOLLOWS:
C-
C TAftl= INitT 11LE CONTAINS NUOJDE SPl!CIF1CA DON DATA. SUOI AS:
C 'llE IIASIC DOSE CONVERSION FACIORS, NUCLIDI! .YAMf 3,
C SOL UltilflT CIASSIIS, OROUNDWATl R Ri?rARDA110N COEllilOINIS, ,

C UPTAKE l' ACTORS. IRC
C
C TAPE 2= INPUT 111.E CONTAINING 111E DETAULT ENVIRONMENTAL,
C TREATMINT. AND DISPOSAL PARAMl?1115 U$LD IN 11tlS ANALYSIS.
C_ ALSO CONTAINS NON-DITALLT FACILITY AND ENVIRONMINT DATA
C.

C . TAPtb LNPUT 11LE CONTAINING TREA1N!:Vr/DISPOML Ol'IlONS, AND
-C WAY11LSTRIMM CllARACI'ERlWICS '!1(1511Lli %11 L MOVr LIKI:LY
C CilANGl! %Till liACII CASE UNDER CONSIDERA110N.
C
C tar!%= OUl?tIr 711.11 OONTAININOlllE MAIN RI3UL15 OF1111! ANALYSIS

'

C
C TAPE 10. CUTPUT Fi1E CONTAININO ICRP DOSI'S IUR !!AGI NUCl.IDE'

'

C (MO$r PA11(WAYS)
C+

, C+ TAPU11 OUITUr 11LE CONTAININO ONLY Tili? ITITiCTIVl! DOSE
C+ POUIVALIN15 FO 111E /.NALYSIS
C+
C+ 11IE OVERALL CODU HIERARCl!Y IS A$ 10L1 OWS
C+
C+ - (MI'ACI51)RC CODE IlirAROlY L

C+ Subsouneer
C+'
C+ i hro

-

- 1

C+ |

C+ |- IMcdd
'

C+ i
C+ |- Readt - Read
C+ |
C+ j- rad 2 j- Read

- C+ 1. l ~ w nte
*- C+ (

A-3
,

,

t'
+
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C+ l- Reai$ |~ 7sro
C+ | |- Read
C+ | j- Write
C+ | l- Uptake - Write
C+ |
C+ Sptwel- Renti-|- Writs '

C+- 1 |- Incimp |-Zero .

C+. | |- = Wnte
C+ MAlW) :

?C+ l- Int. imp |- Chns - Zero
C+ | |- Wnte ,

C+ | |- Cali '

C+ l- ,
'

C+ |- Expwasi- Chns - 74ro
C+ | |- Wine
C4 | | Caie
C+ |
C+ l- Orsimp
C+ |
C+ l- Ovrflo - Wnte
C6 |.

'C+ l- Gwater - Wnte
C+ i Zeio
C+ |
C+- |- Dvvvy - Wnte
C+ |
C+ l- I'tme - Wrtte
C+-
C+
C+ Functicms:
C+

- C+ E1 -|- Alog -

C+ l- Exp - 3
C+
C+ ERTS -l- Exm - I'.rp ,

C+ l- Poly
C+ "

C+ POLY-
C+

,

C+ COIT. --- Sqrt :
C+ ,

C+ DOfT - Enm - thp
'C+

C+ XOQFC - Exp
C+
C+
Ct he subroutmes and funcoons art cach ordered alphabetrally
C+ in the source rile.
C+
C+ his source code is compitable with
C+' LAllEY 177L into *.EXE (runs free standing / under IMPSilU'_11LXU)
C+ and/ot
C+ IAl6EY.lTIL/NHMS into *.EXP ( runa only free standmg : UP impnets)
C+. crecutable files.

iC+. . . .. _ _.

C+ Modifications are required to use the Mertsoft l'ORTRAN:
C+. Danges required would involve the
C+ include, Ge:CI, Under0 len, index, charnd, timer, time and i

C+ date subroutines and functions ned bert.-

C+
C+ Compiler spenfr functions and procedurcs are ca!!cd out in the
C+ sourtt lating. Except as noted, the sourre cree satisfes the

: ~C+ FORTRAN 71 standard.'
C+'4

'- C+ he fik IMPCOMM.POR contains common block definitkws.
C+ lt must be available for successful cornpilation.

A-4
I
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C+
INC1CDl! IMPCOMM IUR
CllARACITR Timestart'll
INTILER'4 '15 tart 15 top
CilAIMCil R thne'220 Cmdhne*220,
v le put Na me '.W,1 a p 6Na me *50,1 a pe 10Nt mc '50,Ta g i 1 % me ' 50,

+ DateName'8
LOGICAL SUCCl3SiXIV13,l'XIS16.1'XIY110.I'.XIVfl1
ClLARACIIR ORO(10)*9.%CN(%)*6,l'AS($f 20,NUCl%Soll*1
COM M O N/ CilY N/NX U C(R$ ).l Cll(R.10),L Cll(10)ACI (8 ). llc I (R,2 )/U P 1X/l K( 21)
CO M M O N/D Cl 3/IT(k$,$ ).DCf1 ( 159.10 ).DCI2( 159.10).DCI W 83 ),
+ DCI'4(&$,10).DCl!4tt$ 10).NUCT(159),50Ll(159)
DIMENSION 1YMD(16).IllMI'I(10,fo)
DATA ORCf I UNOS '| $WA1.L */1.11 Wall?/ T llODY ',
+ * FIDNt!YS '| LjVER 'l RI'D NAR 'l llONil *,
+ "OlYROID 'l ICRP '/
DATA SCNflNT-CO'/ INT AO'/IN-AIR'|ER AIR'llN-WAT'/Ek WAl*,
* 1GPO ''/lGIND'|lGWOR','IC-MWR'/OP-POP'|OP-IND',
+ 'OP-WOR'/OP MWR'/ 20Y R'l 40YR'| @YR'| 80VR',
+ * IJ0YR'l 120YR'| It4YR'| 200YR'| Am R'| tmY R',
+ '100YR*/1K YR'/ 2K i R'? 5K YR'|10K YR'/20K YR',
+ 'TR. MAX',*IR OCC*,"lR-POP'/LA. OPS'ilA-OVP'/1A AlW/

C+ FACILITY NAM 13
DATA l'AS/'ONSTIE INC, S. I AhDl*/SANTTARY l ANDill1 '

,

+ 'ONSill!!NC 11 1ANDi'lllAIARDOUS WAYlE I ',
+ 'llAZARDOUS WAS1E 11 '/
DATA TYMD/L40. 60..M.1(n,120.,1to.,2mAco ,fm ,
+ am.10m,2fm.nn,htm,20tm/

DA1 A NTYM/16/
101 IURMAT(Bl3)
102 PORMAT(//2X,A20//2X'llit='112X'OY11#D,2X'NSIR ='13/

+ 2X'REGN = 'D,2X'DAT A = 'I'/2X IPOP = '13,2X'INY1 = 'D)

103 IURMA1(11tl)
104 ICRMAT(/,2X,*1RANSPORTATION IMPACIT.10X,A6,

+' m',1 PIN.2| MREM /YR',
+ /,34X A6| =',I 9.2| PERSON M RI'M/Y R',/,MXA6| = ',1!9.2,
+' PERSON-MIWM/YR')

106 I'O RMAT(llll/2X'CUMUIAT!Vil IMPACIT/)
C+ 5etup for automane set towero on underfkw in lahey l-ORTRAN

LOGICAL *4 IJ1AO 1 SNI A m<efwatwin
1J1AO .TRUIL
Call UNDER0(lJ1 AO)

C+ Set all underfWs = 0 on storage to memory
C+
C+ COMMAND 1JNE FORMAT
C + Read Command ljne for input & Ousput nie Names 1 hNIA mcAfwainn
C+ lormat auumed - imrecu inputName + Tapc6Name,lapelbName|lapc11Navne
C+ Input and Tape names support paths and directorna in the format
C+ |dl\[ path]\| filename est)
C+ with the length of complete drtvt peth,and filcomme < = SO characters.
C4 If only the mde came Supphed, de'aalt hne input names are sult ndi

C + If '> ' is suppl.ed at end, acreen output is piped to a named Tale ext.
C+
C+

InputName = 'fape.$ dat' 1 Default hne input

Tepc6Navne = 'laF out'6

Tape 10Name = 'Tapcl0out'
Tapel1Name = 'Ispell oct*
Call GeICL(emdhne) I Command (Joe input

tline = charnb(cmdline) ? Str p traning tdanks

il = inder(tline|+ ') I input output debmiter

i2 = indes(thne//) I tapc6, tape 10 tapell dehm

i3 = len(tline(1:nNank(thne)))
if ((it.GT.0).and (i2 GT.0)4nd (i3 GT.0)) : hen
laputName = ' '
InputName(1il 1) = tlinc(2.il-1)

l

A-5 |
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i

r

,

if pila 2j inputName = Tapc3Aat'
,

Tap 6%ms = ' '
Tag 6%me(1;i2 411) = taine(il e i 12-1) !

If ((ll+1)lOQ) Tag 6%me = 4eg6out' +

Tape 10Name = ' * A

Tayl0%me(1.43-12 + 1) = tune (t2 4113 41) [
thM a Tape 10Name
Tepe10Name = * *

[2 = indes(thne/.') ,
i3 = len(thne(1:nbtar4 bas ))s

Tape 10Name(1:12-1; = thne(1:12-1) -,

t
if(Q.Lill)Tepe10Name = *1 ape 10out' '

- lapellMm2 = ' '
Tamil%nr(4:iM2 61) = tline(i2 + 1.43) t

if ((d + 1) OfLij) Ts.ellNarae = 'Tapell out' |
'

emld
wnte('.1.. ,

107 fonsat(' IVJ%C15-11RC , VERSION 2.1: ikrumented in NURIL CR SMT) $f

ernte(*,108) Input %me
i

r

10lt forp.at(' Tape $ Input Name = 'A)
wnte(* 109) Tafef Name

109 format (' Tape 6 Ou'put Mme ',a)
.

wnte(*,110) Tap 10%mt
110 format (' leg 10 Output Mme = ',a)

write (',911) Topc11Name .
911 format (' Tape 11 Output Name = ',a)

C+ Tut and opt'N 11111IllES IUR NAMING TAPl!$ A CRIW11NO TAPIZ,10, & 11
C . Note :Tapc6 is UNIT 1 -- '

C+ T .1 for existence of fact, query statua, decide on running
.NQUIRIX11Ll!= Inpushme,1Niff = exist $) ! Tc.t inputName !

INQUIRIXill E = Tape 6%me.fWITI'= e tist6) t Test Tapc6%me i
INQUI RIX111.f! = Tay 10%me , EXIST = exist l0) ! Test 1spe10Name

,

INQUIRii(111E=Tegl1Name.EW15T=eusill) ! Test TapellName
suctela = true.
If (est$) then

- OftN($,11LE= Input %me, STATUS = OLir)
else

suned m .fabe. *

wnte(',112) InpotName
112 fc.nnat(* ',a,

+ * does r ot em!'/ 'It is required for running.'),

: endif
if (.n(W cahl6) then
OPiW(1I1LE =1nF6%me5TA1VS ="NIN")

che
,

surtcu = .fahe.
' ,

write (*,113) Tapc6%me
- 113 format (' ',a,

.
'|

+ ' already exists!.*/ ' It must tse renamed /ernsed/)
end4f

'

-

if (.not cris 10) then
OPEN(10,11LE. Tup 10NameSTATUS = 'NIN")

else

sucrea = .fahe.
write (*,113) Tape 10Name

enda

~ if (.not.extsell) then
O Pl2N(l l J11 E = Tape l l Name, STATUS = 'NIN") i

else
,

succest * Jabe.
wnte(*,113) Tepel1%me

er'Jnf -

if (.not.suceen) then
wnte(',114)

!' |114 formatC Erfors detetted in the input / output fik 6tatus.')
SIDP ' Further renning is nat twaaitA at this tuac.'

E

A6g
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i

endJ
C4 Read TStart skd (ILb in hundreths of second)
C+ di TmwStart it!I.MM SS hh DeteName in format MM/DD/YY

Call TIMER (TStart) 114 hey Sy6 tem S6brwNne

Call T1ME(Timestart) I 12 hey Syuem Subroutine
_.

CALL DA114DateName) I lahey $3 stem Subioutine
write (',111111meStart.DateName 1 Monitor Line ficader output

111 format (* Time W4ste Stream Started -

+all/om'a8)
DO 10 Iw I,3

Y M l'RAC'lI7J)= FRACT(2U)
CALL DLIX:KD ,

CAIL READI
C+ START OF A OiVEN CASL . ONE TACILT1Y AND ANY NUMI1ER OF
C+ WASE SITd%MS WTI11 OlVILN CllARACIT.R]SIlCS
C+ %T f173 IIIMDER ON TAPES 6,10, and 11 append wh DateName & limeStarti

,

WRTTIX7,1000) DateNoru,TimeStert
WRTITX10,1000) DarcName,1h%t
WRTIIW11,1GXi) DateName.TimeStart

10X$ mL*,LAT(' IMPACISDRC VERSION 2.1: Rus on ',a3/ at ',all)
' 20 READ (5,101,END = 50) Ift,lDAT.lQ,NST RDJPOP.IllTillNSJ Of L

WRITIAT,102) FAS(IO),11J1LIOFL,NYTRD,lR.lDAT,lPOPJ1NS |
WRTITX11,102) FA910) IlliUOlhNYI RDJJUDAT.IPOP.!!NS

C+ WRTE SCTLNAR]O lifMDER ON TAPE 10 OL*T
WRTITX10,1002) FAS(lQ)

1002 FORMAIU/2AA20)
CW L REATLt
C/2 I ZERO(BIMTT,MO)
D - 40 ISTRD a 1,NSTRD ,

Call ZERO(BIMP,M'J) - ]
IF(!YTFD NIL 1)WRTITU,103)
IF(!YTkD.hTL1)WRTUKLL103)

C+ CALCL% ATE IMTACl% -
| CAIL PFAD5

C1 5 AVE DISPOSAL / INCINERATION /SOllTING Ol' TION ,

INCIN aISTC(1,5)
CAIL STLICL
CALL imMP

'

CALL EXPWAS
CALL OPSIMP
IF(IOl'LNILO)CAIL OVRFLO
CALL GVA1TiR(NTYM|IYMD,SCN)'

C + NOR14.A!J7JJ INDIVIDUAL IMPACD %TDI NUMB 3R OF FACILrTIESj,
CALL Drvyy(L1,2)'

|: . CA11 DIVVY (1,5,6)
L- C+ NORMA 11ZE INCINIL5tA1DR IMPACTS IP INCINFRA110N OCf1J RS

- iP(INCTN.NE.1) CALL DlWY(2,U)
IF(INCL 4 hTLI) Call DIVVY (2,10,10) '
Call DIVVY (1,12,12)c

l~ CALL DIVVY (1,14,14)
- CA!1 tre'VY(1,15,64) .
.WRITED,rM) (SCN(l+ 26), BAS (1,1),1 = 5,7) ,

.

W RTIIT11,101) (SCN(1 + 26)JIAS(IJ),1 = 57,

,
' CALL PRNT/(ORO,SCN,IllMP)'

' DO 30 !=1,10
DO.M J.;35 ..

,

30 -- HIMPT(LT)= BIMVT(lJ)+ DIMP(IJ)
40 CONTINUE
- JF(NYTRD EQ 1600 TO 20

WRTITM7,106)

i WRTTE(11,106)

CAIL PRNT140RG.SCKBIM7T)'

00 TO 20
C + T11E L"iD OF A GlYPE CASP,00 TO 20 FOR '.UW CASE OR
C+ CIDSE t'lLES IP find-O?-FILis IS ENCOUNIT.MED ON TAYE5 TXPUT

A7

p

; ,
. . . _ .- .. . .
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- ' g ;

c ,

I

50 CONT 1Nlbg ,

I;+ Pnnt Total Aun Ome.. I SN(A anMVaima
Call'nMUMMtop) i lahey Sptem %broutine .)
If(mp iT.Tsart)*istop - wp + 86400 t A4st for mMght j

.TFuso a (T5 top-TSurt)/%no 1 Convert to minutes
1

Wein(*,15) TRun i Re atme in minutes |
wnte(7,1uo) TRun
Write (10,100) TRun

f1 Wthe(11,100) TRan
Illo t%nsg50CJ)// Total Run 'Ume = ',012 4,' Mmute(s)')

O CLOSE (5) . t Chr.e all output files
CLOSE (7)
CLOS 1X10)
GDSE(II)
L TTOP ' NORMAL 'IERMLWT10N OF IMPACIS11RC, Venion 2.!'
dND

~6 END OF MAIN - --

SUBROUTINE D1DCKD
COM M ON/O !YN/NXUC(V),4Cl l(8,10),LCi l( 10),ACT(%)RCI(8.2 )

/NUCS/Af fP(5',3?.FRACITR5,3),NUXf85)/UFIX/FK(21)+

DIMENSION NXUC2(85),1012(R.10L1ril2(10),1K2(21),FRACI2(R$3)
DATA NXUC2/27*0,1,0,1,16*0,l/3*0,LO3*1,3*0,24*l/
DATA ICil2/f0,84,78,75,69/0,5&60,83,75,69/J,58,60,0,0,
t 82,74 tA41,39,0,0,0,81,73,67,62,57,56,54,53,
, 80,74,68,M39, 0, f, 0,%%71 A61, 0, 0, 0,
+ 77,M67,62,5 756 54J5,7A63,60,0 0, 'J,0,0,

3

* 28,30,29, 0, 0, 0, 0, 0,47,48, 0, 05 0, 0, 0, 0/ _
,

DATA LCl12/84,SA5,5A'',3,2/
DATA FK2/8,CtL4,0.01,0A383,7A58 4,240.0,0.0037,0.25,1.0,1t/co,
+ 190 0.$0A95.0,0 3,50.0.60 0,3'O.!L63,14,35fb9.10J0.0,16 Of
DATA FRACT2/09,035,26*2fE-3A*001,7'2sikJ,2'0.0L43*2Jlh3,
+ 0.9,0.75.26*5hE44 *0 91,7*$.0fk3.3*d.01.O* 5.01L3,,

+ 0.9 D.75,20* 2f E-3,4 * D.01,7*2J t'-3,3 * 0.01,0* 2.31b3/
"O 10 Icl A5-

NXUC6)= NXUC2(I) '
DO 1,1J=13

IRACT(IJ)* FRAC 17(f J)
D CONTINUE '

' IX)DI=L10
LC1KTr * GI2(1),

*

DO 20 ) = 1,IL

- ICll(LI)*1CIC(IJ)
20 CONTIstE :,

DO 301.L21,

FK(I) IK2(1)
30 CON 11NUE

i< RFIURN
END

C+ -

SUBROUTINE CAlE(INUCIP.Cl.C2 Cl,C4,EN IBG,NCll)
| C+ CALE TERFORMS Ti1E SAME ITJNUllON AS SUBROURNE *CAIJ',

C+ ONLY IDE SUHKOURNE *1DLPWAS* RAR(hR T13AN *NI1MP*..
C+

C+ OfAIN EIT11CIS FOR NIFUDI'R- AND EROSION INTI1ATED EAPOSEDt

L C+ WAS'n! SCENARIOS ARE CALCULATED.
i: COMMON / BAST /E * 7:OM(8h),15PC(2,15),FOU(Pd,10,7)

+ /C' LYN /NXUC(&$),1C11(8.10),LCII(10),ACT(8).13Cf(8.2)~ '
,

R. -.IF(NXUC(INUC).NILO)GO TO 15
| . C+ INUC nos 4 rumber of a cham
j. - Clu DCT(1,1)*FUf,F(!NUC,IP,, ) -1

L C2 = itCF(1,7)* PDCF(INUCIP,3)
C3. BCf(1,17PDCF(INUCIP,7) -

|' C4 = IlCl(1,2;*1'DCF(INUCIP,7)
j RETURN

|. . C+ INUC 3 member of c4am
15 IEND = IEN413G 41

A4

i

|
<
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|
| C1=0.0

C. = 0.0
C1 = 0.0

C4 0.0
DO 201=1,IILND

NN = lOl(lDG + 11.NOI)
C1 = C1 + BCf(I,1)*PDO'(NN,lP 3)
Ct = C2 + BCT(1,2)'PDCP(NN,1P 3)
O = O + BCr(1,1)* PDCF(NN,1P,7)

20 C4 = C4 + BCr(1,1)* PDCP(NNJP,7)
RI? TURN
FSD

C+-
SUBRO!J11NE CAtl(INUC,lP.C1.C2,0,24,IILN,IDO.NCH)

C+ CAIJ l'ERFORMS 1118 SAMI! IUNC110NS AS 'CAI E' ONLY IUR
C+ SUBROIII1NE *lN#11Ml" RA111ER111AN *1XFV'AS' CliAIN EllF.CT IOR
C+ lilE INTRUDER nGRICUUlURAL AND CONSTRUC110N SCENARIOS ARE
C+ CALCULA1TD,

--

C+
COM M ON/IM5T/BASCO M (834 ),lSPC(2,15 )tDCF(M,10,7;
+ /CilYN/NXUC(85)JCil(8,10',,LCil(10),ACI(8),BC18,2)
+ /NUCS/AL(R$),1NF(85),Ri?]tiu.5),FRACT(E5,3),NUX(U)
!!'(NXUC(INUC).NE.0)GO TO 15

C + INUC not a member of a chain
10 Al = ACT(1)

Cl = Al'PDCF(INUC,lP,5)
C2 = Al'PDCF(INUC,1P,2)
O = Al*PDCl11NUC,IP,3)
C4 = Al*PDCF(INUC,lP,4)'IMI'(INUC)
RETURN

C+ INUC a member of a chain.
15 IliND = IILN THG + 1

Cl=00
O = 0.0
C3-00
C4 = 0S
DO 201. IJEND

NN = lCll(IBG + 1-1,NGI)
C1 = Cl + Acr(I)*PDCF(NN.lPJ)
C2 = C2 + ACHF/DCF(NN,1P.2)
O O+ Acril)'PDCF(NN,lP,3) =
C4 C4 + AC111)*PDCF(NN,19,4)*fMF(NN)

20 CONTNUE
REIURN
ILND

C+ -

SUUROVITNE OlNS(INUC,GDEl,lEN,lBG,NQl)
C+ 'Ihc kg of OlNS is identical with the ACII)R subroutiv of
C+ the MilDOS ccdc. Iirst, the chain members are determincd,

C+ then the ACIDR calcuuton is apphed. IK,uMc precWon is
C+ !s used to reduce sigmficance kva in the auttimate,

COMMON /GlYN/NXUC(ES),1Cll(R,10),LCil(10) ACT(3),DCT(8,2)
+ /NUCS/A14&5),FMi'(85),Rirr(RS,5),FRACI(85,3),NUX(RS)
DOUBLE PRECISION Y,Z,1)ACT(8),Ill,M(8),EH).M(8) ,

CALL ZERO(ACF,8)

IF(NXUC(INUC)NE.0)GO TO 12
10 ACf(l) EXM(A141NUC)'GDEL)

R"It'RN
12 DO 16 NGI = 1,10

IEN =Ifil(NCII)
DO 14 IBG = 1,lEN

IF(INUC.141Cil(IBG,NCll))GO TO 18
1/. CONI 1NUE
16 CONTINUE

STOP ' CANT 11ND NUCL:Df!IN CIIAINS'
18 IF(IBO.EO lEN)GO TO 10
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IEND = IEN-IIK) + 1
DO 20 != 1,IliND

J = 10I(11K1 + l-1,NCII)
- HLM(1)=AMJ)

Y = HLM(f]'GDEL
Z= 0.

IF(Y.LT.85.)2 = DEXP(-Y)
20 ElILM(1,'= Z

DACT(1)= Elf t.M(1)
DO t:01 2JEND

Y = 1.0
DO 30 J-2,1

30 Y = Y'HLM(J)
DACT(I) = 0.
DO 50 K = 1,1

Z = EllLM(K) -
' - DO 40 J -1,1

IP(K.NEJ)Z= Z/(H1 M(J)-illM(K))
40 CONTINUE

DACT(1)= CACT(!)+ Z
$0 CONTNU11

DACT(I)= DACT(l)*Y -
IF(DACI'(IJ.LT.0 )DAC1'(!)= 0.0

to CONTNTE
DO 70 !=1, LEND

70 ACT(i)=DACIII)
RITIURN
END

C+
SUBROlmNE DIWY(MODE,NI.N2)

C+ DlWY dnides selected impacts by either the tiumber
C+ - of dispmal facilities or prucessing facihties, depending
C+ on the islue of the parameter MODil

COM M O N/11AST/ BAS (2,92),BI M P( 10,65),lS PC(2,15 ),PDCF(&$,10,7)

IF(MODEfO2)GO TO 20
IF(ISPC(1,11).IX).0)WRITIK7,100)
AF(ISPC(1,1!)10 0)WRJITX11,lm))

,

ADIV = ISPC(1,ll)
-IF(ADIVfD.O.) ADIV-1.0
DO 10 I = 1,10

DO 10 J=NI.N2
'10 BIMP(!J)= IIIMP(!J)/ADIV

RETURN
- 20 IF(i TC(1,10).IED)WRm!(7,101)

IF(ISPC(L10)10 0)WRTTE(11J01)
ADIV = ISPC(1,10)

IF(AIWV.EQ 0.) ADIY = 1.0
DO 30 != 1,10

DO 30 i= N1.N2 -
30 ' BIMP(IJ)= BIMP(IJ)/ADIV -
100 FORMAT (//2X'"" NUMBER OF DISPOSAL FACILmES =1""'//)
101 FORMAT (//2X'"" NUMDER OF PROCESSING FACILmES = 1 ""'//)

REIURN
ILND

C+
SUDROlmNE EXPWAS

C+ EXPWAS calculates impacts from the intruder initiated and
C+ erosion initiated expmed waste scenarios. Subroutme also
C+ calls 'CilNS* and ' CALL",

INCLUDE IMPCOMMJOR -
COMMON /CilYN/NXUC(BS),1Cll(8,10),LCll(10) ACT(8),BCT(r,2)

C+ BlMP(3) . INTRUDER-AIR IMPACTS
C+ DIMP(4) - EROSION-AIR IMPACIS
C+ BIMP(5) . INTRUDER-WATER IMPACTS
C+ BIMP(6) . EROSION-WATER IMPACIS

GREC=llNS

i
'
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GEROD = GERO (lQ)
AREC = 1.SE + 3* RMIX(lQ)'EMP(lQ)
AERO IIJE'VANN(lQ)/(!!MP(IQ)*ETT(IO))

- FRA = 19.75'EREC(1R)* POP (IR)'AREC
FEA = 19.75'EERO(IR)* POP 141R)*AERO
FRW= 1.15fWPOPW(IR)*ARLO
F1?W = 1.151W POPW(IR)'AERO

C+ PAGI STREAM !!ANDLID SEPARAT11Y
10 lSTR = 1

19 =ISPC(ISTR.2)
A9=1.0
IF(19GT.1) A9=10.0"(119)
A2 =llAS(ISTR.1)/VANN(lQ)

C+ FRINT llEADER FOR TAPEIO OUTPtJT
WRTTF(10,7000) '

7000 FORMAT (//2X,' EXPOSED WASTU ICRP IMPACI3 BY NUCLIDE (MREM /YR)'//
+ 2X/"" IMPACIS ARE NOT NORMAIJZED BY NUMBER ',
+ 'OF DISI'OSAL FAQlJUES ""'//
+ 2X 'NUC INTRUDER AIA EROSION-AIR INTRUDER WAT1!R',

+ * EROSION-WATER'/)
ARTIUTa 00
ARFJIUTa 0.0
WITIDT=00
WTLT0rT= 0 0
DO 30 INUC= 1,85

IF(NUX(INUC) EQ.0)GO TO 30
Call CIINS(INUCFREC.lENJDO,NCll)
DO 12 I.1,8

12 BCI11,1)= ACI(I)
Call GINS (IN'UC GERODJENJDO.NCll)
DO 141 = 1,8

14 - DCT(I2)=ACT(1) .
A8 = BAS (ISTR,1NUC + 7)

- Bl =FRA'A2*A8'A9
B2 * FEA*A2*AB
B3 = FRW*A2*A8'A9
B4 = 1TW'A2*A8
DO 25 IORG= 1,10

Call CALE(1NUC,10RO,C1,C2,0,C4JEN,IBO,NCII)
DIMP(IO RG,3)= BIMP(IO RG,3) + Dl'Cl
BIMP(10RG,4)= BIMP(IORG,4) + B2'O
BIMP(IORG,5) = BIMP(IORG,5)+ B3'O
BIMP(IORG,6)= BIMP(IORG,6)+ IM'C4 -

25 CONTINUE
'

C + PRINT ICRP (IORG = 10) IMPACTS FOR EACil NUCLIDE
AlRINT=B1'Cl
AIRERO= B2*C2 -

' WATINT=B3*O'

WATERO = lM'CA
WRTTE(10,7010) NUC(INUC),AlRINT,AlRERO,WATINT,WA'ITiRO

7010 FORMAT (2X,A6.3X,lP4E12.3)
ARTTOT=ARITOT+AIRINT
ARLTOT= ARETOT+ AIRERO
WITIOT WITTOT+WNITNT
WTETOT= %TFTOT+ WATERO

30 CONTIN 1TE
C+ TOTAL IMPACT

WRTTE(10,7015) ARTTOT ARET0rr,WITTOT,WTETOT
7015 FORMAT (/2X,70TAL NON-NORMALTIID EXPOSED WASTE IMPAC15'/

+ llX,1P4E12.3)
40 CONTINUE

TW111RN
END

i C+

| SUBROUDNE GWATI!R(NTYM,TYMD SCN)
! C+ GWATER calculates irnpacts resulting from groundwater migration
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!C+ of radioactMty to three biota access locatkins t
.C+ intrwier-well, populationwil and surface water.

- INCLUDE IMPCOMM.I-DR
C+ DIMENSIONED ARRAYS IUR TIMES AND NUCIJDikSPIICll1C DOSES

DIMENSION TYMD(16) RES(16,3)
ClIARACIER SCN(36)*6
DIMENSION DOSNUC(16),DOSSUM(16,3)

C+ GWATER TRANSPORT AT END OF FACllIlY LIFE
GD11 0.0 -
NSEC= 10
PERC= PRC(IR,10)*TSC(IR 10)

TVOL = IlJ1P VANN(lQ)* PRC(I R.lO)/( EM P(lQ )* EIF(IQ))
C+ LOWER MINIMUM INDIVIDUAL WATER PUMPAGU

IfTIVOLLT,110 ) TVOL = 110.0
h7Ill = 3
IF(IR.EO.3)N7Di = 2

C + llEADER POR OWAT11R OtJI1VT ON TAPE 10
WRDT(10,7000) (SCN(IT).IT= 15,30)

7000 IT)RMAT(//2X/G ROUNDWATIIR ICRP IMPACIS HY NUCLIDE (M REM /YR) AT ',
+ TACil11ME'/2X/"" IMPACIS ARE NOT NORMAIJ7.ED BY NUMDER OF '.
+ ' DISPOSAL FACILJnFS ""'// ,

+ 2X/IllWT ROW IS INTRUDER WELL'/
+ 2X,'SECOND ROW IS POPUIAT10N %T1L'/
+ 2X,"nllRD ROW IS SURFACE WATER'//
+ 16(2XA6)/)

C+ EACll STRFAM llANDLED SEPARATELY
157R = 1
A9 1.0
IF(ISPC(ISTR,2).GT.1)A9 = 01
11 = NRLT(IR) ! SNIA modi 6caton
*11)UM = EMP(lQ)'ElV(IO)*SElV(IQ)/(PERC*A9)
IF(II.lJLO)!! = 1

C+ ZERO DOSSUM
Call ZERO(DOSSUM,48)

- DO 80 INUC= 1,15 _

IF(NUX(INUC).EO.0)OO TO 80
IF(HAS(ISTR,1NUC+ 7).LT.1,0lkl4)GO TO 80

TDUR=TDUM/FMF(INUC) .
C+ NUCLIDE NAME

WRUT!(10,7010) NUC(INUC)
7010 FORMAT (2X,A6) -

CALL ZERO(RES,3*16)
DO 3011'111 = 1,3

Al = RIT(INUC,11)*TTM(IR.II'llt.IO)+ GDil
DO 20 DYM = 1,NIYM

TYM =TYMD(TIYM)
C+ A2 - TYMD(TIYM - TDUR I SNIA modincation

DO 10 ISEC=1,10
B3 = 1.0/(Al + RET (INUC,II)*(ISEC 1)* DTTM(IR,10))

C+ DISPEkSION CALCULATION % Tnt SQUARE WAVE
IF(TYM*InLT.10) GOrlO 20

C+ BRKrilU= 1.0/B3 - I SNIA modsGcation
C+ - IF(TYM.GT.TDUR+IlRKnlU) GO TO 20 ! SNIA modi 0 cation

[ A3=1.0
10 . . RES(nYM,lFTil) = RES(T!YM,lPfil) + A3

| 20 COYMNUE
! 30 CONTINUE

Di a llAS(15TR,lP BAS (ISTR,INUC + 7)/IDU R
00 70 IFIll = 1,NFIll

K = 14 +(IPnI 1)'16
D2 = Hl/(OFC(IR.II"nt)*NSEC)
IFsTVOL.GT.Q FC(IR,lFIll))n2 = B2'QFC(IR.IPMI)/IVOL
12 = 6

IF(II"Ilf EO.3)12=7
DO 60 I!YM = 1,NIYM

c+ A3 = EXM(AL(INUC*TYMD(IIYM)
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A3 = EXM((A141NUC) + 10/TDU R)'lYMD(IITM)) 1 SNTA modification
DO 50 l = 1,10

A4 = A3* RES(IlYM II'111)'B2'PDCF(INUC,1,12)

50 BIMP(1,K + T1YM) . BIM P(1,K + IITM) + A4
*

C+ SAVE ICRP L)OSE,!=10
DOSNUC(I1YM)=A4
DOSSUM(TITM II'DI)= DOSSUM(IIYM,Will)+ A4

60 COM1NUE
C+ ICRP DOSE IOR 11(IS NUCLIDE AT EACli TIME

WRr11!(10,7020) (DOSNUC(II),fr = 1,16)
7020 IORMAT(IP16E8.1)

70 CONI 1NTE
80 CONI 1NUE

.C+ IDTAL IMPAC15
!

WRTIE(10,7025) ((DG5 SUM (IDSJDS) IDS = 1,16)JD5 = 1,3)
7025 FORMAT (/2X,'IDTAL NON-NORMALIZED OROUNDWATT.R IMPAC15'

! + 3(/IP16ES.1))
90 CONTINUE

REIURN
EST)

C+
SUBROUTINE INCIMP(II,12,lSTR),

C+ INOMP calculates impacts assonated with inemerstkwt of waste

.C+ streams induding contnbutions to facihty workers and members

C+ of the surroundtng population.
INCLUDE IMPCOMM FOR
DIMENSION OTI(10),01X10),OT3(10)

C+ DOSNUC ARRAY FOR NUCLIDE CALCUIATIONS'

DIMENSION DOSNUC(3,85)

C+ BIMP(7) OITStrE POPULA110N -INCINERAT10N IMPACTS
C+ BIMP(8)' MAXIMUM INDIVIDUAL - INGNERA110N IMPACIS
C+ B1MP(9) ALL WORKERS INONERA110N IMPACl3
C+ BIMP(10) MAXIMUM WORKER - INCINERN110N IMPACTS

IF(12.EO.1)RCIURN
I4=ISPC(thTR,1)
FDS = 1.0

IF(14 LT.3)PDS = 10.0"(M-3)
14 =ISPC(15rR,2)
FAC=1.0
IF(14.OT.1) PAC =10.0"(1-14)

C+ ZERO 111B OENI!RIC IMPACT CONSTAN'I5
CALL 7,ERO(QT1,10)
CALL 2ERO(QT3,10)
CALL ZERO(QTS,10)

C+ CLFAR NUCLIDE-SPECTr1C DOSE ARRAYS
CALL ZERO(DOSNUC.255)
DO 14 J = 1,85 -

IF(NUX(JJ.Fno)00 TO 14
Al = FRACITJ,2)
IF(II.DQ.1.0R.II.EO3) Al = FRACT(1,!)
IF(II.GTJ) Al=l'RACT(1,3)

10 D O 12 !=1,10
(7T1(1) = (7T1(l) + BAS (ISTRJ + 7)'PDCF(1,I,1)
(7T3(1) = 01XI) + BAS (ISTRJ e 7)* PDCF(J,1,3)*Al

12 (7I3(I) = oft 5(1) + BAS (ISTRJ + 7)'PDCI'(J,1,5)
- C+ ICRP IMPACT FCR EACll NUCUDE

BASNUC= BAS (ISTRJ + 7)
DOSNUC(IJ)= BASNUC*PDCP(J,10,1)
DOSNUC(2J) = BASNUC'PDCF(J,10,3)' Al
DOSNUC(3)) = BASNUC'PDCT(J,10,5)

C+ SUlrFRACT AIRBORNE RELEASE TW.CTION
BAS (ISTRJ + 7) = BAS (ISTRJ + 7)'(I A A1)

14 CONI 1NUE
C+ 18EADER ON TAPE 10

% RTTE(10,7000)
7000 FORMAT (//2X,'INCINERA110N ICRP IMPACIS 11Y NUCLIDE (MREM /YR)'//
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+ 27,'"" IMPACIF NOT NORMALIZED IW NUMllER OF ',
+ TROCI$ SING FACIIIITES *"''//?X,
+ 'NUC MAXIMUM OIT-STIE INDIVIDUAL '/)

C+ oft-STIE IMPACT CALCULAllONS
D0 20l=1,10

A1 = QD(1)' BAS (ISTR,1)
BIMit!,7)= UIMP(1,7)+ Al* POP (IR)

20 DIMP(1,8)= BIMP(1,8)+ Al'XOQI(II)*EDil(II)
C+ ICRP IMPACTS BY NiiCilDli

FACMAS = EMS (ISTR.1)'XOQ1(ll)* ED11(!!)
DOST = 0.0
DO 21 J = 1,RS

II(NUX(J)FO.0) GOTO 21
DOS 8 = DG3NUC(2J)* FACMAS
WRTlil(10,7010) NUC4J), DOS 8

3110 PORMAT(2XA6,4X,lPE103)
DOST= DOST+ DOS 8

21 CONMNUE
WRnT410,7015) DOST

WIS FORMAT (/2X,70TAL NON-NORMALIZED INCIN1:RATOR IMPACT =',lPIE123)
C+ WORKER IMPACl3 IOR ONSTIT! INCINERA110N

Al = 0.237' BAS (ISTR,1)/VINC(11)
ADSL = Al'TWl(II,1)*FDS
ADSM = Al'TWl(II,2)*1DS
ADSIIRif = Al*'IWl(II,3)
ADSIIML= Al''IWl(II,3)*0.5'(1.0 + f DS)
Al = Al*FAC*l.6/T r NI(II)
ADGL = Al* DOIT(30.0)*COTT(30.0A0) ! SNTA mcMicutwo
ADGM = Al'DOIT(10 0)*COIT(10.0 4 0) 1 SNIA mahfication
ADGil= Al*DOIT(1.0) "COIT(1.0,4.0) * 0 33 ! SNLA mcxhlication
DO 301 = 1,10

Al = OTi(I)* ADSL + QTS (I)' ADGL
A2 = QTI(I)*ADSL + QT5(1)*ADGM*
A3 = OTi(I)*ADSM + QI5(1)' ADGM
A4 = OTI(l)'ADSM + (JT5(1)*ADGil
AS = OTI(l)*AD511R11 + 013(1)* ADGH
Ara = QT1(I)*ADSilML + QT5(I)* ADGil

C+ MAXIMUM WORKER CONTRIBLTTIONS
A7 = AMAXI( AI A2,A3,A4 A5 A6)

IF( A7.GT.DIMP(I 10))lllMP(L10) = A7
GO TO (22,22,24,24,24),11

22 DUM - 2.0*Al + 2.0*A2 + 8.0*A3 + 6.0*A4 + 4.0*A5 + 8 0*A6
IF(12.EQ3)DUM = DUM + 2 0*A3 + A4
IF(1210 4)DUM = DUM + 3 0*A3 + A4 + A6
IF(12.EQ3)DUM = DUM + 2.0*A2 + 4.0*A3 + 2.0*A4 + 2 0*A6
GOT024

24 DUM = 6.0*Al + 2 0* A2 + 4 0* A3 + 2.0* A4 + 2.0*A5 + 2.0*A6
26 ElMP(I,9)= D1MP(1.9) + DUM
30 CONHNUli

C+ ICRP IMPACTS BY NUCIJDE FOR WORKI!RS
WRTIE(10,7020)

7020 FORMAT (//2X,' WORKER INCINERATION ICRP IMPACIS BY NUCLIDE ',
+ '(MREM /YR)'//2X,'"" IMPACIS ARE NOT NORMALIZED BY ',
+ ' NUMBER Ol' PROCESSING FACI!IHFS ""'//
+ 2X,'NUC RESIDUE liANDLERS MAINTILNANCE'/)
AST = 0.0
A6T= 0,0

DO 40 J -1,a5

IF(NUX(J).EQ 0) GOTO 40
Di = DOSNUC(l))
D3 = DOSNUC(3J)
AS = Dl'ADSilRil + D3*ADGli
A6 = Dl'ADSilML + D3*ADGli

! WRTIT410,7030) NUC(I),ASA6
| 7(D0 I ORMAT(2XN#3X,lP2E123)
! AST= AST+ A5
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A6T= A6T+ A6
40 CON 11NUE

WRTIT!(10,7035) A5TA6T
7015 IDRMAT(/2ETOTAL NON-NORMAIJ71D WORKl:R IMPACTF/l!X,1P21 '.2 3)

RL7 URN
I;ND

.C+
SUBROVI1NU INT 1MP

C+ INI1MP calculates inadwrtant intruder impacts for constreko
C+ and agrwuttural scenarms.

INCLUDE IMPCOMM IDR
DATA CON 5f/2 51F 5/

C + BIMP(l) . INTRUDER CONSTRUCTION IMF ACIL
C+ BIMP(2) . INTRUDER-AGRICULTURis IMPACTS
C+ EACll STREAM llANDLED SEPARAT11Y

ISTR = 1
112 = ISPC(ITTR,12) ! SNIA modification
113 = ISPC(IFIR,13) 1 $NIA modtfraten
114 = ISPC(ISTR,14) ! SNLA modiEcation
115 = ISPC(ISTR,15) I SNIA modification
A21 = (0.95'112 + 0.0$*113 + 0 0$*114 + 0.10*l15)/100.0 f SNIA nmd.ncation
IDS = EMP(IQ)* BAS (ISTR,1)/VANN(IQ)

' A9 = 1.0
IF(ISPC(ISTR,2)GT.1) A9=0.1
GD11=llNS

C+ IIEADER IDR TAPE 10 I;OR NUClJDE IMPACT OLTIP!IT
WRTII!(10,7w0)

7wo FORMAT (//2&' INTRUDER ICRP IMPACTS BY NUClJDE (MRIM/YR)'//
+ 2&'"" IMPACTS ARE NOT NORMA!J71D BY NUMllER ',
+ 'OF DISPOSAL FACILITIES "**'//
+ 2L'NUC CONYTRUCIlON AGRICUL1URIV/)
COVIUT = 0.0
AG RTOT= 0.0
DO 50 INUC = 1,85

IF(NUX(INUC).EQ 0)G0 TO So f SNIA medtrwaren
IF(ISPC(ISTRJ).G T3) lMS(ITTR,1NUC + 7) = BAS (15 Tit!NUC + 7)/A21
Al = IDS *A9" BAS (ITTR.INUC + 7)
Call, CllNS(INUC,GDEl.IENJDG,NCil)
DO 40 != lil0
- CALL CAIJ(INUC,1.C1,C2,C3 C4,IEN,lBG,NCll)
A = C1

B5 = RMIX(lQ)*Al*A2'0.27 .
B2 = Al*A2'0,057* RMIX(IQ) 1 SNIA modification

B1 = Al*TSC(IR)*C2* RMIX(IQ) - I SNIA mencation 1
B3 = RMIX(lQ)*Al'PSA(IR)*C3
IM = RMIX(IQ)*03 *A1*C4
BIMP(1,1) = BIMP(I,1) + B1 + B2

40 BIMP(1,2)= BIMP(1,2)+ B3 + B4 + R5

C+ ICRP (l= 10) IMPACT FOR FACil NUC13DE
- CONINT= Bl + B2
AG RISi= B3+ IM + B5
WRTTE(10,''310) NUC(INUC),CONINT AGRINT

7010 FORMAT (2X,A6,3X,lP2E123) =

CONIUT= COSTOT+ CONIST
AGkTUT= AGRTOT+ AG RJN1'

- 50 CONITNUE
' Al = A1457)* LINS
A2 = A1462)*IINS
RAD = TMS(liTRhl)*EXM(A1)

- IF(AI.hTA2) RAD = RAD + DAS(ISTR 69)*Al*(EXM(Al)-EXM(A2))/(A2 AI) -
RAD = RAD *FDS*CONST
DO 55 I = 1,10

55 BIMP(I.2)= BIMP(1,2)+ RAD *PDCF(56J,2)

C+ ICRP (I-10) IMPACT FOR RADCN
AGRINT. RAD *PDCF(56,10,2)

i- WRrlT(10,7n20) AGRINT

|
I'
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7020 ICRMAT(2X,* RADON',16X,lPE123)
AGRTUT= AGR'IUT+ AGRINT
WPJrE(10,7025) CON' LOT AGRTOT

7025 IORMATf/2X,*IOTAL NON.NORMALIHV INTRUDER IMPACIS'/
+ llX,1P2E123)

60 CON'IINUE
RIIITAN
END

C+
SUBROITITN11 OPSIMP

C+ OPSIMP calutates on4ite and off4ite impacts for
C+ disposal operations.

INCLUDE IMPCOMM IOR
C+ BIMP(ll)- OFISTIT! POPULAT10N - OPERATIONA1. IMPACIS
C+ BIMP(12) MAXIMUM OIT5 TIT!!NDIVIDUAL - OPERAllONAL IMPAC f3
C+ BIMP(13)- ALL WORKERS - OPERAT10NAL IMPACIS
C+ BIMP(14) MAXIMUM WORKEP. OPEkAT10NAL IMPACIS

GO TD (20,20,30,30,30),10
C+ CALCUIAT10N OF OIT-STII: RELTASES FROM ON-STIT! TACILTTY
C + MUNICIPAL WASIT FACllI1Y IMPAC15

20 DPOP=SQRT(ADAY(10,1)/31415927)
DEQP = SORT (ADAY(IO,2)/3.1415927)

DOTit = SQRT(ADAY(lO3)/31415927)
C+ STREAM IIANDLED SEPARAlT1Y

15TR = 1
15 =ISPC(1TTR,1)
FDS=1.0

IF(15 LT3)fT)S = 10.u"(15-3)
19 = ISPC(ITTR.2)
FAC=10
IF(19.GT.1)fAC = 10.0"(1-19)
ASI = ITWEMP(IO)*0.237* BAS (15TR 1)/VANN(IO)
AS2 = ASl*TWO(lQ.3)*WVEl(IR)*2.0*DPOP*9 45E + 7
AGI = AS1*(FAC/IT)S)*1.6/ DEN 2(10)
D O 24 I=1,10

Al=0.0
A2=0.0
A3=0.0
A5 = 0.0
D O 22 J=1,85

IF(NUX(J).EQ 0)GO TO 22
A1 = A1 * BAS (ISTRJ + 7)* PDCF(J,1,1)
A2 = A2 + BAS (ITTR,J + 7)*PDCF(J,1,3)*FRACT(J,3)
A3 = A3 + BAS (1TTRJ + ?)*PDCF(J,1,3)
AS = A5 + BAS (ISTRJ + 7)*PDCIT1,I,5)

22 CON'I1NUE
C+ OIT-STIII RELf!ASES

BIMP(1,11) = B!MP(1,11) + AS2*Ai' POP (1R)
BIMP(1,12)= BIMP(1,12)+ AS2*A3*XOOO(lQ)*EDFO(lQ)

C+ WORKER EXPOSURES
ADSL= AS1*TWO(IO,1)

ADSM = AS1*TWO(IG .2)
ADS)i = ASl*TWO(IO,3)
ADGL= AGl*DOIT(50.0)*COFF(50 0,DOTil)
ADGM = AG 1*DO!TT30.G)* COIF (30.0,DOTII)
ADGil = AG l* DOIT( 1.0)*COIT( l.0,DEQP)
ACOV = 6.26E-2 *AGI

B2 = Al*ADSL + A5*(ADGL+ ACOV) ! SNIA modification
B4 = Al*ADSM + A5*(ADGM + ACOV)
D6 = Al*ADSil + A5'(ADGil + ACOV)

e+ B7 = 2.0* B2 + 4.0*B4 + 2.0*IM i SNI A mudafication
C + DISPOSAL WORKERS FOR SANITARY LANDFILL (10 =1 OR 2)

IF(10 LO.1.OR.IQ EQ.2) B7- 2.0*B2 + 5.0* B4 + 3 0*1%
BIMP(1,13) a BIMP(I,13) + B7/10.0
BIMP(1,14)= BIMP(1.14)+ B7/10 0

24 CONTINUE
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/ 26 CONTNUE
Rf"1VRN

' C+ llAZARDOUS WASW FACIIJlY IMPACl3
30 DPOP=SQRT(ADAYOQ,1)/3.1415927)

DEQP= SQRT(ADAY(IO.2)/11415927)
DOT 11 SQRT(ADAYOQ,3)/3,1415927)

C+ IMCil STREAM IIANDLED SEPARA1ELY ,
,,

ISTR- 1
15 = ISPC(IFTR.1)
FDSa10
IF(lilt.3)PDS = 10,0**(IL3)

1

19 =ISPC(ISTR.2)
FAC = 1.0
IF09.GT.1)FAC = 10,0"(1-19)
ASl = 5'DS'EMP(10)*0.237* BAS (ISTR,1)/VANN(10)
AS2 = ASP EFAC(I R)'ADAY(IO,2)* 3.15E + 1
AS3 = AS1 *EFAC(I R)*ADAY(IO,2)/(2.0* DPOP'3.0E + 6'WVEl(1 R)* DEN 2(IO))

AG1 = AS1*(FAC/ IDS)*1.6/ DEN 2(10)
AX1 = BAS (ITER.2)'2.6E-11'FDS*lSPC(15TR.11)
AX2 = AXI*l.248'AXOQ(IR)
IX) 36 I = 1,10

Al = 0.0
A2 = 0.0
A3 = 0.0 -
A5 = 0.0
DO 32 J= 1,85

IF(NUX(1) EQ.0)GO TO 32
- Al = A1 + BASOSTR,J + 7)*PDCF(J.I,1)

- A2 = A2 + BAS (ISTRJ + 7)*PDCITJ,1,2)
A3 = A3 + BAS (15TRJ + 7)*PDCITJ,1,3)
AS = A5 + 11AS(15TRJ + 7)* PDCF(J,1,5)

32 CONTNUE
DIAM = DEOP
IF(ISPC(ISTR,3).hTa0) DIAM DOrril
ADGL. AG1'DOITT50.0)*COFF(50.0, DIAM)

' ADGM = AGl'DOIT(30.0)*COFIT30.0, DIAM)
ADGll= AGl'DOITT 1.0)*COrlT 1:J, DIAM)
ACOV- 2.49F-2'AGI
IF(ISPC(ISTR.3)hTLD)GO 'IU al

C+ UNPACKAGED WAim
BIM PO,11) = BIM P(1,11) + AS2*A3*PO F(IR)
BIMP(1,12)= B1MP(1,12)+ AS2'A3'XOQO(IQ)*EDFO(IQ)
ADSL = AS3

Bl = Ai'ADSL + A5'(ADGL+ ACOV)
B2= Al*ADSL+ A5*(ADGM + ACOV)
B3 = Al'ADSL+ A5'(ADGil + ACOV) ,

IM = AMAXI(B1,82,It3)
BIMP(I,13)= IllMP(1,13) + 14.0* Dl + 15 0*I12 + 29.0*B3
BIMP(i.14)= B1MP(1,14) + IM
GO TO 36

C+ PACKAGED WAKm
34 BIMP(1,12)= BIMP(1,12) + AX2*A2

ADSL= AX1 -
Bl = A2*ADSL + A5'(ADGL + ACOV)

-- 112 = A2*ADSL + A5*(ADGM + ACOV)
B3 = A2*ADSL + A5*(ADGII + ACOV) -
IM = AMAXI(BI,Il2,B3)

' BIMP(1,13) = BIMF(1,13) + 14.0'Bl + 15.0* B2 + 29.0*B3
,

BIMP(1,14)= BIMP(1.14)+ D4
36 CON'11NUE
38 CONTNUE

RL'11)ILN -
Ei.'D

| C+
SUSROITTINE OVRFLO

C+ OVRFLO calculates raddogical impacts for three scenarios which
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C+- may result from teachate accumutation at a dupmal facihty:
C+ 1) During facthey operatson, accumulating teachate is removed,
C+- treated, and released to a nearty stream.
C+ 2) After facihty closure, ammutating leachate is allowed to
C+ fill up dapusal cells, ovcifkw and reach a neart>y stream.
C+ 3) After facihty eksure, accumulating teachate e ixmoved and
C4 prwessed through an evaporator, thus impmetirig the local -
C+ populatkm.-

INCLUDE IMPCOMM.lDR
c+ doubic precmon added to awud intermediate underfkw erron

DOUBIE PRECISION A1,A2,A3,A4,ASA6A7AR A9
DIMENSION FIN (15),F2N(85) .
DATA FIN /85*10/,F2N/R5't.0/
GDEL-!!NS
VIUT=ILII*VANN(IQ)
VL= PRC(IR,10)*VTUT/(EMP(IQ)*EIT(10))
A8 = ISPC(1,11)*45E6

C+ EACII STREAM IIANDLED SEPARATELY
ISTR=1
19=ISPC(ISTR.2) .
A9=1.0
IF(19,UT.1) A9 = 0.1. .
A4 = A9'IMS(ITTR,1)*VL/VANN(lO)

C+ IIEADER l'OR TAPE 10 IUR NUCLIDE IMPACT OLTPtfr
WRTITI(10,7000)

7000 FORMAT (//2X/ OVERFLOW ICRP IMPACIS HY NUCLIDE (MREM /YR)'//
+ 2X/"" IMPAC15 ARE NOT NORMALIZED BY NUMDER OF *,
+ ' DISPOSAL FACitJT1ES ""'//
+ 2X/NUC TREATMENT OVERf1OW EVAPORATOR */)
TRTDT= 0.0
OVR70T = 0.0
EVPTOT=0.0
DO 20 INUC-1,85 -

IF(NUX(INUC).EO.0)OO TO 20
A7 = 1.0

A1 =ILFE*(laEXM(AL(INUC)))
IF(ALGT.O.)A7=(10-EXM(A41NUC)*lLFE))/A1 -
A5 = A4* A7* BAS (ITTR,1NUC + 7)* FNF(INUC)
A6 = A5' ELM (A!41NUC)*GDEL)
.Al = A5' FIN (INUC)*TSC(IR,10)/A8
A2 = A6*F2N(INUC)/A8
A3 = A6* FRACT(INUC 2)' POP (IR)
DO 10 l = 1,10 .

IllMP(I,63) = BIMP(1,63) + Al'PDCF(INUC,1,7)
BIMP(LM)= BIMP(1,M) + A2* PDCF(INUC,1,7)

10 BIMP(I,65)= B1MP(I A5) + A3'PDCF(INUC.I 3)i

i ' C+ ICRP (~l=10) IMPACI5 FOR EACil NUCLIDE
TREAT = Al'PDCF(INUC,10_7)
OVERF=A?'PDCF(INUC,10.7)

| EVAPO = A3'PDCF(INUC 10,3)
!. WRTIT410110) NUC(INUC),TRFAT,OVERF,EVAPO
j 7010 FORMAT"X A6.3X,1P3E12.3)

TRTOT= TRTUT+ TREAT
OVRTOT=OVRTOT+OVERF
EVPTOT= EVFrOF+ EVAPO

20 COV!1NUE
C+ TOTAL IMPACTS

WRITE (10,7015) TRTOT,OVRTOT,EVPTOT
,

.7015 FORMAT (/2X, TOTAL NON-NORMALIZED OVERFLOW IMPACTS'/11X,1P3E12.3)
-- 30 CON 11NUE

C+ ' write (*,220)

| C+ 220 format (' finished gwater')
'

RETURN
ENT) -

C+

SUBROLTINE PRNIT40RG.SCN.BTJ

A-18

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



C+ PRN*n! prints mat of the finalimpact resuus to TAP 1A
C+ Additxm of ORGI for tape 11 output

C11 ARAC 111R ORG(10)*9,5CN(M)*6,ORG1(1)*9

DATA ORGif ICRP '/
DIMENSION B1(10,65)
WRrlM7,1M)
WRHM7,105) ORG
WRTIM7,103) (SCN(J ),(Bl(IJ),1 = 1,10)J = 1,2)
WRr1M7,108)
WRmK7,105) ORG
WRrlM7,103) (SCN(J),(Bl(1J),1 = 1,10)J - 3,6)
WRFIM7,109)
WRTIM7,105) ORG
WRrtM7,103) (SCN(J),(Bl(1J),1 = 1,10)J = 7,14)
WRrnX7,114)
WRTnK7,105) ORG
WRTnX7,103)(SCN(J-29),(Bl(1J),1=1,10)J 63,65)
WRrnX7,110)

--

WRTIM7,111)
WRTIM7,1N) ORG
W RrlM7,103) (SCN(J),(Bl(1J),1 = 1,10)J = 15,30)
WRTIM7,112)
WRFIM7,104) ORG
WRTIM7,103) (SCN(J-16),(Bl(1J)2 = 1,10) = 31,46)
WRTIM7,113)
WRTIM7,164) ORO
WRTIM7,103) (SCN(J-32),(DI(1J),1 = 1,10)J = 47,62)

C+ Tape 11 outgwt summary of IMPAC15-BRC mth only ICRP output
WRTIU11,107)
WRFIM11,125) ORG1
WRTIU11,123) (SCN(J),B1(10J)) = 1,2)
%W411,1CE)
WRTIM11,125) ORG1
WRTIM11,123) (SCN(J),BI(10J)J = 3,6)

WRTIM11.129)
WRTIM11,125) ORG1
WRTaM11,123) (SCN(J),B1(10J)) = 7,14)
WRTI1411,11:)
WRrfM11,125) ORG1
WRmX11,123) (SCN(J-29),B1(10J)J = 63,65)
WPJIMi1,110)

-

WRrlIX11,111)
WRTIM11,124) ORG1
WRHM11,123) (SCN(T) BI(10J)J - 15,30)
WRTIM11,112)
WRFIM11,124) ORG1
WRrlM11,123) (SCN(J-16),Bl(10J)J = 31,46)
WRrlTV11,113)
WRTI1Y11,124) ORG1
W RITE (11,123) (SCN(J 32),B1(10J)J = 47,62)

C+ Tape 6 (Unit 7) formats:
10' FORM AT(2X,A6,1.P,10E9.2)
104 FORMAT (4X,'I1ME',10A9)
105 PORMAT(4X,'SCN ',10A9)

107 FORMAT (/2X' INTRUDER IMPACIS (MRFM/YR)'/)
108 FORMAT (/2X* EXPOSED WAST 1! IMPACTS (MREM /YR)'/)
13 FORMAT (/2X'INCINERAMON AND OPERATIONAL IMPACl3:',

+' UNrrS- IC-IND,1C-MWR,OP-IND,OP-MW R - (M REM /Y R)'/
+ 49X,'lC-PCP,IC-WOR,OP-POP,OP-WOR - (PERSON-MREM /YR)'/)

110 FORMAT (IIII/2X' GROUND WATER IMPACTS (MREM /YR);')
111 FORMAT (/2X' INTRUDER-WELL*)
112 FORMAT (/2X'POPtTLAT10N-WELL')
113 I ORMATIj2X'POPULADON SURFACE WATER')
114 FORMAT (/2X't.FACILAT1! ACCUMlTIABON IMPACl3 ',

+ ' 1:NTFS : l A. OPS, LA-OVF - (M REM /Y R); 1A-AIR - L PElGON-MRi%f fY R)'/)

C + Tape 11 formats
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123 FORMAT (2XA6,1P.E9.2)
124 FORMA 114X,TMl",A9)
12510RMAT(4X,*sCN 'A9)

._

129 TORMAT(/2X*lNCINERA110N ANT) OPERA 110NAL IMPACIS:',
+/' UNTI5: IC-IND,1C-MWR.OP-IND,OP-MWR - (MRILM/YR)'/

10X,*1C-POP,1C WO R.OP-POP,0P-WOR - (PERSON-M Rf;M/YR)'/)+

RETURN
END

C+
SUDROLJ11NF. READI

C+ READI reads fundamental DCFs from TAPEl. UITAKE uses these values
C+ in READS to compute PDCFs, as i.,:eded.

CilARACIER BASN'10,NUC'6,NUCI'6, SOL *l SOLB*l SOLT*1
COM M ON/Cil RC/BASN(2),NUC(85),SO L485),50 LB(85)
+ /NUCS/AL(85)JNF(85), RET (85,5),IllACT(85.3),NUX(85)
COMMON /DC13/IT(85J),DCF1(159,10),DCF2(159,10),DCIG(85),
+ DCF4(85,10),DCF5(85,10),NUCT(159),50LT(159)

101 f0RMAT(A6,1X,II,A1,10E9.2)
102 FORMAT (9X,10E9.2)
103 FORMAT (8XA1,10E9.2/9X,10E9.2)

OPEN(1,F11E = TAPEI DAT')
INCI = 0
DO 30 INUC= 1,85 -

RIAD(1,101) NUC(INUC)JJ,50LD(INUC).DCI'3(INUC),
(IT(INUC,1),1 = 1J)A1(INUC),1N F(INUC),+

+ RET (INUC,1), RET (INUC,4)
A2 = RET (INUC,4)
Al =(A2/ RET (INUC,1))* *0.334
REr(INUC,5)= A2'A1
REl(INUC,3)=A2/A1
RET (INUC,2) = RET (INUC,1)'Al
READ (l.102) (DCF4(INUC,1),1 = 1,10),(DCl3(INUC,1),1 = 1,10)
INCT=INCT + 1

NUCT(INCT)= NUC(INTC)
READ (1,103) SOLT(INCT),(DCF1(INCT,1),1 = 1,10),

(DCF2(INCT,I).1 = 1,10)+

IF(JJ.EO.1)GO TO 30
DO 20 IJ= 2JJ

INCT= lNCT + 1

NUCT(INCT)= NUC(INTC)
READ (1,103) 50LT(INCL),(DCF1(INCT,1) 1 = 1.10),

(DCF2(INCT,1),1 = 1,10)+

20 CONTNUE
30 CONTINUE

CLOSE (1)
REIURN
END

C+
SUBROLTINE RFAD2

C+ READ 2 reads in treatment /daposal site environmental
j C+ characteristics and treatment / disposal technology characteristics

-C+ from TAPE 2.
LNCLUDE u,IPCOMM.FOR
DIMENSION PDS(6),WSP(6) STB (6),DSP(6)

C+ arrays added to read tape 2 in consistent manner
DIMENSION TFIM(3).TTPC(3),00FC(3)

102 FORMAT (10E103)-
104 FORMAT (1515)-
202 FORMAT (/2X'OI410NAL XOO PARAMS'/(2X,lP,4E103))

- 203 FORMAT (2X,1P,6E103)
204 FORMAT (/2X' OPT 10NAL ENVIRONMENTAL PARAMEIERS'/2X'PRC ='IPIR2,

+ 2XTXC ='E9.2,2X'Ott = '3E92/2X73C = 'E9.2.2X171TM .'E9 2,
+ 2X7TM ='3E9.2/2X'IM ='E9.2.2X'DTPC='E9.2,2XTPC ='3E9.2/
+ 2X'WVEL = 'E9.2.2X'AXOO = 'E9.2.2X'EFAC = 'E9.2) I SNIA modifration.

C+ DEFAULT SITE ENVIRONMENTAL PARAMFIER VALUES
OPEN(2,HLE = TAPE 2 DA'I')
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DO 10 I=1,3
RI'AD(2,102) (PRC(1J)|ISC',1J),DTIN(IJ),(ITM(1 KJ),K = 1,3),

+ D1TC(IJ),(ITyl,KJ),K = 1,3)J = lJ)
READ (2,102) F5C(I),I5A(I),(QIQlJ)J = 1,3), POP (i), POPE (!),

+ POPW(I) TTOf(I),TVOZ(!),WV1241),AXOQ(1).lTAC(I),
+ EERO(I).EREC(I)

' READ (2,104) NRET(I)
10 CONTNUE

C+ DEFAULT FACILITY PARAMITI12R VALUES
DO 121= lJ -

RFAD(2,102) TUIS(I).TVEl(I),VINC(l),XOQ|(1).EDI1(l),DIW1(I),
+ VANN(1),XOOO(T) EDFO(I) DEN 2/t),(IW1(IJ)J a !,3),

(IWO(IJ)J = E3),(ADAY(1J)J = 1,3),RMIX(I),+

-+ EM P(l),FFF(I),SEIT(I).O ERO(1),OSW R.OSD L
ITTOSDLGT.0 0) TWO(1,3) = OSDL't.0IM/DlW2(1)

12 CONI 1NUE
C+ OP110NAL PARAMITIT!R VALUES

IF(1DAT.EO.0)OO TO 22 I IF IDAT = 0 NO MORE INIORMAT10N NEEDl:D
C+ IF(IDAT.EQ.2)OO TO 20
C+ STIT3-SPEC 151C POP AND XOO Ol710N

D O 14 I=1,6
READ (2,102) DSP(1),PDS(l),WSP(I),SITI(1)

14 CONDNUE
RFAD(2,102) IlYD,1DTO,DISD.DITID.EDFID,EDIOD
IF(IDAT.DO.2) 00 TD 20 1 Tills INFORMAT10N NOT USED IF IDAT = 2

C+ OtfrPt7T TO TAPE 6,11 IF IDAT = 1,1 AND LOAD STIT,SPEClllC VALUES
WRTIT2(7,202) (DSP(l),PDS(1),WSP(I)5M1(1),1= 1.6)
WRTIW11,202) (DSP(l),PDS(I),WSP(I),STD(1),1 = 1,6)
WRUM7,20) IIY11,InTO,DISTLDISTO,EDI1D,fSI'OD
WRMR11,203) 1IYM,1 nTO.DIST1 DISTO,EDI1D.EDFOD
A1=0.0
A2=0.0
DO 1611 = 1A
' Al Al+SIWil)'XOQFC(IIYI1, DISH,WSP(11),11)
A2 = A2+ SIWil)'XOQIqlIYID, DISTO,WSP(11),11)

16 CONnNUE
XOQi(10)=A1
XOOO(1Q)= A2
EDFl(IQ)= EDFID
EDFO(lQ)= EDFOD
Al = 0.0
DO 1811 = 1,6

DO 1812 = 1,6

A1 = Al + PDS(II)* Sill (12)*XOQFC(IIYD,DSP(II),WSP(12),12)
18 CONTINUE

POP (IR)=Al
- POPlWIR)=3.0*Al

C+ *\20 IF(IDAT.EQ 1)GO TO 22
20 CONTINUE f IDAT = 2 COMES TO llERE

C+ SITE-SPECIFIC ENVIRONMENTAL. PARAMEII!RS
C+ RfAD(2,102) PRC(IR,10),13C(IR,10),DTTM(IR,10),
C+ . + (FIN (IRJ,1Q)J=1,3),DTPC(IR1Q),(ITC(IRJJO)J-1,3), _
C+ - + 15C(1R),FSA(IR),(QFC(IRJ)J = 1,3),WVEL(1R).AXOQ(IR) EPAC(IR)
C+ . READ (2,1N) NRIT(IR)
C+ READ PARAMIf!TiRS INTO DUMMY STDRAGE

READ (2,102) PPRC,TISC,DDTM,
+ (TITM(J1J - 1,3),DDTPC,(TITC(J)J = 1,3),

- + FTSC FFSA,(QQFC(J)J-1,3),WWVEt,AAXOQ.EEFAC
READ (2,104) NNRET

IF (IDAT.EO.1) 00 'ID 22 I DONT NEED 1111S INFORMNI10N FOR IDAT = 1
C& MAP T11E DUMMY PARAML7ERS BACK INTO TIIE SITIkSPECIRC PARAMITITIRS
C+ ONI.Y FOR IDAT = 2,3 AND WRITE RESULTS TO TAPE 6,Il

PRC(IR,10) = PPRC
TSC(IR,10) = T13C
DTIM(IR,10) - DD1N
DTPC(IR,10) = DDITC
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!

f3C(IR) = ITSC
FSA(IR) = FIEA
%TEL(IR) = WWYEL
AXOQ(IR) = AAXOQ
17AC(IR) = EEFAC
NRET(IR) = NNRL'T
DO 50 J = 1,3 ~

-TIN (IRJJO) = TITM(1) '

TPCORJJO) = TIPC(J)
QFC(IRJ) = OQlC(J)

. 50 CONTNUE -
WRTITX7,204) PRC(IRJO),73QlR,10),(QFCORJ)J = 1,3),
+ 13C(IR),DTIN(IR.lQ),(TIN (IRJ,10)J=1,3),TSA(IR),DTPC(lR,10),
+ (TPC(IRJ,10)J-1,3),wYF1(IR)AXOQ(IR),EFAC(IR)
WRITE (11,204) PRC(IR,10),TSqlR,10),(QFC(IRJ)J = 1,3),
+ 15C(IR),DTIM(IRJQ),(TIN (IRJ,10)J=1,3)fSA(IR)D1?C(IRJQ),
+ (TPQIRJ,IO)J=1,3),%YEl(1R),AXOQ(IR),EFAC(IR)

22 CONTNUE - 1 IDAT = -0,1 COME TO IIERE .
C+ STIF-SPEClllC TREATMENT / DISPOSAL PARAMifrERS

24 IF(IPOP.!X).1.0R.!DAT.EQ.1.ORIDAT.EQ3)OO 1U 28
C+ MODilY POP FOR URBAN ENVIRONMENT IF IDAT = 0.2

DO 26 != 1,3

POPE (1)= POPE (!)*10.0
26 POP (!) POP (l)*10.0
28 CLOSE (2)

RLHJRN
END-

i- C+

' SUBROUTINE READ 5
C+ . READ 5 reads in treatment /dssinal options and waste stream
C+ characteristics from TAPE 5.
C+- UPTAKE is caHed to calculate the pathway dose conversKm factors.

C+ . and transportatvan crposures.
' CILARACITR NUCD*6, SOLD *l,BIANK%EOIW6,NITIME*11
INCLUDE IMPCOMM.FOR
DIMENSION NUCD(5). SOLD (5),COND(5)
DATA BLANKT '/
DATA EOFR/3 '/ .

101 FORMAT (A10,3E103) ~

102 FORMAT (1515)
103 PORMAT(5(A6,1X Al E103,2X))'
lot FORMAT (/2X,'WASI11 ',A10,2X/WEIGIIT:',1PIR2/ NTT DENSTTY:',

+ E9.2,' MT/M3',//2X,'ID = ',12,2X/lA = ',12,2X,'IKI = ',12,2X,
i + 'IK2 = ',13,2X,TROCESS = 'I2/2X,'IXS = ',414,/,2X/ICS = ',414)
L " NSTR = 1 -
!~- - CALL ZERO(BAS,184)
|: DO 10 != 1,85 '.

.

SOL (I)= SOLD (1)
10 NUX(I)= 0

C+ WASE STREAM CilARACTERISI1CS
READ (5,101) BASN(1), BAS (l 1), BAS (1,2). BAS (1,3)
READ (5,102) (ISPQlJ)J = 1,15) '

WRTT1?(7,104) BASN(1). BAS (1,1),BA5(1,2),(ISPQlJ)J a l,5), -
+ (ISPC(1J)J=8,15)

..

WRTTE(II,164) BASN(1), BAS (1,1), BAS (1,2),(ISPC(1J)) = 1.5),
.- + (ISPC(1J)J=R,15)

! C+ WASTE STREAM IIEADER ON TAPE 10 -
p WRTTE(10,10Gt) ilASN(1) _

.1r04 FORMAT (//2X,A10) !

-- C+ Monitor hne to screen indicating the time, waste stream name |

CALL TIME (M11ME) 1 Lahey System Subrov*ine {
c MT!ME = 'O'- 1 SNIA modification

. write (*,2004) MTIME,BASN(1)
2004 format (' ',all/ ',A10)

.

. C+.
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12 RFAD(5,103,liND = 20) (NUCD(1),SOLIC).COND(1),1 = 1,5)

IITNUCD(1).IQ BLANK)GO TO 20 '
DO 18 J = 1,5

IF (NUCD(J)EQ BIANK) 00 *10 20
DO 141 135

IF(NUCD(J).iO.NUC(I))GO TO 16
14 CON'IINUE

IF((NUCD(J)10 BLANK).Ok(NUCD(J) EO EOTR))GO TO 20
STOP ' CANT ITND NUCLIDE NAME READ 5'

16 NUX(1)= 1
sol 41)= SOLD (J)
IIAS(1,1 + 7) = COND(J)

IS CONTNUE
C+ lxx>p back to 12 until an Endd/ile on Unit 5 is encountered

GO TO 12
C+ Entry pant after Ibd4 RECORD on Unit 5 is encountered.

20 Call UPTAKE
C+ TRANSPORTATION SECRON
C+ IMS(5) - MAXIMUM DRIVER IMPACIS
C+ BAS (6)- TOTAL DPdVERS IMPACl3
C+ IIAS(7) - POFULATION IMPACIS

A1 = ISPC(1,9)/lC0 0
DGA = 0.0
DO 22 j = 1,R$

IF(NUX(1) lO.1)DGA = DGA + PDCIT1,4,5 )* BAS (Ll + ~A

22 CONTINUE
DGA = DGA'IAAS(1,2)/(Al* BAS (1,2) + DEN 1(IO)'(1.0J.lj)

/
C+ NUCLIDE SPECIFIC ACCOUNTING FACIOR3

hFAC= BAS (1,2)/(Al*1MS(1,2) + DEN 1(!Q)*(1.0 A1))
FAC3 a Al
A3 IMS(1,1)/4.iM
IF(ISPC(1,3).NILO)A3 = A3/0.75
A4 = A3/(ISPC(1,8)'AI)
IF(lO GT.3)GO TO 24

,

A2 = (COFF(10.2. 0)* 2, + COFF( 1.0.4.0 )* 03)/87t,0.0
IF( A4.GT,750.0)DAS(1,5 ) = lXiA*Al' A2* l .6' 750.0

II (A4 IE750.0)llAS(L5) = DGA' A l' A2* 1.6* A4
C+ FACTOR FOR NUCllDP SPECIMC CALCULA110NS

FAC2 = 750.0

IF(A41E.750.0) FAC= A4
GO TO 26

24 A2 = (COFITI.0,2.0)*5.0 + COITll.0,4 0)*0.5)/8760 0 _

IF(A4 GT.250.0) BAS (1,5)= DGA'Al'A2't.6*250 0

IF(A4 LE.250.0) BAS (1.5) = DGA* Al*A2' t.6* A4
C+ FACTOR FOR NUCllDF SPECinC CALCULATIONS

FAC = 250.0
IF(A4.lE250.0) FAC = A4

26 BAS (1,6) = 2.0'DGA'A2* l.6*A3
A1 =lTOP(IR)*TDIS(IQ)*TDOZ(IR)flVE1410)
BAS (1,7) = A l' 100.0* DGA' A3' t .6 * COIT(1 0,4.0)/B760.0

C+ TRANSPORTATION IMPACl3 BY NUCLIDE
WRTE(10,7010)

7010 FORMAT (//2X,TRANSPORTKilON ICRP IMPACTS fly NUCljDE (MREM /YR)'//
+ 2X,'NUC MAX INDIVIDUAL'/)
FAC4 = FAC'FAC2'FAO*A2* 1.6
TRNTOT= 0.0
DO 30 I= 1 A5

IF(NUX(T).NE.1) GOTO 30
DOST= FAC4*FDCIT1,4,5)*IlAS(LI + 7)
WRfrE(10,7020) NOC(1),DOST

7020 FORMAT (2XA(54X,lPE12.3)
TRNTUT=TRNTOT+ DOST

30 CON'IlNUE
WRTIM10,7030) TRNTOT

7030 FORMAT (/2X, TOTAL TRANSPORTATION IMPACIN a'.lPE12.3)
RETURN
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END
C+.

SUDRO1111NU RECYClilSTR %T1 %T2,% TOT.NX)
C+ RECYCL calculates innpacts from twphng contaminated materials.
C+ - hree recycle scenarxn are considered.
C+ 1) recycle of metal containers,
I' + 2) recyric of metal fraction of waste stream composition; and,
C+ 3) recyde of glass traction.

INCLUDD IMPCOMM.FOR
DIMENSION Rl(85),RP(RS)

C+ ARRAY TV) SAVE METAL RECYCLE IMPACIS
DIMENSION BRC3(85)
DATA RI/
+ 2.ltiM5J4IE07,7.15FA2.1.96B4.1.2.R5E04,1.92tM4,
+ 8.17FA4195E-04,637E02,1.07E01,2.20M2,730E07,
+ 2.60502,3.95FA3,1.80E-02,8.20E02,1.53FA43.80E4,

- + 1.40EM2,1.22FA2,2.03FA13,1.71FA2,L15fM4.6.25FA4,
+ 5 60E02A10E42,123FA4,1.26E43,4.631M7,4.mFA7,
+ 830503,6.10E 03,4.80FA2,8.89FA2.8.951M4,836E03,

,

+ 6.50502,5 910A2.331FA4140FA3,9AFA5,636FA),
+ 4.60502,2.40E-N,7.02tM2,1.90E02,8.81FA4,738tM2,
+ 5.47E44.1.54E03,1.91E03,3 P.502101FA2A24E03,
+ 1,13E41,fd6E + 00A59E02,2.99E + 00,134E + 00,5 ASE + 00,
+ 8.9;FA1,9.97E02,&34 3A2,137E01,1.131M1,1.03FA1,
+ 8.80FA41718 03,937?A2,1.62FA3,9.17FA1,1.23IM1,
+ 1.17E OL1.10!M1,L10E 01,119FA,1.04501.1.WE + 03,
+ 9.00F42,921iM1,130lM1,4.92E OLL24FA1,1.mE 01,
+ 438E03/
DATA RP/

- + 2.95E + 00,730FA1,113E + 03,113E + 01,2.66E + 00,139E + 00,
+ 236E + 02,332E + 00,2.7/E + O2,427E + 00,131E + O2,5.69FA1,
+ 6.93E + 00,2.61E + 01,1.00E + 01,2.61E + 03,4 66E + 00,1 M FA1,
+ 6 52E + 01.5.592 + 01.1.89E + 01,6.98E + 01,639E42,1.25E + 02,
+ 2.48E + 01,6.13E + 03,L71 E + 00,1.18E + 01,1.87E + 00,168E + 01,
+ 2.22E + 00,438E + 01,1.46E + 03,5.67E + 02A42E + 003 77E + 01,
+ 7.81E + 03141E + 02,I.45E + 01471 E + 00,1.18E+ 01 LilE + 00,
+ 6.01 E + O2,6 50E + 01,222E + 02110E + 03121E + 001%E + O2,
+ 5.06E + 00,111E + 01.2.70E + 07,237E + 03,4 05E + 01 A 15E + 00,
+ 4.21E 01,33EE + O2,3.97E + 01,1306 + 03,135E + 03,9.%E + O2,
+ 1.38E + 03,935E + 00A00E + 00,2.42E + O2,925E + 00,939E + 00
+ 6.24 E + 00,9.44 E + O2,8.95E + 00,232E + O2,134 E + 03,1,77E + 00,
+ 9.81E + 00,LO3E + 01,1.03E + 01,931E44,9.68E + 00,1.68E + 03.
+ 136E + 02.1.42E + 03,3.67FA1,5.65E + 02,6SIE + 00,9 %E + 00,

+ LQ2E + 0n/
DATA PAKF,I1NDEPOP,DISF/1.P-3,033,0.46,0.9738/
+ WMLT,WOLS/857.0,902/

1011ORMAT(/2X/MITIAL PACKAGE RECYCIE IMPACIY,3X,'MAXIND 6 I

+1PE9.2/ MREM /YR'J34X|POPULN ME9.2/ PEP 3ON-MREM /30 YRS')
102 FORMAT (/2X/MirTAL MATERIAL RECYCLE IMPACTS',2X/ MAX 1ND 6

+ 1PE9.2/ M! EM/YR',/,MX/POPULN ='E9.2/ PERSON-MREM /30 YRS")
103 FORMAT (/2XJGIASS MA'ITRIAL RECYCLE IMPACIT,2X,'MAXIND %

+ 1PE92| MREM /YR'/MXTPOPUIR ='E9.2| PERSON. MREM /30 YRS')
C+ Dummy % TOT to resolve non.us.ge com%e error

WTOT = WMET
IF(NX.NEL1)OO TO 20

C+ MLTAL PACKAGE RECYCLE
IP = ISPC(ISTR,5) :

- IF(IP.NE.1)FCO RR = 1.0/ISPC(ISTR,10)
IfYIP.EO.1)PCOR R = LO/ISPC(ITI R,11)
Al=0.0
A2-0.0

C+ IIEADER FOR TAPE 10 01J17170
J|WRTIW10,7000)

'70tr v0RMAT(//2X/MEFAL PACKAGE RECYCLE ICRP IMPACTS BY ',
-4 NUCI.IDE(MREM /YR)'//

+ 2XJNUC DO51ND'/)

.

.
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BRC1 = 0.01'15PC(ITTR,4)* PAKl'BA5(ISTR,1)/0 Ou.V1'11ND* FCORR

BRC1VT=0.0
DO 10 i = 14

IF(NUX(1).140)GO TO 10
Al = A1 + IMS(iTIKI + 7)* PJ(1)
A2 = A2 +IMSOVTR,1 + 7)'RP(l)

C+ IMPACT FOR EACll NUCl.IDE
DRC2 = BRCl'IMS(ISI'R,1 + 7)* Rl(l)
WRTE(10,W10) NUC(l),11RC2

7010 FORMAT (2X.A6,3X,1PE123)
BRCTOT= BRCIOT+ BRC2

to CON"i1NUE
C+ TOTALIMPACT

WRTIT(10,7015) DRLTOT
7015 FORMAT (/2X,' TOTAL PLCYCif IMPACT =',1P1:12.3)

A3 = 0 Ot*1SPC(ISTR,4)* P AKF* BA5(15TR,1)/0mM

Al = FIND *FCORR*A3* Al
A2 = lTOP*A3'A2
WRTIE(7331) A1.A2 -

-

WRTI1X11,101) A1.A2
RI'ItRN

C+ hlCI AL FRACTION RCCYCLE
20 Al = 0,0

A2 = 0.0
C + 111MDER FOR TAPE 10 OUlitT

WRT11(10.7020)
7020 FORMAT (//2X| METAL ANIS GIASS RFCYClE ICRP IMPACl3 BY NUC1.IDh//

+ 2X,'"" 1MPACl3 ARE NOT NORMAL.!?fD BY NUMill!R OF '
+ 'FACILTIlES **"'//
+ 2X/ NUC MITALIND GIASS IND'/)
BRC1 = 11ND *WT1/(0.0009'ISPC(1,10))

DO % Ic1A5
IF(NUX(1) EQf)GO TO 30 '

Al = A1 + 1M5(NYTR,1 + 7)'Rl(l)

A2 = A2 + IM5(NSTR.!+ 7)* RP(I)
C+ SAVE METAL RECYCLE IMPACr POR Tills NUCLIDE .

BRCXI)= BRC1'IM5(NTI Rt + 7)* Rl(l)
30 CONTINUE

A1 = ITND'4Tl' A1/(0 0009'ISPC(1,10))
A2 = lTOP'WT1*A2/0M19
WRTE(7.102) A1A2 -

WRTIT(11,102) A1,A2
C+ GIASS FRACrlON RECYCLE

FCORR = ET2/(ISPC(1,10)'WGIS)
Al=0D
A3=0.0

C + FACTOR FOR GIASS IMPAC13
BRC1 = PCORR*0.3* D15F* 1.6*0.603o*0.0223
DO 401=1 A$

IF(NUX(1).140)GO TO 40
Al = A1 + llWN5TR,1 + 7)* PDCF(1,4,5)

Y = EXM(A14I))
X a EXM(A141)*30.0)
Z=1.0

'

IF(Y.NE.1.0) 2 = (1.0-X)/(30 0*(1.0-Y))
A3 = A3 + Z* B A5(NTTR,1 + 7)* P DCF(1.4,5)

C+ METAL AND GLASS IMPACTS BY NUCLIDE
BRC2 = BRCl'IMS(NTTR,1 + 7)*PDCP(1.4,5)
WRTITg10,7030) NUC(1),BRC3(1) BRC2

7030 FORMAT (2X,A6,3X.1P2E12.3)
40 CONTINUE

A2 = 0.3'DISF*l.6'0.6936
Al = FCORR*A2*Al*00223
A3 = FCORR*A2'A3'ISPC(1,10)*52 0
WRITIY7,103) A1,A3
WRTTF411,103) A1.A3
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C+
SUI)ROIJI1NE SP12CE

-C+ SPijCE awounts for the division of r wante stream inte tub-
C+. streams (maximum = 3) based on selected sortir.g options at a
C+ -- _ municipal mtc incinerator INQMP and RfCYC1U and INGMP are
C+ . . ca!!cd to calculate incineration and sorting /reuvry impacts and
C+ recycle impacts -

INCLUDE IMPCOMM.FOR
ISTR = 1

C+ Ml?tAL PACKAGE RECYCLINO
U11SPC(ISTR,3),NE1.0R.lSPC(ISTR,4) FA.J 0)OO TO 20
CALL RECYCL(ISTRA0,0.0.0.0,1)

2011-1Q
12 = ISPC(ISTR,$)

IF(12E4.1) RETURN
16 = ISPC(15TR,12)

- 17 =ISPC(lYrR,13)
. IS=ISPC(15TR,14)
19=ISPC(ISTR,15) .
IF(11GT.3)GO TO 30

C+ INGNERATE/ DISPOSE AND SORTING OFi1ON 1
CALL INCIMP(II,12,LSTR)
WRF = 2.0

C+ OSWR FOR VOLUMH REDI A'. ION IF INPUT (ORIGINALLY IQ = 1)T
IF(OSWR.GT.O.0) WRF= OSWR
IRS (ISTR.1)= BAS (MTR,1)/WPJ'
BAS (ISTR,2)= 0.89
11AS(ISTR,3)= BAS (IYrR,1)/ BAS (15rR,2) '

DO 24 J = 8,92

24 DA5(ISTRJ)=IIAS(ISTRJ)*WRF
ISPC(IS11,1)= 3
ISPC(ISTR 2)= 1
ISPC(1STR,3) D

c + ' ISPC(IKTR,5)= 1 ! SNIA tmetication
RElt'RN

C+ SOR11NG Ol'T10N 2 -
30 A1 = (0.95'16 + 0,05*17 + 0.05'18 + 0.10*19)/100.0

A2 = (0.05'!6 + 0.05'I7 + 0.10* 18 + 0.90* 19)/100.0
A3 = IIAS(ifrR,1)

' N5rR = NSTR+ 1
DO 32 J = 1,92 -

32 HAS(NSTRJ)= IRS (ISTRJ) .
DO 34 J-1,15 :

34 ISPC(NEFRJ)= ISIT(ISTRJ)
HASN(NSTR)= BASN(ISTR)

C+ RESIDUE SEC110N
BAS (ISIR,1)= BAS (lirR,1)/9.4 ''
BAS (LSTR,2)= 0Js9

~ BAS (ISIR.3) = HAS(ISTR,1)/ BAS (ISTR,2) -
D O 36 J= 8,92

- M IIAS(ISTRJ)= BAS (IC J)*Al*9.40
'

CALL INGMP(I1,12,ISTR)
ISPC(ISTR,1) = 3 i

ISPC(ISTR,2)=1 -
,

ISPC(ISTR,3)= 0I-
.

C+ ISPC(ISTR,5)= 1 I SNIA modirration
L IF(11EO.5) GO TO 40
t: C+ DIDRD MATERIAL SECI'10N

BAS (NTTR,1)= BAS (NSTR,1)*(1.0 A1)
HAS(NSTR,2) =042
DAS(N50R,3) = BAS (NVTR,1)/BA5(N$rR,2 )
BAS (NSTRA)=0.0 1

- HAS(NSTR,7)=0.0 I
ISPC(NTTR,1)= 1

l A-26
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ISPC(NSTR,2) = 2

LSPC(NTrit3)= 0
C+ ISPC(NYlR,5) = 1 ' SNIA nvencation

R17 URN
C+ SORTING Oi'110N 3

4011AS(NSTR,1) = 11AS(NVI'k,1f A2

IMS(N5TR.2)= 0M
IMS(NTTR 3) = IMS(NSTR ,1)/IMS(NYTR.2)
IMS(NSTR,6)= 0.0

=

IMS(NTTR,7) = 0 0
ISPC(NSTR,1).1
ISPC(NSTR,2)= 2
IS14'(NSTR,3) = 0

C+ ISI C(NYIU)= 1 ! SNIA nnbriation
C+ RECYCLE 01~ SCRAP METAL AND GLASS

IF(17tO DAND 18.FO,0)RINUR'4
A4 = A3*(1.0-Al-A2)
A5 = 0 9'!7 + 015'15L

-

%T = 0.9* A4 *17/A5
%T2 = A4-%T1
cal.L RECYClflVTR.%T1,4T2,A3,2)
RITURN
END

C+
SUllROUl1NE UPTAKE

C+ UPTAKE reads TAPEI fundamental dose conversion factors, ret.ited

C+ nuclide-spmhc parameten and upuke futon. The p My dme
C+ converwn factors are calculated for determinmg impacts in the

C+ taain code: K5 radenucle,les,10 body organs, and 7 mapr pathways
-

C+ are included, as detaPred in NUREGa5&S, Vol 1, Appendix D.
CILAPACTER IMSN*10,VUC'6,50L'1,SOI 13* l,lPA9't.,lPAl'6,lTA5 *6,
+ NTC1'6,SOLT*1
CO M M O N /lMET/ IMSCO M (D4 ),lS PC( 2,15 ),P DCF(&5,10,7)
+ /CilRC/IMSN(2),NUC(&5),S954RS),SOLIK85)
+ /NUCS/A1485),FMF(85) RET (85,5),FRACI(M,3).NUX(RS)
COMM ON/DC15/IT(&5,5),DCrl(159,10) DCF2(159,10),DCPh 85 ),
+ DCF4(&5,10),DCI5(85,10),NUCT(159),S0LT(159) ,

COMMON /UP IX/V1,V2.S LS21.RI R.CY ,D,I7,13.13 J7,
+ FRfBP,F11713,F13Pf14.1HF18
DATA IPA 9,lPA1,lPA5/'I-129 '|1131 'll 125 -/ '
DO 80 INUC= 1,85

DO 10 U = 1,159

INCT = U
IF(NUCT(INCI)l'Q NUC(INUC))GO TO 20

10 CONTINUE
STOP ' CANT 11ND NUCLIDE NAMB IN NUC1'

20 IF(SOLT(INCT)10.SO141NUC)) 00 TO 50
INCT = INCT + 1

IF(NUCT(INCT).NTi.NUC(INUC))GO TO 40
00 TO 20

40 WRIIT47,101) NUC(INUC),50141Nf;C),NUCI(INCT),SOLT(INCT)
WRTIT411.101) NUC(INUC), SOL (INUC) NUCT(INCT),SOLT(INCT)

101 FORMAT (//2X.2(A6,2X,A1,2X))
STOP ' CANT F1ND SO! Ub!!Illh5 POR NUCP

50 FTP = 17 + IT(IT(INUC,2)'F3 + FF(lNUC,3)*F7*%5 0)
FT = I'TP*lT(INUC,1)
Fr = It* fT(INUC,2)*I3 + f 3P'llTINUC,3PIPX5.0 + ru
F12N = IT(INUC,4 )' F13 + FF(INUC,5)* F13P
v=VI
IF(NUC(INUC)EOlPA9) V = V2 i

IF(NUC(LNUC).FO.lPA1) V = V2
IF(NUC(INUC).InlPA5)V a V2
D1 = N400 0*'//lS2* Z)
D2 o %Kh0'R'V/S1
W1 = RI /(S2'Z)

i
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,

W2=R*Rl/S1-
DO ?D 10= 110

~

At a F18'(F14*(F15-DCr2(INCTJO) + DG3(INUCIO)) - ?

c4 DCF4(INUQO)) .+

PDCF(INVQO,1) = P15' DCl2(INCT,10) + DCl3(INUCIO) + Al* D 1
PDCF(INUQO,2) = F15'DCF2(INCT,10) + DCT5(INUGO) + 0.242*Al * D1*

PDCF(INUC,10,3) * PDCITINUC,lo,1) + (D1'Fr
,

,

+ (D2/CY)*I'TP)*DCFl(INCT10)~ *-

PDCF(INTClo.4) = (FT/D)*DCP1(INCr.10) *

PDCITINUCIO,5)= DCF3(INUC) *

PDCF(INUCIO.6)=(W1*F*'+ (W2/CY)*l'I1'+ IT/1MRO) ' ,

+ *DCFl(INCT,10)+ W1*Al -
. PDCITINUCIO,7) = POCITINUCJO,6)+ (F12N/)D00.0)*DCF1(INCT,10) I

t

DO 60 J 1,7

to . PDCF(INUCIOJ)= PDCF(INUC10J)*L0E+12 ' i
70 CO'II1NTE ~
80 CONTINUE -

REIURN -
ILND *

C+
SUBROlJllNU 7EI;tiqANJ*

C+ Zero the array A having N clements
,

-
- - - -

DIMENSION A(N)
DO 10 l a 1,N =

10 MI)= 0.0
- RI'lVRN

,

END
-C+- ~

FUNCT10N EXM(A1)
Double precision a2
A2 = 0.0 -

C + :' IF( A1.LT.d5.0)A2 - EXP(-A1) i Doesn't work on all machines
,

- IF(A1.LT.50.0)A2 = EXP(,A1) - I Required hmit for same clones
. EXM = A2 I SNIA modificatson
'REftRN
UND *

C+
. IUNCIlON COF1TX.R) '

: DATA U/0MM/
: Al = El(U* X)
''

R1 = SORT (R* R+ X*X)
COFF=(Al-El(U*RI))/Al
RCTURN

- END --
C+-

IUNCTION DOTITX)
= DATA U/0.0097/
: Al = 1.0 + 0.95*U + 035* U*U -

A2 = EXM(U)*(1.0-U*EXP(U)*El(U))
- Y= U*X

.

DOFF = (1.0 + 0.95 * Y + 035*Y'Y)*EXM(Y)*(1.0-Y'EX P(Y)* El(Y))/( Al' A2).gggypy -
2

END
.C+

'FUNCDC awfC(H R V,lS)
- DIMQSION A(6),B(6),C(6)

. .

"
%TA A/0,2,0.12,0.08,0,06,0.03,0.016/,
+ D/2*0 0.0.0002,0.0015,2'0&n3/,

- + C/2*0.0,2'0.5,2+1.0/ :-

C+ .SPYEAR = SECONDS PER Y11AR
DATA SPYear/115F07/ - ~ ! SNLA n.odificaden
5fGZ = A(IS)* R/((1.0 + D(IS)* R)* * C(IS))

- XOOFC=2.032*EXP( 0.S*(ll/SIGZ)*(II/SIGZ))/(V*R*SIGZ'SPYear)
lEIURN

.END
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C+
1UNC110N El(X)
1)lMENSION A(5),AT(4).11T(4)

DATA A0/A57721566/
DATA SMA11/1.0E-30/ ISNIA medferjx.

DATA A/0.999991933)24991055,0.055'WA,4OLn7 eau,0w10457/
DATA AT/8.5711287401,1R.0590169730,R.6347Myt923.0267173D43/
DATA IYf/9373322M54,25.63295614fm.21DM5XE27,3 9554%9228/
IITX.GT,5MAI.L .AND. XlE.1.0) 001010 tSNIA mcargauon
IF(X.GT.1,0) 0010 30
WRTTE (',99) X

99 IORMAT(' Argument X = ',G16.10)
STOP 'El(X) ARGUMENT BECAME N1'GA11VE OR LhS12N11AliY ZERO'

10 E =0.0
XP=1.0
D O 20 1=1,5

XP = XP* X

E m E + A(1)*XP
20 CONTINUE -

El = (E+ A0b1 LOG (X)
RETL'RN

30 ET=00
EB=0.0
XP=1.0
DO 40 l= 1,4

XP = XP*X
IF(1.EQ 4) GO TO 50
J = 4-1

ET ET+ AT(J)*XP
EB-EB + BT(J)* XP

40 COVI1NUE
50 E = (XP + ET + AT(4))/(XP + EB + ITT(4))

E1 = E*EXP(-X)/X
Ri? TURN
END

C+ END OF IMPACl(DRC

-
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IMPALTS BRC INPUT FILE: TAPE 1.DAT

E-3 1* .00E+00 4,80E+00 1.20E-02 1. 40E-02 9.00E-01 9.00E-01 5.64E-02 1.15E+00 1. 00E+00 1. 00E+0D
.00E+00 .00E+00 '.00E+00 .00E+00 .00E*00 .00E+00 .00E+00 .00E+00 .00E+00 .00E+00
.00E+00 .00E+00 .00E+00 .00E+00 .00E+00 00E*00 .00E+00 00E+00 00E+00 .00E+00

* 6.40E-00 6.40E-08 U.40E-08 .00%*00 6.40E-08 6.40E-06 6.40E-08 6.40E-08 6.40E-08 6.40E-08
6.40E-08 6.40E-08 6.40E-08 .00E*00 6.40E 08 6.40E-08 6.40E-05 6.40E-08 6,40E-08 6.40E-08

C-14 la .00E+00 5,50E+00 3.10E-02 1.50E-02 4.60E+03 9.10E+03 1.21E-04 0.103 1.0 1.00E+01
.00E+00 .00E+00 .00E+00 .00E+00 .00E+00 00E+00 00E+00 .00E+00 .00Z+00 .00t+00
.00E+00 .00E+00 .00E+00 .00E+00 .00E+00 .00E+00 00E+00 .00E+00 00E+00 .00E+00

* 2.09E-06 2.09E-06 2.09E-06 .00E+00 2.09E-06 2.09E f6 2.09E-06 2.09E-06 2.09E-06 2.09E-06
2.09E-06 2.00E-06 2.09E-06 .00E+00 2.09E*0F 2.09E-06 2.00E-06 2.09E-06 2.09E-06 2.09E-06

RA-22 LD 1.59E*c5 4.60E-03 8.30E-02 3.50E-02 l.'00E+02 2.00E+02 2.65E-01 1.61E-04 1.0 7.20E+02
.1.85E-04 1.70E-04 1. 68E-0 *. .00E+00 1.82E-04 1.73E-04 1.67E-04 2.06E-04 2.30E-04 2.10E-04
9.56E-03 9.09E-03 8.9?E-03 .00E+00 9.72E-03 E.26E-03 1.00E-02 1.09E-02 1.23E-02 1.17E-02 ]

D 9.29E-06 1.06E-05 1.14E*05 .00E+00 1.05E-05 9.99E-06 1.59E-05 2.05E-0$ 9.25E-06 1.15E-05
9.14E-06 6.22E-06 7.18E-0C .00E+00 6.70E-06 6.47E-06 1.01E-05 1.30E-05 5.92E-06 7.66E-06

P-32 2W .00E+00 1.10E+00 5.70E-02 1.60E-02 1.00E+05 2.00E+04 1.77t+01 1.2FE-03 1.0 3.60E+02''
.00E+00 .00E+00 .00E+00 .00E+00 .00E+00 .00E+00 .00E+00 .00E+00 .00E+00 .00E+00
.00E+00 .00E+00 .00E+00 .00E+00 .00E+00 .00Ea00 .00E+00 .00E+00 00E+00 400E+00

D 2.42I-46 5.36E+06 2.68E-05 .00E+00 2.425-06 2.42E-06 2.D9E-05 2.91E-05 2,42E-06 8,77t-06
9.25E-06 2,24E-06 5.55E-06 .00E+00 1.79E-06 1. 79E-06 2.21E-0 5 2.15E-05 1. )QE-05 0.07E 06

i
W 2.42E-06 5.36E-06 2.E8E-05 .00E+00 2.42E-08 2.4:1-06 2.99E-05 2.91E-05 2.4a?-06 8.77E-06

9.47E-05 2.48E-06 1.14E-05 .00E+00 1.25E-06 1.25F-06 1. 54E-05 1.50E 05 1.25E-06 1. 55E-05
P-33 2W .00E+00 1.10E+00 5 70E-02 1.60E-02 1. 00E+05 2.00Et04 0. 96E+00 1.26E-03 1.0 3.6cE*02

.00!+00 .00E+00 .00E+00 .00Et00 .00E*00 .00E+00 00E+00 .00E+00 .00E+00 .00E+00

.00E+00 .00E+00 .00E+00 .00E+00 ,00E+00 .00E+00 .00E+00 .00E+00 .00E+00 .00E+00'

D 3.4 7E-07 6.73E-07 3.13E-06 .000+00 3.47E-07 3.475-07 1.85E-06 4.88E-06 3.47E-07 9.18E-07
1.10E-D6 3.08E-07 6.85E-07 .00E+00 2.58E-07 2.58E-07 1.37E-06 3.64E-06 2.58E-07 6.33E-07

W 3.47E-07 6.73E-07 3.13E-06 00Z+00 3.47E-07 3.47E-07 1.85E-06 4.88E-06 3.47E-07 9.18E-07
1.56E-05 3.29E-07 1.3SE-06 .00E+00 1.87E-07 1.67E 07 9.95E-07 2.65E-06 1.87E-07 2.32E-06

S-35 2W .00E+00 5.00E-01 1.00E-01 1.60E-02 7.50E+02 1.00E+02 2.68E+00 1.20E-02 1.0 4.20E+01
'.00E+00 .00E+00 .00E+00 .00E+00 .00E+00 .00E+00 .00E+00 .00E+00 00E+00 .00E+00

00E+00 .00E+00 .00E+00 .00E+00 .00E+00 .00E+00 .00E+00 .00E+00 00E+00 .00E+00,

D 2.82E-07 4.02E-07 2.11E-06 .00E+00 2. 82E-0 7 2. 82E-07 2. 82E-07 2.82E-07 2.82E-07 4. 4 8E-0 7
7.55E-07 2.43E-07 4.92E-07 -.00E+00 2.11E-07 2.11E-07 2.11E-07 2.11E-07 2.11E-07 3.02E-07

W 2.82E-07 4.92E-07 2.11E-06 .00E+00 2.82E-07 2.82E-07 2.82E-07 2.82E-07 2.82E-07 4.48E-07
1.86E-05 2.6EE-07 1,03E-06 .00X+00 1.68E-07 1.63E-07 1.68E-07 1.68E-07 1.58E-07 2.48E-06

CL-36 2W . 00E+00 5.00E+00 6.00E-02 1.70E-02 5.00E+01 1.00E+02 2.30E-06 1.15E-01 1,0 5.00E+00
2.63E-13 6.84E-14 1.38E-13 .00E+00 4.02E-16 3.26E+15 8.70E-14 4.30E-13 1.68E-13 4.66E-12

<

2.41E-12 6.22E-13 1.25E-12 .00E+00 3.66E-15 2.96E-14 7.92E-13 3.921-12 1.52E-12 4.24E-11
D 2.EEE-06 4.11E-06 2.96F.-06 .00E+00 2.96E-05 2 96E-06 2.96E-06 2.96E-06 2.96E-06 3.03E-06

- 4.92E-06 2.04E-06 1.86E-06 .00T+00 1,66E-06 1.862 05 1.86E-06 1.86E-06 1.86E-06 2.24E-06'"

W 2 96E-06 4.11E 06 2.96E-06 .00E+00 2.96E-06 2.96E-06 2.96E-06 2.96E-06 2.06E-06 3,03E-06
1.-69E-04 2.46E-C6 1.66E-06 .00E*00 1.86E-06-1.86E-06 1.P6E-06 1.86E-06 1.66E-06 2.19E-05

- CA-+ 5 -- 1W ;00E+00 3.60E-02 7.20E-04 1.10E-02 4.00E+01 3.30E+02 1.56E+00 9.86E 03 1.0 7.30E+01
2.0BE-15 7.125-16 1.14E-15 .00E+00 2. 86E-17 7.88E-17 6. 95E-16 3.39E-15 2. 01E-15 2.14E- 14

| 7.92E-15 2.71E-15 4.3EE 15 .00E+00 1.09E-16 3.00E-16 2.65E-1$ 1.2SE*14 7.69E-15 8.17E-14
)

W 1.GaE-07 5.29E-07 1.04E-t$ = 00E+00 1.98E-0 7 1. 90E-07 1. 28E-0 5 1.94 E+0 5 1.9 8E-0 7 3.16E-06|

3.58E-*05 3.26E-07 5.115 06- .00E*00 1.66E-07 1.66E-07 1.06E-05 1.62E-05 1.66E-07 6.62E*06
SC-46 1Y J.42E-05 1.10E+03 1.60E-02 5.00E-06 2.00E+00 1.002+03 3.01E+00 1.11E-04 9.00E+00 7.30E+01

'1.72E-04 1.59E-04 1.57E-04 .00E+00 1.70E-04 1.61E-04 1.74E-04 1.86E-04 2.16E-04 1.94E-04
[f 9;30E-03 8.62E-03 8.504-03 .00E+00 9.22E-03 8.74E-03 9.41E-03 1.01E-02 1,17E-02 1.05E-02
!= .Y 1.80E-07 2.53E-06 3.85E-05 .00E+00 1.05E 06 7.47E-07 1.49E-06 5,14E-07 2.8SI-08 6.40E-06

1.71E-04 1.21E-05 1.95E-05 .00E+00 6.66E-06 1.56E-05 8.18E-06 6.22E-06 7.47E-06 2.96E-05
CR-51-.3Y 2.03E-07 1'30E-02 9.20E-03 1.60E-03 2.00E+02 2.00E+03 9.13E+00 1.2SE-03 10.0 3.60E+02.

2.89E-06 2.ESE-06 2.60E-06 .00E+00 2;78E-06 2.68E-06 2.99E-06 3.69E-06 3.67E-06 3,41E 06
1.35E-04 1.43E 04 1.21E-04 .00E*00 1.291-04 1.25E-04 1.39E-04 1.72E-04 1.71E-04 1.58E-04

D ! .62E-08 6.70E-08 9.18E-07 .00E+00 3.14E-03 2.59E-08 4.63E-08 2.91E-08 1.37E 08 1,47E-07,s

.1.41E-07 9.10E-05 2.19E*07 .00E+00 8.18E+08 8.03E-08 9.92E-08 1.01E-07 6.73E-08 1.09E-07

|_
. W 1.62E-08 6.7CE-09 9.18E-07 .00I+00 3.14E-08 2.595-08 4.63E-CB 2.91E-08 1.37E-08 1.47E-07.

1.39E-06 8.69E-06 4.18E-07 .00E+00 4.96E-00 0.18E-08 6.92E-08 5.55E-08 4.07E-06 2.62E-07' Y 1.62E-08 6.70E-08 B.18E-07 .00E+00 3.14E-08 2.59E-08 4.63E-08 2.91E-08 1. 3 7E-09 1. 4 7E-07
| 1.98E-06 9.47E 06 4.37E-07 .00E+00 4 74E 08 9.51E-08 6.92E 08 5.14E-08 4.00E-06 3,34E-01

HN-54 2W 5.94E-06 1.20E*01 3; DOE-04 3.30E 04 4.00E+02 9 00E+04 8.09E*01 1.20E-03 10.0 3.60E+02
7 42E-05 6.89E-05 6,75E-05 .00E+00 7.32E-05 6.95?.-05 7.53E-05 8.18E-05 0.36E-05 8.41E-05
3.851-03 3.57E-03 3.51E-03 .00E*D0 3.80E-03 3.61E-03 3,91E-03 4.25E-03 4.86E-03 4.37E-03

D 8.47E-07 1.52E-06 8.14E-06 .00E+00 1.41E 06 3.70E-06 1. 81E-06 2.11E-06 4.92E-07 2. 7 7E-06
4.37E-06 3. 4GE-06 4.3 7E-06 .00E+00 5.07E-06 1.71E-05 6.14E-06 9.47E 06 2.41E-06 5.25E 06

W 8.47E-06 1.52E 06 8.14E-06 .00E+00 1.41E-06 3.70E-06 1.81E-06 2.11E-05 4.02E-07 2.77E-09
2.46E-05 4.25E*C6 4.88E-06 ;00E+00 3.29E-06 9.14E-06 4.07E-06 4.62E-06 2.74E-06 6.70E-06
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FE-55 L2W : 400E+00 4.20E-04't.90E-02 2.70E-04'1.00E+02 3.20E+03 2.57E- 1 1.48 -02 1.0 Sa0E+05
'

5 E

1.25E-09 3.24E-10 6.53E-10 .00E+00 1.91E-12 1.55E 11 4.13E-10 2.04E-09 7.96E-10 2.21E-08
6.52E-09 1.68E-09 3.39E-09 .00E+00 9.8DE-12 8.025-11 2.14E-09 1.06E-08 4.13E-09 1.15E-07

D 3.77E-07 4.00E-07 1.12E-06 .003+00 3.61E-07 1.27E-06 3.89E-07 3.89E-07 4.072-07 6.07E-07
1.92E-06 1.88E-06 2.00E*06 ,00E+00-1.88E-06 6.25E-06 1,912-06 1,90E-06 2.01E-06 2.69E-06

W 3.77E-07 4.00E-07 1.12E-06' .00E+00 3.81E-07 1.27E-06 3.89E-07 3.89E 07 4-07E-07 6.07E-07
'

.

3.92E-00 6.47E-07 1.02E*D6 .00E+00 6.40E-07 2.13E-06 8.511-07 6,47E-07 6.65E-07 1.34E-06
FE 59- 2W 8.32E-06 4.20E-A4 1.90E-01 2.70E-04 1.00E+02 3.20E+03 5.67E+00 1.48E-02 1.0 5.40E+03

9.74E-05'9.011-05 8.94E-05 .00E+00 9.68E-05 9.18E-05 0.83E-05 1.05E-04 1.22E-04 1.10E-04
5.48E-03 5,06E-03 5.02E-03 -.00E+00 5.44E-03 5.16E-03 5.53E-03 5.89E-03 6,66E-03 6.17E-03

D 2.35E-06 4.11E-06 3.12E-05 .00E+00 3.36E-06 5.70E 06 3.13E-06 2.45E-06 2.23E-06 0.70E-08
1.29E-05 1.27E-05 1.78E-05 00E+00 1.39E-05 2.63E-05 1.1 &E-0 5 1. 0 62-05 1. 09E-0 5 1. 4 8E-0 5

W 2.35E-06 4.11E-06'J.12E-05 .00E+00 3.3CE-06 5.70E-06 3.13E-06 J.4hL-06 2.23E-06 6.70E 06
5.11E-05 6.25E-06 1.66E-05 .00E+00 5.222-06 9.02E-05 4.85E-08 4.11E-06 4.33E-06 1.22E-05

CO-57 27 4.02E-07 1.50E-02 9.70E-03 1_80E-03 5.00E+01 2.00E+02 9.34E-01 1_48E-02 1.0 3.60E+03
1.15E-05 1.02E-05 9.92E-06 .00E+00 1.05E-05 1.04E-05 9.99E-06 1.851-05 1.60E-05 1.43E-05
5.12E-04 4.58E-04 4.44E-04 .00E+00 4.71E-04 4.63E-04 4.471-04 8.27E*04 7.16E-04 6.36E-04

W 1.07E-07 3.35E-07 4.66E-06 .00E+00 1.622-07 3,26E-D7 3.27E-07 1.E2E-07 7.14E-08 7.44E-07
1.501-05 8.32E-07 2.55E-06 .00E+00 5.3EE-07 1.36E-06 9.40E-07 7.29E-07 4.18E-07 2.63E-06

Y 1.07E-07 3.35E-07 4.66E-06 .00E+00 1.82E-07 3.26E-07 3.27E-07 '.B2E-07 7.14E-08 7.44E-07
6.25E-05 2.03E-06 2.46E-08 00E+00 9.58E-07 2.67E-06 2.18E-06 1.67E-06 1.00E-06 9.07E-06

CQ 58 2Y 7.03E-06 1. 50E-02 9.70E-03 1. 80E-03 5.00E+01 2.00E+02 3. 57E+00 1.48E-02 1.0 3.60E+03
~

1.
--

8.69E-05 8.04E-05 7.88E-05 .00E+00 8.54E-05 8.13E-05 8.83E-05 9.69E-05 1.09E-04 9.87E-05
4.45E-03 4.12E-03 4.04E-03 .00E+00 4.38E-03 4.17E-03 4. 53E-03 4.96E-03 5.60E-03 5.05E-03

W 3.15E-07 1;421-06 1.47E-05 00E+00 7.77E-07 a.10E-07 9.62E 07 4.63E-07 2.33.E-07 2.99E-06
~ 2.94E-05 3.34E-06 7.47E-06 .00E+00 2.09E-06 4.25E-06 2.34E-06-1.77E-06 2.04E-Of 6,36E-06
Y 3.16E-07 1,422-06 1.47E-05-- 00E+00 7,77E-07 9,10E-07 9.62E-07 4.63E-07 2.33E-07 2.09E-06
- 5.92E-05 5.14E-05 7.36E-C6 .00E+00 2.79E-06 6.07Ea 08 3.42E-06 2. 56E-06 3.23E-06 1.0GE-05

CO-60 2Y 1.76E-05 1.50E-02 9.705 13 1. 8CE-03 5.00E+01' 2.00E+02 1.32E-01 1.48E-02 1.0~3.60E+03
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FU 236 2Y 1.09E-10 5,60E-04 3.90E-04 1.00E-07 2.50E+01 1.00E*02 7,90E-03 4.67E-04 10.0 7.20E+03
1.22E-08 S,67E-On 7.22E-09 .E* 00 2.67E-09 2.63E-09 4. 51E* 09 2.0SE-06 1. 51E-06 8. 58E-06
1.16E-07 7.83E-0 , 7.77E-08 .00E+00 8,04E-06 7.16E 08 S.31E-08 2,09E-07 1 71E-0 7 4,41E-07

Y 3.20E-10 4 74E-06 2.10E-04 .00E+00 3.34E-10 1,0PE-04 4.70E+0S S.8SE-04 2.96E-10 4.90E-0$

1.18E+00 4.18E 06 1.22E-04 .00E,00 1.46E-06 S.071-01 2.151-01 2.68E*00 1. 3E-06 2.BPE-01
W 3.14E-08 4.77E 06 2,10E 04 .00E+00 3.0fE-06 1,06E-02 4.70E-03 S 8SE-02 2,90E-Os 3.20E-03

6,81E-02 S.99E*06 1.11E-04 .00E+00 3.67E 06 1.30E+00 S.62E-01 7.03E+00 3.SCE-06 3.92E-01.
PU 23d 2Y 1,89E-10 S,60E-04 3.00E-04 1.0-0E-07 2.50E+01 1,00E+02 2.87E 05 4.67E 04 10.0 7.20E*03

i,94E-CP 6.02E-09 6.53E-09 . 00E+00 4. 84E-09 4. 8 51 09 S. 58E-0 9 1. 4 7E-08 1.1EE 0 8 3. 7 80-08
2.42E-07 2.07E-07 2.03E-07 ,00E+00 2.08E-07 2.0SE 07 1.95E 07 4.01E-07 3.3GE+07 4.11E-07

Y 2.92E-10 e,40E-06 1.96E-04 .00E+00 3.2SE 10 1.1EE-04 S.22E-05 6.31E-04 2,77E-10 S.18E 05

1-20E+00 3.96E-06 1.15E-04 .00E+00 1.42E-06 S.$9E-01 2.43E-01 3.04E*00 1.30E-06 3.08E 01.

W 2.86E-08 4.44E-06 1.96E-04 .00E+0D 2.83E-06 1.16E-02 S.22E-03 6.31E-02 2.77E 08 3.54E-03
6.40E-02 S.62E-06 1.03E+04 .00!*00 3,41E-06 1.40E+00 6,2SE-01 7.81E+00 3 34E 00 4.29E 01

PU-240 2Y 1.312-10 S.60E-04 3.90E-04 1.00E-07 2.50E*01 1.00E*02 1,0$E-04 4.E7E-04 10.0 7.20E+03
1.19E-06 S.63E-09 7.07E-09 00E*00 2.8tE-09 2.77E-09 4.43E 09 2.00E"08 1.49E 06 8.20E-08
1.21E-07 8.14E-08 7.9tE-08 .00E+00 8.62E-08 7.59E-08 5,4SE-08 2.15E*07 1.77E-07 4,32E-07

f 3.04E-10 4,44E-06 1.9tE-04 .00E+00 3.22E-10 1,16E-04 S.22E-05 6. Sit-04 2.78E-10 S.18E-os

1.20E+00 4.00E-06 1.1tE-04 400E+00 1.44E-06 S.39E-01 2.43E 01 3 04E*00 1.39E 06 3.08E-01
W 2.9aE-06 4.48E-06 1.97E-04 .00E+0C 2.89E-061,10E-02 S,22E-03 6.51E-02 2,76E c8 3.54E 03

6.40E-02 S,66E-06 1,04k-04 .SCE+00 3.48E-C6 1,40E+00 6,2SE-01 7.81E*00 3.35E 06 4.29E-01
; PU-241 2Y 1.? 7E 12 S. 60E-04 3,90E-04 1.00E-07 2.50E+01 1.00E+02 4.81E-02 4.67t-04 10.0 7.20E+03 ,

.00E+00 00E+00 .00E+00 .00E+00 ,00E+00 .00E+0D ,00E+00 .00E+00 .00E*00 .00!+00 $
i

.00E+00 .00E+00 ,00E+00 400E*00 .00E+00 .00E+00 .00E+h0 .00E+00 .00E+00 00E*00
Y 1.66E-11 2.2SE-08 9.9sE-07 ,00E+0D 1.91E-11 2.01E-06 1.03E-06 1.291-05 3.74E-12 7.6fE-07

I

B-8

___,___._ _._. . . . _ - . _ . . _ . _ . . . _ . _ . ~ . _ _ - _ _ _ _ _ . , . _ _ _ _ _ _ _ _
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1.18E-02 9.10E-06 6.70E-07 .00E *00 1.14E-07 1.11E 02 5 29E 03 6. 50E 02 3. 39E 08 4.90E 03
W 1.tSE-09 2.33E-08 9.99E 07 .00E* 00 1. 81E 0 9 2.01E-04 1.03t-04 1 2 9E 0 3 3. 7 4 E 10 f. 84 E 0 5

2.7tE-0$ 1.15% 07 S 88E 07 .00E+00 2.19E-07 2.43E 02 1.24E-02 1.SSE-01 4.59E 08 6.2?E-03
EU-242 JY 1.2GE-10 S.60E 04 3.9(E 04 1,00E-07 2.50E+01 1.00E+02 1.83E 06 4.67E 04 10.0 7 20E+03

1 01E-06 4.81E 09 S,99E-09 .00E+00 2.50E-09 2.44E-09 3.76E-09 IJ 9E 08 1.2 55 -08 6 82E-0 6
1.07E-07 7.39E 08 7.20E-08 .00E*00 7.7EE-08 C.9tt-06 S.0|E-08 1.92E 07 1.SEE 07 ).t7E-07

Y 3.40E-10 4.22E-00 1.87E-04 .0;E+00 6.46E 10 1,10E 04 4.9tE tv 6.18E-04 2.73E-10 4.92E DS
1.14E*00 3,92E 06 1.09E-04 .0',E* 00 1. 51E- 06 S .29E 01 2.31E 01 2.BbE+ 00 1 ? ? E-f 3 2. 9)E- 01

W 2.92E-08 4.2SE 06 1.87E-04 .00E+00 3.03E 08 1.10E 02 4.96E 03 6.18E 02 2.70E-08 3.3fE-03
6.07E-02 S.51E 06 9.8tt-03 .00d+00 3.60E-06 1.33E*00 S.96E-01 7.44E*00 3.2!E-06 4.11E-01

PU 244 2Y 2.4SE-06 S.60E-04 3.90E-04 1.001-07 2. 50t*01 1 00E+02 8,23E-09 4.67E-04 10.0 7.2DE*03

7.71E-09 3.31E*09 4.4sE-09 .00E *00 1.3 5E 08 1. 20E-Op 2.6BE-09 1,28E-09 9. 39E 09 S . 801 06

S.2er-08 3.03E-08 3.23E-CB .00E*00 3.26E-08 2.41E-08 2.03E-08 9. lit-08 7.631 08 2.6et 07
Y 3.44E-08 4.60E 06 3,091 04 .00Ea00 1.83E-07 1.10E-04 4.92E-05 6.11E-04 8.21E 09 S.8SE 05

1,12E+00 8.81E 05 2.1&E 04 . 00E+ 00 1,00E-0 4 S . 2 SE 01 2. 2SE 01 2. 8SE+ 00 4. 70 E-0 $ 2. 8 9E-01
W 1.20E-06 S.59E-06 3.09E-04 ,00E+00 1.99E 06 1.09L 02 4.88E-03 6.07E 02 S.S!E-07 3.02E-03

6.03E-02 1.18E-04 2.40E-04 .00E*00 2.21E 04 1.32E+00 S.StE 01 7,33E+00 6.73E-CS 4.03E-01
AM-2 41 2Y 7. 6 tE-0 8 S . ECE * 03 3. 9DE-03 2. C SE-0 5 2. 50E+0 2 1. 00E + 03 1. 60E-03 4.11E 0 3 100. 2.50E+03

2,01E-06 1.04E 06 1.4SE*06 . 00E + 0D 1. 9tt-00 1,7 8E-06 1.08E-06 3. E 9t-06 3.17E-06 2. 09E- 00
6.92E-0$ S,03E-05 S 03E+0S .00E*00 6.91E 05 6.23E-05 3.74E-OS 1.27L*04 1.10E*04 9.$0E DS

Y 1.24E-07 4.9EE 06 2.1SE 04 .v0E+00 1.48E-07 1 20E-02 S.30E 03 6.70E 02 4.8PE-08 3.f4E-03
--

t.81E-02 1.20E 05 1.17E-04 .00E+0D 1.64E-OS 1.45t*00 6.44E-01 8.03E+00 S 92E 06 4.44E-01
W 1.2 4 L 0 7 4. 90E-06 2,15E-04 .00E+00 1,48E*0? 1.20E-02 S 3tE-03 6.70E 02 4.68E Oh 3.641-03

6,81E 02 1. 20E-0 $ 1,17 E -04 . 00E+00 1. t tE-0 3 1. 4 SE+ 00 E . 4 4E-01 8. 031* 00 $ 92E 06 4. 4 4 E-01
AM 243 2Y 6.64E-07 S.00E-03 *.90E-03 2.CSE-05 2.SCE*02 1.00E+03 9.39E 05 4.11E-03 100. 2.50E+03

4.00E-06 4.15E*06 3.75E-06 .00!*00 4.54E-06 4,41E-08 3.12E 06 6.80E-06 7.43E-06 6,61E-06
1.9ft-04 1.67f-04 1.53E-04 ,00E+00 1.8EE-04 1.7BE-04 1.2tt-04 3.53E-04 2.97E-06 2.StE-04

Y 7.21E-07 S.18E-06 2.23E 04 00E*00 9.SSE-07 1.19E 02 S.33E-03 6.06E 02 2.52E 07 3 62t-03
E.39E 02 6.07L-05 1.58E-04 .00E*00 1.09E-04 1,43E*00 6 40E-01 t.03E+00 3.07E*05 6.+0E-01

W 7.21E 07 S.16E-0t 2.23E-04 . 00E+ 00 9. 55E 0 7 1.19E 02 t . 35 E-0 3 6. t1E- 02 2. SZE 0 7 3. t.2L- 0 3
6.59E-02 6.07E-05 1.!t!-04 .00E+00 1.09E-04 1.43E+00 6.40E-01 8.03E+00 3.07E 05 4,40E-01

CM 242 ZY 4.81E-10 2.50E*03 2.00E 04 2.00E 02 2.SCE*01 1.00E+031 StE*00 4.67E-04 3.00E*02 2.5CE+03
1.43E 08 6.71E-09 6 48E 09 .00E+00 2.78E-09 2.82E-09 S 24E-09 2.39E-08 1.8(E-08 9 34E-08
1.26E-07 8.17E*08 8.32E 08 .00E+00 7, Set 04 6.98E-08 S.72E 08 2.22E 07 1.82E-07 4,91E 07

Y 3.27E-08 S.2SE-06 2.31E-04 .00E*00 3.27E-08 4,18E-04 1.32E-04 1.65E-03 3.2EE-08 1.1SE-04
5.74E 02 8.03E-06 1.150 04 .00t+00 3.49E-05 4.51E-02 1.44E-02 1.80E 01 3.48E-06 1.73E-02

W 3.27E-08 S.29E-06 2.31E-04 .00E+00 1.27E-08 4 18E-04 1.32E-04 1.65t-03 3,20E-08 1.1SE-04
5,74E-02 6.03E-06 1.15E-04 .00E+00 3,43E-00 4,51E 02 1.4*E-02 1.80E 01 3.46E 06 1.73E 02

CM 243 2Y S.20E-07 2.SCE-03 2.00E-04 2.00E-0 5 2. 30E+ 01 1.00 E * 0 3 2. 4 3E -02 4.67E 04 3.00E*02 2.50E*03
1.17E OS 1.0$E-05 1. 02E-05 .00E+00 1.09E-05 1.0tE 05 1.08E-05 1.74E-03 1,5FE-05 1.4t!-05
S.22E-04 4.70E 04 4.56E-04 .00E+00 4.91E 04 4.7ft-04 4.8tE-04 7.74E 04 7.0SE 04 6 37E-04

Y 2.80L-07 S.P8E-06 2.4PE-04 .00E+00 4.2 SL-07 8. 84E-03 3.63E 03 4.SSE-02 1,17E 07 2. 51L-03
7.1BE- 02 2. 73E-05 1. 4 3E-04 . 00E+00 4. 2EE-0 5 1. 0 7E* 00 4,3 7E 01 S . 4 4E+00 1. 42E-05 3. 07 E 01

W 2.8EE-07 S.66E-06 2.4 tt-04 .00E+00 4.2*E-07 8.64E 03 3.63E-03 4.S5E-02 1.17E 07 2.51E-03
7. lee 02 2.73E 05 1.43E-04 .00E*00 4.2EE-05 1,07E*D0 4.37E-01 S.44E+00 1.42E-93 3.07E-01

DM-244 7Y S.94E-11 2,501-03 2.00E 04 2.00E-OS 2.50E+01 1.00E+03 3.83E 02 4.67E 04 3.00E+02 2.50E+03 _

1. 2 4E-08 S . E ZE-09 7.2 4E-0 9 .00E+00 2.07E-Ou 2.12E-09 4.42E 09 2.0SE-0 1.SDE-38 8.29E 06
9.69E-08 S,G6E+08 5.24E 08 .00E*00 S.20E-08 4.79E-08 4.176 08 1.69E*07 1.3BL 07 4.1rE 07

Y 3.26E-08 S.001 06 2.21E-04 .00E+00 3.24E 08 7.36E-03 2.69E-03 3.61E-02 3,12E-08 2.02E-03
7.14E-0/ 6. 3 3E-06 1.16E-04 .00E*03 3.69E-06 8.84E 01 3.47E-01 4,33E*00 3.74E-06 2.4tE-01

W 3.2EE-08 S.00E-06 2.21E 04 .00E+00 3.24E 08 7.3fE-03 2.89E-03 3.61E-02 3.12E-00 2.02E 03
7.14E-02 6.33E-00 1.16E-04 .00E+00 3.69E-06 8.34E-01 3.4?E 01 4.3;E*00 3.74E-06 2.40E-01

CM-248 2Y .00E+00 2.50E-03 2.00E-04 2.00E 05 2.30E+01 1.00E.03 2.05E 05 4.67E-04 3.00E*02 2.50E+03
9.01E-09 4.20E 09 S,31E-09 .00E+00 1.76E-09 1.75E-09 3.2bE-09 1.SDE-02 1.17E-08 S.8bE-06
s .80E-05 4.99E-08 S.CeE*08 .00E+00 4.71E-08 4.241 06 3.43E-08 1.37E-07 1.13E-07 3.00E-07

a 2.41E 05 6.40E-OS 1.07E-03 .00E+00 6.30E-0! 4.44E-02 2.01E 02 2.SCE-01 1.43E-05 1 30E 02
2,4EE-01 3.29E-03 2.32E-03 .00t+00 7.10E-03 S.33E+00 2.41E+00 3.00E*01 1.74E-03 1.6SE*00

W 2. 41E-OS 6.40E-05 1,0 7E-03 .00E+00 6.59E-05 c .44E 02 2.01E-02 2. 50E 0) 1.43E-OS 1.3tt-02
2. 4 tE-01 3.29E-0 3 2. 32E-03 .0 *+00 1.10E-03 S.33E+00 2.41E+00 3.00E+01 1.74E-03 1.tSE+00

CE-252 2Y 1,3tt-08 2.50E-03 2.00E-04 2.00E-0S 2.50E+01 1.00E*03 2.67E-01 4.11E-03 3 00E*02 2.50E+03
1.0DE-06 S.38E 09 6.SEE-09 .00E*00 2 4SE-09 2.42E-09 4.11E-09 1,81E-St 1. 50E-08 E.34E 08
1.09E-07 7.41E-08 7.4G2-08 .00E+00 6.6'E-08 6.36E-08 S.411-08 1.91E-07 1.60E 07 3.75E-07

Y 1.73E-06 2.03E-05 S.66E-04 .00E+00 S.92E-06 2,03E-03 1.74E-03 2.16E-02 9.W2E-07 1.08E-03
1.11E+00 3.06E-04 3.39E-04 .00E+00 1.57E 04 4.92E-02 4.07E-02 ,.07E 01 1. lee-04 1.57E 01

W 1.73E-06 2.03E 05 S.66E-04 .00L*00 S 92E-06 2.09E 03 1.74E 03 2.16E-02 9.92E 07 1.0BE-03
1.3tE-01 1.6EE-04 3.9tE-04 00E+00 3.34E-04 2.4SE-01 2.04E-01 2.54E+00 1.2SE-04 1.37E-01

H-9
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IMPAC'IS lWC INPUT FILD TAP 12.DAT,-

f

+ 400E-02 1.0 34.0 1.600E*01 S00.0 1000.0 0.0 0.0 0.0 0.0. *

7.400E-02 1.0 34.0 18.0 500.0 1000.0 0.0 0.0 0.0 0.0
0.074 1.0 91.0 46.S $00.0 - 1000.0 0.0 0.0 0.0 0.0

3.600E-02 1.0 4.550E+02 2.37SE+02 2.500t+03 S 000t*03 0.0 0.0 0.0 0.0
7,400E-02 1.0 91.9 46.5 S00.0 1000.0 0.0 0.0 0.0 0.0
9.180E 12 2.9t0E-11 7.700E*03 2.000E+0S 4.500t*06 S.*50t*10 1.6105 09 1.110E-07 2.280E+03 7.060E 0 5
4.810!+00 9.6bcE 11 S.530E*07 S.530E-07 2.030E-06

1
i1.800E 01 1.0 6.8 4,4 100.0 200.0 0.0 0.0 0.0 0.0

1.800E-01 1.0 6.8 4.4 100.0 200.0 0.0 0.0 0.0 0.0 '

; 0.18 1.0 18.7 10.1 100.0 200.0 0.0 0.0 0.0 0.0
3.000E-02 1.0 7.280E*01 4.640E*01 4.000t+02 8.000E*02 0.0 0.0 0.0 0.0
1.800E-01 1. 0 ' 18.2 10.1 100.0 200.0 0.0 0.0 0.0 0.0

3
2.010E 11 3.180E 11 7.700E+03 2.000t*05 4.500E*06 1.750E 10 S.250E 10 1.110t-07 6.100f*02 7.000E-05
3.510E*00 1.400E 10 1.540E-06 1.$40E 08 2.500E-06

1- ,

1.00DE-03 -1.0 3.400E*00 11.7 300.0 600.0 0.0 0,0 0.0 0.0
.

'
1.000E 03 1.0 1.400!+00 11.7 S00.0 600.0 0.0 0,0 0.0 00
1.0001-03 1.0 9.100t+00 14.$ 300.0 600.0 0.0 0.0 0.0 0.0
1.00DE-03 1.0 9.100E+00 2.800I402 S.800E+02 8.800E+02 0.0 0.0 0.0 0.0
1.0001-03 1.0 6.100E*00 -14.5 300.0 600.0 0.0 0.0 0.0 0.0
2.640E-10 8.0602-11 7.700t+03 2.000E+0S 4.500t+0S 1.330E 11 3.990E 11 1 1'01-07 6.000E+01 3.920E-OS
8. 670!+00 4.110E-11 7.950E 06 7. 950E-05 6. 840E-OS

1
'

3.000E+01 2.000E*01 2.54E+D4 9.100E-11 3.330E 01 1.000E+00 2.9EDE+C6 9.100E-11 3.330E 01 0.59
1.0001 10 2.000E 10 4.000!-10 1.7E*10 3.391 10 6.78E-10 86.0 71.0 15.0 S.000E 01

O.8 7.31 1.000t+00 1.000E+03 0.0 S.0E-05
'

1.000E+01 2.000E+01 4.200t +0S 1.600E 13 3.330E-01 2. 7001-01 2.900g*04 0. 2001 11 3.330E 01 $ 000E-01
3. 700E-10 7.410E-10 1.480E-09 1. 700E+10 3 4 390E* 10 6,780t-20 8.600E+01 7.100t+01 1.500t +01 S 900E 01
8.000E-01 7.310E*00 1.000E+00 1.000E*03 0,0 0.0

|
1.000E*02 3.500E+01 2.540E+04 9.100E-11 3.330E-01 1.0 9.135t+04 9,1002 11 3.330E-01 1.0
1.000E-10 2.000E-10 4.000E-10 1.000E-10 2.0001-10 4.000E-10 3.840t+02 3.640E+02 1.710E*02 4.100E 01 !

,

0.75 4.3/ -0.9 1.000E*03 0.0 5.01-05
1.000E*02 3.500E+01 2.540E+04 1.600E-13 3.330!+01 1.000t+00 9.135t+04 9.100E-11 3.330E-01 1.000E+00
1.000E-10 2.000E-10 4.000!*10 1.000E+10 2.000E-10 4.0001-10 3.840E+02 3.640!+02 1.710E*02 4.200E-01
7.500E-01 4.3701400 9.0002-01 1.000E+03 0.0 0.0
1.000t*02 3.500E+01 2.$40E*04 1.600E-13 3.3301 01 1,000E*00 9.13SE+04 9.100E-11 3.330E-01 1.000E+00
1.0001-10 2.000E-10 4.000E-10 1.000E-10 2.000E-10 4.000E 10 3.840E*02 3,B40E+02 1 710E+02 4.100E-01
7.500E-01 4.370E+00 9.000t-01 1.000E+03 0.0 0.0

.

4.023E+03 3.440E+03 3.000E*00 0.000t+00
1.2071+04 2.051E+04 3.000E+00 0.000E+00
2.414E+04 7.364E*04 3.000E+00 3.300E-01
4.023E+04 1.21EE+0S 3.000E+00 3.300E-01
S.632E+04 S.56EE+0S 3.000E+00 0.000E+00
7.241E+04 1.015E+06 2.000t+00 3.300E-01
6.100!+01 0.0 3,000E+02 1.000E*02 3.300E-01 3.300E-01

0.160' 3.0 1.7 1.65 25.0 50,0 0.0 0.0 0.00 0.000 t2.64E-10 8.0EE*11 110.0 2.0DE*05 4.$0E*06 6.67 1.4E-10 7.95E-06 !
l'

i

|
_ _ _ _

i

l
'

I

l
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i
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APPENDIX C: TAPES.DAT Input File for Sample Problem

,

Y

4

e

f

C-1

,

, - , . - - - , - .i,..,,,......,,,,-._.._,,,,,,,..n.,,- a ~s ---. , , c. ,,,. , , - -.
'

- - - - , -- - , , , . , -; - - - , - .
- -



.___...-..m._.m ___ - ._ -_- . . . . . _ _ - _ . _ _ _ . _ _ .

1

*
NAMI'LI: l'ROllLEM INI'Lrr 11LI:1 TAl*l3.DAT

1 0 $ 1 1 20 30 1
EEC-RESINS 8.001401 1.00t*00 8.00!+01

2 1 1 $0 1 -1 -1 10 100 0 S 0 0 0 100
! H-3 * 1.150E 04 C-14 * 4.250E-04 CR-51 Y 1,330E 03 MM-$4 W 2.36tt 05 ft-$$ W 2.0F0E-05 i
d 11-59 W 6.620E-0$ Co-56 Y 3.92ct*0$ Co-60 Y 4.03D1-05 ZM-6$ Y 9.120E-06 31'tp W 2.490E-08

,
N!*63 W 7.t601-08 ER 90 Y 8.420! 06 ND-D4 Y 7 660E-10 Ek-95 Y 2.t90E 05 YC"99 W 3.5901-06 ,

EU-103 Y 9.370E-0$ A0-110 Y 5.680!-0$ .1-120 0 1.0602 07 CS-134 D 3.1901-04 CS-135 D 3.$800-08 |C5-137 D 9 $40E 04 CE 141 Y 1.33ct 04 CE 144 Y 1.47DE 04 PU 236 Y 7.200E-Ob PU 239 Y 3.t90E-06 |PU-241 Y 1.6101 04 FU-242 Y 8.080E 09 AM-241 Y 6.5402 06 AM-243 Y $,700E-07 CM 242 Y 1.6101 05 ;
CH-243 Y 3,940E 09 CM-244 Y 4.420E-06 $ .

2 0 2 2 2 20 0 1 -'

- YRA$M 1 40!*02 S.00E-01 2,00t*02 2

2 1 0 0 $ 1 *1 32 10 4 16 SO 20 20 10 i
*

H3 * 1.150E-04 C-14 * 4,250E-06 CR 51 Y 1.330E 03 HN-54 W 2.360E-05 FE 5$ W 2.060t-05 '

It-$9 W 6.620E-0$ CO--$6 Y 3.920E 05 Co 60 Y 4.030E-05 EN 8 5 Y 9.120E-06 N1-59 W 2,490t ce >

'N1-J3 W 7.660E-06 ER-90 Y 8.420E-06 NB 94 Y 7.860E 10 ER -95 Y 2.890E 05 YC-99 W 3.toct-08
NU 103 Y 9.370E 03 A0*110 Y $ 880E 05 1-129 D 1.060E-07 CS-134 D 3.1901-04 CS 13$ D 3.5600-08
CS-137 D 9.$40t-04 CE-141 Y 1.330E 04 CE*144 Y 1.4701 04 PU 238 Y 7.2901-06 PU 239 Y 3.690t-06 I
PU-241 Y 1.610E 04 PU-242 Y 84060E-09 AM 241 Y 6.540E-06 AM 243 Y S.700E-07 CM-242 Y 1.610E 05 '

CM-243 Y 3.940E 03 CH-244 Y 4.420E 06 - A
CON DIRY 5.00E*02 1.60t400 3.13t*02

3 1 0 0 1 -1 -1 3 100 0 1 0 0 0 100
U'238 Y 3.950F-07 U 234 Y S.950E-07 YH 230 Y $ 950E 07 KA-226 W 5 050E-07 RN-222 * $.930E-07
19 210 W 5,950E-07 28 210 D S.9500-07 U 235 Y 2.750E-08 FA 231 Y 2,7$01-08 AC-227 Y 2.7tet-06
YH-232 Y 9.8101-07 YH 228 Y 9.810t-07 RA-226 W 9.810E 07 $
1 2 1 1 2 20 $ 1

WAtYE CIL 8.00t+02 1.00E+00 8.00t+02 1

1 1 1 SO 2 -1 -1 30 100 30 1 100 0 0 0 ;
AG-110 Y 2.40 E-03 CE 141 Y 1.900E-01 CE 144 Y 6.$00E-03 CO-56 Y 2 20CE 02 CO-60 Y 3.900E 04 j

CR-51 Y 1.400t+00 CS 134 D 1.200t'03 C5 137 D 8.100E-04 TE-$$ W 2.600E 01 F1-$9 W 3.000E-02
'

Fm-54 W 6.200E 03 _ND-95 Y 6.100t 02 N1-63 W 2.100E-01 RB-86 D 8.800E 02 RU-103 Y 7.000t 02
,

RU-106 Y 5.000t-03 SR 89 Y 34100t 02 ER 90 Y 7.1001-04 ZN-65 Y 1.000t-02 EM 95 Y 3.400E 02
,

$-

i

G

Y

*

; (2-2
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SAMPl.E PROBLEM OUIPUT IILD TAPE 6,0UT

TMI' ACTS <hkC - VERSION 2.11 R m on 10/03/91 at 11:48:28.48

RAEARDOUS WA5ft 11

L1Fra f40 CVFL* 1 Nrfka 1
REON* 1 DATA * 0
IM* 1 INST * 30

WASTU: SEC RESINS WElGHT: 6.000+01 HT DENSITY: 1.00E+00 MT/M3
i

:D* 2 1A* 1 1E1= 1 IK2a 50 PROCESS * 1
|fxS* 10 400 0 $

1 ICS* 4 0 0 100

M1iAL TACKAGE RICYCLE IMTACTS MAX 1ND = S. 71E-04 HkD4/YR
IVPULN * 4.81E+01 TERSON-HRD1/30TR$

TRAMPORTATION IMFACTI TR MAX * S.82E+00 HPIM/YR
TR-DCC * 1.1E4+02 PERSON HRD*/YR |

TUltP = 7.97t+02 FIRSON-HRfli/YR

INTRUDER IMPACTS stELM/YR):

SCM LUNdS 5. WALL LLI WALL T. BODY K!DNEY5 LIVER REL MAR BONE tttYRO10 ICRP
INT- OO 6.63E-016.78E-03 6.78E-03 6.78E-03 6,78E 03 6.88E 03 6.83E-03 7.33E-03 6.78E-03 6.62E+03
JNT- A3 3.24E 02 3.22E-02 3.22E ,2 3.21E-01 a.12E-02 3.2f.E-02 3.24E-02 3.41E-02 3.22E-02 3.23E 02

TAIOCTD WASTE MIACTS (HRut/YR):

SCW LUNGS 8. WALL LLI Wall T., BODY K.!DNEYS LIVER RED HAR BONY IHYRO10 ICRP
'IN AIR 1.03E f. 2.6+E-05 3.34E-05 0.00E+00 2.61E-05 2.12E-03 9.4SE-04 1.1SE-02 3.83E 05 7.70E-04
ER- A14 2.95E 01 1.15E-05 9.54E 04 0.00E+00 7.43E 05 4.69E-01 2.07E 012.59E+00 9.87E 03 1. 76E-01
;W WAT 5.6ST-07 6 21E 07 6.81E 07 0.00E+00 6.12E 07 2.02E-061.22E-06 6.43E-06 S.73E-07 1.03E-06
ER*WAT 1.0f t-O's 1. 'E*06 1.13E+0S 0.00T+00 9,63E*07 3.62E-04 1.62E-04 2.02E-03 6.13E-06 1.11E-04

INCIN2.AAT?QN AND OTERATIONAL IMPACT $: IMITS: IC-IND,1C4WR,OP-IND,OP-tHR - (HREN/YR)
ICWF,2C-WOR,OP@P,OP40R - (FERSON-HRD1/YR)

,

SCN LUNC5 S. WALL LLI WALL T. BODY KIDHEYS LIVEN RED HAR BONE THYROID ICRP
IC POF 0.00E+00 0.00Et00 0.00E+00 0.t0E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00
IC 2ND 0,00E400 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0.00E+00
IC-WJR 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0.0CE+00 0.00E+00
IC4M 0.00E+00 0.00F.+00 0.00E+00 0.00E+00 0.00t+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00t+00,

OF W P 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
OP-IND 4.40E-11 1.97E-13 2.63E-13 0.00E+00 1.92E-13 6.41E-112.77E 11 3.44E-10 2.01E-13 2.42E-11
OP-mA 1.52E+02 4.6SE*01 4.67E+01 4.61t+01 4.6SE+01 2.00E+02 1.13E+02 6.71E+02 4.66t+01 1.04E+02
OP4HR 6.61E 01 2.9f E-01 2.99E-01 2.97E 01 2.9eE-01 6.27E-C1 S.26E-01 3.14E+00 2.98E 01 4.97E-01

.

LEACf1 ATE ACCUMULATION THTACTS l' NITS t 1.A-OPS, LA-0VF - 001D4/YR): LA AIR - (FERSON4E!24/YR)

SCN LUNOS -0. WALL LLI WALL T, BODY KIDNEYS LIVER . RED HAR BONE TliYRO10 ICRP
L A-OPS 1. 49E-04 1.01E-04 3. 68E 04 0,00E+00 1. SSE-04 1.10E 03 6.18E-04 S.94E-03 3.00E-04 4 97E*04 i

LA OVT 5.94E+0S 6.16E-05 6.63E-05 0.00E+00 6.08E 05 1.04E-03 4.97E-04 S.51E-03 2.19E-04 3,62E-04
;

LA* AIR 2.9BE 02 2.40E-02 2.41E 02 0.00E+00 2.40E-02 6.63E 02 4.28E-02 2.SBE-01 4.32E-02 3.80F.-02
! 1

(' GROUND WATER IMPACT 6 OtREM/YR):

j IN1R" DER WELL.. .-

'- - 7119; LUNGS S. WALL LLI WALL T. BODY KIDNEYS LIVER RED HAR BONE TiffROIO ICRP
70YR 0.00E+00 0.00E+00 0.00F+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
40YR 0.00E+00 0.0cE+00 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.c3E+00
60YR S.53E 05 S.6DE 05 6,61E-05 0.00E+00 S.62E 05 S.61E-0$ S.76E-05 S.97E*05 S.87E-04 7.32E-05
80YR 4.73E-05 4.6SE-OS 5.42E-05 0.00E+00 4.76E-05 4,77E 05 4.68E-05 4.99E-05 S.50E-04 6.36E-05

10C(R 4.22E-05 4.31E 05 4.47E 05 0.00E+00 4.26E-05 4.2SE-05 4.31E-05 4.39E 05 S.16E-04 S ?EE-05
120fR 3.8SE*05 3.92E-05 4.15E-05 0.00E+00 3.87E-05 3.67E-05 3.91E-05 3.95E-05 4.66E 04 S.24E-05
160YR 6.61E 05 6.71E-05 6.00E-05 0.00E+00 6.63E-05 6.83E-05 6.66E-05 6.69E-05 6.64E-04 9.0$E-05
200YR 5.42E-05 S.90E-05 3,98E-05 0.00E+00 S.63E-05 S 62E-05 S 64E-05 S.6SE-05 7.69E-04 7.98t 05
400YR 6.67E-05 6.75E 05 6.73E 05 0.00E+00 6.67E 05 6.67E-05 6.67E-05 6.67E-05 6.6SE-04 0.07E-05
600YR 6.79E-05 6.67E 05 6,96E-05 0.00E+00 6.79E-05 6.87E-05 6.63E-05 7.24E-05 6.52E-04 9.19E-05
000YR 5.06E-05 S.14E-OS 5.24E-05 0.00E+00 S.08E-05 S. ItE-05 S.12E 05 S.52E-05 6.17E-04 6.62E-05

D-1
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,

1K YR 3.29t 05 3.3Et-0$ 3.44t-05 0.00t+001.20E-05 3.361-05 3.328 05 3.72t-0S 3.86t 04 4.391 0$
EK YR 2.28106 2.281-06 4,74E 06 0.00t+00 2.21t+ 06 3.70106 2.682 061.062-05 2.19t 05 s 48t-06
SK YR 1.91t-07 1.492-07 6.332 06 0.00t+00 1.0$t-08 4.682 05 3.191-0$ 2.73E-04 1.12t 08 1.531-tS

10K 1R 3.00E-07 2.112-07 9.231 06 0.00t+00 4.73E 09 2.23t-05 9.&BE*00 1.2$t-04 3.8St 09 7. Sit-00
20K 17 2.001-07 1.38E-07 6.04E-06 0,00t+00 2.812-09 8.32t 06 3.73t'06 4.6ct 0$ 2.62E-08 3.06t-06

10PULA;10N-WEtt
TIME LUNGS 5. WALL LLI WALL T. BODY KIDNEYS LIVER ktD MR BONE T!!YRO10 ILRP
20YR 0.00E+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00 0,00t+00 0.00t+00 0.00t+00 0.00t+00 0.00E+00
40YR 0.00t+00 0.00E+00 0.00!+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00 0.00E*00 0.00t*00 0.00t+00
60YR 0.00E+00 0.00t+00 0.00t+00 0.00t+00 0.00E+00 0.00!+00 0.00t+00 0.001400 0.00t+00 0.00t+00
80YR 0.00r+00 0.00t+00 0,00!+00 0.00!+00 0,00!+00 0.00!+00 0.00t+00 0.00E100 0.DCt+00 0.00t+00

10DYR 0.00!+00 0.00t+00 0.00t+00 0.00t*00 0.00t+00 0.00t+00 0.00E+00 0.00t+00 0.00t+00 0.00t+00
120YR 0.00E+00 0.00E+00 0.00E+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00 0.00E+00 0.00t+00 0.00t+00
160YR 0.00t+00 0.00E+00 0.00E*00 0.00E+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00a

200YR 0.00t+00 0.00E+00 0.t0!+00 0.00!+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00
400TR 0.00t+00 0.00t+00 0.0ct+00 0.00t+00 0.00E+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00 0.00t*00
60DYA 4.00E-08 4.052 06 4.03106 0.00E+00 4.002-06 4.00t 06 4.00E 08 4.00E-06 S.022-0S S.39t-06
600YR 4.66E 06 4.71t-06 4.681-00 0.00t+00 4.66E 06 4.662-05 4.66t 06 4.66t 06 S.662-0$ 6.27t-06
1K YR 4.072-06 4.11t 06 4.092 06 0.00t*00 4.07L +06 4.07t-06 4.07t-06 4.072-06 4.7810$ S.36106
2K YR 4.$4t-07 4..st 07 4.70E 07 0.00E+00 4.SSE-07 4.54t-07 4.S$t 07 4,$$t 07 4 $2t-06 S.79t-07
SK YR 8.392 09 6.2+E-05 2.311-07 0.00!+00 1.152-09 1.37E-07 6.2St-08 7.671-07 1.t7E-09 6.311 08

10K YR 3.71E-06 2. 542 081 0E 06 0.00t+00 S.941-10 6.70E-07 3.02t 07 3.75t*06 S.571-10 3.012-07
20K YR 4.12t-04 2.80E 081.23E-Ce 0.00t+00 4.74t-10 7.462-07 3.76t-07 4.181-06 4.75t-10 3.35t-OF

ICTULATION SURTACE WAftR
TIME LUPGS 5. WALL LLI WALL f. B0DY KIDNEYS LIVER RID mk Dokt IlfYR010 ICRP
20YR 0.00E+00 0.00t+00 0.00t+00 0.00E*00 0.00t+00 0.00t+00 0.00!*00 0.00t+00 0.00t+00 0,00t+00
40!E 0.00t+00 0.00!*00 0.002400 0.00t+00 0.00t+00 0.00t+00 0.00!+00 0.00t+00 0.00t+00 0.00t+00
60rR 0.00t+00 0.00t+00 0.00t+0D 0.00E+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00 0.07%+00
8c7R 0.00t+00 0.00!*00 0.00E+00 0.00E+00 0.00E+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00 i100YR 0.00E*00 0.00t+00 0.00t+04 0.00E*00 0.00t+00 0.00t+00 0.00!+00 0.00E+00 0.00t+00 0.00t+00

120YR 0.00t+0C 0.00t+00 0.00E*00 0.00f*00 0.00t+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00
160YR 0.00t+00 0.00t+00 0.00E400 0.00t+00 0.00E+00 0.00t+00 0.0ct+00 0.00t+00 0.00E+00 0.00t+00
200YR 0.00t+00 0.00E+00 0.00t+00 0.00E+00 0.00t+00 0.00t+00 0.00E+00 0.00t+00 0.00E+00 0.00t+00y,

400YR 0.00t+00 0.00t+00 0.00t+00 0.00!+00 0.03t+00 0.00t+00 0.00t+00 0.00t+00 0.00E+00 0.00E+00 t

bD0YR 0.00t+00 0.00t+00 0.00t+00 0.00t+D0 0.00E*00 0.00t+00 0.00t+00 0 00t+00 0.00E+00 0.00t+00
800YR 0.00E+00 0.00t+00 0.00t+00 0.00!*00 0.00E+00 0.00t+00 0.00t+00 0.00E+00 0.001400 0.00E+00
1K YR 5.24E-08 S.281-08 S.32t-68 0.00E+00 S.24E-08 S.24t-04 S.252-08 S.2SE 08 3.82t-07 6.24t-06
2K TA 3.52t-08 3.562-08 3.96t 08 0.00t+00 3.54t-08 3.$22 06 3.$42-4 3.$4E+08 2.10E 07 4.141-08
SK Yk 1,18t 10 2.00E-10 1.91t 29 0.00t+00 1.92t .0 1.33t-10 T.99E-10 2.03E-10 1.4St-20 3.73E-10

10F YD 3.481 10 2.94t 10 9.1J1-09 L 00t+00 9.32t-11 S.36E-09 '.t.47t-09 2.972-08 7.6St 11 2.50t-09 '

20K YR 1;68t-091.38t 09 S.63t-08 0.00t+00 (,652-11 3. $4t-08 1 592-06 1. 982-07 6.79t-11 1.50E-08

SANITARY LANDTILL -

LIFra 20 OVFL* 1 NSTR* 2
REGN= 2 DATA * O
IPON 2 INST = 0

WhTtt TRASS WE1GHT4'1.00t+02 MT DENSITY: $.00E-01 MT/M3

ID= 2 1A* 1 IK1= 0 IK2= 0 PROCESS = 5
- IXSa 32 10 4 16
IC8= 50 20 20 10

METAL HATERI AL RECYCLE IMFACTS MAXIND = 3.212-01 MEDi/YR
IOPULN = 2.ltt+04 FIRSON MKEM/30YR3

.

CLASS MATIAIAL RT. CYCLE IMIACTS MAX 1ND * 4. * 3t+00 MRD4/YR -
10PULN = 1,26t+04 PERSON *HRD1/30 YRS

1

TRAN!"0RTATION IMPACTS TR-MAX * 1.42t+00 MktM/YR
TR 0CC = 0.11E+01 l'tRSON MRD4/YR

"

TR itt * 5.07t+01 PERSON MRIM/YR

INTRUDER IMPACTS (MREM /YR) ;

. SON LUN9S S.NALL-- LLI WALL T. BOLY KIDNEYS LIVER RED MAR BONE TifYROID ICRP

INT-C0 6.72E-02 6.69t-02 6.60E 02 6.69102 6.69t-02 6.731-02 6.70t-02 6.91t 02 6.691-02 6. 70E-02
INT- AG 3.17E-01 3.17E-01 3.17E 01 3.17E-01 3.17t-01 3.181-01 3.1 4 01 3.21E 01 3.17t-01 3.17E-01

D-3
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EalCSED WASTE IMTACTS (P6;D4/YR):

CCF LUNJU S. WALL LLI WALL T. h0DY E!DhtYS L1YER RED MAR BONE THYROID ICRP
IN-AIR 3.6?T 02 2.28E-03 3.89E-03 0.00E+00 2.24E-03 S.52E-02 2.SCE 02 2.87E-01 2.50E-03 2.20E 02
LR-AIR 1.9t!-02 2.99E-06 6.11E-05 0.00E+00 1.72E 06 3,16E-02 1.40E 02 1.75E-01 6.60E-04 1.19E-02 *

".A WAT 3.17E-06 3,48E-06 4.47E-06 0.00E*00 3.44E-09 S.73E 06 4,2?E-06 1.SSE 05 3.1SE-06 4.17E-06
ER WAT 8,2 SE-08 1,07E-07 2.3DE-06 0.00E+00 s.62E-08 7.87E-05 3.52E-OS 4.40E-04 1.61E 06 2.41E 05

1NCINERAT10N AND OPERAT104A!. IMTACTE: UNIT 6: 3C-!ND,1C-tMR,0P-1ND,0PWR - (POLD4/YR)
IC-NP,1C-Wak,0P-ICP,0P-CR - (FERSON t9 TEM /YR) i

SCN LUN33 5 WALL LLI WALL T. BODY E!DNEYB LIVER RED W.R IONE THYROID ICRT
IC-POP 6.63E+01 S.1SI+ 00 8. 75E+00 0.00E+00 S . 0$t * 00 9. 9BE*01 4. $7E *01 S.14E+02 S. 6SE+ 00 4. 06E+ 01
IC IND $.0$E+04 3.92E-OS 6.6t!-05 0.00E*00 3.8!E-05 7.60E-04 3.48E-04 3.01E-03 4.46t-05 3.00E 04
1C-WOR S,80E+00 S.82E+00 S.02E+00 S.821*00 S.82E+00 S,91E+00 S.66E+00 6.30E*00 S.82E400 S.8SE*00
2C-Fboi S.66E-02 S.52E-02 S.52E-02 S.51E-02 S.52E 02 S.73E*02 S.61E*02 6.6SE-02 $.S2E-02 S.$9E 02
OP For 3.99E-01 2.50E-02 4.2SE-02 0. 00E+00 2.4SE 02 6.04E-01 2. 73E-01 3.14E+00 2.61E-02 2+ 41E-01
OP IND 4.32E 04 2.?cE 0$ 4.60E-05 0.00E+00 2.6SE 05 6.53E-04 2.9SE-04 3.39E-03 2.83E-0$ 2.61E 04
CP-WOR 3.661+00 3.62E+00 3.62E+00 3.t2E*00 3.62E+00 3.6tE*00 7.6SE+00 3.91E+00 3.62E+00 3,64E*00
CP-FWR 2.29E+ 01 2.27E-01 2.271-01 2.27E-01 2.2 7E-01 2.30E *01 2. 25E 01 2. 4 4E 01 2.27E 01 2.28E-01

LEACHATE ACCUMU1.ATION !MPACTS UNITS : LA-CPU, LA-0VF - (HkEH/YR); LA-A1R - ( Ff'RSON -HREW YR )

SCN LUN33 5. WALL LL1 WALL T. IUDY K!DNEYS LIVER RED MAR BONE THYROID ICkP
LA OPS 1.17E 05 1.36E 05 S.11E-05 0.00E+00 1.2tE-05 1.84E 04 8.93E 05 9.71E-04 3.81E-0S 6.93E-05
LA-Dvr 1.17E-0$ 1.3tE-0$ S,11E-0$ 0.00E+00 1.2EE-0S 1.64E-04 8.93E-05 9.71E-04 3.8JE-05 6,93E-05
LA-A!R 9.91E-02 S.63E-02 6.75E-02 0.00E+00 S.60E-02 3.23E-01 1.74E-01 1.$3E+00 1.E6E-01 1,46E-01

1

GROUND WATER IM7 ACTS (MREH1YR):

INTRUDER-WELL
T!ME LUNGS $. WALL LLI WALL T. 800Y R1DNEYS L1VER RED HAR BONE THYRO 10 1CRP

20YR 1.60E-04 1.71E-04 2.72E-04 0.00E*00 1.6tE-04 1.59E-04 1.82E 04 1.96E-04 2.00E-03 2.38E-04
40YR 1.97E-04 2.11E-04 3.09E 04 0.0CE+00 2.00E-04 2.cSE-04 2.22E-04 2.42E-u4 3.74E 03 3.23t-04
60YR 2.141-04 2.29E-04 3.21E-04 0.00E+00 2.22E-04 2.22E v4 2,36E-04 2.66E-04 S.16E-03 3.81E 04
B0YR 1.83E-04 1.95E-04 2.59E-04 0.00E-00 1.68E-04 1.89E 04 2.00E 04 2.21E 04 S.30E-03 3.50E-04

200YR 1.'47E-04 1.56E-04 1.9tt-04 0.00E+00 1.50E-04 1.SIE-04 1.57E-04 1.73E 04 4.92E 03 2.99E-04
120YR 1.22E-04 1.29E 04 1.S9E-04 0.00E*00 1.24E-04 1.271-04 1.30E 04 1.49E 04 4.57E-03 2.62E-04

t

160(R 9.20E OS 9.70E-0S 1.121 04 0.00E+00 9.2tt-0$ 9.53E-05 9.54E 05 1.11E 04 3.95E-03 2.11E 04
200rR 7.47E*05 7.8SE-0$ 8.89E-05 0.00E+00 7.40E-05 7.84E-05 7.71E-05 9.60E-05 3.42E-03 1.78E-04
400YR 3.63E-05 3.78E-05 4.67E-05 0.00E+00 3.60E 05 4.1SE*05 3.8SE-05 6.71E 0$ 1.69E 03 8.82E-05
600YR 1. 91E 05 2. 00E-05 4. 6SE-0 5 0. 00E+00 1. 86E-OS 8. 33E-04 3. 81E-04 4. 5 7E-03 8.31E-04 2. 91E-04
800rR 1.01E-0$ 1.06E-OS 3.47E-05 0,00E+00 9.64E-06 6.18E-04 2.81E-04 3.41E-03 4.10E-04 2.08E-04
1K YR S.47E-06 S 6tE-06 2.71E-05 0.00E+00 S.00E 06 4.6SE-04 2.11E-04 2.18E 03 2.02E-04 1.S2E-04'

2K YR 6.68E-07 6.911-07 2.1SE-05 0.00E+00 2.36E-07 4.4SE-04 1.99E-04 2.49E-03 S.94E-06 1.37E-04
SK YR 4.2SE-07 4.06E-07 1.74E-05 0.00E*00 3.76E-08 3.13E-04 1.40E-b4 1.75E-03 2.44E 08 9.63E 05

10K YR 3,30E-07 2.79E-07 1.21E-OS 0.00E+00 1.8SE-06 1. SCE-04 6. 71E-05 8. 3BE-04 1.24E 04 4.64E-05
20K YR 2.06E-07 1.47E-07 6. 39E-06 0.00E+00 4.1SE-09 1. 90E-0$ 8.79E-06 1.10E-04 3. 49E-09 6.50E-06

POPULATION-WELL
TIME LUNGS S. WALL LL1 HALL T. ICDY K10NEYS LIVER RED m R BONE THYRDID ICRE
20YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+09 0.00E+00 0.00E+00 0.00E+00 0.00E+00
40YR O.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E*00 0.00E+00
60YR 0.00E+00 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0.00E+00 0,00E+00 0.00E*00 0.00E*00 0.00E*00
80YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00L+00 0.00E+00 0.00E+00

200YR 1.34E-06 1.42E-06 1.77E-06 0.00E+00 1.37E 06 1.36E-06 1.43E-06 1.SOE-06 4.48E-05 2.72E-06
120YR 3.33E-06 3.53E-06 4.21E-06 0.00E+00 3.40E*06 3.39E*06 3.$0E-06 3.63E-06 1.25E-04 7.16E 06
160YR 7.S3E-06 7.94E-06 8.78E-06 0,00E+00 7 61E-06 7.60E-06 7.73E-06 7.87E-06 3.24E 0+ 1.72E-05
200YR 6.79E-06 7.14E-06 7.54E-06 0.00E+00 6.82E 06 6,62E-06 6.68E-06 6.94E*06 3.12E-04 1.EXE-OS
400Yk 3.2BE-06 3.43E-06 3.41E-06 0.00E+00 3.28E*06 3.28E-06 3.28E 06 3.28E-06 1.54E-04 7.81E 06
600YR 1,69E-06 1.77E-06 1.74E-06 0.00E+00 1.69E 06 1,69E 06 1.69E 06 1.70E*06 7.57E-05 3.92E-06

,

800YR 8.7tE-07 9.12E-07 9.00E-07 0.00E+00 8.76E-07 8.76E 07 8.77E-07 8.77E-07 3.73E-05 1.9BE-064

IK YR 4.58E-07 4.74E-07 S.94E-07 0.00E+00 4.54E-07 S.30E-07 4.89E*07 8.63E-07 1.84E-05 1,03E-06
2K Yk S. 73E-08 4. 52E-08 1.23E-06 0.00E+00 1.76E-08 7.48E-07 3.46E-07 4.12E 06 S.394-07 3.62E 07
SK YR 3.54E-00 2.42E-08 1.06E-06 0.00E+00 4.17E-10 6.43E 07 2.89E-07 3.60E-06 3.6BE-10 2.8DE-07 '

10K YR 2.87E-00 2.00E-08 8.7BE-07 0.00E+00 4.01E-10 1.83E-06 8.21E-07 1.02E 0$ 3.38E-10 6.32E 07
20K YR 1.88E-08 1.34E-08 S.62E-0 7 0.00E+00 3.78E-10 1. 79E-06 8.00E*07 9.90E-06 3.16E-10 S.92E-07

POPULAT!DN-$URfACE WATER
TIME LUNGS S. WALL LL1 WALL T. BODY K!DNEY3 LIVER RED MAR BONE THtR0!D 1CRP
20YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0.00E+00 0.00E+00
40YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.0ct+00 0,00E+00 0 00E+00 0,00E+00
60YR 0.00E+00 0.00Z+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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PDTR 0.00E+00 0.00F+00 0.00E*00 0.007+00 0.00E+00 0.001+03 0.00E+00 0 00E*00 0,00E+00 0.00E+0;
100YR 0.00E * 00 0. 00E + 00 0. 007 + 0C 0.0t t+00 0.00E * 00 0.00E4 00 0.00E *00 0.00E*00 0.00E+0C 0.00E* 00
120YR 0.00E+04 0.00!+00 0.00E+00 0.00E+00 0.00E*00 0.00E*00 0.00E+03 0.00t+00 0.00t+00 0.0t1+00
160tR 0.00E+00 0.00E+00 0.00E*00 0.00F*00 0.00E+00 0.00t+00 0.00E+00 0 00E+00 0.00E+00 0.00!+00
200YR S.511-06 $.71E-Op S P7E-Os 0.00E+00 $ 50E-Of 5. 55E-00 S.$7E-D6 S.SeE 04 1.46E-06 9.74E+0e
400YR 2.$3E-07 2.60E-07 2,6:E 07 0,00E+00 2.53E-07 2.53E'07 2.54E-07 2.54E-07 7.00E-06 4.5tE-07
E00rk 1.31E-07 1.34E 07 1.AfE*07 0.00E*00 1.31E-07 1.31E-07 1.31E-07 1.31E-07 3.4BE-06 2.32E-07
E00YR 6.77E-CD 6.94E-06 7.14E-05 0.00E*00 6 7PE-06 6.77E-06 6.79! 06 6.79E 061.72E-061.16E-07
IK YR 3.$1E 08 3.60E-06 3.POE*08 0.00E*00 3.52E 06 3.51E-06 3.52E 06 3.52E-06 6.46E 07 6.00E-06
2K YR 1. 55E-09 1.82E-09 9.01E-09 0.60E+00 1. 45E-04 4.65E-00 3.021-09 2.00E-08 2. $0E-Of 3.91E 09
SK YR 1.61E-09 1.20E-09 S,0tE-06 0.00E+00 7.25E-11 3.05E-08 1.3tE 06 1.711-07 4.55E-11 1.36E 08

10K Yk 1.2DE 09 9.49E-10 4.0tE-08 0.00E+00 3 91E-11 2.4EE-06 1.11t-06 1.3tE-07 3.SCE-11 1.11E 06
20K YR 6.$0E-10 6.291-10 2.6tt-08 0.00E+00 3.27E-11 2.64E 06 1.19E-06 1.48E-07 3.22E-11 1.04E-08

1

WASTE: COM DIR1 WE!GHT: $ 00E*02 MT DENSITY: 1.60E+00 MT!M3

lba 3 1A* 1 l'1* O IK2* 0 It0 CESS = 1
IXS= 3 100 0 1
JCS* 0 0 0 100

TRANSPORTATION IMTACTS TR-PV.X = 1. lf E-01 tF.Di/YR
Tk-0CC * 7.10E-01 E113ON 4 1H/YR
TR-FOT = 4. 65E 01 E'EKSON MRDi/YR

INTRUf11 1MTACTS (MkDi/YR):

SCN LUNGS S. WALL LL1 WALL T. BODY K10NEYS LIVER RED MAR Bont THYLo!D ICR P

INT-CD 2.46E-02 1.43E-02 1.43E-02 1.43E-02 1.43E-02 1.45E-02 1.65E-02 4.21E-02 1.43E-02 1.67E-02
INT- AG 6.44f-02 J.78E-02 6.7 4E- 02 6.77E 02 6.k11-02 6.65E-02 7.1tE 02 1.1&E-01 0.7BE-02 7.1BE 02

ERioSID WASTE IMPACTS (MRDi/YR):

SCN LUNGS 8. WALL LLI WALL T. BODY K10NEYS E1VER ELD MAk B0* E THYRO!D ICRP

IN A!R 8.12E-02 1.65E-04 2.78E-04 0.00E+00 1.44E-03 2.9BE-03 1.87E-02 2.33E-01 1.E21-04 1.96E-02
ER- AIR 1. 79E-01 3.62E-04 6.11E 04 0. 00E+ 00 3.17E-03 6. 57E-03 , .12E-02 5.14E-01 3. 57E-04 4.27E 02
IN-WAT 1. 89E-06 1. 8 9E-06 3. 37E-06 0.00E* 00 3.5GE-05 2.09E-0 5 1. 53E-0 5 1. 7 tt-04 1.8tt-06 1.50E-05
ER-WAT 3.201-04 2.25E* 04 4.02E*04 0,00E+00 4.17E-03 2.49E-03 1. 63E-03 2.12E* 02 2.22E-04 1.78E-03

INCINTIATION AND OEERATIONAL IMPACTS: LNITS: IC-!ND 'CM.CP !ND,OP-tWR - (MRDi/YR) j
3C-IOP,IC 40R.0P-10P.OP WOR - (l EkSON -MkDi/YR )

SCN LUN33 5, WALL LLI WALL T. BODY KIDNEYS LIVER EED MAR BONE THYROID 3CRP

IC-POP 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.t'0E+00 0.00E+00 0.00E*00 0.00E+00 0.00E+ 00
IC-IND 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
IC-WOR 0.00E*00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+ 30 0. 00E* 00 =

IC Mdk 0.00E+00 0.00E+00 0.00E+0S 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+vJ 0.00E+00
OP-PCP 8,89E-01 1.60E 03 3.047.-03 0.00!+00 1.56E-02 3.261-02 2.05E-01 2.55E*00 1.764-03 2.12E-01
OP IND 1.54E-02 3.12E-05 5.2EE-0$ 0.00E+00 2.73E-04 S.fSE-04 3.55E-03 4.42E-02 3.07E-05 1.66E-03
OP-W0k 1.?4E-01 4.65E-02 4.85E-02 4.U4E 02 4.67E-02 4.96E-02 6.6EE 02 2.75E-01 4,65E-02 6.78E-02
OP-MdR 1.34E-01 4.85E 02 4.85E-02 4.84E-02 4.87E-02 4.981-02 6.60E-02 2.75E-01 4.85E-02 6.78E-02

LE.ACKATE ACCUtfJLATION IMFACTS UNITS LA*0PS, IkOVT - 01kEM/Yk); 1.A- AIR - (FER*,0N-MkDi/YR)

SON LUN3S 8. WALL LE! WALL T. BODY K!DNEY: LIVER KED MAR BONE THYROID ICRP

LA-0PS 9.6fE-04 9.E9E 04 1.65E-03 0.00E*00 9.65E-03 1.87E-02 1.7bE-02 2.24E-01 9.56E-04 1.lfE 02
LA-OV7 9.ett-04 9.E9E-04 1.ESE 03 0.00E+00 9.65E-03 1.67E-02 1.79E-02 2.24E-01 9.56E 04 1.1(E 02
LA- AIR 4.23E-01 8. $2E-04 1.24E-03 0.00E* 00 5. 63E-03 1.94E-02 1. 59t-01 1. 9BE+00 6,43E-04 1.31E-01

1

GROUND WATER IMFACTS DED4/YR):

INTRUDER-WELL
TIME LUNGS 5. WALL LL1 WALL 1. B00Y KIDNEYS LIVER RED MAR BONE THYROID ICRP

20fR 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0.00E*00 0.00E+00 u.00E+00 0.00E*00 0.00E+00 0.00E*00
40YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E*00
EDYR 0.00E+00 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0,00E*00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
80YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00!+00 0.00E+00

100YR D.00E+00 0.00E+C0 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E*00 0.00E*00 0.00E+00
120Yk D.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E*00 0.00E*00 0.00E+00 0.00E+00
100fR 2.6BE-04 2.70E-04 3.83E-04 0.00E+00 2.6BE-04 2.68E-04 1.74E-03 2.00E-02 2.6SE-04 1.04E-03
200TR 2.E2E-04 2.64E-04 3.74E-04 0.00E+00 2.62E-04 2.E2E 04 1.71E-03 1.95E-02 2,62E-04 1,02E-03
400YR 4.6ME-04 4.72E-0+ 6.69E-04 0.00E*00 4.6BE-04 4.68E-04 3.05E-03 3.49E-02 4.6BE-04 1.B2E-03
600YR 6.65E-04 6.48E-04 1.24E-03 0.00E+00 6.35E-04 6.93E-04 1.1GE 02 1.45E-01 6.35E-04 E.3ft-03
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600rH 1.SiE-04 7.691 04 1.40t 03 0.00!*00 7.562-04 4.12t+04 1.2SE-02 1.51E-01 7.56E-04 6.731-03
1K YR S.72E-04 6.56E*0+ 1.52E 03 0 00t+00 8.44!-04 8.965 04 1.295-02 1.3tt-01 6.43E 04 6. Set-03
2K YK 1.031-03 1.002 05 2.22E 03 0,00E+00 9.751-04 1.12t-03 F.SBE-02 3.17E 01 9.75f-04 1.351-02
SK YR 3.25t>04 2.41E 04 1,62t-03 0.00t+00 2.14E 04 4.362 04 3.3tE-02 4.1tt-01 2.0eE-04 1.69E 02

10K YR 1.21E-04 S 6EE-05 1.0!E-03 0.00E*00 4.22E-0$ 2.06E-04 2.4&E 02 J,09E-01 3.361 05 1 24t-02
20E YR 3.151-0$ 1.31E 0$ 3.035-06 0.00E*00 1.63E*0$ S.*10-05 5.99E 03 8.728 DI v 44E 06 3.50E 03

POPULATION-WELL
' TIME LUNGS S. WALL Lil WAL1 1. IMDY KIDNEYS LIVER kED MAR SONt ThTROID ICAF

20TR 0.00t+00 0.00E+00 0.00f*00 0.00L+00 0.00E*00 0.00!+00 0.00E+00 0.00t+00 0.00f*00 0.00E*00
40rR 0.00t+00 0.00t*00 0.00t+00 0.00E+00 0.00t+00 0.00E+00 0.00t+00 0.00t+00 0.00t+01 0.00t+00
60YR 0.001400 0.00E+00 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0.001+00 0.00t+00 0.00t+00 0.00E*00

I 60rR 0.00t+00 0.00E*00 0.00E*00 0.00E+00 0.00E+00 0.00t*00 0.00E+00 0.00r+00 0.00t+00 0 00E+00#

100rR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00 0.00E+00 0.00t+00
J 120YR 0.00t+00 0.00t+00 0.00t+00 0.00E+00 0.00!*00 0.00t+00 0.00t+00 0.00E+00 0.00E+00 0.00t+00'

160YR 0.00E*00 0.00E+00 0.00t+00 0.00t*00 0.00E+00 0,00E*00 0.00E+00 0.00t*0a 0.00E+00 0.00E*00 ,

200YR 0.00E+00 0.00t+00 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0.00t+00 0.00t+00 0.00t+00 0.00E*00
400TR 0.00E+00 0.00E+00 0.00t+03 0 00E+00 0.001+00 0 00!*00 0.00t*00 0.09t+00 0.00E+00 0.00E*00
600YR 0.00E*00 0.00t+00 0.00E+0! 0.00E+00 0.00E+00 U.00t+00 0.00t+00 0.00!+t0 0.00t+00 0.00E+00
800rR 0.00E+00 0.00E+00 0.00E+f 0.00t+00 0.00t+00 0.00t+00 0.00 +00 Os00E+00 0.00E*00 0.00E*00
1E YR 0.00E+00 0.00E+00 0.00t+00 0.00E*00 0.00t+00 0.00t*00 0.00t+00 S.00t+0c 0.00E+00 0.00E+00
2K YR 0.00t+00 0.00E+00 0.CDE+00 0.00E*00 0.00E+00 0.00E+00 0.00E+00 0.00r+00 0.00t+00 0.00E+00
SK YR 1.63E 0$ 1.64E-05 2.32E 0$ 0.00E+00 1.t3t-0$ 1.63E-05 1.0EE 04 1.21E-03 1.63E-0$ 6.332 054

(
10K YR 1.99E-06 1.41E-06 1.06E 0$ 0.00E+00 1.20E-06 2.761-06 2.222-04 2.76E 03 1.201-06 1.12E 0+
20K YR 2.78E-06 1.13E-06 2.50E*05 0.00E+00 S.951-P? 4.90E-06 6.0?E-04 7.32t-00 S.81E 07 3.01E-04

POPULAT!DN SURFACE WATER
TDtE LUNGS 8, WALL LLI WALL Y. 90DY KIDrfEYS LIVER RED MAR BONE THYkOID ICRP
20YR 0.00E+00 0.00t+00 0.00E+00 0.00E*oo 0.00!*00 0.00t+00 0 00E+00 0.00E+00 0.00t+00 0,00!+00
40rR 0.00t+00 0.00E*00 0.00t+00 0.00E*00 0.00E+00 0.00t+00 0.00E*00 0.00t*00 v.00t+00 0.00E*00
60YR 0.00t+00 0.00E+00 0.00Z+00 0.00E+00 0.00t+00 0.00E+00 0.00E+00 0.00t*00 0.00E+00 0.00E*00 >

80YR 0.00E+00 0.00E+00 0.00E*00 0.00!+00 0.00Z*00 0.00E+00 0.00E+00 0.00E400 0.00E+00 0,00E*00
100YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00t+00 0.0^t+b0 0.00E+00 0.00E+00 0.00E*00 0.00t+00
120YR 0.00t+00 0.00E+00 0.00E+00 0.00E+00 0.00t+00 0.00E+00 0.00E+00 0.00E+00 0.00E*00 0.00t+00
160TR 0.00t+00 0.00E+00 0,00E*00 0.00t+00 0.00E+00 0.00Z+00 0.00E+00 0.00E*00 0 00E+00 0.00E+00
200YR 0.00E+00 0.00!+00 0 00E+00 0.001+00 0.00E+00 0.00t+00 0.00E+00 0.00t+00 0.00E*00 0.00E+00
400YR 0.00t+00 0.00E+00 0.00E+00 0.00t+00 0.00E+00 0.00Et00 0.00E+00 0.001+00 0.00E+00 0.00E+00
600TR 0.00t+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00t+00 0.00E*00 0.00t+00 0.00E+00 0.00E+00
800YR 0.00E+00 0.00E+00 0.00E400 0.001+00 0.00E+00 L.00t+00 0.00E+00 0.00E*00 0.00E+00 0.00E+00
1K YR 0.0DE+00 0.00E+00 0.00t+00 0.00t+00 0.00E+00 0.00t+00 0.00E+00 0.00t+00 0.00E+00 0.00E*00
2K YR 0.00E*00 0.00E+00 0.00E+00 0.CCE+00 0,00E+00 0.00E+00 0.00Z+00 0.00L+00 0.00E+00 0.00t+00
SK YR 0.00E+00 0.00E+00 0.00t+00 0.00E*00 0.00L*00 0.0DE+00 0.00!*00 0.00t*00 0.00E+00 0.00E*00

lor YR S.03E-08 $ 072-08 7.20E-oe 0.00E+00 S.03E-08 S.03E-08 3.281-07 3.75E-06 S.03t-081.90E-07
20% YR 1,30E-06 6.06E-09 1.31E-07 0.00E+00 3=27E*09 2. tit-08 3.15E-06 3.93E-05 3.20E-09 1.57t-06

1

CUMULATIVE IMIACTS

INTRUDER IMFACTS (MRIN/YR):

SCN LONGS 8. WALL LLI WALL 7, BODY KIDNEYS LIVET RED MAR DOME THYRO 1D ICRP
INT-CO 9.19E-02 6.12E-02 8.12E-02 8.12E-02 8.12E 02 8.17E-02 8.'6E-02 1,11E-01 8.12E-02 8.37t-023

INT-AG 4.02E-01 3.85t-01 3.8SE-01 3,841-01 3.8SI-01 3.86E al 3.49E-01 4.36T-01 3.8SE-01 3.89E-01

EXPDSED WASTE IMFACTS (MREM /YR):

i SCN LUNGS 5. WALL LLI WALL T. BODY K!DNEYS LIVER RED MAk BONE THYROID 2CRP
.IN-AIR 1,18E-01 2.4SE-03 4,17E-03 0.00E+00 3,6BE-03 S.82F-02 4.37E 02 1 20E-01 2.$$E-03 4.14E-02
ER-AIR 1.991-01 3,6SE-04 6.7?t-04 0.00E+00 3.17E 03 3.82E-02 S.$1!-02 6.88E-01 1.02E-03 S.46t-02

L

IN-WAT 5.07E-06 S.37E-06 8.00E-06 0.00E+00 3.84E-05 2.66E-05 1.9EE-05 1.93E-04 S.01E-06 1.9]E-0$
ER-WAT 2.26E-04 2.2SE-04 4.04E-04 0. 00E+00 4.17E-03 2. 56E-03 1. 86E-03 1.1* R-02 2. 23E-04 1,81E-0 3

INCINERATION AND OPERATIONAL IKTACTS: UNITS: IC-IND.IC-tMR,OP-IND,0PWR - (HkfM/YR)
IC+0P.1C4K,R.CP 49P,0P40R - (PERSON-MREH/YR)

,

SCN LUNGS 5. WALL LLI WALL 7, BODY KIDFEYS LIVER RED MAR BONE THYkOID 3ChP
| IC-PCP 6.63E+01 S.15E+00 8.75E+00 0.00E+00 5.0$E+0J 9.98E*01 4.$7E+01 S.14E+02 S.8LE+00 4.0EE+01

IC-IND S,0$E 04 3.92E-05 6.66E-0$ 0.00E+00 3,8SE-05 7.60Z-04 3,48E-04 3.91E-03 4.46t-0$ 3.09E-04
IC-WOR .$.88E+00 S.82E*00 $ 82E+00 S.82Z+00 S.82E+00 S.91E+00 $.86t+00 6.30E*00 5.82E+00 S.95E+00

1. ICHSR 5 66E-02 5.52E+ 02 $,$2E-02 $.51E-02 5.$2E-02 $. 73E-02 S.61E-02 6.6SE-02 5.S2E-02 5. 59E-02.

CP-POP 1.29E+00 2.68E-02 4. 56E-02 0.00E+00 + .03E-02 6.361 01 4. 76E-01 S.59E+00 2. 79E-02 4. 53E-01
| OP-IKD 1. $8E-02 5. 82E-0$ 9. 862-05 0. 00t+00 2. Y'E-04 1.22E-03 3.84E 03 4.76E-02 5.90E-05 3.J4E-03

CP WOR 3.79E+00 3.67E+00 3.67E+00 3.67E+00 3.67E+s 73E*00 3.71E+00 4.1BE+00 3.67E+00 3.71t+00,

|
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DF-HdR 2.62E-01 2.75%-01 2.7!E 01 2.7'E-01 2.75E 01 2.60E-01 2.951-01 S.19T 01 2.75t-01 2,96E-01

Lt.A3 Alt. ANtWLATION IHTACTS UN!'!S LA CPD, LA-CGT - (HKl?t/YR); LA A!P. - (TER1XS WJWYU

30d Lt'N 'c5 8. WALL LL1 htL T. BODY L10NEY5 LIVER Rt.D HAR BONE TE.RotD 1rkP

LA-CPS 9.97E-04 9.62E-04 1.70E*03 0.00E+00 9.67E 03 1.8dE 02 1.80E-01 2.2SE-01 9.967 04 1.17f 02
LA-OVF 9,6FE-04 9.81I-04 1.70E-03 0.00E+00 9 17E-03 1.69E-02 1.80E-02 2.2St 01 9.d4E 04 1.17E-02
LA- AIR 5.221-01 S.72E-02 6,871-02 0.00E+00 6.1EE 02 3.42E 01 3.33E 01 3. Sit *00 1. E St- 01 2.77E-01

1

GPOUND WA1ER IV14CIS (PDS/YK):

INYRUDER-hE1L
TIME LUNG $ 3. WALL LLI WALL T. D0DY KIDNEYS LIVER RED MAR BONE THYROID IChP

20YR 1 601-04 1.71E-04 2.72E-04 0.00E+00 1.68E-04 1.691-04 1.82E-04 1.9tE-04 2,06t 03 2.3tE-04
40YR 1.97E-04 2.11E-04 3.09t-04 0.00E+00 2.0EE-04 2.0$E 04 2.22E-04 2.42t+04 3.74E-03 3.23E 04
60YR 2.14E-04 2.29E-04 3.21E-04 0.00t+00 2.221-04 2.22E 04 2.36E-04 2.6tt-04 S.16t 0) 3.81t-04
80TR 1.831-04 1.95E-04 2.591-04 0.00E+00 1.88t-04 1.8SE-04 2.005-04 2.21E 04 S.30E-03 3.SCE-04

100YR 1.47T. 04 1.56E-04 1.98E-04 0.00E+00 1.501-04 1.51E-04 1.57E-04 1.73t-04 4.92E-03 2.99f-04
120YR 1.21E 04 1.29E-04 1.59E*04 0.00E+00 1.24E-04 1.27E-04 1.30E-04 1,49E-04 4.57E-03 2.62E-04
160YR 3.t05 04 3.67E-04 4.34E-04 0.00E+00 3.60E-04 3.E3E-04 1.64E-03 2.01E 02 4.22E-03 1.2SE-C 3
200YR 3 31E-04 J.42E-04 4.63E-04 0.00E*00 3.3EE-04 3.40E 04 1.78E 03 1.9tt-02 3.6BE-03 1.201-03
400YR S 0it-04 S.101-04 7.16t-06 0.00E+00 S 04E-04 S.09t-04 3.09E-03 3.*at-02 2.15E 03 1.91E 03
600YR 6.84t-04 6.E8E-04 1. 29E-03 0. 00E+00 6. 54E-04 1.53E-03 1.23E 02 1.491-01 1.47E-03 6.ESE-03
600YR 1.VSE*04 7.80E*04 1.44E-03 0.00E+00 7.65E-04 1.43t-03 1.2tE*02 1.54E-71 1.17E 03 6.94E 03
1K YR 9.77E-04 3.64Z-04 1.SSE-03 0.00E*00 8.43'.-04 1.30E-03 1.312-02 1.58E-01 1.0$t-03 7.13E 03
2K YR 1.0$E-0.4 1.00E-03 2.24E 03 0.00t+00 9.7EE-04 1.SCE-03 2.61E-02 3.19E-01 9.81T-04 1.37E-02
!K YR 3.2SE 34 ^ 41E-04 1.64t 03 0.00l+00 2.14E-04 7.51E 04 3.37E-02 4.20E-01 2.0SE-04 1.70E-02

10K Yk 1.22t-04 5.69E-05 1.0EE-03 0.00E+00 4.22E-05 3.56E-04 2.49E-02 3.10E-01 3.32f-05 1.2SE-02
20K YR 3.17t-05 1.32E-0$ 3.10E-04 0.00t+00 1.F.3E-05 7.37E-05 7.00E 03 8.73E 02 6.44t 06 3.50E-03

POPULATIDH-BELL
TIME LUNGS 8. WALL L1.1 WALL T. BODY KIDNEYS LIVER RED HAR BONE THYkOID 2CRP

20YR 0.00E+00 0.00E*00 0.00E+00 0.00E+00 0.00E+00 0.00t+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
40YR 0.00E+00 0.00E+00 0.00E*00 0.00E*00 0.00E+00 0.00E*00 0.00E+00 0.00E+00 0.00E*00 0.00E*00
60YR 0.00E+00 0.00r.+10 0.00T+0D 0.00E+00 0,00E+00 0.00E+00 0.00r.+00 0.00E+00 0.00E+00 0.00E+00
80YR 0.00E+00 0.00E,00 0.0$E+00 0.00E+00 0.00E+00 0.00t+00 0.00E*00 0.00E+00 0.00r+00 0.00t+00

200YR 1.34E-06 1.42E-SE 1,7 7Z-06 0.00t+ 00 1.37E 06 1.36E-06 1.43E-06 1. 50E-06 4. 48Z 0 5 2. 72E-06
120YR 3.33E-06 3.13E 06 4.21E*06 0.00E+00 3.40E-06 3.39E-06 3.50E 06 3.E3E-06 1.2SI-04 7.13E-06
160YR 7.53E-06 7.047. 06 8.78E-06 0.00E+00 7.t1E-06 7.60E-06 7.73E-06 7.87E-06 3.24E-04 1.72E-05
200YR 6.7PE-06 7.142-06 7.54E-06 0.00t+00 6.82E-06 6.62E 06 6.88E-05 6.94E-06 3.12E-04 1.61E-05
400YR 3.26E-06 3.43E 06 3.41E-06 0.00E*00 3.2BE-06 3.28E-06 3.26E-06 3.28E-06 1.54E-04 7.81E-06
600YR 1.69E-06 1.77E-06 1.7)E-06 0.00E+00 1.69E-06 1.69E-06 1.69E-06 1,70E-06 7.$7E-05 3.92E-06
800YR 6.7EE-07 9.12t-07 9.00E-07 0.00E+00 8.7tE-07 8.76E-07 8.77E-07 8.77E-07 3.73E-0$ 1.s8E-06
IK YR 4.58E-07 f 74E-07 S.94E 07 0.00E*00 4 !'E-b7 S,30E-07 4.89E-07 8,63E-07 1.84E-05 1.03t-06
2K YR 5.73E 06 4.52E-08 1.22E-0E 0.00E+00 1.70E-03 7.481-07 3.46E-07 4.12E-06 S.39E 07 3.62E-07
SK YR 1.63t-05 1.64E-05 2.43E-05 0.00E+00 1.63E-0$ 1.69t-0$ 1.06E-04 1.22E-03 1.63E 05 6 36E-05

10K YR 2.02E 06 1.43E-06 1.1SE-05 0.00E+00 1.201-06 4.59E-06 2.23E-04 2.77E 03 1.20E-06 1.12E-04
-

20K YR 2.80I-06 1.14E-06 2.56E-05 0.00E+00 S.951-07 6.68E-06 6.04E 04 7.$3E-03 S.81E-07 3.02E-04

POPULATION EURIACE WATED
TIME LUNGS S. WALL LLY W LI. T. BODY KILNEYS LIVER RED t%R h0NE THYROID ICRI-

20YR 0.00E+00 0.00E*00 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+0J
40TR 0.00E+00 0.00E+00 0.00E-00 0.00t+00 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0.00E+00 0.0cE*00
60YR 0.00E+00 0.00E+0? 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E*00 0.00E+00 0.00E*00
80YR 0.00E*0-3 0.00E+00 0.40E+00 0.00E*00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E*00 0.0cE*00

100YR 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0.00E+00 0.00t+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
120fR 0.00E+00 0.COE*00 0.00E+00 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
160YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E*00 0,00E+00 0.00E*00 0.00E+00 0.00E+00 0.00L+00
200YR 5.51E-08 S.71E-0E 5.97E-08 0.00E+00 S.SCE-06 S.55E-08 S.57E-08 S.58E-0E 1.44E-06 9.74E-08
=00YR 2.53E 07 2.60E-07 2.63E-07 0.00t+00 2.53E-07 2.53E-07 2.54t-07 2.54E-07 7.06E-06 4.$0E-07
600YR 1.31E 07 1.34E-07 1.36E-07 0.00E+00 1.31E-07 1,31E-07 1.31E-07 1.3 6t-07 3.4BE-06 2.32E-0 7
800rR 6.77E-08 6.94E-08 7.14E-08 0.00E+00 6.781-08 6.77E-08 6.7kE-08 6.79E-08 1.72E-06 1.18E-07
IK YH 3.51E 08 3.60E-08 3.82E-06 0.00E+00 3.52E-08 3,51E-08 3.$2E-08 3.52E 08 8.48E-07 6.00E-08
2K YR 1.SSE-09 1.62E-09 9.01E-09 0.00E+00 1.4SE-09 4.6SE-09 3.02E-09 2.09E-08 2.50E-08 3.91E-09
SK YR 1.61E-09 1.20E-09 5.0$E-08 0.00E+00 7.2SE-11 3.0$E-08 1.38F-08 1.71E-07 4.SSE-11 1.38E-08

10K Yk S.1EE-06 S.17E-08 1,13E-07 0,00E+00 5.03E-08 7.49E-08 3.39E-07 3.89E-06 S.03E-08 2,07E-07
20K YR 1.30E-08 6.69E-09 1.57E-07 0.00t+00 3.30E-09 S.21E-08 3.16E-06 3, ELE-0$ 3.23E-09 1 $8E-06

ONSITI IMO, S. LANOF

LIFE = 20 OYTLa 1 NOTRa 1
REGN= 1 MT A* 2
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I f0P= 2 INSfa S i

OPT 10ML ENVIROf0 INTAL PARAMETERS

PRC = 1.80E-01 TXC * 1.00E*D0 CTC = 1.1"l+0/ 2.00E+0S 4.SCf+06
TSC e 2.64E-10 DTht* 1.70E+00 T7N = 1.8'E+00 2.50E+01 S.00E*01
l'5A = 0.0fE-11 DTIC* 0.00E+00 TM' = 0.00E+00 C.00E+00 0.00E*00
WEL= 8.67E+00 AX M* 1.40E*10 tfAC= 7.G5!*06

WASTE: MAFTE OIL WEIOuts 8.00E+02 R! DENSITY: 1.00E+00 Mf/M3

ID- 1 1A= 1 ILi* 1 IK2= $0 PROCESS * 2
IKS* 30 100 30 1
ICS= 100 0 0 0 ;

MrTAL TACKAGE RECYCEE IMFACTS M4XIND * 9.64E 01 MkEM/YR
19PULN = 3.83E+03 PERSON Mkl74/30 YRS

TRANSIORTATION IM7 ACTS TR-M = 1.49E*03 MR134/YR
TR-0CC = 8.93E+04 FERSON-MREM /YR
TR-10P = 2.1BE+0S TERSON-MREH/YR

INTRUDER IMfACTS (MRIH/YRD
$

SCN EUNGS S. WALL LLI WALL T. BODY KIDNEY $ LIVER RED HAR BONE THYROID ICRP
INT-CD 8.24E+00 7.97E+00 7.98E+00 7.96t+00 7.9FE+00 7.9FE+00 7.97E*00 7.97E+00 7.97E+00 8.00E400
INT-AG 3.781+01 3.78t+01 3.81E401 3.77E+01 3.77t+01 3.78E+01 3.78E+01 3.7&E+01 3.77E+01 3.78E*01

,

EXPOSED WASTE IMTACTS (MREM /YR);

SCN LUNGS 8. WALL LLI WALL T. BODY KIDNEYS LIVER RED HAR BONE THYROID ICRP
!N-AIR 4.S$!-01 9.14E 02 $.411-01 0.00!+00 6.06E+02 1.1EE-01 8.81E-02 1.09E-01 7.94E 02 1.73E-01
ER-AIR 1.06E-02 3.40E*03 2.54E-02 0.00E+00 2,86E-03 2.86E-03 2.86E 03 2.86E-03 2.86E-03 S.70E-03
IN*WAT $ 10E-04

S 73E 04 2.41E 03 0.00E+00 S.20E-04 7.1EE 04 S.40E 04 6.$72-04 S 02E-04 7.2SE-04 '

ER-WAT 1.17E-0$ 1.44E-05 1.26E-04 0.00E+00 1.17E-05 1.17E-0$ 1.17E 05 1.17E-05 1.17E 05 2 14E-05
;

INCINERATION AND OPERATIONA1 IMPACTS: UNITS: IC-IND.!CWR ,0P*JND,0P4WR * (MRD1/YR)
IC-POP,1C-W3R,0P-POP.0P-huR - (PERSON +HRD1/YR)

i

SCN LUNGS 8. WALL LLI WALL T. BODY EIDNEYS LIVER RED HAR BONE THYROID ICRP
IC POP 1.96E+04 9.68E+03 1.2SE+0S 0.00E+00 6,31E+03 6.54E+03 7.61E+03 1.37E+04 S.90E+03 2.0$E+04
IC IND 3.93E+00 1.94E+00 2.50E*01 0.00E+00 1.26E+00 1.31E+00 1.52E+00 2.74E+00 1,18t+00 4.09E*00
1C-WOR S.18E+04 S.17E+04 S.181+04 S.17E+04 S.17E+04 S.17E*04 S.17E*04 S.18E+04 S.1BE+04 S.16t+(4
IC-MWR 8.32E+01 6.31E+01 6.31E+01 8.31E+01 8.31E+01 8.31F.+01 8.31E+01 6.31E+01 8.31E*01 8.31E601

,

OP-POP 1.61E+01 7.80E+00 6.71E+01 0.00E+00 S.87E+00 6.30E+00 7.3SE+00 1.66E+0' J.70E+00 1.42E*01
-

'

OP INO 9.651 02 4.71E-02 4.03E-01 0.00E+00 3.52E-02 3.84E-02 4.41E-02 9.95E-02 3.42E-02 8.51E-02
OP-WOR 4.SSE003 4.SSE*03 4.SSE+03 4.SSE+03 4.SSE+03 4. SSE+03 4.SSE*03 4.SSE+03 4.SSE+03 4.S$t+03
OP4MR 4.SSE403 4.SSE+03 4.SSE+03 4.SSE+03 4.SSE+03 4.SSE+03 4.SSE+03 4.SSE+03 4.S$t+03 4.SSt+03

LEA" HATE ACCVMULATION IMFACTS UNITS 1 LA-OPS, LA-OVT - (MREM /YR): LA-AIR * (PERSON 491EM/YR)

SCN LUNGS S. WALL LLI WALL T. BODY E!DNEYS LIVER kED MAR BONE TRYR010 ICRP
LA-OPS 4.93E+00 9. 71E+00 1. 56E+02 0. 00E+00 S. 87E+00 6.34E+00 6.61E+00 1. 4 SE+01 S.03E+00 2,10E+01
LA 0VT 6.77E 01 8.69E-01 8.69E+00 0.00E+00 6.81E-01 0.04E-01 7.46E 01 8.63E-01 6.86E-01 1.422400
LA-AIR 1,1SE+01 1.95E+00 2.13E+01 0.00!+00 1.4BE+00 1.78E+00 1.6St+00 1.89E+00 1.46E+00 4.4EE+00

1

GROUND WATER IMPACT 8 01 REM /YR)

INTRUDER-WELL
-TIME LUNGS S, WALL LLI WALL T. BODY KIDNEYS LIVER RED MAR BONE TRYROID 10RP-
20YR 5.1,E+00 6.37E+00 S.70E+01 0.00E+00 S.17t+00 S.33E+00 S.7BE*00 6.50E+00 S.17E+60 9.70E+00

j ._ 40YR 4.3SE+00 5.38E+00 4.82E+01 0.00E*00 4.35E+00 4.3SE+00 4.73E+00 S.17E+00 4.1SE+00 8.13E400
i-

-EDYR 3.34E+00 ( '3E+00 4.12E+01 0.00E+00 3.74E+00 3.74E+00 3.98t+00 4.24E+00 3.74E+00 6.00E+00
-60YR 3.23E+00 3 i ,E+00 3.53E+01 0.00E+00 3.23E+00 3.23E+00 3.37E+00 3.53E+00 3.22E+00 S.972+00

-

*

100YR 2.78E+00 3.43E+00 3.03E+01 0.00E+00 2,78E+00 2.78E+00 2.67t+00 2.07E+00 2.78E+00 3.13E+00
120YR 2.40E+00 2,9eE+00 2.60E+01 0.00E+00 2.40E+00 2.40E+00 2.4SE+00 2.51E*00 2.40E+00 e.41E+CD
160YR 1.78E+00 2.20E+00 1.93E+01 0.00E+00 1,78t+00 1.78t+00 1,80E+00 1.83E+00 1.78E+00 3.27E+00
200YR 1.33E+00 1.64E+00 1.43E+01 0.00E+00 1.33E+00 1.33E+00 1.33E+00 1.?4E+00 1.33E+00 2.43E+00
400TR 3.03E-01 3.74E 01 3,27E+00 0.00E+00 3.03E-01 3.03E-01 3.03E-01 3.03E-01 3.03E-01 S.54!-61
600TR 6.91E-02 8.53E-02 7.4SE-01 0.00E*00 6.91E-02 6.01E+02 6.91E-02 6.91E-02 6.91E-02 1.27E-01
800YR 1.58E-02 1.95E-02 1.70E-01 0.00E+00 1.56E-02 1.58E-02 1.56E-02 1.58E-02 1.58E-02 2.89E-02
IK YR 3.60E-03 4.45t 33 3.891-02 0.00E+00 3.60E-03 3.60E-03 3.60E-03 3.60E 03 3.60E-03 6.59E 03
2K YR 2.23E-06 0.7El L6 2.41E-0$ 0.00E+00 2.23E-16 2.23E-06 2.23E-06 2.23E-06 2.23E-06 4.09E-06
SK YR 5.33E 16 6.$6E-16 S.75E-1$ 0.00E400 S.32U 16 S.32E-16 S.32E 16 S.32E-16 S.32E-16 9.75E 16

D-8
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10E YR 0.00E+00 0.00E+00 0.00E+00 0.nDE+00 0.00L+00 0.00K+00 0.00E+00 0.00E*03 0.COE*00 0.00E+00
SDK YR O.00E*00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 i

forn.AY1CW WELL
TIME LES S NALL LL1 WA1L T.10DY KIDFEY$ LIVER RE0 MAR NNE TUYkO10 1CRP

20YR 0.COE*00 0.00E+00 0.00E*00 0.00E+00 0.00E+00 0.00Z+00 0.00E+00 0.00E+00 0.00E*00 0.00E+00
- 40YR 3, $7!-b1 4.41E-01 3.95E+ 00 0.00E+00 3.57E 01 3.$7E-01 3 t BE -01 4.24E-01 3. S f E-01 6.6 7E-01

60YM 3.411-01 4.12E-01 3,7?t+00 0.00E+00 3.41E-01 3.41E-01 3.62E 01 3.97E 01 3.41E-01 6.34E-01
8011 L D42-01 3.63E-01 3.22E+00 0,00E+00 2.94E-01 2.94E-01 3.07E-01 3.22E-01 2. 94E-01 S.44E* 01

10CYR 2.53E 01 J.13E-01 2.76E+00 0.00E+ 00 2.632-01 2.531-01 2.61E-01 2.70E-01 2.S3E-01 4.67E-01
,

|
120YR 2.18E 01 2.705-01 2.37E+00 0.00E+00 2.16E-01 2.16E 01 2.13E-01 2.29E-01 2.16E+01 4,0ZE-01
160YR 1.62E-01 2.01E-01 1.76t+00 0.00E*00 1.62E-01 1.62E 01 1.64E-01 1.6FE*01 1.62E-01 2.98E-01
200YR 1.21E-01 1.49E-01 1.31E+00 0.00E+00 1.21E-01 1.21E-01 1.31E*01 1.22E 01 1.21E 01 2.22E*01
400YR 2.7EE-02 3.40E-02 2.98E-01 0.00E+00 2.76E 02 2.76E 02 2.76E-02 2.76E 02 2.76E-02 $ 0$E 02
600YR 6.29E*03 7.77E-03 6.79E-02 0.06t+00 6.2SE-03 6.20E-03 6.29E 03 6.29E-0? 6.29E-03 1.15E-02
800TR 1.44E 03 1.77E-03 1.$$E 02 0.00E+00 1.44E 03 1.44E-03 1.44E-03 1.44E 03 1.44E-03 2.63E 03
1K YR 3.2FE-04 4.0$E 04 3.54E 03 0.00E+00 3.28E-04 3.28E-04 3.28E-04 3.26E-04 3.28E-04 6.01E 04'

2K YR 2.03E 07 2.$1E-07 2.20E-06 0.00E+00 2.03E-07 2.03C-07 2.03E-07 2.03E-07 2.03E-07 3.73E 07
SK YR 4.8SE-17 S.99E 17 S.24E-16 0.00E+00 4.8SE-17 4.85E 17 4.05E-17 4 8$t-17 4.4$E-17 8.89E 17

10E YR 0.00E+00 0,0DE*00 0,00E+00 0.00E+00 0.00E*00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
20K YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E*00

NFULATION-EUREACE WATER
TIME LtmGS 8. WALL LLI WALL T. BODY KIDNEY 5 LIVER RED MAR BONE IHYR010 ICRP

20YR 0.001400 0.00E+00 0.00t+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
40YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0.00E+00 0.0DE+00 0.00E+00 0.00E+00
60YR 1.08E-02 1.33E-02 1.15E-01 0.00E+00 1.08E *2 1.08E-02 1.14E-02 1.21E-02 1.08E 02 2.00E-02
80YR 1. $5E-02 1.91E-02 1.68E-01 0.00E+00 1.SSE-02 1.55E-02 1.61E-02 1.68E 02 1.55E-02 1.66E-02

100YR 1.33E 02 1.0SE-02 1. 4 SE-01 0.00E+00 1.33E-02 1. 33E-02 1. 371-02 1. 41E 02 1.33E-02 2.4 5E-02
120YR 1,1SE-02 1.42E-02 1.24E-01 A.00E400 1.1$E-02 1.1SE-02 1.17E-02 1.20E-02 1.1$E-02 2.11E-02
160YR 8.S2E-03 1.05E-02 9.27E-02 0.00E+00 8,$2E*03 8.525-03 8.61E-03 6.71E 03 8.52E-03 1.56E-02 .

200YR 6.34E-03 7.83E-03 6.85E-02 0.00E+00 6.34E-03 6.34E-03 6.37E-0) 6.41E-03 6.34E-03 1. lf E-02
400rR 1.45E-03 1.762-03 1.56E-02 0.00E+00 1.45E-03 1.45E-03 1.45E-03 1.45E-03 1.4tE-03 2.6SE-03
E00YR 3.30E-04 4.072-04 3.$6E-03 0.00E+00 3.30E-0 3,30E-04 3.30E-04 3.30E-04 3.30E-04 6.04E-04
600YR 7.53E 0$ 9.30E-05 8.13E-04 0.00E+00 7.53E-05 7.53E-0$ 7.$%E 05 7 $3E-0$ 7.,$3E 0$ 1.38E 04
at YK 1.72E-05 2.12E 0$ 1.66E-04 0.00E+00 1.72E-0$ 1.72E-05 1.72E-OS 1.72E 05 1.72E-0$ 3.150-05
2K YR 1.07E-08 1.32E-08 1.15E-07 0,00E+00 1.07E-06 1.07E-08 1.07E-03 1.07E-08 1.07E-08 1,9tE-t8
SE Yh 2.$4E-18 3.14E-18 2.75E 17 0.00t+00 2.54E-18 2.54E-16 2.54E A8 2.54E-16 2.54E-18 4.66E te

$3K YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
20K YR 0.00E+00 0.00E400 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0.00E*00 0.00E+00 0.00E+00 0.00E+00

..................................................

Tot.1 Run Tim. = 0.70$0E 01 Minut (s)

................................................................................#........................
e...............e......o..........e...e................................................. ................

SAMPIE PROnLEM OUTPUT FILE: TAPE 10.OUT

IMFACTS- BRC - YT.R310N 2.1; Run on 10/03/01 et 11:46:26.48

AAEARDOUS WASTE 11

i

SEC-RESIN 3

TRANSPORTATION ICRP IMPACTS 2.' tibCLsDE (MRD1/YR)

NUC MAX INDIVIDWL

H-3 0.000E+00
C-14 0.000E+00
CR-51 1.326E 01
tm- 54 6.496E-02
FE-55 0.000E+00
FE-$9 2.710E-01
CO-58 1.356E-01
Co-60 3.489E-01
NI-59 0.000E400
NI 63 0.000E+00

|

D-9
i

l
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2N 6$ 1.864E-02
EF-90 0.000E+p0

IR-95 7.22SE-02
NS-94 4.40ft-06-
7C-99 0.000E+00
RU 103 1.691E-01
A3-110 !.,6432-01

1-129 D.3GfE 0?'

CS 134. 1.82CE+00
C$*135 0.000E+00
C5-137 1.159E+00 t

CC-141 1.937E*02
CE-144 2.047E-02

- PU 236 3.900E-07 -

'19 239 3 4311-07
PU-241 1.0e$t-07
PU-242 S.128E-10 -

AM 241 3.114E-04
AM 24$ 1.938E-04
CH-242 3.810E-06
CH-243 1.008E 06<

C69-244 1.292E-07

TOTAL TRANSPOR1ATION IMPACTS * S 821C400
,

HETAL t-ACKAGE k! CYCLE ICAP IMFACTA BY NUCL3DE (HRTN/YR) ,

buC DOSIND

H-3 7.18SE-09
- C le 4.151E-12
- CR 51 4.174E-04
HM-$4 1.$21E-06
FEa55 4.454E-11
FE-59 $.040E-06
C0-58 2.07CE-06
CO-60 9.6931 06
NI-$W 1.118E-13
NI 63 8.$38E-11

,

EN-65. 3.745E-07
BR 90 1.544E-08
ER-95 4.419C 06

- 38-64 1,1761-10

TC-49 4.802C 14
RU 103 7. 336E-06
AG-110 1.533E-05
I 129 3.047E 11
C3 134 4.304E-05
CS-135 2 S20E-11
CS-137 5.31/E-0S
CE-141 2.1341 07
CE 144 6.640E-07
PU-238- 2.502E-06

*
PU-239 1.1911-06
PU-241 5 920E-10
PU-242 . 2.465E 09
AM-241 2.2$5E 06
AM-243 1.$$tt-06 t

CM 41- 6.139E-06
CM- 2 4 3 -' $.666E-09
09-244 1.60&E 06

TOTAL RICYCLE IMPACT = 5.7061-04
i

INTRUDER ICRP IMPACTS BY NUCLIDE (MRIM/YR)
~

- **** .1MPACT$ ARE NOT NORMALIEED BY NUMBER OF DISPOSAL TACI:.lTIE8 ****

| NUC CONSTRUCTION AGRICULTURI

H-3 2.681E-11 2.038E-04

| I) 10

,

| - _ _

.-,,,n-,-- - vn w, - , , . . - - , - - - - ~ - - - ~n.-~-,,--. -.n.-- - , ~ - , , - , + - - . . - - - - . w. .. -- - -- - ~----.-
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C-14 1.75CE-10 1.770E-04
CK 51 0.00eE+00 0.000E+00
MN 34 0.701E-14 2.937E-13
FE-S$ 2.4721-13 6 .191 E - 1*

EE**9 0.000E+0D 0.000E+00
CO-SP 0.000E+00 0.00eE*00
00-69 2.07?4-04 9.832E-04
W1-$4 4.SS7E-13 3. St!-11

FI-63 2.83nt-10 2.23 F.-08
EN-6S 2.18pE-17 1.043E 16
ER-90 1.C47E-07 9,77PE-07

Ek-9$ 0.000E+00 0.000E400
NB 94 1.3747-07 6.$10E-07
TC-99 5.890E-14 1.590E-07
RU 103 0.000E*00 0.000E+03
AG-110 1.264E-1$ 5,R671-15

1 129 2.6571-08 7.696E-07
CS-134 2.380E-06 1.128E 0$
CS-135 3 221E-12 2.29BE-10
CS*1'J7 3.309E-02 1.596E-01

r-CE-141 0.000E+00 0.000E+00
CE-144 1.57SE*1S 7. d '.0E * 15

FU-238 3.277E 05 1.0$tE-04
IV-239 2.247t-05 7.2S?E-0S
PU-241 4.32)E-0$ 1.611E-04
PU-242 4.683E-06 1.513E 07
AM 241 8.104E-0$ 3.053E-04
AM-243 1.103E-05 4.678FeOS
CH-242 3.6841-07 1.190E-06
CH-243 2.673E-08 1.118E-07
CM-244 6.924E 05 2.392E-05
RADON 0.000E+00

TOTAL NON NORMAL 1EED INTRUDER IMFACT3
3,409E-02 1.617E-01

EXICSED WASTE ICTJ IMEA*TS BY NUCLICE (PEEM/YR)

IMEACT5 ARE NOT NORMALIElL tY N'JteER OF b1SK1EAL FAClll1!ES ********

IOC 7NTkUDER-AIR E.ROSION- AIR INTFUDER-WATER IMIOF-WATER

H-3 9.42EE-09 0.00GE+00 3.169E-10 0.000E+00
C-14 8 G15r-05 6.503E-05 S.250E-09 4,707E-06

CR-51 0,000E*00 0.000E+00 0.000E+00 0.000E*00
77-S4 S.211E-18 0 000E+00 1.248E-18 0.000E*00
EE-55 E.5951-12 0.000E400 3.419E-13 0.000E*00
TE-59 0,000E+00 0.000E+00 0.000E*00 0.000E+00
CO-58 0.000E+00 0.000E+00 0.000E*00 0.000E*00
CD-60 3 049E'08 0.000E+00 6 ???E 10 0.000E*00
N1-$9 S.701E-12 4.635E-09 1.699E-13 1.69EE-10
NI-63 3.765E-09 3.71EE-09 1.1531 10 1.396E-10
25 -t $ 1.764E-20 0.000E*00 1.3431-21 0.000E+00
SR-90 4.530E-07 2.374E-14 1.462E-09 9.407E-17
ER-95 0.000E+00 0.000E*00 0.000E+00 0.000E+00
N8-94 6.253E-11 4.962E-06 8.490E-12 8.271E 09
10-99 1.364E 10 1.11EE 07 4.004E-12 4.020E-09
RU 103 0.000E+00 0.000E+00 0.000E+00 0.000Et00
AG 110 1.451E 19 0.000E+00 4.361E+21 0.000E+00
1 129 3.596E-07 2. 9 50E- 04 1.071E-09 1.07GE-06
C3-134 1.196E-09 0.000E+00 1.259E-10 0.000E+00
CF 13S 2.767E-10 2.260E-07 3.143E-11 3 16SE-06
CS-137 2.780E-0$ 4.235E 12 3.020E-06 S.648E 13
CE-141 0.000E+00 0.000E+00 0.00CE+03 0.000E+00
CE-144 1.t97E-17 0.000E+00 2.453E-19 0.000E400
FV-238 1.303E*04 7.264E-05 7.853E-09 7.626E-09
PU-239 8 929E-05 7.124E 02 S.260E-09 5.152E-06
PU-241 1 639E-04 3.440E*01 6.391E-07 1 811E-04
PU-242 1.861E-07 1.524E-04 1.095E-11 1.101E-08
AM-241 3.056E-04 S.315E-02 1.308E-06 2.793E-04
AM 243 2.139E-05 1.622E-02 9.181E-08 E . 4 4 4E- O S

CM-242 1.454E-06 8.175E-07 8.82eE-11 8.547E-11

L)-ll !

..
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m-243 4.900E-08 8.994E-08 1.540E*10 6.50SE 12
CH-244 2.034E-05 2.173E 04 9.1331-04 1.572E-04

TOTAL NON-NGU%L1EED Ehf0!G MASTE IM ACTS
L 703E-04 1.7t42-01 S.173E-DC S.$5GE 04

On'ERTLN ICRF IMTACTS $Y tJCLILE (HREN/YR1

iIMPACTS ARE NOT N050MLIEED Bf NUMBER OF DI$FOSAL EACILITIES*"* ""

F'E TREANENT OVTAYLOW EVAKr.ATOR
,

B-3- 3.187E-04' $ 869E 05 ~ 12118E 02 *

.C-14 1.408E-04 1.4035 04 It279E 02 *

CR-51 3,1d3E-07 0.000T+00 0.000E+00
F9PS4 1.277E-06 3.879E 17 !. 501E-18
TE-SS 6.423E-07 2.880E-10 1.990E-10
FE 59 7,955E 06 0,000E+00 0.000E+00
CO-58 2c350E-06 0.000E+00 0.000E+00
CO-60 4.743E-05 0.043E C7 1.575E-06
N1*$9' .8.52EE*10 6.524E-10' 7.842E *0 i
N1+83 S.1061 07 4.144K*07 4 . 857.E-0 7
EM-85 1.054E-05 4,011E 19 1.887E 10 i
SR-90 6.204E-06 '3.002E 06 3.331E-05
ZR*95 1.0192 06 0.000E*00 0.000E+00
ND-G4 2.446E-06 2.4432*06 6.440E-03
TC-99 1.184E-07 1 le4E 07 2.890E 07
RU-103 1,269E-04 0.000E+00 0.000E+03

,

AQ-110 2,080E+07 1.442E-20 1.718E-20 ,

1 129 2.398E-05 2.3952-05 S.765E*D4
CS 134. 2.210E-05 9.2621-10 3.1$2E-10 '

CS-135 1.334E-09 1. 3 34E-0 9 ' 4.207E*10
CS-137 2.0!7E-04 1.0291 04' 3.391E+0S
.CE-141 0.841E-04 0.000E+00 0.000E+00
CE-144 1.023E-06 2.S20E-18' S.876E 18
PU-238 1.120E-06- 4.837E 07 S.250E-04
PU-239 6.384E-07 6.379E 07 3.878E-04
PU-241 '2.7151-07 6.413E-08 4.235E-05
It-242 1.314E 09 1.314E-09 A.001E-07
AM-241 1.442E-03 1.374E-03 1.15CE-0?
AM-243 9.812E-05 9.784E*05 8.160E-04 ;
CH-242 . 4,$84E-07 2.169E-27 3.00SE-26
CH-243 .3.101E-08 1;496E 08 1.70eE-07
CH-244 2.466E 05 7,879E-06 9.020E 05

TOTAL NON-NOPJMLIEED OVERT 1W IMFACTS
2.48SE-03 1.8J2E-03 3.798E-02 -

GROUNDWATER ICRP IMPACTS BY NUCLIDE (HRIN/YR) AT EACH TIME-
*"* -IMPACTS ARE NOT NORMALIZED BY NUMBER OF DISf0 SAL FACILITIES +"*

,

F!hST ROW IS INTRUDER WELL
SECOND RDW IS POPULATION WELL
THIRD RCW IS. SURFACE WAT'.R ~

.

.20YR 40YR 60YR - 80YR ' 100n 120YR 160YR 200YR 400n 600YR 800YR 1K YR 2K Yk SE YR
10K YR 20K YR

__

.-. .

_ _ _ -

0.0E+00 0,0E+00 9.4E-06 1.7E-06 3.1E-07 S.6E-08 3.7E 09 1.2E-10 9.7E*18 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
0.0E+00 0.0E+00

'

LC 0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E*00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE.400
0,0E+00 0.0E+00

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0K+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 i

| 0.0E*00 0.0E+00
'C-14

4 kE S 0 h 00p
; U.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00-0.0E+00 0.0E+00 2.0E-05 2.3E 05 2.0E-05 2.3E-06 6.8E-10

9.1E+16 0.0E+00
| 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0,0E+00 2.6E-07 1.8E-07 S.2E-11

L.
D 12
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,

7.0E+17 0.0E+00
CR-31

0.0E+00 0. 0E+00 0.0E +00 0.0E* 00 0. 0E,00 0.0E.+00 0. 0E+00 0.0E* 00 0.CE *00 0.0E + 00 0. 0E* p0 0. cE * 00 0. 0E + 00 0 3E+ 00
0.0E+00 0.0E*00
0.0E+00 0.0E*00 0.0E +00 0.0E+00 0.0E*00 0.tt+00 0.0E+00 0. 0E+00 0.0E+00 0.0E*00 0.0E+00 0,0t+00 0.0E +00 0.0E+00

0.cE+00
0.0h ' 00 0.0 E+00 0.0E+00 0.CE+ 00 0.0E+00 0.0E*00 0.cE+00 0.0F+ 00 0.0t +00 0. 0E*00 0 CE* 00 0.0E+00 0. 0E+ 00 0 CE+00

j 0.0E+00 0.0E+00
MW-56

0.0E+00 0.0E+00 0.0E+00 0.0E* 00 0.0E+00 0.0E-)0 0.0E+00 0.00400 0.0E*00 0.0E+00 0.0E+00 0.0E *00 0 CE400 0.0E*00
0.cE+00 0.0E+00
0.0!+00 0.01400 0.0E+00 0.0E 00 0.0E*00 0.0E*00 0.0E*00 0.0E*00 0.0E 00 0.0E*00 0.0E400 0.0E*00 0.0E+00 0.0E+D0

0,0E+00 0.0E+004

0.0E+0c 0.0E t00 0.0!+00 0.cE+00 0.0E+00 0.0E*00 0.0E*00 0.0E+00 0.ht+00 0.CE+00 0.0E+00 0.0E+00 0. 0E+00 0,0E +00
0.0E+)0 0.0E+00 1

'IE-S$
O.0E*00 0.0E+00 1.0E-12 6.1E+1$ ).5E-17 2.1E-19 1.4E-23 0.ct+00 0.0E*00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E*00

0.0E+00 0.0E +00 - . j

0.0Z+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E*00 0.0E +00 0.0E+00 0.0E+00 0.oE400 040E+00 0.0E+00 0.0E+00 0.0E+00 }
'0.0E+00 0.0E*00

O.0E+00 0.0E+00 0.0E*00 0.0E+00 0.0E+00 0,0!*00 0.0E400 0.0E*00 0.0E+00 0.0E+00 0.0E+00 0.0E400 0.0E+00 0.rE+00
0.0E+00 0.0E*00

Ft-39 ;

9.0E+00 U.0E+00 0.0E+00 4.0E*00 0.0E*00 0.0E+00 0.01400 0.0E*00 0.0F+00 0,0E*00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 -

0.0!+00 0.0E+00 ,

0.0E+00 0. 0E +00 0.0E+00 ' 0.0E*00 0.0E*00 0.0t+00 0.0E+00 0. 0E+00 0.0E*00 0.0E+ 00 0.0E*00 0.0E400 0. 0E *00 0.0E +00a

-0.01+00 0.0E+00
~

O'.01+00 0,0E*00 0.0E+00 0.0E*00 0.0E+ 00 0.CE+00 0,0E+00 0.0E400 0,0E +00 0.0E+00 0.0E*00 0.0E+00 0.0E+00 0 0E*D0
0.0E+00 0.0E*00

CO-$8- '
i 0.0E+00 0.0E+00 0.0E+00 0,0E+00 0.0E+00 0.0E+00 0.CE+00 0,0F+00 0.CE+00 0.0E*00 0.0E*00 0,CE+00 0.0E400 0.0E+00

O.0E+00 0.CE+00
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Ntc M41 1NDIVIDUAL

57 0.00CD f0 ,

C-16 .0.000D00 1

CA*$1 3.269t 02 - I

HN+ 14 1.68 7D02'

FE S$ 0.000E+00
],

7D $9 6.62RE 02d
<

, - C0-58 .l.316E-c2
Co-t0- 8,$36E 02,

N1 59 0.000Et00
N1 63 0.C00E+00 |

2W-6$ 4.311E-03 )i

.3E-90 0.000b D0 3
'

ZR*33 1.768E-02 i
NS-96 1.076E 06
7C-99 0.00CE400
R'J-103 4.13pE-02 -

A0 110 1.42W001
1 129 2.CS4E 07 ;

C5+134 4.453F-01
'

CS-135 0.000E+00
'

CS 13? 3.2810 01
,

CE 141 4.7381 03 - e

CE-144 S.007E-03
'

PU-276 9 S$3E 07
PU 230 8 393bC8 i

PJ-2 61 2.655E 08 - |PU 242 1.254E-10
AM 241 7.862E 0$ e

AM+143 4.742 6 05 4

QS242 9.32CE-07
CH 243 2.466E-07' *

*

CH-244- 3.160E-06-

TOTAL TRANSPORTATICH IMPtCTS * 1.424b 00

|

INCIV1MATION ICRP IMPACTS Bf WlCLIDE (MRIN/YR)

' "** IMPACTS NT HURMAL1tED BY N'JMBER OF FR0 CESSING TACILITIE5 "" . ,

.

NUC MAXINUM OFT-SITE INDIVIOUAL *

B-3 1.263E-0$-
C+24 1.840E 05
CR-51 6.494F07

'HN 54 2.479E-07
FE*SS 2.0161-06

^

FE 59 1.284E-06
CO-$6 5.031E+07
Co-60 2.193E-01
NI-59 7.817E-12
NI-63 6.353E-09
ZN*65 6.355E 07
ER-90 1.283P06
ER*95 3.733E-07.
NS-94 8.560D11

' TC-99 3.741E 10
kU-103 6.704E-06

'

AG-110 - 2.8691-06 +

' ! 129 9.856b O7 -
'- C5-134 3.912E*05

CS-13$ 3.793D10
t

D-16

_ l

..

, er +y,w ,gp ie e--4 y e- m++we,-Pew -+~e'w# E+We*.muv''.'--W-e-w==t--v e'aw-eyei .--w- '.t-r--we4.sw ew'-'wm,-+e-,- _r-ineve-w"
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C3 137 7.621E-05
CE-141 5.872E-07
CE-144 8.801E-06
PU 238 i,263E-04

PU 239 1,22SE-04

ru 241 0,606E 05

Pt)-242 2.552E-07
AH-241 4.39%E-04
AM-243 2.93BE 05
C4 242 3.169E-05
CM-263 1.393t-07
CH-264 1.761E 04

total %N-NORMAL 1EED IN0!FtMTOM IMPACT * 1.236E*03

MYeAtt ItclurRAY1ON ICRP IMFACT5 ST NLClitE (MM24/YR3

**** IMPACTS AAE NOT M.5J1AL*.2TD BY NUMBER OF ITPIESSING TACILit1ES ****

N'E kESIDUE PANDLERS HAINTENANCE
-

H-3 2.4371-09 1.340E-09
C-14 2.941E 00 1,618E-09 ej
cR-51 5.0341 03 5.033E-03
kW 54 2.614E-03 2.613E-03
TE 55 9.343E-09 5.130E-09
FE 59 1.027E-02 1.07.?f 02
Co- * 6 5.13tE-03 L.1'7E-03
CO-60 1.3?)E-02 1.322E-02
N1-59 7.827E 12 4.305L-12
N1-63 5.833T 09 3.208E-09
EN-65 6. 'v 8 s t- 04 6.966E 04
EK-90 3.E24E-06 1.993E-06
EK-95 2.7382 03 2.7331 C3
NS 94 1.672E 07 1,671E-07

TC-95 9.862E-11 5.424E-11
LU-103 6.411E-03 6.411E-03
AG-110 2.215E-02 2.214E-02 .,

1-129 3.86fE-05 3,557E-08

CS-134 6.899E-02 6.899E-02
CS-135 5,393E-11 2.966E-11
CE-137 8.le3E-02 5.181E-02
CE-141 7 345E-04 7 142E-04
CE-144 7.03BE-04 7.65ft-04
0U 238 6.952E-04 3 824E-04 r

FU-239 3.763E 04 2.070E-04
FU 741 2.644E-04 1.454E-04
PU 142 7.9391-07 4.312E-07
AM-241 1.2081-03 7.027E-04
AM-243 9.12EE-05 5.350E-05
CM-242 9.237E-05 5.087E-05
CM-243 4.367E J7 2.56SF-07
CH-244 3.630E-04 1.9&tt-04

TOTAL NON-NORMALIIED WRK.ER IMPACTS
2.238E-01 2.223E-01

META 1 AND ULASS RECYCLE ICRP IMP * CTS BY trJCLIDE

**** IMTACTS AkE NOT NORMALIZED BY NJHEER OF FACILITIES ****

Nx METAL l'D GLASS IND

B-3 4.042E-06 0.000E+00
C-14 2.391E-09 0. 32E+00
CR-51 2.346E 01 9.424E-02
HN-54 8.567E-04 4.B;3E 02

TE-55 ?. 505L-08 0.000E+00
FE-59 2.840E-03 1.023E-01
CO-56 1.164E-03 9.619E-02
Co-60 5.653E 03 1.476E-01

I)-17 {
l
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N!-$9- 6.286E 11 0.000E+00
NI-63 4.8032-00 0.000E+00
EA 65 2.107E-04 1.300E*02
CR-90 6.883E-06 0.000E+#0
ER-05 2.406E 03 S.127E-02.

I 94 6.614t*00 8.128E 06
'

-4 2.7350-11 0.000Et00
Re .03 1.314E 03 1.200E 01
A3-110 0.62SE+03 4.149E*01
1-129 -1.714E-08 i,917E 07

US-134 2.421E+02 1. 292 E +-00
C8 135 1.41ef 08 0.000f 4 00
CS-137 2.991E-02 1.$32E+00,.

CE-141 1.200E 04 1,374E-02

CE 144 3.7351-04- 1.4515-02-
PU 238. 1.407E 03 2.774E 07'

PU 239 5.697E-04 2.434W 07
PU-241 3.161E-07 7.699E-06
PG-242 1,387E-00- 3.636E 10
AM-241 1.268E-03 2.280E-04
AM-243 -8.7532-04 1.375E-04
CH-242 3.453E-03 2.703E-06
CM-243 3.198E"06 7.1$2E-07
CH-244 9.043E-04 9.16SE-08

INTRUDER ICRP IM7 ACTS BY NUCLIDE OREM/YR)

IMPACTS ARE ICT NORMALIEED ST NUMBER OF DISPOSAL TACILITIEu** **

NUC CONSTRUCTION AGRICULTURE

M*3 1.847E-10 6.S$3E 04
C-14 S.694E-1J 2.630E-04
CR $1 2.442E*02 1.157E*01
MM-54 1.268E-02 6.00$1*02
FE+S$ 7.132E-09 -8.659E-06
FE-39 4.981E-02 2.360E 01
CD-$8 2.492E-02 1.181E-01

.C0-60 6.415E-02 3.030E-01
NI-$9 S.880E-12 1.94SE-10
Ni 63 4.495E-0W 1.634E-07
EN-65 3.390E-03 1.61$E-02
ER-90 2.793E-06 1.224E-0$

'
KR-93 1.328E-02 6.292E-02
NB-94 S.104E*07 3.439E-06
TC 99 7.56LE-11 9.320E-07
RU-103 3.094E-02 1.466E-01
A0-110 1.074E-01 S.088E 01
1-129 1.584E-07 4.639E-06

L CS-134 3.347E-01 1.$8SE+00
,5 135. 4.156E-11 1.452E-09,

-C5-137 3.069E-01 1.680E400'

CE-141 3.$61E-03. 1.607E-02
CE-144 3.776E 03 1.785E-02

(. FU-238 5.357E-04 0.491E 04
[ PU-239 ' 2.000E*04 4 $97E*04
i PU-241 2.038E-04 3.229E 04
L PU-242 6.041E-07 9.575E 07-
L AM-241 1.016E-03 2.002E 03
|- AM 2 3 1.003E-04 - 2.83GE-04
L CM-242- 7.17EE-05 1.224E-04-
!- CM-243- 4.93bE-07 1.401E-06

- Qt-24 4 ' 2.797E-04- 4.744E+04
RADON 0.000E*00

TOTAL NON-NORMALIEED INTRUDER INPACTS
1.072E+00 5,074E*00

EXICSED HASTE ICRP IMPACTS BY NUCLIDL (MRIN/YR) ,

** IMPACTS ARE NOT NORMALIZED BY NUMBER CF DISICSAL FACILITIE$ **

I- I)-18

|
|
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WC INTRUDER AIR ERO110N Alk INTRUl f.RSA!!A FR031LW WATER

8-3 1.294E-07 0.000E*00 1.02t1-00 0.000E+00

C-14 S.6$3F-07 1.103E*06 7.9085-03 8.243E 07
CR-31 1.191E-05 0.000E*00 1.140E-0? D.000T+00

IG $4 4.347E-06 0.000E+00 2.!52E-07 0.000E400

FE-S$ 3.699E-07 0.000E+00 4 4G3E-09 0.000E*00

TE-$9 2.356E-0$ 0.000E+00 2.433E-07 0.0001400
C0 56 9.22BE-06 0.000E400 7.006E 09 0.00;E*00

00-60 4.022F-05 0 000E+00 1.936E-07 0.000E*00
N1 $9 1.434E-10 9.128E-10 1.0015 12 1.182E-10
NI 63 1.1652-07 2.500t-10 8.360E-10 9.742E-11
EM-65 1.166E-05 0.000E+00 2.000E 07 0.000E*00
SR 90 2.354E-CS 1.602E-15 1.760E-Oc 6 37E-17
ER-95 f.947E 06 0.000E+00 4.601E-08 0.0p?t+00

NB-94 1.574E-09 3.349E-09 5.007E-11 S.763E 09
70 99 3.413E 09 7.402E 09 2.34BE 11 2.76WE 09

Rif-103 6.1161 0$ 0.000E+00 4.977E-07 0,000E*00

AG 110 S.262E+0S 0.000E+00 3,707E-07 0.000E+4,

1-129 8.996E 06 1.G81E 0$ 6.250E-09 7.4632-07
CS 134 7.176E '34 0.000E*00 1.770E 0$ 0.00CE*00

CS 13$ 6.657E -09 1.$31E-08 1.852E-10 2 20tE-09
C5-137 1.398E-03 2.656f-13 J.559E-05 3.937F.-13

CE-141 1.677E 0$ 0.000E+00 8.SG4E-06 0.0005+00
CE 144 1.631E-04 0.000E*00 5.809E-07 0.000E+00

19-235 4.151E+03 4.916E-06 5.664E-Ce S.316E 08
PU-23 a 2.247E-03 4.606E-03 3.1002 06 3.591E-06
19 241 1.t?0E-03 2,327E-03 2.001E De 1.263E-04
FV 242 4.681E-wb 1.029E-0$ B.4SEE-11 7.673E-09
AM-241 0.062E-03 3.587E-03 4.097E 06 1.947E-04
AM-243 3.390E-04 1.101F 03 S.424E 07 5.tBEE 05
CH 242 S.s12E-04 5.518E-t's 3.521t-07 $.958E*11
CH-443 2.S5tE-06 6.070T-09 1,P61E-09 4.334E-12
CM 244 2.315E-03 1.467E 0; 1.697E-06 1.096E 06

10TA1. NCN-NOW1.1EED EXPOST.D WASTE IM7ACT3
2.203E-02 1 167E 02 6.679E-0? 3.650E 04

OVEkfl.0W ICkt IMTACTS EY IOCE1!'E M Dt/Yk)

IMTACTS APE NOT KW%1.1EED Bf YJMMR OF D!SIOSAL FACIEITIES
H'8****

WC TkEA11ENT OVERTUA E h1CRAT0t

3-3 1.691E-0$ 1,697E-05 3.tB6t-02

C-14 1.675E-05 1.87tE 0$ 1.89'E-02
CR 51 1.076E-07 1.D76E-07 1.630E-06
MN-54 6 75t!-07 6.765E-07 1.122E-00
FE-55 3.603E-07 3.403E-07 2.EftE D6

,

TE 59 4.21$t 06 4.21tE-06 3.199E-05
LO 10 1.245E-06 1.24tt-06 1.52LE 0$
Co 60 2.ti?E*05 2.$13E-0* 4,054*. De

N I - t '? 3 ASAE 10 3.45BE 10 4.60SE-09
W! 63 2.70$E 07 2.705E 07 3.51tt-06
EN-65 5 566E-06 5.566E-06 2.914E-05
Sk-90 3.26?E 06 3.287E-06 4.045E*D4
ER-9$ 5.397E-07 5.397E-07 7.476E-00
NB 94 1.296E-06 1.206E-06 3.791E-06
TC*49 6.243f. 06 6.2436-08 1.690E-05
RU-103 6.689E-05 6.6691-05 1. tite-03
AG-110 1,10tE-07 1.102E-07 1,4SEE 00

1-129 1.264E 05 1.264E-05 3.370E-0)
CS-134 1.171E-05 1.171E-0 5 4.41tE-0$
CS-135 1.071E-10 7.071E 10 2.472E-09
CS 137 1.090E-04 1.090E-04 3.054E 0*
CE-141 4.E85E-00 4.685E-05 S.46SE-07
CE 144 5.422E-07 5.422E 07 1.402E-0$
IN-238 S.93%E-07 S.935E 07 3.910E-01
P"J-239 3.363E-07 3.363E-07 2.781E403
0U 241 1.43bE-07 1.43tE-07 1.053E .23
PU-242 6.963E-10 6.063K-10 4,702E-06

AM-241 7.639E 04 7 639E-04 7.086E-02

I) 19
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b

AM-243 5.169E-OS S.199E 0$ 4.808E-03
,

#

CM-242 2.420E 07 2.429E-D7 3.732E-05

f
. CM-243 1.643E-08 1,843E-06 2,078E-06

CM-2.4 1.317E-05 1.317E-0S - 1.E 72E-03
i

TOTAL NON-NOAMAElf.ED OWRT1.CH ItWALT5 .

.300E-03 1.100E h3 1.458E-01 +

i

GROUNDWATER 1CRP IMPACTS Bf W3CLIDE (MREM /11l) AT EACH TIME
IMPACT 5 ARE NOT NOkMALIEED SY N'JMt.tR OF D18fCSAL TACILITIES***+ **+* '

FIRET kOW IE INTRUCER WELL
SEcoWD ROW IA ICPULATION WEta

#

YN!RD ACH 15 SURFACE HATER

i20rk 40YR 60rs 60rA 100rR 120YR 160YR 200YR 400TR 600fR 600fR lt YR 2K YR SE (R ;
.30K YE 20K YR

R3 .

.

2.6E-04 8.3E-05 2.0E-0$ 3.$E 06 5.6E-07 6.kt-06 2,3E-09 S 0E-11 6.1E 19 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 '
O 0E+00 0.0E+00

0.0E+00 0.0E+00 0.0E+00 0.0E+00 5.1E-09 2.4E-09 1.GE-10 $.3E-12 5.6E 20 0.0E+00 0 OE+00 0.0E+0D 0.0E+00 0.0E+00
0.0E+00 0.0E+00

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.3E 14 2.$E 21 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
0.0E+00 0.ct+00

C-14
'6

S.0E-04 .1.1E -03 1.6E-03 1. EE-03 1. 3E 03 1. 4E-03 1.kE-03 1. lt-03 5. 7E-04 3.0E-04 1. 5E-04 7.0E-0$ 2. 9E-06 1..tE-10 -!1.1E-17 0.0E*00
0.0E+00 0.0E+00 053E+00 0.0E+00 1.4E-05 3.0E 031.0E-04 i OE-04 $.2E-0$ 2./E-0$ 1.4E-05 7.2E 06 2.7E-07 1.4E-11 i9.0E-19 0.0E+00

0.0r+00 0.0E+00 0 CEt00 0 CE+04 0.0E+99 0.0E+00 0.0E+00 7.6E-07 4.0E-06 2.1E 00 1.1E-06 S.EE-07 2.1E OS 1.1E-12
- 7.6E-20 0.0E+00

(

C1*51

0.0E+00 0.0E*00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+S0 0.0E+00 0.0E+no 0.0E+00 0.0E+00 0.0E+00
0.0E400 0.01+00

.0.CE+00 0.0E+00'O.0E+03 0.0E+00 0.0t+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.ct+00 0.0E+00
'

0.0K+00 0.04+00
0.0E+00 0.0E+00 0.CE+00 0.0E*03 0.0E+00 0.CE+00 0.CE+00 0.02600 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

0.0!+00 0.0E+00 i
VW 54

0.0E+00 0.0E+00 1.6E-26 0.0E+00 0.0E+00 0.CE*00 0.0E+00 0.0E+00 0.0E+00 0.0Ea 00 0.0E+00 0.0E+00 0.UK+00 0.0E+00
0.0E+00 0.0E+00'
'0.0E+00 0.0E+0} 0.0E+00 0.0E+00 0,0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.DE*00 0,3E400 0.0E+00,

0.0E+00 0.0E+00.
'0.0E+00 0.0E+00 0,0E+00 0.0)+00 4E+00 0.0! s) 0.0E+00 0.0E+00 0.0K+00 0.0E+03 0.0E+00 0,0E*00 0,0E+00 0.0E*00
0.0E+00 0.0E+00

,
.fE $5 '

3.2E-07 3.7E-09 3 EE-11 2.1E 13 1.7T.-1$ 7.1E-16 2.4L EZ 0 DE+00 0.CEt00 0.0E+00 0.0E600 0.0E+00 0.0E+00 0.0E+00
0 Di+00 C.CE+00.

0.0E+00 0.0E+D0 0.CE+00 0.0E+00 1.1E-17 1.9E* 19 1.0E*23 0.0E+00 0.CE+00 0.0E+00 0.0E+ 00 0.0E+00 0.0E+00 0.0E+00 ;
0.0E400 0.0E+00,

. 0.0E+00 0.0E t00 0.0E+00 0 'Ol+00 0.0E+00 0.0E+00 n.0Z+00 0.CE+00 v.0Z+00 0.0E+00 0.0E+00 0,0E+00 0.cE+00 0.0E+00
0.CE+00 0.0E+00'

+
TE-30 '

| 0.0l+00 0.0E+00 0.0T+00 0.0E+00 0.UE+00 9.0E4 00 0.0E+00 0.CE+00 0.CE+00 0.0E+00 0.0E*00 0.0E+00 0.0E*00 o 0Z+00
- 0.0E+00 0.0E+00 ,

,

|- 0.0E+00 0,GE*00 0 CE+00 0.0E+00 0.0E+00 0.0E*00 0.0E+00 0.00+00 0.0E+00 0.0E+00 0.0E+00 0,0E+00 0,0E+00 0.UE+00
|| . 0.0E*00 0.0E+00
|- ~ 0.0E+00 0.0E+00 0.0E+00 D.CE+00 0.0E+00 0.0E+00 0 03+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0 0Z+00
([ - 0.0E+00 0.0E+00
[: Co $8
| 0.0E+00 0.0E+00 0.0E600 0,0Y+00'O.0E+00 0'0!+00 0.0E+00 C.0t+00 0.0E+00 0.0E+00 0.0E+00 0.0E+0C J.0E+00 0.0K+00.

.0.0Et00 0,0E+00
,

>

0.0E+00 -0,0K+00 0.0E+00 0.0Et-00 0, CE+00 0,0E"00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0 4 2+00 0.0E400 0.CE+00 0.0E+00
4.03+00 0.CE+00

0.0E+00 0 0E+00 0.0E*00 0.0E+00 0 DE600 0.0E+00 0.0Et00 0.0E+00 0.0E+00 0.0E+00 0.0E^DO 0.0E+00 0.0EdD0 0.0E*00
0.CE+00 0.0E+00

CO 60
. .

2.7E-04 3,8E 05 4.0E-06 3.2E-07 2.2E-Ca 1.6E-09 7.9E .'.2 4.tE 14 0.CE+00 0' 0E+00 0.0E+0D 0.0E+00 0 CE+00 0.0E+00
~

.

0.0E+00 0.0E400
L 0.0E+00 0:0E+00 0.0E+00 0.0E+00 2.0E-10 4.3E 11 5.5E-13 3.tE-1$ 0 0E+00 0.0E+00 0.0E+00 0.0t+00 0.ct+00 0.ct+00' O 0E+00 0.0E*00

;

D 20
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0.0E*00 0.0E+ 00 0.0 f + 00 0. 0f *00 0. 0t+ 00 9. 0E+ 00 0. 0t + 00 1. 7E-17 0. t t + 00 0. 0t + 0 0 0. 0t * 00 0. 0t+00 0. 0f 4 00 0 (f * 00
0.0!+00 0.0E+00

PI-SJ
1.7f 08 3.41-08 5.1E-08 3.f E-08 S. SE 09 S. 5E CA ? 4E 06 3.

ett a.6T-08 4 ef-06 6.P+-0B 3.tt-06 2,3f tt S.7E-09.

S,6E 10 S.3E 12
0.0!+00 0.00+ 00 0.0E+00 0.0E+00 S.et+10 1.!E 0 9 4.4(*0 9 + . EE 09 4.4E 09 4.0E-09 3.!E 0 9 3 3E 09 2 11 De ! ZE 10

S.1E 11 4.90-13
0. 0t+ 00 0.0f +00 0.0E*00 0. 0E+00 0. 0!+0f 0. 0E+00 0 cr+ 00 2. SE 11 2. 3E -10 2 1E-16 1. 90 - 1D 1. 71 - 10 1 1E .0 2. ~7E 11

2.7E*12 2 tE 14
N1 63 3.0f-06 1,bE-11 4.4E 211.31-05 2,2E 0$ 2.61 05 2. 7E-OS 2.31 05 2. 0E 05 1 (E -03 1.1E-0 5 2. tE-06 S .PE-07 1. 5E 0 7

0.0t+00 0.0t+00
0.0t+00 0.0E+00 0.0E+ 00 0. 0E*00 2.1E-07 5. 4t-0 7 1.2E 06 1. 0E-06 2.3E 07 S. 21 De 1.2t -08 2.1E-09 1. 71-12 4.vf-22

0.0E*00 0.0E*00 2.11-23
0. 0t+00 0. 0t+00 0.E E*00 0 (t+00 0. 0E+09 0. 0E *00 0 CE+ 00 S . 3t-0 9 1.2E-08 2. 71 -09 6. .'t-10 1. 41 10 B 91 14

0.tt+00 0.0!+00
IR-63

2.2t+12 4.8E-21 0.0t*00 0.0t+00 0,0t+00 0.0t+00 0.0t+00 0.0E+00 0,0E+00 0.0E*00 0.0t+00 0,0f+D0 0.ct+00 0 CE+00
0.0t+00 0.tt+00
0.0E+00 0 rE+00 0.0t+00 0.0E+00 0.0t+00 0.tt+00 0.0t+00 0,0t+00 0.0E+00 0.0E+00 0.0E+00 0.ct+00 0,0E*00 0.0E+00
0.0t+00 0,0t+0a

--

0.'t+00 0.0f+00 0.0t+00 0.0E+00 0.ct+00 0.0t+DO 0.0f+00 0.0t+00 0 CE*00 0,0E400 0.0t+00 0.0t+00 0,0E+00 0.0E+00
0.0E+00 0.0E+00

ER-90
1.4E 04 1.7E-04 1.EE-04 1.1E 04 e !t-0S 4.0E 0 5 1, $E-05 5.f t-06 4.2E 08 3.1I 10 2 3E-12 1.7E-14 3.9E-25 0.0F+00

0.0!+00 0.0t+00
0.0tt00 0.0E*00 0.0E*00 0.0t+00 6.01-07 1.1E 03 1.7;-06 S.11-07 3.*E*0W 2.BE-11 2.1E-13 1.tt 15 3.EE-26 0.0E400

0.0E*00 0.0!+00
0. 0E+00 0. 0t+00 0. 0E+ 00 0. ct +0 0 0.0E +00 0. 0E+ 00 0,0t + 00 2. 4E-09 1. tE-it ' 'F 12 1.0t-14 7.tt-17 1.7E-27 0.0E+00

0.0t+t0 0.0E+00
ER-93

0.0t+00 0.0t+00 0.0E+00 0.0t+00 0.0E+00 0.0t+00 0.0E+00 0.CE400 0.0f +00 0 = OE+:0 0.0r.+00 0.00+00 n.ct+00 0.0ts 00
0,0t+0D 0.0E+00
0.0t+00 0. 0E+00 0. 0F t00 0.0E+a0 0. 0t+00 0. 0E+00 0. 0t+00 0. 0E +0b 0.0E*00 0 CE +00 0 3t+00 0.0E*00 0 CE+00 0. 0! + 00

0.0t+00 0.0E+07
0.tt+00 0.0E*00 0.t-E+bo 0.0t+00 0.0!+00 0.0E+00 0.0E*00 0.0'a00 0 ct+00 0.0t+00 0.0t+00 0.cE*00 0 tr+0p 0.0f+00

0.0E+00 0.0t+00
kB-94

1.2E-07 2.3E-07 3.51-07 3.tt-07 3.fE-07 3.BI-07 3.71-07 3.7E-07 3.4t-07 3.1E 07 2.9E-07 2.7E 07 1.9t-07 6.0E-08 %

9.2E+09 2.1t 10
0.0t+00 0.0E+00 0.0E+00 0.0E+00 3. 5E-03 1.0E-04 3.0E-081. 3E-08 3.II-ca 2.9E-06 2 7E 00 2.tt-06 1. 7E-08 t , $E 09

8.4E-%0 2.0E 11
00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0t+00 9.(1-10 8,9t-09 8.3E-00 7.7E-09 7. It-09 4 . 9f -0 9 1. EE-CG0.0E*00 0.34

2.41-30 S.EE-12
TC-&9

3.4E-0E 6.4E-06 9.0%-06 9.31-06 8.7E-06 d.lt-06 7,0E 06 6,1E-00 3.0E-06 1.!E-05 7.2E-07 3.(E 07 1.01 08 2.!E-13 ,

S.1E-21 0.0E+00
0.0t+00 0,0t+00 0.0E+00 0.0E+00 f SE-0! 2.2E-07 $.7E-07 S.!!-07 2.7E 07 1.3E-07 6.EE-CB 3.3E-09 9.6E-10 2.3E-14

4 EE-22 0.0t*00
0.Ct+00 0.0f *00 v.0E+00 0.0E+00 0.0E+00 0,0E400 0.t E+00 2.5E-09 L 2t 00 6.0E-09 3.CE-09 1.5E-09 4 ;Z - 1 ' 1. 01 - 15

2.1E-23 0.0t*00
RU 103

0.0t*00 0.0t*00 0,CE+00 0.0E*00 0.0E+DO n.0E+00 0.0t*00 0.0E+00 0,0E+00 0.cE+00 0.cE*00 0.0E*00 0.0f*00 0.CE+00
0.0t*00 0.ct+00
0.0E+00 0 CE+00 0 CE+00 0.0E+00 0.0E+0D D.0E+00 0.01400 0.nE+00 0.0EtDC 0 *E+00 0.0E*00 0.0E+00 0.0t+00 0.0t+00.

0.0t+00 0.0%+00
0.0f.+00 0.0E+00 0.0E+00 0.0!+00 0.0E*00 0.0E+00 0.CE+00 0.0E+00 0.ct*00 0.0t+DO 0.tt+00 0.0E+00 0.0E+00 0.0E+00

0.0E*00 0.0E+00
A3-110

1.31-13 4.5E-22 0.tt*00 0.0E*00 0.0t+00 0.0E+00 0.ct+00 0.0t+00 0.0t*00 0.0Et00 0.0t+00 0.0f+00 0.0E+00 0.Or+06+

0.0t+00 0.0t+00
0. Ct+ 00 0.0!'00 0. 0L * 00 0.CI+ 00 0. 0 E* 00 0,0!+00 0. CE +00 0,0E+ D0 0. 0t + 00 0,0t + 00 0.t:E+00 0. 0E+ 00 0. CE * 00 0. 0t+ 0h

0.0E+00 0.0t+00
0.CE * 00 0.CE+00 0. 0E* 00 0. 0 E-00 0. 0 E*00 0. 0E+00 0. 0E+00 0. 0t +00 0. 0E+ 00 4. 0E+00 0. 0E4 00 0. 0t + 0 0 0. 0 E + 0 0 0. t E+00

0.0E+00 0.0E*00
1-129

9.it-04 1.7E-03 2.4E-03 2.tE-03 2.?L-03 2.1E 03 1.9E-03 1,EF.-03 7.&t-04 3.9E 04 1.st 04 9.5E-Ot 2 CE-06 6.7E-11
1.4t 48 0.0E+00
0.0!+00 0.CE*00 0.CE+00 0.0t+00 2 11-05 5.8t-0 5 1. 5E 04 1.5E 04 7.21 05 3,6t-05 1.8t-05 9.EE-06 2 SE-07 E.1E-12

1.3I-19 0.0E+00
0.0E*00 0.0t+00 0.0t+00 0.0t+00 0.0t+00 0.0t+00 0.0d+00 E.EE-07 3.3E-rf 1 CE 06 7.sf-07 3.9E-0 7 1.1t-09 2.3t-13

S.7E 11 0.0F 4
C5-134

13 21 |
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1.rt DA 3.BE 09 6.9E 12 9.3E-IS 3.1E*17 1.3E-20 0.0E+00 0.0E+00 0.0E+0u 0.0E+00 0.0E+00 0.bE'00 0.0E+00 0.0E+000.01900 0.0E+00=

0.0E+00 0.0E+00 0.0E+00 0.CE+00 1.0E-19 3.7E-22 0.0E+00 '0.0th00 0.0E+00 0.0E+00 0.02+00 0.0E+00 0.0E*00 0.0E +000.0E+00 0.0E+00-

0.0E+00 0.DE+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+000.0E+00 0.0Et00
C3-135

1.3E-08 2.6E-08 0,8E-08 4.3E-08 4.2E+08 4.2E-02 4.ZE 08 4.2E 08 4.EE-08 4.22-08 4.2E-08 4.2E-08 4.2E-08 4,1E-08
4.0E-08 3.BE-06
0.0E+00 0.0E+00 0.0E+00 0,0E+00 3.9E 10 1.2E-09 3.SE-09 3.95-09 3.9E-09 3.9E-09 3.9E-09 3.9E-09 3.8E-09 3.6E-05

3.7E-09 3.SE 09

0.0E+00 0.0E+00 0.0E+01 0.0E+00 0.0E+00 0.0E+00 0.0E+00 S.EE 11 S.6E-10 S.6E-10 S.6E-10 5.E3 10 S.SE 10 S.SE-10S.3E 10 S.0E-10
C3-137

1.6E-03 2.0E-03 1,9E-03 1.3E-03 8.SE-04 S.3E-04 2.1E-04 8.4E 05 8.3E-07 8.1E-09 8.0E-11 7.9E-13 7.3E-23 0.0E+00
0.07+00 0.0E+00

0.CE+00 0.0E+00 0.0E+00 0.0E+00 7.7E-06 1.SE-05 1.7E-05 7.6E-06 7.5E-08 7 4E-10 7.3E-12 7.7E-14 6.6E-24 0.0E+000.0E+00 0.0E+00
'

O.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0,0E+00 1.1E-07 1.0E-08 1.0E-10 1.0E-12 9,9E 15.9.AE-25 ".0E+00
0.0E*00 0.0E+00
'CE-141

0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.CE+00 0.0E+00 0.UE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0 f 30 0.0Z+000.0E+00 0.0E+00
- 0.0E+00 0,0E+00 0.CE+00 0 DEt00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 D,0E+00 0.0E+00 0,0E+00 0.0E*00
0.0E+00 0.0E+no

0.CE+00 0 QE+00 0.0E+00 0.0E+00 0.0E*00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+000.CE+00 0.0E+00
CE-144

' O 0E+00 0.0E+00 0.CE+00 0,0E*00 0.0E+00 0.0E+00 020E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0,0E+00 0 bE+00 0.0E+00
0.0E+00 0.0E+00

|

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.0E*00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 |0.0E+00 0.0E*00

0.0E+00 0.0E+00 0.0E+00 b.0E+00 0.0Ev00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+000.0E+00 0.0E+00
FU 238

0,0E+00 0.0E+00 7.4E-06 6.3E-06 S.4E-06 9.ZE-06 6.7E-05 7.3E-06 3.0E-00 9.2E 07 2.1E-07 4.3E-08 1.6F-11 7. 7E-22
0.0E+00 0.0E+00

0.0E+00 0.0E+00 0.0E+00 0. 0E+00 0.0E+00 0. 0E+00 0. 0E+00 0.0E+00 0. 0E+00 0. 0E +00 0. 0E+00 3. ",10 % . 4E-12 7. 0E 25 I0.0E+00 0.0E+00
)

0.0E*00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 -0.0E+00 0.CE+00 6.8E-15 3.3E-240,0E+00 0.0E+00

PU-239

0.0E+00 0,0E+00 6.3E-06 6.2E- 06 6.2E-06 1.2E-OS 1.2E=0S 1.9E-05 3.7E-05 S.SE-05 6.1E-05 6.0E 03 5.8E-05 S.1E-05
4.1E-OS 2.6?-t
0.0E+00 0.0E+00 0,0E+00 0.0E+00 0.0E+30 0.cE+00 0,0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 S,5E-07 S,2E-06 4.6E-06

{3.7E-06'2.4E-06
0.0E+00 0.0E+00 0 /4-

-l+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0Et00 0.0E+00 0.0E+00 0.0E+00 2.SE-08 2.2E-071.8E-07 1.1E 07
PU-241

0.0E+00 0.0E+00 2.1?,-05 a 6E-C3 L.3E-06 2.5E-CB 3.7E-09 8,1E*10 1.1E 13 1.1E-17 7.8E 22 S,2E-26 0.0E+00 0.0E*00
0.0E+00 0.0E+00

0.0Et00 0.0Et00 0.0Z+00 0,0E+70 G.0E+00 0.0E+00 0.0E+00 0.CE+00 0,0E+00 0.0E+00 0.0E+00 4.7E-28 0,0E+00 0.0E+00
C.0E+00 0.0E+00.

0.0E+00 0.0E+00 0.0E+00 0.0E+00.0.CE+00 0.0E+D0 0.0E+00 0.0E+00 0.0E+00 0.0E 400 0.0E+00 0,0E+00 0.0E+ 00 0.0E+00
0.0E+00 0.0E+00'

PU 242

0. 0E+00 0.0E+00 1.3E-08 1.3E-06 1.3E-06 2.6E-08 2.EE-06 3. 9E-08 7. eE 08 1.2E-07 1.3E *0 7 1. 3E-0 7 1.3E-0 7 1.2E-071.1E-07 9.4E 06-

0.0E+00 0.0E+00 0. 0E+00 0.CE+00 - 0. 0E +00 0.0E+00 0.0E+00 0. 0E+00 0. 0E *00 0.0E*00 0.0E+00 1.2E-09 1.2E-08 1,1E-06
1.CE-06 6.6E-09 ,.

0.-0E+00 0.0E+00 0,0E+00 0.0E+00 0.0E+0S 0.0E+00 0.0E+00 0.0T+00 0.0E+00 0.0Et00 0.0Et00 0.0E+00 S.4E-11 S.2E-10
4.8E-10 4.1E-10

AM-241'

6.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 t.0E+00 0.0E*00 3.4E-03 2.4E-03 1.74-03 9.0E-041.2E-053.0E 09 9.6E-17

0,0E+00 0.0E+00 0.0E+00 0.0E+0c 0.0E+00 0.0E+00 0.0E+00 0.0E*00 0.0E*00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
l2.7E-11 6.7 E-18

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E400 0.0E+00 0.0E+00 Os0E+00I0.0'E+00 6 1E-20
AM-243- l

0.0E+00.0.0E+00 0.0Et00 0,0E+00 0.0E+0C 0.0E*00 0.0E+00 0.0E+00 0.0E+00 S.EE-04 S 3E-04 $_1E-04 1.2E-03 1.SE-037.0E-04 7.7E-05

0.0E+00 0.0E+00 0.0E+00 0.0E+10 0.0E+00 0.UE*00 0.0E+00 0.0E+00 0 0E+00 0.0E+00 0.0E*00 0.0E+00 0.0E+00 0.0E+00
r
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6.4E 06 7.CE-06
0. 0E+00 0.0E+0C 0.0E+00 0.0E+00 0.?t+00 0.0E+00 0.CE+0; 0. 0E+ bo 0.CE*00 0.CE+00 0.CE+00 0.cE*00 0.0E+00 0.0E+00

0.0E+00 5.1E-08
CM-242

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0. CE+00 0.0E+00 0 CE+ 00 0. 0E*00 0.0E*00 0.0E+00
0.0E+00 0.0E+00
0.0E+00 0.0E+0s 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0 Or+00 0.CE+00 h.CE+00 0.CE+00 0.CE*00 0.CE+00 0.CE+00 0.0E*00

0.0E+00 0.0E+00
0.0E+ 00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.?E+ 00 0.CE+00 0.0E4 00 0.CE+ 00 0.0E+ 00 0.0E+00 0,0E+00 0.0E+ 00 0.CE+ 00

0.0E+00 0.0E+00
CH-243

0.0E - v7 0.0E+00 0. CE + 00 0.CE+00 3. 0E+00 0. CE+00 0. 0E+00 0,CE+00 0.CE+00 0. CE + 00 0. 0E+ 00 0. 0E * 00 2. 41 28 0.CE+ 00
0.CE+s? 0.0E+00
0.0E+00 0.0E+00 0,0E+00 0.0L+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.CE+00 0.CE+00 0.0E+00 0.0E+00 0.ct+00 0.0E+00

0.0E+00 0.CE+00
0.0E+00 0.0E+00 0.0E+0C 0.0E+00 0.CE+00 0.0E+00 0.CE+00 0.0E+00 0.0!+00 0.0E+00 0.0E+00 0.0E*00 0.CE+00 0.0E+00

0.CE+00 0.CE+00
CM 244

0.CE+00 0.CE+00 0.tE+00 0.CE+00 0.CE+00 0.0E+00 0.CE*00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.CE+00
a 0.0E+00 0.0E+PL

0.0E+00 0 f%+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.0E*00 0.CE+00 0,0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 p-

0.CE+00 0.0E+00
0.0E+00 0.0E+00 0. 0E+00 0.CE+00 0.CE+00 0. CE+00 0.0E+00 0.CE+00 0.CE+00 0.CE+00 0.0E+00 0.0E+00 0. 0E+00 0.CE+00

0.0E* 00 0.0E +03

TOTAL NON-NORMA 1.1 ZED GROUNDWATER IMPACTS
3.8E-03 5,2E-03 6.1E-03 5.EE-03 4.BE-03 4.2E-03 3.4E-03 2 BE-C3 1.4E-03 4.7E-03 3.3E-03 2.4E-03 2.2E-03 1.5E-03

7.4E-04 1.0E-04
0.0E+00 0.CE+00 0.0E+00 0.CE+00 4 3E-05 1.1E-04 2.8E-04 2.EE-04 1.2E-04 6.3E-05 3.2E 05 1.EE-05 5.8E-06 4.EE-06
1.0E-05 9,5E-00

0.CE+00 0.0E+00 0.0E+00 0.0E*00 0.0E+00 0.ct+00 0.CE+00 1.EE-06 7.3E-06 3 7E-06 1.GE-06 9.EE-07 6.3E-06 2.2E-07
1.8E-07 1.7E-07

3N-DIRT

.ANSPORTATNN ICAP IMPACTS EY N'JCLIDE (MREM /YR)

4 14AX INDIVIDUAL

PB 210 2.305E-05
PO-210 1.372E-07
RN-222 2.753E-D2
RA-226 2.775E-02
RA-228 2.387E-02 .

AC-227 1.470E-04
TH-228 3.874E-02
TH-230 1.101E-06
TH-232 9.483E-07
IA-231 1.75BE-05
U-234 3.558E-07
U-235 6.630E-05
U-238 1.797E-04

TOTAL TMNSICFTATION IMPACTS = 1.*.33E-01

INTRULER 10RP IMPACTS BY NLCIDE (MREM /YR)

IMFACTS ARE NOT NOPJ4ALIZED BY NLMER OF DISPOSAL FACILITIES ""****
;

NUr CONSTRUCTICN AURICULTL1E

FB 210 1.316E-05 1.113E-04
PO-210 6.502E-06 3.270E-05
RN-222 3.326E-03 1.575E-02
RA-226 3.360E-03 1.593E-02
RA-228 2.000E-03 1.374E-02
AC-227 6.335E-05 1.761E-04
TP-228 5,111E-03 2.286E-02
TH-230 2.000E-04 3.252E-04
TH-232 1.44fE-03 2.358E-03

i
i

"
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FA-231 1.238E-05- 7.729E-05
U-234 1.007E 04 -1.598E-04
U-235 1.235E-05- 4.482E-05 I
U-238- 1.117E 04 2.455E-04
RADON 1.222E-05-

TOTAL NON-N3MALIZED INTRUDER IMPACTS
- 1.667E 02 7.163E-02 -

|
EXTOSED WASTE ICRP IMPACTS BT NUCLIDE (MREM..'R)

IMPACTS ARE NOT NORMA IEED BY NUMBER OF D7SFOSAL FACILITIES4 **** ****

NUC INTRUDER-AIR ERO3 ION-AIR INTRUDER-WATER EROSION-WATER

PB-210- 3.560E-04 3.533E-17 2.660E-06 3.242E-17- |
PO-210 1.S64E-04 0.000E+00 5.774E-06 0.000E+00
RN-222. 1.801E*10 1.661E-20 1. 413 E-12 1.524E-20
RA-226 1.198E-04 9.133E-04 6.869E-07 7.299E-04
RA-228 1.708E-04 0.000E+00 1.235E-06 0.000E+00
AC-227 4.339E-04 1.478E*17 7.780E-07 1.434E 18
78-228 3.362E-03 0.000E+00 3.395E-07 0.000E+0C
TH-230- 1.574E-03 .3.912E*03 2.645E-07 4.126E-04
TH-232- 1.142E-02 3.292E-02 2,33rt-06 4.660E-04
PA-231 3.0B0E-04 1.600E-03 6.3465-07 1.648E-04

; U-234 7.805E 04 1.747E-03 1.225E-05 3,531E-06
,

U-235 3.362E-05 1.078E-04 6.053E-10 3.556E-06
U-238 6,978E-04 1.541E-03 1.118E-08 1.336E 08

-TOTAL DON-NORMALIEED EXPOSED WASTE IMPACTS
1.941E-02 4.275E-02 1.495E-05 1.782L-03

|

|

OVERTLOW JCRP IMPACTS BY NUCLIDE (MREM /YR). |
|

IMPACTS ARE NOT NORMALIEED BY N'JMBER OF DISPOSAL FACILITIES: *"*
l

**"

1

frJC TRF.ATMENT OVDFLOW - EVAPORATOR

PB-210 3.31DE-03 3.319E-03 7.403E-03
PO-2101 5.277E-04 5.277E*04 a.316E-05

'RN-222 2.638E-08 2.638E-08 1.956E-08 - I

RA 226 1,050E-03 1.050E-03 1.065E-03
RA-226 7.577E-04 . 7.577E-04' 6.096E-04 I

.AC-227- 6.975E-04 8.975E-04 2.912E 03
i

TH 228 8.552E-05 8.552E-05 4.92SE-03 i

--TH-230 4.363E-0! 4.365E-04. -1,40$E-02'
i

78-232 - 3.584E-03 3.584E-03 1.019E-01 |

'?A-231- 9.746E-04 9.740E-04 2.752E+03
U-23+ 5.674E-07 5.674E-07 2;104E-04

U-235 2.825E-08 2.825E-08 9.129E-06
. U-23B 5.209E-07 5.209E-07 1.894E-04

TOTAL NON-NORMALIZED DVERTLOW IMFACTS
1.163E 02 1.163E-02 1 312f.-01

GtOUNWATER ICRP IMPACTS BY NUCLIDE (MREM /YR) AT EACH TIME
IMPACTS ARE 183T NOPJiALIEED BY NUMBER OF DISPOSAL FACILITIES**** ****

FIRST ROW IS INTRUDER WELL
i SECOND RCH IS IOPULATION WELL

IHIRD ROW IS SURTACE WATER:

:207R 40YR BOYR- 80YR 100YR 120YR 160YR 200YR 400YR D0YR 600YR IK YR 2K YR SK YR
-

. 1LK YR 20K YR

PS-210

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+0c 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E*00 0.0E+00
0.0E+00 0.0 o00
0.0E+00 0.0Et00 0.07.+00 0.0E+00 0.0E+00 0.0E+00 0.0E)00 0.0E+00 0.0E+00 0.0E+00 0.0E*00 0.0E+00 0.0E+00 0.0E+00

0.0E+0C.0.0E+00

D-24
:

!
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0.0E*00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0 CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0,0E+00 0.0E+00 0.0E+00 0.0E+00 kEI
0.CE+00 0.0E400

PO-210
0.0E+00 0.0E+00 0,0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.CE+00 0.CE+00 0.0E+00 0.0E+00 0.0E*00 0.CE+00

0.0E*00 0.0E+00
0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.CE+00 0.0E+00 0.CE+00 0.0E+00 0.0E*00 0.0E+00 0.CE+00 0.0E*00 0.CE*00

*
0.0E+00 0.0E+00
0.0E+03 0.CE+00 0.0E+00 0.CE+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.0E*00 0.CE+00 0.vE+00 0.0E+00 0.0E+00 0.0E+00

0.CE+00 0.0E+00
RN-222

0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.CE+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE*00 0.0E+00
0.0E+00 0.CE+00

0.0E*30 0.0E+00 0.0E+00 0,0E+00 0.CE+00 0.0E+00 0.0E+00 0.CE+00 0.0E4 s 0.0t+00 0.0E+00 0.0E+00 0.0E*00 0.0E+00
0.0E*00 0.CE+00
0.0E+00 0.0E+00 0.0E*00 0.0E+00 0.0E+00 0.CE*00 0.CE+00 0.0E+00 0.CEt00 0.0E+00 0.0E+00 0.0E+00 0 CE+00 0.0E+00

0.0E+00 0.0E+00
RA-226

0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 1.0E-03 1.0E-03 3.6E-03 2.4E-03 2.9E-03 3.3E-03 3.7E-03 6.9E-04
4.2E-05 1.6E-07
0.0E+00 0. CE+00 0. 0E+00 0.0E+00 0. CE+00 0. CE+00 0. C E* 00 0.0E+00 0. CE+00 0.0E+00 0. 0E+00 0.0E *00 0. 0E+00 6.3E-05-

3,9E-06 1,4E-08
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E4 00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0. 0E+00 0.0!+00

2.0E-07 7 . 3 r.- 10 ,

RA-226
0.CE+00 0.0Et00 0 'E + 00 0.0E+00 0. C E+00 0.0E+00 7. 6E- 12 6. 2E-14 3.7E-24 0.0E+00 0 CE+00 0.0E+00 0.0E400 0.0EiOO

0,0E+00 0.0E+00
0.CE*00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.CE+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00

0.CE+00 0.0E+00
0.0E+00 0.vE+00 0. CE4 00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.CE*00 0.0E*00 0.0E+00 0.0E+00 0.0E+00 0.CE+00

0.0E'00 0.0E+00
AC-227

0,0E+00 0. CE+00 0,0E+00 0. 0E+00 0. CE+00 0.0E+00 0.0E+00 0.CE+00 0.CE+00 0.CE+00 0. 0E+00 0. 0E +00 0. 0E + 00 0. 0E *00
0.0E+00 0.0E+00
0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 C.CE+00 0.CE*00 0.CE+00 0.0E+00 0.0E+00 0.0E+ 00 0.Or+00

0.0E+00 0.0E+00
0.0E+00 0.0E+00 0.CE+0C 0.0E+00 0.CE+00 0.0E+00 0.0Et00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00

0.0E+00 0.CE+00
TH-228

0. 0E+00 0.0E+00 0. 0E+00 0. 0E +00 0. CE +00 0. 0E *00 0. CE+00 0 OE+0C 0.0E+00 0.0E+00 0.0E +00 0. 0E+00 0. 0E + 00 0.0E +00
0.CE+00 0.0E+00
0.0E+00 0,0F+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+ 00 0.0E+00

0.0E+00 0.0E+00
0.0E+00 0.0E+00 0.0E+00 0,CE+00 0.0E+00 0,0E+00 0.0Et00 0.0E+00 0.(7+00 0.CE+00 0.CE+00 0.0E+00 0. 0E+00 0.0E*00

0.0E+00 0 CE+00
TB-230 1.1E-03 1.6E-03

0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 4. ZE-0+ 4.1E-04 4.0E-04
1.2E-03 3.1E-04

0.0!+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0,0E*00 0.0E+00 0.CE+00 0.0E+00 0.0E+000.0E+0S
1.1E-t* 1.8F-05
0.0E+00 0.0E+00 0.PE+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0. 0E+00 0.0E+00 0.0E+00 0.0E+00

0.0E*00 1.5E-07
TH-232

0. 0E+00 0.0E+00 0.0E+00 0. 0E t00 0. 0E+ 00 0. 0E+00 0.0E+00 0.0E+00 0.0E+00 3. 5E-03 3. 4E-03 3. 3E 03 e . eE-03 1. +E-02
1.1E-02 3.0E-03
0.0E+00 0.0?+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00

9.7E-05 2.7E-04
0.0E+00 0.0E600 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+03 0.0E*00 0.0E+00 0.0Et00

0.CE+00 1.4E-06
FA-231

0.0E+00 0.0E+00 0.CE*00 0.CE+00 0.0E+a0 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0. 0E+00 5. 7E-0+
5.4E-04 1.8E-0+
0.0E +00 0. 0E+00 0.0E+00 0.0E+00 0.CEt00 0.0E400 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E*00 0.0E+00 0.0E+00 0.0E+00

0.0E+00 0.0E+00
0.0E+00 0.0E *00 0. 0E+00 0.cE+00 0.0E+00 0. 0E+00 0.0E+00 0 CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+ 00 0.0E+C0 0. 0E+00

0.CE+00 0.0E+00
U-234

0,0E*00 0.0E*00 0.0E+00 0.0E+00 0.0E+00 0.0E*00 0.0E+00 0.0E+00 0.0E +00 0.0E+00 0.0E+00 0. CE+00 0.0E *00 6.7E 07
1.3E-06 1.8E-06
0.0E+00 0.0E*00 0.CE+00 0.0Eit0 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 . 0E+00 0.0Et00 0.0E+00

<

0.CE*00 0.0E+00
0.0E+00 0. CE+00 0.0E+00 0.CE+0h 0.0E+00 0.0E*00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0 CE+00 0.0E+00 0.0E+00 0.0E+00

0.0L+00 0.0E+00
U-23$

|Eb25

|
\
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0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0Z+00 0.0E*00 0.0E+00 3.4E-06
6.6E-08 9.5E-08
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

0.0E+00 0.0E+00
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

0.0E+00 0.0E+00
0-238

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0Et00 6.2E-07
_1.2E-06 1.8E-063

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.CE+00 0.CE*00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
0.0E+00 0.0E+00
0.0E+00 0.0E+00 0,0E+00 0,0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+0c 0.0E+00 0.0E+00 0.0E+00 0.0E+00

0.0E+00 0.0E+00
t

TOTAL NON-NORMALIZED GROUNDWATER IMPACTS
.0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0,0E+00 1.0E-03 1.0E-03 1.6E-03 6.4E-03 6.7E-03 7.0E-03 1.4E-02 1.7E-02
1.2E-02 3.5E-03

. .

'O.0E+00 0.0E+00 C.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 6,3E-05
1.1E-04 3.0E-04
0.CE+00 0.0E+00 0.0E+00 0.0=+0* 0.0E+00 0.0E+00 0.CE+00 0.CE+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0,CE400 0.0E+00

2.0E-07 1.6E-06
,

*
ONSITE INC S. LANDF

WASTE OIL

TRANSPORTATION ICRP IMPACTS SY NUCLIDE 'MRDf/YR)-

NUC MAX INDIVI*UAL

CR-51 2.932E+02
MN-54 2.955E+01
FE-55 0.000E+00
FE-59 2.003E+02
CO-58 1.241E+02
CO-60 5.506E+00
NI-63 0.000E+00
IN-65 3.296t+0)
RB-86 '4,110E+01 <

)| - SR-69 1438E-02
CR-90 0.000E+00 j,

ZR-95 1.490Et024 ,

NB-95 2.761E+02
RU-103 2.236E+02

,

RU-106- 7.433E+00i

| AG 110 3.890E+01

|
CS-134 1.117E+01
CS-137 2.930E+00
CE-141 4.513E+01
CE-144 .l.476Et00

TOTAL TRANSPORTATION I." PACTS = 1.489E+03

METAL PACKAUd RECYCLE ICRP IMPACTS BY NUCLIDE (MREM /YR)

HUC DOSIND

|

CR*51 - 9.416E-00
'

MN-54-- 6.688E-04
FE-55- S.279E-07
FE-59 3,813E-03

CO-56 1.936E-03.
CO-60 1.5G3E-04
'NI-63 .3.901E-06-

j -ZN+65 6.644E-04
KB-86 8.734E-04
SR+49 1.743E-05
SA-00 2.169E-06
ZR-95 9.308E-03

i- - D-26
1

!

I,
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HD-95 5.457E-05
RU 103 3.156E-03
RU-106 1.760E-04
AG-110 1.043E-O'
CS-134 2.093E-04
CS-117 7,524E-05

CE-141 5,081E*D4

CE-144 4. 89t E-0 5

TOTAL RECYCLE IMFACT = 9.644E-01

INCINGATION ICRP IMFACTT BY WUCLIDE (NDi/YR)

IMFACTS NOT NOPNd.IZED BY NUMBER OF PROCESSING FACILITIES
m*****

NUC MAXIPfJM OFF-SI2E INDIVIDUA!

Ch-51 3.960E+00
MN-54 2.934E-01
TE-55 1.136E+00

..

FE-59 2.622E+00
CO-58 1.272E+00
CO-- 60 9.559E-C2
NI-E3 7.84EE-01
IN-6A 3.139E+00
RB-66 6.820E+00
SR-89 1,967E+00

SR-90 4.875E-01
ZR-95 2.126E+00
N5-95 7.019E+00
RU-103 4.899E+01
RU- 106 3.499E+01
AG-110 5.275E-01
CS-134 6.630E-01
CS-137 2.915E-01
CE-141 3.779E+00
CE-144 1,771E+00

TOTAL NON-NORMALIIED INCINERATOR IMPACT = 1.227E+02

WORKER INCINERATION ICRP IMIK IS BY NUCLICE (MREM /YR)

IMPACTS ARE NOT NORMALIIED BY NUMEER OF FROCESSING TACILITIES
********

NUC RE3IDUE RANDLERS MAINTENANCE

CR-51 4.910E+02 4.910E+02
HN-54 4.949E+01 4.94BE+01
TE 55 8.426E-03 4,255E-03

FE 59 3.354E+02 3.354E+02
CO-56 2.076t+02 2.078E+02
CO-60 9.225E+00 9.223E+00
NI-63 1.154E-02 5.827E-03
ZN-65 5.523E*01 5.522E+01
RB-86 7.888E+01 7.887E+01

5
SR-89 7.148E-02 5.630E-02
3R-90 2.205E-02 1.113E-02
ER-95 2.495E+02 2.494E+02
N3-95 4.623E+02 4.673E+02
RU-103 3.74BE+02 3.748E+02
RU-106 1.251E+01 1.248t+01
AG-110 6.515E+01 6.*14E+01
CS-134 1.871E+01 1.870E+01
CS-137 5.007E+00 5.007E+00
CE-141 7.563I+01 7,559E+01

CE-144 2.530E+00 2.501E+00

TOTAL NON-NORMALIZED WORKER IMPACTS
2.493E+03 2.493E+03

D-27
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|

, INTRUDER 2CRP IMFACTb BY NUCLIDE (MLEM/YR)

.IMFACTS Ak! NOT NORMALIZT.D BY NUMBER OF DISPOSAL FACILITIES**** ****

NUC L1DNSTRUCTION AGRICVLTURE.

CR-51 3.961E-18 1;876E-17
MN-54 4.678E-01 2.216E+00
FP 55- 2.598E-03 5.620E-03
FE-59 8.4222-11 4.179E 10
00-58 1.985E*06 9.403E-06
CO-60 2.575E+00 1.219E+01
NI+63 1.254E-02 4.248E-02
2N-55 1.729E-01 8.235E-01
RP 86 0.000E+00^ 0.000E+00.

SR 89 7.468E-13 4.052E-12
SR-90 2.198E-02 1.176E-02
ZR-95- 3.564E-07 1.688E-06
NB-95 4.983E-14- 2.360E-13
RU-103 2.301E-12 1.090E-11
RU-106 2.184 E-C 1 1.035E+00
AG-110 2.254E-01 1.068E+00
CS-134 1,882E+00 8.915Et00
CB-137J 2.40GE+00 -1.141E+01
CZ-141 4.959E-18 2.347E-15-
CE-144 1.6215-02 7.379E-02
RADON. 0,000E+00

- TOTAL NON-N@lALIEED INTRUDER IMPACTS
8.003Ft00 3.779E+01-

. EXPCEED WASTE ICRP ltL* ACTS BY NUCLIDE (MREM /YR)

IMPACTS ARE NOT NORMALIEED BY WWfBER CT DISPOSAL FACILITIt.S ********

*

NUC INTRUDER AIR EROSION-AIR INTRUDER-WATER EROSION-WATER

CR .51 4 128E 21' O 000E+00=.-1.849E-23 0.'000E+00
t MN *54 - 3.930E-04 0.000E+00-- 9.416t*08 0.000E+00

TE-55 - 2.404L-02. 0.000E+00" 1.246E-04 0.000E+00
FE-59 :9.775E-14..0.000E+0C 4.308E 16. 0.000E+00>

CO-58 1.722E49 0,000E+00 .5.5A2E-12 0.000E+00
CD-60- 3,780E-03 0.000E+00 7.775E-06 0.000E+00 '

NI-63 5.799E-02 -5.699E-03. 1,776E-04 2.142E-05
ZN-65 '1.393E-03 'O 000E+00- 1,061E-05 0.000Et00
P2-86 0.000E+00 0.000T+00 0.000E+00- 0.000E+00

-SR-89 _ 1.E69E-12' 0.000Z+00 '5.352E-15 0.000E+00-
|- GR-00 = ,3.305E-02 1.119E-10 .1.067E-05 -4.4345-14-

.IR-95 4.304E-10 0.000E+00 ' 1.234 F.-12 ' O.000E+00
i NE 95 1,072E-16- 0.000E+00 2.263E-18- 0.000E+00
| RU-103 -1;066E-14: 0,000E+00 3.701E-17 0.000E+00
', _ RU-106 2.151E-02 .0.000E+00 6.52GE-05 0.000E+00

I -AG-11D 2.587E-04 0.000E+00 7.777K-07 0.000E+00
CS-134 9.455E-03' .0,000E+00 9.953E-05 -0.000E+00

. C3-137. -1.987E-02 -2,010E-101 2.159E-04 2.68*t-12
CE-141 .3.511E-18 0.000E+00 1.195E-20 -0.000E+00-
CE 144- 1.575E-03- 0.000E+00. 2.418E-05- 0.~000E+00

m TOTAL NON-NORMALTZED EXPOSED WA3TE IMPACTS
(! 1.733E-01- 5.699E-03- 7.245E-04 2.142E 05

|c OVERTLOW ICRP IMPACTS BY.FUCLIDE (MREM /YR)

IMPACTS ARE NOT NORMALIEED BY NUMBER OF DISPOSAL FACILITIES-**** **

:;
~~

NUC' TREATMENT OVERTLOW EVAPORATOR

Ch-51 2.910E-02 4.349E-22 7.630E-22
NN-54 2.281E-02 3.993E-04- 1.194E-04
FE-55 :5.459E-01 1.510E-01 2.067E-01
FE-59 2,451E-01 1.194E-13 1.941E-13
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CO-58 8.968E-02 1.587E-09 3.508E-09
CD-60 3.121E-C2 1.613E-02 5.619E-02
NI-63 9,518E-01 8.194E-01 2.151E+00
EM-65 7.859E-01 4.55et-03 4.288E-03
RB-86 1.625E-02 0.000E+00 0.000E+00
SR-P9 7.507E-02 9.917E-13 2.640E-12
SR-90 3.557E-02 3.151E-02 6.994E-01
ER-95 8.754E-02 2.317E-10 5.788E-10
NB-95 2.350l+00 4.693E-16 1.593E-16
RU-103 6.944E+00 7.957E-14 3.284E-13
RU-106 8.718t+00 2.823E-01 1.333E+00
AG-110 5.772E-04 3.699E-06 8.81EE 06
CS-134 5.652E-03 1.053E-03 7.16SE-04
CS-137 1.187E-02 1.058E-02 6.975E-03
CE-141 8.58BE-03 1,043E-19 2.193E-19
CE-144 3.077E-03 3,57 5E-0 5 1.668E-04

TOTAL NON-NORMALIZED OVERFLCW IMPACTS
2.096E+01 1.417E+00 4.461E+00

GRCfJNDWATER ICRP IMPACTS BY NUCL1DE (MRDUYR) AT EMU TIME
**** IMTACTS ARE NO: NORMALIZED BY NUMSER OF DISPOSAL EACILITIES ****

i

FIRST ROW IS INTRUDER WELL
SECOND ROW IS POPULATION WELL
THIRD ROW IS SURTACE WATER

20YR 40YR 00YR 80tR 100Yk 120Yk 160YR 100YR 400YR 60CYR 600YR 1K YR 2K YR 5K YR

10K YR 20K YR

CR-51
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E3JO D.0Et00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E*00 0.0E*00 0.0Et00 0.0E+00

C.0E+00 0.0E+00
0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.01409 0.0E+00 0.0E+00 0.0E+00 0.0E*00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00

0.0E+00 0.0E+00
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E4 00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E*00

0.0E+00 0.0E+00
MN-54

3.9E-09 7.4E-16 1.CE-22 0.0E+00 0.0E+00 0.0E+00 0 CE+00 0 CE*00 0.0E+00 0.0E+00 0.0c+00 0.0E+00 0.0E+00 0.0E+00
0.0E+00 0.0E+00
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+;0 0.0E+00 0.0E+00 0.CE*00 0.0E+00 0.0E+00 0.CE+00 0 CE t00 0.0E+00 0.0E+00

0.0E+00 0.0E+00
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.Or+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 1.0E*00 0.0E+00 0.0E+00

0.0E+00 0.0E+00
FE-55 -

1.1E-01 6.2E-04 3.6E-05 2.1E-08 1.2E-10 7.1E-13 2. 4E-17 0. 0E+00 0.0E+00 0.0E+ 00 0. 0E+00 0. 0E t00 0. 0E +00 0.0E+00
0.0E+00 0.0E+00
0.0E+00 5.1E-05 3.3E-07 1.9E-09 1.1E-11 6.4E-14 2.2E-18 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E400 0.0E+00

0.0E+00 0.0E+00
0.0E+00 0.0E+00 1.5E-08 4.4E-10 8.2E-13 4.81-15 1.EE-19 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

0.0E+00 0.0E+00
TE-59

0.0E+00 0.0E+00 0.0E*00 0.0E400 0.0E+00 0.0E+00 0.0E+0; 0.0E+00 0.0E*00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
0.0E+00 0.0E400
0.0Z+00 0.0E+00 0.0E+00 0.0E+00 0,0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

0.0E+00 0.CE+00
0.0E+00 0.0E*00 0,0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE*00 0.0E+30 0.0E+00 0.0E+00 0.0E+00 0. 0E+00 0.0E+00
0.0E+00 0,0E+00

CO-58
0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00

0.0E+00 0.0E+00
0.0E+00 0.0E+00 0.CE+00 0. 0E+00 0.0E*00 0.CI+00 0.0E+00 0,0E+00 0.0E+30 0.0E+00 0.0E+00 0.0E +00 0.0E+00 0.0E+00

0.0E*00 0.0E+00
0.0E+00 0.0E+00 0,0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0. 0E+00 0.0E+00

6.QE+00 0.0E+00
CO-60

7. 0E-02 4.9E-03 3. 5E-04 2. 5E-05 1. 7E-06 1.2E-07 6.1E-10 3.1E-12 0.0E *00 0.0E+00 0.0E * 00 0.0E+00 0. 0E +00 0. CE +00
0.CE+00 0.0E+00
0.0E+00 4.0E-04 3.2E-05 2.2E-06 1.6E-07 1.1E-OS 5.6E-11 2.8E-13 0.0E+00 0.0E+00 0.0E+0C 0 OE+00 0.0E+00 0.0E+00

0.0E*00 0.0E+00
0.0E+00 0.0E+00 8.8E-07 1.0E-07 7.3E-00 5.2E-10 2.6E-12 1.3E-14 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

0.0E+00 0.0E+00
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N1-63

9.2E+00 7.9E+00 6.6E+00 5.9E+00 5.1E+00 4.4E+00 3.3E+00 2.4E,00 5.5E-01 1.3E-01 2.9E-02 6,6E-03 4.1E-06 9.8E-16-
0.0E+00 0;0E+70

0.0E+00 6.5E-01 6.2E-01 5.4E-01 4.EE-01 4.0E-01 3.CE-01 2.2E-01 5.0E-02 1.2E-02 2,6E-03 6.0E-04 3.7E-07 8.9E-17
0,0E+00 0.0E+00

0.0E+00 0.0E400 2.0E-02 2.eE-02 2.4E-02 2.1E-02 1.6E-02 1.2Z-02 2.6E-03 6.0E-04 1.4E-04 3.1E-05 2.0E-08 4.7E-18' O.0E+00 0 CE*C0
IN 65

6.3E-06 7.1E-17 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E*00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+000,0E+00 0.0E+00

0.0E+00 5.62-16 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0,0E+00 0.0E+00 0.0E+00
0.0E+00 0.0E*00

0.0E+00 0.0E+00 0.0E+00 0.0E*00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+000.0E+00 0.0E+00
RB-66

~

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+000,0E+00 0.0E+00 ,

'

O.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.cE+00 0.0E+00 0.0E*00 0.0E+00 0.0E+000.0E+00 0.0E+00

0.CE+00 0.0E+00 0.0E+00 0.oE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E*00 0.0E+000.0E+e0 0.0Et00
ER 89

0.CE+00 0.0E+b0 0.0E+00 0.0E+00 0.0!+00 0.0E+0C O.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+000.0E+00 0.0E+00

0.0E+0C 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+000.0E+00 0.0E+00
i

0.0E+00 0.0E+00 0.0E*00 0.0E+00 0.0E+00 0.0E+00 0.0Z+00 0.CE+00 0.0E+00 0,0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 !0.0E+00 0.0E+00 |

SR-90

3.1E-01 1.9E-01 1.2E-01 7.2E-02 4.4E-02 2.- 7E-02 1.0E-02 3.et-03 2.6E-05 2.1E-07 1.SE-09 1.2E-11 2. 7E-22 0.0E+00
.0.0E+00 0.0E400

0.CE+00 1.EE-02 1.1E-02 6.6E 03 4.0E-0? 2.5E-03 0.3E-06 3.5E-04 2.6E-06 1.QE-06 1.4E-10 1.1E-12 2.4E-23 0.0E+00 1

-0.CE+00 0.0E+00
0.0E+00 0.0E+00 3.1E-04 3.1E-04 1.9E-04 1. 2E-04 4. 4E-05 1.6E-05 1.2E-0 7 9,1E-10 6,5E-12 5.1E-14 1.2E-24 0.0E+00'

O.0E+00 0.0E+00
ER-95

0.0E+00 0,0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0,0E+00 0.CE+00 0.0E+00 0 CE+00 0.0E+00 0.0E+00
0.Cr.+00 0.CE+00

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE*C0 0.0E+00 0.0E+0i 0.0E+00 0.0E+00 0.0E+90
0.0E+00 0.CE+00
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+30 0,0E+00 0.0E+00 0.0E+00 0.0E+00 0,0E+00 0.0E+00 0.0E400 0.CE+00 0,0E+00

0.0E+00 0.0E+00
NB-95-''

0,0'E+00 0.0E+00 0.0E+00 0.?E+00 0.0E+00 0.0Et00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
'O.0E+00 0.0E+00

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0;0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0,0E+00 0.0E+0*
C.0E+00 0,0E+00.

0.0E+00 0.0E+00 0.0E+00-0.0E+0C 0.0E+00 0.0E+00 0.0E*00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00' O.0E+00 0.0E+00
RU-103-

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.ss+00 0.0~E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00=
0.0E+00 J.DE+00 '

0.0E+0n 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0Et00 0.0E*00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 4

0.0E+04 0.0E+003

0.mE+00 0.0E+00.0.0E+00 0.0E+00 0.0E+00 0.0E+00 C.0Z+00.0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00
0.0E+00 0.0E+00-

RU-106 -
'

-

1.1E-03- 1.1E-00 1.1E-15 0.0E+00 0.0Z+00 0.DE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
0.0E+00 0.0E+00
0.0E+00 9.1E-11 1.CE-16 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0,0E+00 0,0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

0.0E+00 0.0E+00-

.0.0E+00 0.0E+00 2.6E-18 0.0E+00 0.0E+00 0 0E+00 C.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
0.0E+00 0.0E+00

AG-110-

1.5E-10 2.5E-19 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
0.0E+00 0.0E+00
0,0E+00 2 0E-20 0.0E+00 0.0E+00 0.0E+30 0.0E+00 0.0E+00 0,C E+03 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+004

0.0E+00 0.0E+00

^0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
0.0E+00 0.0E+GO

CS-134

1,BE-04 1.9E-07 2.3E-10 2.8E-13 3,4E-1E 4.1E-10 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E*00
0.0E+00 0.0E+00.

1
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0.0E+00 1.EE 08 2.1E-11 2.5E-14 3.1E-17 3.7E-20 0.0E+00 0.0E*00 0.0E+00 0.0E*C0 0.CE*00 0.0E+00 0.0E*00 0.0E+00
00.0E+00 0.0E+00

0. 0E+00 0.0E*00 1. 72-12 3,4E-15 4.1E 18 5. 0E-21 0.0E+00 0.0E*00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
0.0E+00 0.0E+00

CS-137
i 3.7E-02 2.3E-02 1.5E-02 9.1E-03 5.Et-03 3.tE-03 1.4E-03 5.7E-04 5.EE-06 5.5E-08 5.4E-10 5.4E-12 5.0E-22 0.0E+00

0.0E*00 0.0E+00
0.0E+03 1.9E-03 S.;E-03 8.3E 04 5,2E *4 3.3E-04 1.3E-04 5.2E-05 5.1E-07 5.0E-09 5.0E-11 4. 9E-13 4.5E-23 0.0E+00

0.0E+00 0.0E+00
0.0E+00 0.0E+03 1.1E-04 1.2E-04 7.3E-05 4.EE-05 1.6E-05 7.2E 06 7.1E-06 7.0E 10 6.9E-12 6.6E-14 0.3E-24 0.0E+00

0.CE+00 0.0E+00
CE-141

s.0E+00 0.0E+00 0.0E+000.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.CE+00 0.0E+00 0.0' * r i

0.0E+00 0.0E+00
0.0E+00 0. 0E+00 0.CE+00 0.0E+00 0.CE+00 0.0E+00 0.CE+00 0.ut+00 0.0E*00 0.0E+00 0.0E+00 0. CE+00 0.0E+00 0.0E+00

0.0E+00 0.0E+00
0.0E+00 0.CE*C0 0.0E+00 0.0E+c0 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.CE+00 0.CE*00 0.0E+00 0. 0E+00 0.CE+00 0. 0E+00
0.CE+00 0,0E+00

CE-144
0.6E-10 2.4E-17 0.0E+00 v 0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0 CE+00 0.0E+00 0.0E+00 0,0E+00 0.0E+00

-

0.0E+00 0.0E+00
0.0E+00 0.0E+00 0.CE+00 0 CE*00 0.*E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00

0.0E+00 0.0E+00
0.0E+00 0.CE+00 0.0E+00 0.0t+00 0.CE+00 0 0E+00 0.0E*00 0.0E+00 0 CE+00 0.0E+00 0.0E*00 0.0E+00 0.0E+00 0.0E+00

0.0E+0n 0.0E+00

TOT /1 NON-NORMALIZED GR0"JMDWATIT IMPACTS
9. 7E+0s 8 1E+00 7. CE+00 6. 0E +00 5.1E+00 4,4E+00 3.3E+00 2. 4E+00 5. f t-01 1. 3E-01 2. 9E-02 6. 6E -0 3 4.1E-06 9, et- 16

0.0E 00 0.0E+00
0.PE+00 6 7 E-01 6. 3E-01 5 4E-01 4,7E-01 4.0E-01 3. 0E-01 2.2F.-01 5. CE- 02 1. 21-02 2. 6E-03 6. 0E-04 3. 7E-0 7 6. 9E-17

0.DE+00 0. K+00
0.CE+00 0.CE+00 2.0E-02 2.9E-02 2.5E-02 2.1E-02 1.6E-02 1.2E-02 2.tE 03 6.0E-04 1.4E-04 3.1E-0 5 2. 0E 06 4. 7E-18

0.0E'00 0.0E+00
.................. ................... ...........

Total R m Tim. = 0.7050E-01 Minute (s)

..................+i.............. 4.............................................................- ......

.s........................................................,...............s......................s...,,

SAMPLE PROBLEM OUTPUT FILE: TAPE 11.OUT

IMPACTS-P.RC - VERSION 2.1: Ran on 10/03/91 at 11:46:26.48

~

BA7ARICUS WMTE 11

LIEE= 20 CVFL= 1 NSTR= 1
REON= 1 DATA = 0
IFOf= 1 INST = 30

WASTE: SEC-RESINS WEIGHT: 8.00E+Di PT DENSITY: 1.00E+00 Fff /M3

ID* 2 IA= 1 IK1= 1 IK2* 50 TROCESS= 1
IXS= 10 100 0 5

ICS= 0 0 0 100

META 1 PACKAGE RECYCI.E IMPACTS MAXIND = 5. 72 E-04 MREM /YR
K)PULN = 4. 81E+01 PERSON-MRD4/30 YRS

TRANSPORTATION IMPACTS TR-MAX = 5.82E+00 MRtM/YR
TR-O :C = 1. ltE+02 TERSON-MREM /Yk
TR-POP = 7. 97E+02 Fir.RSON-MRDi/YR

INTRUDER IMPACTS (MREM /YR):

SCN ICRP
INT-CO 6.82E-03
INT-AG 3,23E-02

EXFOSED WASTE IMPACTS (MREM /YR);

D-31
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SCN ICRP
._IN-AIR 7,70E-04
ER-AIR 1,76E-01
IN-WAT 1.0JE-06

- ER-WAT 1.11E-04

INCINERATION AND OP!1ATIONAL IMPACT 8?
UNITS: IC-IND.!C-Mat,OP IND,OP4HR - (MtDf/YR)

- IC-POP,1C-WOR,OP-IOP,OP-LOR - (PERSON-MlDt/YR) -

SCN' ICRP
IC-IOP 0.00E+00
IC-IND 0.00E+00
IC-WOR 0.00E*00
IC-Mat 0.00E+00
OP-POP 0.00E+00
OP-IND 2.421-11
OP-WOR 1.04E+02
.OP-M R 4,9?E-01

LEACHATE ACCUMULATION IMPACTS UNITS LA-OPS, LA-OVP - (MRD1/YR); 1.A AIR - (PERSON-MREM /YR)

SCN. ICRP
- LA-OPS 4.9?E-04

LA-OVF 3.62E-04
LA-AIR 3.80E-02

1

GROUND WATER IMPACTS (MRIM/YR):

INTRUCER-WELL
TIME ICRP
20YR 0.00E+00
40YP 0.00E+00
60YR 7.32E-05
80YR 6.36E-05

100YR 5.72E-05
120YR 5,24E-05

1E0YR 9.0$E-05
200TR 7,98E-05
400YR 9,07E-05

600YR 9.19E-05
800YR 6.82E-05
IK YR 4,39E-05

2K YR 3.48E-06
5K YR 1.53E-05

10K'YR 7.5EE-06-
20K YR 3.0EE-06

i

POPULATION-WELL
TIME ICRP |
20YR 0,00E+00

)40YR 0,00E+00
|

60 % 0.00E+00 1

80YR 0,00E+00

100YR 0.00E+00
_

t

120YR 0.00E+"
160YR 0,00t

200YR 0.00E+00
400YR c.;0E+00-

600YR 5,39E-06

800YR 6.22E-06
IK YR 5.38E-06 -
2K YR 5.79E-07
SK YR 6.31E-08 |

|
10K YR 3.01E-07 |

!.20K YR 3,35E-07
,

POPULATION-SUREACE WATER
| TIME-- ICRP
! 20YR 0.00E+00
| 40YR 0.00E+00

60YR 0.00E+00
80TR 0.00E+00
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|
100YR O,00E+00
120YR 0,00E+00
160YR 0.00F.+00
200YR 0.00E+00
400YR 0.00E+00
600YR 0.00E+00
200YR 0.00E+00
1K YR 6,24E-08

2K YR 4.14E-08
SK YR 3.73E-10

10K YR 2.50E-09
20K YR 1.59E-06

SANITARY LANDTILL

LIFE = 20 CVFL= 1 MSTE= 2
REOel= 2 DATA = 0
IPOP= 2 INST * O

WASTE: TRASH WEIGHT: 1.00E+02 Kf DENSITY: 5,00E-01 MT/M3
-

ID= 2 IA= 1 IK1= 0 IK2= 0 PROCESS = 5
IKS= 32 10 4 16
ICS= 50 20 20 10

METAL MATERIAL RECYCLE IMPACTd MAXIND = 3.21E-01 MR m/YR
POPULN = 2.16E+04 PERSON MRm/30 YRS

GLASS MATERIAL RECYCLE IMPACTS MAXIND = 4.13E+00 MREM /YR
POPULN = 1.26E+04 PERSOH-MREM /30 YRS

TRANSPORTATION IMPACTS TR-MAX = 1.42E+00 MREM /YR
TR OCC = 0.11E+01 PERSON-MRE14/YR
TR-POP = 5.07E+01 PERSON MREM /YR

INTRUDER IMPACTS (MREM /YR)

SCN ICRP
INT-CO 6.70E-02
INT-AG 3.1?E-01

EXPOSED WASTE IMPACTS (MR m/YR):

SCN ICRP
IN-AIR 2.20E-0?

-

ER-AIR 1,19E-02

IN-WAT 4.17E-06
ER-WAT 2,41E-05

INCINERATION AND OPERATIONAL IMPACTS:
UNITS: IC-IND,1C-MWR.OP-IND.CP-MWR - (MFIM/YR)

IC-POP,IC-WOR,OP-POP,OP-mR - (PERSCN-MR'H/YR)

SCN ICRP
IC-POP 4.06E+01 ,

IC-IND 3.09s-04
IC-WOR 5.85E+00
IC46*1 5.5SE-02
CP-POP 2.41E-01
OP-IND 2.61E-04
OP-R 1 3.64E+00
OP4HR 2.2BE-01

LEACHATE ACCUMULATION IMPACTS UNITS LA-CPS, LA-OVT - (MR m/YR): LA-AIR - (FERSON-MREM /YR)

SON ICRP
LA-CPS 6.93E-05
LA-OVF 6.93E-05
LA-AIR 1,46E-01

1

GROUND WATER IMPACTS (MPEM/YR):

I
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|

INTRUDER-W1.1.
TIME 3CRP
20TR 2.38E-04
40YR 3.231-04
60YR 3.81E-04
80YR 3.501-04

100YR 2.99E-C4
120YR 2.62E-04
160YR 2.11E-04
200YR 1.76E-04
400YR 8.82E-05
600YR 2.911-04
80CYR 2.08E-04
1K YR 1.52E-04
2K YR 1.37E-04
SK YR 9.63E-05

10% YR 4.64E-05
20K YR 6,50E-06

PCPULATION-ELL
TIME ICRP
20YR 0.00E+00
40YR 0.00E+00
60YR 0.00E+00
80YR 0.00E+00

100YR 2.72E-05
120YR 7.13E-06
160YR 1.72E-05
200YR 1.61E-05
400YR 7.81E-06
600YR 3.92E-06'
800YR 1.96E-06
1K YR 1.03E-06
2K YR 3.62E-07
5K YR 2.89E-07

'10% YR 6.32E-97
20K YR $.92E-07~

POPULAYION SURFACE WATER
T'M ICRP
20YR 0,00E+00

4CYR 0 00E+0G-

60YR 0.00E+00
'80YA 0.00E+00
100YR 0.00E+00
220YR 0.00E+00
160TR 0.00Et00
200YR 9.74E-05

.400YR 4.59E-07
601YR 2.32E-07
200YR 1.185-97

'1K YR 6.00E-08
i 2K YR 3.91E-09

-SK YR 1.38E-08
10K YR 1.11E-08
20K YR 1,041-08

1

i WASTEi CON-DIRT- WEIGHT: 5.00E+02 MT DENSITY: 1.60E+00 MT/M3

-ID* 3 IA= 1 IK1= 0 IK2= 0 PROCESS = 1
IXS= 3 100 0 1

.ICS= 0 -0 0 100
,

TRANSPORTATION IMPACTS. TR-MAX = 1.18E-01 MREH/YR
l TR-OCC = 7.1CE-01 PERSON-MRDt/YR

TR-POP = 4.65E-01 PERSON-MRDi/YR

- -. INTRUDER IMPACTS (MRDt/YR):

SCN I2P
INT *CO 1.67E-02
INT-AG 7.18E-02

|- D-34
|

;

i



- .. - - - - _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ __ __

| EXPOSED WASTE IMPACTS tem /YR):

SCN ICRP
IN AIR 1.941-02
ER-AIR 4.27E-02
IN-WAT 1.50E-0$
ER-WAT 1.78E-03

INCINERATION AND OPERATIONAL IMPACTS:
UNITS: IC IND,1C WR,OP-IND.OP-WR - (MREM /YR)

IC-POP,10 -WOR,CP-POP,OP-WOR - (PERSON-HRD1/YR)

SCN ICRP
IC-POP 0.00E+00
IC-IND 0.00E+00
IC-WOR 0,00E+00
IC- W R 0.00E+00
OP-FOP 2.12E-01
OP-IND 3.68E-03
OP-HOR 6.78E-02

___

OP- WR 6.78E-02

'.f.ACllATE ACCUMULATION IMPACTS UNITS LA-CPS, LA-OVF - (MRD1/YR); LA-AIR - (PERSON 44F 94/ YR)

SCN ICRP
LA-OPS 1.16E-02
1.A-OVT 1.16E-02
LA-AIR 1.31E-01

1

GROUND WATER IMPACTS (*1 REM /YR):

TNTRUDER-WELL
TIME ICRP |

20YR 0,00E+00
40YR 0.00E+00
60YR 0.00E+00
80YR 0.00E+00

100YR 0.00E+00
120YR 0.00E+00
160YR 1.04E-03
200YR 1.02E-03
400YR 1.82E-0?
600YR 6.3EE-03
800YR 6.73E-03
1K YR 6.90E-03
2K YR 1.35E-02 -

SK YR 1.69E-02
10K YR 1.241- C2
20K YR 3.50E-03

POPULATION-WELL
TIME ICRP
20YR 0.00E+00

0YR 0.00E+00
60YR 0.00E+00
SOYR 0.00E+00

100YR 0.00E+00
120YR 0.00E+00
160YR 0.00E+00
200YR 0.00E+00
400YR 0.00E+00
600YR 0.00E+00
800YR 0.00E400
1K YR 0.00E+00
2K YR 0.00L+00
SK YR 6.33E-05

10K YR 1.12E-04
20K YR 3.01E-04

PDFULATION-SURFACE WATER
TIME ICRP
20YR 0,00E+00

40YR 0.00E+00

1

D-35



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

k

60YR 0.00E+00
80YR 0.00!+00

100YR 0.00E+00
120YR 0.00E+00
160YR 0.00EiOO
200YR 0.00E+00
400YR 0.005<00
600YR 0.bOE+00

- 800TR 0.00E+00
1K YR 0.00E+00 |
2K YR 0.001+00 '

- SK YR 0.00E400 i

10F. R 1.9EE-07 |

20K YR 1.57E-06-
1

CUH!JLATIVE IMPACTS

|

INTRUDER IMFACTS (MRD4/TR):

SCM ICRP
INT-CO 8.3?E-02.
INT AG 3.89E-01

EXPOSYL WASTE IMFACTS (MREM /YR):,

SCN ICRP
. IN-AIR 4.14E-02
ER-AIR.5.46E-02
IN-WAT 1.91E-05
ER WAT 1.51E 03

INCINERATION AND OPERATIONAL IMPACTS:
UNITS: IC-IND IC-tMR,OP-IND,OP-M - (MREM /YR)

IC-TOP,1C-WOR,OP-IVP,0P-WOR - (PERSON-MREM /YR)

SCN ICRP
IC-POP 4.06E+01
IC-IND 3.09E-04

- IC-nCR 5.85E+00
. IC W R 5.59E-02

OP-POP 4.53E-31..
OP-IND 3.94E-03
OP-WOR 3.71E+00
CP W R 2.96E-01

.

'LEACHATE ACCUMULATION IMPACTS UNITS 1.A-OPS, LA-CVF - (MREM /n); LA-AIR - (PIRSON-HRDt/YR)

SCN ' ICRP
' LA-OPS 1.17E-02
LA-0VF 1.17E-02.

-LA-AIR 2.77E-01
1

GROUND WATER IMPACTS (MREH/YR)t

INTRUDER-WELL
TIME ICRP
'20YR 2.'J8E-04
40G 3.23E-04.

'60YR 3.81E-04
80YR 3.501-04

10CYR 2.99E-04
,

120YR 2.62E-04 ,

il. 160YR 1.25E-03
200Y. 90E-03'*

400YR ' ?.- 03
600YR b sE-03+

800YR 6.94E-03
IK YR 7,13E-03
2K n 1,37E-02

SK YR 1.70E-02
10K YR 1.2SE-02

- 20K YR 3.50E-03

D-36
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ICFULATION-WELL
TIME ICRP
20YR 0.00E+00
40YR 0.00E+00
60YR 0.00E+00
60YR 0.00E+00

100YR 2.72E-06
120YR 7.13E-06
160YR 1.72E-05
200YR 1.t1E-05
400Y% 7.81E-06
600YR 3.GIE-06
600YR 1.98E-06
1K YR 1.03E-06
2K YR 3.62E-07
SK YR 6.36E-05

10K YR 1,12E-04
20K YR 3.02E-04

IVi % TION-SURFACE WATER
_

'IME IrGP
20YR 0.00E+00
40YR 0.00E+00
60YR 0.00E+0V '

80YR 0.00E+00
100YR 0.00E+0C

'120TR 0,00E+00
160YR 0.0CE+00 5
200'.R 9,74E-08

400YR 4.59E-07
600TR 2.32E-07
800 n 1,18E-07
1K YR 6,00E-08

2K YR 3.91E-09
*K YR 1.38f-08

10K YR 2.07E-07 *

20K YR 1.58E-06

ONSITE INC. S. LANUF

LIFE = 20 OVFL= 1 MSTR* 1
REON* 1 DATA * 2
IPOP= 2 INST * 5

OPTIONAL EWIRONMENTAL PARAMETERS
.

*

PRC = 1.8CE-01 TXC = 1.00E+00 QFC = 1.10E+02 2.00E+05 4.50E+06
FSC = 2,64E-10 DTT W 1.70E+00 TTH = 1.85E+00 2,50E+01 5.00E+01
FSA = 8.06E-11 DTPC= Os00E+00 TPC = 0.00E+00 0.00E+00 0,00E+00
WEL= 6.671+00 AXOQ= 1,40E-10 EFAC= 7.95E-06

WASTE: WASTE OIL WEIGHT: 8.00E+02 MT DENSITY: 1.00E+00 MT/Ma

ID= 1 IA= 1 IK1* 1 IK2= 50 PROCESS = 2
IXS= 30 100 30 1

ICS= 100 0 0 0

METAL PACKAGE RECYCLE IMPACTS MAXIND = 9,64E-01 MREM /YR
POFULN = 3.83E+03 PERSON-MRDi/30 YRS

TRAN3PORTATION IMPACTS TR-MAX = 1.49E+03 MREM /YR
TR-OCO = 8.9'lE+04 PERSON-HREM/YR
TR-POP = 2.19E+05 FERSON-MRIM/YR

INTRUDER IMPACTS (MRm/YRh

SCH ICRP
INT-CD 8.00E+00
INT-AG 3.78E+01

EXPOSED WASTE IMPACTS (MR.D1/YR):

SCN ICRP

D-37
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IN-AIR 1.73E-01
ER AIR S.70E-03
IN-WAT 7.2SE-04
ER4 AT 3.14E-C S

INCINEkAT70N AND OPERATIONAL IMFACYS:
UNIYS: IC-IND,1C-tWR,0P-IND,OP-tFR - (MRDi/YR)

IC-fop.IC-WOR.CP-!OP.OP-WOR * (PERSON-MRDi/YR)

SCM ICRP
!IC-LOP 2.05E+04 '

IC-IN'J 4.0SE+0C
IC-WGR 5.182+04
IC-Mat 8.31E+01
OP-POP 1,42E+01
OP-IND 6.51E-03
OP-WOR 4.$5E+03 1

!

CP-t+0L 4.SSE+03

LEACHATE ACCUMllLATION IMFACTS UNIYS ? LA-CPS, LA-CVP - (MkD1/n); LA- AIR - (PIRSON-MRD1/YR)

SCN - ICRP
LA-0!S 2.10E+01
LA-0VP 1.4?.E+00
LA AIR 4.46E+00

1 )
GROUND WA1ER IMPACTS (MRDt/YR):

i

. INYRTER-WELL
TIME ICRP
20YR 9.70E+00 I
40YR 8.13E+00
60n 6.96E+00

4
; 60YR 5.G?t+00

100YR 5.13E+00
120YR 4.41E+00
160YR 3.27E+00
200n 2.43E+00
40DYR 5.54E-01
600VR 1.27E-01
800YR 2.89E-02
IK YR 6,$9E 03

2K TR 4.09E-06
-- SK YR 9.75E-16

10K YR 0.00E&OO
20K YR O.00E+00

POPULATION-WELL
Y1ME ICRP
20Yk 0.00E+00
40YR 6.671-01

1 50YR 6.34E-01
|- 80YR $.44E-01
! 100YR 4.572-01

120n 4'02E-01.

1603 2.96E-01
200YR 2.22E-01
400YR'$.051-02
500YR 1.15E-02'

; 800YR 2.63E-01
IK YR 6.01E-04

_ 2K YR 3.*3E-07-
SK YR 8.89E-17

IOK YR 0.00E+00
20K YR 0.00E+00

POPULAYION-SURTACE WATER
TIME. ICRP
20YR 0.00E+00
40YR 0.00E+00
60YR 2.00E-02

'80TR 2.66E-02
100R 2.45E-02

D-38
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120YR 2,11t-02
160YR 1,36E-02
200YR 1.1EE-02
400YR 2.65E-03
600YR 6.04E-04
800YR 1.38E-04
IK YR 3.15E-05
2K YR 1.951-06
SE YR 4.56E-18

10E YR 0.00E+00
"CE YR C,00E+00

........ ................ ... ...........,.........

Total Run Tiu.a = 0.70$tE-01 Minutets)

-_

D

t

|

|
|D 39 |
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APPENDIX E: Parametcr Illston for the TAPE 1.DAT Input File

.

'

I

'

E-1

l-
|

:.

. . - , - - . .



- . . - . - -_ - -

Appendix B consists of a history of the parameter values as found on the TAPE 1.DAT input file.

Abbreviations used in Appendix E I

DMI = De Minimus documentation Vol. I
DMil - De Minimus documentation Vol.11
BRC = IMPACPS-BRC Version 2.0 User's Manual

n ,

CARD 1 DATA

NUcr0

There were no changes in the current isotope list from DMI Table D-4 page D 10 to the current TAPEl.DAT file.

31(N)

Each value of JJ was noted to be consistent with the number of solubility classes for each isotope on & TAPE 1.DAT
file, but there is a discrepancy between the various documents as to the number of classes which are in bu to be
included " Ibis discrepancy will be addressed in the discussion for SO1.B(N).

SOLB(NT <

There was no change in the expected number of solubility classes in going from DMI Table D-5 pages D-11,12 to DMil
TabJe 16, pages 24,25. However the following changes were noted between the following sources:

-. --

DMil Table 16 pages 24,25
TAPE 1.DAT file DMll pages B-1 to B-10
BRC Table 53 pages 5 to 7
Current TAPE 1.DAT file

= no change for either the current TAPEl.DAT file or BRC documentationCodes: *
= change for BRC documentation"

_

= change for TAPE 1.DAT input file"*

_ ,.--

Isotope DMII table DMil BRC TAPE 1.DAT Code

|
TAPE 1.DAT (Version 2.0)

Cr-51 Y, D Y,W,D Y,W,D Y,W,D *

,

Sr-85,89,90 Y, W Y, D Y, D Y, D *

| Zn-65 Y,W,D Y,W,D Y Y,Y,Y "

i -- Nb-95 Y, W Y, W Y, W Y "*

| Ru-103,106 Y,W D Y Y Y *
i

La-140 Y, W W W W *

Ce 141,144 Y, W Y,W,D Y, W Y,W,W "
1

Eu 152,154 Y, W W W W *

Ac-227 W Y, W Y, W Y, W *

Pa-231 W Y, W Y, W Y, W *

Np-237 W Y, W W W, W "

j"Am 241,243 W Y, W W WW
Cm-242,243, W Y, W W W, W "

244,248
- - -

"' 2

i

|

| E-2 |
L i
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I

I

DCF3(N)

The values for this dose conversion factor were derived by using the MICROSHIELD code. The resulting dose
conversion factors are listed in Table 7.6 on pages 719 and 7 20 of the BRC User's Manual. A comparison was made
between the values in this table and the V11ues on the current TAPE 1.DAT fa .e

The !cIlowing discrepancy was noted:

Eu454 BRC = 8.63E-06
TAPEl.DAT = 6.91E-06

_

This is the number found in DMI Tnble D-8 page D 18 and it may have been unchanged when the new values wue
entered into the updated TAPE 1.DAT file. The error was acknowledged in tie O'Neal letter and the change was made
to TAPE 1.DAT.

EFIN lk Srcil.-tmplant transfer facist
The following sources were compared:

DMI Table D 11 page D 25
DMll TAPE 1.DAT sample
BRC Table 7-9 pages 7-27,28
Current TAPE 1.DAT

sotope DMI DMI! (TAPE 1.DAT) BRC TAPE 1.DAT (Version 2.0)

Ra-226,228 1.4E 3 1.4E-2 1.4E-2 1.4E-2 _]
_ _

The originial citation of the transfer factor was in opposition to all subsequent documentation, so it was desirable to
return to the original source of tLat datum. The original reference is USNRC ' Calculational Models for Estimating

iRadiation Doses to Man from Airborne Radioactive Materials Resulting from Uramum Milling Oprations,' Rt .alaty
Guide 331 (Task RH S02-4), Office of Standards Development, Feb.1982.

The transfer factor given in the regulatory guide is 1.4E-2; therefort no cl.ange was made in the TAPEl.DAT loput file.

FF(NA Feed and water-to-meat transfer factor

The following sources were compared:

DMI Table D-12 page D-26
DMil TAPE 1.DAT sample
BRC Table 7-9 pages 7-27,28
Current TAPEl.DAT

TAPEl.DAT (Version 2.0) |l Isotope DMI DMil (TAPE 1.DAT) BRC

|Am-241,243 3.9E-3 3.9E-3 3.9E-4 3.9E-3
_

There is a typographleal error la the IMPACTS-BRC User's Manual.

E-3
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I

FF(N.3h Feed amLynter-to-milk transfgtf.;tqtnt

The following sources were comparci

|DMI Table D-13 page D 27 (
DMll TAPE 1.DAT sample
BRC Table 7-9 pages 7-27,28 ](

mida

__

lsotope DMI DMil (TAPE 1.DAT) URC TAPEl.DAT (Version 2.0)
Yb-169 2.0E 5 5.dE4 5.0E-6 5.0E-6

. Am 241,243 4.1E-7 4.1E-7 4.1E 7 4.1E 7
2.05E-5

For Yb-169, Oztunali and Roles [1984] indicated that the value 2.0E 5 was to be used as the parameter value, but this
. value was aot incorporated into the sample input file in Forstom and Gomie [1986), TW. parameter value was changed
to the more conservative value,2.0E-5, as originially selected. For Am-241,243, two sewed values were indicated in the
DMI document but the ten conservative value has been used subsequently.

In the intemt of conservatism it was decided to use the following transfer factors:
..

Yb-169 2.0E 5
|

Am 241,243 2.05E 5 j >
_

FF(N.4h Wster-to-freshwater fish transfer fsetor

The following sources were compare):

DMI Table D-14 page D-28
DMil TAPE 1.DAT sample
BRC Tabic 7 9 pages 7-27,^8
Curreut TAPE 1.DAT

|

Isompe DMI DMil (TAPE 1.DAT) BRC TAPE 1.DAT er on 2.0)

S-35 " .5E + 2 7.5E + 2 7.5E 2 7.5E + 2,

.

Tnere is a typographical error in the IMPACT 3 BRC Version 2.0 User's Manual.

FF(N_Sh Water-to-freshwgin.gnfnqd_1ta nfer factor

The following sources were compared:

DMI Table D-14 page D-28
DMil TAPE 1.DAT sample
BRC Table 7-9 pages 7-27,28
Current TAPEl.DAT

,_ . -

I

Isotope. DMI DMil (TAPE 1.DAT) BRC TAPEl.DAT (Version 2.0)

S-35 1.0E + 2 1.0E + 2 1.0E-2 1.0E + 2 ;

1
E4 '

)

!
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|

| 'there is a typog:sphical'ernv In the IMPAf"ISHRC User's Manual.

= A11Nh Drsav constant

- By using Dese-Rate Conversion Factors for External Ilumnts.ig Photons and Electrens by Kocher and Eckerrnan [1988)
as the as the source for the half-lives of the isotopes, the following discrepan-ies were found in the decay constarts.

DEVELOPED FROM KOClIER,1988 TAPE 1.DAT (VERSION 2.0)
ISOTOPE ilALF 13FE (vr) AL(IQ R2undQif H2as2WadQ[f

H3 1.228E + 01 5Ir45E-02 5.64E-02

Na-22 2102E + 00 2.664E-01 2.d5E-01

P 33 6.959E 02 9.961E + 00 1.04E + 01

S-35 23%F.-01 2.893E + 00 2.88E 4 00

Cl-36 3.010E+ 05 2.303E-06 2.25E-06

Ca-45 4.458E41 LS$5E + 00 1.53E + 00

Sc-46 2.296E-01 3.019E + 00 3.01E + 00

Cr-51 7.590E-02 9.132E + 00 9.10E + 00

Mn.54 8.567E-01 8.091E-01 8.35E-01

Fe-55 2. '90E + 00 2.367E-01 2.67501

Fe-59 1.223E-01 5/49E+ 00 5.55E + CO

Co-57 7.422E-01 9.339E 01 937E 01

Co-58 1.940E-01 3.573E + 00 3.55E + 00

- Ni-59 7.500E + 04 9.242E-06 8.66E&

Ni-63 1.001E + 02 6.925E-03 7.53E-03

Zn-65 6.696E-01 1.035E + 00 1.03E + 00

Se 75 3.282E-01' 2.112E+ 0J 2.10E + 00

Sr 85 1776E-01 3.902E + 00 3.%E + 00

Sr-89 1385E-01 5.00$E + 00 4.81E + 00

Sr90 2.860E+ 01 2.424E-02 2.47E-02

Zr 95 1.754E-01 3.952E + 00 3.87E+ 00

Nb-94 2.030E+ 04 3.415E-05 3.47E-05

Nb-95 9.605E-02 7.216E + 00 7.23E + 00'

Mo-99 7.537E-03 9.197E+ 01 9.11E + 01

Tc-99 2.103E + 05 3.254E-06 3.27E-06

Tc-99m 6.872E-04 1.009E + 03 1.00E + 03

Ru-103 LO78E-01 6.429E + 00 6.42E + 00

Ru 106 1.000E+ 00 6.871E-01 6.86E-01

Ag 108m 1.270E + 02 SA58E-03 139E-01

Ag-110m 6.845E-01 1.013E 4 00 9.92E-01

Cd-109 1.271E+ 00 5.453E41 5.59E-01

Su-126 1.000E + 05 6.931E-06 6fAE416

Sb-125 2.770E + 00 2 502E 01 2.56E-01

1 125 1.648E-01 4.207E + 00 4.20E + 00

1-129 1.570E + 07 4.415E-08 5.92E48 ;

I131 2.203E-02 3.147E + 01 3.14E + 01

Cs-1A 2.062E + 00 3362E-01 3.38E-01

Cs-135 2300E + 06 3.014E-07 231E-07

Cs 136 3fl15E-02 1.922E + 01 1.85E+ 01

Cs-137 3.017E + 01 2.297E-02 231E-02 q

Ba-140 3.504E-02 1.978E + 01 1.97E + 01

Cc-144 7.789E-01 81399E4)1 8.91E-01

Eu-152 1360E +01 5.097E-02 5.46E-02

Eu-154 8.Pn0E + 00 7.877E42 433E-02

Yb-169 8.759E 02 7.914E + 00 7.%E + 00

Pb-210 2.226E + 01 3.111E42 3.40E-02

IE-5
|
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DEVELOPED FROM KOCllER,1988 TAPE 1.DAT (VERSION 2.0)
ISQ1QfE HALF LIFE (vr) 6LM) Roundoff Nonroundoff
Rn-222 1.04SE-02 6=617E + 01 6.NIE + 01
Ra-228 5.750E + 00 1.205E-01 LO3E-01
Ac-227 2.177E + 01 3.1ME-02 2.73E-03
Th-228 1.913E + 00 3.623E-01 3.63E-01
Th 230 7.700E + M 9.002E-06 8.66E4
Th 132 1.405E + 10 4.933E-11 4.92E-11
Pa-231 3.276E + 04 2.116E-05 2.13E-05
U.233 1.592E + 05 4354E-06 4.28E-06
U-234 2.445E + 05 2.835E.06 2.81E-06
U-235 7.03SE + 08 9.849E 10 9.76E-10
U-236 2.342E+ 07 2.960E-08 2.90E 418
U 238 4.468E 4 09 1.551E-10 1.54E-10
Pu-23R 8.775E + 01 7.899E-03 8.02E-03
Pu-239 2.413E+ 03 2.872E-05 2.84 E-05
Pu-240 6.537E + 03 1.060E-04 1.05E-C4
Pu-241. L440E + 0i 4.814E-02 5.25E-02
Pu 242 3.758E + 05 1.844E-06 1.83E-06
Pt,-244 8.260E + 07 2,392E-09 9.12E4N
Am 241 4322Ev 02 11 N E-03 1.51E-03
Am 243 7380E+ 03 9392E4)5 8.72E-05
Cm.'!42 4.471E41 1.550E4 00 1.56E + 00
Cm 243 2.850E + 01 2.432E-02 2.17E-02
Cm-244 1.811E + 01 3.827E412 3.94E 02,

Cm-248 3390E + 05 2.M5E-06 1.47E4
Cf-252 2.639E+ 00 2.627E-01 2.62E4)1

Round-off errors in the table of AL(N) values are considered to be 1 in the 3rd significant digit

ne halflives cited in Kocher and Eckermann [1988) sened as the basis for the establishment of the dose conversion
factors. De older half-lhec were nner refenuced in the background documentation, so they werr untraceable.
Therefore, the decay constants were changed to be the same as those in Kocher for consistency and traceability.

FMF(Nh Waste-to-leachate partition ratio

The following sources were compaied:

DMI Table 6-5 page 6-24
DMll TAPE 1.DAT sample
BRC Table 9-3 pages 9-34
Current TAPE 1.DAT

._.

The following conflicting values were given:

_

Isotope DMI DMll (TAPE 1.DAT) BRC TAPE 1.DAT (Version 2.0)
_

C-14 .5.76E-3 .103 LD3E-1 .103
Rn 222 LO0E + 0 1.00E + 0

The original source value was not repeated. This source is Onunali,0.1., Data Base for Radioactive Wa117 hianp%m.g_qi,
'

Vol. 3. Impacts Methodology report, NUREG/CR-1759, U.S. Nuclear Regulatory Commission,1981.

The value of LU3E-01 was adopted for C-14 in the intc.est of cueservatism when the IMPACTS-BRC input files were

E-6
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|
'

developed. That value will be retained for the same reason. The value of 1.00E+00 will be retained for Rn 222 since
it is a gas. No changes to the data file were necessan.

RE1TN_1h Retardation coefficient SeL1

inconsistencies were found comparing the following sources:

DMI Table 6-7 page 6-30
DMil Table 28 page 52
DMll sample TAPE 1.DAT
BRC Table 9-1 page 9-20
Letter from Bill O'Neal to Chad Glenn (12/16/91)
Current TAPE 1.DAT file

-

Isotope DMI DMil TAPE 1.DAT BRC letter TAPE 1.DAT

(DMil) (Version 2.0)

Na 22 85.0 1.0 1.0 1.0

S-35 ' 9.0 1.0 1.0 1.0 1.0

Cl^i6 2.0 1.0 1.0 1.0

Ca-45 9.0 1.0 1.0 1.0

Cr-51 43.0 10.0 1.0 10.0 10.0

Mn.54 43.0 10.0 10.0 1.0 10.0 10.0

Rb-86 85.0 1.0 1.0
'

1.0

Zr-95 1000.0 1.0 1.0 1.0

Nb-94 1000.0 1.0 1.0 1.0

Nb-95 1000.0 1.0 1.0 1.0

Ru-103 2.0 1.0 1.0 1.0

Ru 106 2.0 LO 1.0 1.0

Ag-108m 85.0 1.0 1.0 1.0

Ag-110m 85.0 1.0 1.0 1.0

Cc-141 840.0 100.0 10.0 10.0 10.0

Cc-144 M0.0 100.0 10.0 10.0 10.0

_

This table summari7ts the discrepancies noted in tracing history of the RET (N,1) values. Several types of discrepancies

were noted and can be summarized as follows:

De values for Na 22, Ca 45, Rb-86, Nb-94, Nb-95, Ag-108m, Ag-110m, Cl-36, Cr-51, Zr 95, Ru-103, and Ru 106 were
unchanged in the DMll documentation but changed in going to the TAPE 1.DAT published in DMil without
justification. New values for Ce-141 and Ce 141 were ludicated to be 100.0 in the DMil document, but that salue did
not appear on the sample TAPE 1.DAT file published :n that document. Thett was no justification given for that
change. We value for S-35 was inadverlently omitted from the IMPACIS-BRC User's Manual [O'Neal 1990], but the
current parameter value used on the'T APEl.DAT input file is correct. No numerical changes were made to RET (N,1)
to produce Version 2.1; some value , vert rewritten in consistent format, and these are summarized in Appendix G.

RET (N.4h Retardation Coefficient 4

Inconsistencies were found comparing the follcwing sources:
.

DMI Table 6-7 page 6-30
BRC Table 9-1 page 9 20
Letter from Bill O'Neal to Chad Glenn (12/16/91)

[ Current TAPE 1.DAT file

E-7 j
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lsotope DMI BRC LETI'ER TAPE 1.DAT (Version 2.0)
P 32, P-33 360.0 42.0 3(a0 3ta0
S-35 42.0 42,0 42.0 ;

-- n __ . .-.-.

DCF1(N.th Dose Conversion.EE12T.ifor Exnosure Dge to ingtali2D

i
inconsistencies were found wmparing the following sources- 1

. - -

)

DFINGEST.DAT data file received from Keith Eckerman (ORNL) for all radionuclide-or <an pairs except as
noted below, !

4

i

Tables of dose comcrsion frtors in Eckerman et al. {1988) (Ag-108m, Ag-110m, and '.n 222 for lung, red
marrow, bone surface, th>Toid, and effective dose equivalent)

,

Version 2 0 of the TAPE 1.DAT input file

, Sample TAPE 1.DAT input file in fMPACTS BRC User's Manual (Ag-108m, Ag-110m, and Rn-222 for stomach I
g wall, LLI wall, kidney, and liver)

1

)

Isotope Class / Parameter TAPE 1.DAT (Vernion Corrected Value.

2.0)
'

__.

S 35 W/DCF1(N,10) 4.84E-7 4.48E-7
1-131 D/DCF1(N,2) 1.13E47 1.13E-06
Cs-136 D/DCF1(N,1) 9.69E45 9.69E 06
Ce-141 D/DCF1(N,1) 5.29E-08 5.29E-09

,

Ac-227 W/DCF1(N,1) 8.41E-07 8.14E-07
Pa-241 W/DCF1(N,5) 1.18E-09 1.81E 09 -

DCF2fN.Th Dose Conversion Factors for Exceture Due to.lnhit)aliCD

Inconsistencies were found comparing the following sources:

DFINIIALE.DAT data file received from Keith Eckerman (ORNL) (for all radionuclide organ pairs except as
noted below)

Tables of dose conversion factors in Eckerman et a!. [1988) (Ag 108m, Ag 110m, and Rn-222 for lung, red
marrow, bone surface, thyroid, and effective dose equivalent)

Version 2.0 of the TAPEl.DAT input file

Sample TAPE 1.DAT input file in IMPACTS-BRC User's Manual (Ag 108m, Ag .10m, an Rn-222 for stomach
wall, LLI wall, kidney, and liver),

v - -._

:

E-8
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- __ __

.

| Isotope Class / Parameter TAPE 1.DAT (Version Corrected Value

2.0)

! Na-22 D/DCF2(N,5) 6.07F.4 6.70E4
W DCF2(N,6) 1.66E46 1.66E-07Ca.45 f1

Sn-126 C/DCF2(N,10) 816E-05 8.73E415

1129 D/DCF1(N,1) 1.16E 47 1.16E4
U 236 Y/DCF2(N,3) 1.GA04 1.09E44

Cm.244 W/DCF7/N.6) 8.84E-04 8.84E 01

Cf-252 W/DCF2(N,6) 2.4SE 01 2.45E-01

DCF3(N.Ih Dose Conynsion Factors for Exystq_gnt.02nbmlDAlsdSmund

loconsistencies were found comparing the following sources:
i===rm

Version 2.0 of the TAFEl.DAT ipt file
Sample TAPE 1.DAT input file in IMPACTS-BRC User's Manual

,

i

;_

lsotope Parameter TAPE 1.L)AT (Version Corrected Value

2.0) ?

'
Eu454 DCT3 6.91EM 8.6'.E46 ,

.
- = = m.:-= = = =.= = - - -..- _ - - = - - -

'

DCF4f N.Ih Dose Comsrsion Factors for Emnure due toJ.imfatrDDiaminMiOD

inconsistencies were found comparing the following tources-
- - - - .- n=rug-= -

Il Version 2.0 of the TAFE1.DAT input file

i
TAPE 1.DAT input file in IMPACTS-BRC Usas Mantal

Kocher and Eckermann {1988] -

___ __
- .

"

|
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(lsotope Pararneter TAPE 1 DAT (Vers. ion Corrected Value
2.0)

Cl-36 DCF4(N,1) 2.41E-12 2.65E-13
DCF4(N,2) 6.21E-13 6.84E-14
DCF4(N,3) 1.25E-12 1.3SE-13
DCF4(N,5) 3A$E 12 4.02C-16
DCF4(N,6) 2.%E-14 3.26E-15
DCF4(N,7) 7.91E-13 S.70E-14
DCF4(N_8) 3.91E-12 4.30E-13
DCF4(N,9) 1.52E-1) 1.68E 13
DCF4(N,10) 4.2 4E. .. 4.66E 12

Mn-54 DCF4(N,1) 7.44E-05 7.42E-05

Sn-126 DCF4(N.1) 2.52E41 1.46E44
DCF4(N,2) 232E41 134E44
DCF4(N,3) 2.27E44 132E-n4,

DCF4(N,5) 2.46E41 1.43E44
DCF4(N,6) 234E-04 136E44
DCF4(N,7) 2.55E44 1.47E-04

,

DCF4(N,8) 2.88E4% 1.70E44
DCF4(N,9) 3.17E44 1.84E41
D 'F1(N,10) 2.87E-04 1.68E-04

Pu-244 DCF4(N,10) 5.80E4)9 SKE43
--

DCF5fN.th Dme Con.ersion Factort,gtlipmur.c_d.pe to Air Immm' 1i g

Inconsistencies were found comp. Ling the following sources:.'
,

Version 2.0 of the TAPE 1.DAT input file

TAPE 1.DAT input file in IMPACISElRC User's Manual
. . i

Kocher and Eckerman [1988]
_ _

i

|

|
t

i
I

: E.10
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160 tope Parameter TAIT.l.DAT (Version Coric ed Value
2.0)

...-.

C136 DCF5(N,10) 1.47E 11 4.24E 11

Ca-45 DCF5(N,6) 3111E-25 310E-16

Sc-46 DCF5(N,M) 1.01E4B 1.01E412

Fe 55 DCF5(NA) 8G8E.ll 8.02E 11

Cd lW DCF5(N,10) 2.36E-05 3.35E-05

Sn.126 DCF5(N,1) 1.2hE412 7.23E 03

DCF5(N,2) 1.17E-O' 6.f6E4B
DCF5(N,3) 1.14E412 6.51E40

DCF5(N,5) 1.24E412 7Jk.E46 ;

DCF5(N 61 1.18E-02 6.74E 03

DCF5(N,7) 1.27E-02 7.32E40
| DCF5(N,8) 1.44E 02 8.ME4B

DCF5(N,9) 1.54E412 9.11E-01

DCF5(N,10) 1.43E 02 S.28E-03

1 125 DCF5(N,7) 8.9214W, 8.91E-06

Ra228 DCF5(N,1) 1.M4E 14 1.82E 14
,

Th 228 DCF5(N,8) 1.26E4W. 1.26E4)$ }
~ ~ = **

*

Refmaces for Appendis E

Forstom, J. M., and D. J. Goode, De MinicsOhitituyacts Anahsis Mtthidgipgy. NUREG/CR+35R5, Yalume 2, U.S.
Nuclear Regulatory Commission,19Vi.

Kocher, D. C., and K. F. Eckerman, E51nnallhnt Rate ComtrsiettfAE12Ilf2ifakylption of Dmc to the Publig U.S.
Department of linergy, DOE / Ell 0070. July 1988.

O'Neal, IL, letter to Chad G!can, NRC Office of Research, December 16, IWI,

.

f
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API'ENDlX F l'arameter llistory for the TAl'E2.DAT Input File

d
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Appendix F contains a history of ti.e parameter valurs contained in the TAPE 2.DAT input file for the
IMPACTS 13RC computer hwie.

AbbtniatienLmtd in AlsoALE

_
_ _ _ _ . , .

_
, . _ . . _

IR 1 = NE
2=SE
3 = SW

Inclawrators M = municipal
liW = hansdous waste
O = onsite

IQ: Incinerator /inndfill 1= O/MS
2 M/MS
3 - O/llW(ll)
4 = IlW/llW(1)
5 = IlW/IlW(II)

j landfills MS = municipal sanitary
llW(1) = hanrdous waste type i,

1 liW(ll) = hazardous waste type 11
.

Sources: DMI = de Minimis documentation VolI
DMil m de Minimis documentation Vol 11
URC = IIR';-lMPACTS User's Manual

%te When giving a parameter value on the en Tent TAPI'2.DAT (Version 2.u) file for which then is an
incomplete historical rword, the salue will be enderlined in the appropriate Inble of parameter values.

CARD TYPJi_1

ERG {QQ) = Average annual infiltration rate (m/yr)

Source Scci ario NE SE SW

j DMI page C-86 MS 0.074 0.180 0.001

IlW(1) 0.036 0.030 0.001

IlW(ll) 0.074 0.180 0.001

TAPE 2.DAT MS 0.074 0.180 0.001

(Verdon 2.0) IlW(1) 0.036 0 030 0.001

liW(ll) 0.074 0.180 0,001

NG EisTeDT.TITTRcWi eac = Us--

F.2

_



~_ .. _ _. - - - -. _ - -. . .. -.-.- . ~. . - - . . . -

TSC(IR.lO) = Contact time fraction letween sectors of facility (yr)
m-, _ _

Source Scenario NE SE SW

DMI page C-86 MS 2ME3 6.47E.3 3.t0E.5

ilW(1) 1.29E-3 1.03E 3 3f0E.5
llW(II) 2 M E-3 6 47E-3 310E 5

,

y |

]
'

TAPE 2.DAT (Version MS 1.0 1.0 1.0 -

l

2.0) llW(I) 1.0 1.0 1.0

IIW(II) 1.0- 1.0 1.0 |

~
) mil page 51: all udiact fractions equal 1.0

DTTM(IRJQ) = Groundwater travel time tetween sectors of facility (yr)
'

. Source Scenario NE SE SW

DMI page C-85 MS 170 27.2 3.4

IlW(I + II) 455 72.8 9.1 >

DMil page 60 MS 34 6,8 3.4 4

IlW(II) 91 18.2 9.1

TAPE 2.DAT MS 34 6.8 3.4

(Version 16, llW(1) 455 72.8 9.1 ,

llW(II) 91 18.2 9,1 <

hrst case: Dh'fli Yhble 26 page 50 DIthi = 1.7
~

- TIAlf.UL]lQ) Groundwater travel time from facility to intruder well (yrs faom rnid nrst sector to well)
i i

Source Scenario NE SE SW
'

DMI page C-85 MS 95 23.6 280

liW(I + !!) 237.5 46.4 280 ,

DMil page 30 MS 18 4.4 11.7

l{W(ii) 46.5 10.1. 14.5
I

i

| TAPE 2.DAT M5 18 4.4 11.7 t

(Version 2.0) IlW(1) 237.5 46A 280'

I: liW(II) 46.5 10.1 14.5

Norst case: DMil TaWei page 50 TTM(1) = im
'

|

|'
|

F3 4

,
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'ITM(IR.?.IO) = Grounuwater travel time from facility to population well (yrt, from mid first sector to well)

Source Scenario NE SE SW

DMI page C 85 MS 2NU #0 SM)
- 1IW(I + 1I) 2ND 400 SM)

DMil page 50 MS 5(0 1(0 NU

llW(II) No 100 NO

TAPE 2.DAT MS 500 100 300

! (Version 2.0)
4W(1) 2500 400 SEO

'llW(ll) 500 100 3(0
Worst case: D$1II' Tare hi page 50]lSiy) =T.O

IIMtiR.3.lO) = Grotmdwater travel time from facility to urface stream (>n from mid first Sector to stream)
,

Source Scenario NE SE SW

DMI page C fi h,S RKO M0 NA
IlW(1 + 11) 5 fin) MO NA

DMil page 50 MS 1(KU NO
,

IlW(ll) 1(KO 2(O

TAPE 2.DAT MS 1(10 2(O O

(DMil) IlW(1) 50uo MO 880 ,

*ilW(II) 1(XO 200 0

13RC pg. EXEC 2 MS No
llW(II) (00

TAPE 2.DAT MS 1000 200 NC
(Version 2.0) llW(1) 5000 MX) |py)

liW(ll) 1(XO 200 NO

hEaWDElIl Table 2t> page 8) flM(.3;- 30

D)'TC(llLLQ) = Peclet numtxt letweeri secters

Source Scenario NE SE SW

DMI page C 85 MS 340 (a) 340

llW(l + 11) 910 1820 910

TAPE 2.DAT (Version 2.0) MS 00 0.0 0.0

IiW(I) 0.0 0.0 0.0

ilW(II) 0.0 0.0 , 0.0 ;

Note: DhtTITMNI"iTmmre not aceaca -- ali values . 0.0

F-4
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TPCtllLI.lO) = Peclet rtumier to intruder well _

Source Scenario NE SE SW
,

DMI page C-85 his 170 340 170

llW(l + 11) 455 910 455

TAl'E2.DAT (Version ?.0) MS 0.0 0.0 0.0

llW(1) 0.0 0.0 0.0

llW(ll) 0.0 0.0 0.0

.kote: Dhill page 53 Pc(let numiNaEnot necdMYaiuei = 0.0

IEC(IR.2.lO) = Peclet number i Ntn:Ic. ,-1'_ , . _

-_ .

Source S se.uo M SE SW
.M. wast $. *'N# +.. **"4

'

DMI page C-85 MS Itm) 1(Krx) 3f KKX)

llW(l + 11) ItKvX) 1(KKX) NKR K)

TAPE 2.DAT (Version 2.0) MS 0.0 0.0 0.0

1IW(I) 0.0 0.0 0.0

llW(II) 0.0 0.0 0.0

RiIti:TiMITTGie73 Pccici numbers are not needed -- aliFaTues - 0.0

IECO]UJQ) = Peclet number to turface stream --

Source Scenario NE SE SW

DMI pag.e C-85 MS 2(KKK1 2(KKK) NA

IlW(1 + 11) 2ftn) 2iKXh) NA

-

TAPE 2.DAT (Version 2.0) MS 0.0 0.0 0.0

IlW(1) 0.0 0,0 0.0

llW(ll) 0.0 0.0 0.0

$tItDRll page 53 P.clet numIwth are not needed - all salues = 0.0

CARD TYEE_2

Di'UB.) = Soil-to-air transfer factor for intruder construction (unitiess)

Source NE SE SW

D MI page C 80 9.1hE-12 2.01E 11 2.M E 10

jTAPE 2. GAT (Version 2,0) 9.18E 12 2.01E 11 2.ME-10

Worst cese: DMITTa~ble 26 page 50 FSc - 1.tWM0

|
F-5
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DAflR) = Soil to air transfer f actor for intruder agriculture (unitiess)

p= Source
.

NE SE SW

DMI page C-80 2.% E-11 3.18E-11 8.06E 11

TAPE 2.DAT (Version 2.0) 2.%E.i t 3.18D11 8.06011
forst cuc; DMll Table 26 page 50 FSA = 8.06Lil ~

.

OFCilR.1) - Groundwater dilution f actor for intruder well (m'/yr)

|Source NE SE SW
'

DM! page C-80 7.7E + 3 7.7E + 3 7.7E + 3

TAPE 2.DAT (Version 2.0) 7.70 + 3 7.7E + 3 7.7E + 3 q

Worst case: DMII Tab]c 2t3 page 50 OFC(l) = 110

OFC(IR.21 = GroimJwater dilation factor for population well(m'/yr)

Source NE SE SW .

DMI page C 80 2.0E + 5 2.0B + 5 2.0E + 5

TAPE 2.DAT (Version 2.0) 2.0E + 5 2.0E + 5 2.0E + 5

Worst case: DMll Table 2t> page 50 OFC(1) = 2.0e+5

OFC(IR.2) = Groundwater dilution factor for surface stream (m'/yr)

Source NE SE SW

DMI page C.80 45e+6 4.Sc + 6 NA

IIRC page 917 4.5e+6

TAPE 7 DAT (Version 2.0) 4.5E + 6 4.5E + 6 4.5 E + 6

Worst casii TAllFTable 2t> page 50 orc (3) = 4.5E+6

POP (IR) = Population factor for airborne exposed waste for operations / intrusion (person-yr/m')

' Source NE SE SW

DMI page C-80 5.05E-10 1.75E-10 1.33E-11

TAPE 2.DAT (Version 2.0) 5.05E 10 1.75E.10 1.33D11

F.6 :
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POPE (IR) = Population factor for airlerne exposed waste from erosion (person yr/m')

Source NE SE SW

DMI page C 80 1.51E 9 5.25E 10 3.99E-I l

TAPE 2.DAT (Version 2.0) 1.51E 9 5.250 10 3.9'70 11

l'QG'[B) = Site selection factor for waterborne exposed waste from crosion/ intrusion (p/m')

Source NE SE SW

DMI page C-M 1.11 E-1 1.11 E-7 NA

IIRC page EXEC 2 1.11E 7

TAPE 2.DAT (Version 2.0) 1.11E.7 1,111:7 1.110 7
_

TPOPflR) = Population density around transportation route (pctsons/mi')

Source Nt1 SE SW

DMI page C 80 22N) 610 60

*1' APE 2.DAT (Version 2.0) 22M) 610 60
_

TDOZ(IR) = Distance dependent dose factor for transportation population exposure calculations (mi2/ft')

Source NE SE SW

DMI page C-80 7 R.E 5 7.06E 5 3.92E-5

TAPE 2.DAT (Version 2.0) 7.060 5 7.06E 5 3.92 E-5
_

CAnp TYPE 3

WVElllly = Averape windspeed at the site (m/sec)
___

Source NE SE SW

DMI page C-80 4.61 3.61 6.67

TAPE 2.DAT (Version 2.0) 4.61 3.61 6.67

Worst case: DMll Table 26 page 50 WVELe 6.67

y.7
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6XOO(lR) = Accident atmospheric dispess*on factor ()T/m')

Source NE SE SW

DMI page C-80 9.fwE-11 1.40E-10 4.11E 11

TAPE 2.DAT (Version 2.0) 9.f.RE 11 1.40D10 4.11D11
Erst case: DMH TaTif7/i page 50 AXOO=IALIO

Ill%CIIR) - Dust mobiliation rate for IIW facility operations (g/m'.sec)

|Source NE SE SW i

|
DMI page C-80 5.53E 7 134E 8 7.95E4 !

TAPE 2.DAT (Version 2.0) 5.53D7 154E4 7.9$E4 |
Worst case: DMll Table 20 page 50 EFAC = 7.95E4

EERO(lR) = Dust mobilization rate for erosion exposed waste (g/m'ser)

Source NE SE SW

DMI page C-80 5.53E 7 154E-8 7.95E4

TAPE 2.DAT (Version 2.0) 5.53D7 154E4 7.95E4

EREC(IR) = Dust mobilization rate for intruder exposed waste (g/m'-r.ec)
,

;

Fource NE SE SW
_

DMI page C.80 2.03E4 2.50E4 6 84E-5

TAPE 2.DAT (Version 2.0) 2.03E4 25004 6.84 E-5

CARD TYPE 4

NRECflR) = Soil retardation inder
. - _ _

Source NE SE SW
-

DMI page C 80 3 2 1

TAPE 2.DAT (DMil) 1 1 1

TAPE 2.DAT (Version 2.0) 1 1 1
_

,

F-8
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CAllp TYPE.1

ID1 SLID) = Transportation distaree t i facility (mi)
_

Source MS llW

DMI page 3-13 10 100

BRC page EXEC-2 10

TAPE 2.DAT (Version 2 0) 10 10a

IXJiL[[Q) = Transportation vekw:ity to the facility (mi/hr)

Source MS llW

DMI page 313 20 35

BRC page EXEC-2 35 (10 - 3)

TAPE 2.DAT (Vers'.on 2.0) 20 35

YlECLIQ) = Annual volume for non-liRC waste incinerated (m')

Source O M llW

4."SE+5DMI page C 29

DMI page C-58 2.54E + 4 234E + 4

TAPE 2.DAT (Version 2.0) 2.54E + 4 4.280 + 5 2.54E + 4
_

XOOf flQ) - Off site atmosphtric ditpersion factor for elevated release (yr/m')

Source O M llW

I)MI page 412 9.1E 11

DMI page 4-14 1.6E 13

1.6E-13DMI page 4 24

TAPE 2.DAT (Version 2.0) 9.lE 11 1.6E-13 1.6E 13
_

EDFI(IO) = Exposure duration factor for incineration (unitiess)

Source O M llW

DMI page 4 9 0333 0333 0333

TAPE 2.DAT (Version 2.0) 0333 0333 | 0333

|

F9
|

_ _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _



w. . . . _ . . _ . . . _ - . ~ . . _ - ~ - - . . - . . - . - . - . . - . _ . . . ~ . . .-.

DEN 1(!O) = Average dem'ty of the waste during shiprnent and incineration (g/cm')

Source O M IIW

DMI page 417 0.27

DMI page 4-26 1.0

TAPE 2.DAT (Version 2.0) LQ 0.27 1.0 i

|

YANN(lQ) = Annual volume for non l.lRC waste disposed (m') |
.

I
Source MS l{W

DMI page 514 29,610

DMI page 5 29 91,350

TAPE 2.DAT (Version 2.0) 29,610 91,350

XOOO(IO) = Off site atmospheric dispersion fador for ground level release (yr/m')

Source MS IlW

DMI page 4-9 9.1E-11 9.1E.11

'

TAPE 2.DAT (Version 2.0) 9.1E 11 9.1E 11

EDFO(IO) = Exposure duration factor for disposal operations (unitiess)

! Source MS liW

DMI page 512 0.237

DMI page 5-29 0.237

, TAPE 2.DAT (Version 2.0) QJR QJJ1

DEN 2(IO) = Average density of the waste during dir.posal (g/cm')

Source MS llW

DMI page 5-14 0.59

DMI page 5-29 1.0

TAPE 2.DAT (Version 2.0) 0.59 1.0 '

_

|
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CARD TYPE 6

H111Q1) = Waste-to-air tryfer factor for incineration operations (low)

Source O M IIW

DMI page 4-16 3.70E 10

DMI p3ge 4 26 1.0E 10

TAPE 2.DAT {ctsion 2.0) 131k10 3.700-10 1.0E 10

Blur 2 = We:.te to air transfer f actor for incineration operations (med)

Source O M llW

DMI page 4-16 7.41E 10

DMI page 4-26 2.0E 10

TAPE 2.DAT (Version 2.0) ;Ali[Q 7.140-10 2.0E 10
-.-

31dQ,3) - War.te to air tran:.fer factor for incineration eperations (high)

Source O M 1IW

DMi page 416 148E 9

DMI page 4-2r, 4.0E 10

] TAPE 2.DAT (Version 2.0) 191h19 1.4xE-9 4.0E 10

IJyQLLQ 1) = Waste-to-air transfe- factor for disposal operations (low)

Source MS llW

DMI page 5-12 1.7 E-10

DMI page 5 5 10E-10

TAPE 2.DAT (Version 2.0) 1.7E 10 1.00 10

HQ{{Q2 - Waste-to-air transfer factor for disposal operations (med)

Source MV llW

DMI page 5-12 339E-10

DMI page 5 5 2.0E-10

TAPE 2.DAT (Version 2.0) 339E 10 2.0E-10
a

F-11
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TWO(IO3) = Waste-to-air transfer factor for disposal operations (high) '

Source MS llW

DMI page 512 6.78E 10

DMI page 5 5 4.0E 10

TAPE 2.DAT (Version 2.0) 6.7D10 4.0D10
,

,

ADAY(lo.1) = Daily exposed asca of the disposal facility (m')
1

Source MS (offsite) llW (offsite)
r

DMI page 5-14 86

DMI page 5 30 3S4

TAPE 2.DAT (Version 2.0) 86 3M

ADAY(IO 2) = Daily exposed area of the disposal facility (m') :

Source MS (equiprnent ilW (unpackaged
operators) waste)

DMI page 513 70.8
;

DMI page 5-29 384 j

TAPE 2.DAT (Version 2.0) 21 3M

ADAYD.QJ.) = Daily exposed area of the disposal facility (m')

Source MS (other IIW (packaged
personnel) - waste)

DMI page 5-13 15

~

DMI page 5-29 171

BRC page EXEC 2 171 (10 = 3)

TAPE 2.DAT (Version 2.0) 15 171

RMIX(IO) = Cover mixing efficiency (unilless)

Source MS IIW

DMI page 6-9 0.59 0.41

'

_ TAPE 2.DAT (Version 2.0) 0.59 0.41

F-12
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CARD TYPli 7

Eh1PflO) - Waste emplacement cificiency (unitiess)

Source h15 llW

Dhti page 51 0.8 0.75

, TAPE 2.DAT (Version 2.0) 0.8 0,75

E}TILQ) = Volumetric disposal cificiency (m'/m')

Source his IIW

Dhti page 6 21 7.31 437

TAFE2.DAT (Version 2.0) 7.31 07

SEFF(IO) = Surface utilization efficiency (unitiess)

Source hts llW

DMi page 6-38 1.0 0.9

TAPE 2.DAT (Verr, ion 2.0) 1.0 0.9

GERO (lQ) = Erosion time delay (yr)
i

Source his llW

DMI page 6 38 1(R0 1(XO

TAPE 2.DAT (Version 2.0) 1000 1000
-

DjiWR(10) = On-site incinerator weight reduction factor (uniticss)

Source O M llW

None (Default) 0.0 0.0

TAPE 2.DAT (Version 2.0) Q,0 0.0 0.0

OSDulO) = On-site incinerator dust loading factor (g/m')

Source O M llW

None (Default) 0.0 0.0

TAPE 2.DAT (Version 2.0) 5,0E 5, 0.0 0.0

P-13
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CARD TYPE 8

D5f(D = Distance to center of population ring (m)

Ring miles DMI page C 78 (m) TAPE 2.DAT, Version 2.0 (m)

1 2.5 4.023E + 3 4.023E + 3
2 7.5 1.207E 4 4 1.207E + 4
3 15.0 2.414E + 4 2.414E + 4 |
4 25.0 4.023E + 4 4.023E + 4 !
$ 35,0 9.623E + 4 E6321:+ 4

i

6 45.0 7,241E + 4 7J41 E + 4 ;
' The currently used inlue is corrut '

PDS(I) = Population within the population ring (perr.ons)

Ring I DMI page C 78 TAPE 2.DAT
(Version 2.0)

NE SE SW

1 3,440 2,024 59 3.4400 + 03
2 20,513 8,115 180 2.0$ 1E + 04
3 73,636 36,000 3.529 7.364E+ (M
4 121,559 124,995 9,062 1.216E + 05
5 556,639 203,435 4,888 5.566E + 05
6 1,012,788 1(M,933 27,158 1.013E + 06

WSPf t) = Average wind speed for stability class (m/sec)

Class DMI page 4 9 TAPE 2.DAT (Version 2.0)

A LQ
B 10
C 3.0 3.0 L

D 10 3.0
E 3&
F 2,0 2.0

- ;

SIfi[D = Stability class duration factor (unitiess)

Class DMI page 4-9 TAPE 2.DAT (Version 2.0)

A QA
B 04
C 0333 0.333
D 0333 0333 -
E Q&
F 0333 0333

F.14
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CARD TYPE 9: Note: Card Type 9 was an addition to TAPE 2 DAT for version 2.0, it did not exist in
earlier TAPE 2.DAT files.

LLH1 , Incineration release height (m)

Source O h1 IlW

DMI page 4-9

DMI page 4-12 0.0

Dhli page 4-14 61.0

DMI page 4-24 61.0

TAPE 2.DAT (Version 2.0) 61.0

1D~[Q = Disposal operations release height (m)

Source MS llW

DMI page 4-9 0.0 0.0

TAPE 2.DAT (Verwon 2.0) 0.0
__

p_LUl - Dktance to off-site individual fr.4.-' incincration (m)
_

Sourx 0 M llW

DMI page 4 9

DMI page 4-12 100

DMi page '.-14 300

DMI page 4-24 NO

TAPE 2.DAT (Version 2.0) N.0

DISTO = Distance to off site indhidual(operations) (m)

Source MS llW

DMI page 4 9 1910 1(Xt0

TAPE 2.DAT (Version 2.0) 100.0

ED1'lQ - Exposure duration factor for incineration (unitiess)

Source O M llW

DMI p:y;e 4-9 0.333 0.333 0.333

TAPE 2.DAT (Version 2.0) 0.333
__

F 15
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EDFOD = Exposure duration factor for disposal operations (unitiess)

Source MS llW

DMI page 5-12 0.237,

DMI page 5 29 0.237

TAPE 2.DAT (Version 2.0) 02]J

,

CARD TYPE 10 (repeat of variables for worst case)
,

13CflR) = Soil to air transfer factor for intruder construction (unitler.s)
>,

Source Value

DMil Table 26 page 50 2MB 10

TAPE 2.DAT (Version 2.0) 2ME 10
__

I'SA(IR) = Soil-to air transfer factor for intruder t.griculture (uniticsr.) !

Soutec Value

DMII Table 26 page 50 8.06E 11

i TAPE 2.DAT (Version 2.0) 8.06E 11 -

Ol',C(IR.1) = Groundwater dilution factor for intruder well (m'/yr) *

St,urce Value -
;

DMil Table 26 page 50 110

TAPE 2.DAT (Version 2.0) 110

,

OFC(IR.2) = Groundwater dilution factor for population well(m*/yr)
'

Source - Value

DMil Table 26 page 50 2.0E + 5

'

TAPE 2.DAT (Version 2.0) 2.00 + 5
w_ .

OFC(IR3) = Groundwater dilution factor for surface r,tream (m'/yr)

Source Value
|

DMil Table 26 page 50 4.5E+ 6 L

j TAPE 2.DAT (Version 2.0) 4,$E+6
.

r.

! F 16
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WVEl(IR) = Average wind 3 peed at the site (m/sec)

Source Value

DMil Table 26 page 50 6.67

TAPE 2.DAT (Version 2.0) 6.67
_

_

AXOOflR) - Accident atmospheric dispersion factor (yr/m')

Source Value

DMil Table 26 page 50 1.4E 10

TAPE 2.DAT (Version 2.0) 1 AE-10

EFAC(IR) = Dust mobilization rate for liW facility operations (g/m'-sec)

Source Value

DMil Tahic 26 page 50 7.95E-6

TAPE 2.DAT (Version 2.0) 7.951M

<

H

m
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APPENDIX G: Sunmary of Changes to Version 2.0 Data to Create Version 2.1

|
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I

Errors found on the Version 2.0 TAPE 1.DAT input file are summati/cd in Table G 1. The new AL(N) rrsuited from
the recalculation of decay comtants from a cited reference. The primary result of this change is to use a referenced set
of values. Table G 2 summarires errors found in sample TAPhl.DAT input fde in the IMPACl%IIRC Ver!. ion 2.0
user's guide, but for which the correct value is being used on the current TAPE 1.DAT input file. Table G 3 Summarius
ptrameter values in the Version 2 0 TAPE 1.DAT input file that are correct, but are not wiitten in the esponentimi form
used for the remainder of the input file. This is entirely an aesthetic issue, with no effect on the output from IMPAUl%
11RC. Table G 4 summarins 'tound off errors in parameter salues in the TAl'El.DAT input file. Changing thei.e values
would cot substantially effret the output from the (Mi ACfL11RC computer code, and these changes wcre not be made
at this time.

Changes to TAPE 2 DAT are identiGed on page G-7.

InhitG 1: Channht lkth TAPEl D AT nad bRC Ustt'ASr"~

ISOTOl'E PAR AM ETliR Ytaipa 2.0 valus C r R t u r b hts
Na-22 D/DCF2(N,5) 6.07E4Xi 670E-06
P 33 AL(N) 1.04 E + 01 9.%E 4 (o
S 35 W/DCF1(N.10) 4ME 07 4 48E-07
Cl-36 AL(N) 2.25E46 2.30E4Wi

DCF4(N,1) 2.41E-12 2.65E 13
DCF4(W,2) 6.21 E-13 6 M E-14
DCF4(N,3) 1.25E 12 1.M E 13
DCF4(N,5) 3 65E 12 4.02E 16
DCF4(N,6) 256E 14 3.26E.15
DCF4(N,7) 7.91 E-13 8.70E 14
DCF4(N,8) 3.91E 12 4.30E 13
DCF4(N,9) 1.52E 12 1.te;E 13
DCF4(N,10) 4.24E 11 4 fAE 12
DCF5(N,10) 1.47E-11 4.24E 11

Ca-45 Al W) 1.53E + (U 1.56E + 00
DL .;(N,6) 3.(0:1 25 3.(CE 16
W/DCF2(N.6) If6E4v3 1.66E 07

Se-46 DCFS(N,8) 1.01E-03 1.01 E-02
Cr 51 AL(N) 9.10E + 00 9.13E + 00
Mn 54 AL(N) 835E-01 8.(NE-01

DCF4(N,1) 7.44E 05 7.42E-05
Fe-55 AL(N) 2.67E-01 2.57E-01

DCF5(N,6) 8ME 11 8.02E 11
Fe-59 AL(N) 5.55E + 00 5.67E + 00
Co-57 AL(N) 9.37E-01 9.34E-01
Co48 AL(N) 3.55E + CO 3.57E + 00
Nr59 AL(N) 8.(6E 06 9 24E46
Ni-63 AL(N) 7.53E413 6.93E-03
Sr-85 AL(N) 35mE + 00 3/A)E + (O
Sr-89 AL(N) 4 81E + 00 5.01 E + (0
Sr-90 AL(N) 2.47E-02 2.42E412
Zr-95 AL(N) 3.87E + 00 3.95E + 00
Nb-94 AL(N) 3.47E-05 3.42E-05
M o-91 AL(N) 9.11E 4 01 9.20E + 01
Te-9J AL(N) 3.27E4ki 3.25E46
Ag408m AL(N) L39E-01 5.46E-03

G2
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hhlt.GIL ChansnJst ?vth_IAtELDiTandJ!EC_l'ur'n Guldc3Snatinued)

15DTTE l'ARoh L d B Ymica10.nkt Cenn'cLubc
Ag 110m A14N) 9.92.E-01 1.01E * 00

Cd-llD A14N) 5.59E411 5.45E411

DCF5(N,10) 236E-05 335E-05

Sn 126 A14N) 6.60E46 6.93E4
DCF4(N,1) 2.52E4H 1.46E4M

DCF4(N,2) 232E44 134E4M

DCF4(N,3) 2.27E4M 132E44
DCF4(N,5) 2.46E4M 1.43E44

DCF4(N,6) 234E44 136E4M
DCF4(N,7) 2.55E4M 1.47E4H

DCF4(N,8) 2.8SE44 1.70E4M

DCF4(N,9) 3.17E4M 1.R4E4M

DCF4(N,10) 2.87E4M 148E-(M

DCF5(N,1) 1.26E.02 7.23E 03

DCF5(N,2) 1.17E412 hh6E-03
DCF5(N,3) 1,14E 02 6.51E 03

DCF5(N,5) 1.24E412 7.(KiE413

DCF5(N,6) 1.18E-02 6.74E413

DCF5(N,7) 1.27E-02 732E413

DCF5(N,8) 1.44 E-02 838E413

DCF5(N,9) 1.59E412 9.11E4G

DCF5(N,10) 1.43E412 8.28E-03

D/DCF2(N,10) 8h6E4)$ 8.73E-05

Stw125 A14N) 2.56E-01 2.50E411

1125 DCF5(N,7) 8.9214 % 8.91E-06

l129 A11N) 5.92E4E 4.42E-08

D/DCF2(N,1) 1.16E-07 1.16E4
!131 D/DCF1(N,2) 1.13E-07 1.13E4
Cs 134 AL(N) 338E-01 336E-01

Cs 135 AL(N) 231E-07 3.01E 07

Cs{c AL(N) 1.85E + 01 1.928~. t 01

D/DCF1(N,1) 949E-05 9.69E& -

O -141 D/DCF1(N,1) 5.29E4B 5.29E4D

Eu 152 AL4N) 5.46E-02 5.10E42

Eu-154 DCF3 6.91E4% 843E 4
A14N) 433E4)2 7.8SE-02

Yb-169 FF(NJ) 5.00E4 2.00E415

A14N) 7.%E 4 (X) 7.91E + (X)

Ptw210 A14N) 3 N)E-02 3.11E-02

Rn-222 Al-(N) 6#)E 4 01 6.62E + 01

Ra-228 At4N) 1.03E-01 1.21E-01 ,

DCF5(N,1) I M E-14 1.82E 14

Ac-227 AL(N) 3.21E-02 3.18E412

W/DCF1(N,1) 8,41E-07 8.14E-07

Th-228 DCF5(N,8) 1.26E46 1.26E-05

Th 250 AL(N) 846E4M 9.(K)EE ,

U-233 AL(N) 4.2SEE 435E 4
U-234 AL(N) 2.81E4 2ME4h
U 235 AL(N) 9.76E 10 9.85E 10

U-236 AL(N) 2 90E-08 2.%EM ,

Y/DCF2(N,3) 1.0(D-04 1.(NE4M

pug 38 AL(N) 8 02E-03 7.90E-03

G3
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'
Table G tr Channes fur.y.pth TAPEl.DAT_and3RC t4rr'amulde (continued)

ISOTOPE PARAMETER .\'ersion ?J1_uhtc Corrected 3alue
| Pu 239 AyN) 2.ME415 2.87E-05

| Pu 241 AyN) 5.25E412 4.81E 02
W/DCF1(N,5) 1.18E49 1.81E4D 2

Pu 244 AL(N) 0.12E419 8.39E 09 !

DCF4(N,10) 5.R)E-09 5.80E-08
Am 241 IT(N,3) 4,10E 07 2.05E 05

A4N) 1.51E-03 1.60E-03
Am.243 IT(N,3) 4.10E-07 2.01E-05

A4N) R.72E-05 9.39E.05
'Cm-243 - AL(N) 2.17E-02 2.43E-02

Cm 244 A14N) 3.94 E-02 3.83E4)2
W/DCF2(N,6) 8.ME4)4 8,S4E-01

Cm-248 AyN) 1.47E4% 2.05E-06
Cf 252 W/DCI'2(N,6) 2.48E-01 2.45E 01

IgL!r_G 2 RecoulDWml d Chances for llRC Ustr.*.1SKl.dti
,

150 TOPE I%1MMETER Ysnion 2.0 Usei's Guidg Corrected vidus
S-35 iT(N,4) 7.50E-02 7.50E + O2

IT(N,5) 1.01E-02 1.00E + O2
Am 241 FF(N,2) 3.%)E4M 3.90E-03
Am 243 FF(N,2) 3!UE-04 3.90E-03

Additional Changes to the IMPACTS IIRC Version 2.0 Uwr's Guide: Two of the decay chains ludicated as footnotes
to the DCF4 and DCf 5 tables in the user's guide are error.cous, the salues for Ru-103 include the values for Rh 103tn
and not Rh 103 us indicated. Similarly, the values for Sn 126 Include the values for Sb 126m and not the values for
Sh-126 as ladicated.

i

Table G-3 Fornu1LIEEERL.iltorinjn Version 23,I

IEQIQfE PARAMEIER ysnign__2.0 valus Correct 4 value
C 14 FMF(N) 103 1.02E-01

RET (N,1) 1.0 1.00E + 00
Na 22 RET (N,1) 1.0 1.00E 4 00
P-32 RET (N,1) 1.0 1.00E + 00
P-33 RET (N,1) 1.0 1.00E + 00
S 35 RET (N,1) 1.0 1KE + 00 '

Cl.36 RET (N,1) 1.0 1.9)E + 00
Ca 45 RET (N,1) 1.0 1.00E 4 00
Cr-51 RET (N,1) 10.0 1.00E + 01 ,

Mn 54 RL'T(N,1) 10.0 1.00E + 01i

|. Fe 55 RET (N,1) 1.0 1.00E + 00
L Fe-59 RET (N,1) 1.0 1.00B + 00
| Co-57 RET (N.1) 1.0 1.00E + (0
i Co-58 RET (N,1) 1.0 1.00E + 00

Co-60 RET (N,1) 1.0 1.00E + 00
Ni 59 RET (N,1) 1.0 1.00E + 00 l

| Ni-63 RET (N,1) 1.0 1.00E + 00

G-4
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Table G 3 F_QrinL1DEDuh100CkA_In VersiotLO (continug.d)

ISOTOl'E l'ARAMETFR ymign 2 0 value Contgttd._uln
2.n-65 RET (N,1) 1.0 1.(CE + (K)

Rt>86 RET (N,1) 1.0 1.00E + (X)

St-85 RET (N,1) 1.0 1.00E + (X)

St-89 RET (N,D) 1.0 1.00E + (X)

Sr-90 RET (N,1) 1.0 1.00E + (0

Zr 95 RET (N,1) 1.0 1.00E + 00

Nt>.94 RET (N,1) 1.0 1.00E + (0

Nt>93 RET (N,1) 1.0 1.00E + 00

Tc.99 RET (N,1) 1.0 1.00E + 00

Tc 99m RET (N,1) 1.0 1.00E + (O

Ru 103 RET (N,1) 1.0 1.00E + 00

Ru 106 RET (N,1) 1.0 1.00E 4 (X)

Ag-108m RET (N,1) 1 .11 1.00E + 00

Ag 110m RET (N,1) 1.0 1.00E4 00

Cd.1(N RET (N,1) 1.0 1.00E + (X)

1125 RET (N,1) LO LO0E + 00

1-129 RET (1<,1) 1.0 1.00E + 00

1 131 RET (N,1) 1.0 1.(CE + (X)

Cs 134 RET (N.1) 1.0 1.00E + 00

Cs 136 RET (N,1) 1.0 1.00E + (0

Cs 137 RET (N,1) 1.0 1.00E + (O

Cc-141 RET (N 1) 10.0 1.00E + 01

Cc 144 RET (N,1) 10.0 1.00E + 01

Th-228 RET (N,1) 100D 1.00E 4 02

Th 229 RET (N,1) 130.0 1.00E + 02

Th 230 RET (N,1) 100.0 1.00E 4 02

Th 232 RET (N,1) 100.0 1.00E + 02

Pu-236 RET (N,1) 10.0 1.00E + 01

Pu-238 RET (N,1) 10.0 1.(CE+01

Pu 239 RET (N,1) 10.0 1.00E + 01

Pu-240 RET (N,1) 10.0 1.00E4 01

Pu-241 RET (N,1) 10.0 1.00E + 01

Pu 242 RET (N,1) 10.0 1.00E + 01

Pu-244 RET (N,1) 10.0 1.00E + 01

Am-241 RET (N,1) 1040 1.00E + 02

Am 243 RET (N,1) 100.0 1.00E + 02

13hle G-4 'Rsund-oft Errars in V nlan LQt

ISOTOPE PARAMETER YmkgLLO value Corrected vahs
H3 .AL(N) 544r*-02 5.65E42
Na 22 AL(N) 245E-01 2I6E 01

D/DCF2(N,6) 6 47E-06 bME-06
P 32 D/DCF1(N,2) 536E-06 5 37E-06

W/DCF1(N,2) 5.36E-05 5.37E-06

S-35 AL(N) 218E + 00 2.89E + 00

Cl-36 DCF5(N,2) 6.22E-13 6.21E-13

DCF5(N,5) 3.66E 15 3.65E-15

DCF5(N,7) 7.92E 13 7.91E-13

DCF5(N,8) 3.92E-11 3.91E 12

Sc-46 A14N) 3.01E + 00 3.02E + 00

G-5
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Table G-4 'R0nnd-pff' Errers in Ymion 2.0 (continued)

11QJIFF. PARAbjfTI;E version 2.0 valog Corrected value
Cr 51 W/DCF2(N,2) 8,69E-03 8.70E-07
MnJ4 W/DCF2(N,2) 4.2SE46 4.26E46

DCF2(N,8) 4.62E-06 4.63E4b
Fe-55 W/DCF2(N,2) 6.47E-07 6.4SE-07

DCF2(N,8) 6.47E-07 6.48E-07
Fe-59 D/DCF2(N,1) 1.29E-05 130 E-05

W/DCF2(N,3) If6E-05 1.67E-05
Co-57 W/DCF2(N,2) 832E-07 833E-07

DCF2(N,5) 536E-07 537E-07
Y/DCF2(N,2) 2.03E-06 2.04E4b

Co-58 W/DC17(N,6) 4.25E4b 4.26E416
Co-60 W/DCF2(N,5) If6E-05 1.67E-05
Zn-65 AL(N) 1.03E + 00 1.04E + 00

D/DCF1(N,7) I f6E-05 1.67E 05
DCF1(N,8) If6E-05 1.67E-05
W/DCFi(N,7) ll6E 415 1.67E-05
DCF1(N,8) If6E-05 1.67E-05
Y/DCF1(N,7) If6E-05 1.67E-05
DCF1(N,8) If6E-05 1.67E-05

Se-75 AL(N) 2.10E + 00 2.11E + 00
Sr-S$ D/DCF1(N,9) 7.58E-07 7.59E417

Y/DCF2(N,8) 1.29E46 130E4b
Sr 4) D/DCF1(N,2) 6.47E-06 6.48E46
Nb-94 W/DCF1(N,3) 4.62E4)$ 4.63E 05
Ni>95 AL(N) 7.23E + 00 7.22E 4 00
Mo-99 D/DCF2(N,5) 6.47E4b 6.48E-06
Ted/> D/DCF2(N,3) 7.58E4T7 7.59E417
Tc4Nm AL(N) 1.00E + 03 LO1E + 03

D/DCIC(N,$) 9.06 E 09 9.07E-09
Rh-103 AL(N) 6.42E + 00 6.43E + 00

DCF4(N,8) 5.10E-05 5.11E.05
DCF4(N,9) 5.41 E-05 5.42E-05
DCF4(N,10) 5 00E-05 5.01E 05

Ru-106 AL(N) 6f6E-Ci 6.87E-01
Y/DCF1(N,5) 536E4% STE46

Cd-109 DCF4(N,9) 139E46 1.40E.06
DCF5(N,6) 1.44E415 1.45E-05

Sn 113 DCF4(N,2) 2.19E-05 2.20E-05
Stw125 D/DCF2(N3) 4.25E4b 4.26E 06
1-125 AL(N) 4.20E + 00 4.21 E + 00

1131 AL(N) 3.14F. + 01 3.15E + 01
Cs-134 D/DCF2(N,2) 4.62E-05 4.63E 05

DCF2(N,10) 4.62E4)5 4.63E-05
Cs-137 A11N) 231E-02 230E4)2
Ba-140 AL(N) 1.97E + 0 i 1S8E + 01
Cc-141 Y/DCF2(N,9) 9.43E-08 9.44E 08

W/DCF2(N,10) 832E-06 833E4M
D/DCF2(N,10) 832E-06 833E-fb

Ce-144 AL(N) 8.91 E-01 8.90E-01
DCF5(N,2) 2.11 E-G1 2.12E-G1

Eu-152 W/DCF1(N,10) 6.47E4b 6.48 E-06
Eu 154 W/DCF1(N,7) 4.25E46 424E4b

G-6
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Ighle G-4 'Round-oft Digrahlinlun 2.0 (conti.gned)

ISOTOPE ['ARAh1EER Version 2.0 valug Gngsigd valut
Ptw210 D/DCF1(N 1) 4.62E4M 4.63E-04

DCF1(N,2) 4.62E44 4.63E44
DCF1(N,9) 4.62E '.4 4.63E-04

DCF1(N,10) 5.36E-03 5.37E413

D/DCF2(N,5) 4.62E412 4.63E-02

Th-228 AL(N) 3.ti3E-01 3.62E 01

Th 229 W/DCF2(N,7) 4.15E &(R) 4.26E + 00

Tb 232 AL(N) 4.29E-11 4.93E-11

Y/DCF1(N,1) 4.62E4b 4.63E-06

DCF1(N,5) d.62E-06 4.63E-06

DCF1(N,8) 6A4E-02 6A5E412

W/DCF1(N,1) 442E-06 4.63E46
DCF1(N,5) 4.62E4M 443F46
DCF1(N,8) 634E-02 6.85E-02

Pa 231 AL(N) 2.13E-05 2.12E-05

Y/DCF1(N,2) 4.62E4M 4.63E4b
W/DCFl(N,2) 4.6264b 4.63E4%

U-235 Y/DCF2(N,8) 3.SSF 413 3M9E-03

W/DCF1(N,8) 338E-03 329E4D
D/DCF1(N,8) 3SSE 03 3M9E-03

U-236 Y/DCF1(N,2) 4.25E46 4.26E46
W/DCF1(N,2) 129E 05 130E 05
D/DCF1(N,2) 1.29E4)5 1.30E45

U-238 AL(N) 1.54E-10 1.55E 10

Np-237 Y/DCF2(N,2) 442E-05 443E-05
W/DCF2(N,2) 4.62E-05 4.63E-05

Ptt 2% Y/DCF1(N,1) 1.28E49 1.29E49
DCF2(N,10) 1.29E-01 1.30E-01

Pu 239 Y/DCF1(N,9) 2.7'<E 10 2.78E-10

Pu-240 AL(N) 1.05E4M 1.06E-04

Pu 241 W/DCF1(N,10) 634E-05 635E-05

Pu 242 AL(N) 1.83E4M 134E-06
W/DCF1(N,2) 4.25E4b 4.26E416

Cm 242 AL(N) 156E + 00 1.55E + 00

DCF5(N,10) 4.91E-07 4.90E4)7

Cf 252 AL(N) 242E-01 2.63E4)1

CIIANGES TO TitPE2.DAT

The only TAFE2.DAT parameter found to be in error was the value for DISTI, the distance to an offsite receptor for
the incineration analysis.

__ -.

Parameter Version 2.0 Versior 2.1

DISTI 320 0 300.0
=_.

G-7
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APPENDIX 11: llesults of Quality Assurance Audits
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SURVEILLANCE AND.QtlALITY REVIEW CilECKLIST i
1

Project:Below Recuistorv Concern (BRO - Actisities:Gercral OA & Qala Verification Org. 416 Date(s): En9 q/t2h1.
t-

.

|
,

[ Report No: J_ Project Contact: Math W, Keuk Surveyor / Reviewer: Samuel D. Bensonhaver Page:_L of * l

!

Resuit !,

-Characteristic Ref. Observations and/or Findings initials|
C NC & Date

* -

t
Pm}xt Legtuas 3.1,I i

!) LogtxuAs ckaly latched as BRC Documersaum.*

!x

| 2) Seprate areas for Data anf code activitics. m 3) Str411 numter of entnes in one nosttaa in tdue. W.ever, a
typewriu a ccmpanson repre c.as a!m filed. t

i 3) Entnes made in tJack ink. dated, and initaled j z
t

i.

j 4) Changes mat so original kft leg 3Ne. I ;x
<

5) Regoremess generaDy observed Inski one entry en one t3) Changes daico and iniualed. m

axetw* which dat out cm: ply. |
- 6) N" white out"or'tta and pa** x

t
I

3.1.2j Qualny Assurarte Training j [
I) laf rmatum dutnhuted via company mad afpos. 6/18b1. L1) QA loformsboa distibutal to rJI prom parucipantt x i

fi- p 2)Trammg sesh a 2) Seuien held for parucqtants en (/24Wl.
M i

4

Records Managemera 3.1.3
2

| 1) Commerned ctpes cf reviewed :r. serial retaned. a p

I 2) Uniscorporated comment retuuals mamtained a 2) N immcurpwated comments pet img.
; '.

>

Security 3.1.5 .

-f1) Data takups available; a
;

2) Backup dskenes kept in locked storage cmta. acts , x ;

f
i
- 3) Backup copics cl the Configuratxm Management Sysicm a

d:skettes r.ad rxacboek win be maintamed in a physically ;'

separated tuilding by the Qualay Card %tr. |'

l

a 4) Extern:1 acceu not abowrJ_ f4) PC's kxked during rucworking hours (if provisored) and
1

! access by other personne1 drstwraged
1

I

t
|

5 .I
h

|

!
, ,- - __ _ _ - - . _ .__ ._ _ _ _ _ -_ _ _ _ _ _ _ _ _ ._ >
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SURVEILLANCE AND QUALITY REVIEW CilECKLIST

Project: Belmv Reeubtory Conc-rn (r4RC) Activilies: Genal OA & Dan verificaritm Org. 6216 Date(s): S/i9 0/131

Report No: .L Project c. +~: Man e v w. Ko7ak sune3or/Resiewer: samset D. Basenhaver
h;e:1 orl

h
_

Result Observations and/or Findings Initials
Character H e r. & Date

C NC

I ) Itave in:picmemed to t!e essent gmsste_. In turns out that tfe3.1 A 2Baselimng IMPACTS-BRC Data

1) CMS established ws:h deks and rnselwA.
origt:ist d<uga of the origmst IMPACTS-BRC pakagem

rnysres that data & <xale be m the snne durctory o ader e
2) Sepuse mde and data arectones mam:amed on FC's. x a

*

3) Sdtware courdinator mvolved in distriburum of dr.a wrsams.
x

%

3) Stared wet dntnbu:,m of orgwal SNI.can . Wet # uex
4) Pa.h names to data files recorded in noictoAs. "'ocsed 12 cr frem NRC and checked for afftreet sampe
3) Sample guelems run, checked and retor&d in logh = A exh f * M '*5 U -

a

tirne instaned em new nxNne w IIW evefionthm c haned _

1":: i 3.2.1
C,2 Review of Yerwon 2.0 Data

'

I) Lire by ime ducrepancy check of tape i dat arid ta;e 2A:it
a

2) Comments and generai summary of 6rengs es:ered me
2) Durregenc es emrred into a BRC prorcs data loghd. kyb wA akrg w:ih a selcrerte to a pnnted rep o cectmeng ;

x

along wah recommended corrective m.wrt. N cast va.uct
x

3) Entnes initiakd and dated.

|3_2.2
Venfcanon of first Review

x
1) liedth pr.ysacnt involved in cho.cc of cornx-tson valuc<.

2) Each correctne actaon initialed and dated by healih physics.
x

z 3),%c tme sched.
3) Ddferences of opnion resAved and arumented by Pnncepsl

Investicauw _. 1

|

!

* > rs
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SURVEILLANCE AND QUALITY REVIEW CI!ECKLIST'
i

Project: Below Regulatory Concern f BRC) Actisities: General GA & Data Verification . Org. M16 Date(s): W19-9/12/91 i

Report No: L Pmject Contact: Matthew W. Kozak Surveyor / Reviewer: Samuel D. Bensonhaver Page:1 of1 i

i
Restilt

Characteristic Ref. Observations and/or Findings Initials
C NC & Date *

Gemsstion of Version 2.1 Data 3.2.3
II) V2.1 Data g:ncrated from controlled copy d V2.0 daut. x

2) V2.1 ef the data iskpendendy reviewed (daicd. md inicaled).
'

;

3) ASCI copy of V2.1 data arcisved by Software Cambrw.or. x
|

L

Rt:n Existing sample Probierns with Venne 2.1 Data ' 3.2.4 - '

g 1)'three User's Guide example pttLms run with arurolled a

J. copy of V2.0 cole and controlled copy of V 2.1 data.
'

,

2) Results mmpared with ihme generated by V2.0 data and a
,

'
d2ffereves rued in the dats kv'u>t, dated, and initialed.

Da:a Verification Lecer Repwt 315 ;

1) Prirdpan Investigator review of report and prtvra togbooks a 1) No major israes surfaced, therefore Fi only W report.

so ensrae that all appror:iate information has been repried

aat-randy.
,

I

i

.

I
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SURVEILLANCE AND QUALITY REVIEW CIIECKLIST

Activities:.Qs;neral OA & Cafe Verification Org.63!6 Date(s): 8/19-9/30S1
Project: Relow Reculatory Concern (11RC)

Report No: 1 Project Co:stact:_Mnthew W. Kozak
Surveyor /P e-iewer:Jamuel D. Bensonhaver Page: 1 of _4_

Observations and/c- Findings Initials bCharacteristic ner. & D2te
C NC

3.I.1 i
Project legtux&s

x
1) tegtvoks clearly latcDcd as BRC Docu ncreation.

x
2) Segmte areas for Dans and cak activiries.

3) Smait numta of entres in one nceebook in blue. However.am

! 3) Entries made in blxk ink, dated, and irdtiakd. tyPewmen companue re; ort was fiM
m

4) Changes made o origir.al kit legible.
5) Requirement generally observed. Changes only r=3e on samem

5) Changes dared and inidsled. day as gange 6ted.Mre,c!anges u speciu any hd
1

6) No "ahite out" or" cut and paste".

3.I .2
Quahty AssuranceTraining 1) Informaion distributed via wrapiny mail agrox. 6/;8/91.

1) Q A 12 formation distnbutal to aH groject participant.t
2) Session held for poject parucipants or 6/24/9.m

2) Training sessiori.=
Oi 1) Grammar only comarnts rece2ved Therefore,cepees were not

Rectrds Management 3,g,3
s i resamed

) Ctwnmemo copies of reviewed materul retai,ed.
x2) Uruncaptrated comment rebunals mainumed 2) No unincornwated ciennwnts pendir.g.

I
j

3I5
1) Only wrne statements aided to test original cok (no changes

j
Security x

|ever made to code logic). Therefore. the Configuration
Management Synern e-igiral code tutkup was coran3ered to |I) Code Batkups avaihue. ,

|
2) Backup diskenes kes in !ccked storage containers 8 be the current bickup.

| ,

3) Bxkup cep es of the Cor.figuratko Managemem 5) stem } |

thskettes and notetook maintained in a phyucany |
separated tudding by the Quality Coordinaar,

*
4) PC's looked during nonworking hours Of provisioned) and 4) External access nra a!! owed.

access by other pmannel dumrszed.

{

_, , ,
,

- _ - _ _ -
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SURVEILLANCE AND QUALITY REVIEW CIIECKLIST
'

.

1

Project:Jelow Regulatory Concern (BRC) Activities: Ger*eral OA_& Code Verification Org. 6416. Date(s): 8/19-9/30S1 j
i

Report No: 1. Project Con:act: Matthew W. Korak Surveyor /Hevie wer: Samuel D. liensonhaver Page: ' ofi j

"
Characteristic g e t, Observations and/or Findings Initials

C NC & Date

Propec New Sampic Froblems 33.1
1) FIN A1763 urd to determine unies:ed areas of ste code. x

2) Res 21:s of atxnc cnicred, (Lued arm! imiialed in legtui. x 2) Note sheets refererced ir yaA sm' krier re;xyt.

3) Sample pmblems develagd along with rnett<x1 of x

venfic: dam.

s 4) Very sitik usitested ctase. Thrrdae, all piMems rxcived= 4) Sample publems ranked in irr putance.
*' "#"'~b a5) Indepealent assessment by PI of pstMems and ranimg

O Problems &tumented & appf oved by P1 in noictoA. 1

Bsrize Code 33.2
1) V2.1 dma used exclumely. s

2) V2_0 code used fcs tuse!ir;e. s
83) Cod. was never muany teken imo matales.3) Edules of V2.0 cede ' racked by Configuration M snager as x ,

|rwcwiry. ,

, . , s , - , -
-

-
- - _ _ _ ______
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l SURVEILLANCE AND QUALITY REVIEW CIIECKLISTj

I
-

Activities: Ger eral OA & Code Verification Org. 6416 Date(s): 8/19-9/301N1

|
Project: Below Reculatory Concern (BRC)

| Report No: 2_ Project Contact _ Matthew W. Kozak _ _
Surveyor / Reviewer:Jamuel DmBensonhauer Pa;;e: _1L of.4_

l

Result Observations and/or Findings Initials
Characteristic H e r. & Date

C NC

3.3.3Pnreduacs for Verifica6eaTesdng 1) Ken mpet files and verificumn files (ourp;t of inserted wnicx
1) Input and output fiks of every run Lep. 5"*I- |

a
2) Results of test run cornparisons eated in logtuAs along j

wuh versson of source code,iien6ficanon of data foes and |

|output files.
|

K
3) Noted ddTerences frtun expected results assessed fw *ause.

4 7) All were actoily N/A sure no ec.rs were fourmt1
4) Lcgic enors in creie documented in los,tw mA. l

2
$) Independent assessment ty PIof allerrert

I

9 6) Correc6ve acd<ns entered in logtxx A and uddaied by tuh
analyst and Pnncipal Invesugaux. I"

7) New txtseline venson assigned to corrected ctule kw cath ,

iteration of code.

3.3.4
Version 2.1 of IMPACTS.BRC I

x
I)Imest versaan of code used to create V2.1.

2
2) Line 2 of code changed to prmt 2.1 versum nurntrr.

3)1hrce toig:rni sample prthlems re-run armi res dts emered inui
a

logbook.

x
4) Entries dated and initialed by analyst.

!

, . ,
. _ - _ _ _
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SURVEILLANCE AND QUALITY REVIEW CIIECKLIST
'

l'roject:JJslow Reculatory Concerr (BRC) Activities: General OA & Code Verification Org. 6116 Date(s): 8/19-9/30/91 '
,

Report No: 1 Project Contact: Matthew W. Korak Surveyor' Reviewer:Jamuel D. Bensonhaver Page: 4 of 4

Result
Characteristic Ret, Obse vations and/or Findings Initials

C NC & Date
i

Cok verifcanon leuer regxrt 3.3.5 '
1) Principal investigator reviewed draft 3.2 regwt and preject x 1) vcry laule ccxk hs! to be venfed sui no artz. were fmni

_

logbooks to ensure all rppropriate information ac:ursely Therefore. P1 revev.ed reptet only

WM

Z
oc Baxlinistg Irnputs-ERC 3.4

1) Project $4 wee wud -ae- axhived ASCII copies of:

i) V2.1 dm. x

ii) V2.1 caxk,rnd x

ii3) all sample prob!ern inpm and output fiks. x

I

i
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CALCULATION OF DECAY CONSTANTS (USING OUATTRO) -|
i
i

isotope Half- life Half-life (yr) Decay Constant ji

DMI Table D-4 Kocher
'

page D-10 (yr)

H-0 1.23E+1 1.2280E+ 01 y 1.228E+01 5.645E-02
C-14 5.73E+0 5.7300E+03 y 5.730E+03 1.210E-04
Na-22 2.62E+ 0 2.6020E+00 y 2.602E+ 00 2.664E-01
P-32 3.91E-2 1.4290E+01 d 3.915E-02 1.770E+01
P-33 6.6SE-2 2.5400E+01 d 6 959E-02 9 961E+00
S-35- 2.41 E-1 8.7440E+01 d 2.396E-01 2.893E* 00
Cl-36 3.08E + 5 3.0100c+05 y 3.010E+05 2.303E-06
Ca-45 4.52E-1 1.6270E+02 d 4.458E-01 1.555E+00
Sc-46 2.30E-1 8.3800E+01 d 2.296E-01 3.019E+ 00
Cr-51 7,62E-2 2.7704E+01 d 7.590E-02 9.132E+00
Mn-54 8 30E-1 3.1270E+02 d 8.567E-01 8.091E-01
Fe-55 2.60E+0 2.7000E+00 y 2.700E+00 2.567E-01

,

Fe-59 1.25E-1 4.4630E+01 d 1.223E-01 5.669E+00 '

Co-57 7.40E-1 2.7090E+02 d 7.422E-01 9.339E-01
Co-58 1.95E-1 7.0800E+01 d 1.940E-01 3.573E+00 ,

Co-60 5.26E+0 5.2710E+00 y 5.271 E+00 1.315E-01
Ni-59 8.00E+4 7.5000E+04 y 7.500E+ 04 9.242E-06
N6-63 9 20E+1 1.0010E+0/ y 1.001 E+02 6.925E-03
Zn-65 6.71 E-1 2.4440E+02 0 6.696E-01 1.035E+ 00
Se-75 3 30E-1 1.197aE+02 d 3.282E-01 2.112E+ 00

Rb-86 5.11E-2 1.86GOE+ 01 d 5.112E-02 1.356E+01
St-85 1.75E-1 6.4840E+01 d 1.776E-01 3,902E+ 00

St-89 _, 1.44 E- 1 5.0550E+01 d 1.3SSE-01 5.00SE+00
Sr-90 2.81 E+ 1 i'.8600E+ 01 y 2.860E+01 2.424E-02

i

Zr-95 1.79E-1 6.4020E+01 d 1.754E-01 3.952E+00
Nb-94 ?00E+4 2.0300E+04 y 2.030E+04 3.415E-05
ND-95- 7 39E-2 3.5060E+01 d 9.605E-02 7.216E+ 00

Mo-99 7.61 E-3 6.6020E+01 h 7.537E-03 9.197E+ 01

Tc-99 2.12E+5 2.1300E+05 y 2.130E+05 3.254E-06 '

Tc-99m 6.91E-4 6.0200E+00 h 6.872E-04 1.009E+ 03

Ru-103 1.08E-1 3.9350E+ 01 d 1.078E-01 6.429E+ 00_
Ru-106 1.01E+ 0 3.6820E+02 d 1.009E+ 00 6.871 E-01 1

Ag-108m 5.00E*0- 1.2700E+02 y 1.270E+02 5.45BE-03
Ag-110m 6.99E-1 -2.49B5E+02 d - 6.845E-01 1.013E+00
Cd-109 1.24 E+ 0 4.6400E+02 d 1.271 E+ 00 5.453E-01
Sn-113 3.15E-1 1.1510E+02 d 3.153E-01 2.19BE +00

Sn-126- 1.00E+ 5 1.0000E+05 y 1.000E+05 6.931E-06
Sb-124 - 1.65E-1 6.0200E+ 01 d 1.649E-01 4.203E+00

,,0-125 2.71 E+0 2.7700E+00 y 2.770E+00 2.502E-01S

1-125 1.65E-1 6.0140E+ 01 d 1.648E-01 4.207E+00
1-129 1.17E + 7 1.5700E+07 y 1.570E+07 4.415E-08
|-131 2.21 E-2 8.0400E+00 d 2.203E-02 3.147E+01
Cs-134 2.05E+0 2.0620E+00 y 2.062E+ 00 3.362E-01
Cs-135 3.00E+6 2.3000E+06 y 2.300E+06 3.014E-07
Cr-136 3.75E-2 1.3160E+01 d 3.605E-02 1.922E+01
Cs-137 3.00E+1 3.0170E+01 y 3.017E+01 2.297E-02
Ba-140 3.51 E-2 1.2789E+01 d 3.504E-02 1.978E+01
La-140 4.59E-3 4.0220E+01 h 4.591 E-03 1.510E+ 02

I

I-2
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lsotope Half- life | Ha!f-life (yr) Decay Constant

DMI Table D-4 Kocher

page D-10 (yr)

Co-141 8.90E-2 3.250E+ 01 o 8,904E-02 7.785E+ 00

Co-144 7.7BE-1 2.843E+02 d 7.789E-01 8 899E-01

Eu-152 1.27E+1 1.360E+01 y 1.360E+01 5 097E-02

Eu-154 1.60E+ 1 8.800E+00 y 8.800E+00 7.877E-02

Yb-169 8.71E-2 3.197E*01 d 8.759E-02 7.914E+ 00

PD-210 2.04E+ 1 2.226E+01 y 2.226E*01 3.114E-02

Po-210 3.79E-1 1.384E+02 d 3.791 E-01 1.820E+ 00

Rn-222 1.05 E-2 3.824E+00 d 1.048E-02 6.617E +01

Ra-226 1.60E+ 3 1.600E+03 y 1.600E+03 4.332E-04

Ra-228 6.70E+0 5.750E+00 y 5.750E+00 1.205E-01 -

Ac-227 2.16E+1 2.177E+01 y 2.177E+ 01 3.184E-02

Th-228 1.19E+0 1.913E+00 y 1.913E +00 3.623E-01

Th-229 7.34E + 3 7.340E 03 y 7.340E+03 9.443E-05

Th-230 8.00E+4 7.700E+ 04 y 7.700E+04 9.002E-06

Th-232 1.41 E+10 1.405E+10 y 1.405E+10 4 933E-11
I

Pa-231 3.2SE+4 3.276E+04 y 3.276E+04 2.116E-05

U-232 7.20E +1 7.200E+ 01 y 7.200E+ 01 9 627E-03

U-233 1.62E+ 5 1.592E+05 y 1.592E+05 4.354E-06

U-234 2.47E+5 2.445E+05 y 2.d 45E+05 2.835E-06

U-235 7.10E * 8 7.038E+08 y 7.038E+08 9.849E-10

U-236 2.39E+ 7 2.342E+07 y 2.342E + 07 2.960E-08

U-238 4.51E+9 4.468E+09 y 4.4G8E+ 09 1.551 E- 10

No-237 2.41E+ 6 2.140E+06 y 2.140E+06 3 239E-07 .

Pu-236 2.85E+ 0 2.851E+00 y 2.851 E+ 00 2 431E-01

Pu-238 8.64E+1 8.775E+01 y 8.775E+ 01 7.899E-03

Pu-239 2.44 E+ 4 2.413E+04 y 2.413E+04 2.872E-05 _

Pu-240 6.58E+3 6.537E.03 y 6.537E+03 1.0GOE-04 =

Pu-241 1.32E+1 1.440E+01 y 1.440E+ 01 4.814E-02

Pu-242 3.79E+ 5 3.758E+05 y 3.75 BE+ 05 1.844E-06

Pu-244 7.60E+ 7 8.260E+07 y 8.260E+ 07 8.392E-09

Am-241 4.58E+2 4.322E+02 y 4.322E+02 1.604E-03

Am-243 7.95E+ 3 7.380E+03 y 7.380E+03 9 392E-05

Cm-242 4.45E-1 1.632E+02 d 4.471E-01 1.550E+00

Cm-243 1 3 20E+1 2.850E< D1 y 2.850E+01 2.432E 02

Cm-244 1.76E+ 1 1.811E+ 01 y 1.811 E+01 3.827E-02

Cm-248 4.75E+5 3.390E+05 y 3.390E+05 2.045 E-06

Cf 252 2.65E+0 2.639E+00 y 2.639E+00 2.627E -01

1-3
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This appendix contains the spreadsheets used to calculate external dose comerdon factors for several decay
chains. The dose conversion factors are calculated by adding the contributions of the parent and first daughter,
which in each case is a very short lived daughter (so the two are always in equilibrium), The resulting sum is
used as the dose conversion factor for the parent. The decay chains considered are

Ru 103 ---> Rh 1GTm
- Ru-106 --: Rb-106
Cd 109 --> ' Ag-1Mm

- Sn 113 ---> In-113m r

- Sn-126 - -> St>.126m
'

Cs-137 --> Ba 137m
Ce 144 -> Pr 144 ;

.

J-2

l
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OALCULAllON OF EXTERNAL DOSE CONVERSION FACTORS FOR DECAY CHAINS

DCF ORGAN PARENT DAUG MERS SUM DCF

Ru-103 Rh-103m
4 1 4.350E+01 3.270E-02 4.353E+01 4.353E-05

2 4.000E+01 1.950E-02 4.002E+01 4.002E-05

3 3.900E+01 1.980E-02 3.902E+01 3.902E-05

5 4.230E+01 3.340E-02 4.233E+01 4.233E-05

6 4.050E+01 1.250E-02 4.051E+ 01 4.051E-05

7 4.450E+01 1.130E-02 4,451E+01 4.451 E-05

8 5.100E+01 5.460E-02 5.105E+01 5.105E-05

9 5.410E*01 6.320E-02 5.416E+01 5.416E-05

10 5.000E+01 1.150E-01 5.012E+01 5.011E-05

5 1 2.110E+03 3.050E-01 2.110E+ 03 2.110E-03
2 1.940E+ 03 1.880E-01 1.940E+03 1.940E-0J

3 1.890E+ 03 1.660E-01 1.890E+ M 1.890E-03

5 2.050E+03 3.330E-01 2.050E+03 2,050E-03

6 1.960E.03 1.340E-01 1.960E+03 1.960E-03
7 2.160E+03 1.070E-01 2.160E+03 2.160E-03
8 2.470E+03 5.130E-01 2.471E+03 2.471E-03
9 2.620E+03 5.890E-01 2.621 E+ 03 2.621 E-03

10 2.420E+03 9.990E-01 2.421E+ 03 2.421E-03

DCF ORGAN PARENT DAUGHTERS SUM DCF

Ru-106 Rh-106
4 1 0.000E+00 1.840E+ 01 1,840E*01 1.840E-05

2 0.000E+00 1.700E+01 1.700E+01 1.700E-05

3 0.000E+00 1.660E+ 01 1.660E+01 1.660E-05

5 0.000E+00 1.800E+01 1.800E+01 1.800E-05

6 0.000E+00 1.120E.01 1.720E+01 1.720E-05

7 0.000E+00 1.880E+01 1.880E+01 1.880E-05

8 0.000E+00 2.110E+01 2.110E+01 2.110E-05

9 0.000E+00 2230E+01 2.290E+01 2.290E-05

10 0.000E+00 2.100E+01 2.100E+ 01 2.100E-05

5 1 0.000E+00 9.220E+02 9.220E+02 9.220E-04
2 0.000E+00 8.500E+02 8.500G+02 8.500E-04
3 0.000E+00 8.320E+02 6.320E+02 8.320E-04
5 0.000E+00 9.020E+02 9.020E-02 9 020E-04
6 0.000E+00 8.610E+02 8.610E+02 8.610E-04
7 0.000E+00 9.410E+ 02 9.410E+02 9.410E-04

- 8 0.000E+00 1.050E+ 03 1.050E+03 1.050E-03
9 0. 000E+00 1.150E+03 1.150E+03 1.150E-03

10 0.000E+00 1.050E+03 1.050E+ 03 1.050E-03

J-3
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CALCULATION OF EXTI'RNAL DOSE CONVERSION FACTORS FOR DECAY CHAlNS

DCF ORGAN PARENT DAUGHTERS SUM DCF

Cd-109 Ag-109m j
4 1 3.020E-01 4.720E-01 7.740E-01 7.740E-07 '

2 1.880E-01 3.710E-01 5.590E-01 5.590E-07
3 1.830E-01 3.510E-01 5.340E-01 5.340E-07

1
5 4.030E-01 5.030E-01 9.060E-01 9.060E-07
6 1.360E-01 3.540E-01 4.900E-01 4.900E-07 |
7 1.040E-01 2.820E-01 3.860E-01 3.860E-07
8 5.060E-01 - 8.150E-01 1.321E+00 1.321 E-06 I
9 6.110E-01 7.840E-01 1.395E+00 1.395E-06 |
10 9.450E-C1 8.970E-01 1.842E*00 1.842E-06

5 1 3.570E+00 1.510E+01 1.867E+01 1.867E-05
|2 2.240E+00 1.260E+01 1.484E+ 01 1.484E-05 |

3 2.160E+00 1.190E+ 01 1.406E* 01 1.406E-05
5 4.890E+00 1.480E+01 1.969E+ 01 1.969E-05
6 1.650E+00 1.280E+ 01 1.445E+01 1.445E-05
7 1.230E+ 00 1.020E+ 01 1.143E+01 1.143E-05
8 5.990E+00 2.620E+J1 3.219E+01 3.219E-05
9 7.260E+00 2.320E+01 3.046E+01 3.046E-05 I
10 1.100E+01 2.250E+01 3.350E+01 3.350E-05

l

DCF - ORGAN PARENT DAUGHTERS SUM DCF

i

Sn-113 in-113ni '

4 1 8.100E-01 2.330E+01 2.411 E+01 2.411 E-05
2 6.480E-01 2.130E+01 2.195 E+01 2.195E-05
3 6.260E-01 2.090E+ 01 2.153 6 01 2.153E-05
5 9.990E-01 2.260E+01 2.360E+01 2.360E-05
6 6.170E-01 2.160E+01 2.222E+01 2.222E-05
7 5.900E-01. 2.400 6 01 2.459E+01 2.459E-05
8 1.210E+00 2.860E+01 2.981E+01 2.981 E-05
9 1.330E+00 2.930E+01 3.063E+01 - 3.063E-05
10 1.520E+00 2.730E+01 2.882E+ 01 2.882E-05

5: 1 2.720E+01 1.100E+03 1.127E+03 1.127E-03
2 2.330E+01 1.000E+03 1.023E+03 1.023E-03
3 2.270E+01 9.840E+02 1.007E+03 1.007E-03
5 3.010E+ 01 1.060E *03 1.000E+03 1.090E-03
6 2.290E+01 1.020E+03 1.043E+03 1.043E-03

| 7 2.370E+01 1.130E+03 1.154E+03 1.154E-03
8 3.830E+01 1.340E+03 1.379E+ 03 1.379E-03
9 4.010E+01 1.380E+03 1.420E+03 1.420E-03
10 4.190E+01 1.280E+03 1.322E+03 1.322E-03

J-4
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CALCULATION OF EXTERNAL DOSE CONVERSION FACTORS FOR DECAY CHAtNS

[ 7 ORGAN . PARENT DAUGHTTRS SUM DCF

So-126 Sb-126m
4 1 4.630E+00 1.410E+ 02 1.456E+02 1.456E-04

2 3.960E+00 1.300E+02 1.340E+02 1.340E-04
3 3.680E+00 1.280E+02 1.317E+02 1.317E-04
5 4.480E+00 1.380E+02 1.425E+02 1.425E-04
6 4.130E+ 00 1.320E+ 02 1.361 E+02 1.361 E-04
7 3.170E+ 00 1.440E+ 02 1.472E+02 1.472E-04
8 8.150E+ 00 1.620E+02 1.702E+ 02 1.701E-04
9 7.000E+00 1.770E+02 1.840E+ 02 1.840E-04
10 6.180E* 00 1.620E+02 1.682E+02 1.682E-04

5 1 1.870E+02 7.040E+ 03 7.227E+03 7.227E-03
2 1.610E+ 02 6.500E+03 6.661 E+ 03 6.661 E-03
3 1.500E+ 02 6.360E+03 6.510E+03 6.510E-03
5 1.770E+ 02 6.880E+03 7.057E*03 7.057E-03
6 1.680E+02 6.570E+03 6.738E+ 03 6.738E-03
7 1.300E*02 7,190E+03 7.320E+ 03 7.320E-03
8 3.290E+02 8.050E+03 8.379E+05 8.379E-03
9 2.800E+02 8.830E+ 03 9.11C .+03 9.110E-03
10 2.440E+02 8.040E+ 03 8.284E*03 8.284E-03

DCF ORGAN PARENT DAUGHTERS SUM DCF

Cs-137 Ba-137m
4 1 0.000E 00 5.360E+01 5.360E+01 5.360E-05

2 0.000E+00 4.950E+01 4.950E+01 4.950E-05
3 0.000E+ 00 4.840E+01 4.B40E+01 4.840E-05
5 0.000E+ 00 5.260E+01 5.260E+01 5.260E-05
6 0.000E+ 00 6.000E+01 6.000E+01 6.000E-05
7 0.000E+00 5.460E+01 5.460E+01 5.460E-05
8 0.000E+00 6.060E+01 6.060E+01 6.060E-05

-9 0.000E+00 6.720E+01 6.720E+01 6.720E-05
10 0.000E+00 6.110E+01 6.110E+01 6.110E-05

5 I 0.000E+00 2.680E+03 2.680E+03 2.680E-03
2 0.000E+00 2.480E+03 2.480E+ 03 2.480E-03
3 0.000E+00 2.430E+ 03 2.430E+03 2.430E-03
5 0.000E+00 2.630E+03 2.630E+03 2.630E-03
6 0.000E+00 2.510E+03 2.510E+03 2.510E-03
7 0.000E+00 2.740E+03 2.740E+03 2.740E-03
8 0.000E+00 3 040E+03 3.040E >03 3.040E-03
9 0.000E+00 3.370E+03 3.370E+03 3.370E-03
10 0.000E+00 3.060E+03 3 060E+03 3.060E-03

J.5
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CALCULATION OF EXTERNAL DOSE CONVERSION FACTORS FOR DECAY CHAINS

DCF OR3AN PARENT DAUGHTERS SUM DCF

Co-144 Pr-144
4 1 1.680E+00 2.650E+00 4.330E+00 4.330E-06

2 1.480E+00 2.460E+00 3.940E+00 3340E-06
3 1.410E+00 2.440E+00 3.850E+00 3.850E-06
5 1.650E. 00 2.660E+ 00 4.310E+00 4.310E-06
6 1.510E+00 2.510E+00 4.020E+00 4.020E-06
7 1.390E+00 2.690E+00 4.080E+00 4.080E-06
8 2.720E+00 2.840E+ 00 5.560E+00 5.560E-06
9 2.430E+ 00 3.220E+00 . 5.650E+00 5.650E-06
10 2.160E+00 2.980E+00 5.140E+00 5.140E-06

5 1 7,160E+01 1.590E+02 2.30GE+ 02 2.306E-04
2 6.350E+01 1.480E+02 2.115E+ 02 2.115E-04
3 6.110E+01 1.470E+ 02 2.081 E+02 2.081E-04
5 6.880E+01 1.600E,02 2.288E+02 2.288E-04
6 6.480E+01 1.510E+02 2.158E+02 2.158E-04
7 6.080E+01 1,620E+02 2.228E+02 2.228E-04
8 1.160E+02 1.700i.+02 2.860E+02 2.860E-04
9 1.020E+02 1.930E+02 2.950E+02 2.950E-04
10 9.090E+01 1.790E+ 02 2.699E+02 2.699E-04

i
!

i

i

|
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APPENDIX K: Verification Test Problems' Input Data Files
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VERIFICATION PROBLEM 1 INPUT FILE: TAPE 5.DAT

1 3 1 1 2 20 50 1
TEST 1,1@ l 8.00E+02 1.00E*00 8.00E+02

3 2 0 50 4 -1 -1 10 100 7 1 50 40 10 0
PU-236 T 1,000E-04 CF-252 Y 2.000E-04 m-99 D 3,000E-04 EA-140 0 4.000E-04

VERIFICATION PROllLEM 2 INPUT FILE: TAPE 5.DAT
'

1 3 4 1 2 20 50 1
TEST 2,1Q=4 6.00E+02 1.00E+00 8.00E+02

3 2 0 50 1 -1 -1 10 100 7 1 50 40 10 0
PU-236 Y 1,000E-04 CF-252 Y 2.000E-04 m-99 D 3.000E-04 BA-140 D 4,000E-04

VERIFICATION PROBLEM 3 INPUT FILE: TAPES DAT

I 3 5 1 2 20 0 1
YEST3.1Q=5 18,00E+02 1,00E+00 8,00E+02

3 2 0 50 2 -1 -1 1 100 7 1 50 40 10 0
RA-226 W 1.000E-04
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VERIFICATION PROBLEM 1 OUTPUT FILE: TAPE 6.OUT

IMPACTS-BRC - VERSION 2.1: Nun on 10/04/91 et 10:14:14.01

ONSITE INC S. LANDF

LIPE= 20 CATL= 1 NSTR= 1
PJ.ON= 1 DATA = 3
IPOP= 2 INST = 50

OPTIONAL XOQ PARAMS
4.023E+03 3.440E+03 3,000E+00 0.000E+00
1,207E+04 2.051E+04 3.000E+00 0,000E+00

2.414E+04 7.364E+04 3.000E+00 3.300E-01
.4.023E+04 1.216E+05 3.000E+00 3.500E-01
5.632E+04 5.566E+05'3.000E+00 0,000E+00

7.241E+04 1.013E+06 2.000E+00 3.300E-01
6.100E+01 0.000E+00 3.000E+02 1.000E+02 3.300E-01 3.300E 01

OPTIONAL ENVIRONMENTAL PARAMETERS
PRC = 1.80E-01 TXC = 1.00E+00 QFC = 1,10V+C2 2.00E+05 4. 50E+06
PSC = 2.64E-10 DTTM= 1.70E+00 TD1 = 1.85L+00 2.50E+01 5,00E+01
FSA = 8,06E-11 DTFC= 0,00E+00 TPC = 0.00E+C0 0.00E+00 0.00E+00
WVEL= 6,67E+00 AXOQ= 1,40E-10 EFAC= 7,95E-06

WASTE: TEST 1,IQal WEIGHT: 8.00E+02 111 DENSITY: 1.00E+00 m /M3

ID= 3 IA= 2 IK1= 0 IK2= 50 PROCESS = 4
IXS= 10 100 7 1 I

'ICS= 50 40 10 0

TRANSPORTATION IMPACTS TR-MAX = 1.58E+00 MRDt/YR
TR-OCC = 3.16E+01 PERSON-MREM /YR )TR-POP = 7,73E+01 PERSOR-HREM/YR

|
|

INTRUDER IMPACTS (MREM /YR):
!

SCN LUNGS S. WALL LLI WALL T, BODY KIDNEYS LIVER RED MAR BONE THYROID ICRP
INT-CO 5.76E-01 2.00E-02 2.00E-02 1.99E-02 2.07E-02 2.07E-02'2.50E-02 8.26E-02 2.00E-02 8.92E-02
INT- AG 2.64E-01 9.4 5E-02 9. 4 7E-02 9. 4 5E-02 9.4 8E-02 9,47E-02 9.62E-02 1.16E-01 9.4 5E-02 1.16E-01

1

EXPOSED WASTE IMPACTS (MREM /YR); )
|

SCN LUNGS 5. WALL LLI WALL T.-BODY KIDNEYS LIVER RED MAR BONI -THYROID ICRP |
IN-AIR 6.28E-01 9.21E-05 5.87E-04 0.00E+00 1.02E-03 0.11E-04 6.29E-03 7,76E-02 8.14E-05 7,87E-02
ER-AIR 7. 62E-03 1.84E-05 5. 81E-05 0.00E+00 4.53E-05 2. 59E-02 1.18E-02 1.46E-01 9.29E-06 8. 82E-03

.IN-WAT 1.68E-07 6.75E-08 2.42E-06 0.00E+00 7.57E-07 3.80E-07 2.84E-06 3,.5SE-05 3.48E-08 1.71E-06
ER-WAT 9.12E-09 1.87E-08 3.2SE-07 0.00E+00 2.79E-08 1.24E 05 5.63E-06 7.00E-05 4.45E-09 3.81E-06

INCINERATION AND OPERATIONAL IMPACTS: UNITS: IC-IND,1C-MWR,OP-IND.OP-WR - (MREM /YR) j
IC-POP,1C-WOR,OP-POP,OP-WOR - (FERSON-MRDt/YR) ;

- SCN LUNGS S. WALL LLI WALL T. BODY KIDNEYS LIVER RED MAR BONE THYROID ICRP
IC-POP 9.65E+03 4,15E+00 5,40E+01 0.00E+00 2.87E+00 9.93E+02 5.91E+02 7.35E+03 1,42E+00 1.53E+03
IC-IND 3.68E-03 1,58E-06.2.06E-05 0.00E+00 1.10E-06 3.78E-04 2,251-04 2.80E-03 5.41E-07 5.83E-04 I

'IC-WOR 8.15E+01 1.40E+00 1.41E+00 1.38E+00 1.40E+00 8,62E+00 5.46E+00 5.22E+01 1.40E+00 1.36E+0L
IC-MWR 5.06E-01 8.51E-03 8.56E-03 8.39E-03 8,47E-03 5.34E-02 3.37E-02 3.24E-01 8.46E-03 8.40E-02
OP-POP 2,76E+01 1.19E-02 1.54E-01 0.00E+00 8.20E-03 2.84E+00 1.69E+00 2.10E+01 4.05E-03 4.37E+00 |
OP-IND 1.98E-01 8.5AE-05 1.11E-03 0.00E+00 5.90E-05 2.04E-02 1,21E-02 1,51E-01 2.92E-05 3.14E-02 |
OP-WJR 4,88E+00 2,15E+00 2.15E+00 2.15E+00 2.15E+00 2.40E+00 2.29E+00 3.88E+00 2.15E+00 2.56E+00 I

OP4WR 4,88E+00 2.15E4 00 2.15E+00 2.15E+00 2.15E+00 2.40E+00 2.29E*00 3,86E+00 2.15E+00 2.56E+00
]
<

LEACHATE ACCUMULATION IPfACTS UNITS ; LA-OPS, LA-OVP - (MREM /YR); LA-AIR - (PERSON-MREM /YR) |
|

SCh LUNGS S. WALL LLI WALL T. BODY KIONEYS LIVER RED MAR BONE T1ftROID ICRP
LA* OPS 2.23E-03 5.36E-03 7.011-02 0.00E+00 1.09E-02 2.19E-01 1.76E-01 2.15E+00 1.80E-03 1.12E-01
LA-OYP 1,11E-09 3 34E-09 9 53E-08 0.00E+00 9.37E-10 3.32E-07 2.76E-07 3.42E-06 1.57E-10 1.72E-07
LA-AIR 2.83E-05 1.11E-08 1.27E-07 0.00E+00 4.73E-09 2.28E-06 1.57E-06 '.95E-05 2.87E-09 4.35E-06

L-2
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1

W.OUND WATER IMFACTS (HFE /YR):

INTF.UDER-WEL1,

TIME LtES 5 WALL LL1 WALL T. BODY E1DNEYE LIVER RED HAR BONE THYRQ10 1CRP

20YR 7.45E-07 9.80E-07 4.3EE-05 0.0DE+00 4.05E-10 8.43E-06 3.35E-06 4.20E-05 4.33E-10 6.06E-06
40YR 1.15E 08 1.52E-08 6.76E-07 0.00E+00 E.27E 12 1.31E-07 5.19E-08 6.50E-07 6.72E-12 9.40E-08
60rR 1.34E-10 . 7EE-10 7.86E-09 0.00E+00 7.29E-14 1.52E-09 6.03E-10 7,56E-09 7.81E-14 1.09E-09
80YR 1.39E-12 1.62E-12 8.12E-11 0.00E+00 7.53E-16 1.57E-11 6.23E-12 7.81E-11 8.06E-16 1.13E-11

200YR 1.34E-14 1.77E-14 7.86E-13 0.00E+00 7.20E-18 1.52E-13 6.04E-14 7.56E-13 7.81E-18 1.09E-13
120YR 1.25E-16 1.64E-16 7.31E-15 0.00E+00 6.76E-20 1.41Z-15 5.61E-16 7.03E-35 7.2EE-20 1.01E-15
160YR 1.12E-20 1.48E-20 6.56E-19 0.00E+00 6.10E-24 1.27E-19 5.05E-20 6.33E-19 6.54E 24 9.152-20
200YR 7.50E-25 0,8EE-25 4.39E-23 0.00E+00 4.07E-28 8.49E-24 3.37E-24 4.22E-23 4.36E-28 6.10E-24
400YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
E00YR 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E*00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
800YR 0.00E*00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00Et00
1K YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E*00
2K YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
SK YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

10K YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
20K YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

~-

WPULATION-WELL
TIME LUNG 5 5. WALL LLI WALL T. BODY K1DWEYS LIVER RfD HAR BONE THYROID JCli?
20YR 0.00E+00 0.00E+00 0 00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
40YR 0.00E+00 0.00E+00 0.00*+00 0.00t+0u 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E*00
60YR 0.00E+00 0.0CE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00!+00 0.00E+00
60YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

100YR 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00
120YR 0.00Z+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0.00E+00
160YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
200YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 n.00E+00 0.00E+00 0.00E+00
400TR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
600YR 0.00E+00 0.00E*00 0.00E+00 0.00E+'' O.00E+00 0.00E+00 0.00E+03 0.00E+00 0.00E+00 0.00E+00
800YR 0.00E+00 0.00E+00 0.00E+00 0.00E*/ 0.00E+00 0.00E+00 0.00t+00 0.00E+00 0.00E+00 0.00E+00
1E YR 0.00E+00 0.00E+00 0.00E+00 0.00E+0. 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0.00E+00 0.00E+00
2K YR 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
SK YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

10K YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
20K YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

POPULATION-SUREACE WATER
TIME LUNGS S. HALL LLI WALL T. BODY KID!rEYS LIVER RID MAR BONE TRYROID ICRP
20YR 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
40YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
E01d 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 -

80YR 0.00E+00 0.00E+0D 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.000+00 0.00E+00 0.00E+00 0.00!+00
100YR 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
120YR 0,00E+00 0.00E+00 0.00E+00 0.00E+do 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
160YR 0.00E+00 0.00Et00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00Et00 0.00E+00 0.00E+00 0.00E+00
200YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.002+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
400YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0.00Z+00 0.00E+00 0.00E+00
600YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0.00E+00 0.00E+00
800YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E.+00 0.00E+00 0.00E+00
1K YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2K YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 00E+00 0.00E+00 0.00E+00
SK YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

10% YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
20K YR 0.00E+00 0.00E+00 0.00E+00 0 00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

...................... ...........................

. Total Run Tim. = 0.2117E-01 Minut.(s)

.........................................................................................................

......+..................................................................................

VERIFICATION PROBLEM 1 OUTPUT FILE: TAPE 10.OUT

IMPACTS-BRC - VERSION 2.1: Run on 10/04/91 at 10:14:14.01

CNSITE IMO, S. LANDF
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TEST 1 IQ-1

TRANSPORTATION ICRP ItEACTS BY NUCLIJE (MRD1/YR)

FJC MAX INDIVIDUAL

m- 99 5.850E-01
BA-140 9,694E-01

PU-236 2.636E-05
CF-132 4.911E-05

TOTAL TRANSPORTATION IMPACTS = 1.579E+00

INCINER ATION ICRP IMPACTS BY NUCLIDE (MRDt/YR)

**** IMPACTS NOT NORMALIZED BY NUMBER OF PROCESSING FACILITIES **

NUC MAXIMUM OFF-SITE INDIVIDUAL

m-99 1.308E-06
BA-140 3,544E-06

PU-236 1.141E-03
CF-252 2.936E-03

TOTAL NON-NO M ALl'?ED INCINERATOR IMPACT = 4.083E 03

WDEKER INCINERATIOd ICRP IMPACTS BY NUCLIDE (MRIM/YN)

IMPACTS API NOT NORMALIZED BY MIR@ER OF PROCESSING FACILITIES ******

N'JC RESILUE HANDLERS MAINTENANCE

m-99 2.181E-02 2.181E-02
BA-140 3.690E-02 3.690E-02
PU-236 1.541E-01 1.541E-01
CF-252 3.752E-01 3.752f-01

TOTAL NON-NORMALIZED W3RKER IMPACTS
5.880E-01 5.880E-01

INTRUDER ICRP IltPACTS BY NUCLIDE (MRDi/YR)

IMPACTS ARE NOT NORMALIZED BY WUMBER OF DISPOSAL FACILITIES ******

NUC CONSTRUCTION AGRICULTUkE

m- 99 2.369E-12 2.226E-09
BA-!&O 0.000E+00 0.000E+00
PU-236 8.918E-02 1.157E-01
CF-252 6.943E-05 2.273E-05
RADON 0.000E+00

TOTAL NON-NORMSLIZED INTRUDER IMPACTS
8.924E-02 1.157E-01

EXPOSED WASTE ICRP IMPACTS BY NUCLIDE (MREM /YR)

IMPACTS ARE NOT NORMALIZED BY NLHEER OF DISEOSAL FACILITIES ******

NUC INTRUDER-AIR IROSION-AIR INTRUDER-WATER EROSION-WATER

MD-99 1.562E-11 1,517E-09 5.601E-14 6.653E-12
BA-140 0.000E+00 0.000E*00 0.000E+00 0.000E+00
PU-236 7.857E-02 8.139E-04 1.674E-06 2.122F-08
CF-252 8.401E-05 8.008E-03 3.236E-08 3.785E-06

TOTAL NON-NOFJ'A1.IZED EXPOSED WA3TE IMPACTS

1A
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7.865E-02 8.822E-03 1.706E-06 3.808E-06

CVERFLOW ICRP IMFACTS BY NUCLIDE ND4/YR)

IMPACTS ARE NOT NORMALIEED BY N'JMEER OF DILPOSAL FACILITIEC **"****

NUC' TREATMENT OVERFLCM EVAPORATOR

m-90 4.492E-03 0.000E+00 0.000t+00
R4-140 1.139E-05 0.000E+00 0.000E+00
PU 236 1.553E-04 8.214E-10 5.965E-07
CF-252 1.073E-01 1.710E-07 3.7%E-06

TOTAL NON-NORMALIZED OVERFLOW IMPACTS
1.11EE*01 1.716E-07 4.352E-06

GROUNDWATER ICRP IMPACTS BY NUCL!DE OEEN/YR) AT EACH TIME
IMPACTS ARE NOT NORMALIEED BY Nit 4BER OF DIS 10 SAL EACILITIES ********

__

FIRST ROW IS INTRUDER WELL
SECOND ROW IS PDFULATION WELL
THIRD ROW IS SURFACE WATER

20YR 40YR 60YR 80YP 100fR 120YR 160YR 200 3 .00YR 600 3 800YR IK YR 2K YR SK YR 10K
'

YR 20K YR

m-99
0.0E+00 0.0t+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.0F+00 0.0E+00 0.0E+00 0. 0f+00 0.0E+00 0.0E+00 0. Ct+ 00 0.0E+00

0.0E+00
0.CZ+00 0.0E+00 0.UE+00 0.0E+00 0.0E +00 0.0E+00 0.0E *00 0.0E +00 0.0E+00 0. 0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E *00

0.0E+00
0.0Z+00 0.0E400 0.0E+00 0.0E+00 0.0E*00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+09 0.0E+00 0.0E+00

0.0E+00
M-140

0.0E*00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0 CE+00 0.0E* 00 0,SE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00
0.0E+00
0.0E+00 0.0E+00 0.UE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.ct+00 0.0E-00 0.0E+00 0.0E+00 0.cE+00

0.0E+00
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.0E400 0.0E+00 0.0E+00 0.0E+00 0,0E+00 0.0E+00

0.0E+00
10-236

6.1E-06 9. 4E-03 1. 'tE-091.1E-11 1.1E-13 1.0E-15 9.1E-20 6.1E-24 0. 0E+00 0.0E+00 0.0E+00 0.0Z+00 0.0E+00 0.0E *00 0.0E+00
0.0E+00
0.0E+00 0.0E+00 0.0E+00 0.0E+0C 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0Z+00 0.0E+00 0.0E+00 0.0E+00 0.0'i+00 0.CE+00 -

0.0E+00
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 D.0Et00 0.0E+00 0.0E+00 0.0E&00 0.0E+00 0.0E+00 0.0Et00 0.0E*00 0.0E+00

0.0E+00
CF-232

0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0Et00 0.0E+00 0.0E+00 0.0E+00
0.0E+00
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0^+00 0.0E+00 0,0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

0.0E+00
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0F+00 0.0E+00 0.0E*00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

0.0E+00

TOTAL NOH-NORMALIZED GROUNDNATER IMPACTS
6.1E-06 9. 4E-08 1.1E-09 1.1E-11 1.1E-13 1.0E-15 0.1E-20 6.1E-24 0.0E+00 0.0E+00 0.0E +00 0.0E+00 0.0E+00 0.0E+00 0. 0E+00

0.0E+00
0.CE+00 C.0E+00 0,0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+C0 0.0E*00 0.0Et00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

0.0E+00
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0. 0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

0.0E+00
....... ......... .. .. .. ... ..... ... .......

Total Run Time = 0.2117E-01 Minut.(s)

.........................................................................................................

..............s...........................................,.......... .. .............e..

VERIFICATION PROBLEM 1 OUTPLTF FILE: TAPEll.OLTT

l5
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. IMPACT 5-BRC - VERSION 2.1: Run on 10/04/91 at 10:14:14.01

ONSITE INC, S. LANDP

zLIFE= 20 CVFL= -1 NSTR= 1
RECN* 1 DATA = 3
IPOP= 2 IN5T= 50 I

I

OPTICGAL XOQ PAP &ts -
4.023E+03 3.440E+03 3.000E+60 0.0 DOE +00
1.207E+04 2.0$1E+04 3.600E+00 0.000E+00
2.414E+04 7.364E+04 3.000Et00 3.300E-01
4.023E+04 1.216E+0$ 3.000E+00 3.300E-01 |

5.632E+04 S.566t+05 3.000E+00 0.000E+00
74241E+04 1.013E+06 2.000E+00 3.300E-01 l

6.100E*01 0.000E+00 3.000E+02 1.000E+02 3.300E 01 3.300E-01

OPTIONAL ENVIRGR4 ENTAL PARAMETERS

PRC = 1.80E-01 TXC = 1.00E+00 QFC =.1.10E+02 2.00E+0S 4.50E+06
FSC * 2.64E-10 DTTH= 1.70E+00 TIN = 1.85E+00 2.50E+01 S.00E+01
FSA = 6,06E-11' DT K= t,.00E+00 TPC = 0.00E+00 0.00Z+00 0.00E+00
WEL= 6.67E+00 - AXOQ.1.40E-10 EFAC= 7.9$E-06

MSTE: TE3T1,10=1-WEIGHT 1 8.00E+02 MT DENSITY: 1.00E+00 M* /it3

ID* 3 1A= 2. IK1= C IK2= $0 ?ROCE".,3= 4

IXS= 10 100 7 1

ICC= 50 40 10 0

TRANSPORTATION IMPACTS TR-MAX = 1. 58E*^0 ffSil'!3
TR-0CC = 3.16E+01 PFPSLV-teD1/TR
TR-POP = 7.73E+01 CESM%9.D4/YR

INTRUDER IMPACTS (MREM /YR): |

= SCN . ICRP
INT-CD 8.92E-02
INT-AG 1.16E-01

|

.. EXPOSED WASTE IMfi. CTS (PREM/YR):

.

^ |BCN e ICRP
IN-AIR 7.87E-02 ||
ER-AIR 8.82E-03
IN-WAT 1.71E-06 I
IR-WAT 3.81E-06

'

. INCINERATION AND OPERATIONAL'D1 PACTS:
-UNITS: IC-INP IC-FNR,0P*I!O,0?-W R - (MREM /YRJ

IC-POP.4C-WN.CP-POP.00-WOR - (PERSON-NREM/YR)

SCN ICRP
IC-POP 1.$3h03
IC-IRD'S.831 F.+

.IC-WOR 1 36E+02
IC-W R *.40E ,2

OP-FOP 4'37E+00
OP-I M .* 14E-02~
'P-WOR 56E+00
OP-W R 2.56t+00

LEACE4TE ACCLtfULATION IMPACTS UNITS ~ LA-OPS. Ih0VF - (MRD1/YR); LA-AIR - (PERSON-MREM /YR)

TN .ICRP
LA-OPS 1.12E-01
LA-0VF 1.721-07
LA-AIR 4.35E-06'

1

GROUND WATER IMPACTS (MRD1/YR):

IFtRUDER-WELL
TIME ICRP-

1-6

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



.- _ _ . _ . - _ - - _ . - - _ _ - _ _ _ _ - - - . _ _ - . .

NYR 6.06E-06
40TR 9.40E-08
60YR 1.09E-09
60fR 1.13E-11

100YR 1.09E-13
120YR 1.02E-15
1601R 9.15E-20

-200YR 6.10E-24
4007R 0.00E+00
600YR 0.00E+00
800YR 0.00E+00
1K YR 0.00E+00
2K YR 0.00E+00
SK YR 0.00E+00

10K TR 0.00E+00
20K YR 0.00E+00

POPfA.AYIDH-WZ11
TIME ICRP
20YR 0.00E*00
40YR 0.00E+00

^~

60YR 0.00E+00
*60YR 0.00E+00

100YR 0.00E*00
120TR 0.00E+00
160YR 0.00E+00 !

-200YR 0.00E+00
400YR 0.00E*00
600YR 0.00E+00
000YR 0.00E+00 .'

IK YR 0.00E+00
ZK YR 0.00E+00 -
5K YK 0.00E+00

10K YR 0.00E+00
20% YR 0.00E+00

POWLAYION-SURFACE WATER
TIME ICRP 'i

20YR 0.00E+00
40YR 0.0?E+00
60YR 0.00E+00
80YR 0.00E+00

100YR 0.00E+00
120YR 0.00E+00
160YR 0.00E+00
200YR 0.00E+00 -

400YR 0.00E+00
600YR 0.00E+00
800YR 0.00t+00
1K YR 0.00E+00
2K'tR 0.00E+00
SK YR 0.00E+00

10K YR 0.00E+00
20K YR 0.00E+00

... ...............................................

Yotal Ron Tim. = 0.2117E-01 Minut.(s)

.......................................................................................e.......+.........

.........................................................................................................

VERIFICATION PROBLEM 2 OUTPUT 11LE: TAPE 6. BOT

IMPACTS-BRC - VERSION 2.1 Run on 10/04/91 at 10;16:06.59

RAZARDOUS WASTE I

LIFE = 20 OVFI.= 1 NOTR= 1
RIGN* 1 DAYA= 3
IPOP= 2 IN3Y= 50

L-7

. .. . .. -



- ~ . . - ,

1
1

( -

I

OPTIONAL XOQ PARAMS
5.023E+03 3.4*CE+03 3.000E+0? 0.000E+00
1.207E+04 2.051E+04 3.000E+00 0.1237.+00
L.414E+04 7.554D04 3.000E+ 00 3.300E-01
4,023E+04 1.216I+05 J 000t+ 00 3.300E-51

5.632E+04 5. 5NE+05 3.000E+00 0.000E+00
7.241E+04 1.013E*06 2.000E+0u 3.300E-01
6.100E*01 0.000t+00 1 WI+02 1.000E+02 3.500E 01 7 300E-01

OPTIONAL ENVIRONMENTAL PARCETERS
WC * 1.6CE-01 TXC = 1.00t+00 QFC * 1.10D02 2.00E+05 4.50!+06
PSC = 2.64E-10 DTTW 1.70E+00 TTM = 1.85E+00 2.5CE+01 3.00E+0.
PSA a 8.00E-11 OTN= 0.00E+00 IF = 0.00E*00 0.00E+00 0,00D00

WEL* 6.67E+00 AXOQ* 1.eCE-10 ETAC* 7. 95E-06

Wl.STE:-TEST 2,IQ=4 WEICBT: 8.00E+02 MT DENSITY: 1.00E+00 MT/M3

IDa 3 IA* 2 IK1= 0 IE2= $3 PROCES$= 1
IXS* IJ 100 7 1

ICS= 50 40 10 0

TRANSIURTA!!ON IMPACTS TR41AX = 3.23E+00 MRDt/YR
3-OCC = 6.4 5E+0i PERSCH-MRD4/YR
TR-POP * 4.42E+02 PERSON-MREM /YR

INnUDER IMPACTS (MRIM/Y'O:

*CN LUNGS S. WALL LLI WALL T. BODY KIDNEYS LMR RED MAR BCmE THYROID imp

INT-CO ?.22E-02 4.24E-04 4 24E-04 4.22E-04 4.38E-04 4.38E-04 5,30t-04 1.75E-03 4.28E 04 1.69E-03
~

TJT- AG 5. 59E-03 2.00E-U3 2.00E-03 2.00F-03 2.01E-03 2.00r>03 2.04E-03 2.45E-03 2.00E-03 2.45E-03

EXPCGD WA'.!E IMPACTS (MREM /n):

SCN 1.UNGS S. WALL LLI WALL T. ICDY LIDNEYS LIVER RED MAR BCNE THYROID 1rRP
IN AIR 1.33E-02 1.93E-06 1.24E-05 0.00E+00 2.16E-05 1.932-05 1.33E-04 1.64E-03 1.72E-06 1.E6E-03
ER- AIR 1.36E-02 3. ?SE-05 1.04E-04 0.00E+00 8.11E-05 4. 63E-02 2.11E-02 2.62E-01 1.66E-0 3 1. 58E-02
ID-WAT 3 55E-09 1.43E-0W 5.13I-08 0.00E+00 1.60F.-08 8.03E-09 6.01E-08 7.53E-07 7.37E-10 3.61E-06
ER-WAT .1.63E-08 3.3dE-08 5.87E-07 0.00E+00 5.00E-08 2.21E-05 1.01E-05 1.25E-04 7.96E-09 6.61E-06

,

INCINER/? ION ANS C'TM* TONAL IMPACTS: UNITO: IC- I A). IC-H40P-IND.OPWR - (MREH/YR)
IC-1CP.1C-WOR .OP-POP.OP-WOR - (PERSGN -MRD1/YR)

SCN LNGS 3. WALL LLI WALL * BODY KIDNEYS LIVER RED HAR BONE TBYROID ICRP
IC-POP 0.001'+D0 0 OJE+00 0.00E+0S 0,00E+00 0.00Ee03 0.00E+00 0.00D00 0.00E+00 0.00E+00 0.00D00

IC-INO 0.0CE+G0 0.00E+00 0.00E+00 0.00E+P0 0.00E+00 0.00E*00 0.00E+00 0.00E+00 0.0:E+00 0.00E+00
ICW f' 00D00 .9.00E+00 0.00D00 0.00E+00 0.00E+00 0,00D00 0.00D00 0.00E+00 0.00F+00 0.00E+00
ICWR , ^ ?D00 0.PODoD 0.00E+00 0.00D00 0.00E+00 9.00600 0.00D00 0.00E+00 0.00D00 0.00E+00 i

OP-POP 1.44t+00 6.22E-04 8.08E-03 0.00E-00 4.30E-04 1.4G7e01 8.84E-02 1.10E+00 2.12E-04 2.29E-01
OP-IND 1 04E-02 4. 47E-0C 5. 21 ENS 0.00D00 3.09E-06 1. 07P03 f ,3BE+04 7.92E-03 1. 53E-06 1.65E-03

OP-WOR 5.51E*00 4.03E+00 4.05D00 4.03E4 00 4.05E+00 4.19E+00 4.13E+00 4.9+E*00 4.0$E+00 4.28E+00
O/-WR 1 54E-01 1. o0E-01 1.29E-01 1.29E-01 1. 2DE-51 1.ME-01 1 31F01 1. 45E-01 1.29E-01 1.33E -01

Ef.ACHATE ACCU WLATION IMPACTS UNITS LA--opt. LA-OVF . - (ME/YR); LA-AIR - (PERSON-MO N! n)

SCW LUNGS S .lMLL LLI WALL T. DODY CDNEYS LIVER RED MAR MONE THYROID ICRP e

LUCPS 3.93E-04 9.58E-34 1.25E-02 0.00E*00 1.94E-03 3.91E-02 3.14E-02 3.85E-01 3.22E-04 2,00E-02
,

~

LA-OVF 1.95E-10 5. 98E-10 1. 71I 48 0.00D00 1.E8E 10 5. 94 E -08 4.93E-CE 6.12E-0 7 2. 81E- 11 3.0 7E-GS
LA-AIR 5.06E-06 1.98E-09 2.26E-00 0.00 D 00 0.4EE-10 4.CBE-07 2.80E-07 3. et-06 5.14L-10 7.70E-07

1

GROUND WATER DEACTS &WP1/YR):

INTRUDER-WELL
TIME LUNGS S. WALL LLT WALL T 300Y KIOFETS LIVER P.ED iSR DONE THYROID ICRf
20YR 2.69E-08 3.54E 08 1.38E-06 0.00 D 00 1.4EE-11 3.04E-07 1.21? 07 1.52E-06 1.56E-11 2.19D 07
40YR 4.17E-10 5.4BE-10 2.44E-08 0.00E+00 2.2bE-13 4.72E-09 1.87E-09 2.35E-08 2.43E-13 3.39E-09
60YR 4.e5E-12 6. 37E-12 2. 84E-10 0.00E+00 2. 63E-15 3,4 BE-11 2. !ME-11 2. 73E-10 1. 82E -15 3.94E-11

80YR 5 C1E-14 0,5eE-14 Z,9?E-12 0 C aE+00 2.72E-17 5.67E-13 2.25E-131.82E 12 2.91E-17 4.08E-13

100YR 4.85E-16 6.3BE-16 3.84E-14 0.00E+00 2.63E-19 5. 49E-15 2.18E-15 2. 73E-14 2. 82E-19 3.95E-15
123YR 4. 51E-18 5. 93E-18 2.6;E-16 0. 00E*00 2 A SE-21 5.11E-17 2.03E-17 2. 54E-16 2. 62E-21 3. 67E-17

lb0YR 4.06E-22 5.34E-22 2.:.8E v0 0.00D00 2.21E-25 4.60E-21 1. 83E-21 2.25E-20 2. EE-25 3.31E-21
200YR 2.71E-26 3.57E-26 1.59E-24 0.CfiD 00 1.4 4-29 3.07D 25 1.22E-25 1.5?E-24 1.58E-20 2.21E-25 n

400YR 0.00E+00 0.00E+00 0.00E+00 0.00E*C0 0.002+00 0.00E+00 0.00T.+00 0.00E+00 0 00E+00 0.00E+00
600YR 0.00E+00 0.00E+00 0.00E+00 Of>0Et00 0.00E*00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

L-8

_ _ _ _ _ _ _ _ _ _ _ _ _ - - _ -



800YR 0.00E600 0.0JE+00 0.00E+00 0.c0= +00 0.00E+00 0.00E*00 0.00E+00 0.COE+00 0,00E+00 0.00!+00
1K YR 0.00E+00 0.06t+00 0.00E+00 0.00E+00 0.0^E+00 0.00E+00 0.00E+00 0.00f+SO 0.00E+00 0.00E+00
ZX YR 0.00E+00 0.00E+00 0.00E+00 0.00E+n0 0.00E+00 0.00E+00 b.00E+00 0.001 'O 0.00E+00 0.00E+po

$K YR 0.00E+00 0.00E100 0.00E+0D 9.00E+00 0.001 00 0.00E+00 0 00t+00 0.00!+_ 00E+00 0.00E+00
10K YR 0.00E+00 0.00E+00 0.00E+00 0.0CI+00 v.00!+00 0.00E*00 0.00E+00 0.0cE+c 00E+00 0.00E+00
20E YR 0.00E+00 0.00E+00 0.00E+00 b.00R600 0 00E*00 0,00E+00 0.00E+00 0.00E+00 s .00E+00 0.00E600

POPULATIDN -WELL
-TIME LUN09 S. WALL L;.I WALL T. 00DY K"*EY S LIVER RED MG 1GT TETROID ICRP

20TR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00!+00 0 00E+0? 0.00E+00
40YR 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
60YR 0.00E+00 0.00Et00 0.00E+0) 0.00E+00 0.00E+00 0.')CE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
OGYR 0.00E*00 0.00!+00 0.00E+00 n.00E*00 0.00E+00 0.00st00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

100YR 0.00E+00 0.00E+00 0.00E+00 0.00Et00 0.007.+ 00 0.00E+00 0.00EiOO 0.00E.00 0.00E+00 0.00E+00
120YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.0''400 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
100YR 0.00!+C0 C.0CE+00 0.00E+00 0.00E+00 0.5 '00 0.00E+00 0.CCE+00 0.00E+00 0.00E+00 0.00E+00
200YR 0.00E+00 0.00E+00 0.00E+00 0.00Et00 0 sk JO J.00E+00 0.00E+0C 0.00E+00 0.00E+00 b.00!+00
400TR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
600YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+50 0.00E+00
800TP, C.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E400

~~

1K YR b.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00t+00 0.00E*00 0.00E+00 0.00E+00 0.00E*00 0.00E+00
II YR LOOE+00 0.005t00 0.0tE+00 0.00I+00 0.00t+00 0.00E+00 0.00E+00 0.00!+00 0.00t.+00 0.00E*00
5K YR 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+JO 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E*00

10K YR 0.00E+00 0.00!+00 0.00E400 0.00E+00 0.00E+00 0.00E*00 0.00Ers0 0.00E+00 b.voE+00 0.00Et00
20K YR 0.00E+00 0.00E+00 0.00Et00 0.00Et00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00L+00 0.00E+no

ICFTIATIOtt-SUKIACE WATER
IIME LUNGS S X*LL 1.L1 VALL T IODY KIONEYS LIV'R RED MAR DOGE THTROID h/RP

201R 0 00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 00E*00 0.00E+06 0.00E+00 0.00E+00 0 00E+00
40YR 0,00E+(0 0.00E+00 0.00E+00 0.00E+00 0.057'00 0.00E+00 0.00E+00 0.00E+00 0.00E-*00 0.00E+00
60YR 0.00E+00 0.00E+00 0.00E+00 U.00E+00 0.0%;+0s 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
80YR 0.00E+00 0.00r+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0.00E+00 9.00K+00

100YR 0.00E+00 0.00E+00 0.90E+00 0.00E*00 0.00L*00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 00E+00
120TR 0.00E+00 0.00E* 00 0.00E+00 0.00E+00 0.00E+00 0.00E*C0 0.00E*00 0.00E+00 0.0cE,00 0.00E +00
150YR 0,00E+00 0.00E+00 0.00E*00 0.00E+00 0.00E*00 0,00E+00 S.00E+00 0.00E+00 0.00E+00 0.00E*00
200YR C.uCI+0D 0.00E+0D 0.00!+00 0.00E+00 0.00E+00 0.00E&OO 0.00E+0C 0.00E+00 0.00E+00 0.L0t+e0 '
400TR 0. 00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0. 00E+ 00 0. 00E +00 0.0JE+0C 0.00E+00 0.00E+00
600YR 0.0cE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 C.00E+00 0.00E+00 0.00E400
SODYR 0.00E+00 0.00L$00 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0.00E*JC u.00E+00 0.00E+00 0.00E+00
1K YR f .00Et00 0 00E+0 3 0.00E+00 0.00E+00 0 00E+00 0.00E+00 0.00E+00 0.00E+00 0. 00E+00 0.00E+00
2X YR 0.00E400 0.00E +00 0.06E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E +00
SK YR 0,00E+00 0.00E+00 0,00E+vn 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0.000+00

10K YR 0.00E+00 0.00E+00 0.00Et00 0,00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0.00E+c0
20% YR 0.00E+00 0.00E+00 0.00E*00 0.00E+00 0.00E+G0 0.00E+00 0.00E+00 0.00E+00 0.00T+00 0.00E+00

. . . . . . . . . . . . . . . . . . . . . . . . . . _ . . . . . . . . . . . . . . . . . . . . .

=
Total Ren Yime = 0.2017E-01 Minu?.(s)

..............................................+...+................................... ..................

+..s.................................+..................................................,

VERIFICATION PROBLEM 2 OUTMIT DLL TAPE 10.OUT

IMFACTS-BRC - VERG!ON 2.1: kun on 10/04/91 c 10:15:06.50

RAZARDOUS WASTE I

TEST 2 IQ-4.

TRANSPORTATION I"3LS IMff TS BY NGCLIDE M dM/?R)

NUC HAT INDIVIDWL

HD-90 1.195E+00
Eo-140 2.022E+00
PP.?3f, 5,397E-05

CF-252 1 004E-02

TGf AL YRANSPWTATICH IMPAC".i = 3.227E+00

i
IL-9
i

|
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|'

TNTRI' DER ET.P IMPACTS BY TJCLIDE OEEM/YR)

"** IMPACTS ARE NOT N0lG%LIIED BY WUMBER OF DISPOSAL FACILITIES **** 2

NUC CCMSTRUCTION AGRICULTLW

m-99 S.014E-11 4.711E-11
BA-140 0.000E+00 0.000E+00
10-236 1.887E-03 2.449E-03
CF-252 1.469E-06 4.810E-07
RADON 0.000E+00

TOTAL NO9-NCRMALIEED INTRUDER IMPACT 3
1.829E-03 2.649E-03

EXPOSED WASTE ICRP IMPACTS BT NIELIDE (MRDt/YR)

**** IMPACTS ARE NOT NORWIZED 3Y Nit 4ER OF D1510 SAL I ACILITIES "**

FUC INTRUCER-AIR ER0GION-AIR INTRUDIA-%*.TER EROSION-WATER

to-99 3.307E-13 2.713E-09 1.185E-15 1.190E-11
BA-140. 0.000E+00 0.000E+00 0.000E+00 0.000E+00
PU-236 1.663E-03 1.4552-03 3.542E-08 3.795E-08
CF-232 1.778E-06.. 1.432E-02 6 . 64 9+.-10 6.773E-06

TOTAL NON-NORMALIIED EXPOSED W!.STE IMPACTS
1.065E-03 1.578E-02 3.611E-06 C.811E-06

CVIRFLOW ICRP IMFACTS BY NUCLIDE O@.Di/YR)

**** IMPACTS ARE NOT NCHMALIZED BT NUMBER OF D7SICSAL FACILITIEE **"

NUC TREATMENT OVERFLOW TVAPORATOR

m-99 7.31GE-04 0.000E+00 0.000E+00
BA-140 2.008E-06 0 000E+00 0.000E4
PU T36 2 J 78E~C 5 1,469E 10 1,0E75-07

CF-252 1.920E 02 3.058E-08 6.718E-07

TOTAL NON-NCRMALIZED OVEFELCW IMPACTS
1.996E-02 3.073E-06 7.788E-07 '.

GROUNDWAt%R ICRP IMPACTS B7 NUCLIDE (MTQ4/YR) AT EACH IIME
**** LNPACTS ARE NOT NORMALIZED BT N'JMBER OF DISPCuAL FACILITIES ****

FIRST ROW IS INTRUDER WELL
SECOND ROW IS PCPAATION WELL
THIRD RCH IS SURFACE WATER

20YR 40YR 60YR 80fR 100YR 120YR 160YR 200YR 400YR 600YR 800YR 1K YR 2K YR SK YR 10K
YR 201 0.

M)- 99
0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0Et00 0.0E+00 0.0E+00 0.0E+00 0.0E+0C 0.0E+00 0.0E+00 0.0E+00

0.0E+00
0.0E+00 0.0E+0D 0.DE+00 0.0E+00 0,0E+00 0.0E4 00 0.0F+00 0.tE*00 0.0E+00 0.0E+00 0.0E+co 0.0E+00 0.0E+00 0.0E+00 0.0E+0G

0.0E+00
0.0E+00 0.0E+00 0.0E+00 0 CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E400 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

0.CE+00
BA-140
0.0E+00 0.0E+00 0.0E+00 r ,0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0Z+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

0.0E+00
0.0E+04 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

0.0K+00
0.0E+00 0.0E+00 0.?E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E*00 0.0E+00 0.CE+00 0.0E+00 0.0E+00

0.0E+00
PJ-236

2.2E-07 C .4E 09 3.9E-114.1E-13 3.9E-15 3. 7E-17 3.3E+212.2E-25 0.0E+00 0.0E+00 0.0E+00 0.UE+00 0.0E+00 0.0E+00 0.St+00

LAD

F
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0.0E*00
0.0E+C0 0.0E+00 0.CE+00 0.0E+00 0.CE+00 0.0E* 00 0.CE+00 0.0E+00 0.0E+00 0.0E*00 0.0E*00 0.0E+00 0 CE+00 0,0E +00 0.CE*00

0.0E+00
0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.C!iOO 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE*00 0 3E+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00

0.CE+00
CF-252

0 CE+0V 0.01+00 0. 0E* 00 0. 0E+^0 0.0E* 00 0. CE+0; 1.CE +00 0. 0E+00 0. 0E+ 00 0.0E+00 0. CE+ 00 0. 0E+00 0. 0E+00 0. 0E+00 0. 0E+00
C.0E+00
D.CE+00 0.0E+00 0.0E*00 0.CE*00 0.0E+00 0.CE+00 0.0E+00 0 CE+00 C.0E+00 0.CE+00 0. 0E *00 0.C!+00 0.ct+00 C 0E+00 0.0E+00

0.0E+t0
0.0E+00 0.0E+00 0.ct+00 0.0E+00 0.02< 00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0. 0E+00 0.0E* 00 0. CE+00 0.0E+00 0.CE+00 0.CE+00

0.0E+00

TOTAL N06-NQkMM IEED GROUNDWATER IMIA15
2.2E 07 3.4E-09 3.sE-11 4.1E-13 1.QE-15 3. 7E-17 3. ?E-21 2. 2E-25 0. 0E+00 0. 0E+00 0. 0E+00 a . C E* 00 D .C E+00 0.0t+00 0. 0E+00

0.0E+00
0.0E+00 0.CE+00 0.CE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.CE +00 0.0E+00 0.0E+00 0.0E+00

0.0E+00
0.CE+0C 0.0E,00 0.0t+00 0 CE+00 0.CE+00 0.CE*00 0.0E+00 0.0E+00 0.0E+00 0.CE+00 0.CE+00 0. CE+00 0.0E+00 0. 0E+00 0.0E* 00

0.01+00
........... ..... _ ... . ..... _ ....... ..... . -

Total Run T me = 0.2017E-01 Muwtein )

..............................................................+............t....o........................

. .....................................e . ..e................... .......................

VERiflCATION PROl*LEM 2 OUI'PUT FILE: TAPEll.OUT

IMPACTS-MC - VERSION 2.1: Run on 10 / 0 4 / 91 **. 10 : 16 : 08. 5 9
,

RA!ACCUS NASTE I
t

1.IFE= 20 OVFL= 1 Nr.Tk= 1

REGN* 1 CATA= 3
IPOP= 2 IMST= 50

OPTIONAL XDQ ?ARAM3
4.023E+03 3 440E+03 3.000E*C0 0.000E*00
1.207E+04 2.051E*04 3.000E+00 0.000E+00
2.414E+04 7,364E+04 3.00CE+00 3.3001-01

4.023E+C4 1.216E+05 3.010E+00 3.300E-01
5.532E+04 S.566E405 3.000E+00 0.000E+00 ,,

7.241E+C4 1.013E+C5 2.000E+00 3.300E-01 g
6.100E+01 0.00DE600 3.000E+02 1.000E+02 3.300E-01 3.30Ct-41

OPTIONAL ENVIROff*ENIM. PAF.N4ETERS
PRC * 1 50E-01 TXC = 1.00E+00 QFC = 1.10E+02 2.00E+05 4.50teC6
FSC = 2.64E-10 CTTM= 1.70E+00 ITM = 1 85E&C0 2. 50E+01 5.00E+01
FSA = 8.0EE"11 DTPC= 0.00E+00 TPC = 0.00E+00 0.00E+00 0.0CE+00
M'EL= 6.67Et00 AXOQ= 1.40E-10 IFAC= 7.95E-06

WASTE: TEST 2,IQ*4 WEIGHT: 8.00E902 Mr DENSITY: 1.00E+00 MT/M3

ID* 3 IA= 2 IK1= 0 IK2= 50 TROCEssa 1
IXS= 10 100 7 1

ICS= 50 40 10 0

TRANSERTATION IMPACTS TR-MAX = 3.23E+ 00 MRDt/YR
TR-CC = 6. 4!E+01 PDSON-MREM /YR
TR -POP = 4. 42E+02 PERSON-MRDi/ YR

INTRUOKR IMPACTS (HREM/YR):

SCN ICRP
INT-CD 1.69r.-03
INT-AG 2.45E-03

EXPOSED NASTE IMPACTS (MkDt/YR):

SC3 ICRP

L-11
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-IN-AIR 1.CCE-03
ER AIR 1.58E-02 j

. IN-HAT 3.61E-08 -

Ek-WAT 6.41E-06-

IEC11rERATIQ3 AND OPERATIONAL IMPACTS;
UNIT 5: IC-IND.IC-MWR.OP-IND,OP-MJR - (M@t/YR)

IC-POP,IC-u]R,OP-POP,OP-WJR - (PERSON 99tZh/YR)

SON ICRP
IC-POP 0.00E+00
IC-IND 0.00E+00
IC-M E 0.00E+00
IC4MR 0,00Zt00
OP-IVP 2.28T-01
'OP-153 1. 55E -03
O?-WL5t 4.28E+00
CP-MWR 1.33E-01

LFK HATE ACCtH EATION IMPACTS UNITS LA-OPS, LA-CVF + (MRD1/YR); LA-/IR - (PERSON-MREH/YR)

^ SCM _ ICRP
LA-OPS 2.00E-02
LA+0/F 3.07E-08
LA xtR 7 /SE-07

1

GROUND WAYER IMPACTS (MRIM/YR):

INTRUDER-WELL
TIME ICRP
20YR 2.19E-07
40YR 3.39E-09
60YR 3.94E-11
80YR 4.08E-13

100YR 3.95E-15
120YR 3.677,-17

160YR 3.31E-21:
200YR 2.21E-25
400YR 0.00E+0C
f00YP. 0.00E+00
800TR 0,00E+00

1% YR 0.00E+00
2K YR 0.00E+00
SK YR 0.00E+00

10K YR 0.00E+00
20K Ya 0.00E+00 -

ICPULATION-WK(.L -
-YIME ICRP

10YR 0.00E+t)0
40YR 0.00E+00
60YT. 0.00E+00
80YR 0.90E+00 ~

-100YR 0.90E+0G
120R 0.00E+00
160YR 0.00E+00
200YR 0.00E+00

-40CYR 0.00E+00
600YR 0.00Ev00
80nYR 0.00E+00
1X YR 0.00E+00
22. YR.0.00E+00
SK YR 0,00E+00-

!- .101 YR 0.00E+00
20^ TR 0.00E+00d|-

!

I- WPULATION-SUPJACI WATE3L
| TDE TCRP '

| .20TR 0.00t+00
~40TR 0.00E+00
60YR 0.00E'00
-80TR 0,00E+00'

!' '100YR 0.00E+0D

| t-n
1

i

L
t



__
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i

120YR 9.00t*00
100Yk 0.00E*00
200Yk 0 00E+00
400Yb 0.00E.00
t00Tk 0.001 00
800Y4 0.00t900
1E YR 0.00E*00
2L YR 0.00E600
SX Y8 0.00E*00

10K YR 9.00E*00,

j 20K IM 0.00!+00
.... .. .... . ..... .... ... ...-... .... ......

Tne.1 un t tu * 0.2017E-01 mnot.t. )

.......................................+................. ..............................................

........................t............................................c...................................

WRIFICATION PHolillM 3 OtTIPUT Fl!I TAl'l; 6.0lTI'

IMrACTS EhC - V113108 2.1: Nn on 10 / 04 / 01 at 10 : 14 :14.01
l

ON3171 1NC, 8 1.AE F

Lif13 20 OYTL* 1 NOTR* 1
RECN* 1 DATAc 3
IPOP= 2 INS 1* 50

CPTIONAL MT) TARNC
4.023E+03 0.440E603 3.000E+t0 0.000E+00
1 20?E+04 2.051E+04 3.000E+00 0,000E*D0
2.414E+04 7.364E+04 3.000!+00 3.300E-01
4.0; 1,21EE*05 3.00VE*00 3.300E-01
5 . f l. 5,506t+05 3.000E*00 0.000E+00
7.74. 1.013E+06 2,00tE+00 3.300E 01

3.100. D.000E+00 3.000E+02 1.000E*02 3.3001 01 3.300E-01

OffirM. 3.NVII0teiENTAL FARAMETER'
FRd * 1.BCE-01 TXC = 1.00!+00 Orc * 1.10E+02 2.00t +05 4.5M+06
FSC * 2,64E-10 DTTre 1.70E*00 TTM = 1.85E+00 2.50E+01 S 00E*01,

TSA * 8.06E-11 DTIC= 0.00E+00 TPC * 0,KE*to 0.0tt+00 0 AE+00
m te 6.67E+00 AX 3)* 1.4DE-10 EI AC* 7. 9"> 06

W ASTE : TES11,1:rl WIGH* s 8.00t*02 MT LINSITY: 1.00E+0D HT/M3

!!w 3 1A* 2 IK1* D Ita= 50 PROCI:E3* .
IXS* 10 100 7 1

1CSa 50 40 10 0

TRANSB M iTIDW IMIACTS TR MAX * 1.5bE400 HFfM/YR
TR OCC * 3.10E+01 FERK* %EM/YR
TR-!vP * ? . 7 3 E + 01 TEDON MIM/ YR

g
4

INTRUDER IMTACTS W IM/YR):

1CN ttftC3 S .WALI. LL1 HALL T. h0DY LIDNEYS LIVER RED MAJC BONE THYkOID ICKi
IllT-C0 5.76E 01 2.00E-D2 2.00E-01 1.9EE-02 2.07E-02 2.07E 0't 2. 50E 02 6. 2EE i . 1.0t'E-02 8.92E-02
INT- AG 2. 64E-01 9. 4 5E-02 9. 4 71+ 02 9. 4 5E-t.2 9. 4 6E-02 9. 4 7C-02 9. 62E-02 1.10E 01 B. 5E-02 1.16E-01

EX)cED WASTE IMTACTS (MPD4/YR):

.4Cli LMiGS 3. WALL LLI WALL T. loDY E!DNEYS LIVER RED W,k IONE THYR 0!D 3CRP

IN-AIR 6.2tE-01 9.21E-Ot 5.87E-04 0.00E400 1.02E-03 9.11E-04 6.20E-03 7.7EE-02 8.14E-05 7.871-02
11* AIR 7.62E 03 1.04E-05 3.t.1E-OS 0.00E+00 4.53E 05 2.5EE-02 1. lee-02 1. 0E-01 J.291-06 8.6Z1-03
IN-WAT 1.68E-0 7 6,7 5E-08 2.42E 06 0.00E+00 7.57E 07 3.80E-07 4.P4E-06 4.5EE-05 3.46E-08 1. 71E-06
ER WAT B.11E-09 1.87E-08 3,2&E-07 0.00E+00 2.791-08 1.24E-05 L o3E-06 7.00t-05 4.45E-09 3.81E 06

INCINE?aTION AND OFEMT!OuAL IMTACTL WIT 5: 191ND,1C WR ,0P* 1ND ,0P-tWR - (MRD4/ YR)
IC-POP.1C-WOR.0f-LOP,CP 60R - (FDAlkMkIM/YR)

SC11 1.UNGS 3. WA1.L LLI WALL T. Bot'Y KIDNEY $ !.IVE'R RED W.R BOk r. TifYROID 101F

L 13
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N

t

IC 10P 9.f-St+03 e.1$2+00. h.40t*01 0.00t+00 2.61400 9.93t+02 S.91t+02 7.3St+03 1.42t+00 1 $1E *03
d

IC*IND 3.68E-031.$8E-06 2.00E-OS 0.00t+001.10E 04 3.78E 04 2,252 04 2.80E 03 S.41t*07 S.63104
IC-WGA 8.1$t+01 1. 40t*00 1.41t+00 1.34t+00 1.4C t+00 8.628+00 $ 46t+00 S.224+01 1.404+00 1. 36t+01
10->Wu S.0EE-01 6.512 Os 4.SEE 03 8.391 03 6.4 71 0) S.34r.-03 3.37E 02 3.241-01 8.I 't-03 6.40E-02 j
OP POP 2.70t+01 1.19t+02 1.54t-01 0.00t+00 8.20t 03 2.44t+00 1.f 9t*00 2.10t+014.0$t-03 4.37t +00 <

OP-!ND 1.98t-01 8. der-0$ 1.11t*03 0.00E+00 S.9CE 05 2.04E-02 1.31t 02 1,51E 01 2.922-05 3.141-02
OP-WDR 4. 581400 2.15E+00 2.13t+00 2,15t+00 2.1SE *00 2. 40t+00 2.29t+00 3.68t +00 2.15t+00 2. StL*00
0F NHK 4.881400 * .15t+00 2.1$t+00 2.15t +00 2.15E+00 2,40E*00 2.20t +00 3.80t+00 2.15t+00 3.S$t*00

Lt.ACHATE AOC HJLAT10N IMFCTS UN178 i LA*Ol'9, LA-OYE - (Mkf24/YR)! 1.A AIR a (l'D$0iM MfW YR 's
)

Scil LtflG5 8 WALL LL1 WA!.L T. DODY L10Ff'Y8 L!Yt* LtD MAA DONE THYROID 3CRP |
LA-CPS 2.2?! 03 S.3tt 03 7. 011 01 0.00E+00 1.00E 02 2.19E * 01 1.761-01 2.15E+00 1. 60E-03 1.12t 01
LA-DVE 1.112 09 3.34t-09 9.S$1-08 0.00E+00 9.37E-10 J.322-07 2,765-07 3.42t 06 3.571-10 1.71t 07 I

LA AIR 2. 83t* 05 1.111 06 1.27f 07 0.00t+00 4. 731-09 2 281 06 1.578-06 1.931 05 2. 87E-09 4.3+t*06 i

1- '

CROUWD WATER DFA018 (MADM/YRit '
>

1NTR*fDf3 WELL'

TIME LtFN05 8 WALL LLI MALL f. DoDY K1DMEYF ER RED WA BONE . TRYROID 1CRP
20YR 7.452-07 9.4CE 07 4.362 05 0.00E+D0 4.0$t- ,.t3t-06 3.351 06 4.20E 05 4.33E 10 6.0ft-06
40YR 1.11t*081.!21-06 f.76E 07 0.00t+00 6.27t 121.31E b7 S.19t 06 6.50t-0! 6.725-12 9,40E-06
B0YR 1.34E-10 1.761a 10 7. 862-00 0.00l +00 7.192+14 1. $2t.~ 99 6.031 10 7. 56t-09 7.61ta54 1.09t 08 ;
80rR 1.39t+12 1.022*12 6.12t-11 0.00Lfv0 7.$3t-16 1.57E-11 6.232 12 7.81E*11 8.0tt 16 1.13E-11.

100YR 1.341 16 1s 7 71 14 7,66t 13 0.00t +J0 7.291-16 1.Szt +3 6.041-14 7.$6E 13 7.81t-18 1.09E-13
120YR 1.2!!*1t 1.64t-* 16 7,312 1$ 0.00!+00 6,78t-20 1.41E*15 5,611 16 7.031-15 7.262-20 1.02t-15
2 60TR 1.121-20 1.48t* 20 6. Set-19 0.00t*00 6.10E 24 1.272 19 S.0$t-20 6.33t-19 6.54t 24 6.1SE-20i

i

200YR 1.50E 2$ 9.661-25 4.39t-23 0.00t+00 4.071-28 SJa?-24 3. 37E-24 4.22t-23 4.3tt-26 6.10t"24 '

400YR 0.00t+00 0.00t+00 0.00t+00 0.00t+00 0,00t+00 0.0tt+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00
600fR 0.00t*00 0.00t+00 0.00E+0 0.00E+ho 0.00t+00 0.00E+00 0.00t*00 0.00t+00 0,00E*00 0.00t+00

i 800110.00t+00 0.00f+00 0.00t+v6 0.00t+00 0,00t+00 0.00E*00 0.00t+00 0.00t+00 0.00E+00 0.00E*00
1K YR 0,00F*t0 0,00t+00 0.00t+0; 0,00t*00 0.00t+00 0.00t+00 0,00t+00 0.00t+00 0.00E*00 0.00E+0e

3

2K YR 0.00i-JD 0.00t+00 0.00E*00 0.00t+00 3.00!*00 0.00E+00 0.00t+00 0.00t+00 0.00t+00 '.00t+00
5K YR 0.00L+00 0.00t+00 0.00t+00 0,00t+00 0.00E4(o 0.00t+00 0.00t+00 0.00t+00 0.00E+00 0.00E*00

i

10K YM 0.00t+00 0.00t+00 0.00E+00 0.00E+00 0.00E*00 0.00t+00 0.J0!+00 0.00t+00 0.00t+00 0.00t+00
20K YR 0.00t+00 0.00f+CV 0.00!+00 0.00E+00 0,00E+00 0.00E+00 0.0Ct+00 0.00t+00 0.00t+00 0 00t+00

POWLATION-WELL
'

TIME 1.VPG8 S MALL LLI WALL T. ICDY KIDNEYS LIVrR RED MAR tcNE THYROID ICRP
20YR 0.00E+00 0.00t+00 3.00!+00 0.00t+00 0.00t+00 0.00E400 0.00t+00 0.90!+00 0.00t+00 0.00t+00
40YR 0.00t+00 0.00t+00 0.00t+00 0. cot +00 .00E+00 0.00t+00 0.00t+00 0.00t+00 0.00E+00 0.00E+00
both 0.00t+00 0.00E+00 0.00C+00 0,00t+00 0.05E+00 0.00t+00 0.00t+0i 0.00t+00 0.00E+00 0.00t+00
00YR 0.00t+00 0.00E+00 0.00!+00 0.00t*00 0.00E+00 0.00t+00 0.00t400 0.00t*00 0.00t+00 0,00E+00

100YR 0.00t+00 0,00t+00 0.00E+00 0.00t<00 0.00t+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00 0.00Ee00
120YR 0.00t+00 0.00E+00 0.00E*00 0,00t+00 0.00t+00 0.06t+00 0.00E+00 0.00t+00 0.00f *00 0.00E*00 i

160YR 0.00E+0C 0.00t+00 0.00t+00 0.00E+00 0.00t+00 0.00t+00 0.00t+00 c.00t+00 0.002400 0.001-+00
400YR 0.00t+00 0.00E*00 0.00t+00 0.00t+00 0.00r+00 0.00t+00 0.00E*00 0.00L+00 0.00t+00 0.00t+00
400YR 0.90t+00 0.00t+00 0 00E+00 0.00L*+00 0.00t+00 0,00t+00 0,00E+00 0.00t400 0.00t+00 0.00F.400

i

3. 600YR 0.00!+00 0.00t+00 0.00E+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00 0,0G7400
|

600rR 4.00t+00 0.00E+00 0.00E+00 0.00t+00 0.00t+00 0.00t+-00 0,00t+00 0.00*+00 0.00f+00 0.00t+00
IK YR 0.00!+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00 0.00t*00 0.00E+00 0.0$t+00
2K YR 0.00E+00 0.00t+00 0.00E+00 0.00E+00 0.00!+00 0.00t+00 0.00t+00 0.00E*04 0.00t+00 0.00t+00
SK YR 0.00t+00 0.00t+00 0.00t+00 0.00E+00 0.00E+00 0.0at+00 0.00t+00 0.00t+00 0.00E+00 0.00E+00

10K Yk 0.00t+00 0.00t+00 0.00E+00 0.00t+00 0.00E+00 0.90t+00 0.00E+00 0.00t+00 0.00t+0U 0.000 'D
20K YR 0.00t+00 0.00t+00 0.00!+00 0.00t+00 0.00E+00 0.00E+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00

.PDFOLATIDN-5URIACE WATER '

TIME t#MGS S . WA '.L LL) HALL f. ICDY KIDNEYS LIVER kt0 HAR BONE TifYR013 ICRP
<

2011 0.00E+00 0.00E+00 6.00t+00 0.00t+00 0.00t+00 0.00E+00 0.00t+00 0.00!+00 0.00E+00 0,00E+00- |

4CYR 0.00t+00 0.00!+00 0.00E+00 0.00t+00 0.00t+00 0.00f t00 0.00E+00 0.00E+00 0.00t+00 0.00t+00
60TR 0.00t*00 0.00E*00 0.00t+00 0.00E*00 0.00E+00 0.00tt00 0.005+00 0.00t+00 0.00t+00 0 00E+00
60YR 0.00t+00 0.00E+00 0.00t+00 0.00E+00 0.00t+00 0.00E+00 0.00t+00 0.00t+00 0.00t+00 0.00t+00

100YR 0.00t+00 0.00E+00 0.00t+00 0.00!+00 0.00!+00 0.00E+00 0.00t+00 0.00t+00 0.00!+00 0.00E+00
'

120YR 0.00t+0u 0.00t+00 0.00t+00 0.00t+00 0.09t+00 0.00E*00 0.00t+00 0.00E+00 0,00!+00 0.00E+30
'

150YR 0.00t+00 0.00t+00 0.00t+00 0 00E+00 0.00t+00 0.00t*30 0.00!+00 0.00E+00 0.00t+00 0.001400
200YH 0.00C+00 0.00t+00 0.06t+00 0.00t+00 0.00t+00 0.00t+00 0.00E+00 0.00E+00 0.00t+00 0.00t+00
400TR 0.0't+00 0.00t+00 0.00E+00 0.00t+00 0.00t+00 0.00t+00 0.00E+00 0.00t+00 0,00t+00 0.00t+00
600YR 0.00t+00 0,00t+00 0.00E+00 0.00t+00 0.00E+00 0.00$+00 0.00t+00 0.00t*00 0.00t+00 0,00t+00

j_ 000rR 0.00t+00 0.00L+00 0.00t+00 C.00t+00 0.00t+00 0.00t+0D 0.00E+00 0.20t+00 0.00t+00 0.00t+00
1E YR 0.00t+00 0.00E+00 0.00t+00 0.00t+00 0.00E+00 0.00t+00 0.00E+00 0.00t+00 0.00t+00 0.00E+00 t

2E YR 0.0GE*00 0 00E+09 0.00t*00 0.001600 0.00E+00 0,00E+00 0.00t+00 0.00t+00 0.00E+00 0.00t+00
SK YR C.00t+00 0.00E+00 0,00E+00 0.00E+00 0.00t+00 0.00t+0c 0.00E+00 0.00t+0C 0.00t+00 0.00t+00

10K YE 0.00E+00 0.00!+00 0.00t+00 0.00t+00 0.0)E+00 0.00t+00 0.00E+00 0.00E+00 0.00E+00 0.00t+00

.
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20K YR 0.00t.00 0.001 00 0.00t* M 0.00t*C0 0.0Lt+00 0.00E+00 0.00t*00 0.00t*00 0.00f*00 0.001 00
................... .............. .............

Tetsi kun Tiew a 0,21171-01 H.i nut . t . )

........ 4......................................................................................... .....

.........................................................................................
VERit'ICATION l'110llt.1;M 3 OtrTPUT l'iti: TAPI:10.OtTT

IMPAC'fS F.kC - YtKS!CW 2.1 ktai on 10/04/91 et 10:17 06.49

ftAtJADCFJG WASTE 11

TTST3.175

TRANS!9RTATION 1CRP IMPACT 5 BY NUCL1LE (t9dNITA)

MOC HAX INDIVYDUA!.

RA-226 6.482t+01

TOT AL TRANSPORT ATION IMI ACTS * 6,4621 01

INCINERATION 3Cht IMTACTS BY NTL101 (HKD4/YR)

IMTACTS NOT Nf8&%LIZED 2Y FJHItER OF l'ROCESSING F ACILITIt s ********

N'X hAXIH M OFF-SItt INDIVIDUAL

RA-226 0.0671-04

TOTAL NON R3ft%L1tf.D INCINERATOR IMTACT * 8.0f7f-04

WCRKY.R INCINERATION ICRP JH] ACTS [ ' FXL1DL DEEN /YR)

IMTACTS ARE 10! NDEMALIZED BY Nt#Dilt OF l'ROCf S5IMO F ACILIT!!S *"*"**

FX A2SIDUl; ILANDLERS MAINTENANCE

RA-226 4.209t*01 4.209E-01

TOTAL NON NORMALIZED WORKIR IMI ACTb
4.2091-01 4.209' 01

INTRWER ICRP IMPACTS BY NUCLIDE (HkEM/Yk)

IMPACT 5 ARE NOT NORMALIZED BY N'JMBER OF DIEIOSI4 FAC111 TIES
"**'"*

NUC CONSTFJETION AGRICULTURE

RA 216 4.t.1E-01 2,034E+00
RADON 2.240E-03

TOTAL NON-NORMA!! ZED INTRUDER IMTACTS
4.381E*01 2,035E.00

Eh!OSED WASTE 1CRP IPfACTS BY NUCLICE (HRf>4/YR)

IMPACTS ARE NOT NOEt%Li!ED BY NUMBER OF DISPOSAL FACILITIES *******"

FX INTRUDER- AIR EROSION- AIR INTR'KER-WATER EROSION-WATTR

kA-226 2.929E 02 8.344E+01 8.751t-05 7 660t-01

!
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TOTAL NON-NC*MALIZED EXIVbED WASTE IMI' ACTS
2.820E-02 8,344E*01 8.751E-05 7.860E 01

DVTRFLCM in't' N C4 3Y WUCLIDE DEEM /YR)

"** IMPA&,- ** + 1 NOP. MAL 111S SY WWEER OF 01810 SAL FACILITIES **"
.

NUC 1AE.ATICNT OVERFLCW EVAfDRATCR |

Pk226 1.130E+00 1.130E400 2.110E+00

Mf!AL NON-NORMALIEED DVERFLCH IMPACTS
1.130E+00 1.130E+00 2.710E+p0

,

$OkOUNDWATER ICRP IMPACTS BY NOCLIDE (mDt/YR) AT EACE TIME
*"* IMPACTS ARE NOT NORMALIEED 27 N'JMBER OF D1510 SAL FACILITIE8 "**

FIRST RCW 181NTT.UDER WELL
*SECOND kCH 18 FOPULATION WELL

THIRD ROW 18 $URFACE WATER

20YR 40YR 60YR 80YR 100YR 120YR 160VR 200TR 400YR 00DYR 600YR 1R YR 2K YR SK YR 10K
YR 20K YR

RA-226
0.0E4 00 0.0E+00 2.4E-012.3E-012.3E 014.EE-016.7E-016.SE 01 1.3E+001.EE*001.4E+001.2E *00 6.3E-01 e.1E 02 2.7E-03

2.81 06
0,0E+00 0.0E+00 0.0E+00 3 CE+LO 0.0E+00 0.CE+00 0.0E+00 0.C!+00 0.0E+00 0.C!+00 '. 2E-02 3.1E-013.EE-0* 4.1E 021,3E 03

1.4E-06
0.0Et00 0.0E +00 0.0E+0D 0.0E*00 v.GE*00 0.0E*00 0.0E+00 0.0E.00 0.0E+00 0.0E+00 0 Ot+00 0.0E+001.EE-02 2.1E 03 s.st-03

7,2E-08 |

TOTAL N0lMORMALIIID GROUNDWATER IMPACTS
,

0.CE+00 0.CE+00 2,4L*011.3E-012.3E-014.6E-016,71-01 L.SE-Cl 1.3E+001.EEinD 1.4E+001.2E+00 8,3E 018.1E 02 2.7E-03

2.8E 06
0.0E+00 0. 0E+00 0.0E+ 00 0.0E+00 0. 0E+00 0.0E+00 0.0!+00 0.0E+00 0.0E+00 0.0E+00 7,2E 02 3.1E-013.2t 014.1E-021,31 03

1.4E-06
0.0E+00 0.0E+00 0,0E+00 0.CE+0C 0.0T+00 0.CE+00 0,0E* S0 0.05*00 0,0E+00 0.0E+00 0.ct+00 0.0E+001.tE-02 2.1E-03 6.et-05

7.gt-CB
...... ...... ....... ........ ...................

Tot.1 Run flai. o 0.h9172-01 Minut.(.)

............. ..e,....................................................................................... I

.........................>....,.......................................................... :
|

VERIFICATION PROBLEM 3 OUTPUT FILE: TAPEll.OUT
,

|
IMTACTS-LRf' * VER5")N 2.1: Run on 10/04/91 at 10 17:08.20 |

1

I
RAEARDOUS WA5TE !! I'

i
'

{ LIFEa 20 OVFt o 1 NSTR= 1
| RF.GN= 1 DATA = 3 j

| IlOP= 2 INST = 0

! !

OPl!ONA*. 70Q FARAMS ,

'4.023E+03 3.440E+03 3,000E+00 0.000E+00

1,207E+04 2.0$1E+04 3.000E+00 0.00ct+00 |

2.414E+04 7.364E+04 3.000E+00 3.300E-01
4.023E+04 1.215E+0$ 3,000E+00 3.300E-01

S.632E+04 S $66E+0S 3.000E+00 0.000E+00
7.241E+04 1.013E+06 2,000E+00 3.300E-01

6.100E+01 0.000E+00 3.000E+02 1.000E+02 3.300E-01 3.300E-01
'

|, . OPT 10ftAL 'ENVIROf4 ENTAL PARAMETERS
| FRC = 1.00E-01 T1C = 1.00E+00 QFC = 1.10E+02 2.00E+05 4.50E+03
| FSC = 2.64E 10 DTTH= 1.70E*00 TTM = 1.85E+00 2.50E+01 5.00E+01 ,

FSA = 8.00E-11 DTPC= 0.00E+00 TI*C = 0.00E+00 0.00E+00 0.00E+00 )
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W1.ta 6.671+00 AXOQ= 1.40E-10 ETAC= 7.95E 06

WASTE : 7tST3,1Q=$ tiEIGHT: 1.00E+03 M1 DENSITit 1.00E+30 M7/M3

ID* 3 1A= 2 IK1= 0 IK2= SO IK rESS* 2
IXS* 1 100 7 1

1CS= $0 40 10 0

TRANSKRTATION IMIt"TS YR MAX a 6. 4 8t + 01 MAD 4/ YR
TR-0CC + 2.0eE+02 FEU.C*- W.N/YR
TR-POP * L 41E+03 DERSON MkEM/YR

INnUDER IMPACTU (Mk!N/YR):

SCN 2 CT,7

INT-C0 4.38E+01
INT AG 2.04E+00

EKIDST.D WASIE IMPACIS (MPIN/YR)s

CCN ICRP
--

IN-AIR 2.92E-02
ER-AIR 6.34E+01
IN-WAT 8.751-03

- ER-WAT 7.8(E-01

INCINt1ATICS AND Ol' ERAT *IONAL IMTACTS:
UNIT 3: IC-!RD,1C4WR,0P- IND,0P-H4R - (MkEM/YR)

IC-LOP,'.C WE,OP-POP,OP W3 - ( TERSON-MRIN/YR)

SCN ICT.f
IC-Ior V,02E+02

IC-INP 1.1SE-04
IC WuR 3.3EE+00
IC4WR 6.01E-02
OP-POP 2.2EE 02
OP-IND 1.62E-04
OP-MJR 1.292+02
OP-Hot 4.11E+00

LEACFATE ACCtMJ1.ATION 1MFACTS UNITS * LA-018, LA-0VF - J9 TEM /YR); LA- AIR - (l'ERSON M!N/YR )

ECM ICRP
LA-Or$ 1.13E+00

'
LA-0VF 1.13E+00
LA-AIR 2.71E+00

*

1

GROUND WATER IMFACTS (MRIN/YR):

INTRUDER-WILL
T!!E ICRP
20YR 0.00E+00
40YR 0.00E+00
60YR 2.3BE-01
00YR 2.34E-01

100YR 2.31E-01
120YR 4.56E-01
160YR 6.66E 01
200YR 6,4BE 01
400YR 1<32E+00
600YR 1,64E+00
800YR 1.43E+00
1K YR 1,25E+00

2K YR C,31E-01
SK YR 6.11E-02

10E YR 2.6tE-03
20K YR 2.85E-06

19PULAT10N-WELL
TIME ICkP
E0YR 0,00E+00
40YR 0.00E+00
00YR 0.00E+00

L-17
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80TR 0,00E+00
100YR 0.00E+00
120YR 0.00E+00
160Ya 0.00E+00
200n 0.00E+00
400fR 0.00E+00
600YR t 40E+00
000TR ?.t9E 02
1K YR 3.13E*01
2K YR 3.10E*01
.5K YR 4.07242

10E YR 1.330>03
20K YR 1.43E*06

MTU1AY10N-StfRFACE HAYEk t

7DE 2CRP i
20YR 0.00E+00

*
40YR 0.00E+00
60YR 0.00E+00
00YR 0.004*00 S

100YR 0.00E+00 i
120YR 0.00E+00
164YM 0.00E+0D

"

200YR 0.00E+00
400TR 0.00E'io o

600fR 0.00E+00
7.00YR 0.00E+00
1K YR 0.00E+00
JK YR 1.01E 02
SK YR 2.06t+03

10E YR S.76E-05
20K YR F.2SE*09

. ........................................ .......

Total Run Yime * 0.1917E 01 Minute (s)

l

l
j

'

4

!

| |
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Division of Regulatory Applications
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U.S. Nuclear Regulatory Cornmission
Washington, DC 20555

10 $UPPetM(NT ALY NO1:5

__

u A nt a s c i u ..... ., ...,

| In the Federal Register, Volume 51, Number 168. NRC has intrad.2 tk use of Zhu .6CFS BRC to evaluatc petitions for
evaluting rad onctive waste streams as below regulatory concern. IMPACTS BRC is a generic radiological assessment
code that allows calculation of potential impacts to maximum inuividuals w6tte disposal wed.ers, and the gener>l
population resultmg from exe nption of very low level radioactive wastes frorn regulatory control. The code allows
calculations to be made of human exposure to the utste by nany pathways and exposure scenarios.

This document dexnbea the code history and the quality assurance work that has been carned out on IMPACTS-BRC.
ne repon includes a summary of all the literature resiewc penaining to IMPACTS-BRC up to Venion 2.0. He new
code and data verification work neccesary to produce IMPACTS BRC, Version 2.1 is presented. Veneral comments about
the models and treatment of uncutainty in IMPACTS-bRC are also given.
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Below Regulatory Concern (BRC) Unlimitod
Low-Le'.el Radioactive Waste Disposal a **ce uan's ^
IMPACT S-BRC Tim.,,,
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