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ABSTRACT

assessment methodology has been developed for use by the

latory Commission in evaluating license applications for
posal facilities This report provides detailed
and output procedures for the computer codes
use in the methodology Seven sample problems are
rious aspects of a performance assessment analysis
stical conceptual model When combined, these sample
strate how the methodology 1s used to produce a dose
site under normal conditions, and to demonstrate
intruder scenario
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containe a post-processor that can provide various tabulei and graphical
output as requested by the user.

The structure of the performance assessment methodology and the capabili-
ties and assumptions of tue various models in the methocology are
described in Chapter 2. A detailed user’'s gulde for implementing the
methodology is contained in Chapter 3. Chapter 4 includes six sample
problems to demonstrate the use of the methodology. Finally, 1ssues
relating to the quality assurance of the computer codes in the methodol-
ogy are discus.-d briefly in Chapter 5.
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poluts In the caleulation. These points are represente’ as hexagonal
boxes in Figure 2.3

2.2 lnteraction of Codes Lo the Methodology

The codes in the wmethodology are structured in such a way that the
source-term analysis is performed by both of the ground-water transport
codes. Table 2-1 summarizes the physical phenomens radeled by the codes
in the methodology. The only source of coniamination of the surface
vater is from discherge of a contaminated aquifer. Scurce-ters and con-
taminant transport analyses are performed using PAGAN, vhich contuing the
codes DIS) ""SE and SURFACE  DISPERSE estimates source-term releases and
radionuclide transport to a water well in the aquifer; SURFACE performs
the same source-term caleulation, but analyzes the transpor: of radio-
nuclides to a surface-water body. In addition, SURFACE contains a very
simple surface-water transport model in which & dilution factor {s used
to estimate the concentration of a radionucliide in the surface water,

The output from PAGAN Includes a time: and location-dependent radio-
nuclide concentration at a well in the aquifer, or & time- and location-
dependent radionuclide flux into a surface-water body. These results are
used by GENI1 fer che calculation of surface-water transport, and calev-
lation of dose warough various user-selected exposure pathways. Figure
2+4 shows the interaction between the computer codes in the methodology.

Table 2:1. Computer Codes in the Methodology

Code Ground- Source - Ground- Surface- Pathways &
vater term water water Dosimetry
¥Flow Evaluation Transport Transport

VAMZD % X X

PACAN X X X X

GEN1I * %

The computer codes PAGAN and GENII are software packages that can be
operated on a personal computer (PC). Analyses using the finite-element
code VAMZD can be performed on a PC, but many of the analyses requiring
VAMID are sufficlentiy complicaied to require more computational power
than {s usually available on a PC. For this reason, VAM2D has not been
included in the PC package; instead, VAM2D should be used on larger
computers.

2.3 Data Requirements for the Methodology

In this section the data required in each medule in the performance
assessment methodology are explicitly presented. These data must, in
general, be collected as part of the site characterization performed by

.10
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the licensee. Mowever, the data used for performance assessment are
usually & subset of the site characterization data.

The modules in the performance assessment methodology for off-site
releases from the facility are (1) gpround-water flow, (2) source ters,
(3) ground-water trensport, (4) surface-water transport, and (5) pathways
and dosiwetry. Data requirements for the methodology models for each of
these modules are shown below., The data requirements are given as the
explicit requirements for the computer codes listed in Table 2:-1. The
duta requirements for ground-water and surface-water flow modeling, and
pathways and dosimetry analysis are for steady-state analyses. By
contrast, data regquirements for source-term, ground-water transport, and
surface -water transport analyses are for transient analyses. The data
requirements listed here de not include information calculated from one
module for use in the next module. For instance, moisture content and
Darcy flow in the facility are needed for source-term analysis, but these
are provided from the ground-water flow analysis, hence are not listed as
source-term data requirements.

Data Requirements for Ground-Water Flow Modeling

o An infiltration bourdary condition is needed for estimation of
vater flow into the facility, Infiltration must be determined
from one of a number of analysis and measurement methods.
Determinstion of an appropriate method for estimating infiltra-
tion s & site-specific issue. In general, infiltration repre-
sents the difference between site-specific rainfall and evapora-
tion, transpiration, and runoff. The uncertainty assoclated
with this data is usuully very large.

¢ Physical dimensions of the flow domain are needed: depth to
water table, dimensions of the engineered cover, etc.

* Generic soil properties for each soil of interest in the natural
surroundings, and i{n the engineered cover. These properties are
porosity, saturated hydraulic conductivity, and soil bulk
density.

¢ Unsaturated-zone soil properties for each soll of interest In
the natural surroundings, and in the engineered cover. These
properties are the characteristic curves (8-¥% curves) and the
conductivity curves (K-¥ or K-8 curves), which include informa-
tion on resldual moisture content and saturated moisture
content . In VAM2D the characteristic curves and conductivity
curves can be specified as parameters of the van Genuchten equa-
tion or the Brooks-Corey equation, which are both empirical
equations,

o Aquifer pressure gradient, generally determined from field
measurements in observation wells.

19



Data Requirements for Source-Term Modeling

Inventory by radionuclide either at the time of closurz or at
the time at which releases begin. It must also be specified
whether the waste is stabilized or unstabilized, and whether the
types of waste are physically separated, as in separate trenches
for Cless A waste and Cluss B/C waste,

It may be possibl: . some cases to specify data that indicate
limitations on radiowuclide releases. These data may include
solubility limitations, sorption capabilities (K,) in the dis-
posal unit, or diffusion limitations (specify diffusion coeffi-
clent in the waste form and container dimensions) for stabilized
waste. It must always be emphasized that any assumption about
release limitations must be strongiy justified by the licensee
using site-specific conditions. Release limitations can have a
dramatic effect on the performance of the facility, yet there is
generally a large amount of uncertainty in the valuss of parame-
ters that characterize them. Conservatism should ilways be the
gulde in making assumptions about release limitations.

Data Requirements for Ground-Water Transport Mcdeling

Soil properties used {n ground-water flow modeling are also
required here,

Longitudinal and transverse dispersivities must be specified for
the soil below the water table. Dispersion is neglected in the
unsaturated zone, Uncertainties assoclated with the dispersivi.
ties are usually large.

The soil is assumed isotropic and spatially homogeneous in
PAGAN, &nd data are needed to determine the adequacy of this
assunmption.

Retardation in the aquifer can be included, but conservatively
small values should be used, and then only if ‘justified on a
site-specific basis.

-
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Data Requirements for Surface-Water Modeling

The surface hydrology must be characterized using fleld measure-
ments, including river flow rate, exchange flow rates between
the surface water and ground water, or between surface -weter
bodies,

Transport parameters required in the GENI1 surface-water trons-
port model are  verage depth and width of the surface-water
body, average water flow rate in the surface water, rate of
water flow from the aquifer (effluent discharge), distance from
the release point to the receptor (which must be assumed for a
given scenario), transit time to {rrigation withdrawal, and
offshore distance to water intake.

Data Requirements for Pathways and Dosimetry

A number of parameters must be specified in GENII for food-chain
analyses: consumption rates and holdup times for meat, poultry,
milk, eggs, leafy vegetables, other vegetables, fruit, and
cereale. In addition, the irrigation rate and source of irriga-
tion are required.

Parameters in CENII for recreational expesures ave hours of
exposure from swimming, boating, and shoreline activities, and
surface-vater transit time from releas: point to recreational

site, These must generally be assumed for a particular
location.

<15



3.0 USER'S GUIDES FOR THE METHODOLOGY

The software in the methodology consists of three separete packages. The
first package consists of the computer code VAM2D, VAMZD {s & two-dimen:
sional finite-element code for simulating water flow and solute transport
in variably ssturated porous media. In the methodology, VAMZD is used to
simulate the flovw fleld in and near the dispossl facility.

The second software package 18 called PAGAN (Ferformance Assessment
Ground-water Analysis of low-level Nuclear vaste), which incorporates
analysen for source-term releases and ground.water transport. Input and
output functions for PAGAN is controlled by & menu-driven shell called
SUNS. In PAGAN, radionuclide releases from the facility are caleulated
using either a rinse-release or & leach-limited source-tern model, and &
mixing-cell cascade mocel for analysis of transport within the facility,
This release term is used as an area source into the aguifer at the vater
table, and radionuclide concentrations at various locations and times can
be calculated. I1f the contaminated aquifer also discharges into a
surface-vater body, the flux of radionuclides into the surface water can
be calculated {n a separate run of PAGAN, If the surface-water body is &
small flowing river, the radionuclide concentration in the river may be
calculated using a simple dilution factor in PAGAN,

The third software package contains GENIL [Napler et al,, 1988). This
software package uses radionuclide concentrations in the aquifer and the
radionuclide flux into the surface water calcvlated using PAGAN, and
calculetes the radiation doses received by humans frow various exposure
pathways .

The second and the third packages are recommended for use on & personal
computer (PC). both packages have user-friendly, nenu-driven programs
that are designed to help the user to prepare input data files, to manage
input and output files and to automate the execution of the programs.
Such a system is unavallable fur VAM2D, The recommended procedure for
implementing the methodology 1s to first execute VAM2D on & main-frame
vomputer. The output from VAM?D {s thern used as input for subsequent
caleulations using the two software packages on a PC.

3.1 VAMZD

VAMZD was selected for use in the methodology ¢ analyze tha flow field
around the facllity In the unsaturated zone. The user’s guide for
Version 5.0 of VAM2D was published by Huyakorn et al. [1969]. This
user's guide provides an extensive discussion of the theory and practice
of using VAM2D, hence such detalls are not repeated in this repo't. An
updated version of the data input guide (Versjon 5.1) has recently become
avallable. Version 5.1 of VAMZD provides for more input and output
options, and some clarifications and corrections have been made to the
originel inpu' guide. The updated code and input gulde ere avallable
from Hydroges ogic, Ine. of Herndon, Virginia.

16



3.2 [EAGAN, Version 1.0

The second packege is called PAGAN (Performance Assessment Cround-water
Avalysis of low-level Nuclear waste). This package contains the trans-
port codes DISPERSE and SURFACE [Kozak et al., 1990a), which operate
under the SUNS system. SUNS (Sensitivity and UNcertainty Analysis §Shell)
is & softvare system developed at SNL for use in studies involving data
uncertainties.

3.2.1 SUNS System

SUNE is composed of several different computer odes., each of which is
controlled by an EXECUTIVE ROUTINE as shown in Figure 3:1. The primary
function of the EXECUTIVE ROUTINE i{s to direct program execution to the
appropriate module, based on the current status of input and output files
and menu options selected by the user. 1In addition, it performs all
mejor file management functions, and provides several utilities, such as
data file printing and screen color selection.

The INPUT EDITOR provides a menu-driven facility for input file crestion
and editing. Input prompts and other information presented on the screen
substantially reduce the need for the user to refur to a written scftvare
manval  In addition to the interactive prompts, a -~ “atext-sensitive help
system 1¢ included. Thie system provides a detailea help screen for each
dava {tem needed in the input file. The INPUT EDITOR also provides cut,
copy and paste functions to simplify repetitive data preparation,

The STATISTICS DRIVER serves as the driver routine for the user's code:
in thd~ case either TISPERSE or SURFACE. The STATISTICS DRIVER also
performs statistical sampling, Monte Carlo analysis (using either simple
rendom sampling or Latin Hypercube Sampling), together with any para-
metric analysis requested by the user. At the present time the options
for performing statistical sampling and Monte Carlo analysis are disabled
in this version of PAGAN.

The POST PROCESSOR provides graphical and tabular output from the user's
code. Statistical output inciudes maximum and minimum values, weans,
variances and percentiles. On-screen graphical output includes x - y
plots, scaiter plots, histograms, and cumulative and complementary cuau-«
lative distributisn functions. Also available are simple and partial
correlation coef cients on both rav and rank data. The user can also
divectly examine any of the output data blocks craated by the STATISTICS
DRIVER and the user's code. Provision is made for additional hardcopy
ouirput to be placed on an suxiliary data output file that can be printed
at tie user's convenience.

In developing SUNS, the objective was to design a software shell that
could accommodate virtually any computer code or analytical model.
Particular design attention was focussed on the data input and output
interfaces between SUNS and the model incorporated into the shell. In
developing an input file, a simple line editor could obviously have been
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Figure 3-1, Structure of PAGAN
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used for any application. However, the desire was to design an input
editor that uses menus, help screens, and on-screen prompts, that
simplifies input file creation, reduces {input errors, and reduces or
eliminates the need to refer to written manuale. To meet this vbjective,
the input editor divides model input into three categories: (1) fixed
data, (2) array data, and (3) variable data. Fixed data groupe are
useful for fixed physical properties, run controls, print controls, snd
other single-valued i{nputs. Array data groups (one- or two-dimensional)
can be used to enter tables of data. In the present application they are
used to provide a table of isotope data and two tables of informatisn
used to control the type and amount of output., Variable data groups are
used for those model inputs that contain uncertainty; therefore these
data are assigned probability distributions rather than fixed values. As
noted above, the ability to assign probability distributions to variables
is not available in PAGAN Version 1.0.

SUNS does not directly support graphics printers and plotters to make
paper coples of the SUNS on-screen graphics, To produce hardcopy of the
SUNS graphics, the user can use commercially available print enhancement.
Graphics output of better quality can be produced by writing output data
blocks to an ASCII1 file, which can then be used with any commercially
available graphics software.

3.2.2 User's CGuide for PAGAN

There are seven input screens in PAGAN., Four screens are for fixed-data
parameters, and three are for array-data parameters, Four fixed-data
groups and three array-data groups are contained in PAGAN, The fixed-
data groups contain information on (1) run and output option: (2)
numerical solution parameters, (3) physical properties of the syst: @, and
(4) controls for parametric study. The array-data greups include an
orray of {information that are isotope-specific, an array that are
distance-specific, aud one that is time-specific., Each of these input
screens 1s described in detail below., Similar descriptions are available
in on-screen help windows in PAGAN; to call the help windows throughout
PAGAN use the <Fl> key.

Elxed Data Croup 1 (Figure 3:2)
This data group prescribes the run and output options.
¢ Transport to well/river (1/2): & value of 1 is used for trans-
port to a well in an aquifer. A value of 2 is used for transport
through an aquifer into a surface-water body,
¢ Output source rate (0/1): A value of 1 is used if the release

rate of the contaminant from the disposal unit is desired as an
output, Otherwise a value of 0 is used.
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Output type options (1/2/3): A value of 1 is used when concen:
tration-vs.-time values at a fixed location are the desired
output, A value of 2 .8 used w en concentration-vs, -distance
values at a fixed time are the desired output. A value of 3 is
used when a parameter is varied for sensitivity analysis

,{ DIT FIXED DATA GROUS RUN AND BUTPUT }— SEN—
PARAMETER NANE PATA UALUE i
TRARSFORT 10 VELL/RIVER (1/2) W
OUTPUT SOURCE RATET (0/1:N/Y) 0.0000L0
QUTPUT TYPE OFTION (122/3) 1.00000L+00

Hit Isc to continue

gdit fixed data values

Figure 3-2. Fixed Da’a Group 1
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Eiied Data Croup 2 (Figute 3:3)

Fixed Data CGroup 2 contains parameters that are related to the numerical
solutions in PAGAN,

Maximum time of interest: Enter the time in years that the cal.
culation ends,

Number of intermediate times: Enter the dosired number of times
(an integer) that output concentrations are computed. For best
results, this number should be less than or equal to T where T is
the vertical travel time in the disposal unit (see Fixed Data
Group 3).

Integer discretization: An integer used in the numer.cal inte-
gration of discharge rate into the river. Should be a mulitple of
4 for best results. Values between 200 and 400 are recommwuded,
but smaller values can be used to reduce computational time.

Distance to well/river: This is used in conjunction with outut.
type option 1 (concentration ve. time) in Fixed Data CGrow 1.
The distance is in meters.

Number of intermediate distances: This 1s used in conjunc.ion
with output-type option 2 (concentration vs. distance) in Aixed
Data CGroup 1. This should be an integer.

Number of source mixing celis: This is & measure o1 Glspersion
in the facility. A value of 1 means complsie mixing, 1.e. large
dispersion. The maximum N is B0, which curresponds to negligible
dispersion in the facility, 1n practice, it has been ftound that
results are not significantly different for N > 50. This value
is an integer.

Source leach option (0/1): A value of 0 is used when the
surface-wash leach wmodel s used. In this model, & redionuciide
is assumed to dissolve Instantaneously upon contact with water.
When & value of 1 dis used, a constary leach model 1s assumed,
The constant leach model is wsually used for the diffusive
release of a radionuclide frow stabilized waste forms.

Nuclide flux/river cencentration (1/2): This option is used only
for surface weter transport. A value of 1 lg used when the
concentrations of radionuclides in the surface water is needed.
A value of 2 1s used when the radionuclide discharge rates (in
Ci/yr) from the aquifer into the surface water is needed.
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- m‘. FIKER DATA GROUT NURER | (Al WY 10N l»‘un“é'!" iy
FARANETER NaME PATA VALUE ‘i
RAXIMUN TINE OF INTERESY (V) W
RUMBER OF INTORMEDIATE YIMLS ' +0]
INTEGRAL DISCREYIZATION (AODY) 7 60000802
HISTANCE 1D WELL/RIVER (W) L 50000802
NUMEER OF INTERREDIATE DISTS 1 00060L 00
NO . SOURCE WIXING CELLS . 00600F 01
SOUKCE LEACH OPTION (0-1) 0.0000L+00
RIVER CONC /NUCLIPE FLUX (1/2) 1. 00000L 00
I
[
]
fdit fixed data values. Hit Esc to continue

Figure 3.3 Fixed Data Group 2

Fixed D G 3 (F4 3.4)

This data group contains input data used to describe physical properties
of the facility, the aquifer, and the river.

Aquifer Porosity: This is the effective porosity for transport.
Longitudinal dispersivity in aquifer: Input in units of meters.

Transverse/longitudinal dispersivity in aquifer: The ratio of
trunsverse dispersivity to longitudinal dispersivity

Pore Veloelty: Calculated from aquifer Darcy velocity divided by
effective porvsity (m/yr).

Disposal facility length: The length in meters ir the directlion
of aquifer flow.

Disposal facility width The width in meters {n the direction
perpendicular to the aquifer flow

Aquifer Thickness: Assumed constant; input in meters.

River Flow Rate: Used only for simple dilution-factor surface-
water model (m*/yr).



Volume of Water Ingested: The standard water consumption rate of
0.73 m'/yr should usually be used here, but this option allows
the analyst to use other values. This parameter is used to
estimate the dose resulting from drinking contsminated water,
which can be used as & scoping tool in the performance assessment
analysis.

Vertical travel time of water through disposal uait: This travel
time is defined as DO/V,, where D {8 the thickness of the
disposal unit, @ the moisture content in the unit, and V, the
Darcy velocity in the unit. This value ig used In the computa-
tion of the source constant and the source pre-exponential input.

Delay Time: The delay time includes (1) the time of failure of
containers and engineered barriers, and (2) the travel time
Letween the bottom of the facility and the squifer. PAGAN decays
the initial radionuclide inventory to this delay time before the
velease starts if a non-zero value is entered here.

S NN
PARANETER PARE PATA UALUE
AGUITER PORCSITY m

LONG. DISPERSIVITY (M) . .
(RANS . /LONG, DISPERSIVITY (<) 1.00000E-61
PORE VELOCITY (A/Y) 4 44000100
DISPNSAL FACILITY LENGTH () b OUEOL+01
DISPOSAL FACILITY MIDTH (M) 1. 200008462
AQUITER THICKNESS (W) 2 .50000L+01
RIVER TLOV RATE (H*3/Y) 100000810
GOL. OF VATER INGESTED (M*3/1) 7.390008-61
VERT. TRAVEL TINE THRU FAC,(Y) §.00000L+01
DELAY TINE (¥) €. 0000800

[

§j
e m—

Edit fixed data values Hit Esc to continuc.““-J

Figure 3.4, Fixed Data Group 3

23



This data group is used in conjunction with output type option 3 in the
Fixed Data Group 1, where the sensitivity of the output to varlation of a
parameter is deglred,

¢ Index of parameter to vary: Preszently 8 parameters can be
varied. Only one parameter is allowed to vary per execution,

Parameter Index

Retardation factor in aquifer
Long. dispersivity in aquifer
Pore velocity of aguifer
Number of source mixing cells
Source constant

Source preexpenential

Delay time

River flow rate

00~ WD WA e

¢ Number of Parameter Values: Number of different parameter values
that will be assigned; the maximum number is 5.

¢ Use pglven time/distance: A value of 1 1is used wvhen
concentration-versus-distance output for & given time
(pregcribed in Fixed Data Group 2) is desired. A value of 2 is
used when concentration-versus-time output at a given distance
(prescribed in Fixed Data Croup 2) is desired.

¢ Include dose: Use a value of 1 when dose from ingestion of
vater i¢ desired. This option is intended a8 a scoping tool,
since 1t does not include zll environmertal pathways. Dcses are
calevlated using standard ICRP 30 ingestion dose conversion
factors.

¢ Grephics output: A value of 1 is used when graphical output is
desired.

¢ Hardcopy output: A value of 1 is used when a hardeopy of output
is desired in addition to graphical output.

¢ Parameter value: A maximum of 5 values for any of the parame-
ters specified by the indices listed above can be entered in a
single execution to study the sensitivity of the output on this
input parameter.
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r—~~—--~i il
PARANCTER WANE PATA VALUE
INDEK OF PARARETER T0 UARY m
NURBER OF PARAMETER VALULS ; . E
USE GIVEN TINL/DISTANCE (1/2) 0 0000100 ,
INCLUDE DOSEY (871 * M/Y) § 0000L +00 ‘
GRAPHICS OUTPUTY (071 = N/Y) 000008 00 ,
HARDCOPY DUTPUTT (071 + N/Y) 0 000UE 00 ;
PARAMETER VALUE 1 0.0000L+00 !
PARANETER WALUE 2 0.0000L+00 :
PARAMETER UALUE 2 0 0000100 )
PARANETER VALUE § 0. 0000L 00
PARANETER VALUE § 0.0000L+00 i
.f
!
Edit fived data values. Hit Esc to continue

Figure 3-5. Fixed Data Group 4

Array Data Croup 1 (Flgure 3-6)

All the isotope-specific parameters are listed in this array. There
are presently 100 isotopes included in the array. The half-lives and
ingestion dose conversion factors of the isotopes are included in the
data base of PAGAN. For those isotopes in the facility for which
release and transport calculations are desired, the amounts of i{nven-
tory for these isotopes should be entered and the transport flags
should be turned on (Transportel),

Inventory: Enter inventory in Ci. If no entry ie¢ made, no
calculations will be made for the isotope, regardless of the
value of the transport flag.

Retardation Factor: 1If the retardation factor is the same in
both the disposal unit and the aquifer, the retardat.on factor
entered here is used for calculation of the vertical travel time
of the isotope through the disposal unit i{n addition to being
used as the aquifer retardation factor. If the two valuss of
retardation factor are different, the retardation factor in the
Array Data CGroup is used for the aquifer retardation factor, and
the source-term constant and source-term pre-exponential must be
entered explicitly in Array Data Croup 1.

Source constant, or "leach rate" (yr'l): If zero is entered
here, this term is calculateda in the code as (RT)"), where R is
the retardation facto: in the disposal unit, and T is the
vertical travel time cthrough the unit (specified in Fived Data
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Group %). 1f a non-zero value is entered here, the calculated
value will be over-written by the entered value.

¢ Source-term preexponential (Ci/yr): For the surface-wash leach
model, a value of 0 is used, and this term is calculsated in the
code from the equation, Q; = m /(RT) where m is the total
activity (Ci) of the lsotope In the facllity, and T is the
vertical travel time through the facility. If & non-zero value
is entered, the calculated value will be over-written by the
entered value, For the constant leach model, this term may be
calculated from O, = 4D,(H+a)m/a®H where m is the total activity
of the isotope, D, the effective diffusion coefficient of the
radionuclide in the waste form, and H and a the height and the
radius of the container, respectively. This equation {s derived
from the solution to the diffusion equation for diffusion-
limited releases frea cylindrical waste contalners,

¢ Transport Flag: Use a value of 1 {f the lsotope is to be
included in the analysis.

¢ Graphics Fleg. Use a value of 1 {f on-screen graphics output is
desired for the i{sotope.

¢ Hardcopy Flag: Use a value of 1 {f hardcepy output is desired
for the isotope.

érray Data Croup 2 (Figure 3-7)

This array is used in conjunction with output option 1 (concentration
vs. distance) in Fixed Data Group 1. A maximum of 7 distances ' an be
entered,

Array Data Croup 3 (Figure 3-8)

This array 1s used in conjunction with output option 2 (concentration
vs. time) in the Fixed Data Croup 1. A maximum of 7 times can be
entered,

3.2.3 SUNS Postprocessor

Following execution of PAGAN, SUNS returns the user to the MAIN MENU,
At this time the option EXAMINE OUTPUT {s made available to the user.
Choosing this option calls up the MAIN OUTPUT MENU, which glves
options for graphical results, statistical results, or "other output".
Since PAGAN currently is not set up to perform uncertainty analysis,
the statistical results will not typically be meaningful. The "other
output® option menu allows the user to examine tabular output data
blocks, to examine the main output file, or to write the output data
to an ASCII file for subsequent wmanipulation in spreadsheet or
graphics programs. Choosing the option for graphical results in the
MAIN OUTPUT MENU calls up the GRAPHICS MENU,
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Flgure 3-7. Array Data Group 2
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Figure 3-8, Array Data Group 3
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The GRAPHICS MENU provides the user with five graphical output
options: cumulative distribution function, complementary cumulative
distribution function, histogram, scatter plot, or X-Y plot. The
first three of these functions are related to the uncertaincy analysis
pertion of SUNS, and will not provide meaningful results &t the
present time. The latter two options, scatter plot and X-Y plot, can
be used to generate on-screen graphs of concentration, dose, or
source-term release rate versus time, or concentration or dose versus
distance.

The method is ldentical for generating any of these types of graph,
Upon choosing, say X-Y plot, the user is confronted with a list of
available variables to plot., First choose the independent variable
(x-axis) by striking <ENTER> then <ESC>. Next move the cursor to the
desired dependent variable (y-axis), and select the variable by
<ENTER> then <ESC>. When one variable pair is chosen, the SCATTER AND
X-Y PLOTS MENU is called, The user then chooses to draw the graph,
add a variable pair, or modify plot parameters or colors. Default
values for the graph axes provides a linear-linear plot, and the upper
and lower bounds are automatically set as the maximum and minimum
values of the data sets. Either or both axes can be altered to loga-
rithmic scale, and the bounds can be altered by wedifying plot parame-
ters. Choose a logarithmic scale by typing "LOG" in the appropriate
location, or return to linea: scale by typing "LIN". Additicnal
variable pairs (up to 10 maximum) can be plotted on the same graph for
comparison,

These graphs are primarily on-screen graphics, and are not meant to
provide hardcopy output. Consequently, the graphe aie not saved, and
mist be reproduced each time the user enters the X-Y plot screen. To
produce hardcopies of the graphs produced in the SUNS postprocessor,
one must use a print enhancement package, of which several are commer-
cially available. A better option is to export the desired output to
dan ASCII file, as discussed above, and produce better-quality graphs
using commercially available graphics or spreadsheet software,

3.3 GENLI

CENII is dorumented in detail in Napier et al [1988). An interactive
menu-driven program, APPRENTICE, is used to handle all file menagement
and data input necessary for most applications. Since GENII is docu-
mented in detail elsewhere, only the major features are outlined here,
In APPRENTICE, the user has the following ontions:

¢ Scenario options - rear fleld, far field acute releases,
chronic releases. individual or populaticn doses.

¢ Transport options - transport of radionuclides by air, surface
water, and between soil layers by plants and animals.

e Exposure pathways options - drinking water ingestion, inhala-

tion, aquatic food ingestion, terrestrial foods ingestion,
animal product ingestion, and direct-radiation exposure.
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Default values can ba used for meny data in enalyzing the exposure
pathways in GENI11., These include water-consumption rate, aquatic-food
ingestion rate, and tevrestrial-food Ingestion rate,

Tvo dose-factor flles are inc'uded in GEN1T, an external-dose-factor
file and an internal -dose-factor file. The dose conversion factors in
these files are based on the I1CRP 30 dos‘metry standards [ICRP 30,
1982). In addition, data on redionuclide half-lives, decay chains,
and various fractional branching ratios within chains sre listed in a
standard library in GENII.

3.4  System Requirsuents

The VAM2D computer code is intended to be used on & wmainframe
computer, The code is written in standard FORTRAN 77, and can be
implemented on any mainframe operating system,

PAGAN runs on an IBM compatible PC with & color monitor running DOS
3.31 or later. PAGAN requires 640K of RAM, and 3 math roprocessor and
hard disk are recommended.

GENII will run on &n IBM-AT or equivalent computer, configured with an
80287 math coprocessor, 640K of RAM, & minimum of 5 megabytes on-line
diek storage, and operating under DOS 3.1 or later [Mapler et al.,
1988 .
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« 0 DEMONSTRATION OF THE METHODOLOGY

In th., chapter examples are given to demonstrate the use of the method-
ology in «isessing compliance with 10 CFR 61 performance objectives for a
low-level waste disposal facility, The demonstration is based on the
calculations cf releases of radionuclides from s hypothetical low:level
waste site, and the analysis of transport and eventuasl exposure to
humans .

4.1 Description of Site and Facllity

The low-level waste disposal facility and {te surrounding site used in
thie methodology demonstration is depicted in Figure 4-1. The site
chosen is hypothetical, yet its geologic and hydrologic properties sy
representative of a semi-humid region in the United States.

The disposal facility sits en a local topographic high point sad is
located | km from & river., The water table 1s located about 24 meters
below the land surface, and the aquifer discharges into the river. The
aquifer {s 25 meters thick and is confined from below by an impermeable
bedrock. A farm family is assumed to reside 100 meters from the edge of
the disposal facility, The farmer raises cows, chickens, and crops, and
uses the well water for drinking and irrigation. A small community is
assumed to be located near the river, The residents of the community use
the river water for drinking and recreation (e .g. swimming, voating), and
also eat fish from the river., This conceptual model allows one to
contrast doses due to drinking wvater from the river to those due to
drinking well water., In this way, the analyst can determine which person
is maximally exposed,

The low-level waste disposal facility consists of two B-meter deep
trenches, one for Class A waste and the other for Class B/C waste. The
Class A trench is 60 meters wide, 120 meters long;, and the Class B "
trench is 8 meters wide and 120 weters long. A three-layered cove:
system is placed over the top of the trenches to impede infiltratir .
The bottom layer is a low-permeability clay, the wmiddle layer a silt
loam, and the top layer is the original undisturbed soil. The trenches
are assumed to be backfilled with the undisturbed soll.

The radionuclide inventory in the disposal facility is assumed to
consists of 20 Cries »f 1-129 and 1800 Curies of H-3. 1-129 vastes are
solidified in concrete and are buried {n the Class B/C trench, and H-3
wastes are unsolidified trash, disposed of in the Class A trench. The
Class A wastes are contained in 55-gallon drums, and the Class B/C wastes
are contained in high-integrity containers.

Table 4-1 lists the parameters used to the characterize the natural site.

Paraneters used to characterize the disposal facility are shown in
Table 4-2.
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of the Methodology
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Teble 4+1: Natural Site Parameters

Average Annual infiltration 25 em/y
Thickness of Unsaturated Zone 4w
Saturated Hydraulic Conductivity
of Unsaturated Zone 115.3 a/y
Porosity of Unsaturated Zone 0.52
Thickness of Aquifer 25 m
Hydraulic Conductivity of Aquifer 115.3 n/y
Hydraulic Cradient of Aquifer 0.02
Porosity of Aquifer 0.52
Average Pore Velocity of Aquifer bbb n/y
Longltudinal Dispersivity of Aquifer 2m
Transverse Dispersivity of Aquifer 0.2 m
River Flow Rate 1030 md/y
Table 4-2: Disposal Facility Parameters

Dimension of Class A Trench
Dimension of Class B/C Trench
Class A Inventory
Class C Inventory
Cover System Thickness

Top Layer (undisturbed soil)

Middle Layer (silt loam)
Bottom Layer (clay)

60mx 8mx120m
Bmx 6§mx 120 m
1800 C1 H-3

20 €4 1-129

50 cm

60 cm
90 em
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4.2  BRelease Scenarios Analyzed for Demensiration

The performance objectives of 10 CFR 61 require technical analyses of the
radizlogical fmpacts resulting from normal relesses as well as intrusion.
induced releases from a low-level waste facility. Consequently, twe
release modes huve been selected for the demonstration of the
methodology .

Normal Release

In this release wode the natural site (s assumed to behave unperturbed by
the presence of the disposal facility, This assumption allows the
analyst to estimate infiltration from present-day site data, The
precipitation at the site will cause percolation of water through the
cover system of the facility into the disposal units, The water in the
disposal unit corrodes waste containers and carries the radionuclides out
of the trenches, The released radionuclides then travel downward into
the aquifer below the facility, are transported by the aquifer, and
finally discharge into the river nearby,

The sequence of calculations from release to dose for this analysis is
shown in Figure 2-2. The rate of water flow into the disposal units is
calculated using & two-dimensional simulscion with VAMZD. The results of
this flow calculation prevides an estimate of the amount and rate of
vater percolating through the cover system into the disposal unit., They
also provide an estimate of the travel time between the bottom of the
disposal unit and the water table, This information 1is used in the
source-term and near-fleld transport caleulations in PACAN, PAGAN is
used to calculate radionuclide concentrations in the aquifer, ard {s also
used to estimate rudionuclide discharge rates into the river. Finally,
GENII uses the outpui from PAGAN to calculate the deses to humans from
selected exposure pathways. 7This sequence of calculations is 1llustrated
in Sample Problems 1 through £,

lotrudes-lnduced Release

A demonstration of intruder protection may consist of & demonstration
that the waste classification «nd segregation requirements of 10 CFR Part
61 have been met, and that adequate barriers to inadvertent intrusion
have been provided for. Thus in many cases intruder-dose analyses nead
not be performed. However, dose enalyses may be required in special
cases when an applicant requests an exemption from the !0 CFR Part 61
wvaste classification scheme,

In this scenario it {s assumed that after termination of the
institutional-control period (100 years after site closure), an indl.
vidual excavates toe disposal facility area and builds a house directly
on the site.

The caleulation of the doses received by this individual is demonstrated
in Sample Problem 5. Only GENII is used to simulate this example
problem,
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6.3 Semple Problem 1 - Flow lato the Disposal Unit

in this sample problem, sready-state percolation of water through the
cover system of the low-level waste facility is calculsted using a two:
dimensional simulation with the finite-element code VAMZD,

The conceptual model for the flow analysis s depicted in Flgure 4-2. A
flow simulation le¢ purformed for a two-dimensional cross-section from the
land surface to the water table, Two-dimensional siwulations are
generally appropriate for eituations where the third dimension is much
larger than the two dimensions modeled. In this case, it {s assumed that
the third dimension of the trench is large emough that end effects can be
fgnored.

The characieristic curves describing the relationship between pressure
head and watér saturation are given by the expression derived by van
Cenuchten [1980], which i¢

6 -8
YR I T A | S— {+*1)

VI talep?®

whereo ® is the moisture content, 6, is the residual moisture content, 9,
{8 the saturated moisture content, ¥ is the pressure head, and a, B, snd
m = (1:1/0) are empirical parametaors. The parameters that characterize
the solls in the conceptual model are listed in Table 4-3; in this table
¥, 16 saturated hydraulic conductivity. The values for these properties
are from typlcal soll properties listed in the literature (Sullivan and
Suvn, 1989; Carsel and Parrish, 1988).

Table 4-3.

Soil Properties Used In The Conceptual Model

s vt~

Soll type a, O N a [
(em/day) (1/cm)

Undisturbed soil- 0,52 0.218 31.6 0.0115 2.03
(Muterlal #1)

Cover Layer-Clay 0.446 0.00 0.0082 0.00152 1.17
(Materjial #2)

Cover layer- 0,469 0.190 303.0 0.0050 7.09
§1{lt loanm

{(Material #3)

Undisturbed soil- 0.52 0,218 31.6 0.0115 2.03
(Matexial #4)

.85,
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4.4  gample Problem 2 - Concentrations in the Aquifer

In this sample problem, PAGAN is used to estimate both release rates
of radionuclides from the disposal trenches and transport to a well in
the aquifer. The disposal facility and the site are shown in Figure
4-2 and the parameters are listed in Tables 4-1 and 4-2. The concen-
trations of radlonuclides at the well location (150 meters from the
center of the Class A trench and 104 meters from the center of the
Class B/C trench) are calculated at various times after the closure of
the facility.

The following assumptions are used in the analysis:

¢ The Class A trench initially contains 1800 Ci of H-3. The waste
containers degrade completely when the facility is closed, and
all the H-3 1is {mmediately avallable to be swept out of the
disposal unit by water,

» The Class B/C trench initially contains 20 C{ of 1-129. The
wastes are contained in high-integrity containers that degrade
completely 50 years after closure of the facility. After that,
the radionuclides leach out of the sclidified waste form at a
constant rate.

* The average pore velocity in the aquifer is calculated from the
equation u, = ki/¢, where k is the hydraulic conductivity, i is
the hydraulic gradient, and ¢ is the aquifer porosity. These
values, together with the average pore velocity, are given in
Table 4-1.

e An flow rate of 0.028 m/yr into the disposal unit and a moisture
content of 0.28 calculated by VAM2D in Sample Problem 1 are used
to calculate the vertical travel time through the unit, the
source constant, and the pre-exponential term,

¢ Dispersivity in the disposal unit is unknown, and a conservative
approach is used. Dispersion in the trench is considered to be
negligible; therefore a value of 100 is used for the number of
mixing cells in the source-term enalysis,

* Unsaturated-zone travel time between the facility and the water
table is neglected.

Since H-3 and 1-129 have different release mechanisms and different
distances to the well location, two separate runs are required.
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The vertical travel time for water in the facility is defined by

D e
T & = (4-3)
v

y

where D Is the vertical dimension of the disposal unit, @ {s the moisture
content in the disposal unit, and V, 1s the vertical Darcy velocity
through the disposal unit., For this sample problem D = 8 m, & « 0,28, R,
= 1.0, and V, = 0.028 m/yr, and T is calculated to be 80 years. It {s
assumed the retardation factor for tritium in 1.0 in both the disposal
unit and the aquifer.

The source constant used for the release of H-3 1s determined in the
computer code from the travel time for water and the retardation factor:

o
a = (RT) (4-4)

With T = 80 years, a is calculated to be equal to 0,0125 yr-i,

The source-term pre-exponential term used for the release of H-3 is
determined in the code from the relation between total inventory, travel
time, and pre-exponential for the surface-wash model:

m
%= R7 (4-8)

where, since m = 1,800 Ci, Qo equals 22.5 Cl/yr.

The values of m, R, and T are entered into Array Data Croup 1 and Fixed
Data CGroup 3 as discu-.d in Chapter 3. A flag of 1 is used for H-3 to
turn on the transport (lculations. The input file is shown in Appendix
B. An alternate wa, .. enter the source-term constants a and Q, wou'd be
to enter them explicitly in Array Data Group 1,

The analysis is carried out to 200 years at the well location with 20
intermediate times. A table of output that shows the concentration-
versus-time values at the well location is requested (Output type option
= 1 in Fixed Data Croup 1, see Section 3.2.1). Also, the source rate into
the aquifer can be output as an intermediate result by setting the flag
to 1 in the same data group.

- ‘.2 -



The calculated concentration history of H-2? at
graphically in Figure 4-7 This graph is
Note that PACAN does not

the well location is shown
standard output from PAGAN
directly support gr.phics printers and plotters
to make paper coples of the PAGAN on-scree graphics The hardcopy
graphics presented in this report were produced using & commercial print
wcement package called PIZAZZ Plus (Applicution Techniques,

1

! Inc.)
better resolution graphics, the user can write sutput data blocks to
ASCI1I {c can then be used with any commer~.ally avalilable

Sample Problem 2B

The analysis the release and transport of 1-129 is the same as that of

H-3, excey r the following

located 104 meters from the center of the B/C

release rate of 2 .0E-4 Ci/yr from the waste fcrm is
he source constant This (s estimated by using a
leach rate that i{s equal to 4m(H+a)D,/a’H [Kozak e

OCi, H=1m a=1m and D = 1x10

years is used to represent the container

performed out te 200 years after site closure. The

s run is shown in Appendix C, and the graphical
oncentration history from PACAN is shown in Figure 4-8

leach rate from the waste form, the concentration of

asymptotic value in the aquifer after 160 years

in_Aquifer., Parametric

reivity
£-F A& N

oblem, a parametric analysis is performed using PAGAN to

data uncertainty on the output., The conceptual model

h)

here are the same as those described in Sample

demonstrati

n, it is assumed that the
fer has five possible values: 0.5,
meters The concentrations of H-2

ot the well
these four dispersivity values

array-data group input is the
is used for the output type
T »

nal

parametric analysis is
ameter index 2 is entered to
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to be varied The graphical
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4.6 Sample Problem 4 - Discharge Rates Into the River

In this sewple problem, the contaminated aquifer analyzed {r Sample
Problem 2 i# assumed to discharge into the river, and the discharge rates
of H-3 and 1-129 into the river are calculated using PAGAN,

All the radionuclides that pass through a plane {u the agquifer that
intersects the river are assumed tc enter the river. The radionuclide
discharge rates into the river are calculated using the SURFACE component
of PAGAN. These discharge rates will be used as an input to GENIT in the
analysis of surface-water concentrations. If desired, a simpie dilution
factor can also be used in PAGAN to calculate the radionuclide concentra-
tions in the river,

The source-term analysis In this sample probtlem is {dentical to the
source-term analysis in Sample Problem 2. Since different release
options are used by H-3 and 1-129, two separate runs of PAGAN are
required. The input file for this analysis is shown in Appendix E. The
time-dependent discharge rates of radionuclides into the river are calcu-
lated for 400 years, and the results are shown graphically in standard
PAGAN form in Figure 4-10 for K-3, and in Figure 4-11 for 1-129,

4.7 Sample Problem 5 - Calculation of Doscs from Exposure Pathways

In this sample problem, doses resulting from the potential exposures from
the contaminated aquifer and the river are estimated using GENII. The
farmer who lives at the boundary of the disposal facility {s assumed to
drink the well water, to irrigate crops and feed animals with the concam-
inated well water, and the farmer also consumes the contaminated crop and
animals. Furthermore, the farmer also consumes fish from the contami-
nated river and makes recreational use of the river. In additien, an
individual living near the river is assumed to drink contaminated river
water, to consume fish from the river, and to make recreational use of
the river

The concentrations of radicnuclides in the well water and the river cal-
culated by Sample Problems 2 and 4 are used as input to GENII, Because
the dose calculations in CENI1 are for a fixed time only, many separate
runs are needed to calculate the time-dependent doses resulting from the
time-dependent concentrations in the well/river water. For this sample
problem, the doses from contaminated well water and contaminated surface
water are calculated at several times. The input and output files for
CENII are identical at different time: except for the input concentra-
tions and output doses of H-3 and 1-129 in well water and river.

Appendix F shows the input file generated by APPRENTICE in GENII to cal-
culate the doses received by the farmer at 60 years resulting from the
usage of the contaminated well water., Default values for water consump-
tion rate and various food-consumption rates in GENII are used in this
sample problem. The resulting output file is shown in Appendix G. The
annual effective dose equivalent is shown in Tigure 4-12 as a function of
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4.9 Sample Problem 7 Intruder-Constructlion Scenaclo

In this example, an individual is assumed to construct a house directly
above the disposal facility at 100 years after the closure of the
facility ing construction, scme of the waste is assumed to be
excavated and dispersed into the air This individual receives radiation
decees through alation of the contaminated dust and direct gamma
radiation from standing on the contaminated soil and being immersed in

the contaminated dust

The following assumptions are used in calculating the dose the individual

receives

Both Class A end Class B/C trenches have been excavated. The
inventories are assumed to be initially uniformly distributed
throughout their respective trenches This assumption results
! H-3 concentration of 3.13E-2 Cl/m® (1,800 C1/(120 m x 8§ m x

lass A trench, and an 1-129 concentration of
‘m* (20C1/(120 m x e m x B m)) in the Class B/C trench.
centrations are assumed to be retained during the

that occurs ducing intrusion

cne (

ontaminated soll in the trench i{s assumed to be excavated

construction worker and distributed onto the ground

Because GENII models the surface soll as a slab 15 cm

value of 0.15 for the manual redistribution factor is

the input to {ndicate that 0.15 m’ of deep soll is
provide a 15-em-thick layer over an area of 1.0 m?

resuspension model in CENII {s used to

concentration of H-3 in the al: The GENII

of the mass-loading factor (10°% kg/m?®) is
onservative (Kozak et al 1989a]

contaminated alr and external exposure
ound surface are considered in the dose

worker i{s assumed to inhale the contaminated

he contaminated ground surface continuously

The i;_'!\;\: and output files generated / he GENI
{
|

T

(AL B
- o~ 24

nnene

aAppend

enalysis are shown in
ces K and 1., respectively he d¢ received by the construction
worker with the above assumptions is 0.15 millirem




5.0 QUALITY ASSURANCE 1SSUES

The methodology software package was developed in a framework that is
consistent with SNL quality assurance requirements. A Quality Assurance
Plan specific to the low-level waste project has been designed. The
Quality Assurance Plan meets the general intent and the splirit cf the
Sandia Quality Plan and the Organization 6000 Quality Assurance Policy
internal to Sandia National Laboratories. The following list briefly
summarizes the QA requirements for computer codes:

1. Configuration Management

For all codes acquired, developed, or modified, the source code and list-
ings along with all existing documentation &re placed under suitable
administrative control. All modifications are controlled and documented,
and new interim version numbers assigned.

2. Testing and Code Verification

All codes acquired are tested with the sample problems provided by the
originator. All modified codes are verified using test cases. All test-
ing cases are planned, approved, reviewed, and documented.

The codes DISPERSE and SURFATE have been verified for self-consistency,
against hand calculations, and for a variety of test cases as they were
developed. Each subroutine in the programs was tested for self-
consistency and accuracy of results prior to imsertion into the program.
Each code was checked against hand calculations for coarse integral dis-
cretizations, for which b aleulations were tractable. Furthermore,
the area-source Creen's 1. on was shown to recover results from the
point-source Creen’'s function tor small areas. In addition, the Green's
functions in the codes recovered results from the analytical Creen's
functions for sources of infinitesimal duration published by Codell et
al. [1982) in the appropriate limiting coses

Another set of verification analyses were performed on DISPERSE by
comparing predicted well concentrations from DISPERSE to predictions from
both VAM2D [Huyakorn et al., 1989] and FEMWATER/BLT [Sullivan and Suen,
1989]. In all comparisons made between these codes, the behavior of
DISPERSE was shown to be qualitatively similar to the more complicated
approaches, and DISPERSE was shown to predict higher (more conservative)
well concentrations than either VAM2D or FEMWATER/BLT [Kozak et al.,
1990a). These analyses demonstrated that DISPFRSE provides a reasonable
approximation to the more complicated solutions for a simple conceptual
model, and that the solution method captures the appropriate physical
processes that can be expected to occur,

PACAN has been extensively compared with the standard versions of
DISPERSE and SURFACE to verify that the codes were properly lmplemented
in the SUNS shell.



The SUNS shell has been used and tested with a number of codes. 1t was
used with the computer code NEFTRAN to assess comp)iance with the high-
level waste standard 40 CFR 191 for the EPA. It was also used in con-
junction with the code IMPACTS BRC for dose calculations for Below-
Regulatory-Concern wastes [Campbell and O'Neal, 1990), In addition, the
SUNS shell has been used for RICS (Reliability of Integrated Circuits)
analyses at SNL. The SUNS system was extensively tested with these codes
and found to be relieble and error-free.

PAGAN automatically provid-s the date and the time for every input files
being created, The output files also provide the time and date that the
run is generated and the input file used for that run., This features
assures the traceability of the results of analyses,.

The software package GENII adopts QA procedures and requirements required

a PNL, which are similar to the SNL requirements, Quality assurance
issues for GENII are documented in Napler et al. [1988).
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Appendix A: SAMPLE PROBLEM 1 INPUT AND OUTPUT
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Appendiy B: SAMPLE PROBLEM 2A INPUT



EX2A.INP

FILE DATE 05-04-1980 TIME 15:42:3%

DISPERSE AND SURFACE
EXAMPLE 2A FOR STC

SAMPLING METHOD = 1 LATIN HYPERCUBE SAMPLING
NUMBER OF TRIALS = 0

RANDOM SEED - L322

Selecting Main Menu Option GENERATE OUTPUT BLOCK KEADERS
wWill Run FIXUP.EXE

B=-2



FIXED DATA GROUFP 1 RUN AND OUTPUT CPTIONS
PROKPT
TRANSPORT TO WELL/RIVER (1/2)

OUTPUT BOURCE RATE? (0/1eN/Y)
TYPE OPTION (1/23/3)

FIXED DATA GROUP SCLUTION PARAXETERS

PROMPT VALUE

MLXINJM TINE OF INTEREST (Y) 20C
NUMBEER OF INTERMEDIATE TIKES 20
INTEGRAL DISCRETIZATION (MOD4 2 0(
QISTANCE TO WELL/RIVER (M 15¢C
(UMBER OF INTERMEDIATE DISTS

SOURCE MIXING CELLS
SOURCE LEACH CPTION (0/1
IVER CONC,/NUCLIDE FiUX

PHYSICAL PROPERTIES

VALUE

ISPOSAL
JUIFER
RIVER FLOW ROTE M3
OF WATER INGESTEL
RT TRAVEL TIME THRL
LAY TIME (Y




CONTROLS FOR PARAMETRIC ETUDY
PROMPT VALUE

INDEX OF P. RAMETER TO VARY

NUMBER OF "'ARAMETER VALUES
SL GIVEN IME/DISTANCE (1/23)
INC DOrE? (0/1 = H/Y)

GRAPHICS OLTPUT? (0/1 = /YY)

HARDCOPY OUTPUT? (0/1 = N/Y)

PARAMETER VALIVUE 1

PARAMETER VALUE 2

FPARAMETER VALUE )

FPARAMETER VALUT 4

PARMMETER VAIUVE §

o

0
0




C=14
NA=22
P=32
P=33
$-18
CL=36
CA-45
SC-48
CR-851
MN-54
FE-55
FE-59
Co=%7
Co-58
CO=60
N1-59
NIi=6)
EN=65
SE«7%
RB-86
SR-85
SR-89
SR=50
IR=95
NB~54
NB-95
MO=99
TC=89
TC~59m
RU=102
RU=106
AG-108
AG-110
CD+109
8N-113
SN-1268
SB-124
$B-125%5
1-125
1-129
I-131
Cs-134
C8-138
C8~136
C5~13?
BA~140
LA~140
CE-141
CE-144

ARRAY NUMBER 1

INVENTORY
(€4)

1.8000E+0)
0.0000R+00
0.0000E+00
0.0000E+00
0.0000E+00
0.00008+00
0.0000E+00
0.0000E+00
0.0000E+00
0.C000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0, 0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+DQ
0.0000B+00
0.0000E+00
0.2000E+00
0.0000E+00
0,0000B~00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.”A%0E+00
0.0%°00E+00
0.0000E+00

RETARDAT ‘N
FACTOR

1.0000E+00
1,0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1,0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1,0000E+00
1.0000E+00
1,0000E+00
1.0000E+00
1.0000E+00
1,0000E+00
1.0000E+00
1,0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1,0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+0D
1.0000E+00
1.,0000E+00
1.000CE+00
1.0000E+00
1.00002+00
1.0000E+00
1.00002+00
1.0000E+00
1,0000R+00
1.0000B+00
1,0000R+00
1.0000E+00
1.0000B+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00

B-5

SOURCE
CONSTANT

C.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
C.C000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
©.0CO0E+DO
0.0000E+00
0.0000E+00
0. 0000E+00
0.0000E+00
0.0000E+00
C.CO00E+00
0.GO00E+00
0.0900E+00
0.0000E+00
0.00008+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.00002+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
©.0000E+00
0.0000E+00
0.0000E+00
0.00002+00
0.0000E+00
0.000CE+00
0.00C0E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

ISOTOPE PROPEPIIES

EOURCE
PRE-EXP

0.0000E+00
C.0000E+00
0.0C00E+020
0.0000E+00
0. 0000E+00
0.0000E+00
0.0000E+00
0.0000E+0C
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
C.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00Q
0.0000E+00
0.0000E~+00
0.0C00E+00
0.0C00E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.00%0E+00
0.00COE+00
0.0000E+00
0.0000E+00
0.0000E+00C
0.0U000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

TRANSPORT
(O/1=N/Y)

00000000 DO0O0CO0ODOUOVOVODODDNOODOOOCODCTODODOOODODDOOCDOOO0 ™



INVENTORY RETARDAT ‘N SOURCE SOURCE TRANS PORT
(Ci) FACTOR CONSTANT PRE-EXP (0/1eN/Y

O0COE+00
. 0000E+00
0000R+00
DO0OR-00
,Q000E+20
.0000R+00
O000ER+00
0000R+00
0000E+00
,0000R+00
.0000R+00
COOOR+00
0000R+00
., 0000R+00

,OCO0R+0C
,O000E+00
.O000E+00
O000E+00
.0000E+«00
. Q000E+00
. D000E+00
+O000E+0Q0
+0000R+00
.0000E+00
. 0000E+ 00
. 0000E+00
O000E+00
.0000E+00
.0000E+00
O000E+00
JOODE+00

Q00E+00
0000£+0C
. 0000E+00
.0000E+00
«OCO00E+ 00
0000E+00
. 0000E~00
O00QE+0Q0
COO0E+ 00
O000E+0C
Q000E+00
Q000E+0QOQ
O000E+D0
,000NE+00
Q000E+00
+0000E+00
CQOOE+00
.0000E+00
0O000R+00
«O00CE+00T
«0000E+00
.0000E+00
. DO00E+00
»0000E+00
+O000E+00
. 0000E+00
. 00008+00 . 0000E+00
0000R+00 »0000Z+00
.0000E+00 0.0000E+00
.0000E+00 .0000E+00
. 0000R+00 0000E+00
O000E+00 ). 0000E+00
00C0E+00 ). 0000E+00

o

. Q000E+00
0000R4+00
0000E+00
. 0000E+00
0000R+00
. 0000E+00
. COOOE+DO
. O000E+00
. Q000E+00
. 0000E+00
GUOQE+0D
«0000R+00
«0000E+00
0000E+00
COOCE+QO
0000E+00
v O000E+CC
«0000E+00

000CE+00
O00CE+00
.O000E+00
. 0000E+00
«0000E+00
,OCO0E+D0
Q000LE+0D
0000E+00
+O000E+00
» QOO0E+00
. CO00E+0D
.ODODE+0D
. Q00QE+0C
O000E+00
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OO0 O0ODOODOOODODDOOC
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. OC00R+00
COO0OR+00
,0000E+00
OC00E+00
0000E+0D
. 00002+00
0000E+00
0000E+00
.Q000E+00
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0000E+00
.Q0C0E+00
. O00QE+00
CO0E+00
.000QE+00
.0CO00E+00
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H=)
C=14
NA~22
P-32
P~23
§-35%
CL-2¢
CA=45
BC=46
CR-81
MN-54
TX=85
FE-59
CO-57
CoO-58
Co=~60
N1-59
NI=823
ZN-68
SE-78%
RB-86
SR-85%
SR-89%
SR-50
TR-95
NE~S4
NB-§5
MO-98%
TC-89
TC-99m
RU-102
RU=106
AG-108
AG=110
CD-109
SN=-113
SN=126
SB-12¢
§B-125
I~1258
I-129
I-131
C8~134
C§~138
Cs~136
C8-137
BA~140
LA~140
CE-141
CE~144

ARRAY NUMBER 1

GRAPHICS?
(0/1=N/Y)

P T T o T R e e e e S R o e

RARDCOPY ?
(0/1=N/Y)

B=7

B B B B b B e B B B B B e e e e B B e e B B e B b B B B R B e B B e B B R R e B B e e e

CONTINVED



GRAPHICE?  HARDCOPY?
(C/1mN/Y) (0/2=N/Y)

EU~182 3 1
EU-154 1 1
Yb-169 1 1
PB-210 b |
PO=210 1 1
RN=232 i - |
RA=226 1 1
RA-228 1 b
AC=227 1 1
TH-228 i 1
TH-229 i 1
TH~230 1 1
TH=232 i b
PA-231 1 1
U=232 1 1
V=233 1 1
U=234 i 1
U=238 b 1
U=2136 1 1
U=238 1 1
NP=2137 by 1
PU=236 b -
PU-228 1 1
PU=239% 1 1
PU=240 1 1
=241 1 1
P1-242 1 1
PU~244 1 1
AM-241 1 1
AM=24) 1 1
CM=-242 1 4
CM=243 1 1
CHM=244 b 1
CM=-248 1 1
Cr=3%2 1 1

06 1 3

87 1 1

88 1 2

B9 1 1

90 1 1

91 3 1

$2 b i

$3 i i

9é b 1

5 1 1

96 1 1

97 1 1

98 1 1

99 1 1

100 b 1

B-8



ARRAY NUMBER 2 CONTROLS FOR CONC

DISTANCE INC, DOSE? GRAPHICSS HARDCOPY?
(M) (O/1mN/Y (0/1=N/Y (0/1=N/Y

. S000E+02
,O000E+00
0000E+00
0D00E+00
Q000E+00
O000E+00

. Q000E+0C

PANCE
I'ANCE
ANCE

OO0 0O00C O W

ARRAY NUMBER




OUTPUT DATA BLOCKS

DATA BLOCK 1 Muclide Concentration ve. Tine at
FOR~STATISTICAL OUTPUT

TYPE
REAL(R), INTEGER(I)

K
F
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EX2B. INP

FILE DATE 0O5+04-1990 TIME 1%5:28:08

DISPERSE AND SURFACE
EXAMPLE 28 FOR STC

SAMPLING METHOD = ) LATIN HYPERCUBE SAMPLING
NUMBER OF TRIALS = 0
RANDOM SEED - 222

Selecting Main Menu Option GENERATE OUTPUT BLOCK HEADERS
Will Run FIXUP.EXE



FIXED DATA GROUP 1

UN ANI
PROMPT
TRANSPORT TO WELL

OUTPUT SOURCE RATE?
OUTPUT TYPE OPTION

IVER (1/2)
(C/1wN/Y)
(1/8/3)

FIXED DATA GROUP 2
PROXPT

MAXINUM TIME
NUMBER OF

OF INTEREST (Y)
INTERMEDIATE TINES
INTEGRAL DISCRETIZATION (MOD4)
DISTANCE T0 WELL/RIVER (M
NUMBER OF INTERMEDIATE DISTS
NO. SOURCE MIXING ZELLS

SOURCE LEACH OPTION {(0/1

IVER CONC./NUCLIDE FLUX (1/2

LONG CIBPERSIVITY (M

TRANS LONG. DISPERSIVITY
PORE VELOCITY M/X

ISPOSAL FACILITY LENGTH (M
DISPCLAL FACILITY WIDTH (M
AQUIFER THICKNESS (M
R
¥

IVER FLOW RATE (M*2/¥
OF WATER E e

INGEST

TIME

STED (M*3/Y
I+ TRAVEL THRU FAC. (Y
LAY TI (Y

PHYSICAL

OUTPUT OPTIONS
VALLE

1

NUNERICAL SOLUTION PARAMETERS

VALUE

00

PROPERTIES

VALUE
K,:

.

4,44

]

120

28

1E+10

73

8

50




FIXED DATA GROUP 4
PROMPT

INDEX OF PARANETER TO VARY
NUMBER OF PARAMETER VALURS
USE GIVEN TIME/DISTANCE (1/2)
INCLUDE DOSE? (0/1 = N/Y)
GRAPHICS OUTPUT? (0/1 = N/Y)
HARDCOPY OQUTPUTY (0/1 = N/Y)
PARAMETER VALUZ

PARAMETER VALUR

FPARIMETER VALUE

PARMMETER VALUE

PARAMETER VALUZ

FOR PARMETRIC

VALLVE

0
0
¥
0
0
9
0
0
(4]
0
0

STUDY




ARRAY NUMBER 1 150TOPE PROPERTIES

INTTHTOFY RETARDAT ‘N SOURCE SOURCE TRANS PORT
{Cl) FACTOF CONSTANT PRE-EXF (C/1mN/Y

. O000E+00
. Q000E+00
.D0GOE+00
.DO0OE+00
+O000R+C0
0000R+00
+O0000E+00
. 0000E+00
. 0000E+00
. 0CO0E+00
»Q000E+0O
. Q000+ 00
. 00002+00
«O000E+00
.O000E+00
0000E+00
CO00E+00
0000E+0Q0

ABBORES AL
0000E+00

D000E+00
0000R+00
,00008+00
.DO0OE+00
L 0000R«00
.0000E«0C
.O000E+00
+O0000E+«00D
. DO00E+ OO0
«0000E+00
0000E+~00
O000E+DD
O000E+0O(
Q000K+ ¢
+O000E+00
C000E+0OC

CO00E+0Q0Q

PUOOE«DC
QOONEALT
+QODQE+((
«O0000E+ 00
OC00E~00
0000E+00
C000E+00
POOQE+0DC
+D0DQE+0C
0O00E+0
«O000E+0OC
COOU0E+D0
COOOE=+ 0
OCE+0(
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. O000E+00
. 0000E«00

o
o
-
o
~
.

. 0000E+
«O000E+
. 0Q000E+
+O00DE+Q0
+O000E+00
+0000E+00
+O000E+0Q0
«0000E+00
0000E+00
+0000E+00
«0000E+00
»C000E+0C

e o

P

OO OC

'
S ]
RTINS
> O

;o

]
OO0 LVODOO O
QOO0

oDO0OQOC

"
L

Sl ol R

"
L

308 -
o

2 4 3

el Tl R R T TN

A

P
O00CODODO0O00DOOVODODOODD OO

YO OO
oO00CcO

0
™
L
o
N
e
OO0 ODOOOHDODOODODOO

Bl bt et B Bl B B B Bl e P e B P B

OO0 0O




EU-182
EU-154
YB-169
PBR-21C
PO-210
RN-222
RA-226
RA-228
AC-227
TH-228
TH-229
TH~230
TH-232
PA<23)
U=232
V=233
U=234
V=238
U=2356
U-238
NP-237
PU=236
PU-2238
PU~229
PU=240
PU-241
PU=242
PU-244
AM-241
AM=24D
CM-242
CHM=-24)
CH~24¢
CM=248
CF-252
86
87
L1
e
90
§l
§2
93
94
1 1
96
97
98
L 2]
100

INVESTORY
(€4)

0.00008400
0.00008+00
0.000CR+00
0.0000E+00
0,0000K+00
0.00008+00
0.00008+00
0.0000K+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000R+00
0.00008+00
0.0000E+00
0.00008+00
0. 0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.CO00E+00
0.0000E«00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.2000E+0C0
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
9,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

RETARDAT ' N
FACTOR

1.0000E400
1.0000E+00
1.09%0E+00
1.00008+00
1.0000E+00
1.0000R+00
i.0000E+00
1.0000E+00
1.0000B+00
1.0000E+0C
3.0000K+00
1.0000E+00
1.0000E+20
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+«0ON
1,0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
-.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+Q0
1.0000E+00
1.0000E+00
1.0000E+00C
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1 0000E+00D
1.0000E+00
1.0000E+00
1.%00CE+00
1.0000E+00
1.0000E+00
1.0000E+00
1.000 "#+00
1.0 E£+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00

C=6

SOURCE
CONSTANT

0.0000E+00
0.0000E+00
0.0000E+00
0. 0CO0E+00
0.0000E+00
0.0000R+00
0.00G0E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.,0000E+00
0., N000E+00
©.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0D.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00D
0.0000E+00
0.CO00E+00
0.00C0E+00
+O000E+00
+OCODE+00
«O000E+00
«D000E+00
«0000E+00
. D000E+00
.DCOOE+DO
0,0000E+00
0 - OUOOE+DD
0.0000E+00
0.0000E+00
0.0000DE+00
0.0000E+00
0.0000E+00
0.000CE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.000CE+00
0.0000E+00
0.0000B+00
0.0007E+00

coDo0oO0QCO0OC

SOURCE
PRE-EXY

0. 0000E+00
0.0000E+00
0.0000E+0D
0.0000DE+D0
0.0000E400
0.00008+00
0.0000E+00
0. 0000800
0.0000E+00
0.0000E+00
0.,0000E+00
0.,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
C.0000E+G0
0,0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+0C
0.0000E+00
0, 0000E+00
0.0000E+0D
0.0000E+00
0,0C00E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+0UC
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.000CE+00
0.0000E+00
0.0000E+00
0.0000E+00
0. 00NOE+00
0.0000E+00

TRANSPORT
(0/1=N/Y)
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ARRAY
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bbbl e D A ——

ARRAY NUMBER 2 CONTROLE FOR CONC. VS TINME
DISTANCE  INC. DOSE? GRAPHICS?  HARDCOPY?

(%) (0/3=N/¥)  (0/1%N/Y) (0/1=N/Y)
DISTANCE |\  1.0400E+02 C i 1
DISTANCE 2 0.00008+00 < v 0
DISTANCE 3 ©0.0000B+00 o 0 0
DISTANCE 4 0.0000B+00 0 0 0
DISTANCE & 0.00008+00 0 0 0
DISTANCE 6 0.0000BR+00 0 0 0
DISTANCE 7 0.0000B+00 0 0 o

ARRAY NUMBER 3 CONTROLS FOR CONC. VS DISTANCE

TIME ING. DOSE? GRAPHICS?  MARDCOPY?

(xY) (0/1wN/Y) (0/1mN/Y) (0/1wN/Y)
™ 3 C.0000E+00 0 e 0
TIME 2 C.C000E+00 0 0 0
TIME 2 0.0000E+00 & 0 0
TIME 4 C.0000E+D0 0 o 0
TIKE 8§ 0.0000E+00 0 0 0
TIME 6 0.0000E+00 0 0 0
TIME 7 0.0000E+00 o 0 0

C-9



OUTPUT DATA BLOCKS

DATA BLOCK 1 Nuclide Concentration vs, Time &t 104 ®
NON=STATISTICAL OUTPUT

COLUMN TYPE
HEADING REAL(R), INTEGER(I)

Tine (yr) F
1-3129 (Ci/m*3) R







EX3B. INP

FILE DATE 05-08-1990

DISPERSE AND SURFACE
Y MPLE 3 FOR 8TC

SAMPLING METHOU ] W TIN HYPERCUBE SAMPLING
NUMBER OF TRIALS

RANDOM SEEC

Main Menu Option GENERATE OUTPUT BLOCK HEADERS
FIXUP.EXE




FIXED DATA GROUP 1 RUN AND OUTPUT OPTIONS

PROMPT VALUE
TRANSPORT TO WELL/RIVER (1/2) 1
OUTPUT SOURCE RATE? (0/1wN/Y) 0
OUTPUT TYPE OPTION (1/2/)) 3

Rt e R AR

FIXED DATA GROUP 2 NUMERICAL BOLUTION PARAMETERS

PRONPT VALVE
MAXINUM TIME OF INTEREST (Y) 200
NUMBER OF INTERMEDIATE TIMES 20
INTEGRAL DISCRETIZATION (MOD4) 200
DISTANCE TO WELL/RIVER (M) 150
NUMBER OF INTERMEDIATE DISTS 1
NO. SOURCE MIXING CELLS 19
SOURCE LEACH OPTION (0/1) 0
HUCLIDE FLUX/RIVER CONCS. (1/2) 1
FIXED DATA GROUP 3 PHYSICAL PROPERTIES

PROMPT VALUE
AQUIFER POROSITY .82
LONG. DISPERSIVITY (M) 2
TRANS . /LONG. DISPERSIVITY (=) o1
PORE VELOCITY (M/Y) 4.44
DISPOSAL FACILITY LENGTH (M) 60
DISPFOSAL FACILITY WIDTH (M) 120
AQUIFER THICKNESS (M) 25
RIVER FLOW RATE (M*3/Y) 0
VOL. OF WATER INGESTED (M*1/Y) 73

VERT, TRAVEL TIME THRU FAC. (Y) 80
DELAY TIME (Y) 0



FIXED DATA GROUP 4 CONTROLS FOR PARAMETRIC

PROMPT VALUE

INDEX OF PARAMETER TO VARY
NUMBER OF PARAMETER VALUES
USE GIVEN TIME/DISTANCE (1/2)
INCLUDE DOSE? (0/1 = NJY)
GRAPHICS OUTPUT? (0/1 = N/Y)
KARDCOPY OUTPUT? (0/1 = N/Y)
PARAMETER VALUE )

PARAMETER VALUE

PARAMETER VALUE

PARAMETER VALUE

PARAMETER VALUE

STUDY




]
C-14
NA=-22
P-22
P=33
B-3s
CL=36
CA=45
SC-46
CR=51
MN-54¢
rE-ts
TE-59
Co-57
Co-58
CO=60
NI-5%
NI-§6)
EN=65
SE-78
RB~B¢&
SR-8%
ER-B%
SR-90
ZR-95
NB=-%4
NB~95
MC-99
TC=9S
TC-%9m
RU~103
RU=106
AG-108
AG=110
cp~109
8N=-113
SBN-126
S§B-1.4a
SB-125
I-128%
I+129
I-131
C8~134
C5-13%5
C5-126
C8~137
BA~140
LA-140
CE=~141
CE-144

APRAY NUKBER 1

INVENTORY
(€4)

1.8000E+0)
0.0000E+00
0.,0000E+00
0. 0000R+00
0.0000R+00
0.0000E+00
0.0000E+00
0.00008+00
0.0000E+00
0,0000E+00
0, 0000E+00
0. 0000E+00
0.0000E+00
0.0000E+00
0.0000K+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0. 0000E+00
0.0000E+00
0.0000E+00
C.0000E+00
0,0000E+0C
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
U, 0000E+00
C.0000E+00
0.0000E+00
0.0000E+00
0.0000E+20
0.0000E+0C
0.0000E+00
0.0000E+00
0.000CE+00
0.0000E+00C
0.00 JE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00

RETARDAT ' N
FACTOR

1.0000E+00
1.0000E400
1.0000F+00
1.0000E+00
1.0000E+00
3.0000B+00
1.0000E+00
1,000¢08+00
1.0C00E+00
1.0000E+50
1.0000E+00
1.0000E+00
1.000CE+00
1.00008+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0C00E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1,0000E+00
1.0000E+00
1.0000E+C0
1.0000E+00
1.0000E«00
1.0000E+00
1,0000E+00
1,0000E+00
1,0000E+00
1,0000E+00
1.0000E+00
1.,0000E+00
1,0000E+00
1.0000E+00
1.0000E+00
1,0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000B+00
1.00008+00
1.0000E+00
1.00002+400
1.0000E+00
1.0000R+00

SOURCE
CONSTANT

0.0000E+00
0.0000E+00
0. 0000E+00
C.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
C.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0. 0CO0E+00
©,0000E+0
0.0000E+00
©.0000E+00
0.0000E+00
0.0000E+00
0.00C0E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
©.0000E+00
0.0000E+00
0.0000E+00
0.C000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+LO
0.0000E+00
0.0000E+00
0.0000E+00
C.0000E+0D
0.0000E+00
C.0000E+00
0.0000E+0C
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0C00E+00

ISOTOPE PRUPERTIES

SOURCE
PRE-EXP

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
C.0000E+DD
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.C00DE+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0. 0000E+00
0.0000E+00
0.0000E+00
C.0000E+0D
0.0000E+00
0,0000E+00
0,0000E+00
0.0000E+00
0. 0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.J000E+00
0.0000E+00
0.0000E+0D
0.0000E+00
0.000CE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0C00E+00

TRANSPORT
(O/1mN/Y;
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ARRAY NUKBER 1 CONTINVELD

GRAPHICS ? KARDCOPY?
(0/1=N/X) (C/1leN/Y)
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GRAPHICS? KARDCOPY?
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ARRBAY NUNBER 2 CONTROLS FPOR

DISTN R INC. DOSE GRAPHICS
(N (Q/1eN/Y) (O/70wN/Y

DISTANCE
DISTANCE
RISTANCE
PISETMANCE
DISTANCE
DISTANCE
DISTANRCE

S000R+02
0000R+0C
,O000R+00
0000R+0C
POOOR+0D
O000OE+00
QO0OR+00

R R TR R

ARRAY NUMEYR




OUTPUT DATA BLOCYKS

DATA BLOCK | Cone. va. Time 4t 150 m « Paramster is Long. Dispersivity
HON-STATISTICAL OUTPUY
COLLMN CULAMN TYPR
NUMBER HEAUING REAL(R) , "NTRGER(I)
i Tine (yr) 3
: H=) VL (CL/9°)) »
3 M) PVa (ei/e%)) "
‘ =2 PVs (Ci/e*)) R
] N=3 Ve (CLw" D) "
¢ He) VS (S4/9%)) -

D-10
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Appendix E: SAMPLE PROBLEM & INFUT
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EXAA. INY

FILE DATE O8«04~-10%0 TIKE 185:19:5)

FERSEE AND SU
EXAMPLE 4A TOR

Menu Option SENERATE OUTPUT BLOCK MEADERS
EXE




FIXED DATA GROUP 1 RUN AND OUTPUT OPTIONS

PROMPT VALUE
TRANSPORT TO WELL/RIVER (1/2) ?
OUTPUT SOURCE RATE? (0/1eN/Y) ©
OUTPUT TYPE OPTION (1/3/3) i

Ppppnaap—— . L L S R Sl L Ll Rk ol b

FIXED DATA GROUP 2 NUMNERICAL SOLUTION PARAMETERS

PROMPT VALUE
MAXIMUM TIME OF INTEREST (Y) 400
NUMBER OF INTERMEDIATE TIWES i0
INTEGRAL DISC'ETIZATION (MOD4) 200
DISTANCE TO WELL/RIVER (M) 1000
MUMBER OF INTERMEDIATE DISTS 1
NO. SOURCE MIXING CELLS 60
SOURCE LEACH CPTION (0/1) 0
RIVER CONC./NUCLIDE FLUX (1/2) 2
FIXED DATA GROUF 13 PHYSICAL PROPERTIES

PROMPT VALUE
AQUIFER POROSITY 52
LONG. DISPERSIVITY (M) 2
TRAKS . /LONG, DISPERSIVITY (=) e
PORE VELOCITY (M/Y) (R E)
DISPOSAL FAC® LITY LENGTH (M) 60
DISPOSAL FACI ITY WIDTH (W) 120
AQUIFER THICKNESS (M) 5
RIVER FLOW RATE (M*1/Y) 1410
VOl OF WATER INGESTED (NM*3/Y) 73
VERT, TRAVEL TIME THRU FAC, (Y) L 14
DELAY TIME (Y) 0

E=3



FTLED DATA GROUP 4 CONTROLE POR PARAMETRIC STUDY
PROMPT VALLE

INDEX OF PARAMETER TO VARY
NUMBER OF PARAMETER VALUES
S GIVEN TIKE/DIBTANCE (1/2)
INCLUDE DOSE? (0/) = N/Y)
GRAPHICS OUTPUT? (0/)
HARDCOPY OUTPUTT (0/1
PARAMETER VALUZ
PARAMETER VALLY
FARAMMETER VALUE
PARANETER VALLUE
PARAMETER VALLE

s N/7)
- N/Y)

o020 0OCCDODO0O

LR W N







INVENTORY RETARDAT "N OURS SOURCE TRANS PORT
(€} FACTOS ONS FPRE-EXF 0/ 1wl /Y

COO0R DL
DO0OR+00
LO00R+00
0000R+00
DCOOR+00
0000R+00
0000R+00
COOOR+00
0000R+0C
0000R+00
«O000R-0C
0000k~ 0L
OO00R
0000R+0
OO00R+0C
0O0OR+ Ot
000OE+DC
OCOOR+0!
QUOE+ 0
00E+C

Vs

OO00OR+0C
CO00R+ 00
OOODR+00
0000R+00
0000R+0C
D0D0E+00
«O000R+0DC
O000K+00
Q000K+ 00
CO00E+00
COO0OR«0C

0¢
000 (414
¢ 00

\
¢

0000R+ 0
0000K+0
CO00R+0C
O000R+0C
COCOR+00
0000R+00
O000R«00
)OQOE+0C
OB+ 0 001 «00
O0E+0C 000K+ 0(
OOR+0¢
DOR+0¢
O0R+00
{ +0¢

e Y- - - - - 2-L- - %

' ¢
%
,
" \
v + Ol IVEY
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XX

)OO0R+
0000+
Q000K+
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L1ale) £
0000k«
Co00R+
QOO0R+00 000N
OO0CR+00 000uR+
OO00OR+00 00C VR
O000R+00 QOOOR+
\

OO0

OOk« 00
WOOE+0y
00X+ 00
DOE+00
COE+0D
OOE+0C
COE+00
YOOR+00 C00E+ 00
OOE+00 Z.000CE+00
O000R+0C QO0E+00
0000+ ¢ ) . O000E+00
0000E«00 ), O000E+00
CO00E+00 YOO0E+00
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ARRAY NUNBER ) CONTINVEL

GRAPHICE? HARDCOPY?
(O/1eN/Y) (O/imN/Y

Bt B B eh B et e e e el Bt B B B e e e e e e
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GRAPHICS? KARDCOPY
(O/1=N/Y (O/1=N/Y)
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ARRAY NUMBER 2 CONTROLS POR CONC. VS TIME

DISTANCE INC., DOSE? GRAPHICS? KARDCOPY?
(N) (0/1=H/Y (0/1=N/Y (O/1=N/Y

DISTANCE i +0000E+0)
DISTANCE «000CR+00
DISTANCE 0000E+00
DISTANCE 0000R+0C
DISTANCE ). Q000E+00
DISTANCE 000CE+0(
& D.0000E+00

AFRAY NUNMBER 3 CONTROLS FOR

DOSE? GRAPHRICS?
i=N/Y O/1=N/X

t
C
{
~

Q000K+ 0C
DO20E+0C
COOOE+0C

COOE«0C

0000E+0C




DATA BLOCYK
COLUMN CO LUMN
NUMBER HEADING
) Time (yr
2 H-) (CLl/yr

|

OUTM"

Nuell
NON-BTATI

REAL (R

DATA BLOCKS

de Flux ve. Time at 1000
"

Pt w
S$TICAL OUTM

TYPR
INTEGER (1)

¥
¥



EX4B. IN}
.
. FILE DATE 0t 4-199 TINXI 1%:22 ¢
.
i PLRSES AN RYACH
EXARPLE 40 PO
AV} » METY A N HYPES B AMS N
NUMBES F TRIALS =
RAN DM £ . 254
] FY LA BN, Kain Mar ptior ENERATYY i Bl K HEADEE
" r ¥ 5 FX}
-
o
3
L)
'
g
-




FIXEL DATA GROUP NUN AND OUTPUT OPTIUNS

PROMPT VALUE
TRANSPORT TO WELL/RIVER (1/3) :
OUTPUT SOURCE RATE? (0/1eN/Y) 0
OUTPUT TYPE OPTION (1/3/3) 1

PP pappaepapepap——— L L L L L bl ol Sl ol Rl b bl

FIXED DATA GROUP 2 NUMERICAL SOLUTION PARAMETERS

PROMPT VAILUE
MAXIMUN TINE OF IWTEREST (Y) 400
NUMBER OF INTERMEDIATE TINES 2n
INTEGRAL DISCRETIZATION (NOD4) 200
DISTANCE TO WELL/RIVER (M) 1000
WUMBER OF INTERMEDIATE DISTH b
NO, SOURCE MIXING CELLS LY

SOURCE LEACH OPTION (0/1) 1
RIVER CONC./NUCLIDE FLUX (1/2) 2

[t L L L s s T T R L R R L L L L R b b b

FIXED DATA GROUP 2 PHYSICAL PROFERTIES
PROMPT VALUE

AQUIFER POROEITY 82

LONG. DISPERSIVITY (M) :

TRANS . /LONG. DISPERSIVITY (=) A

PORE VELOCITY (M/Y) 4.4

DIGPOSAL FACILITY LENGTH (M) ]

DISPOSAL FACILITY WIDTH (M) 120

AQUIFER THICKNESS (M) a8

RIVER FLOW RATE (M*3/Y) 1E+10

VOL. OF WATER INGESTED (M*3/.) 13
VERT. TRAVEL TIME THRU FAC, (Y) 80
DELAY TINE (X) 50



FIXED DATA GROUP 4 CONTROLS POR PARAMETRIC STUDY
PROMPT VALUE

INDEX OF FARAMETER 1O VARY
NUMBER OF PARAMETER VALUES
USE GIVEN TIME/DISTANCE (1/2)
INCLUDE DOSE? (0/1 = N/Y)
GRAPHICS OUTPUT? {(0/1 = N/Y)
HARDCOPY wrmv (071 = N/Y)

OTCO0OO0OCOoO0OCDO0O

E=-13



NUMBLY

KRR

RETARDAT

»

FacT

QOB+ !

(504

UR+ 01

00¢

OF+ 0L

0O
A

OB+

UL

it

DOOR

> O
- -
> O

v

L

WOOOoR+0



INVENTORY RETARDAT ' ¥ SOURCE SOURCE TRANE PORT

(€4) FACTOR CONBTANT PRE-EXF D/ 1=N Y
0.0000R+00 1.0000B+00 O.00008+00 0.0000R+0C 0
O.000UR«00 1.0000R+00 O.00C0R+00 0.0000R+00 ¢
0.0000R+00 1. 0000400 O©.0000R+00 0.0000R+00 ¢
0. C000R+00 1.0000B+00 O.0000R+00 0.0000R+00 0
0.0000B+00 1.0000R+00 O©.00000+00 0.0000R+00 (
0. 00008400 1.0000R+00 O0.0000R+00 0.00008+00 ¢
0.0000R+00 1.0000B+00 0.C000E+0C 0.0000E+0C 0
0.0000B+00 1.0000B+00 O.0000E+00 0.00000+0C ¢
0. 0000B+00 1.0N00R+00 O©.0000R+00 ©.0000R+00 ¢
0.00000~00 1. 00008400 0.0000E+00 0.00008+00 0
0.0000R+00 1.0000E+00 0.000%8+00 0.0000R¢00 ¢ X
C.00008+00 1.0000R+00 O.0000R+00 0.00002+00 0
0. 0000k+00 1.0000B+00 O0.00008«00 0.0000R+00 ¢
0. 0000R+00 1.0000R+00 O.0000R«00 C.0000R+00 0
C.0000R«00 1.0000%«0¢ 0. 0000R+00 0.00008+00 (v
0.0000R+00 1.00008+00 O0.0000R«0C C.00008~00 ¢
| O.00008+00 J1.0000R+00 0.0000K«0DC 0.0000E«00 ¢ e
U 0.00008+00 3.0000K+00 C.00008+0¢ 0.0000E+00 ¢
b C.0000R+00 ).0000R+00 0.0000E+0C 0.0000K«00 4
Vs O.C000R+00 }.0000K+00 O.0000R+00 0©.00008+00 ¢
NP« O.0000R«00 ) . 0000R+00 O.0000F+¢ 0. CO00R+0C ¢
| JAE t 0. 00008+0¢ 1, 00008400 O©.0000E+0C 0.0000R+0¢ 4
; PU=238 0. 000%8+0¢ 1.0000B+00 0. OOE+00 0.,0000K+0¢C +
! PU«239 O.0000E«00 1.0000B+00 ¢ CE+00 0.0000K+0C ¢
PU~24 COOOE+OC 1. 00008400 ¢ 00 0.0000E+0( 0
¥ Pl 0O00R«0( 1.0000E«00 ¢ 00 0.0000F«0 (
PU-24 OOO0R+00 1.0000R+00 ¢ ¢ 0.0000E+0¢ ¢ :
PU=244 U.0000E«00 1.0000R+00 ¢ : 0.0000E+0¢
AM«24 O.0000E+00 1.0000B+00 ¢ 00 0.00008+0¢ (
AM~24 0.00008+0¢ 1. '000R«00 © 0.0000E+00 ¢
CM~242 0. 00008«00 1.CO00R+00 © 0 0. 0000E+0C (
1 CH=24) O.0000E+00 1.0000B+00 O 0 0.0000R+0C
CM+-244 C.0000E+00 1.0000B+00 ¢ 0.0000K«0¢
OM=248 0.00008+0¢ 1.0000E+00 O.0000E+00 ¢.0000K+00
F-282 O.0000F+00 1.0000E+C0 O.0000E+00 0©,0000E+0¢ {
® B 0. 0000E+00 1.00008«00 O©.0000E+00 0©.0000F+0¢ ¢
87 0.0000K+0(C 1.0000E+00 O©.0000B+00 0.0000R+0C (
£ 0.0000E+0C 1.0000B+00 O0O.0000E+00 0©,0000R+0¢C ¢
L 3 0.0000R+00 1.00008+00 0.0000R+00 0.C000E+0L (
L 1} O.0000R+00 1.0000B+00 0.0000E+0¢ V. 0000E+0DC ¢
3 | B C.C000R+00 ).0000R+00 0.0000E+0C 0.0000E+00 C
L 0.0000R+00 1. 0000B+00 0.0000R+00 0.0000k+00 0
. L 0.0000R+00 1.0000B+00 0.0000B+00 C.0000R+00 ¢
L T 0. 0000B+00 5,00008+00 O©.0000B+00 0.0000R+00 0
3] C.0000B+00 1.0000B+00 0©.0000R+00 0.0000R+00 ¢
| 1 O.00008+00 1,0000R+0C 0©.00008400 0.0000R+00 (
L 0.0000B+00 ).0000R+00 0.0000R+00 0.0000B+0C ¢
ne C.0000E+00 1.0000R+00 O 0000E+00 0.0000B+00 0
2 0.0000R+0¢ 1.0000E+00 0.0000B+00 O C0CD0E+00 ¢
100 0.0000R«00 1,.0000E8+00 O©,0000E+0¢ 0.0000E+00 0




=)
Ce14
wr-32
P32
P-32
538
CL=2¢
CA-4b8
BC-4¢
CR-81
MN-%4
re-ss
reE-%y
CoO=87
Co-88
CO+~60
Ni-E%
NI«6)
EN=68
SE+7%
Rb-8¢
BR~88
SR-b%
ER-%0
LR-98%
NB=%4
NB=§5
MO=59
TC=9Y
TC-900
RU=10)
RU=106
AG=108
AG=110
CO=109
EN=112
EN-126
§B-124
Sp-128
1-128
I=-13¢
1-13)
Ch-104
Ch-198
C8-13¢
£c8-137
BA=140
LA=140
CE-14)
CE-144

ARYZY WUMBER 1

GRAPRICS?
(0/1e/Y)

B G B e B e B B B B B B B B B B B B B B B B B B B B B B B0 B B B B B B0 B B0 B B 0 B

RARDCOPY 7
(0/4mN/Y)

E-16

”ﬂ”””ﬂ””vﬂﬂ“ﬂ““ﬂ&'”“vuﬁb’.'.-0.—.-‘“”b’”"’”"”ﬂ””""”v’.’”-."”

CONTINVED






‘ CONTROLE FOR CONC., V8 TINE

DIETANRCE INC, DOSE? GRAPHICS? W RDCOPY Y
() (O/1eN/Y) (O/1=N/Y) (O/1=N/Y)

0000R+0) ¢ 4
CO0OB+00 0 0
0000R+0C 0 )
. O000R+00 0
. Q000R+00 0
Co00B+0( 0
), 000D0R+ 00 ¢

(
0
(

0

ANRAY NUNBIR CONTROLE FOR CONC VE DISTANCE

TinX C DOSE? GRAPHICS? HARDCOPY
(Y O/1%N /Y (Q/1mN/Y (C/1mN/Y

0
0




OUTAUT DATA BLOCKS

DATA BLOCE 1 Fuclide Flux ve. Time st 101 "
NRON~BTATISTICAL QUTMM
COLAMN OO LN TYPR
NUNMBER HEADING REAL(R) INTRGER (1
| Tinme (yr R
: I=129 (CL/yx P
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1380 Eource area for external dose modification facter (m2)
TRANSPORT A nau e n e b R R R P R R S R R R AR R R RN h i

sessAlR TRANSPORTwesnsssnnnnnnnnvnnrnnnnncnnnennnneenib0T]ON lesnns

C«Calculate PM 10 Release type (0+3)
1 Gption: I-Unt chi‘? or PM value ¥ Stack ro}oo.o (T/F)
¢-Select air’. & dir 0 Stack haight (m)
!-Oriet!z M1 Jist & dir 0 Stoack ¢ ar (m3/sec)
0 Chi/Q or PM valu 0 Stack radiue (m)
¢ MI secvtor index (1=§) Y ffluent temp. Itl
0 Ml distance from relense :oxnt (m) |0 wilding ==section (m2)
; § Use Jf cata, (T/F) eloe ¢hi/Q grid 0 uilding height (m)
«xewEURFACE WATER TRANSPORTssssswnnn cnvasuBECTION Pwnume
¢ Mixing ratio model: O-use value, l-river, 2-)lake
9 Mixing ratio, g mensionless
0 Average river fiow rate for! MIXriLos0 (md/e', HIXFLGe=),? (m/8),
0 Transit time to irrigetion withdrawl location (hr)
1f mixing ratio model » 0!
0 Fate of effluent discharge to roeoxvtnt water body (md/s)
¢ Longshore distance from release point to usage lotation (m)
0 Offshore distance to the water intake (m)
0 Average water depth in surface water body (m)
¢ Average river width (m), MIXFLG=] only
o Depth of effluent discharge point to surface water (m), lake only
wassWASTE FORM AVA]L‘.]Lx?yu.--a.-.o-o---o-o.u.--..nc’thlQﬂ Jenwan
¢ Waste form/packege half life, (yr)
¢ Waste thickness, (m)
) Depth o, soil overburden, m
«sssBI0TIC TRANSPORT OF BURIED SOURCEssrensnessassnasSECTION (ensss
T Consider during inventory decay buildup period (1/r)?
T Consider during intake period (T,/F)? i1=Arid non agricultural
0 Fre=lntake site condition. . ..ccouvu vy

2=Humid non !ticulturol
d=Agricultura

L e L R R R R R R R LR R I

enee P XTERNAL tx’o’uﬂj-ooonoot.---o----.---.---.-.-.n.'tC’!Oﬂ Senves
txgonuro time: Residential irrigation:
iume (hr) ‘ Consider: (T/F)
Soil contamination (hr) 0 Source: l-ground water
Swimming (hr) - 2=surface water
Boating (hr) | o Application rate (in/yr)
Shoreline activities (hr) | © Duratien (me/yr)
Ehoreline type: (l-river, 2-lake, J-ocean, 4~tidal basin)
Transit time for relesse to reach aguatic recreatien (hr)
Average fraction of time submersed in acute cloud (hr/persen nr)

ODOOITOO0

-Qog?”ﬂ;!‘Txoﬂtoococlo-n---.-----.-.o-.o-co..-.-a...ulttfl@" fonmen

Hours of e, osure to contamination per year

O=No resus~ 1-Use Maes Loading 2=Use Anarauqb aodel
pension Maas loading factor (y/md) Tep soil available (em)

ween I NGESTION ‘OPULATXONDO'--OOO-'tototcuniattt--OIGOS!CTION Tenues
0 Atrospheric pr duction definition (select option):
¢ O=Use food-wi ighted obl/a, (food-sec/ml), erter value on this line
1~Use populat on-weighted chi,/Q

2«Use unifore sroduction

i=Use chi/Q an ' production grids (PRODUCTION will be overridden)
Population ingesiing aguatic foods, O defaults to total (person)
Population ingest drinking water, 0 defaults to total (person)
Consider dose fron food exported out of region (defaultsF)

LeR-0 -

- o

Note below: 8% or & rurce: O-none, l-ground water, 2=suriace vater
I~Derived concentration entered above

F-3
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SEN1! Dose Calcu.ation Program
(Version 1.43¢ 28-Jan-80

Case titlie: sample Problem 5 - Doses at 60 years from well water

Executed on: 05/11/90 at 11:01:38 Pege C, 2
Uptake/exposure per.od: 1.0

pose comeitment period: 50.0

Dose units: Ram

Committed Dose Eguivalent by Expesure Pathway

Fathway Lung stomach § Int. VUL Int. LL Int. Bone Su R Mario Testes
.Lcaf Veg 2.6E+06 1.SE~04 2.7E~04 2.7E~04 2.7E~04 1.3E~C4 2.6E-04 2.86E-0
~¢:h. Veg 1 o) 1.1E~03 2.0E~03 2.0E=03 2.0E=00 9.2£8-04 1.9E~0) 1.9E~0
3

Fruit 4.20°00 2.4E200 4. 4FE=0) &.4E-03 4,4E~03 2.0E-03 4.2E-03 4.2E-0
-

Meat 1.0E+03 5.8E=04 1.1E«03 1.1E=C) 1.1E=C" 4.9E<04 1.0E~03 1.GE=0
3

Poultry 1.9E=04 1.1E=04 2.0E~04 2.0E=04 2.0E~04 9,2E=08 1 SE=D4 1,9E~0
t:°‘ Milk 3.6E+0) 2.1E+0) 13,9E~03 J.9E«03 J,.0E~0) 1.8E~0) J3.6E=03 3, 6E~0
4
£ggs 3.2E=04 1.BE=04 3.4E+«04 J,4F-04 2.4E~D4 1, 6E~04 3,2E~04 3.2F-0
:watcr 1.0E=02 $.8B=02 1.18+02 1,1E~02 1.1E~02 4.9E~0) 1.0E«02 1.0FE~0
.

_Total 2.2E=02 1.28%02 2.3E~02 2.3E<02 2.3E~02 1.1E-02 2.2E-02 2,2E-0
‘

Pathway Ovaries Yuscle Thyroid Bladder
Leaf Vey 2.6E~04 2.6E-04 2.4E-04 9.0E~18
oth. Veg 1.9E=0) 1.9E-02 1.,9E=07 9.2E~18
Fruit 4.2E~03 4,2E-0) 4.2E=0) 8.2E-18
Meat 1.0E-0) 1.0E~03 1,0E-0) 6.4E~1E
Pou:tr{ 1.9E=04 1,9E~04 1.9E-04 2.3£-2)
oW Milk 3.6E-0) J.6F=03 3 .6E-0) &.6E-1"

Eggs 3.2E~04 1.2E~04 1,2E~04 6,2FE~10
wWater 1.0E~02 1.0E-02 1.0E<02 1.BE~17
Total 2.2E=C2 2.2E-02 2.2E-02 1.2E-1¢

External Lose by Exposure Pathway

Pathway

- -

Total 0.0E+00

G-6
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Case titls:

Executed on:

L o

Radic=-
nuclide
H 3

1 129

EEmm -

Uptake/ » sure perjod:

Dose commivment period:

Dose unite:

Inhalation Ingestion

Effective Effective

Pondt Dose

Eqy  slent CIZguivalent
L.0E+00 2.0E-02
0.0FE+00 2.1E-24

EmE .-

GENII

Dose Calouiation Frugram

(Version 1.406 29~Jan=80;
Sample Problem S - Doses at 60 years from well water
ns/11/90 at 11:01128

D

Rem

External
Dose

0.0E+00

C.0E+00

1.
$0.0

0

Internal
Effective

Doese
Eguivalent

2.0E-02

Q.II'l‘

A ..--

Fage C.

R T R Rt L L L L Rl LR b Ll bt bk bl

Annual
Effective

bose
Equivalent

ErmEEEe---

2.0E=02
2.1E-14
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Appencix H: DOSE CALCULATION AT 400 YEARS FROM \IVER WATER

|

SAMPLE PROBLEM 5 INPUT
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GENI1 Dose Calculation Progranm
(Version 1.436 28-Jan-90)

Case t.tie! Sample Problem 5 - doses from river at 400 years
Executed on: 05/11/90 at 11:16:08 Page A. 1

---.--..-o-—---oo-.-..o-euw-..-.-..---—o--.-.oo-..o-.oou-..---..-o..-.n.- -

This is & far-field (wide-scale release, multiplie site scenario,
Releace 1is chronic
Individual dos

THE FOLLOWING TRANSPORT MODES ARE CONSIDEKRED
Surface Water

THE FOLLOWING EXPOSURE PATHS ARE CONSIDERED:
Recreation, external
Prinking water ingestion
Terrestrial foods ingestion
Animal product ingestioun

THE FOLLOWING TIMES ARE USED:

Intake ende after (yr): 1.0

Dose calculations ends after (yr): $0.0

Release ends after (yr): 1.0
sssssnanew FILENAMES AND TITLES OF FILES/LIBRARIES USED e ==
z:Eut file name: \GENFILE\SAMPSRV.in $§=+11+90
METABOLIC pAnAHtT:Rs..-....-.-.-.--.-..--..-.."..-..-.--.o.-.-----.. B-12-88
RMDLIB - Radionuclide Master Library (295-Aug-E68 RAF) 6-26-88
Food Transfer Factor Library = (RAP' 29-Aug=88) (UPDATED LEAUKING FA 8-25-68
Bioaccunulation Factor Library = (3U~Aug=88) RAP 8-30+88

External Dosa Factors for GENII in person Sv/yr per Bg/n (28-Aug-88 6~29-B8
internal Yearly Dose Increments (Sv/Bg) 29-Aug-88 RAP 6-29~68

ssscwnes wewcRoledse Termg------

Release v Surface Buried
Radio= Air Water Source
nuclide Ci/yr Ci/yr Ci/m3
H 2 0,0E+00 4.4E~186 O,CE+0D

1129 0.0E+00 2.0E~04 ©.0E+00

exssmnwess SURIS 2L WATER TRANSPORT ssesas s s sn s s st s rinsssanssassansassssasnas
1 Mixitj ratio model: O-use value, l-river, ?-lake, J-river flow

2.0E+01 .rensit time to irrigotion withdrawl location (h)

1.28+C0  Averaye water flow r-te for: MIXFLG=1,2 (m/s8), MIXFLG=0C,3 (ml/s)

C.1E-04 Rate of effluent difr:harg™ to receiving water budy (md/s)

0.1E+02 Longshore distance ! 'or release point to usage location (m)

0.CR+00 C*fshore distance t. the vater intake (m)

5.1E+22  Average water depth ‘n surface water body (m)

0. LE+02 sverage rivar width (m)

sizesncnzse LXTURNAL EXPOSURE sssasse sinassssirsa s susitanassinssasassassnssnsss
1.0E+02 Hours ©f evporure from sw., .ng
1.0E+02 Hours of exposure from boat.nd
$.0E+02 Hours of exposure f(rom shoreline activities
z Shoreline type: l-river, 2-.ake, J-ccean, 4-tidal basin
8.CE+00 Surface water transit time to recreational site (h)

rasssmaess DRINKING WATER SOURCE/IRRICATION sssarssssssscaszsesssresssunssssans



7.0E%02 Prinking wacer consumption rate (l/yr)
2 Drinking water source: l=ground, 2-surface, DJd+-syste®
F Drinking water treaiment: T/F
1.0 Drinking water transit/holdup time (d;

ssenwannne  RRESTRIAL FOOD INGCESTION seusssnsnssnscsnnsanen -

GROW ~«TRRIGATION~= PROD= =+ CONSUMI“TION==
FOOD TIk- & RATE TIME YIELD UCTION HOLDLF RATE
TYPE d *Ain/yr mo/yr  kg/m2 kg/yr d kg/yr
Leaf Veg 0.0 2 235.0 6.0 1.5 1.0 2.08+01
Oth. Veg $0.0 2 40.0 6.0 4.0 8.0 2.2E+02
Fruit 90.0 2 35.0 6.0 2.0 8.0 5.3E+02

senraswnse ANIMAL FOOU INGESTION sesscscrsssassnsss susanasunsnanns

wenHUMAN=~«= TOTAL DRINK cwnnnsmnsnesnsnwBTORED FEED+ wosscsccnanen

CONSUMPTION PROD- WATER DIET GROW <=IRRIGATION=« STOR-

FOOD RATE HOLDUP UCTION CONTAM FRA.: TIME § RATE TIME  YIELD AGE

TYPE kg/yr @  kg/yr FRACT, TION d  # in/yr me/yr Kkg/m) @

Meat 8.0E+01 135.0 1.00 ¢.3 90.00 2 238.0 6.0 0.80 180.0
suite 1.8E~01 1.0 1.00 1.0 90.00 2 0.0 0.0 0.80 180.0
Cow Y. ik 2.%7E+02 1.0 1.00 0.3 45.00 2 47.0 6.0 2.00 100.0
b X 3.08+01 .C 1.00 1,0 80,00 2 0.0 0.0 0.0 180.0
wavssnwenene=FREEN FORAGE=sssosssnnses
Meat 0.76 45,0 23 47.0 6.0 2.00 100.0
Cow Milk 0:%% 230.0 2 4%:0 6.0 1.80 0.0

A R R RSSO AT NI NN AR E S NN N RN PR E R NN R E SN RS RN RN TSR ERES N R R SRS IR R

Input prepared by: Date:

Input checked by! Date:

1=3



WENI]l Dose Calculation Program
vVersion .42 20-Jan-8§¢

ase title Semple Problem 5 =~ doses from river at 400 ywars
Executed ¢ C8/711/90 at 11:16:24 Page C |
Release period i
ptake/exposure period
Dose commitment period
pose units! Ren
Committed Weighted
Dose Weighting Dose
Egquivalent Factors Egquivaient
4.2E~11 2.5E-0) 1.1E=11
9.9E~1) 1.5E-01 1.,5E«11)
. 2.0E-10 1.2E-01 Q. 4E~)
Lur 4.9k~ 1.2E-C $.9E-12
7.9E-0 .0k : 2.45-08
$E-1 ). OF ‘ 1.2E=11
3fF-1 6.0E-02 7.8E=)2
6E~1 6.0p-02 ). 4E~12
6E~11 6.0E~-02 2.7E-112
6E~11 € £-02 ‘ E~i3
dE~11 e.0E-02 2. 5E-112
Dose Equivalent 2.4E~08
‘ £-1
se Egquivalent 2. 4F )
4 I _' ‘ i 5. ‘ ¢ » e e
& » - Ls . - [ 4 @ 7 1 4 v







’ 5
U ake titie
iLxe e of

Release per

ptake expc
vege commit
¢ units
Py
At J 8

¥ t J.4E=123 J.9E~12 3.2E-~12 2.9E~12 J.2K-12 2 E-11 1.4FE-1) 3 E
Mea . E=12 J.1E~12 2.85E~12 2.3E~12 2.5E~-12 2.1E+]1] 1.1E~-)) 2.1E-]
} 4 $.8€E~16 1.1E-15 9.1E-~16 8 4L~ $.1E~16 7.7E-1% 4,.0E~18% i’

w » : E- }.18+13 2.5E+]1 2.4E~11 2.8E- 2.2E-10 1.1E~10 2.2E~
£3 2.6E~1 0E-~13 2.4E- d.2E-1) 2.4E~10 2.0E-12 1.1F-12 23.0F

wWate 8E-12 8.%E~12 2E~12 ¢ E~12 7.2E=12 6.1E-11 3,2E~1] 6.1
y 4.5¢ S.6E-1) 4,6E~)1 4.2E-11 4,.6E~) J.9E=10 7 ,0E~] ).9E-
Fathwa aries Muscle Thyreoid Bladde
Leaf Veg 3 12 7.,6E~12 6.1E+«08 1.0E~11
e ) -12 7.8E~12 6.2E~<08 1.0E-)
F t 2.9E-12 6.8E-12 5.5E-08 9.0FE-12
Meat 2.3E-13 S.4E~-12 4.3E~ t«3E=1
8.4E~16 2.0E~1% 1.6E~1]1 2.6E~-)
4E~) S.5E~11 4 ,4E- ) JE~11
2.2E~1) 5.2E~1) 4.2E~09 6.8BE~]
1.BE~"4 4,1E~14 J.3E~ 5.5E~14
Wate 6.78-12 1.6E~11 1.2E=07 2.1E~1]
3 4,.2E-11 9.8k~ 7 1.3E~]
External ( € by Exposure Pa " A
v 8
[ =€
- v Wy w / \
“e 4 £ A s >
v p
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£ ase title Sample Problem 5 « doses from river at 400 years
Executed or CS/11/90 ot 11116124

Fage ¢ £

Felease period i
Vptake /exposure period ) g
se Commpitment period 8¢
Dose units Ker
:

Inhalation Jgestion Internal Annuanl
Effective Effective Effective Effective

Radjo~ Dose Dosn External Dose Dose

Equivalent Eguivalent Jose Equivalent Eguivalent

) \ “ ) . PE=24
+00 2.4E-08 $.9E~13 ¢« AE-OB <. 4E~08







SRR REEEERL G vt e hRENEERRAER ul BB i

{(STRUCTI

Created on 02+19~1990 at 13
uit BRASAEESENARE DR ERRASRREAERUBREREBRERSS
ield NEAR-FIELD: narrovly«-focused

release, single site
{ ronic FAR-FIELL wide-scale release,
vidual data set used Rultiple sites
Compl Complete
HEssnsnannwnns SeltiC XPOSURE PATHWAY OPTIONSsmsms Sgction
inite plume, external 5
nfinite plume, external
Ground, external
ecreation, external
nhalation uptake
nking water ingestion
tic foods ingestion
a' foods ingestion
ocust ingestion
nt scil ingestior

3 bt vy €

near-field
dation (neat

e

y
Hod

Gyre pathway
scre

e At
388
o £
153

r
S
'S

r
ree

AR R R R A R R R A R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R

’ 4 *
AVAR

- - 4 - « L.

t tivity u . { 3=m( °~Bq
source units (1l-

guestion goes here

“Release Termg-~~~ - ent ¢

Fationg=wesse:
transport selected near-fiel¢ tionally
Q

Surface Buried - Gr ind
Water waste < § )
yr m3

vad Ca
eriveqQ (oncent:

REREEERE] ARRRERRNRANNRRTRINIINAIRINIRMI I

ntake period
iOr to the intake peri

POP.IN
an

R A R N R R R R R R R R R R R R L]
104 r

CKage degradation starts)

ots in
ributio




'
.n L
-
&
¢ ares for externsai drse » fication fa ! m3
R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN R RRRETRIEEIIEEY
seedl Rk TRANEPORTassnsnennns T T I L sovswmennh| TIOK jemnee
el sate M Reiease type
r e s ») oY 13 ¥ £ " Ty
b | 6 /6 ¢ value ! Sta reiense i
: eiect MI Aist § X Steck height n
Specifty MI dist & 4) Stack flow e se
A ! . P¥ va X stack 1 3 L
Ml se ! news - wifluer eng
g 1i6tance from reledse | t B ' sect Y me
5 f dats | el ! 0 ¢ B ! ! eignt r
- CE WATER T vessssnnnnssssnnsnseneneesSEOTION 2esses
A Mixi tic model A € river 2~lake
- X i * :{":.v
Aver ver flow ¥ - r 5 MIXFLO=] 2 n/'s
1 pe tO i wit &n ati
[ mix g rati nod
Rate ! effiuent discharge * rece wate k u [
re stance from release j t t EAGE A §4), |
¢ re distance ¢ the wats ntake
Average Ater dept! N surface wvats ¢ ) N
AVE ¢ 1 er widt! r MiX .
e f effluant scharge | nt t ¢ & wate: m Lake '
=nwni) E FORM AVAILABRLL ues cvesnsbEOTION T
Wagte 4 M package ha ¥ ¢
v te t ¥ $ 5 u
. [ erburde
'-.‘" . 3 . - E ) ’ demy a
§ ent 14 3
t Ake D¢ } a t al
Fre tarxe site . ] ] ‘Tura
t €
AR R R R A R R R R R R R R R R R R R R R R R R R R R E SRR RS RS EY I ARRERRRERRRERRERE
. RNAL EX? i xme ST e ) ST
: re tT.ime e v "
' me ! & ot "/
' tar A ! ¢ A round water
. ' ~surface vate:
¢ n 't rate . .
» € e agt ties L " X
£ t © ¢ ‘ d«tida DABLT
time 5 erse re ) eCreat ni
erage ractl f ¢ E BULMmEerss ¢ & ! ! person h:
v b N oo e p— saensunanSEOTION fensns
§ } § { expos et f§ © 3
) re [ ) s Mass a ¢ Anspaugh node
pens Mass adir 8 ] ava abile cr
wwvuw INGHE ION POPULAT Nws S » - = ST ™ N .- w e
Atmognher prod " ' ¢ . select :
se ¢ i~veighte ! » : ¢ n ents 2 e On this ne
€ POE at weigntes .
4 fore Dy ‘ .
. pr
¢ r « and prod 14 P w be erridder
esting aguat ¢ . re ¢ tota persor
' t jesti it ) wate ef ' tote persor
. iose from ¢ 1 8Xx 3 v efa tw}
Note Db . £ é ! water s=surface wvater
ed entrat n entered above
A Y

-
»




falt wvater? (defau

E TRAN =
FOOL 51T
*/F TYPI hr
F18k 0.0
MOLLUS ©,00
' CRUSTA 0,0¢
F PLANTE 0.00

it

LSS

k3

e (e
0.0
-
0. ¢
0.0
0N .
0.¢

=sus TERRESTRIAL FOOD

9 : JROW
FOOD  TIME
T/F T??! a4
f £AF
¥ Re
¥ Fi

RATE LOU¥ CTIC
' K r Ga ary

AR R R R R R R R R A R R R R R R A R R R R R R R R R R AR R

««IRRI
& RATE T1
Y

DRINKING

is fres!

E+00 C
E+D (
E+0C 0
E«0C 0
INGESTION

WAT

“

NOGESYT IONsnnennaxssSECTION Beses

DRINKING WATER

Source (see above

( T Treatment? T/F
0.(¢ Hoidup/transit(da
0.¢ ¢ Consumption (L/yr

snsssesrnnsxanensvceaneSECTION Snsans

0.«
0.0 C
CONSUMF

ppa PROD-~ .
ME YIELL UCTION
yr Kg/m3 kg/yr
( 0 E+
0 ( D.0F+

x ' AT«

- 0.0F

( 0.0FE+ I ¢ 0
TIONmsssnvunsunsnsnsanawSECOTION l0sane
....... --- g ,"} '£~‘- ot i TT
PIET ROW <«I3RIGATION== STOR~
FRA TIME S RATIH ME YIELD AGE
TI0! ia * In/yr » 'R 4 kg da

«wwssevFRESH FOFAGE casenscane

SRTRENARNNRESIRIEIYVIIY







L T




IMAGE EVALUATION
TEST TARGET (MT-3)

PHOTOGRAPHIC SCIENCES CORPORATION




il b b i il b bl L D Ll L O S ape e ———




GENII Dose Cel lation Progran
(Version 1 - ~Jan~§

Uptake/exposure

Dose commitment
Dose units: Rer

Committed Weighted
Dose Weighting Dose
rgat EQquivalent Factors Equivalent

l Gonads 1.9E-08 . 4.7E~0%
Breast 2.4E-08 1.5 ). EE~

R Marrow 3.3E~08 1.2€-01 4.0E-09
Lung 2.7E~08 1.4E~01 3 Ee-

Thyroid CE-0S$ CE~ 2.1E-0¢
Bonc Su: 4. 4E-08 | 2 ‘ E
LL Int 2.0E-080 € 2 1.2F

S Int . «0E~08 { ‘ 1,82 J

L Int 2.0E-08 € - 1.2F :
tomach 1.,2E-0C8 £ b 7.3%
Bladder 1.2E-08 ¢ “ i
nternal Effective Dose Egquivalent e i

External Dose B

Ar . Effe ive Dose juivale 1

r g Organ Thyt |

ing Fathway: Ext

ntr ng Radionuc 1



o

e .

-
>

=]

®

w O

Versi

-
-

RKem

thent Year

oMM

ne
Ler
Frey

€
ose

ivaent

iative

terr
Wae

JOoBhe

&ar










GEN1' Dose ¢ at Progran
Vaersion 1} S 3 an-8%
! Ase title INTRUS] CONSTRUCTION SCENARI
)
Exe te 2/233,90 at 16:45:0) Page ¢
1
:‘ .
Dose units Renm
-
inhalatior terna Annual
Effective Ef{fect ¢ Effect *
Ra Dose External hose Dose
Egquivalent Dose vivalent Egquivalent
b 1. 4E-0B 1.1E-31) 1. 4E~08 ) ~08
¢.1E~06 1.5k B 2. 1E~0D¢ -

4%




9. Nuclear Regulatory Commigsion (21)
Attty J Parrott
} Ress ]
3 lect ical Brar {
Division of Low-lLeve Waste Management and Ilmfrrxu::=i~si~!.i::y
Utfice of Nuclear Material Safety and Sefeguards
Mail Stop SE4 WFN
Washingt D 4
4
: Nuclear Repgulatory mmissior O
§ ad
" 1 . M irtin
3 J Rar \AZ
M. Silberberyg
ffice of Nuclear Regulatory Research









BIBLIOGRAPHIC DATA SHEET

pr——————————

R e —




THIS DOCUMENT WAS PRINTED USING RECYCLED PAPER.




URITED STAYES
NUCLEAR REGULATDRY DORTMISSION
WASHIN ‘MN DG, 86k
OPRICINL mrsmem
PENALTY FOP PRIVATE UhE #v

oam e cind
N ORI l}&
M b §

,!'.'ZMLH&




