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FORWARD

This two volume report presents a proposed system for classifying

radioactive waste "according to the requirements for safe disposal.

This proposed system was developed under contract to the Nuclear
Regulatcry Commission (NRC). NRC will consider this report along
with the results of other contractual efforts and other available

information during the development of regulations for the disposal.

of commercial low-level radioactive wastes.

Volume I of this report presents in a succinct manner the proposed

classification system. Volume II provides the computer program
used for performlng the calculations and provides a description
of the equations representing the potential exposure mechanisms.

Only that information which is basic to the proposed classifi-
cation system is provided in this report. An earlier progress
report, NUREG-0456, "A Classification System for Radioac*:ive
Waste Disposal - What Waste Goes Where?", June 1978, provides
additional information on the considerations that went into the
development of the proposed system. NUREG-0456 also orovides
information which should be considered in 1mplemen+1ng a c1a551-
fication system.
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ABSTRACT

The Nuclear Regulatory Commission, as part of its development of
regulations for the disposal of radioactive waste, has contracted
for the development of a radioactive classification system. A
five category system, based on requirements for safe disposal, has
been proposed. A Computer program which calculates the "Disposal
Concentration Guides" for individual isotopes. for each category
was prepared. The program allows parameters for the isotopes and
condition of the disposal to be varied. A description of the
equations representing the potential exposure mechanisms is also
provided.
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1. INTRODUCTION

The Nuclear Regulatory Commission (NRC) is developing regu-
lations for the disposal of radioactive waste. In order to
regulate the disposal of radioactive wastes, there must be an
adequate definition of the classes of waste. A classification
system developed as part of this project(l,2) is one based upon
the minimum requirements for safe disposal. This radioactive
waste disposal classification system (RWDCS) is based upon esti-
mating potential dose rates to individuals from the disposal
of radiocactive waste. By comparing the potential dose rates
with the dose guidelines, the maximum average concentration (MAC)
of radioactive materials in the waste can be modified to provide
adequate protection to the public.

The potential exposures from disposed radioactive waste can
occur either from individuals encountering the waste or it can
occur from the waste migrating from its disposal location into
man's environment.

In this classification system, a set of standard exposure
events have been identified and methods for evaluating the poten-
tial exposure developed. These events are:

1. Inhalation of dust by a reclaimer or worker digging
in the waste.

2. Consﬁmption of food grown in a garden containing con-
taminated soil. :

‘3. Ingestion of water from a well. | ‘
4. Direct gamma exposure to workers.>

5. Groundwater migration to a resource pathway.

6. Erosion/corrosion events releasing contamination to

surface waters.

The computer program CALMAC was developed to calculate the
MAC's for each pathway and for each radioactive isotope. For
each isotope, the most restrictive MAC from all pathways is
identified.

The purpose of this volume of the project report is to pre-
sent and document the computer code which has been developed to
calculate the pathway and site MAC's. It is intended that, with
the information presented herein, the code may be implemented
at other computer installations, that correct performance of the
code may be verified and that the code may be exercised with the
users desired values of input parameters.



2. PROGRAM ABSTRACT

2.1 Program Identification

The program is entitled, "CALMAC", an acronym for "The Calcu-
lation of Maximum Average Concentrations".

2.2 Problem Description

The program CALMAC calculates MAC's for up to 23 nuclides
and up to six pathways of exposure. CALMAC selects the most
restrictive MAC for each nuclide as the MAC for the site being
analyzed. T

2.3 Method of Solution

The explicit équations defining the MAC's are solved alge-
braically. - ' '

2.4 Related Material

- CALMAC requires that a double precision subroutine which
calculates the complimentary error function be supplied by the
user. ’

2.5 Computer

CALMAC was originally implemented on a Univac 1100 series,
Exec 8 Computer.

2.6 Running Time

The running time for a typical CALMAC problem with 23 nuclides
and six pathways is approximately 14,688 msec.

2.7 Programming Language

CALMAC is written exclusively in FORTRAN V.

2.8 Authors

The authors of CALMAC are Dr. V.C. Rogers and Messrs. R.D.
Baird, B.C. Robertson and P.J. Macbeth. The mailing adress for
the above individuals is:

Ford, Bacon and Davis Utah
P. O. Box 8009 '
Salt Lake City, Utah 84108

The telephone number is 801/583-3773.



2.9 References

V.C. Rogers, "The Radioactive Waste Disposal Classification
System", Volume I, NUREG/CR-1005, September 1979.

J.A. Adam and V.C. Rogers,‘"A Classification System for
Radioactive Waste Disposal - What Waste Goes Where?'", NUREG-0456,
June 1978. " - - '

2.10 Material Available

The program CALMAC is available to the public from the NRC.



3.0 APPLICATION INFORMATION (USER'S MANUAL)
3.1 Program Description

CALMAC provides the computational framework by which the
allowable of a radionuclide at a waste disposal site can be cal-
culated. These calculations are based on the intake of radio-
nuclides by man from six possible pathway mechanisms.

3.2 Program Considerations

The framework of the program's operatlon is divided into four
main parts:

Internal data tables

Options for data 1nput and output
Computations

Output

=W N

as shown in Figure 3.1.

The dimensionality of the prooram arrays has a total require-
ment of 3,700. The largest singly dimensioned array is 300
in double precision and the largest multlple dimensioned array 1s
25 x 7. The present CALMAC Dackage is designed to handle 23
different radionuclides, as given in Appendix A, and produce an
output table of calculated MAC's for up to 23 radionuclides.

3.2.1 Internal Data Tables

Many of the pathway calculations require nuclide specific
constants. These constants are located in lookup tables internally
generated from data statements in the program. A list of these
constants is given in Appendix A. The nuclide specific constant
tables are dimensional equivalent to a nuclide name table.

3.2.2 Options for Data Input and Outpﬁt

Each of the pathway calculations require user supplied input
parameters. The first program option is to specify the type
user-program interaction. The program will either prompt the user
with descriptive requests for all input or descriptive data re-
quests for vital data input areas. The second program option is
- to determine if the waste site is to be under administrative con-
trol (time of site control 150 yr) or not, also an escape from the
program is provided at this point. With these two decisions made,
the program will continue as specified. The next option allows
the user to specify which of the six pathways are to be used in
calculating the site MAC's. The user specifies the pathway index
number (1, 2, 3, 4, 5, 6) or 0 (zero) to have the pathway used or
not used respectively. This option must be exercised for each
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INTERNAL DATA TABLES:

— NUCLIDE NAMES
— INGESTION DOSE ACCUMULATION FACTORS {MAX. ORGAN)
— INHALATION DOSE ACCUMULATION FACTORS (MAX. ORGAN)
— NUCLIDE DECAY CONSTANTS
— NUCLIDE ACTIVITY DENSITY

OPTIONS:

— DESCRIPTIVE PROMPTS (YES OR NO)
- —SITE UNDER ADMINISTRATIVE CONTROL OR EXIT (YES NO, OR EXIT)
— PATHWAY INDEXES (1, 2, 3, 4, 5, 6)

COMPUTATIONS:

(1) INHALATION OF DUST BY RECLAIMER
— DESCRIPTIVE DATA PROMPT AND CALCULATION OF MAC
— CALCULATION OF MAC’
{2) FOOD CONSUMPTICN
—- DESCRIPTIVE DATA PROMPT AND CALCULATION OF MAC
— CALCULATION OF MAC
(3) DIRECT GAMMA EXPOSURE
— DESCRIPTIVE DATA PROMPT AND CALCULATION OF MAC
- CALCULATION OF MAC
(4) SHEET EROSION
— DESCRIPTIVE DATA PROMPT AND CALCULATION OF MAC
— CALCULATION OF MAC
{5) WELL WATER (INGESTION)
— DESCRIPTIVE DATA PROMPT AND CALCULATION OF MAC
— CALCULATION OF MAC gﬁé'F%OUT,NE
{6) GROUNDWATER (INGESTION) AUTOMI
— DESCRIPTIVE DATA PROMPT AND CALCULATION OF MAC
- CALCULATION OF MAC

OUTPUT:

TABLE OF MAX. AVERAGE CONCENTRATIONS (MICRO-CI/CC)
— ADMINISTRATIVE CONTROL
— NO ADMINISTRATIVE CONTROL

FIGURE 3.1 BLOCK CHART OF CALMAC




radionuclide.
3.2.3 Computations

The MAC calculations are dlscrlbed in detall in Sections 4.1
and 4.2. The well water and groundwater pathways require the use
of an external subroutine to calculate the complimentary error
function in double precision.

3.2.4 Output . -
The program output is dependent on the options (3 2 2), the
descr1pt1Ve data request prompts and the table of radionuclide
" MAC's. The descriptive request prompts for data will generate.
seven pages_of output per nuclide or one page of output per nuclide
depending on the option. The table of radionuclide MAC's is in
the format shown in Appendix B. The MAC table title changes to
reflect whether or not the site was calculated under admlnlstra—'
tived control. ’

3.3 External Data Files

Program data can be entered into CALMAC manually or from a
data file added to the run stream at time of execution. The data
file structure is the same as 1f the data was. to be entered manu-
ally.

3.4 Input Data

Data entry is handled either manually or from a data file.
In either case, the data is read by a FREE FORMAT statement re-
quiring the entered data be separated by commas. The program
requests data consecutively for the requested number of nuclides
to be studied, see Appendix C. All computational variable names
and units are listed in Appendix D.
3.5 Control Statements.

Execution of CALMAC on the University of Utah UNIVAC 1108
‘requires the following control statements:

@ASG, A FBDU*FBDU
'@XQT, UO FBDU*FBDU.CALMAC

and to add an external data file
@ADD FBDU*FBDU.DATA
3.6 Output Information

Program outputs are divided into twou types: (1) descriptive
- prompts, and (2) computation output. The descriptive prompts are



program generated to aid the user in entering data. The computa-
tional output forms the basis for the MAC tables, a listing of :
radionuclides and their pathway MAC's. When a calculated pathway
MAC exceeds its activity density the table value is replaced B
with the act1V1ty den51ty value, (see Appendix A) followed by an
asterisk. '

. 3.7 Sample Problem

In_order to allew the user to determine that the code is
functioning properly at his installation, the following sample
problem, together with its,input and output, are presented.

The problem for which data has been prepared and which has
been analyzed is similar to the reference containment facility:
described in Reference 1. The parameters which indicate geometry
for groundwater migration calculations are presented in Table 3.1.

Samples of the output from the program have been presented in
Appendix B.while the input is reproduced in Appendix C. Appendix
D lists the definitions of each of the input variables. Appendix
E is a listing of the program.



TABLE 3.1

' PARAMETERS FOR SAMPLE PROBLEM

Distance from Wastelto,ééuifér»(m)

Distance f;om Site to Surface Water (m)

' Water Velocity from Waste to Aqﬁifer (m/yr)
Water Velocity in Aquifer‘(m/yr)’

Dilution Volume - Well Water (m3/yr)‘
Dilution Volume - Groundwate:‘(m3/yr)

Site Capacity for Waste (m3)

Site Plane Area (m2)

10
1000
10

100

l.43x106

1.57x1010

6.3x10°

2.0x10°



4, PROBLEM DEFINITION

4.1 Description

The MAC's: for each pathway is determined using the equations
presented in Reference 2. These equations are reproduced here.

The MAC resulting from reclaimer-inhalation is given by the
equation: :

-~ 103pgTgp -
Cy = Petd _ (4.1)
AqUaTxfy (DF)
where,
Cq = MAC of 1sotope m in the waste at the time of burial,
(kCi/cm3)
De = dose rate guideline, (500 mrem/yr)
Ag = dust loading in the air, g/m3
U, = breathing rate of exposed individual, % /yr
Tx ="time period of exposure, yr
f, = dilution factor of waste with soil or other facility
material
(DF),, = dose rate conversion factor for isotope m

(mrem/yr/pCi inhaled for reclaimer after admini-
‘strative control, mrem/uCi inhaled for continuous
exposure without administrative control)

>
Il

m i‘radioactive,decay constant for isotope m, yrfl'

Tg = correction for decay during 150 yr control period
' ‘(if applicable)
p = denSity of waste material, g/cm3

The correction for decay is defined as exp( 150k ) if
administrative control of the site for 150 yr is assumed and as
1.0 if no admlnlstratlve control of the site is assumed.

For consumption of food, the MAC's .are determined: from the
equation:

1073 DafyfoTq

(DF) ;y By (UBS3E Fro, + UDEME Fro, + Uveg) £4

ap
9



-mixing factor for buried materials transferred to

surface and intermingled with clean soil at surface

dose conversion factor from Reference 4 for mth

~nuclide, mrem/uCi

ve%etative biocaccumulation and uptake factor for
mth nuclide by vth plant from Reference 4 (concen-
tration in vegetable/concentration in soil)

usage factors from Reference 4 (Ugélk = 310 & /yr;
Uggat = 110 kg/yr; Uggg = 520 kg/yT)

stable element transfer coefficient relating animal
consumption rate to concentration in edible meat
from Reference 4 , day/kg-

animal consumption rate from Reference 4, 50 kg/day
stable element transfer coefficient relating animal
consumption rate to concentration in milk from

Reference 4, day/%

fraction of annual food consumption produced on
site - : '

and the remaining variables are those previously defined.

The MAC resulting from direct gamma exposure is determined
by the equation:

I

Cm = ; (4.3)
(0.0575)G(#/ p) {EnTLE,,

effective_gamma ray attenuation coefficient for
soil, cm -+

gamma emission rate per uCi of radionuclide,
v/sec/uCi

mass absorption coefficient for tissue, cm2/g

average energy of the emitted gamma rays (MeV)
times the multiplicity of average energy gamma

rays

hours of exposure per year, hr/yr

10



and other variables are those previously defined.

The MAC resulting from sheet erosion is determined by the
.equatlon._

D.my d T S S
Cp = — o D exp (1200 (4.4)
U, (DF) o,V A

where’, .

d = dilution with clean dirt

Fe = fraction of waste eroded from the site per year,
1.0 x 10~ -
V,; = volume of waSte, m3

and other variables are as previously defined.

The MAC's resultlng from the well water and groundwater path-
ways are determined from the equation:

-3 )
Cy = 10 Demy, (4.5)
Moy (PF) g
where,
m, = aquifer flow rate per unit volume of waste, m3/yr

per m3 of waste
A1, = nuclide leach constant, yr"l

Up = water consumption factor for maximum or average
individual from Reference 3, %/yr

fo = peak ratio of quantity of nuclide arriving in ground-
water at well to that leaving waste in first year

and other variables are those previously defined.

The quantity f, is determined from the solution of a second-
order partlcal d1fferent1a1 mass balance equation for groundwater
migration using a spatially dependent source and element dependent
leach constants, A_, and retardation factors,_K.- For - a two-region
aquifer flow system, the following equetion is used to obtain fo:

11



N | ' 1 riK Jﬁ“ 3
f;(xz,tz) = l;,.Z A exp [V2X2i - él(tz—T)—G X J erfcijl %(2i 2K GZtZJ
} L 5

2
5D 21

Y

t

2D t

B e‘xgv) [Vzi - al(t2-—'Tv)+G2Xéiil erfc[»/_ )512 JE_ Gatz}

+A exp [V2X2i.— al(t2—1>)+G X2iJ erfc[f B «FGZt;!

2
2D» Zt% J

K D
v ) . = X.—%f: t_ ||
-B exp[ 2)%1 bl(t2 T)+G3)5i} erfc[.D 2i I;: GB 2j| (4.6)
2D 2 t
where
N = number of source nodes
V2 = water Velocity in Region Two, m/yr
X2i = horizontal distance from source mode i to the outlet
from Region Two, m- :
D = longitudinal dispersion coefficient, m2/yr
K = retardation factor
t = time
%1
G2-
G3“
T = time of peak release_rate'from Region One, yr.

12



- forced to satisfy the condition

The constants A and B are determined from the release rate as a
function of time from Region One.

Finally, f. is obtained-by multiplying f' by a correction factor
to account for the fact that waste is being delivered to the
site over a 40 year period, i.e., o L

e _-40A |
-fo~ £5 l-e E (4.7)
40>\E

A list of the nuclide inventories that are influenced by the
rate of delivery is given in Table 4.1.

In the code CALMAC, the value of the dispefsion coefficient is

p< VI
4KDAT,
If the condition is violated, the imaginary solutions result.
Therefore, in practice, if the condition is violated, the value

of D is halved until the condition is satisfied. This technique
assures conservatively small estimates of the MAC's.

4.2 Numerical Technigues

In all but one of the equations presented in the preceeding
section, the solutions are straightforward evaluations of the
equations using input data. In the case of nuclide migration in
groundwater systems, however, the evaluation is somewhat more
involved. :

For groundwater systems, the prédicted water concentrations

are estimated using Eq. (4.7) at many points in time. The maxi-
mum concentration is selected and used to determine the value
of fo shown in Eg. (4.5). Thus, the minimum value of the MAC

for this pathway is determined.

It is necessary to calculate water concentrations in double
precision, due to the complex interactions between the exponential
and the error functions shown in Eq. (4.7).

The complimentary error function is evaluated using a sub-
routine entitled, MERFCD (4). At the facility where CALMAC was
developed, this subroutine is available as a library subroutine.
The user must provide this subroutine, either as a user-provided
subroutine or as a library subroutine.

4.3 Data Libraries

All data libraries required for the execution of the CALMAC
are contained within the code. These libraries are inhalation
and ingestion dose conversion factors for critical organs, decay
constants and specific activities. Dose conversion factors are
taken from Reference 3. ‘

13



Nuclide

3K

14
55Fe
591
60co
90y

99rc
1291

135¢g
137¢cs
235y

238y

237yp
238py
239py
2405,
241p,
. 242py
2410
243pm
242¢cn

244¢y

.-Table 4.1

NUCLIDES WHICH ARE STRONGLY INFLUENCEDVBY,THEIR

RATES OF DELIVERY

Effective Decay ) Final
Constant Inventory
(yr~1) (pCi_per delivered pCi)
1..56x1071 0.160%
2.21x10-4 0.996
3.57x10"1 0,070"
1.00x10"1 0.245%

) 2.31x1071 0.108"
3.43x1072 0.544%
1.03x10™4 0.998

1.0x10"1 | 0.245%
1.0x10-3 0.980
1.0x10"3 : 0.980
1.0x1073 1.000
1.0x107° 1.000
3.25x107° 1,000
7.90x1073 0.857%
3.84x1075 1.000
1.16x1074 0.998
4.62x1072 0.456%
1.18x107° 1.000
1.16x1073 | 0.968
1.04x1074 | 0.998
2.55%1075 | 1.000
3.87x102 | © 0.509F

* - Depends strongly on dellvery rate
+ - Depends strongly on delivery rate but completely decays before
release from typical groundwater systems,

14



The user must provide substantial quantities of information,
much of which is generally held constant. Yet, these data were
not included in CALMAC as data libraries since it was felt that.
certain users might wish to conduct parametric studies on these
variables. They are supplied as an input file with the program.

15



5. PROGRAMMING INFORMATION

5.1 Source Program

The program CALMAC was written in Fortran V and implemented
at the University of Utah Computer Center on a UNIVAC 1108, and
is directly compatible with computers of similar configuration
(36 bit words). A block chart of the program CALMAC is shown
in Figure 3.1 and a flowchart for the internal subroutine AUTOMI
is presented in Figure 5.1.

The present version of CALMAC includes one subroutine which
is. computer facility dependent. This is an external subroutine
that calculates the complimentary error function in double pre-
cision (MERFCD), and is common to most computer facility math-
ematical libraries. An error in calculating the complimentary
error function would lead an error trace routine to the subrou-
tine AUTOMI which in turn would lead to the main program CALMAC.
AUTOMI has two internal subroutines: (1) for fitting the boundary
"conditions between migration Region One and Region Two, and (2)
for locating the maximum normalize release rate, f,. All arguments
passed between CALMAC and AUTOMI go through the subroutine call
statement. AUTOMI uses a common block to communicate with its
internal subroutines.

lo
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APPENDIX A
-NUCLIDE SPECIFIC CONSTANTS

* Reference 3

-5.90E-1

20

Dcse Factor Dose Factor Decay Activity

Ingestion* Inhalation* Constant Density.

Nuclide (mrem/pCi) (mrem/pCi) (yr—1) (uCi/cc)
le 1.05E-7 1.58E-7 5.62E-2 2.90E+9
55C 2.84E-6 2.27E-6 1.21E-4 7.10E+6

60Fe 2.75E-6 9.01E-6 2.57E-1 1.90E+10
90C©° 4.02E-5 7.64E-4 1.32E-1 9.70E+9
995r 7.58E~-3 1.24E-2 2.43E-2 3.60E+8
129Tc 4.13E-7 5.20E-7 3.26E-6 1.00E+4
1351 9,22E-6 5.55E-3 4.36E-8 8.50E+2
137Cs 1.95E-5 1.46E-5 3.01E-7 2.40E+3
226Cs 1.09E-4 7.77E-5 2.30E~-2 1.70E+8

.232Ra 3.45E-3 1.25E-1 4.33E-4 4.94E+6
235Th 4.92E~-5 2.23E-1 6.93E-3 1.28E+0
5370 8.02E-4 4.90E-2 9.85E-10 4.10E+1
53gNP 1.38E-3 1.69E-0 3.24E-7 6.40E+0
53gY 7.67E-4 4.58E-2 1.55E~10 1.30E+4
239Pu 6.73E-4 2.69E-0 . 7.89E-3 3.40E+8
240Pu 7.60E-4 3.05E-0 2.84E-5 1.20E+6
541PY 7.58E-4 3.04E-0 1.06E-4 4.70E+6
54oPU 1.56E-5 6.05E~2 4.62E-2 2.20E+9
541FY 7.22E-4 2.89E-0 1.79E-6 7.60E+4
243Am 8.10E-4 9.93E-1 1.60E-3 6.40E+7
242Am 8.12E-4 9.94E-1 9.40E~5 - 3.60E+6
544CM 7.92E~5 3.74E=-2 1.55E+0 6.30E+4
Cm 6.43E-4 3.87E-2 1.60E+9
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tHLs PRUbRAM HAS 2 DATA INPUT MODES »
(1) INTERACTIVE,
(2) NUNINTERACTIVE
IN THE INTERACTIV
PROMPTS THE U
DATA REQUESTSs “AND:
EACH NUCLIDE, THE NONINTtRAFTIVt UATA INPUT MOpE
DESCRIPTIVELY REGQUESTS THE WUMBER OF NUCLIDES To BE
STUDIED, THE NUCLIDE NAME. AND THE P
ANU WILL USE: *¥
PATHWAY VARIBLtS
THE PROGRAM .

U0 YOU wilSH THE #us INTERACTIVE MODE HHH (YES OR NO)?

INHALATION‘PATHWAY VARIABLES

D (MREM/YK)» DOSE GUIDELINE
AD(KG/M3) DUbT
UA (M3/YR)s» BREA
IX(YR), TIME PERIOD 5L
FWr» UILUTION FACTOR OF WASTt WITH SOIL OR OTHER MATERIALS
RHO (KG/M3)» DENSITY OF WASTE MATERIAL

FOOD CONSUMPTION PATHWAY VARIASLES

DOSE GUIDELINE

D (MREM/YR) »

TBMV, VEGETATIVE BIOACCUMULATION AND UPTAKE FACTOR
UMEAT(KG/YR)» MEAT CONSUMPTION RATE
UMILK(M3/YR),» MILK CONSUMPTION RATE

FM(JAY/M&), STABLE LLEM;NT TRANSFER COEF, ANIMAL TO MILK
F3r FRACTION ON ANNUAL FOOpD CONSUMPTION PRODUCEp ON SITE

DIRECT GAMMA EXPQSURE PATHWAY VARIABLES

MU(M=1) ) EFFECTIVE GAMMA RAY ATTENUATION




EM(MEV), AVERAGE ENERGY OF THE EMITTED GAMMA RAYS TIMES
THE MULTIPLICITY OF AVERAGE ENEKGY GAMMA RAYS, SET
M_= ' WITH NO EMITTED GAMMA RA:IATTDN

" IX(HR/YR)» TIME OF EXP
- Fuy OILuTION FA

SAECT EROSION PATHWAY VARIABLES

(MRnM/YK)o DOSE GUIDELINE

VW(M3) e WASTE VOLUME
UA(M3/YR)» WATER UTILIZATION RATE

WELlL WATER INGESTION PATHWAY VARIABLES
VA(M/YK)v

VERTICAL WATER VELOCITY

S DWB(MS/YR)» DILUTION WATER RATE
NXop NUMBER NODE POINTS FOR DISTRIBUTED SOURCE (NXB = 1 FOR
POLNT SQURCE) S

vy ) 1P B .. 4 -«Q iz | ot =%
CLCH(YR=1), NUCLIDE SPECIFIC LEACH CONSTANT

VW(M3)» WASTE VOLUME

PG iMREM/YR) » DUSE GUIDELINE

GROUNDWATER INGESTION PATHWAY VARIABLES

VA(M/YR)o VE.RT.L(.AL WATE




UWes (43/7YK) ¢ DILUTLION WATER KATE
 NXB, NUMBER NODE POINTS FOR DISTRIBUTED SOURCE (NXB = 1 FOR
POLNT SQURCE)

XB(I)(M)» DISTANCE . To0U
XKy NUCLIDE SPECIFIC SOR
_L(M2/YR)» AQUIFER DISPERSIQ

CLCH(YR=1),» NUCLIDE SPECIFIC LEACH CONSTANT
VIK(MS)» WASTE VOLUME
UG (MREM/YR) » DOSE GUILEL INE

USEFAC(M3/YR) s WATER_U

INDEX WUMBEKS FOR PATHWAY MACHS TO BE CALCULATED

(1) INHALATION OF DUST
(2) CONSUMPTION OF Fi

(3) DIRECT GAMMA
(%) SHEET ERQSION:

(5) WELL WATER(INGESTION)
(0) GROUNDWATER (INGESTION)

ENTER THE NUMBER OF NUCLIpES TO BE STUDIED,» 1=23

24



ENTER THE 1 NUCLIDE NAMEs £,G.s.RA=226

ENTER INUEX NUMBER (TO CALCULATE) Ok ZERO (NOT TO CALCULATE)
FORK EACH OF THE 6 PATHWAYS

ENTER THE 2 NUCLIDE NAMEs E,G+y RA=226

ENFEP INDEX NUMBER (TO CALcULATE) OR ZERO (NOT TO CALCULATE)

 OMITTED

BREVITY

”?*ENIQRjTHE 22 NUCLIDE NAME¢EE;G;o*RA-Zéé_

ENITER INUEX NUM&ER (TO CALCuLATE) OR ZERU (NOT 7O CALCULATE)
FOK EACH OF THE © PATRWAYS

ENTER THE 23 NuchDE NAME;:g;G}J¢3A—226

tNIEH INUEX WNUMBER (TO CALLULATE) Ok ZERO (NOT 710 CALCULATE)
FOR EACH OF THE 6 PATHWAYS

25



CO YQU WiISH TO CALCULATE THESE PATHWAYS WITH THE SITE

©° JUNUER ADMINISTRATIVE CONTROL2:(YES OR NOy» :IF YOy
13K TO EXIT AT THIS POINT TYPE, EXIT) S

SELECT THE LENGTH OF TIME ( O 190, OR 10000 YEARS)
FOR wHICH THE PROPER DECAY UAUOH]ER INGROWTH

ADJUSTMENT FACTOR IS TO dE USED{

26



MAXTMUM AUFPAGE CONCENTRATIONS FOR NUCLIDES (MICRO-CIZCC)
LECAY DAUGHTER INGROWTH TIME (YR)Y 150
UNDER AUMINISTRATIVE CONTROIL.

MACE FROM Mﬁ( FROM ' MAC FROM (MQCS FROM  (MAC) FROM MAXTIMUM
RECLATMER ' MAC FROM - DIRECT GROUND SHEET AVERAGE
INHALATION wFlI ATER EXFOSURE NAIF“ FROSTON CONCENTRATION

NUCL TDE

LT

H~3
14
FE 55

CO~&0
HSR-90
TER-9Y

PUw338

FU-239
FU-240
FU-241

L2450
AM-241
AM-243

CM-247
CH-244

0.00 .
1. 87400
Q.00

P, 704+09%
1.084G3
1.004+04%

630401
2.404+03%
Le424+08

LOR4+00
fohd§00*
713400

260701
7 A3H00
4.24-01

11801
1+.17-01
Ge®1403

1.21-01
1 47 Ol

0,00

197402

3.9234+02
243803
0,00

G BH4407

L7202
?.928-02

27501
1+88-01
1.0&64+00

901605
8.40-01
0107

1.78-02
Ze1E-02
1192400

X 5001
X 30-01
L.614+04

3.41-01
3.85-01
3. o/ 01

0.00
127401

120400
Ve 43400
0,00

0.00
xe“ﬁ 0%
169401

9 PR
16001
Q.00

1410-03
1. 28+00%
22701

LTel1-01
De38-01

0,00

G450
4.43+00
0.+00

206901
0,00
Z 17400

000
Q.00

0,00
0.00
000

0.00
0.00
0.00

44+ 604+00
0.00
8.87-01

0.00
0.00
201601

1:934+00
1410400
&H 09400

0.00
1.97400
0.00

Q.00
4,73-01
1.722-Q1

G.00
729402

3, 88+04
&.24404

0.00

0.00
0.00
1.004+04%

?.334+01
2+ 40403%
0.00

4.G3402
0.00
4,104+01%

6+30400%
\50\).\)*0x
0.00

1,20406%
0,00
0,00

b EEH03
0.00
04,00

0+00
0.00

0.00
621403
0.00

0.00
000
1:00+04%

8.504+02%
875402
Q.00

86400
1.28400%
2o 13401

& AOH00X
2423401
2413402

244401
2.32401
0.00

237401
3, 20401
216401

000
Q.00

Le20400
7 3803

Q.00

HGeHAa4+07
X.82-03
DL, P00

7e 7303
16001
2,87-01

P 1605
84001
F.01-02

1.78-02
X, 18502
4,24-01

Lo LSS0l
Lel2-01
Se91403

I.JI*OI

0.00
127401



APPENDIX C

SAMPLE OF INPUT DATA FORMAT
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iNO
YES

150
29
bi=3

612104090900

SUUer0.00104pl.8E+314, bE+o'110..u.31.,¢0.,1 25—2,50.,10,,0 5
10,010,422, £h+0110L-11 YE+6,10

ClE~N Ol £ UGN -

T1,0213,+355, .497..659..7bl..9é3..1065..1207..1349.

10 1.0,10,,0, 1:6 3E+5'500.'7 3UE=1 - .-
11 10.n104.4.45+b-100-.1 hj7£+1n.1f :

12 1700 '

15 1.0 10..0.1.6.JE+5,SUU..7.505-1

14 =14

15 102+0149596

16 5004 ¢5.,0E=7+8000,+9, 72$E-590 5'1 6E+3

AL 5004+0.5 :

18 DUDLrl.57E410,1,000,0C01:6.3E+5,7, 30E-

19 lv.llvofa dt+° 100.'] 4E+b 10

2l T1,s213,03585,497

16,1100 11, 0E=%16,30E+5+500, 1 7, 30E=1.

2l
2e 10,,10,+2, 2E+6v100.91 577E+10'1 _
23 17046 :
24 10,010,903 ,0E~4r6, 50&+bv500.v7 JQE'l
29 Fe=55
26 090:0+0,0,0
27 COU=60 :
. 24 102¢000,000 .. '
29 500405, 0&4118000.:5 72$E-éo0 5-1 bEtS ' et B
30 OUDer0e5r10,9l6E+399,4E=3+110.+0. 31 520.'1 3E—2'500'1 0r0, 5
31 SK=90
32 1¢20¢0,09590 e
33 5004+5,0E=7+8000495,723E%29 04591, 0E4
v - 500"0 5'10.'1 6E+3’1 725-2’11
39 w10, 92,2E469100.51 ;4E+6%10 " caE EEPOUR Yy
36 11.7213.rébs,9497.1639.'751.1923.'1065.11207.'1349.
37 1004910421 ,0E=2¢6,30E4+59500497,30E~1
38 T1C=99
39 . 11290y 4o5r6 o e
'40;‘ T bUG.vS 0E'7'8000.' we et

41 50 , 2 110503510
42 900401, b7E+10 1,0,0,001,6. 3E+5v7 30E=-1
43 10,110,12,2E+60+100.91 ,4E+0,10
44 71,0213403855, '497.1639.1781-1923.0106J..1201 e1349,
450 140010409 100E=496,30E+5¢500407430E71 " BT L U
R - lO.leovZ 25+b&100.01 b77E+1’
48 1.0110401, 0t-4 6. 30E+5v500.p7 JOE-
49 i-129
50 1e20394:15:06 S —
51 oo 500415, 0&-7r8000.'5 723E-£u0 591, 6E+3 e g T
52 - ﬁvsuo.'o S9104¥ 1 6E+392 05-2'110003 10E'10520002 90E'3'50 '6 OOEfQ'O;S};
.53 2420E+195004 43, 7E+41 5, 0E=313,6E=3,500,200.5 : ESRCAT U
5S4 SU0e01,57E+10+1,000.001+6.3E+5¢7.30E=1
55 10.010.v2.<E+09100.v1 LE+6,10
56 T1,0213,10355. 0497 1639LL]51.v923 1069, .120 721346,

29



L1,0010,90,1916.,3E+5,500,97.90E=1
10,010,92.2E+6¢100,91 ,577E+10,1
l/JO
5 e 00100,
Cb-13b
1'2 0, ‘-&pbor
SUD 4915 0E=798000.,5, 723E~d;b S591,0E+3
5U0er0.5¢10er1.6E+311,20E=2111043, 10E=1+520414.0E=3+50.01, 2E+1,0,5
_ SUQerl, 5’L+ld 1.9,0. 0111.6 5E+5|7 305— o
10,010, 92,2E464100, 0 1 4E+6V10 - R A
f_7l,1213.v355 .497,,639,,751.,923., 06b.,1207.,1349,
1e0E+3510,,1,0E=396, 50L+50300or7 ‘30E=1 "
1V,,10.,2, 2E+00100.01 577t+10
1790
1. 0L+501Q111Lﬂt—3 6305450500407 30F=1
T CS=137 e
'_92!30000 0 O B
s 500 192 0E=728000;95,723E=2:1045, 1 : i o .
500¢r0.5010691.6E+3+1,20E=2+110.+3, 10t-1.520..4 05-3.50,.1 20t+1 05
1 SUE+19900,49 S, 7TE+493,10E-3+5,60E~1+,500,+0,5

A-ZZb
L9290, 405'6 -
‘;boo..b 0E-7, 8000'm

81  500.91.57E+10+1,9+0, 00100.3E+5!7 30E'l
82" 10,010,92,2E46/9100,91 ,4E+6/,10
.SQL “71.!213L4osb.IQQ7LJ°;94'7§1l'925f’106b7 297 ,01304"

8o TH 232

93 10,.10..& 2E+00100.p1 4E+b 10
o4 71.;216.0355,-497 .639..781.r923.9106b.p1207.p1349.

99 500490, 5010;p1 BE+3+2,50E=3911043, 105'19520.93.40E~4;50-'5.05’100.5
1090 d 10E+11500-p5 7E+4'2 90E=3+11,26E=1+¢500,,0,5

“WI;4E+4 10,.1 0E-516 aoE+s'sooLL7'305-1,h
10,710492,2E469100,¢1,577E+10,1

lIOU
1
77NP—£37 .
1'2'3r“05'6
: beOovS 05*708000;15 723E~200‘5o1i6E¢3 : i
DUBer045r10091¢6E+312,5E=5+1110,+3,10E=1,5203+¢2, OOE-Q.SO..S 00E-3p0 5
2eSUE+19500,9)3.,7E+492,71E=3+1,8E~2+500,,0,5

500.91.57E+10,1,0, 0 001 643E+59 7, 30E=1

30




114

i10,010,.2, 2E+691300,911,4E+0,10

11 71,'le.oébb.'497.'639.p761.'923,,1063.'12d7.,13q9.
116 - 1,0E42910,,1,0E=0,6, S0E+5:5C0,.7, bﬂF—L :
117

10,010, 42, 2E+6 100"

.1,577E+1o.1

U=2358

129

121 1rs2e3940590

122 SU04095,0E~798000,004723E=2,U.5,1,6F+3

123 5004+0.501104+1.6E+392,50E=3¢110413, th-1'520.93 QOE-Q 50695, 0E-1 0 5
124 ‘1 80t+1p500.o6 7E+402 80E-3'2 2E-2.500.,0 5 .
125 500401.57E+10,1,0,0. 001 6a3E+5,7 30E=1" "

120 10,710492.26469100,01,4E+6,10 '

127 71.o213.0655,1407.o639o'781or923.91065.p1207.r1349.

128 l.4E+4%010,01,0E=5,6, 30t+5'500.07 JOt-l I R

129 »;10.010.12 2E+6, 100')1 577E+10'1 RS E I NP SR

130 o0 i : e s

] 3 1 1 !lE y ] g 1. Di;zkfw,

132 PU=238

133 10213040090

134 SU00,05. GL-7|BUUQ.|5 123E=2,0, 5 1. 6E4+3

135 500000, 5.10.';.6E+3v2 SOE-“ollO.v3 10E'1v520.01 QOE-S 50.'2 0E'300 S
136 2, SOE+1.500,,3 7E+4'4 50E-3'1 125-2'500.10 5 . B
137 500,01 57F+1n.1_g,g,nn1 . 3E+5, 7, 30E=1 - -

138 PU=239

139 11200049596

149 bOQ.rb CE=~ ]oBQUﬂ-oS 7)3F-2 0.501,0F+3

141 . 500490, 5910.'1 6E+3p2 5DE-40110.'3 10&-1.520.'1 405-5 50.;2 0E'3v0 5
142 5004 91.57E+109150,0.00196¢3E+557, S0E-L )
1435 10, 010,02, 2E4001005 1 4E+balﬂ e D

194 71.pdld.'JSJ,'497.,639.'781.o923.91065..1207.'1349.

145 lo4E+4210492,0E=596.30E+51500,97,30E=1

146 10,010,02,2640,100,1 577E+101

147 .f'l7OU i

148 -

'1“9 ~T LAty

150 Lr293149500

151

4 U029 ,0E=7+18000,¢15,723E=2,0, 591'6E+3

e 0.110.12 2E+6n100

X \q 1.0 s

156 T1,9213,0355,0497,,639,,7614+923,91065,,1207.,1349,
157 1.4E+4010,,1,0E=5,6,30E+51500,07,30E=1

158

__PU=241

02'0 0'000

‘PU 242

163 Lie2+004596°

164 _500+195,0E=7, 8000.054725E-290 brl 6E+3

165 - 500490, 5010.;1 6E+302 505'4!110.'3 lOE‘10520.01 QOE 5'500'2 0E-300 5.
166 'aQQhSOOool 57E+10p1 090,00176%4 3E+5'7 305-1 o
167 - 10091040 2.2E465100.. 5 4E+6,10 -

168 71.0213.vdbb.o497.p659.p781.'9Z3.r1065.'1207.01349.

169 Le4E+H4,10.91,0E=596, B0E4+5¢500,407 ,30E=1

170 10,01 2,2E+6 1 +1 B o L
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1700

171
172 lo4b4+4910.91,0E=D96.30E+D0500,97,30E~1
173 AM-:.‘+1
174 1¢2¢3¢4+000 T T R
175 500.,¢5.,0E~7, 8000.r5 7235-200‘591-6E+
__Lléﬁn____bQQ; 0,501 10 10FE 3
177 .obE+lprO.pé TE+402, d?C~596 bPE 2¢50C,,0,5
178 SUDr1 .57E+10¢1.6+0, 001 0 3E+597,30E=1
17 All=d b3
18¢C 1e203049590 o T T 'W"f
181 HUQ,r5,0E~7 8000.05 7&3E’200 591'6E+3 N LT
182 500e10¢5010,91,6E+302,50E~40110593,10E~1 52@)rZ.ﬁEﬁH;SﬂJﬁGQQﬂE—Soﬂ;SQ
183 CeTUE+L1 9500, 3, 7E+4+2,70E=312,22E~ 1,500,,0,5
184 500491,57641091,0+G6400196,3E+5,7.30E~-1
185 J.il@.lé.dE-&-bplLG-nl LE+O, 10 . _
186 71 [ '21'50 ’ 5bb, '4970 '6390 9751 ' '923. ’ 1065.' 1207. '13“9. R F
187 lotib+4) 10.01 OE'5'6 3OL+5rbOO.v7 30E-l I L
__188 CM=glt . ' :
189 Gv0r0s00Gy0
190 CM=244 '
191 11273262000
192 50045, 0E-798000.95 723E'200 501 6E+3w 4
193 500¢90,5010491.6E+392,50E=3+1104%3,10E~15520 :
__19% 2,6UE+19500,,3, 7;1#:4 50E=379., 89E-3-500-.0 5
195 EXIT
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APPENDIX D

VARIABLE NAMES AND UNITS
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INHALATiON PATHWAY VARIABLES

D (MREM/YK)» DOSE GUIDELINE
- AD(KG/M3) 9 DUST LOADING IN AIR .-
= UA(M3/YR)» BREATHING RATE OF EXPOSED o
TIX(YR)es TIME PERIOOD OF EXPQSURE & - : SR
Fwe DILUTION FACTOR OF WASTE WITH SOIL OR OTH:R MATERIALS
RHO(KG/M3) s DENSITY CF WASTE MATERIAL

FUOD CONSUMPTION PATHWAY VARIAGLES

D(MREM/YR) s DOSE GUIDELINE

Wy DILUTION FACTOR OF WASTE WITH SOI
2y MIXING FACTOR FOR BURIED MATERIALS
HO(KG/M3)» DENSITY OF WASTE MATERIAL %

"BMV, VEGETATIVE BIOACCUMULATION AND UPTAKE FACTOR
UMEAT(KG/YR)» MEAT CONSUMPTION RATE
UMILK (13/YR) s MILK CONSUMPTION RATE |
UVEG(KG/YR)» VEGETABLE CONSUMPTION RATE T
FF(DAY/K6)» STABLE ELEMENT TRANSFER COEF MAL TO MEAT
QA(KG/DAY) p ANIMAL ‘CONSUMPTION RATE" ation 8 ;
FM(DAY/M3) s STABLE ELEMENT TRANSFER COEF, ANIMAL TO MILK
~F3s FRACTION ON ANNUAL FOOD CONSUMPTION PRODUCEL ON SITE

22 e o e O )
DIRECT GAMMA EXPOSURE PATHWAY VARIABLES

MU(M-I);CFFECTIVE GAMMA RAY ATTENUATION
‘”T’D(MRAD/YR)' ABSORBED DObE RATE

IrrFN'r FOR TISSUE .
EM(MtV)' AVEhAGt ENtRuY OF THE EMITTED GAMMA RAYs TIMEs
THE MULTIPLICITY OF AVERAb: ENEHGr GAMMA RAYS, SET

. TX(HR/YR) s TIME OF EXPOSURE L e
- FWo DILUTION FACTOR OF NASTE WITH SOIL
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SriEL T EROSION PATHWAY VARLABLLES

D (MREM/YR) » DOSE GUIDELINE
~ MT(M3/YR)s WATER DILUTION RATE .. -
DOy DILUTION WITH CLEAN DIRT

CVW(M3)» WASTE VOLUME
UA(MS/YR)» WATER UTILIZATIOiv RATE

WLl WATER INOGESTION PATHWAY VAKIAELES

VAM/YR)y VERTICAL WATER V[LOCITY
. XA(M) o VERTICAL DISTANCE .=
;~:DWA(M5/YH). DILUTION WATER RATE o

DWb (M3/YR)» DILUTION WATER RATE
NXo, NUMBER NODE POINTS FOR OISTRIBUTED SOURCE (NXB = 1 FOR
POINT SOURCE) -

XB(I)(M)r DISTANCE TO THE WELL FROM. EACH NODE poxur .
XKs NUCLIDE SPECIFIC ‘SORPTION-COEFF -
~ SPERSION COEEE,
CLCH(YR=1), NUCLIDE SPECIFIC LEACH CONSTANT
VW(M3)r WASTE VOLUME|

DG {MREM/YR), DUSE GUIDFLINE
'SEFAC(MS/YR). WATER LI AT

“GROUNDWATER INGEGTION PAThwAY VARLABLES

. VA(M/YR)s VERTICAL WATER VELOCITY
XA (M) s VERTICAL DISTANCE i
DOWA (M3/YR)»y DILUTION NATER RATE : g
A YR)» VEL_QIII_QE~LAIERIALLI;MQMING_HAIERJADUIFERL
UWoe (43/YR) e DILUT O WATER RATE .
NXB, NUMBER NODE PULNTS FOR CISTRIBUTED SOURCE (NXB = 1 FOR -
POLNT SQURCE)
- XB(I)(M), SISTANCE TO OUTLET FROM EACH NODE POINT
XKe NUCLIDE SPECIFIC SORPTIOM COEFF, L
D(M2/YR)e AQUIFER DISPERSION COEFF,. e
CLCH(YR=1), NUCLIDE SPECIFIC LEACH CONSTANT
VW(M3)» WASTE VOLUME
DG(MREM/YRLL PDCSE GUILEILLIMNE
'US&FAC(MS/YR)- NATER UTILIZATION RATE -
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APPENDIX E

PROGRAM LISTING



Cc= 100****4*****$*#**#******#**************************************t*****

C2 e 3o Ao o o e o g oK K ook o CALMAC EY P IV I TP I T PT T TP T I L L LTt
c#*#tt#**tt##t**ttttt.t*tt*#*t**t**t****#***tt#ttttttmt*****t*#*#t**tt*t '

1
2l
3
4 c
) c
6 C 6 PATHWAYS
7 C .
8 REAL M ‘
-9 REAL*8 ATOMAC .
10 INTEGER TIME .. e e
11 DIMENSION TABLE 2T
12 $TABLE3(25):TABLE4(Z5)rTABLE6(23)o
13 $TABL10(25)0TABL11(25):TABL12(23)'TABL13(23).
14 - $XNAM£(25:2)nNPATH(Zb.?)-NR
15 14 .
'13 C***atDATA TABLES, - .
17 , Y,
18 C*****TABLE 1 NUCLIDE NAMES
19 C
20 _DATA ((TABLEl(IR IC) IC:an)nIR'l 233/
2; soH-3 v,v- o 3 "FE~50,'5 L
22 s'co-s'.'o o PITC=91, 19 7,
i 23 1,19 €S= g ICSm10, V37 v,
24 $'RA-2'.'26 Y9 'TH=2','32 'r'U-aB"'s 'y
29 SVNP-ZO ' 37 !,'U-23"!8 |,!PU-2"|38 0'

[’?UTZ"'AL. ',

CrxxxxTABLE 2 NUCLIDE“INGESTION DOSE FACTORS (MREM/cho-cl,
o

DATA (TABLE2(IR)+IR=1423) /

c

T35 45E=3 94 ,92E~5, 8, 02E=4
Bl ,IBE=397 ,OTE=4,6,73E=4,
, -y =4,1,56E=5, _

Cxx%xxTABLE '3 NUCLIDE DOSE NORMALIZATION FACTORS (YR)
C
_DATA (TABLE3(IR),IR=1,23) /

550.050.950.r
- 85040504150,
550.!50.;50.27.

$50. '50'050.'
$504¢50 495040
550'{50-050nf

350,#5074 1500 T
"ksSOQ‘

s ,;c oy o : N

C****TABLE u NUCLIDE INHALATION DOSE FACTORS (MREM/PIco-cI)

DATA (TABLE4(IR),IR=1+23) /.




$1.58E~7,2,27E=6,9,01E=6,

58 $7,46E=4,1,24E~2,5,20E=7,
59 $5,95g~3,1, 46E=5, 7.775-5.\J
760 $1,25E=112,23E=1;,4,90E=2, . "
61 $1,69E=0,4,58E=2,2,69E=0,
62 $3,05E=0,3,04FE=0,6,056=2,
63 $2,89E=019,93E~1,9,94E=1,
64 : $3,7T4E=2+5,90E-1 /
65 C . . ‘
gg- g#:***TABLE S NUCLIQE]DECAY CONSTANTS (YR=1)
68 —____DATA (TABLES(IR),IR=1:23) /
649 $5,02E=0211.21E=0492.57E=01,
70 $1,32E~0112,43E~02+3.206E~06
7L DU o SOF =813, 01FE=0722.30F =02,
72 S8, I3E=Q4+6, 935-0399 85E«10/
73 $3, 24E-0701 . SSE=1097.89E=03,
..no
75 $1,79E~0611,60E~03¢9.40E=- -05,
70 $1.,95E=00¢3.87E~02 /
17 C :
;g CxxxxxTABLE 6 ACTIVITY DENSITY (MICRO=CI/C()
C . . v '
80 L = . e
81 B2, IUE+9¢7,10E+6,1,.9UELD,
82 $9,7UE+993,60E 8,1,00E+4,
8% $8,90E+2,2,40F+3,1,70c+8, e
84 S4,94E+601,28E+0,4,10E+1, .
a5 $6,40E+0+1,30E+4,3,40E+8,
86 $1.20E+6,4,70F+6,2.20E4+9, e
87 $7000E+‘+v6.‘+0E+7,3.bUE+6r
86 $6,30E+4,1,60E+9 /
89
32 g*****TABLE 10 IHALATION DECAY DAUGHTER INGROWTH (150YR)
92 = e
95 $1,00E+0,1,00E+0,1,00E+40,
L $1,00E+0,1,00E£+0,1,00E+G,
9b _$1.G0E+0eS,G0E=3,1,00E+0, -
96 $1,00E+0,1,00E40,7,70E~2, '
97 "$1,00E+0+1,00E+0,1,00E+0,
98" $1,00E40,1,00E40,3,606=2, o R
99 $1,U0E+0¢el,50E+40,1,0UE+0,
100 $1.259€=1+0,20E=1 4
01X ¢ S o
102 CrxxxxTABLE 11 INGESTION DECAY DAUGHTER INGROWTH (150 YR)
105 C :
104 _DAT R = e _
109 $1.UUE+0,1,00£+40,1,C0E+0,
105 51.UUL+071.\UUE+0rl.UCE+0!
107 . $1.C0L+0,1,00E+40,1,00E+40, _
106 $1,U0E+0,1,00E40,1,80€E-1,
109 $7,70E=1+6,20E~2,1,00E+0,
110 . $1,00E+0,1,00E+0,1,00E=2, .
111 $1,00E+001,00E+0,7,70E-1,
112 $1,0CE+0+9,10E~1 /
A9 R ; ;
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“II&  Ce»=+#xTABLE 12 INHALATION DECAY DAUGHTER INGROWTH (10000 YR)

110 C .
.116 DATA (TABLL2(IR) sIRS123) /
117 $1,006£4001,00E+40,1,00E+0,
118 $1,066£+0,1,00E+0,1,00E+0,-. T :
119 ' __ %$1,00£E+40,1,00€40,1,.006¢0, -
120 ' $1,00E+0,1,00E+0,1,C0E+0, '
121 $1,00£+40+,1,00E+0C,1,00E+0,
122 $1,00E+001,006+40,1,00E+0,
124 $1,00E+0+1,00E+40 / - _
B 12 c . -
T lz2e CrxxxxTABLE 13 INGESTION DECAY DAUGHTER INGROWTH (10000 YR)
127 c : : _ .
129 ,_ UATA (TABL1A(IR),IR=1,23) / e
129 Sl.00E+0ol.00€+0,1.00£+0-
- 130 $1,00E£+40,1,00£E40,1,00E£+0,
B ¥ 7 S $1.00E+0,1.00E40,1.00E+0,
132 $1,00E+001,00E+0,1,00E+0,
133 $1,0UE+0s1,00E+0,1.00E+D,
D V-1 S $1.00E+0,1,C0FE+0,1i,00FE+0, -
135 $1,00E+0,1,00E+0,1,00E+0,
130 $1,00£400,1,C0E+0 / '
LA C , I e
i1 1306 CrxxxxkfND UATA TAGLES
10139 C
140 CraxxxEXTKA DATA - N
‘141 C
142 DATA IBLANK /' vy
143 DATA BLANKZ /! "/ - e
144 UATA IASTRC /'x1y/ '
145 <
Albdb o ChxxxxPROGKHAM UPTIONS e
147 (o '
148 o DATA INPUT MODE
149 o i e _ ———
150 ' WRITE (69,609)
151 605 FORMAT (1inle6X
D §= Y-SR S ThLS.PJiQﬁBAM_xmg_LDAIA_lﬂBLLLJJoDEgj_alMF e
153 $ 1) INTERACTIVE»'s/e6X,
- 15% $ (2) NONINTERACTIVE.'»/¢6X,
I §-1- EE- 1 ¢\ Iﬂh_lHIEBACIIME_QAIA_IHEHI_MQDE_IHE_ERQGBAMJJJ;leﬁww__“____m
C 156 $' PRUMPTS THE USER FOR INPUT UATA WITH DESCRIPTIVE',/s6X»
157 $' DATA REQUESTS, AND WILL USE *x%x 7 x4 PAGES FOR?Y)/r6K»
158 - $' EACH NUCLIDE. THE NONINTERACTIVE (HATA INPUT MOGEYe/20Xe . .. ...
159 "S' DESCRIPTIVELY REQUESTS THE NUMBER oF NUCLIDES TO BE'+/:6X)
169 $¢' STUDIEDy THE NUCLIDE NAME,» AND THE PATHWAYS To BE USED.'./.6Xp
_lel ' AND WILL USE x* 1 ** PAGE PER NUCLIDE, ALSO A COUPY OF',/,6Xs
162 3' PATHWAY VARIBLES WILL wE PRINTED ONCE AT THE BEING OF '+ /¢6Xe
169 C B' THE PRUGRAM'e//96Xy . :
ol %Y UV YQU WISH THE #Ba INTERACTIVE MOpE #HHd (YES OR.NOY2»//) .
169 READ (99520) INACT
160 C
. 17 =  IF(INACT.EQ,'Y*) GO TO 110 . }
168 .CALL PATH1
169 CALL PATHZ
170 —_ B _

CALL PATRH3

39




“CALL PATHS

171
172 CALL PATHS
_ 178 CALL PATHG
174 - 110 CONTINUE
175 C
176 o PATHNAYS
177 C N
178 . .- WRITE(6:619)
179 610  FORMAT (1H1,6X,
180 $' INDEX NUMBERS FOR PATHWAY MACHRS TO BE CALCULATED'.//.sx
181 $' (1) INHALATION OF DUST',/:6X,
182 $' (2) CONSUMPTION OF FOOD'+/s6Xe
183 $' (3) DIRECT GApMiIA EXPOSURE' s/ 06X,
184 $' (4) SHEET EROSLON"/ 6X»
185 $ (9) ' : o
186 $' (6) GROUNDWATER(INGESTION)'//»)
187 c . o
—.188  CxxxxxTYPE Of SITE CONTROL
189 C
190 115 WRITE(6,620)
191 020 I-OHVJAl'lo(/).nX. _
192 $' DO You WISH TQ CALCULATE THESE PATHWAYS WITH THE SITE'sr/s6Xs
193 $' UNDER ADMINISTRATIVE CONTROL? (YES OR NO, IF YOU',/s6Xs
RPN £ 1 $1 WISH TO EXIT AT THIS ROINT TYRE EXFT Ity /) oo oo
195 READ(9,520) 1ADM '
' 190 IF(IADMGEQL'ET) CALL EXIT
2197 : WRITE (60622) . _
198 622 FORMAT(&X-
199 $' SELECT THE LENGTH OF TIME ( 0 150, OR 10000 YEARS)'s/06X,
__ . 200 $' _FOR WHIiCH THE PROPER DECAY DAUGHTER INGROWTH ¢,/,6Xs .~
201 $' ADUUSTHMENT FACTOR IS TO BE USED'y/)
202 : - REAU(9,520) TIME
_____ 203 C o
204 CxxxxxBLANK=0UT OR ZERO=OUT ARRAYS
205 C ' '
__._._206 DO 117 IRI = 125
207 D0 118 ICI = 1.7
208 NPATH(IRL,ICI) = 9
209 113 : = S A
210 _ DU 119 ICI = 1s2
211 119 XNAME (IRI»ICI) = BLANK2
_.._212 117 CONTINUE
213 C :
T 214 CxxxxkNUMBER OF NUCLIDES T0 BE STUDIED
-5 & R o L
216 122 WRITE(69630)
217 6350 FORMAT(1H1,6Xs :
_....els $*' ENTER TJjEMB:.R_OE_ﬁLLCLLQE__BE SIQD_IED_L J.-ZBLLLL)______-_
219 . READ (5,525 )NSTUDY
220 C
uw,“_Zagﬁ_____LﬁimitLhILB_NAUE_QE__ULLJHE_IQ_BE_SluulEﬂimln_BE_DDNE_LBIUUI TIMES
' 222 C
228 8 INUC = 0
. .22% 1000 _INUC = INUC:+ 1 o e
225 1TRYs = 0
2206 123 WRITE(6,635) INUC
o 227 bb_ti______ﬁ(_)j_illeTix/96)(0

40



“S7 ENTER THE '#1I2+' NUCLIGE NAMEs E.G.r RA=2267y7)
'READ(5,515) (XNAME (INUC/IL) »IL=1,2) »
515 FORMAT(2a4)

c- : A

232 . C*t**#SEARCH LOOK S;FQRiNUCLIDE'NAME

233 c i B '

234 Do 125 IR = 1.23 ’ '

235 IF(TABLEL(IR»1).EQ, XNAME (INUC, 1) (AND.

230 $ TABLEleRJZ) EQ 4 XNAME (INUC, 2)\ GO TO 130
237 125 CONTINUE

) 238 C
239 CxxxxxNUCLIDE NAME NOT FOQUND
240 C .

241 WRITE(6/,040)
242 640  FORMAT(1H1,6Xe _ , .
243 $' NUCLIDE NOT FOUND IN TABLES',/)
244 WRITE(6r641)
245 641  FORMAT(1H1:.6X»
246 ‘ . %' NUCLIDE TABLE")
247 00 127 II =1,23
——248 127 wRITE(6,642) (TABLEL(IL IC)IC=192)
249 642" FORMAT(7X,2a4) ' .
250 ITRYS 5 ITRYS + 1 o

28y - IF(ITRYS.GE.4) STOP XNAME S
252 WRITE(6,643)

253 o443 FORMAT(lhl 6x.

254 . P E ; —
‘Zgb ' $' DO YOU NEED To CHANGE THE NUMBER OF CASE TO BE STUDIED?(Y OR N)!
256 %)

,”_é§1_____,,_5“;_EEADL§L§291£HANGE _ : —
2583 520  FORMAT(1A1)}

-1 ' IF(CHANGE JEQ, YY) WRITE(6,631) .

... 260 631 FORMAT (/16Xe
261 - REENTER THE NUMBER OF NUCLIDES TO sE STUDIED.1-230./0
262 IF (CHANGE .EQ, 'Y} READ(5,525)NSTUDY
263 GO _T0 123
264 139 CONT INUE
265 - NROW(INUC) = IR
266 C , .

267 CxxxxxPATHWAYS TO BE CALCULATED FOR THIS NyUCLIDE

2648 Cc : .

269 132 WRITE(6,645)

270 o45 FCRMAT (/216X

271 $' ENTER {NDEX NUMBER (TO CALCULATE) QR ZERO (NOT TO CALCULATE)'i/»

- 272 o $0Xe ' FOR EACH OF THE 6 PATHWAYS!' ) e .

273 READ (5, 525) (NPATH(INUC, IPATH)oIPATH =1:6)
274 525 FORMAT( )
275 C. . -
276 ' ' D0 13 ITEST = 1+6
277 NP = NPATH(INUC,ITEST)
279 IF(NP.EW,0,0R, NE,EG ITEST) GO TV 135 N . .
279 _ WRITE(6,0647) -
280 647 FORMAT (/¢ 66Xy ? PATHWAY INDEX NUMBERS INCORRECT')'
281 : 60 10 132
282 135 CONTINUE
289 <
_._28% Cxx%4x60 TO APPROFRIATE PATHWAY ROUTINE
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34

42

285 C C -
286 IROW. = WROW(INUC)
287 XLAML = TABLES(IROW)
288 DUSFAC = TABLEZ2(IROW)
289 DOSINH = TABLEY4 (IROW)
290 DAF = | W)
291 UUGAFW = 1,0
292 UUGAFA = 1.0 :
293 _LF (TIME NEL150) 6O TO 141
294 DUGAFA = TABL10(1ROW)
295 DUGAFW = TABL11(1ROW) -
__ZSQWW____iil_m_lELl1ME4NE4lQQQDL~EQ_IQ_1&3__________M___ —
297 : OUGAFA = TABL12(1ROW)
- 298 UUGAFW = TABL13(1ROW)
_29Y 143 CUNTINYE : - _
300 T0 = 1,0
© - 301 VALUELl = 150xXLAMD
302 o IF(VALUE1,GT,80 ) VALUEL1=80, _
3035 IF(LADM,EQ.'Y') TDZEXP (VALUCEL)
304 VALUEZ = l120%xxXLamD
305 o AFE(¥ALUES ( [ = -
300 MAC(INUC,»1) = IROW
--307 o
208 - DQ 999 1J =1,6
.309 IERRUR = 3
3190 JI = Iy + 1
311 LW=NPATHOLINUC, IJ) 4+ 1
312 - GO T0(999.10p20 30e40+50, 60)od
313 (of
o944 10 . CONTINUE
315 C : '
Jle Crxxxk INAALATIUN PATHWAY
317 . C
318 ' IF(INACT EQ,'N') GO TO 1611
319 WRITc(6'1610)XNAME(INUC 1) XNAML(INUc'a)
-3 1610 FORMAT(1H1.6X N
321 $' INnALAIION PATAWAY VARIABLES FOR NUCLIDE 'r2A‘+ //.va
322 DY D(MREM/ZYR)» DOSE GUIDELINE'» /026X,
329 . .. e = DL ALUKGAM3), QUST LOADING IN AIRY,/eeXye . .
324 ~ $' UA(M3/YR)» BREATHING RATE OF EXPOSED's/,6Xs
.. 325 $' TX(TR)» TIME PERIOD OF EXPOSURE',/,6Xs
-328 . . %' Fwe. DILUTION FACTOR OF WASTE WITH
el $' RAV(KG/M3)» DENSITY OF WASTE MATERIAL'+//)
- 328 ioll  CONTINUE ‘
329 : NtAu4b4au51_D#Ag+uA41A4£ﬂ4ﬂﬁo_,RM_~_MA‘mwm
330 IF(IADM.EQ,'Y?) uOSINH“DOSIVH/DAF
331 TOP = D*TD*RHO#DUGAFA
S 332 .. BOTTOM_ = AD*UAx[X*FWxDOSINH
339 MAL(INUL'JI) = 1.00E=12%TOP/BOTTOM
334 S CkxkkkMAC (MICRU=CI/CM3) s MAX, AVERAGE CONCENTRATION
-1 1< N , 60 v 99y )
336 C , )
337 20 LONTINUE
338 C
339 u*****FOUU CONaUMPfION PAIHWAY
340 C
CAFQINACTLEQ.'N'y GO TO 26ll 3

_sQlLAOR OTHER MATERIALS'»/s6Xe ..



2610

WHITE (6,261C) XNARME (INUC,4) ¢ ANAME (INUCe2)
FORMAT (1l s 06X

$' FOOU CONSUMPTIGN PATHWAY VARIABLES FOR NUCLIDE *+2A%¢//06Xs . . .

%' D(MREM/YR)s» DOSE GUIDELINE?' /16X,
$' Fvwy, DILUTION FRACTION OF WASTE WITH SOIL')/s6Xs

%' F2e MIAING FACTOR FOR BURIFD MATERIALS'./,6X,

2611

b NHU(Kb/M3)' D&NSIIY OF "\STL MATERIAL';/,6X;
3 8MV, VEGETATIVE BIVACCUMULATION AN UPTAKE FACTOH',/poX.

' UMEA

$' UMILK(M3/YR)s MILK CONSUMPTION RATE' v/v6X'

$' UVEG(KG/YR)s VEGETABLE CONSUMPTION RATE',/6X,

%' FF(DAY/KG)» STABLE ELEMENT TRANSFER COEF, ANIMAL TO MEAT Y2 /06X,
D' WA(KG/UAY)» ANIMAL CONSUMPTION RATE"»/06Xy

S FH(DAY/Zi43)y STABLE ELEHENT TRANSFER COEF, ANIMAL TO MILK',/Ze0X,

2! FSe FRACTION Qvi ANNUAL FOOD CONSUMPTICON PRODUCED Qi SITE'.//)

CONTINUE

REAU (59 525)UrFW,F2eRHO»BMV UMEAT »UMIL Ky UVEGIFFe1QAPFMIF3
ToP. = D%EailuiﬂﬂhinuhAEu__m#__mww

oualoh = DOSFAC*oMV*Fb*Fn*(thAF*FF*@A+UMILK*FM*uA1UvEG)
MAC(2HUC,JI) = 1,C0E~-12xT10P/B30TT10M -

L CxmnrkviaC (MICRU=CL1/CM3) s MAX, AVERAGE CONCENTRATION

¢

30

C

60 TO 999

L CONTINUE . i

CraxdkLIRECT GAMMA EXPUSUKE PATHWAY

9610

o1l

G
IF(INACT.EQ,'N') GO TO 36l1

WRITE(6903610) XMAME {INUCy 1) ¢ XNAME (INUC»2)
FCRMAT (11 s6Xe N :
J"JthLCl GAMMA £ APOSURE PATHWAY VARIABLES FOR NUCLLDL 'r2alb,7/10X)
' MUM=1) ,EFFLCTIVE kow» RAY ATTENUATION',/ 6X, ' :
' DiMKADZYR) ¢ AgSORE RATL Yy LepXe. . . .

$' G(( /SEC)/MICRUG=CL)» GAMMA EMISSION RATE ',/»6X»

$' MUKHO (M2/KG) » MASS ABSORPTION COEFFICIENT FOR TISSUE' /06Xy

BN EM(MEV) s AVERAGE ENERGY OF THE EMITTED GAMMA RAYS TIMES' /06X

Y ThiE MUL'APLIL;TY OF AVERAGE ENERGY GAMMA RAYS., ST 'e/96Xy
$' ki = C.0 FGR WUCLIDES WITH NO EMITTED GAMMA RADMATION,Y»/216Xy
B! rx(ﬁd/YBlJ_JlUL—_E_LXEQSQKL'JIthJ .
$¢ Fw, DILUTION FACTOR OF WASTE WITH SOILY',//)

CONT UL .

REAL (5, 525) MU0, 62 MURHO, EMs TX o Fal.

lF(tﬂ.FU.U 0)GO 170 9399

TP = e *mU*u*TU

LOIToM = 0l0375*o*HURHO*L ik TXkFa*0,5

MACCINUC,JI) = 1.,00E=-3%TOP/BOTTUM

Cxx*xk*MAC(MICRU=CI/CM3) MAX, AVERAGE CONCERTRATION

=
4y
C

60 Ty 999

COHV IhUE

CHxkkxSHEET EROSION PATHWAY

T

4o1U

IF(INACTEQ."W") GO TO koll
WRITEL (0o 4010) KlifimE (1NUC» 1) vXNAML(INUC'Z)
FORMAT (lhleOX»

%' OREET EROSION PATHWAY vARIABLES FOR NUCLJDE ',dA%.//obX,
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455 .

44

399 '$% DIMREM/YR)» DOSE GUIDELINE® /16X,
400 $' MT(M3/YR)e WATER DILUTION RATE',/»6X»
401 $' 0D, DILUTION wiTH CLEAN DIRT?* v /46X, e
402 $!' FE(1/YR)» FRACTION OF THE SOIL ERODED AWAY PER YEAR"/o6Xo
405 ' VW, (M3), WASTE VOLUME'o/.6Xp
,,_____&Q‘L_,._.__ L L&ALMBI_YRJ_L.MIEB_UIILIZAHQN—RAIE '_rm__ e e
40° 4011  CONTIiUE
406 READ (5,525)D¢MT,UDsFE» VW UA
407 JoP = D*MT*DD*EXP(VALUEa)*TD*DUGAFW
408 B8OTTUM - = FE*UA*DOSFAC*VW
409 MAC(INUC»JI) = 1.00E=12%TOP/BOTTOM -
410 C*:111MA£1MLCBQ_C1¢£M3¢_MAX+_AMERAGL_LONCENIRAILON_ e e
411 60 Ty 999
412 C
415 S50 CCONT 1 iNUE - _ ——e.
414 o
41d Cxxkxx%x INGEST[ON (WELL WATER) PATHWAY
o416 C . S
417 IF(INACTLEQ, TN, GO TO Holl
410 : hRITL(603610)XNAHE(IJUC'l) XNAMZ (INUC» 2)
V419 . 90lU.  FORMAT (irle6Xy e
420 $' WELL WATER INGESTION PATHWAY VARIABLES FOR NUCLIUh "2Au.//.6x.
421 $v VA(M/YR)» VERTICAL WATER VELOCITY?,/ 16X,
Lu22 . “$1JXA4M44MERIICAg—leIANCEL+A+6X+nﬂv*-_w_mm ———
4295 $' DWA(MI/YR)y DJLUTION WATER RATEY,/,6X,
424 $* VB(M/YK)y VELOCITY OF LATERIALLY MQVING WATER(A@UIFER)'o/ooxo
425 AN Uwu(Mﬁz1314_D4LuILuN_ﬂAIEu_RAlEL+A,hx+ S . S
420 $' NXBe NUMBER NQDE POINTS FOR DISTRIBUTED SOURCE (Nxd 1 FOR'o/'
427 $6Xr ' POINT SOURCE)'1/46X,
. 7-1- B S XdLIJiMlL_Ql_IANCE__QﬁIHE;ﬂELLwERQM_EACH NODE,. POINT ' ¢/ 16X, . e
'429 $' XKy NUCLIDE SPeCIF{C SORPTION COEFF."/ 6Xo
433 S D(wi2/YK) e AQUIFER JISPLRSION COEFF, "¢/ 16X
J431 3 CaCH(Yh=1), N CH__C_QNSI_AN_T_' 1/21BA, .. - _
432 $* VA(M3)e WASTE VOLUME?') '
435 WRITE(605609)
2 434 9609  FORMAT (06X, e e
435 B DO(MREM/YR)» pUSE SUILELINE o /r0X
430 ' USEFAC(MS/ZYR), WATER UTILIZATION RATE'v//)
JNS7 . boll LuNTINUE . R
430 - READ(D5,59525) X (1), X(2Y e X(3) o X(4) o X(5)»TX1
439 iNUM = X1 + 5
440 mBEAQL§L255)iﬁiLNlLl___Lnﬂﬂﬂ________,m__ _
441 M;.m)(br.)CS)d(l)'u(Z)vCLCh'VWanvUSEFAC
442 Dwh = Xi3)
443 LB o= X(2). .. _ _
bud GAG = CLCH + XLaAMD
44d B(S) = GAG ,
44 . CALL AUTOMI(XeIXloBsXLAMD,ATOMAC,IERROR). _ I
447 IF (IcRRV=3) 999,5615,999
444 D010 TuP = DWwoxDOXDUGAFW
849 CFLERG = ((la=EXP(=43,*GA0) ) /(4i.*GAG) ) *ATOMAC
450 BOTTOM = CLCH*FZERO*USEFAC*VW%DUSFAC
451 MAC(INUC»JI) = 1.,00E=12%TOP/BOTTOM
452 L*****MAQ(MICRO-CI/CMS) MAX. AVERAGE QQNCENIRAIION
455 66 10 999
454 C
.60 CONTINJE



4506 C

457 - CxxxxxINGESTION (GROUNUWATER) PATHWAY
458 C
459 ' IF(INACT.EQ.'N') GO TO 6611
460 WRITE(6r6610)XNAME(INUC 1).XNAME(INUc02)
461 6610 FORMAT (1H1,6X, .
462 N "% GROUNDWATER INbESfION PATHWAY VARIABLES FOR NUCLiDE ',2A4,//.6x.
463 $' VA(M/YR)s» VERTLCAL WATER VELOCITY',/,6X, :
464 $* XA(M),VERTICA[ DISTANCE',/,6Xes _
465 B DWA(M3/YR)» DILUTION WATER RATEr,/,6X, .
4606 ' $¢ VB(M/YR)s VELOCITY OF LATERIALLY MoVING wATER(AOUIFER)'./ 6X»
467 $' DWa(M3/YR), DILUTION WATER RATE+,/,6X, e S o
468 $1 NABe NUMBER NOuUF POINTS FOR DISTRIBUTED SOURCE (X8 = 1 FOR"/,
469 $X» ' POLNT SOURCE)'+/06X)
47¢G .“51_Ab414iuii_ulSLANCL_lﬂ_QuILEI_ERoMmgAcu_NooE POINT L feoXy .
471 ' $' XK, NUCLIDE SPECIFIC SORPTION COEFF«'r/+6Xs
472 , $' D(M2/YR)» AQUIFER DISPERSION COEFF,'s/+6X, ' '
m“&ZQ_W_“_"M_;__;E“_CLLH11R_llL_MUCLlDE_ﬁEECIEIC_LEACH_CQNSIANI!J/Jﬁx. e
474 $Y Vw(M3)s WASTE vOLUME?')
47> . WRITE(6,0609) :
475 6009  FURMAT (X, e e e e
477 $' DG(MREM/YR)» DUSE GUIDELINE'»/ 16X,
478 $*' USEFAC(M3/YR), WATER UTILIZATION RATE',//)
479 6611 CONTINUE _—
480 h;AU(b.b¢5)X(l).A(a)'X(b)rX(4)oX(5)71X1
481 lium = IX1 + O
482 REAU(S,525) (X(I) e INz6 e [iVUM) i
489 READ(5,525)8(1), B(2) yCLCH!VWIDG USEFAC
484 DwA = X(3) .
_._ 480 - DnB = X(5) I
4806 GAG = CLCH + XLaMD :
Y G(d) = GAG
_ 488 "..m«LALL_AUlHMliAJlAJJﬂJALAMhLAIQDALLLERRQR)_m“
489 IF (IERROR=0) 999,6615,999
. 490 6615 TP = DWBxDGxDUGAFW
D491 . FZERO z ({1, =EXP (=0, *GAG))/ (40, &GAG))IKATOMAC : . S
492 EBCiTuit = CLCH*thPU*USEFAC*VW*DOSFAC
493 MAC(INUCIJI) = 1.00E=-12%xTOP/BOUTTONM
Coa9% C*****MAC(m¢Cﬁu_Cllﬁﬂél—MAl4_AlEBAﬁL_LQNCERTRATIon
495 eu To 99y
496 o
497 999 - CONLINUE
S 498 IFCINUCWLLTSiN5TUDY) GO TO 1060
499 C . l .
500 . Cxx*xxQUIPUT _OF _MAC'S FOR WUCLIDES aNW_PATHWAYS .
501 . C
502 CxxkxxPRINT TITLES ANy HEADINGS
%08 ¢ -
504 WRITE(6+059)
505 60y FURMAT(Lhle6(/), T18019X,
5G0 . BYMAALMUM AVERAGY CONCENTRATIONS FOR NUCLIDES . (MICKO=CI/CC)')
507 _ IF(TIMEJWEQ)WRITE(6,653) TIME
508 . 693 FORMAT(T47+ 'DECAY DAUGHTER INGROWTH TIME (YR) ',AS5)
509 ... _IF(JADM.EQ.'N') #RITE(6,659) L
519 659 FURFAT (5097 NO ADMINISTRATIVE CONTROL ')
511 IF(U\LIM LW@e?'Y?) WRITE(H6,051)
512  ovl  FUrRMAT(T49.' UNpeR ADMINISTRATIVE CONTROL')




a4y

" WRITE(6,654%)

- 46

513
514 654  FORMAT(//»T1l8911X,
5159 $*MAC FROM MAC _FROM® » 10X *MAC_FROM (MAC) FROMY 43Xy
516 $* (MAC) FROM MAXIMUM® »/+»T18s11X,
517 - S'RECLAIMER FOOD MAC FROM DIRECT GROUND"' ,8X,
518 __SYSHEET ___ AVERAGE'./.T18, o _
519 $NUCLIDE INHALATION PATHWAY Well WATER - EXRPOSURE',6X»
520 -SY'WATER ERQSION CONCENTRATION'+/rT18,
521 $'=-====== ===-x===:z ==z====% oottt o= ? 23X,
522 $tz===Szz=zz =zzssE=zsess ======zzzzTzztyy)
523 C .
524 IPS = @ R .
52% vV 1100 IPTROW =1,23
52 U0 1110 1P = 1enNSTUDY
-Y-Y A IF(IPTROw NEJMAC(IP»1)) &0 TO 1a1Q .. .
528 IP3 = IP3 + 1 _
529 CO 1118 ITEST = 2,7 .
530 TIROW = MAQ!ID- 1) e e e
531 IF(MAC(IP, ITth) LE. TﬂBLté(IIROw)) Go TO 1118
532 MAC(LIP, LTEST) = TABLEOG(1IROW)
935 L IFRAGL (AP, ITESTYy = IASTRC — e - e
534 1118 COUNTINUE
535 DU 1119 IZERO = 2,7
536 - IF(MAC(IP 1139 ——
537. MINMAC = ﬂAu(IP.LZERO)
539 G6v TU 1117 .
539 1119 CUNTINUE - e i}
540 1117 CONTINUE -
541 - 00 1120 IMIN = 27 '
%42 oo IFE(MAC(IP,IMIN) ,EQ.D.0) 60 TO 1120. e .
549 IF (MINMAC s GT (MAC(IP» IMIN) IMINMAC = MAC(IP IMIN)
544 112¢  CONTINUE
54> WRITE(0o069S) (ANANE(IP s IX) o IXZ102),y ... -
546 $MAC(IP.2) IFLAGl(IPvZ)oMAC(IPo3)'IFLA61(IP.3)o
547 BMACC(IP,0) » IFLAGL(IP»E) s MAC(IP»14) o IFLAGL(IP,4)
548 _ SMACLlE41l41ELAﬁlLlELILLMA541245lJIELAﬁiiIE+5)4 - e
549 $MINMAC
554 bod FORMAT(T18,2A4
1Y S ‘ N$bLéxLlELﬁ+2LlAJ4LiLLLEEﬁ+2L1A1+DX+lREB+2L— -
552 MINMAC = 0.0
553 . IF(IP3,6E, 3)NRITt(6o660)
..98% . __ ____660 . _FQBMAT(TJ.D) S - S
555 IF(1IP3,6L,3) IP3 = G
556 1119  CONTIiUE ' \
587 . . 110U _CUNTINJC. .. ___ e -
5506 WRITE(60070)
559 670 . FQRMAT(].XQSO(/))
560 .. _bO 1114 IIR = 1,25 N _ S
561 w0 1113 1lIC = 1,7
562. 1119 MAC(CIIRYiIC) = 043
563 1119  CONIINUE : L ,
564 - ITIMES = ITIMES + 1
565 IF(1TIMES,GE.2) 6O TO 99999
566 .. 60 T0 115 I
567 99999 STOP.
568 c - e
569, . ¢



570 Ce*#x#SUBROUTINE PATHI

571 - C .
572 SUBROUTINE PATH]
573 ~ WRITE(6+1610)
574 . 1610 FORMAT(1H1,6X
3 [} [J
" 876 - $' D(MREM/YR)» DOSE GULDELINE' /16X
577 : $' AU(KG/M3) s DUST LOADING.IN AIR',/,6Xs
_ 9578 0 %' UA(M3I/YR), BREATHING RATE OF EXPOSEDRe/,6Xse .
. 579 . $' TX(YR)s TIME PERIOD OF EXPOSURE!,/,6X,
580 $' FW, DILUTION FACTOR OF WASTE WITH sOIL OR OTHER MATERIALSv./.ax.
581 $' RHO(KG/M3), DENSITY OF WASTigMATERIAL';Lj) _ e
582 . KETURN
583 C : :
584 CHa»xxSUBROUTLINE PATH2 U
585 C - : :
586 ‘ 'SUBROUTINE PATH2 _
587 L WRITE (6:2610) USSR
588 261C FORMAT (1H1+6X,
589 . 5' FUOD CONSUNPTIUN PATHWAY VANIABLES Y2// 16X

FW, DILUTION FACTOR OF WASTE WITH SOIL'0/06X0
F2y MIXING FACTOR FOR BURIED MATERIALS',/,6X»
RHO(KG/M3) » DENSITY OF WASTE MATERIALY+/,6Xs-

591 $
592 0
593 - G
594 $
595 5

.89 . ___ By
‘597 5

BMV, VEGETATIVL BIOACCUMULATION AND UPTAKE FACTOR®,/e6X,
UMEAT(KG/YR) » MEAT CONSUMPTION RATE's/06X»

UMLK AB3AYR) s il K CONSUMPTLON RATE ¢ Lp6Xp - oo o o o oo

UVEG(KG/YR)s» VEGETABLE CONSUMPTION RATE',/,6X, -

$' FF(DAY/KG)s» STABLE ELEMENT TRANSFER COEF, ANIMAL TO MEAT?',/,6X,

%' SHEET &ROSION rPATHWAY vARIABLtS Yoyl 06Xe

47

599 S__QA4&91UA14+—ANlMAL—CONSUMEIlON—RAJt—+/+6X1 -
600 D' FR(ULAY/ZM3) s STABLE ELEMENT TRANSFER COEF, AVIMAL TU MLLK"/'6X,
601 $' F3, FRACTION Ow ANNUAL FOOD COUNSUMPTION PRODUCtu Oni SITE',77)
-1 - CRETURN. : S e e
603 C
604. C*****SUBROUTINE PATH3
600 . _C_ e _ _—
606 : SUBRUUTIINE PATH3
607 WRITE(693610)
&0 9010  FORMAT(1H1.6X, e
509 _S' DIRECT GAMMA EXPOSURE PATHWAY VARIABLES "//'6X'
61y $' MU(M=1),EFFECTIVE GAMMA RAY ATTENUATION®,/,6X,
SR - ¥ ¥ S m_S'_QLMﬂADLiBlL_AehgﬂﬁED_DQSE”BAIE%4jlbe
. 612 %Y 6(( /SEC)/MICRU=CL)» GAMMA EMISSION RATE "/'oX'
613 i $' MURHO (M2/KG)» MASS ABSURPTIUN. COEFFICIENT FOR TIoSUE'v/nﬁX'
614 %' EM(MEV), AVERAGE ENERGY OF TdE EMITTED _GAMMA. KAYS TIMES'./,6X,
615 $' ThRE MULTIPLICITY OF AVERAGE ENERGY GAMMA RAYS. SET 'r/26Xe
616 : $' EM = 0,0 FOR WUCLIDES WITH NU EMITTED GAMMA RADLATION.'r/'6X'
617 “m.$}‘TX(HR/YR)o TIME OF EXPOSURE')/e6Xs o
618 T %Y Fay DILUTION FACTOR OF WASTE WITH 5OIL',//)
olY RETURN
629 € _
621 '>C**4**SUBROUT1NE PATH4
622 )
628 SUBROUTLINE_ PATHy - e
624 WRITE(Or4610)
625 FOrRMAT (1112 26X e
S 6eo .



627

$' D(MREM/YR), DOSE GUIDELINE'/r6X,

48

628 ' MT(M3/YR)» WATER DILUTION RATE',/s6Xs
629 $' DD, DlLUTION;ﬂlIH_LLEAh-DlRI—LL+6Xf———~m_________
630 %' FE(1/YR)s FRACTION OF THE SOIL ERODED AWAY PER YLAR"/'GXo
631 ' VW(M3).» WASTE VOLUME */+6X, -
_._632 $' UA(MI/YR) ., uAIhB_uIILLZAIIQN_RAJE;,1¢¢__“__,_mw-h.wm
633 KETURN :
634 c. S
635 CxxxxxSUBROUT LiE PATHS -
636 Cc
637 SUBROUTINE PATHS
638 . WRITE(6+5610) e S
639 5010 FORMAT (LH1,6X,
640 $' WLELL NATER IthSTlON PATHWAY VARIABLES 'v//v6Xp
o41 B Va(Mzin R NATE . —
642 $' XA(M) VERTICAL DISTANCE'»/1»6X»
649 $' DWA(M3/YR)» DILUTION WATER RATE"',/,6X,
ﬂ__ﬁ&&_-_____u__miﬂ_J&iUmOﬁQ4_MEL0CIII_DE_LAIERIALL¥-M9¥4NGMNAIERiAQUIFER)ir/,bxrm___
64> $' DWG(MI/YR)y DILUTION WATER RATEY,/,6X) o
640 $Y NXpr NUMBER NOUE POINTS FOR DISTRIBUTLU SOURCL (NXy = 1 FOR'»/,
. o47 D0Xs ' POINT SOURGE )"+ /sHBXe e e
648 B XB(I)(M), DISTANCE TO THE WELL FROwm EACH NODE POINT'v/aon
ou9 $' XK, NUCLIDE SPECIFIC SORPTION COEFFe"1/46Xy -
650. - B _DAM/ YR} AQUIFER DISPERSION-COEFF Y9ty 66Xy - -
651 $' CLCH{(Y=1), NUCLIDE SPECIFIC LEACH CONSTAJT'./.ox.
652 $' VW (M3)» WASTE. vOLUME?')
6953 M(Il'l (02 0609) _ e
654 5609 FORMAT (6X, ' -
655 $' UG(MREM/YR)» DOSE GUIDtLINE'./'6Xo
656 _Br U u&LEACiMiLiBLL~ﬂA_E__HIILIZAIJQN_RAIE—LA/’-m R
657 _ RETURN
6548 C
659 Cxx*xk*xSUBROUTLisE PATHg -
660 C:
. 661 SUBROUTINE PATHb
662, e WRITE(66610) _ e o
663 o019 FURMAT (1nle6Xe
664 $' OROUNUWATER TINGESTION PATHWAY VARIABLES ’r//'b/\!
065, L VALZIR) e VERTICAL WATER VELOCITY ', /26X, . N
660 $’ XA (M) » VERTICAL DISTANCE'+/06X»
667 $* DUWA(M3/YR)» OILUTION WATER RATE*,/,6X
068 B VB(M/ZYR)y VELQCITY OF LATERIALLY MQVING WATER(AQUIFER)'s/e6Xe . ..
669 $* UWZ(M3/YR)» OILUTION WATER RATEY,/,6X)
6790 B ONXGe NUMSER NOUE POLNTS FOR DLSTRIbUTED SOURCE (ivXs = 1 FORts/,
671 $6Xe ' POLinI . ol 28 S S
672 $Y XB(I) (i) DISTANCE TO OUTLET FROM EACH VODE POINT'./voXo
673 $' XKy NUCLIDE SPECIFIC SORPTION COEFFe'"1/9s6X0
74 .- | QlﬂzllHlL_AﬂulEEB_QlSEEBSIQN_CQEEE,'JJLBX, R e _
67> ' Clh(r=1), NUCLIDE SPECIFIC LEACH CONSTANT'./.oA,
o7 B Vw(M3)s NASTE vOLUWE')
671 v MRITE(HDHAY)
678 6009  FORMAT (64,
679 $* U6(MREM/YR)» pUSE uUIUELINE'o/96X'
680 $' USEFAC(M3/YR), WATER UTILIZATION RATEYs//)
081 RETURN
682 END



SUBROUTINE AUTOMI (XREAL ,IX1)BREAL ,XLAMDsATOMAC, IERROR)

_REAL _XREAL(S0) s gREAL (1) s XLAMD

IMPLICIT DOUBLE PRECISION(A=H»0=Z) -
COMMON CA(SOO).CB(300)'TA(300) TB(300) o XLAM, GA.XB(ZO) SUM2(300)

O ~NoOU £06 N -

_AF (1. OF «e15)DT=, 05

49

N=0 [ R
o suMmlz=4g,
DO 54 J=1,330 .
TA(J)=]. e —
TB(J)=0e
10 CA(J)=0,
S 11 o CB(J)=0, e e
12 - AXCA = 0,0
i3 AXCB = 0,90
14 oy SUMZ (J) =2, e -
15 VA = XRZAL(1)
16 XA = XREAL(2)
17 e DWA = XREALAS)
id VB = XRzAL(4)
19 LwB = XREAL(S)
29 NXB = X1
el JEND = IX1 + S5
22 D0 5000 ITRANS =6,JEND
- 23 .5000,HXBLII&AN5.54—-—xREAL4lJﬂANs4——————~~—~~~-u
24 XK = BREAL(])
25 U = pREAL(2)
.25 - _GA. = BREALLE) U e
27 XLAM = XLAMD ‘
.28 TSA = 0.2%XK*XA/VA
e "29 _JFA = 1.0E+8 S
.39 TFd = l.0E+8
31 THALF = (,069314/06A
32 TeNu_ = 0, xTHALF e
33 CHECK = VA*%2,/ (4.,*XK*(GA=XLAM))
34 IF(D,GToCHECK)D=0+5%CHECK
— S . Ll = 1,90 , e
3o =9
37 1=TSA
SRR 1 - B L AARUSOGR T (XK /L)Y *XA OSSR
39 BRADA={ (VA%%2) / (4., *DtXK)+XLAM-GA)
40 IF(BRADALT.04)G60 TO 39 .
.41 D1=DSART(BRADA) e
42 29 ARGALZXAXVA/ (2oexu ) =0A*T=pA%01
45 ARGA2Z (AR=2¢%xD1%x1) /(2. *DSQRT(T) }
T N ARGAY. = (AA+2.%TxD1) /(2 xDSURT(T) ) ...
45 ARGA3 = XA*VA/(2,%D)=GAxT +AAx*Dl
46 CALL MERFCD(ARGAZ,ERFC1) ’
_ 47 IF (ARGA4.6T ,25.)60 T0 22 S
40 IF (ARGAJGT,.,091,)60 TO 33
449 E1ZDEAP (ARGAS)
.50 CCALL _MERFCOD(ARGAYERFCH) .
51 60 To 26
52 22 El=vu,
53, ERFCH=0.. e
54% 20 Izl+1d
55 £CT=.05
-1



57 IF(T.GE.1.5)D7=.5

50

54 IF(T,6E.15,)DT=5,
59 IF(T . GE.150,)DT=5C, .
60 IF(T,6GE,1500,)DT=500,
61 IF{T,GE.15000,)pT=5000,
82 IF{T,GE.150000,)pT=50000, .
63 o IF(T,GE.150C000,)DT=500000,
64 IF(T,06£,15000000,)D7=5000000, :
65 i Ta(l,=T e
60 Cca(l)=o, thl*(DEAP(ARGAl)#ERFC1+E1*ERFCQ)
67 IF(I1,EQ.1) 6O To 1599 i
68 : o IF(CALIQ,Q .CA(I-lzzg CA=CA(I) e e
6Y 1999 CONTINUL
70 : IF(I,EQ.1)G0 TO 21
__llw_m_ﬂﬂ_w_""_15114GI4llSuﬂl=$uhlig;h1i£ALL_LliCA44J4JDI
72 21 CONTINUE
735 T=T+DT
L S e JEACALT) LT (AXCAZL.0FE+1Q)) GO TO 1600 . .
75 IF(TA(I)«GTLTEND) GO T0 1600
76 IF(T.LE.TFA)GO TU 20 :
ST 3600 CONTINUE . e
78 IF(XB(1) LT, 1)60 TO 55
19 1END=1 : :
.80 %0 CALL FIT(GB,GCrCA»JTAULTIENDNIFLAGY) .
61 IF(IFLAGLEQ.1)GO TO bbb :
82 TRUSTA(JTAU) .
L83 _ERADBLz((VEIx%2) /(4. ¥DRXK)+XLAM=GB)
84 IF(BRADBLl.,LT,0.)60 TO 31
85 : LRADB2=((VB%x%2) / (4 . %D*XK ) +XLAM=GC)
.86 . mumMMLLleiﬂLﬂL___ﬁ_ﬁ_“mmmw.mu;
57 2=USGRT (3RAUBL) ‘
o8 - . uu-UaGRT\dRADBZ)
.89 . JlENUp = 0 : - e
90 LO 53 J=1,NXB .
91 ABZDSORT (XK/0) *xXB8(J) ,
282 . . L 1s0._ . !
G3 T=TAU
94 59 ARGCZVBXAB(J)/ (2, %D) =63% (T=TAU) -ABX*D2
9n . .. ARGHzZVEAAS( ) /(2. x0}=GCx (T=TAU}=A3%D3 .
96 ARGS= (AB=2.*D2*T) /(2 +*DSGRT(T))
97 . ARGOzZ (AU=2.%D3%xT)/(2.%DSGRT(T))
1 T . ARG7=NB*XB(J)/(2.¥D)=GRx(T=TAU)+AB*D2_ . ___ _.
99 ARGEBZVExAB(J) / (2, %0)=6Cx(T=-TAU)+AB%D3
10y S ARGYZ (AD+2. ¥U2%T) /(2 *DSERT(T))
J10F o aruldT(AC+2. kD3 T) /(2 «uSERT(T) )
102 CALL MERFCD(ARGS/,ERFC2)
109 CALL MERFCD(ARG6(ERFCI)
o4 IF(ARGY,6T.25,)6u TO 23 o .
105 IF(ARG7.0T.091,)u0 10 34
106 : EI=UEXP (ARGT)
_yc7 CCAkL MERFCO(ARGQ,ERFCY)Y .
108 60 TOo 27
109 25 E1l=0,
10 ERFC9=(Q, e
111 27 IF(ARG10.5T.254)60 TO 24
S 1lie LF(ARGO.5T.691,,60 Tu 3%
113 LEZUEXP(ARGSE) i}



" CALL MERFCD(ARG10,ERFC10)

115 GO T 28
1l a4 E2=0, o - -
117 ERFC10=0,
- 118 a8 I=I+1
X119 0T=.08 _ e
129 CLF(T,6E..15)DT=,05
121 IF(T,GE.1,.5)DT=,5
122 IF(T  GEL15,)0T=8, e
123 ,YIF(T GE ., 150 10T= 50.
124 IF(T,GE.1500, )DT-SOO.
S V-1 B e i
126 IF(T,GE+150000,)0LT=20000,
127 IF(T,Gi£,1500000,)DT=5u0000,
_ e o _IF(I,6E,.15200000,)0T=00040000, e
129 T6(1)=T
130 FAC= DEXP(ARGC)*ERFCZ-DEXP(ARG‘-&)*ERFC3+El*ERFc9-EZ*:RFC10
e A31  _IF(FACAT.0)CB¢(I)=CB(I)+0, .
132 IF(FAC,LT,2,)60 TO %2 :
1395 CB(I)=0.0%#C3xFAC+CB(])
134 IENDB=MAX(IE ; e B} L
135 IF(I,EQ.1) GO TO 1699
136 IF(CB(I).GT.CB(1=1)) AXCb =Cg8(I)
- A37 1699 _CONTINUE
138 o2 IF(1,EQ.1)50 TO 51
139 SUM2(1)y=suM2(I- 1)+U O (Cb((I=1)+CB(I1))*DT
e 40 01 T=1+pT L
141 ' IF(CB(I) LT . (AXC3/1,0E+10)) GO TO 1700
142 IF(TB(I)GTL.TEND) 60 TO 1700
1495 . IF(T.LE.IFB) GO TO SO0
144 179U  CONTINUE
140 ‘93 CONTINUE
1406 S COMAX=C (1) e
147 IF(IENDB.EQ,.,1) GO TO 57
148 DO 56 IMAX=2,IENDB
o149 ..._____IF_LS;BMAXJLL;C&LLMAK)_LCBMAX.QM!IA)Q__-_W*.-* .
159 Do CONT INUE
151 ‘o7 CONT LNUE
152 .93 IERROR = IFLAG -
153 ATOMAC = CBMAX
154 IERRGR = IFLAG
155 RETURN N
156. o0 IFLAG = &
157 GU TO 55
_154 31 CIFLAG. = S e e
159 , G0 TO 59
160 32 IFLAL = &
e 60 To 55
162 39 IFiho = 5
163 GO TO 5o
I E-L 9% .. FLAG = o, e
165 60 TO 55 '
166 39 IFLAG = 7
_ler .. .. .60 10 85
1649 SUBROUTLNE FIT (uBrGCrArJTAULIEND, IFLAG)
169 INPLICIT DOUBLE PRECISION(A=HI0=Z)
A7

51
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171 CALL LOCATE(CMAX»JMAX»JSL s JTAU, IEND, JFLAG)
172 IF(IFLAG.EQ.1)RETURN
175 oB=6GA N
174 T11=TA(JTAV)
175 T12=TA (JSL)
176 ASCA (JSL) xDEXP (GAX (TA(JSL)=TA(JTA)) - — e
177 w=A
178 S1ZuxDEXP (=0A* (TA(JMAK) =TA(JTAU)))
g Aot Ay
180 TI=TA(JTAU) '
181 T2=TA (JMAX)
.. 1see T3=TA(JSL) . e
189 CCl=CA(JTAU)
164 Ce=CMAX
18% C4=CA(JSL) ‘ o e o e e e
186 RETURN '
187 SUBROUTINE LOCATE(CMAX, JMAX,JSL»JTAU,IEND, IFLAG)
R “mlﬁé___“________m#1ﬁEﬂ‘LC11_IKMhaLE_LEHBLLSILHiLA_JiLQ_ZJ_______,LA_,V e
189 COMMUN CA(300)+CBH(300)»TA(300),TB(300) XLAM.GA
19¢C iFLAG=0
Y -2 S G 10 J=1,1END e
192 IF(CA(J+1) «GTCA(J))CMAX=CA(J+1) :
193 . IFCCA(J41) oGT.CA () )IMAX=JI+L
94 . 10 __CONTINUE i i e
195 CTAU=0, 1*CMAX
196 UC 20 Jz=1,dmaX
197 _AF(CALGJ+L) 4GT,CTAU)JTAUZY e
-198 iF(CA(J+1),06T. CTAU)GO TO 30
199 20 CONTiNUE _ ,
“anQ_MA_n“<_“mﬂ_MIFLAG 1 S S U
201 KE TUiKH ' ' :
202 90 CSLZ(1,E~10)%CMAA ' :
o209 L0 4G JzJMAX IENU ' , S e e e
- 204 IF(CA(U+1) LT.CSL)JUSLEU+D
205 IF(CA(U+1) LT +CSL)RETURN
206 40 CONTINUE e
207 WFLAGEL
208 RETURN :
209 . L END..___ U
<kx)
N
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