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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
Regulatory 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 performing 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 Radioactive
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 provides
information which should be considered in implementing a classi-
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 radioactive 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. Consumption 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.
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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.

2.3 Method of Solution

The explicit equations 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 naclides
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 CAL4AC 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. 0. Box 8009
Salt Lake City, Utah 84108

The telephone number is 801/583-3773.
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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.
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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 operation is divided into four
main parts:

1 Internal data tables
2 Options for data input and output
3 Computations
4 Output

as.shown in Figure 3.1.

The dimensionality of the proaram arrays has a total require-
ment of 3,700. The largest singly dimensioned array is 300
in double precision and the largest multiple dimensioned array is
25 x 7. The present CALMAC package 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 Output

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

4



forb, 3macon & Mavis Itab Jnc.

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:
I

(1) INHALATION OF DUST BY RECLAIMER
- DESCRIPTIVE DATA PROMPT AND CALCULATION OF MAC
- CALCULATION OF MAC

(2) FOOD CONSUMPTION
- 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 CALL
-CALCULATION OF MAC SUBROUTINE

(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
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radionuclide.

3.2.3 Computations

The MAC calculations are discribed in detail 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
descriptive 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 administra-
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 if 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 two types: (11 descriptive
prompts, and C2) computation output. The descriptive prompts are

6



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
with the activity density value, (see Appendix A),followed by an
asterisk.

3.7 Sample Problem

III order to allow 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.
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TABLE 3.1

PARAMETERS FOR SAMPLE PROBLEM

Distance from Waste to Aquifer (m)

Distance from Site to Surface Water (m)

Water Velocity from Waste to Aquifer (m/yr)

Water Velocity in Aquifer (m/yr)

3
Dilution Volume - Well Water (m /yr)

Dilution Volume - Groundwater (m3 /yr)

3
Site Capacity for Waste (mi)

Site Plane Area (m )

10

1000

10

100

1.43xi0
6

1. 57x1010
5

6.3x10

2.0x10
6



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:

Cm 103 103 DeTdP (4.1)

AdUaTxfw (DF)m

where,

Cm = MAC of isotope m in the waste at the time of burial
(P Ci/cm3 )

De = dose rate guideline, (500,mrem/yr)

Ad = dust loading in the air, g/m 3

Ua = breathing rate of exposed individual, £/yr

Tx = time period of exposure, yr

fw = dilution factor of waste with soil or other facility
material

(DF)m = dose rate conversion factor for isotope m
(mrem/yr/gCi inhaled for 0reclaimer after admini-
strative control, mrem/pCi inhaled fnr continuous
exposure without administrative control)

Xm ='radioactive decay constant for isotope m, yr-

Td = 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( 150 X.m) if
administrative control of the site for 150 yr is assumed and as
1.0 if no administrative control of the site is assumed..

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

Cm 10-3 Defwf2Td (4.2)

(DF)m Bmv(Umeat FfQa + Umlk F + aIveg f3
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where,

f2 =-mixing factor for buried materials transferred to
surface and intermingled with clean soil at surface

(DF)m dose conversion factor from Reference 4 for mth
nuclide,- mrem/pCi

Bmv vegetative bioaccumulation and uptake factor for
mt nuclide by vth plant from Reference 4 (concen-
tration in vegetable/concentration in soil)

Ui usage factors from Reference 4 (Umilk = 310 Z/yr;ap ap
Umeat = 110 kg/yr; Uveg = 520 kg/yr)ap ap

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

Qa= animal consumption rate from Reference 4, 50 kg/day

Fm = stable element transfer coefficient relating animal
consumption rate to concentration in milk from
Reference 4, day/k

f3 = 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:

2/IDeTd
Cmi =MD~ (4.3)(0.05 7 5)G(S /p)tEmTxfw

where,

P = effective gamma ray attenuation coefficient for
soil, cm- 1

G = gamma emission rate per pCi of radionuclide,
y/sec/pCi

(p/P)t = mass absorption coefficient for tissue, cm2 /g

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

Tx' = 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
equation:

Demnt d Td ....Cm = exp (l 2 0km) (4.4)
FeUa (DF)mVw

where-,

d = dilution with clean dirt

Fe = fraction of waste eroded from the site per year,
1.0 x 103-

Vw volume of waste, m3

and other variables are as previously defined.

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

Cm = l0-3 Demv (4.5)
XLfoUb (DF)m

where,

mv = aquifer flow rate per unit volume of waste, m3 /yr

per m3 of waste

XL = nuclide leach constant, yr-1

Ub = water consumption factor for maximum or average
individual from Reference 3, Z/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 fo is determined from the solution of a second-
order partical differential mass balance equation for groundwater
migration using a spatially dependent source and element dependent
leach constants, XL, and retardation factors, K. For a two-region
aquifer flow system, the following eqftigton is used to obtain fo:
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N F /2 2f i- 2
0=(X21 t2) A exp V a 1 (t 2 -T)-G 2 X2  erfC 4D _1AfK2 2 j

L=12D. a * 
1  t 12

' • 2 RI

-B exp[V2X2i- al(t 2-T)+yX 2 j] erfcL D 22 K Ct 2]

+A exp FV2 X2 i.- a1 (t 2 -T)+G2 X2  erfc D I-2 2
2D 2 t

-B exp [V 2 •i-2 b1(t 2-T)+Xi] erfc[K X2 i-22 tK t 2]} (4.6)

where

N number of source nodes

V2 = water velocity in Region Two, m/yr

X2 i = horizontal distance from source mode i to the outlet
from Region Two, m

D = longitudinal dispersion coefficient, m 2/yr

K = retardation factor

t = time

a1  =t X

r4KD

V 2 K (X9-a

G /--V2 K(X£-bI)

G3 = • D

T = time of peak release rate from Region One, yr.

12



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

Finally, f 0 is obtained by multiplying f'o by a correction factor
to account for the fact that waste is being delivered to the
site over a 40 year period, i.e.,

f -f 40X_ E
[o0= 4eX E (4.7)

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 dispersion coefficient is
.forced to satisfy the condition

< V2

D 4 KDXL
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 Techniques

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 predicted 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 Eq. (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



..- Table 4. 1

NUCLIDES WHICH ARE STRONGLY INFLUENCED BY THEIR
PATES OF DELIVERY

Effective Decay Final
Constant Inventory

Nuclide (yr 1) (pCi per delivered pCi)

3H l.56xi0- 1  0.160*

14C 2.21xi0- 4  0.996

5 5 Fe 3.57xi0-I 0,070+

5 9 Ni I.00xl0- 1  0.245+

6 0 Co 2.31x10-1 0.108+

9 0 Sr 3.43xi0- 2  0. 544*

9 9 Tc 1.03x10- 4  0.998

129, 1.0x10- 1  0.245*

135Cs i.0x10- 3  0.980

137Cs.xlO- 3  0.980

2 3 5 U i.0xl0- 5  1.000

238U i.0x10- 5  1.000

237Np 3.25xi0- 5  1.000

2 3 8 pu 7.90x10- 3  0.857*

239pu 3.84xi0- 5  1.000

240pu i.16x10-4  p0.998

241pu 4.62xi0- 2  0.456+

242pu 1.18x10- 5  1.000

2 4 lAm i.16x10- 3  0.968

2 4 3 Am i.04x10- 4  0.998

2 4 2 Cm 2.55xi0-5  1.000

244Cm 3.87xi0- 2  0.509+

* - Depends strongly on delivery 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.
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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, fo" All arguments
passed between CALMAC and AUTOMI go through the subroutine call
statement. AUTOMI uses a common block to communicate with its
internal subroutines.
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APPENDIX A
SPECIFIC CONSTANTSNUCLIDE

Dose Factor
Ingestion*
(mrem/pCi)

Dose Factor
Inhalation*
(mrem/pCi)

Decay
Constant
(yr-1 )

Activity
Density

(wCi/cc)Nuclide

3H
14 HC5 5CF

60 C
9 0 C°
9 9 Sr

129Tc

135C137 CS

2 2 6 Cs232 ha
235 h

237w
2 3 8 Np238 u

2 3 9 Pu
240Pu
2413u242 Pu
241 Am
243 Am
242 Cm

1. 05E-7
2.84E-6
2. 75E-6
4.02E-5
7.58E-3
4. 13E-7
9. 22E-6
1. 95E-5
1.09E-4
3.45E-3
4 .92E-5
8 .02E-4

1. 38E-3
7.67E-4
6. 73E-4
7. 60E-4
7.58E-4
1. 56E-5
7.22E-4
8. 10E-4
8.12E-4
7.92E-5
6.43E-4

1.58E-7
2. 27E-6
9.01E-6
7.64E-4
1.24E-2
5. 20E-7
5. 55E-3
1.46E-5
7 .77E-5
1.25E-1
2. 23E-1
4. 90E-2
1.69E-0
4. 58E-2
2.69E-0
3.05E-0
3. 04E-0
6. 05E-2
2. 89E-0
9 .93E-1
9 .94E-1
3. 74E-2
-5. 90E-1

5. 62E-2
1. 21E-4
2.57E-1
1. 32E-1
2 .43E-2
3. 26E-6
4.36E-8
3. 01E-7
2. 30E-2
4.33E-4
6. 93E-3
9.85E-10
3. 24E-7
1. 55E-10
7. 89E-3
2. 84E-5
1. 06E-4
4.62E-2
1.79E-6
1.60E-3
9. 40E-5
1. 55E+0
3. 87E-2

2. 90E+9
7 . 10E+6
1. 90E+I0
9. 70E+9
3. 60E+8
1. OOE+4
8. 50E+2
2. 40E+3
1.70E+8
4. 94E+6
1. 28E+0
4 . 10E+I
6.40E+0
1. 30E+4
3. 40E+8
1. 20E+6
4. 70E+6
2.20E+9
7.60E+4
6.40E+7
3. 60E+6
6. 30E+4
1. 60E+9

* Reference.3
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tIIS PROGRAI HAS 2 DATA INPUT v1UDESe
(1) INTERACIIVE,
(2) NjUNINTERACTIVE,

IN THE,-INTERACT-IVE ATA INPUT MODE THE P OGRAM
PROMPTS THELUSER FOR INPUTUATA WITH DESCRiPTIVE
OATA REQUESTSt ANO WlLL USF ** 7-~** PAGES FOR,-
EACH NUCLIDE, THE NONINTERACTIVE DATA INPUT MODE
UEI.CRIPTIVELY RE(UULSTS THE NUMBER OF NUCLIUES TO BE
STUDIEU, THE NUCLIDE NAME, AND THE PATHWAYS TO RE USED,
AND WILL USE.** 1 ** PAGE, PER N4UCLIDE.L ALSO A COPY "OF
PATHWAY VARIbLES WVILL BE PRINTED (ONCE AT THE BEING OF•

___THL PROGRAM'r

LuO YOU w ISH THE ### INTERACTIVE MODE U# (YES OR NO)?

INHALATiON PATHWAY VARIABLES

U.(•iREM/yR), DOSE GUIDELINE

AU(KG/M) r UST LO,'ADING IN AIR
-A(M3/Y R), T RE_ HIG • RATE OF EXPOSED

________1(2RLLLTIME PFRIOp0 OF< ElPoSUiRE
F-W LILUrION FACTOR OF WASTL WITH SOIL OR OTHER MATERIALS
RHO(KG/M,)p DENSITY OF WASTE MATERIAL

FUOU CONSUMPTION PATHWAY VARIABRLES

L)(MREM/YR)t DOSE GUIDELINE
FLW, DILUTIýON FACTORd OF WASTE WITH S01IL
F Zp MIXING FACTOR FOR1 BURIE-,& MATE RIAL S I

RHO.(KG/M61)t UENSIt OF WASTE MATERIAL
bMVp VEGETATIVE HIOACCUMULATION AND UPTAKE FACTOR
UMLAT(KG/YR)p MEAT CONSUMPTION RATE
UMILK(M3/YR) f MILK CONSUMPTION RATE
UVLG'(K'G/YR) t VEGETABLE: CONSUMPTION RATE
FF (,DAYýkb), STALBLE, ELEMENT TRANSFER COEF. ANIMAL TO- MEAT
QAý(KG/DArY) ANIlMAL C;ONSUMPTION RATE ~U
FM(DAY/MI5), STABLE LLEMENT TRANSFER COEF, ANIMAL TO MILK
Fir FRACTION ON ANNUAL FOOL) CONSUMPTION PRODUCED ON SITE

UIRECT GAMMA EXPOSURE PATHWAY VARIABLES

MU(,I-I),PEFFECTIVE GAMMA RAY ATTENUATION

- 0v(RAD/YR'),p -ABSORBED DoSE , SLy, r RA''
.. ( /SEC)/MICRO-ClI)' GAMMA MI$SIONLRATE

MURH(M2/G)-MASS ABSORPTIxON COEFFircIT FOR TISSUE'''
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EM(MEV)p AVERAGEL ErNJbRGY OF THE. EMITTED GAMMAA RAyS TIMES
THE MULTIPLICiTY OF AVERAGE ENERGY GAMMA RAYS. SET
Evwl 0U0 UFOR rULjCl-IUFS WITH NO FMTTTFI) GAMMA RAlTATION.

fX(,HR/,YR)p TIME OF EXPOSURE
FW, LJILUTION FACTOR OF WASTE WITH SOIL

SHriE&T LtrOS1ON PATHW'AY VARIABLES

JO(AIREM/yiQ, DOSE GUIDELINE
MT(M4/YR)p WATER DILUTION RATE.

D," D ILUTION WITH CLEAN DIRT
FE1YRDFRACTION OF TH-E ScOIL FRODFn AA --ERý YEA.R

VW(M3), VvASfE VOLUIVIM
UA(M6/YR)e WATER UTILIZATIoi,4 RATE

o:7'

WLLL WATER IiNGESTION PATHWAY VARIABLES

VAQi/Yii)p VERTICAL WATER VELOCITY
%A(MV)•YVERTICAL DISTANCE7u .

UWA(MV1/YH), OILUTI.ON WATER RATE
ýVB(M/YH,R'.~ 'VELOCITy- OF 1LýAtTFRArLLýY -MOV;ING -WA-TER(AO"]IFER)
UWu(N6/yrt)p DlLL01ION WATER RATE
I'NXbp NUMbER NODL POINTS FOR DISTRIBUTED SOURCE (NXB 1 1 FOR
POiNT SOURCE)
XB(-I)CM),oDISTANCE To THE WE-LL ~FROM EA'H" NODE POINT

XKu, NUCLIDE SPECI'FIC SORP-TIUN~ 7COEFF.e7

CLCH(YR-l)p NUCLIDE SPECIFIC LEACH CONSTANT
VWkM3)r ýIiASTE VOLUME
UGaoREM/YR) OUSUcE GUID)F IXNE ,

-' cM~/R),WATER UTILIZAT7 IrN RATE

GI•OUl DuATF'R INGESTION PATH-ivAY VARIABLES

--- VA(M/YR)-F V.RTJ.ICAL WATER VELOCITY

YA77.~77 ( M L~ VR*77LUlt~

UROUNDWATRv UINGETiON PATHýR ATEJR1BE

VA(M,/Y:), VELOCTY.A OFATERI VELOCITYR
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UWU(04/YK), DILUTION WATER kATE
fNXb, [JUMLER NODE POINTS FOR DISTRIBUTED SOURCE (NXB = 1 FOR
PO•iN SOURCE)
XB(I)(M)o b 1 STANCE TO OUTLET FROM EACH NODE POINT
xK, ,4UCLiDE SPECiFIC SORPTIQN COEFF,
U_ 0(12/YKy, AQUIFER D SPERSION •COEFF.
CLCH(YR-.)t NUCLIDE SPECIFIC LEACH CONSTANT
VW(Mj))p WASI VOLUME

.. .-UG•-FM!R) t ATE GUMIFLIN-
USLFACW3A/YR)t WATER UTILIZAkTIO'N: RATE

IN•DEX NUMBERS FOR PATHWAY MsACUS TO BE CALCULATED

(1). INHALATION OF DUST
(2) CONSUMPTION OF FOOD
(6) DIRECT GAMMA EXPOSURE".'

__(4) SHEET EROS I6N,',______
(b) WELL WATER(1NGESTION)
(b) ROUUNDWATIR(INGESTION)

DOYUWISH TO, CALCULATE THESEA PAATHWAYS 'WIATH ATHEST
UNDER ADMINISTRATTVE CONTRO)L;, (YES OR NOP f)F YOu
wISH TO LiXIT AT TtiS POINT TYPE EXIT)

SELE.CT THE LENGTH OF TCI'ME(S 0TP, B5 SOR1UDIE 0 -0YEARS)2
_FOR WHICH T1HE PROPER DECAY DAUGHTER INGROWTH;
ýADJUS'TMENT; FA.CTOR ISA TO RE, USE!)' AA

L1TL THE NUBE AF NUCA!A_ TOBESAA 12
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ENIER THE I NUCLIDE NAME! *e..G. eRA-226

LNIER JNUEX NUI~bER (TO CALCULATE) OR ZERO (NOT TO CALCULATE)
FOK EACH OF THE 6 PATHWAYS

ENIER THE 2 NUCLIDE NAMEP E..,o RA-226

ENIFER ljiDIEX NUMBER (TO CALCULATE) OR ZERO (NOT TO CALCULATE)
F•, LtACLH OF THE 6 PATHWAYS

OMITTED

F 0 R

BREVITY

ENIER THL 22 NUCLIJEý NAMEi :EL'G., RA-226

ENIER INLOEX i4UMB-ER (TO CALcULATE) OK ZERO (NOT TO CALCULATE)
FOK EACH OF THE 6 PATHWAYS

ENIER THE 23 NUCLIDE NAME,L.,G-., RA-226

ENIEK INUEX JNUMbER (TO CALCULATE) OF ZERO (NOT TO CALCULATE)
FOR EACH OF THE 6 PATHWAYS
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DO YOU WISH TO CALCULATE THESE PATHWAYS WITH THE SITE
-UNLER ADMIINISTRATIVE CONTROL?,(YES, OR NO,# IIF YOU
WiSH TO EXIT AT'THIS PO-INT": TYPE:,, EXIT):

$-LLECT TiE LLNOTH OF TIME ( Op 1DO, OR 1.OU0 YEARS)
FO,~ vHICH THE PROPLk DECAY OAUGH1ER INGROWTH
AUJUSTMENT FACTOR IS TO BE ýUSED

' -' .:• r; r-.• • " ' ] , .<••.':•.:;'_ -.
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MAX IMLIM AVERAGE CONCENTRATI:ONS FOR NULJICD...lI:ES ( MICRO-CI/CC)
DECAY DAUGHITER INGROWTH"I TIME (YR) 1.50

UNID:ER A DM I NI STRATI VE CONTROL

MAC FROM
RE (21... A I MER

NUCL ID LE I NHAL.A "T ION

-,3

HI-3
C--14
FE-5

SR-90)
.TC-*'99

1- 1 9
C..1 35
CS.... 137

RA-2,,.26

U -2'>35

NP-237
U-'23B

P'U-I3....28

FP'U-""239
PU-2:.40

AM-241
AM-..2,'43

CM-242
CM-244

0.00
1. 57+05
0 . 00

9.70+09*
1.08.t'03

1 00+04*

6.30+01.
2? 40+03*
1: 42.?+05

2. 98'0()
1 * 28+00*
7. 13 +00

2. 07...0.1
7.6,3+00
4.2.4-01

1:,,, .17- 01

1. 2? 1 - 0 .1.
4.47-01
3.57-01

0900
:1,, 97.f.02

MAC FROM
F'OOD

P A T H WAY

3. 93+02
2.38--03
0.00

'5,o5.4 '4" 7

1.72-02
9.98-02

29 76-01
:1. 8 8 $-3 0 .1.
1 9 06+00

9.16 05
8.401"'01

3.01-02

1.9 78-02
3.15-02
:1. 9 :I.9'00

3.50-01
3. 3001
1.61 +f04

13,.41"-"01

3.,85-01
3.07-"0:1.

0 .00
:1. ., 7+0 .1.

1.+20+00
5.43+00

0.*00

0 . 00
3. 82-03
3,69+01

7.73-03
1.600-01
0.00

1.10•03
1 * 28+00*
2i27-01

1.11-..01

2 & 38-.01
0.00

6. 45-01
4.43+00
0.00

2.69-01
0,00
3.17+00

0.00
0 . 00

0.00

0. 00

,MAC 1IFROM
WELL WATER

0 .000
0.00

4 . 60)+00
0)* 00

8,87-01

0.00

0.00
2. 16--01

1. 93+00

1I .1. 0400
6.09+00

o. oo
1997+00
0.00
0 * 00
0.00

4.7.3--01
1. 72-01

0900
7 .29+02

MAC FROM
DI R E CT

E X P (SU R E l

(MAC) FROM
(S I:01] .) N D'

1W A T~ E. ;

3.0 80. 04
6.24.04
0.00

00 00
0.00
1 . 00+04*

9,33+01
2, 40 + 03*
0.00

4 t%3.{Q' 3 0"

0.00
4 * 10+01 *

6.40+00*
3 .62+03
0 . 00

•.•20+06*

0.00
0.00

6 ,.,5 +03
0.00
0.00

0 . 00
0.00

0.00
6.21+03
0.00

0.00
0.00

1. ,00+04*

8. 50.102.

8$75+02
0.00

S56+f 00

1 9 28+00*
2? * :1. 3"1' 0 :1.

6*40+00*
2.23+0:.1
2.13-3402

2.44+.0:I
2. :32+0:1.
0.00

2.37-+.0:1.
,3 .,25 +40 :1.

2?. 16+01

0 . 00
00 00

(MAC) FROM

(3 jR (]5 S (3 N

MAXIMI.UM
AVER A G(E

CON CENT RAT I ON

:1....2 0+ 00
2.:38-03
0 . 00

5.54+07
3.82-03
9.98.-02

7.73-03
1.60-01
8.873 .3 0:1

9. 16-05
8,.400-"0:1
:3.01-02

.1.,78...02

~3. 15-02
4.24-0:1.

1. 1 , '5- 0:1.
1. 7.-0:1.
5.91 +03

:1 . 21-0 :1.
:,,3.85 -.01

1,72-0:1

09.00
1.27+01



APPENDIX C

SAMPLE OF INPUT DATA FORMAT



1 NO
Y LS

4 2

7 bU'O. ,O.b510*,rl.6L+5,4,bE+OP110.,,.31,b2Opl.2E -"2509.i.,o.5
i.)2,,1.2. 2FEb, 1!00,1 4.F+6 p 10

9 71. ,2 p,655, 54 97 7b 39 ,7 b 1,9253 106 6,51207 ,.1349 9 ,
10 1.0,10. ,O.,.163E 5,500o.-.7.3'UE--I
11 l"Gi0. 2.2E+b, 100. ,' 577E+1fl 1•

170a0
13 1.0,10. ,O.i,6.3.E+5,500, F7.3UE-I
1 -- j___;_..4
lb 1,2eO,4,6" "
lb b0OO.,5.O.-7,8000. ,5723E-2.,0:.5,1.b.6E+3
17 0 -.o_5-t11 - ,1 6,F 3 •5 OE -+ o ' -1I- C_;3_i F. I 520L "•,s nEc_ v5 n 1-_ . 2•nE l G-.ý

18$ b.0. , 1.S7L+10,1.0,0O.OClE,6.3E+5,7.30E-1
19 l., p,1p.2.?E+6,loo.,o. .,E+b, 1
20 "4917,2l_,,55 ,94. .63.9 -. 70 1,- 3 :1 )65;.127S. .9.
21 10, ,1O. 1. E-.4,0b.3OE+5,5 '007. '30E-

22 10. eO. ,2p20+6ur.2,2L.+5771+U1o,1" . t ........ 10 F 1

24i ±O, e10., t1.OL-4r.30E+5,500 7..OE-,
2b FL-b5
2b _.Q•O._0,U0 ,t0

27. CO-6O
2•l 2,20, 0,0,0

29 bob.6E-7.8000.,5.72.5F-2,0.561,E+3
30 bOO. , 0.5,0.,1.6E+3,9.41-fE 10. , 0.31520., .3E-2,50. ol..00,5
31 bK-90
32 12F,0,Oeb,0
3. 0, e 5ý.E0•7 p8000. E5372E-,U,5,1.6:: .

34 500, O,O51.0, 6E+3t 1"' 72E-,. ,e110.,,, 3.1 3..OE-.l v.52ob60 6rOOE-4,50•v,,aOOE. OO.EO,05'
35b 10. lo. p ?-02E4 f bbi r ,1,4E + §ý1
3b i1,,213,e355,p4.97.,b39.,781.,923.,l165,,120 7.,15349.
37 100. , .0,,. 10-2,6,30E+5b,00. ,7,30=-l
38 TC-99
,39. 1o2r0#.4 6,
40 bU0. p5. OE-7 r8000's 05,ýs723Ei-ý2ru 454",',E+g34
41' 50 0 .P0. 6 5 10. L.6 3,2,50ýbE 11O.34p0.1 5P-2O i 4' 50.2;OIP.
42 bO. ,1.57E+1Oi.OO,Ool,6.3E+5,7.30E-1
435 10,PlO2,2KE+b,100. ,14E+belO
44 71..21ii5 497g..769 ..-7.. 3- 9

.45. 1.-0,F10, p 1:0OE-!4~,6.ý30E+5# 506, t7-:,3,0'-1
4b.. 10. 10, ,2,2E+6dO..1, "t 1 E 5, 7

47 1710U
46 l~.O10. 1.OE-p6,b.30E+5,500,,7.30E-1
49 1-1?29
50 1,2,p34. .b
-51- bUo.'i,5,OL-7p,'8000.,ý5.*,7 SE 05 1.l6E+3
52 500. 0 , 5, b .•1,bE+3.p2.OE`2" .110,*'.0. 10E1"t-520.,-2,-9OE3"5,O.,-"6,OOE+-OO'5
53 . 2.20E+1eSOO.' 3-,7E+Lf,._OE5.-,53,1-6E3515 60 .0.5
54 bOO. ,1.57E+lI0,1.O,0.001,6.3E+5,7.30E-1
55 1O.,10.p,2,2E+6plO, 1.4E+b,10
5b 71. p 21.5 .- 5. 497 #6-39,7O1., 923._L065b.12 t7.13 9-
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-57- Or 10 0 . 1 P6.6E+5 9 50o p-'7-.SOE-l
56 1j.p10.v2.2L+b,1IJ0.pl,577E+l0pl
59 1700
60 1.904 10, AI ,016.E +5,500 ,7UE-?

61 C5S-1.55

66 bSU .p b. OE-7F,600 0v ,5.7235E-2 U.5 1.6E+3
64 b~JQ. .05,10. ,1.6E+3,1,20L-2e110. ,3.1OL 1,l520.,t4.OE-3,50. l,12E+1p,05

bb 5VO or .157E+10P 1 0 s a ni.6.3F 5,7, 3OF-1

*67 71x.2135,0.3555.497,3.,d 92 3,"4106b."12-7.,3
111 0..p1...0-.6 0+,00.7.30E-1

69 11). .0. ,2.2E+o,100.,1,577L+10t1
70 1700
71 1. 6E+3510.,1,0 F Arip?-*iO...3E

b7 ( ' L 7'0..b. 0 0R000.. 7 2'3 t- 1A.5.,F'
7b bougo. 05.jLo. ,1E+3l,20eE 2,110. 3,310E 1,520. .4 .OE-3t5,50.12OElp.O.5

7b 1.3E+1,b00..5.7Ej-+43.10-E 35,b6bE-1,500,,0 5

77 K'A-?-26

81, 500.,ý ,57'+1'1 Ziu,.3E+J,7.6E-1
82 ~ ~ ~ ~ ~ ~ -1.1.2Eo10,LEib,1

8.5 71,2-.103'l6+I enElý e ,5,L97,3.7192,O6,¶ p7.3 4 9, -L

81 5.0k~2 0 . , El~t, OE-5 p 6 30E+5.500 7. 30E-1
62.10,pl,10.,2E+bPIfO,,#1 *5E+10,1

87 50pO.iJtlFopl,Ui .0p60.Lo1.5OF'7.30E-1~

90~~~~ re59e'3

98 *' 4,00. 0 OE-7 t 800 ,.•,723-,?516+

910o 2IE 1,6 0,31.7E 41"2,90E-3j, .6-,0.0 2eO*55.5 OE30

102 -1O.pl,0.,22E,.6rl00.plm4E+bv1O
904 71.,213.,355,o497.,639.,7d1.,925,1065p.,120 '7.4349.<
105 b1.0L+4,1l0.,1.E-56,6.3n +5,500 s,7 .30

107 1.Ls+4,10..1 9oFpl 6E .5p2+.50E00l.7,10E-152,34E45p.OlO5

100 2o50E+1,bUO. ,3.7E+42,27E-35e1.8E"2,500. O.5

11 ;'J 41o ,410,b7E .- OE i6030E+51b.tE50,9 '7.i30E-'1ý
lob l.?1002.2+6plo~plo77E30ý



114 10, .10.vaO2.2+6?100. ,.4E+b,1O

lib 71.,21,3.,355,,Lf97.9,639.,7B1.p923.,1065.91207.,1
3 4 9.1

116 1 . E+2P 1 p1 ~L5b3E5SQ0. p7-3nF-I
117 10, 010 . p2 2'E'+6 0.,1 +0; 1

lidS 170U
119 1. A2l.,Oz. 9 ,6. 3 0L4SJO iJ SO E .1
120 U-23i8
1211 2p3p4 6
122 500. .5.OE-7.8000. .5.726E-2.U.5.1,bF+3
123 500'.,0.5tl.o ,.6E+3e2,.50E-3,'110.F,3,10E-l,-520.,3.,40E-4#50e,5*0E-1,0o.5
124 1 ,80E+.1.50 fO, i3,7E+4,P2,-80E-,3,ý2."2E-2,boO 500-,F0

125 bQ ~1 5 7 I+10.10 001a A..pb3E 5 ,7 SO F 1
1.2b i0.,10.,2.,2a-+b,100.,1.4E+b,10
127 7l..2l3..355.1497..b39.,7bl..923.,1OU65.,12Q7.,1349.
128 1.4E.+4tl.,O .. OE-5.6.3nE+5.500. .7,30E-1
129 10,,10.1602E''.100.,577E+10 :1
130 1700.,

1314,np~0-5' - .6+ 000o7-0
132 PU-238
133 Iv2?3v4v,0,
134 b50 .5 .G-7 v R01) 5 7;>3F-? G e 5 v 1 E3
13b 500oP, 05.10. ,i.6E+3,2.,50E-4,110.,3.10'E-lp520, ,1.40E-5,50.,2.*OE-3,0.95
13b 2.50E+ý1#500`, ,3.7E+4' b5E!-3v,112E-2,ý500, `005
.137 500,.1 PI 

7 F+lhý1 :, U00:0p(.E+t7.0E

1236 PU-239
139 1t2,0p4pbb
140 50 5E7M~l 57320S 6+

141 0g. 0.510. 1.bi-3,,50-74#110.0-3.10L-1#520. pl.40E-5#50' ,2.-3,.
142 50.1 E+ 0100.0o IP6 3E+54 ,730E-l'
1 43 10 .10 622Ffl .00 ,'4 l0n'
144 '7±.,215.#.355.r497.,b39,p781.,923.,106b.,120 7.,1349.

146 10, P10.2.Eb 100, .1 77E +10,
147 ,170U,

14b 1 4E+4 t .1 0E--5F6., iE+5,P'0.p7.3E1
149. fi P-461
150 lt2,3,'4,brU
151 bUOO. ,5.E-7.8000.,p5o723E-2t,051,1bE.+3
152 b00. .0.5p1gl.,6E325l..10 9 .OI150 l40-,0,;E..

.1534 50.'.Ya1,., .00,.E573

15b 7l,F2l3.,Ljb,p497.,b39.,7Lil.,923.,lUbb.,120 7.,1349.
157 1.4L+E24,10.,1.0L-5,6.30E+5,5UO0. 7.30E-1
156 PU-241

160 500.,*5 do7 e ,.73-205,.E+3

162 P0-N24a2
163 1e2r0p4t5#b
-164 500.,pb.0E-7,8000..5.723E-2p.0.5o.6E+3
165 500. 0.5PI10.0,1,6 E+3#'2, 1 50'E L4't li .3-1E150 o14E55. 2O-.

16b 500 Fl's57Ei-10 1 .0.oo001 6 93Eý+5# 7 3E-1ý'
167 0.0,.Eb10,,Eb0
16b 710,u21,3.,355.,97,,b39.,761,,P923.,1065.,1p2g7.,1349.
169 1lo4E+4,1U. *i.OL-5,6.30E+5.5t)O. 7.2iOL-1
170 10,.10U.p.2.E+btlU0.,l.577E+l0p1 __

31



171 1 YoU
172 1.4L+4,1O. ,1.UL-5,b.30E+5bUtA). 7.30E-3.
173 AM-2L+1
174f 1,2,3s,4,0,0
175 bO 0 ,5 .OE-7 800 0 ,5.1,i23E-!24O5,,b+

17b b0o~O~,.5,1O). .. 6E 3p2,50E-44.11(T'."-3 .l~.2. 2 p45.3~
177 1.oCE+lpSUC. ,3.7&.+4,2,ciCE-3,6.SOjE-2,500.' ,0*5

179 Akl-d-43
18C123,,0
181 buoq.,5.E-'7p8OfO0, "5.723E-2?0 '5,,.l 6E3
182 50. ,0 .5 p.101.6E+3 p2,250E 4 F110',i.16t1E-1 t5-ý' 2o.pp~. O--45)j5g. Otnp3,0. 5ý
183 2.-7UE+1,bDU.,t3.7E+4,2.70EL .2.22E1,r5O0. ,05
184 500.tl,157L*10,1.OG.001F,63E+5,7.30E-1

187 1 *4L+4 p10'9 01- 0-5 P6. 3 O-'E5,50'0',#,7.30jOE-I,
18 cm-2'+2
189 ip0 f0,0f0U0U
190 I-4
191 102f3pop,0,0
192 5 r500 ,.E -7p8 0 00 , P5 .72Z E- 2 ', 0 5: E+-3:

I9~ 2.60E+1i,5Lo.4;3.!E44,L4'50E' 53-,980E'35 0p.p co
19b EXIT
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APPENDIX D

VARIABLE NAMES AND UNITS
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INHALATiON PATHWAY VARIABLES

L)(MREMi/Yk)t DOSE GUIDELINE
AD (KG/M3), DUST LOADING IN AIR
UA(M3/YR)p BREATHING RATE OF EXPOSED
TX(YR.). TTMF PERIOD OF EXPoSIIR F
FWw UILUFION FACTOR OF WASTE WITH SOIL OR OTHER MATERIALS
KHU(KG/M3})t DENSITY CF WASTE_ MATERIAL

F-UOQ COf'NSUMPILON PATHWAY VARIAdLES

U(MREM/YR)r DOSE GUIDELINE
FW '. .DILUTION FACTOR OF WASTE WITH SOIL

r2 'MIXING-FACTOR-FOR.s BRita AMARIL
•RHO (KG/M) DENSI TY OF WASTE MATERIAL .

bMVP VEGETATIVE BIOACCUMULATION AND UPTAKE FACTOR
UMLAT(KG/YR), MEAT CONSUMPTION RATE
UMlLK(043/YR,), MILK CONSUMPTION RATE

* UVLG(KG/YR), VEGETABLE CONSUMPTION RATE
FFo(DAY/KG), STABLE' ELEMENT TRANSFER 'OEF. ANIMAL TO MEAT
-QA(KG/0AY) p ANIMAL:CONSUMPTION RA*E %

FM(DAY/M,), STABLE LLEMENT TRANSFER COEF. ANIMAL TO MILK
F3# FRACTION ON ANNUAL FOOD CONSUMPTION PRODUCEU ON SITE

ULRECT GAMMA EXPOSURE PATHOWAY VARIABLES

MU(1 M-l),LFFECTIVE GAMMA RAY ATTENUATION
V('0IRAD/YR) v ABSORPED.DOSE:RATE
Go~ /SEC) /MICRO-C I) t GAMMA EMýSSION RtATE
MUKtHO(M2/KG) M.SS ASORPTrON .FIIENT FOR rS.L..
EM(MEV)p AVERAOL ErLRGY OF THE EMITTED GAMM4A RAYS TIMES
THE MULTIPLICITY OF AVERAGE ENEHGY GAMMA RAYS, SET
EA - 0 -0 F R NhCl fuLFS WrH NO FMITTFD GAMMA. RALTAT6; N

'TX(HR/YR), TIME OF EXPOSURE
...FWu DILUTION FACTOR OF WASTE WITH SOIL
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SH~EiT EK'OSION PAT-ilZAY VAFL,.4BLLS

0(iAREM/Yil), DOSE GUIDELINE
MT(Mj/YR), WATER DILUTION RATE

DO, DILUTION WITH CLEAN DIRT
FE(i/YR)a FRACTION OF THE SOTL FHODF'l AwAY PrR yEAR

VWtM3), WASTE VOLUME
UAtMJ/YR), iArER LUTILIZATIoui RATE

WLLL WAITER IN.6,EST.ION PATHWAY VAKIAbLES

VAiM/Yi)t, VERTICAL wATER VELOCITY

XA(M) PVERTICAL DISTANCE
OWA(M3/YK), DILUTION WATER RATE
VB(M!Y~l) VELOCITY OF ATFRIALLY MOVTNIG WAT ER(AO"!FER)

UWb(.5/Yt,), DILUTION WATER KATE
NXo,, NUMbER NODE. POINTS FOR DISTRIBUTED SOURCE (NXB 1 1 FOR

PONT, SOURCE)
XBI)(M), D ISTANCE"T THE WELL FROM.EACH NODE POINT

ý':,XKP NUCLIDE SPEC IFIC SORPITIOQt4N: COEFFi;,'ii:'ýýi.ý- : : ! i

O(M602/yR~o AQUIEFR l5FSNeOFi
CLLH(YR-I), NUCLIDE SPECIFIC LEACH CONSTANT
VW#i3), WASTE VOLUM.i
UGiMREii/Rj t DUSE GU.TDFIN "

USE.FAC(M3/YR)p WATER:JJTILZZATI-ONRAE

... OUr'DWATER INGESTION PATHwAY VARIABLES

VA(M/YR), VERTICAL WATER VELOCITY

..XA (M) tVERTICAL DISTANCE
VA(M-3/YR), DUI LUT ION WATER RATE

•.::¥ (MIY R)• VELOCITY OF LATERIALLY MOVING WATFR(AQUTFER) . . .

UW•(i.1/Yr•), DILUTIONJ WATER kATE
NXbr, NU.I3ER NODE PuINTS FOR DISTRIBUTED SOURCE (NXB = 1 FOR

POINT bOQURCF)
AB(I)(M)p DISTANCE TO OUTLET FROM EACH NODE POINjT

XK, NUCLIDE SPECIFIC. SORPTION COEFF,

D(M2/YK), AQUIFEK DISPERSION COEFF.
CLCH(YR-I), NUCLIDE SPECIFIC LEACH CONSTANT

VW4(M.), WASTE VOLUMIE
DG(MNHFM/YR)v DOSE b(IlBFLI.NE

U6&FAC(M3/Tg)p WATER UTiLI.AT ON. RATE......j,...s.....:,,..
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APPENDIX E

PROGRAM LISTING

36



5 c THIS PROGRAM CAiCULATES T'F -4IMI AVERAG~E CONCENTRATIONS FOR
b C b P~ATHWAYS
7 C

9 REAL*8 ATOMAC.
10 INTEGER.TIME
11 DIMENSION TAB3LEP-,23e2.)'-t-ABLE2(2.3),TALc2

lz $TABLE3(23).TABLE4(23)PTABLEb(23),
16 STABL10(23)ITABL11(235)PTAi3L12(23)PTABL13(23),
14 SXNAME(25e2)PNPATH(25t7)eNROW(25)eX(Sp).R(1olpTFIAG1(25a7)
lb C
16 C*****DATA TABLES,
17 C
Id C*****TABLE I NUCLiDE NAMES
19 C
20 L)ATA (( ARLEI(IR-,TC)..IC=1.2)eIR= 1@25)/
21 S'Hý3 fee. :v'lc'1'4'u'i~ ,Je'ifb-59 .'5
29 StCO-6'e'0 'e.0,15R9ýq'V,I'I0 91'C009',1g to

23 SI' 1.29 SM,9 '* m 9' 3 5- *9 &SI9, 137 '
24 S'RA-29P'26 ','TH-2'.'32 'p'U-23'0,95 IV

25 S'NP-2'p'37 ftIU-231#98 IPOPU-21#138 IV
2b $IPU-2flI39 OPIPU.-21#940 ItIPU.-2P9o41 to
27, I'U2'"2 eA "k',' 044 v`TPv'AM29,v t3 '
28 S fCM .P I 42 ','CM'-2t#944

30 C*****TABLE 2 NUCLIDE -INGESTION DOSE FACTORS (MREM/PICO-CI)
31 C

,3 Q~'ATA (TAblE;21TR,,IR1p,231 -

34 s~~4 OkE-5! 7.`75E-3t4,413E-7 t
S2E6 e 495E-5:1QQ4EmIot

3b 5.3.45E-3#4.92E-5V,802E-4v
37 S1.3f3E-3v,767E-'4pb.73E-4v

34 92ES7,6,10E-'4 / k

J41
42 C*****TABLE 3 NUCLIDE UOSE NORMALIZATION FACTORS (YR)

435 C
44 DATA (TABLE3(IR)pIR1.p23)/

14b S~O$50,5e

k47 S50. 50.i50,i'
4d s~o*Fj50,.bO
49 55O9#50,IF50,0
-50 $5.~~b~
51 sbO.,-50`,ep50.
52:., SO.50, . / 45'
53 c
54 C****TAf3LE 4 NUCLIOE INHALATION DOSE FACTORS (MREM/PICO-CI)

5!3 C
5b ~hDATA (TABLE4(IR)vIR 1e23)/
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58
59

61
62
62

646b
66
67
68
69
70
7L
72
76
75
7b
7b
77
78
79
50
81
82
8.5
84

8b
8b
86

89
90
91
92
935
94

C
C
C

c
C'
C

$1,58E-7p2.27E-6v9.0E-6,
$7.4bE-L,1.24E-2F5.20E-7p
$5,55E-3A.g"7-E-57.77E-5,
$'I,*25F. 2,~-149E-2 -

S1.69E-o,',5Eý-2,2.269E-O,

S2.89E-0o9.93E-19.94E-l,
S3.74E-2,5.90E-1 /

*****TABLE 5 NUCLIDE DECAY CONSTANTS (YR-1)

DATA (TARLFS(IR),TR=I.23) /
$b.b2L-02le1.21E-O4#2.57E-0l1
S1.32E-01,2.43E-or,3.2bE-06,
S4.36E-08d. 3A1ET7.2.3UF-Q2v
S4-5.23E-04,6,93E-O3t9g.85E-10O
S3.*24E-071,55E1l0t7.89E-03v
1 - E -0 1 O6E-OP4+L.69E-02P
$1.79E-Ob,1.bOE-o3p9.4OE-05,
$1.bb,-0063.87E-02 /

*****TABLE 6 ACTIVITY DENSITY (MICRO-CI/CC)

DATA (TARIF6(TR)pTR=1,23) /

S2.9UE+9#7,lOE+bpl.9UE10,
$9.7UL+9po.60E #3,1.(OE+4,
s6.bQE+2p.240E+3, 1,7(w+8#
$4.94E+6pl.28E+0,p4l0E+1 •
$6.OE+0,1.30E+4?3.4OE+8p
$1.£0E+6#4.70E+6,2.2UE+9#
$7,bOE+4,b.4OE+'7,3.bUE+-b
Sbf3OE+4pl.b0E+9 /

C
C*****TABLE 10 IHALATION DECAY DAUGHTER INGROWTH
C

DATA (TAHLIO(IR).IR=1#23) /
$1.UOE+ul1.OOE+0 . UOE+0O
$1.DOE+0#l.00E+0,1.0UE+0#

(150YR)

9b S,1UOE+O,1.OOE+07.70E-2,
97 $l.OOE+Oe1.OOE+0Ol.OOE+Uv
98 1,QO0F+0,l.IOF+Ot3•6nF-PI

99 $1.OUE+Uv,.0OO+0,l.0UE+O,
100 $1.abE-1,b.2CE-1 /

1 0 1 C . .. . ..... ....... . .. .. .. .
i0 C*****TABLE 11 INGESTION DECAY DAUGHTLR INGROWTH (150 YR)
103 C
104• _ AT (TABL~l(IR)#IR=I123)-/
lob $1.UUE+0,1.UO0+Ol.O0E+Op
lOb $1.U0+01.ý0UE+O,1.UOO+Op
1lot 110 0f1 fi'u1 u+
lob $1.UOE+Opl.OOE+01.80E-l#
109 $7.70-1pb.2CE-2l,OOE+O,
....10 ...... . . 1 +O .O E+ ,. 1E- "O F-.
i11 $1.O•L4Op,1.0E+O,7.7OE-1,
112 $1.UOL+OP9.10E-1 /

c
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114 C*****TAULL 12 INHALATION DECAY DAUGHTER INGROWTH (10000 YR)
11b- lib

117.
lib
119
120
121
122
126
124
12b

127
12d_
129
130

1 3e

137

1•.i

1 3b
150
130

141
154

144
14i!

147
145

150
151

153
154

15b
151
1 Sd

160
1b1
16Z
16.5

lb4
1bb

167
16di
169
17U

L
DATA (TAbLl2(I),IR=lr235) I

$1,OOE+O,1,OOE+OvloOE+Ov
S1.0GE+Ol.OOE+0 1.0OE+0

1. 00E+Ol.0flF+O,1.0OF+O.
$1,0E+0,1.UOE+0,I.0OE+0p
$1,0L+Ot1.0OE+0,I.00E+0,
$1.0UE+Ofl.UouE+OI.OUE+O,
$1.00JE+0pl.0E+0pl,OOE+0,
$1,00E+Ovl,0OE+0O/

C
C*****TABLE 13 INGESTION DECAY DAUGHTER INGROWTH (10000 YR)

. TbLAJA TAbL1(IKX),IR=1.23) I

$1,00L+0,1,00E+0,1.00E+0p
$1,00E+0,1,00E+0,1.00E+0v

-$1,OOF+Ol~l,0Oc+0,1,0OF+O.

$1. UUL+0, 1. OE+0, 1. U0E+0p
$1. UUL+01.0OE+0,1. OE+0#

-------- -- __ 1_._,oU•+0 ll. , OP+0 i.U0F+0,
$1,00E+0,.,0OE+Op.,0OE+0p
S1,UOL+Ol.OOE+O /

C4****LtqU UATA I'AbLES
C

C**_?tLX)(TA DATAA
C

DATA IBLANK /9 'i
DATA BLANK2 I'
DATA IASTRC /'*9/

V/

C•k____PRukA4 OPTTIONS
C
C DATA INPUT MODE
r-

Wr(ITL (6,bOb)

b05 FORMAl (1MIibXp
PRTh~i4OGRAM HAS 2 UAI INPUT NvinES. ! ). @---X ....

$1 :1) INTERACTIVEt',/p6Xv
$' (2) NONINTERACTIVE.9p/,bX,

------... IIN THE INTERACTIVE DATA INPUT MOnE THE PROGRAIM X
$' PRuMPTS THE USLR FOR INPUT DATA WITH DESCRIPTIvE',/t6XP
$# OATA REQUESTS, AND 4ILL USE ** 7 ** PAGES FORtp/pbX,
•'. ktYH_..NUCLIJE, THE NONlNTERAc.r j) .NPUT_.MOL'.,/,.bX "

V' DESCRIPTIVELY REQUESTS THE NUMBER OF NUCLIDES TO BE'o/t6X,
V' STUDIED, THE NUCLIDE NAME, AND THE PATHWAYS TO BE USEbp',/p6XP
s f ANU WILL USE ** 1 ** PAGE PER NUCLLDE_. ALSO...A CUPY. OF'P/-,b6X.
;' PATHWAY VARIBLLS WILL bE PRINTED'ONCE AT THE bEING OF',/,6X,
5V iHL Pr(QGRAIA'v//r6X •
$, DO YOU 4iSii THL ##q INTERACTIVE MD tI.(YES.OR.u)?li1 .........
REAU(bt520) INACT

C
IF(INACrEQ.'Y') GO TO 110

.CALL PATti
CA"L PAfh2

-_ __,-_._--CALL PAfri3
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171 CALL PATH4
172 CALL PATH5
173 CALL PATH6
174 110 CONTINUE
175 C

. . PATHWAYS
177 C
176 1 -_ WRITE(6#61O)
179 blo FORMAT(lHIt6X@
180 $1 INDEX NUMBERS FOR PATHWAY MACUS TO BE CALCULATED#,//t6X
181 St (1) INHALATION OF DUST',/t6Xv
182 SO (2) CONSUMPTION OF FOOD9,/.6X_
183 $9 (3) DIRECT GAMMA EXPOSURE't/6bX,
184 $f (4) SHEET EROSiON't/p6Xv
185 S' (t) WELL WATER(TNGESTION) a /pbX
18b $I (b) GROUNDWATER(INGESTION)I//i)
187

189
190
1QI

C
C*****TyPF OF SIT! CONTROJ

C
115
t,?

WRIlL(6tb2O)

192 $t Do YOU, WISH To CALCULATE THESE PATHWAYS WITH THE SITEt,/p6X,
193 St UNDER ADMINISTRATIVE CONTROL? (YES OR NOp IF YOU',/p6Xt

- - -~L $-Y---WiSH TO EXIT AT THIS PORINtT TYPE EXIT) ............................. .
19b READ(b5b20)IADM
19b IF(IAUM.LO.Q*') CALL EXII
......- k9jITE( p6h22)
.198 622 FORMAT(6XI
199 St SELECT THE LENGTH OF TIME ( O 150, OR 10000 YEARS)',/p6X#

_' FOR WHICH THE PROPER DECAY DAUGHTER lNGROWTH fv/6Xp
201 S$ ALjUSTMENI FACTOR iS TO BE USCO.U/)
20z REAU(b?52O) TIME
203
.204
205

20(

C*****BLANK-OUT OR ZERO-OUT ARRAYS
C

206

210
211 119
2... 21 ? 117

213 C
214 C*

0O 117 IRI = lt25
DU 118 ICI = 1#7
NPAIH(IRIICI) =
IFLAGIIRIPICI) = IbLANK
DO 119 ICI = 1F2
XNAME(IRIPICI) = BLANK2
CONTINUE

'*NUMBER OF NJCLIUcS TO BE STUDIED
...21• .... . - __ _ _ __ _ _ __ _ _ __ _ _

21b 122 WRITE(6,630)
217 b50 FORMAT(1H1,6Xv
21b S' ENTER THE NUMR OF NUCLIDES TO R.ESTUDjED,_-a3t-_.JLL/J
219 RLAV(bpb25)NSTUQY
220

222
22b

.. . .. 2 2 _ .. .. . ...

22b

227

C
.*U .I•TA!,NAME OF NJLJLIi)F TO RE STUDIErD,_T_0RE__DONErjSITULY__TyIMF__ ___
C

INUC 0
10O 1N.C INUC, + 1

143- hRlTE(6,b35)INUC
b,55 _f QO•MsT (/ , 6X.

40



228 St ENTER THE 'pI2,' NUCLIbE NAMEP E.G*p RA-226tp/)
.229 REAU(b,515)cXNAME(INUCPIL)PIL=l2)
230 515 FORMATt42A4)

.1 31 C
232 C*****SEARCH LOoKUP TA•LES FOR NUCLIDE NAME
233
234 O 12b IR 1P23
23b) IF(TABLEI(IR,1).EQ.XNAME(INUC1) .AND.
23b s TABLEC(IRt2).FQ.XNAME(INUC.2}) GO To 130
237 125 CONTINUE
23d C239 C*****NUCLIDF NAME NOT FOUND

240 C
241 WRITE(b,640)
242 b6O FORMAT(lHl#bXP
243 $S NUCLIOE NOT FOUND IN TABLES##/)
244 WRITE(6,b64)
24 641 FORMAT(1Hlt6X.
24b $' NUCLIDt. TABLE')
247 00 127 Ii =1P23

-- 24 127 WRIrE(bp6b2)(TABLE1(IIIC)hIC=l,2)
249 b42 FORMAT(7Xp2A4)
250 ITRYS = ITRYS + 1
251 IF(ITRYS.GE.4 STOP XNAME
25? ARITE(6pb43)
253 b43 FORMAT(lHlp6Xb
254 $' PLEASE USE ONLY THE ABGVE SPECIFIPO NUCIME NA'ES-9 6X,
25b $' Do YOU NEED To CHANGE THE NUMBER OF CASE TO BE STUOIED?(Y OR NI"
25b S)
257 READ(b,520)CHANGE
258 b26 FORNAT5AE),
259 IF(CHAMNGt.EQ.'Y') -VRIrE(b,631)

.. 260 b41 FQORMHl'(/6Xp
261 s' REENTER THE NUNBER OF NUCLIDES TO BE STUDIEDPI-239p/,)
262 IF(CHANGE.EQ.GY,) READ(5,525)NSTUDY

2b4
26.

1ij CONTINUL
NROW(INUC) = IR

267 C*****PATHWAYS TO BE CALCULATEU FOR THIS NUCLIDE
268 C
269 152 WRITE(6t645)
270 o~ b FORMAT(/,BX,
271 $' ENTER 1NOEX NUMBEK (TO CALCULATE) OR ZERO (NOT TO CALCULATE)',/,
272 $bXtv-FOR EACH OF THE b PATHWAYSL -

271 REAU(5,525)(NPATH(INUCIPATH)PIPATH =1,6)
274 525 FGRMAT(
27b C
27b Do 13b ITEST = 1,6
277 NP = NPATH(I NUCtITEST)
276 1F(NPEWQO.OR.NP.EQ.ITESI) GO TO 135
279 WRITE(6,bL7)
280 b47 FORMAT(/p6Xpl PATHWAY INDEX NUMBERS INCORRECT') -

281 GO TO 132
282 1.5 CONTINUE
28%5 C
284 C*****GO TU APPROPRIATE PATHWAY ROUTINE_ _
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28t
281
281 __

288
289

291
292

29+
295

297
29a

300
301

303
304

30b
.- 307

309
310
311
31.2
315

31b
31o

318
319

321
324
32.i-
324
325
32b
321

-- 328J

329
330
331
332
334
334
33b

337
.3-30 -.. .
339
3.40...3L4)

C

C

C

10
C

bi

IROW. NrýOW(INUC)
XLAAb TABLFS(IKOW)

DOSFAC = TABLE2(IROW)
OOSINH = TABLE4(IROW)
.DAE = TABLE3(IROW)
JUGAFW = 1.0

DUGAFA = 1.0
1F(TrME.WixE.l1i) (o TO 141
DUGAFA = TABLIO(IROW)
UUGAFW = TABLil(IROW)
1IF(IMME2NE.1O000) GO TO 143
DUGAFA = TAJL12(IROW)
LjU'iAFW = TA3L13(IROW)

TU 1.0
VALUE1 = 150*XLAMD

..IFLVA LE' t GTJ0,) VALU'E180,
IF'(IAUM..EQ'Y) TD=EXP(VALU•I)
VALUL2 = 120*XLAiý'D
_E._ALt•2-GT-8O.) ~IVALUE2-8fl
MAC(LNUCPI) IROW

DDQ. 999A-TI1Jh=-_L
ILkRNUK =
dI = IJ + -
._0 ATO(9I9NOuc5IJ) + 1
GO TO(999f10,20p,30p40p50#60)pJ

CONTINUE_

*I1j11MLATION PATHWAY

IF(INACT.Eu.'N') GO TO 1611
WRITE(6,1610)XNAME(INUC,1),XNAME(INUc,2)
WORMA1 t IHI ,•L

$ ITNrALMiION PATIiWAY VARIABLES FOR NUCLIDE ',2A4 //,bX,
$1 U(ivREM/YR), DOSE GUID-LINI-E',,/6X,

....... $ _An iIKG•/1v2TI, ,05l LOADING TIA . /!-.-6X.

$S UA(M3/YR), BREATHING RATE OF EXPOSEDfe/t6Xp
$' TX(YR), TIME PLRIOD OF EXPOSURE',/,6X,

-......... $! _._FW ILUTION FkCTOR OF WASTE WITH FOL OROTHER ivlTERIALS-i/v&6-vp _
$' Rml(KG/M3), DEINSITY OF V'ASTE MATERIAL',//)

!fill CON INJUL
htiLAiJ_-t •bu.,5ii) D,:Ao,t JATXp•Fw •RHO .. ....... ... ... .

IF(IAUM.*-QIY) OOSINH=DUSINH/DAF
TOP = D*TD*RHO*DUGAFA

.... BOTTOM =AD*VUA*TX*FW*DOSINH
MAC (Ii'UC rJl) = 1 • OOL-12*TOP/BOTTOm

C*****MAC(i0ICrtU-CI/CM3)F MAX. AVERAVE CONCENTRATION
G.Q.. TV 999.

C
;o0 CONTINUE

C•*.***FOUU COi4SUMPrION4 PAIHWAY
C

- i_(.LNACI.JESL. .N! GO TO 2b11 "_.
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34.5

344
34b
34b

34d
349

-.3-5o
351

* 35s
354
35t)
35ý)

357
356

.360

361

365
364

367
366... 36k?
369

370
.37?.
.371

.57,'.

37b
37b

37L

379
38U
3861
3b•
3883
364
38b
38'j
36 i
36b
389

39U
391
39Z2
393
394
39b
39b
39t
39b

lE 1(b,261O)Xr4ANE(1iNUC,1) pANAMlE(INUC,2)
Zb1O FUlRM A ( Ifil, 6X,

•' FOUL COHqSUMPTLVN PA(HWNAY VAkIrABLESIFOR__NUCLIO. ',2A4,//#6X,

$' U(MREM/YR), DOSE GUIOELINE',/p6X,
$' F•, DILUTION FRACTION OF WASTE WITH SOIL',/,6X,

....... . _'E.II FACTOR FOR BIURIFD MATERIALS9./,,6X,
$1 NiHu(K./,A3), DE•IS611Y OF' WASTE MATERIAL',/,6X,
$' di'IVp VEGETATIVt_ IbUIACCUMULATION AND UPTAKE FACTUR,,/,bX,

. . .. '.9N AT (tG/YR), iEAf CONSUMPTIOi4 RATCfe. 6X, -.. ..
$' UMILK(M3/YR), MILK. CONSUMPTION RATE',/,6X,
$' UVEG(KG/YR), VEGETABLE CONSUMPTION RATE',/,6X,
. .$,FFAY/KG), STABLE ELEMENT TRANSFER' COEF. ANIMAL TO A.LAT,,/
11 UA(KG/OAY), Alq.LMAL CONSUmiPUiOIJ4 RATL',/,6X,
$9 FHD(LAY/1i3), STABLE ELL'riENT FRANSFER COEF. ANIMAL TO MILK',/
.. .F.. .FIACIJ4LLOItAINUAL FOOn CO_4SUMPTION PRODUCEU Ow' SlTE',/,

2b11 CONTINUE
REAU (5,• ,5)UFWF2, RHO,BMVUMEATUMILKPUVEGFFQAFMF3
TOP .=.. .U F2 *T*iRH O *DUGAF • ..... I

uo)i z Or' - DOSFAC*MIV*Fi*Fv ( UMEAT*FF*(A+UMILK*FM*OA+LIVE G)
NI•AL(,(LUCJI) = 1.00E-12*IOP/bOT1O0M

C 0 5 P 1 & (z-0fq RATION
(7u [0 999

,.fX,

/)

C
3_) -CAGrAJ-i J'UL __

C
C*.****iý.(LT t6AMMA EXpuSU•E PAIfiWAY

IF(INACT.EQ.'N') GO TO 3b11

bwKI'IL(6,3610)XNAIMIE(INUC,1)FXNAME(INUC,2.)
.b_ _... F.XMA_ 1_-1,b ------------ b Xp

L' .)i•'LCi GAMiA LAPOSUE PATHWAY VARIA-BLES FOR NUCLADL ',2A4,//,oX,
$1 iv.u0'1-1),EFFLCTEVE ojAMi'i,4 RAY AlTTE4NUATION,,/,6X,

$1 Ui(( /SEC)/MICRO-Ci), GAMMA EMISSION RATE ',/,6X,
$' MURHO(M2/KG), MASS ABSORPTION COEFFICIENT FOR TISSUE',/,6X,

....... .. 'i AV R' E ENERGY OF THE_.EMITTED GAMMA RAYS TIMES',/,6Xs
$0 ihE -iuL'IiPLIC.LTY OF AVERAGE ENERGY GAMMA RAYS. SLT i,/,bXP
$9 L.i = (.0 FOR iUCLIDES WITH NO EMITTED GAMMA RAATAION,',/t6X,

$, FW, DILUTION FACTOR OF WASTE WITH sOIL'.//)
.501 COIJTjI14UL.

iF(Li,'.E°.G.0)GO 10 999
lup = *,,*Ol
tA) f IQ 1bb.,IU fl**iTXF(U.

M•AC(IN.U.,JI) 1,OE-3*TOP/BOTOUM
C*****MAC (IICRU-CI/CMZ3) MAX. AVERAGE CONCENTRATION

... . G Q .T y 9 ±..9 _ _.... . . ... . . ... . . ... . . .
C

C*****,HEET ERUSION PAIHVJAY
C

iF(1.hAC].,EQG_'N_, GO TO 4bl_. . .
bdRl IL( 0 4610 )Xl4AiiE(iiNUCP ), XNAML'(INUC,2)

4o1U FURI'AlI (11h1ibX,
$' .iiLT ENOSION HlATH-VAY 'ARIAtiLLS FORMUCLIDE. ',.A4,//,bX
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399 $ 9 UD(MREM/YR)r DOSE (ýUIDELINEp,/,6X6

400 $9 MTtM3/YR)p WATER UILUTION RATE't/p6X#
401 $' DO, DILUTION wITH CLEAN DIRT,,!.6X_
402 V' FE(1/YR)o FRACTION OF THE SOIL ERODED AWAY PER YEAR',/v6X#
406 "' VWP(M3)p WASTE VOLUME',/p6X,
.. I .... . L 3Z'YR)a WATER UTII TZATION RATE- I
40t. 4bll Co1ijT 1i UL
40tb REAb(5,525)DMTJuDpFEVoUA
_407 TOP = D*MT*Db*EXIP(VALUE2)*TD*pDUGAFW
408 8OTTuM = FE*UA*UOSFAC*VW
409 MAC(INUC,JI) = 1.OOE-12*TOP/BOTTOM
.. _• L**iAC (MICRO-CI!CMA) MAXo AVERAGE CONCEr.TfRAI-ON.- . . .
411 60 l 999
412 C

414 C
415 C*****INESTION (WELL WATER) PATHWAY

411 IF(1.NACT.EQ.ii'j9) GO TO bull
41l0 ,R I Tf. (6,561 ) XNA.1E ( I uC ,1i) , XNA:4• ( INUc',,2 )

. .. _ 9 .... . .. .... i , .• ........ . -.. -----
420 S$ WELL WATER INGESTION PATHWAY VARIABLES FOR NUCLIUE ',2A4t,//b6X
421 s$ VA(M/YR), VERTICAL WATER VELOCITY',/,6X,

. -42 - .. .- .... ......... $.-1-XA4 L'•L V QE T CAL Dn s'5 ANCEft -/ (-o. . ..... .. .
42,5 $9 DWd(M4/YR), DJLUTION WATER HArEf,/,6X,
424 $, Vb(M/YK)t VELOLITY QF LATLRIALLY MOVING WATER(AGUIFER)'#/,oXp

... L Lyjt•Ad4/.YR) p DiLUTIt)N IATF- R1iTE;/.. j A. ' IF
420 $S NX&P NUMBER NOOE POINTS FOR DISTRIBUTED SOURCE (iXa = 1 FOR',/v
421 $bX,' POIiNT SOURCE)9,/,bX#

2.. _ . _$_.__ I•jt) * DISTANCE TO HE .WELL LRO) IAc N.ODE POiNT-'. /•6 _... . .
429 $' AK, NUCLIDE SpLCIFIC SORPTION COEFF. t/p6X,
430 $ . $ D(i12/Yk), AQUIFER JISPLRSION COEFF.',/r6X,
431 $... #.. (Yh-E), NULLIDE SPECIFIC LEACH CON.....STANT
432 .$ VW(13)v WASTE VOLUME')
436 WRITE (6#5609)
4.34 _ FORMAT i(X .
4.3!: $' DU6 ORAIi/ YR), P uSE- 6IuIEL INE I,//,GoX o

430' UbrFAC( ,3/'(), WArER 0.I ILIZATION RATE',//)

43d READ (b5p25)X(1 )IX(2) ,X(3) pX(4) ,X(5) , I X.1
439 1NUM = [Xl + 5

4 '40... ..- - . k _A,(5,5"5) - k-(X(IN bIN Eb, UM)
441 hA'O(b p.J25)d(1) U(2),CLCh-,VvvUGFUSEFAC
442 L*A = X(6)
.q q 6 . . ....i, _= _ ..• ............. . . ...... .

444 GAG CLCH + XLAP1.
44b B(6) = 6AG

.... CALL LAUJT-OL4TI X PIXI I 1B r XLAMD, ATOAIAC i IERROR)...
447 IF(Ir-lRUrk-O) 999,561b,999
440 bboL• TOP = O"**DUGAFW
-441J•....... . .•_. f k - ll. -E Xp ( -4, . *GAG ) )/ ( u .. A& )_4_* ATMAC
450 BOTTOM = CLCH*FZC.RO*USEFAC*VW*DOSFAC
451 MAC(INUCpJI) =1,00LE-12*TOP/6OTTOM
452 C*****iC.( .C.1CR-C L ERjiECQ'CETRAIION

456 GO 10 999
4514 C
4 5 a b U.. .. . .. . .... .. . ...........
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45b C

457 C*****INGESTION (GROUNOWATIER) PATHWAY
45d C
459 IF(INACTEQ.N') 60 TO 6611
460 WRITE(6,6610)XNAME(INUC,1) eXNAME(INUCe2)
461 6610 FORMAT(lH1,6X,
462 $* GROUIL)oATER INGESTION PATHWAY VARIABLES FOR NUCLiDE ',2A4,//p6XP
463 $1 VA(M/YR). VERTICAL WATER VELOCITY'.,/,6X,
4614 $' XA(M),VERTICAI_ DISTANCE'/.6X,
46b $' DWA(M3/YR)t DILUTION WATER RATE,/,/6X#
46b $, VS(M/YR)p VELOCITY OF LATERIALLY MOVING WATER(AQUIFER)'p/,6Xp
467 $' .Wb(M3 YR), DILUTION WATER RATEt,/.6X,
46d $9 NkBP NUMBER NOijE POINTS FOR DISTRIBUTED SOURCE (,4XLi = 1 FOH',/,
469 $oXp' POINT SOURCL)',/p6X,

___J0 _ $2._,b (I) (i), LISFANCE TO UUTLFT FERoM EACH NODE--PN.f--,/-,oX,
471 $S XK, NUCLIDE SPECIFIC SORPTION COEFF,#i,/,6X,
472 $' D(M2/YR), AQUIFER DISPERSION COEFF.',/,6XP
_7.~ .. ~C1"5XLcH(YR-1), NijCLIDE SPECIFIC LEACH CONETT/,6,, . .

474 $' V*(M3), WASTE vOLUM1E')
47b RT•LT. 6r6096 )

477 $' LG(MREM/YR), DoSE GUIDELINE',/p6X,
478 $' USEFAC(M3/YR), WATER UTILIZATION RATE',//)
479 bbll O0 Til. ....- 0_ _ _ _ _ __NI_•_.... .. .._

46U liLAU)(b, •ZS) X ( l),A(2) ,X(5) ,X (u) ,X(5) ,lXl

.481 INUM 7 IXI + 5
482" RFAi ,525 )( X( l),I,, IUM)
48,3 READ(bb25)B(1),b(2)pCLCHVWUGUSEFAC
484 DUA = X(3),
4 8 b _ _ _ _. ......... . ... . . . . . .
480 GAG ='CL(.H + XLAD
4b( 6(3 AG-

_-4btý - -. LA"- .ALU"_QLUI( X x I B. a XL AMi,. A T 0rA, I ERROf4....... .
489 IF(IERROK-O) 999,6615,999
490 bblb TOP = )WUt3*UG*DUGAFW

_ 49 _. ............ -_ (l -: EXP (-4.U *GA))/ ( 4O.*GAG -)*AUO MAC
492 boiluoA CLCri*FZLRU*USEFAC*VW*DOSFAC
493 i4AC(ANUCpJI) = i.0UE-12*TOP/buTTOW1

1-49_4- C_.. *AC_(i-C1-C.5. MAX, AVERAGL i.,CE4UTRAT.IO4
49b GO TU 999
49b

-497

496
499
.500..
501.
502
503
50 4
50b
50D
507
508
509
510
511
512

C

C

C
C**
C

CON [LNUE
1F(INUC.LT..l3TUL)V) GO TO 1000

* ** P RIU VT. OF_ AA _ QH, A.lSO . Ll PATHWAYS

***PR.INT TiTLES ANO HEADINGS

tII: ( 6,t 5
b f-*u i'lj•[(lhtbl, (/), Tll4,19X,

$_L4A,_MUI AVEkAGk CONCOEf'•k "N T_ -FOR- -uUCLIDES
- F(TIMEC..E.0)'/RITE(b,b53)TIME

bb5 FORMAf(1I47,'DECAY DAUGHTER INGROWTH TIME (YR)

...IF LEQ.,N' ) oRITE(6,b59)
bb9 FUrI.iAT( rbo,, NO ADM4INISTRATlVE COi4TRoL')

IFu(.1FfIAT L4.4 .' U'NlJ . ITE(6,b51)
._.; Fo_ 611... 4 A , fj•_[ i• , UNJILR AL~i%.IfN1STRAT V .kOFRO.'

(IAiCiO-C I/CC)

' ,A5)
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516
514 6bt
51b
51b
517

519
52U
521
522
523 C

52b
52t

526
529

- 530
531
534

-7 531+ 113

S 53t5

-5-30.......
531
53d
-53 ..91..

.5•0 111
.540 1
541

546
5.4 lip
544 llý
54t~)
54b

547

549

•; -; 55_1.......... ....

552
55.5

55b
55b 11
557 il.
550
559 b1

.5 6 _o ........ .. . . ..

561
562 11.

564
56b
56 ..
567 99

56d C

+
WRITE(6,654)
FORMAT(//,T18, 11X

$'MAC FROM MAC FROM IbX MACFROM
S'(MAC) FROM MAXIMUM'P/tTl8,1ixt
S'RECLAIMER FOOD MAC FROM
SISHEFT AVERAGF',!,TIB,
$'NUCLIDt INHALATION PATHWAY W
$,WATER EROSION CONCENTRATIO

S t .. ..---

... .. - - - - - - - -

( M A - % V7 p n fvl I . -% v

DIRECT

ELL WATER
• p/rT18.

(ýROUNDp8X,

EXPOSURE',6Xp

-------- 1.3y .
'I

- --

IP3 - 0
UO 1100 IPTROW =1,23
AO0 1110 IP = 1,NSTUUY

... IE1PR,- NE{,NE.MAC(IP,1)) GO TO II.0.

Ipa =IP3 +
UO 1118 ITEST 270

........ IJ)UXW---=-.MAC ( IP,1)'......

IF(MAC(IP,ITEST).LE.rABLE6(IIRO•)) GO TO 1118
MAC(1PIIEST) iAbLEb(I1ROW)
..........1ELA31 IT. - IiSTRC

13 CONTINUE
DO 1119 IZERO 2,7

......EIMACIIPTERO).EQ.0) GO TO 1!19
1INMAL = -AAC(IP,1ZERO)
GO TO 1117

L COQNTINUE
L0 1120 IMIN = 2,7
IfA.MACI-f-,t•IMIN)-E-.O.0) GO TO 112f_.
IF('IN~MA(.GI.MAC(IPI;,IIN) )MIN/AC :MAC(IP,IMIN)

SC UNq 11 i"4 j

I.r 1Lt6.,b-•,5-1 (XNAiE ( IP, IX ,I A z
$MAC(IP,2),IFLAG1(IP,2),MAC(IP,3),IFLAG1(IP,3)e
SMAC(IP,6),IFLAGI(IP,b),MAC(IP,4),IFLAGJ(IP,4),

..__•IMAC (I P 07) ,IFL A G(I TPu?.mM AC (I P, a 5__~tL•.5
$ividNMAC

F0IKMAT(1I1,2A4,
$b..L o 1 RPEd,2 o2 A 1,14 X, vIP 2 ,1AI 8.PpBI2L ...............

0.

L14
)Io

MINMAC = 0,0
(IC P3.GE.3)WRITE(b,6bO)

iF(P,.• IP3:

CONTI IUE

WRI1E(6,o70)
FORFiAT(1Xf50(/))

._~._~1IR = 1,25
wo 1113 IIC = 1,7
MA C(IIRFAIC) 0 .`
CO.14ViUL] -

ITIMES = ITIK4ES + 1
IF(ITIMES.GE.2) GO TO 99999
(20 TO lib ........

9 STOP
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570 C*****SUBROUTINE PATHI
571 C
572 SUBlOUTINE PATH1
573 WRITE(6,16t0)
574 1blO FORMAT(1Hlt6X
57b SO INHALATION PAT
57b $S D(MREM/YR), DO
577 $' AJ(KG/M3), .US
578 $1 UA(M3/YR)} RRF

ý579 $1 TX(YR), TIME P
580 $' FW, DILUTION F
581 St RHO(KG/M3), DE
582 RE TURN
585 C
584 PATH2
58b C
58b SUBROUTINE PATH2
58,7 WRITF(6t2610)
58d 2b10 FORMAT(iHl,6X,
589 $t FOOD CONSUMPTI
590 _ a I± U(MR.M/YR), Do
591 $1 FWP, DILUTION F
592 1' F2, MIXING FAC

.... _.gs- RHO(KG/M3). DE
594 $' 6MVP V.GETAIIV
59b $' UMiAT(KG/YR),

597 SO UVLG(KG/.YR)p V
598 5' FF(DAY/KG)o ST
599 Q $ _ I K, 'A.Y ) P ANi

bOO P' FH(LA1/Ai), ST
.601 $1 F3, FRACTION 0

b03 C
604- C*****SUbROUT iE•4 PATH3

bOb SUdr(UUTINE PATH3
6071 wki [r,. (6 p ,610 )

_ &oo- . 3'l... FOTvjkj-(V16X
609 .$' 0IRECT GAMMA E
610 $f MU(M-1),EFFECT

. 1 .l-' •_LMARAO/YR) t AR
612 a, eI C( /S•.C)/MICR

b15. $' MURHO(Ni2/KG),
6514 E 11 (... ......--- - =-._ (.:,r ._) L A.VE R

61b SO TrE MULTIPLIC
S616b S' EM = 0.0 FOR.
617 9 TX(HR/YR), TIM
bli St 'H, OILUTIOJ" F
619 kL I Uwr•

b2i C
621 C.*.****-UUOUTi.,E PAjTH4
62Z C
623 S..k. • _T.i PATH4

6ZN. •RIiL ( 6, ,.61•,

62b 4010U FORNiAl (lt 11h bX t
620 $' SHEET LROSION

HWAY VARIARLES 9,!!,X, .to ..
tE GU1DELINE',/,6Xt
T LOADING IN AIR',/,6X,
ATHING RATE OF ExpOSED'p/ZX,
ERIOD OF EXPOSURE',/,6X,
ACTOR OF WASTE WITH SOIL OR OTHER MATERIALSt'/p6X,
NSITY OF WASTE MATERIAL?•/_) .

%N PATHWAY VARIABLES 'e//,6XP
,F b . DFLI-EX .. ....... ... ........
ACTOR OF WASTE WITH SOIL',/v6Xv
TOR FOR bURIED MATERIALSvt/p6Xt
NSITY OF WASTE MATER AL-LP/X.6X.
L BIOACCUMULATION AND UPTAKE FACTORl,/ebX#
i;EAI CONSUMPTION RATE't,/6X,
m,!I K CONS PT O RATN/SXI ......... ... .
EGETABLE CONSUMPTION RATE',/,6X"
ABLE ELEMENT TRANSFER COEF. ANIMAL TO MEAT',/,6X,
fMAI fA IIMPTTnM 3 AT,- I -I.v

ABLE ELEMENT TRANSFER COEF. ANIMAL TO MiLK',/,6Xv
,N ANNiUAL FOOD. CUNSUMPIION PRODUCED Os' SITE',//)

APOSURE PATHWAY VARIABLES I,//,bX,
IVE GAMMA RAY ATTENUATION' ,/,6X
SORBED DOSE RATEj_#6bL ..
Q-Cl)t GAMMA EMiSSION RATE t/l,bX,
MjASS ADSORPTION COEFFICIENT FOR TI4SUE',/,6X,
6E ENER0Y OF THL.EiTED.GAMMA RAYz TIMLS',/,6X,
ITY OF AVERAGE ENERGY.GAMMA RAYS. SET tt/,6X,
NUCLIDES WITH NO EMITTED GAMMA RADiATION.',/p6X,
E OF EXPOSUREtp/,6Xv
hCTOR OF WASTE iITH SOIL,,//)

-ATHWAY VARIABLES t,/,obX,
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627
62b
629
630
631

633
634

63b
637
638
639
64U
641___
642
646

644
64~o

64t8
649
-65,3
651
652

65b651
65b

659
660
661

'6b~

667

669
670
671
672
673

675o
6t7b

6.7 •

679
680

081

672

CC***w

C

SolO

$' V(MREM/YR), DOSE GUIDELINE'e/p6X,
$' MT(M3/YR), WATLR DILUTION RATL,/.4tX.
$' DD, DfLUT!ON WITH CLEAN 01RT'.!86X,

$' FE(1/YR), FRACTION OF THE. SOIL ERODED AWAY PER YLAR'p/,6Xv
$1 VW(M3)p WASTE VOLUME',/b6Xp
$, UA(M3/YR), 'WATER UTILIZATTON RATEP/t.1................

RETURN

K*SUBROUTIisF PATHs

SUBROUTINE PATHS
WRIT (69,5610) "

FORMAT(Iti.#X r
$' WLLL .•ATER INGLSTION PATHWAY VARIALiLES 'p//,6Xp
-$'. Al fk_ ), VERTiCAL WATER VELOCITY#,-/.X . . . . . .. .

$I XA(M),VERTICAL DISTANCEtv/,6Xp
S$ UWA(M3/YR)r DILUTION WATER RATE',/,6X,
$, VB(M/YR), VELOCTTY OF LATERAILLY MOVINJG ... TER-(AQUIFER).,-/•.bX•-......
$' L)*vu(M3/YR)p DILUTION WATER HATE',/,6X,
$' NXiv, NUMBER NOUE POINTS FOR DISTRIBUTLo SOURCE (NXd = 1 FOR',/P

.... _ PO T JRC )'. X . . ..... I U...........
.' XB(I)(M), DISTANCE TO THE WELL FROM EACH NODE POLNT'p/e-6XF
5' XKp NUCLIDE SPECIFIC SORPTION COEFF.',/#6XP
.SI-.04N2-#YR)1 AQUIFER DISPERSION COEFF--/-6X-, ...
$' CLCH(YRi-1)p NUCLIDE SPECIFIC LEACH CONSTANT',/,6X,
$' .Vi(M3), WASTE. vOLU:AE')...... ........ ..(• be~a __ _ _ _ ------)-

5b09 FORMAT(X.X,
$' UG(MREM/YR), DOSE GUIVELINElp/p6X,

I' USEFAC(M3/YR). WATER UTILIZATION RATEJ/) .

C

C-

R--rFuR4
**SUuRQUT~Ik P.ATH6j

SUBROUT1INE PATH6
WRITE(A*6bbl)

oolU FURMAT (lnl ,6 X,
$' GRUUNL)OATER IIgESTION PATHWAY VARIABLES ',//,6Ap

-.. $'.L.._L.( LVERTICAL VATrR VELOYJL&X...
$9 XA(M),VERTICAL DISTANCE',I/bXv
$' UWA(M3/YRj, DILUTION WATER RATE9t/,6X,
$. Vb(M/YR}p VELOCITY OF LATERIALLY MflVINWAITER(AQUIFERj..'LejKL..
$1 U06(03/YR)p DILUTION WATER RATE,,/p6Xt
$' NXu, :,NidER NoUE POINTS FOR bISTRIBUTED SOURCE (ilXd 1 FOR'e/p
Sb~''. P.OIjiL_ SOURC)' , 6Xp .) t.... .. .6
$' Xd(I)(M)v DISTANCE TO OUTLET FROM EACH NODE POINFI,/FoX,
$9 X Ke NUCLIDE SPECIFIC SORPTION COEFF',/,t6XP
........... D). AGUTFER DISPERSION -CEO r /_6x.. . ........
$' CL.hC(ritr-'), NULLIOtJ SPECIFIC LEACH CONSTANT'I,/6AP
$t Vvi(iY13)p VASrE VOLUMiE.')

....... • iI •.fa 0•... ....... ..........

6009 FORMAT(b6A
$' OG(MREM/YR), DUSE 3UIUELINEl,/p6Xv
5' . WATER UTILIZATION._RATE!-A//)
RETURiN
ENJ
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1 SUBROuTINE AUTOMI(XREALIXIBREALXLAMDPATOMACIER•OR)
2 REAL XREAL(50),AREAL(10)pXiAM- -_

3 IMPLICIT DOUBLE PRECISION(A-HO-Z)
4 COMMON CA(300)pCb(300),TA(300)p'rB(30.0),XLAMpGApXB(20),SUM2(300)

b O SUMI=O,

7 DO 54 J=13000
d TA(J)1.
9 TB(J)=O,

10 CA(J)=O.
-- 11 _ _ _CR Cd)= ...............

12 AXCA = 0,0
13 AXCU = 0,0

Ib VA = XR•AL(1)
lb XA = XREAL(2)
17 nWA -- FAi 1%
id

19
20

21
22

24
2b2b

27

- 26
__9
30
31

3534
3'.

3o
3,

39
40

43
4.5

4b
.47 _

,•9
.50-
51
52

53
54

VB= XR-AL(4)
Owb = XILAL(5)

JEND IXl + 5
00 bOO ITRANS =6pJEND

5000 -X&-(ITHANS-5) ý XREAL(TTRANS)
XK b UREAL{i)
U : oREAL(2)

SkR~->'l (3)
XLAM = XLAM)
TSA 0.e*XK*XA/VA

.. TEA =.0F+8
= 1.OE+8

IhAwF = ý.b9314/C.A
------ = OTE*THALF
CHECK =.VA**2./(4.*XK*(GA-XLAM))
IF(D.GT.CHECK)D0=,5*CHECK

r 1i ,,

1 T 'SM

BRAOA= ( VA**2)/( 4.*O*XK)+XLAM-GA)
IF(BRAOA.LT.O.)GQ TO 30

...... UI•i)SR~T (RRAflA)

jJ M•,(A.-XM*VA/ (2.*.u) -(AA*I'-AA*,J1
ARdA2=(A,-2.*D1.*i)/(2.*USQRT(r))
AKýýA_..= .I(AA+2_,*T*- 1) !(: • I )

ARGA3 XA*VA/(2.*D)-GA*T +AA*DI
CALL MERFCD(ARGA2.ERFC1)
.F(AFRQAR.,GT.25.)(O TO 22 _ ___
IF(AR(6A3.GT.o9l.)GO TO 3.5
Fl=.-XP (,RGA6)
C(ALLA._EirCALARGA+, EHFC-4).. .
60 TO 26

22 EL=U.

'.o I11+i.
(l- Lb.

.. .... T=(-*0 ,. 5}OT .0
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.57 IF(T.GE.1.5)DT=r.
5d IF(T.GE.15.)DT=5.
59 IF(T.GF.150.)pj-,50.
60 IF(T.GE.1500.)DT=500.
6j IF,(T.GE.-15000)DT=5000,

_62 - IFLTACET 5000,)OT-5OO000
6b IF(r.GE.150C0O0.)DT=500.00,
.64 IF(T.G(.l50O0OO.)DT=50OU000.

6b CA(I)=0.5*C1*(DEXP(ARGA1)*ERFC1+E÷*ERFC4)
67 IF(I.EQ.1) 60 TO 1599
66 (CAI . . aIF(I.GT.CA(I-1) )AXCA=CA(I)
69 Ib99 CONrINUL
70 IF(I.EQ4I)GO TO 21

---- 7-1- 11.. .... E 1 T SUM I ='ýW I + . 5. a 5 ( C -! + C A ( DT-.

72 21 CONTINUE
73 T=T+DT

-__74_CAfl)s T.(AXCA/1-QF÷+1O)) GO rW 160n, __
75 IF(TA(I).GT.TENU) GO FO. 1600
7b IF(T.LE*.TFA)GO TO 20
~77 - A 0 -16 A- --- Q 14T IU
76 IF(XU({).LT..1)GO TO b5
79 1ENU=I
bQ ___ . - 40- ..... TAL-_FiTMLRGIcC3,JT'AU. TENDaTFAG4..... .
61 IF(IFLAG.EQ.1)Go TO bb
82 IAU=TA(JfAU)
.86 . .. J.AUb=( (Vb**2)I/(4.*i*XK)+XLAF-GR) . .
84 IF(BRADBI.LT.O.)GO TO 31

b LRADBt2(=(VB**2)/(4.*D*XK)+XLAM-GC)
.... • .... .... ........... rF__B2 .LT _0 )(3Q To 52 ......

865 u,=UzGRTtdRAOb2)
-- 89 1iiAL4.t_ _=_ __ _ _ _ _ _ _ _ _ _ _ _ u--

90 UO b3 J=,IIXB
91 A8=DSURT(XK/D)*Xb(J)

9.3 r=rM.J
94 bO AbIC=VB*AB (J)/(2.*D) -6B*(T-TAU)-AB*D2

9b ARG5=(AB-2.*D2*T)/(2w*DSQRT(T))
97 ARG6=(Ad-2.*D3*T)/(2.*0SGRT(TJ)
9.0_ . AR-77TVR*XR(J)/(2-*D)-OR*(T-TAU)+AB*2•.. .
99 iA•VBjX6(J)/(2.*D)-GC*(T-TAU)+AB*D3

1W' AR9Z(Au+2.*b2*T)/(2.*JuSRT(T))
_101 _r,6 0= ___________f_2 _____G (T

102 CALL MERFCD(ARG5,ERFCZ)
10.5 CALL MERFCD(ARGbERFCi)

.104 .. IF(ARG9.GT.25o)GO TO 23
lob 1F(AkG7.,T.b9l.)vO 10 34
lob El=LXP(Akt37)

CALL __~FADA~9piF'
108 GO To 27
109 2.3 .•!.
_110 tF9O__ ____ _

iii - 7 iF(AkG13.3T.2b.)Q0 TO 24
11 IF(AH(,o.GT.691.)GO To 35
11... ... . . .. X p RG j-
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114
115
i~b -- 4

117
11L• 28

-119__-

120
121
122
12.5

124
125
12b
121

129
130

132
133

135
13b
1317 1b 90

141
142

144 110
1L+b 53

147
148

150 SQ
151

-.152. __ _

153
154

15b jQ
151

159
160 3
161

163

165

16cs
169

CALL MERFCD(ARG1OPERFC1O)
60 TO 28
F2=0-

ERFCIO=O.

wlr-

IF(,rGE..15)L)T=,05
IF(T.GE.1.5)0T=.b
iF(T-GE,*1 )UTý5-

IF(T.GE.150,)OT=5O,
IF(T.GEl50O.)DT=500,
IF(T.GF.15Oll.)nT-50UO
IF(T.GE,150000. )uT-bOUO0,
IF(r.G.i.1500000. )OT=5'00OO,

__ F(r.GE.I_3OQOfO0 . )f)l-'bOCutiflO*

T15 (I) :T
FAC"JEXP (ARGC) *ERFC2-DEXP (ARG4) *ERFC3+El*ERFC9-E2*.RFC10
T I~Ctc.. , 'r %r,Ti-rn1TijfLn

IF(FAC.LT.O.)GO ro 2'
Cb(1)=0.b*C3*FAC+CB(I)
I E1WL• MAX TFiQE _,

9._

IF(IEQ.) GO TO 1699
IF(Ca(I}.,GT.CB(I-1)) AXC5 =Ct3(I)
-CWLTINUL ___

IF(I.E0.l)GQ TO 51
SUfM2( 1)=:UM2( 1-)+U.)*(Cb(I-1)+CB(I))*DT

IF(Cb(I).LT.(AXC6/1.0E+lO)) GO TO 1700
IF(TB(I).GTTEND) GO TO 1700
-IFCT.LE.TFH) GO TO 50
CONf I INluL
CONTINUE

_CbiAAX=Cd(1)
iF(IENDBEQ.1) GO TO b7
DO 56 IMAX:2,IENbB
TF(CfMAX.I T.CR(TMAX) 1CRMAX•CRITMnY1

U

ion r i ,AX 1CMU-C (TA.
LoNrINUL

-ILNIBOR - IFLAG
ATOMAC = CBMAX
IERROR = IFLAG

-_RFTURN ...... ..
£FLAG = e
60 TO 56

GO TO 55
IFLAU = 4
_ 0_ T o L .. .......... . .
I FL.A6 = 5

QU To so

GO TO 55
IFLAG = 7

.__Q 1._50 3______..........._

SUOROUTii4E FIT (v.,B,bC#AJTAU#IENDpIFLAG)
I[•PLICIT .OU6LE PRECISIOk(A-HO-Z)

_C .,I'.IU CA(300)tC- ( 300J)TA( 300 ),TIB(30LXLAM,-_ A
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1i1
172
175
174
17b17b

CALL LOCATE(CMAXJMAXPJSLtJTAUIENDIFLAG)
IF('iFLA6.EQ.1)RETURN
GB0x(A
Tll=TACJTAU)
T12=TA(OSL)
A=CA(JSL)*[DFXP(GA*(TA(JSL)-TA(.LTAU))i

177 W=A
17b S1=W*DEXP(-6A*(TA(JMAA)-iA JTAU)))
179 _ GC=(ijLO0(Q)-I)LG(S1-CMAX) )/(TA(JMAX)-TA(JTAU4).
180 Tl=TA(jTAU)
181 T2=TA(JMAX)
18a T3=TAIJSL)
18.5 Cl=CA(JTAU)
184 C2=CMIAX
18b ¢C4=C 'A(.JS I& ) .........
18b RETURN
187 SUBROUTiNE LOCATE(CMAXPJMAXJSLIJTAUIENDIFLAG)

.... ___ IMPLICTT DOUALE PRFCISTON(A-HtO-7)
189 CnIuHMN CA(300),Co(3tUJ),I'(3UO),TB(30O)PXLAMGA
190 iFLAz=O
191 .. . • 1OJ=1PIL1O
192 If(CA(J+1).GT.CA J)MCMAX=CA(J+1)
193 IFAtCA(J+1),GT.CA(J))JMAX=J+I,
.19. ......... 10 . c iiN UE
19b CTAU=U.1*CMAX
19b kic2u J=IJf;AX
197 i(C t I).TCT .TAU=o.

-198 iF(CA(J+1).GT.CTAU)GO TO 30
199 20 . CONTjNUE
_ __ 0 .......... ._-....... .. ,-.-.-A-=

201 HiT.TUkti
202 )o LSL=t1,-10)*CPAA
210 . .......... Q. L J=JMAX.IENu
204 IF(CA(J+1).LT.CSL)JSL=J+l
20b !F(CA(J+1).LT.CSL)RETURN
20-b-_ ... ...... _.. .CrI .INUjE

207 iFLA6=1
206 fLTUýk,

. 209 - ...... uiu_

<*ec>
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