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ABSTRACT

The computer code HADOC (Hanford Acute Dose Calculations) is described and
instructions for its use are presented. The code calculates external dose from
air submersion and inhalation doses following acute radionuclide releases.
Atmospheric dispersion is calculated using the Hanford model with options to
determine maximum conditions. Building wake effects and terrain variation may
also be considered. Doses are calculated using dose conversion factor supplied
in a data library. Doses are reported for one and fifty year dose commitment
periods for the maximum individual and the regional population (within 50
miles). The fractional contribution to dose by radionuclide and exposure mode

are also printed if requested.
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HADOC - A COMPUTER CODE FOR CALCULATION OF EXTERNAL AND
INHALATION DOSES FROM ACUTE RADIONUCLIDE RELEASES

1.0 INTRODUCTION

The computer code HADOC (Hanford Acute Dose Calculations) was prepared for
calculation of external and inhalation doses resulting from postulated acci-
dental radionuclide releases on the Hanford site. The code generates doses to
an individual at a specified location (referred to as the maximum individual)
and to the population in the region near the Hanford site.

Atmospheric dispersion is calculated using the Hanford dispersion model
(Fuquay et al. 1964) with building wake effects and terrain elevation con-
sidered as options. For elevated releases, the code will also determine (as
an option) the worst case dispersion conditions by considering Pasquill dis-
persion categories A-F. The maximally exposed individual dispersion factor is
calculated using the bivariate Gaussian dispersion equation (defined in
Section 2.0). The population dispersion factors are based on a cross—wind
sector averaged dispersion equation. The population dose is calcuated for the
sector having the highest population exposure factor as determined by the
dispersion factors and the specified population distribution.

The decay of the released radionuclide activities is considered during
transit from the release point to the location of the maximally exposed
individual, MI, and to the center of each population ring. Decay times are
based on user supplied average wind speeds. A chain decay processor with
multiple branching is used to calculate decayed activities.

The doses from external and inhalation exposure are calculated at each
location for specified organs. Doses reported include the MI dose (by organ
and exposure mode) and the total population dose (by organ and exposure mode)
in the sector having the highest population exposure factor. The first year
and fifty-year dose commitments are reported.

Optional reports may be printed giving the fractional contribution to
total dose by radionuclide for each organ and dose commitment period for the

MI and the population.
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2.0 MATHEMATICAL MODELS

The mathematical models employed by HADOC in estimation of potential
radiation doses to individuals and the population are described in this
section. The models were selected to be consistent with the current
methodology used for accident consequence analysis for releases on the Hanford
Site. This code implements models for dose calculations that are currently
performed using hand calculations and other codes not designed for this type
of calculation.

The doses to the maximally exposed individual are calculated at the
location of nearest public access to the release site as specified by the
user. The population doses are calculated for the maximum exposed sector as
determined by the maximum value generated for the population-exposure factor.
The population dose calculations are performed for the spatial grid system
shown in Figure 2.0-1. The population-exposure factor is calculated for each
sector by:

dj
where
PM. e population-exposure factor for sector j, person-sec/m3’
d% e centerline distances of spatial intervals (see Figure 2.0-1),
(E/Q)ij e time-integrated air concentratiog at center of spatial interval

in sector j at distance i, sec/m
p.. * number of people living in the spatial interval in direction j
H and at distance i, persons.

Values are generated for PMj for each sector and the maximum sector value is
used for the population dose calculations.

Models are described in the following sections for atmospheric
dispersion, terrain elevation, external exposure from submersion in the plume
and inhalation exposure from inhalation during plume passage.
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2.1 ATMOSPHERIC DISPERSION

The dispersion of released activity is estimated at the location of the
MI and at the midpoint of each population distance interval. The atmospheric
dispersion of activity is expressed as the time-integral of air concentration
at each location of interest. For the MI's Tocation, the atmospheric
dispersion calculation is based on the following assumptions:

e the individual is located at the closest point of public access,
o the wind blows toward the individual at a continuous speed of one m/sec,
e the air concentration is described by a bivariate Gaussion plume model,

® atmospheric stability conditions are stable (Hanford model or Pasquill
E-F) or unstable (Pasquill A-D) whichever is limiting,

e plume rise is not considered,
e building wake effects are considered for ground level releases, and

e terrain variation is considered.
With these assumptions the time-integrated normalized air concentration at the
location of the MI is given by:

exp | -h /(222)]

Yy 2

(2.1-1)

[ug B {1° 2 3]

(E/Q), » time-integrated air concentration at the location of the
maximally exposed individual, sec/m3’

h_ e effective release height at the location of interest, m,

u & average wind speed at the release elevation, m/sec,

L e effective crosswind horizontal standard deviation of plume
concentration at the location of interest, m, and

L e effective crosswind vertical standard deviation of plume
concentration at the location of interest, m.

The dispersion parameters (I, and )
z

Y include building wake effects and

are defined as:
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™
1]

(a" + A/2)

(2.1-2)

5. = (o2 + aj2)L12 (2.1-3)

2
y
2
y
where

A e minimum cross sectional area of the facility, m2,

oy e crosswind horizontal standard deviation of plume concentration at
the location of interest, m, and

o, crosswind vertical standard deviation of plume concentration at
the location of interest, m.

This model for the effective dispersion parameters includes enhanced dispersion
in the wake of the building through the cross sectional area parameter A

(Slade 1968). For stack releases significantly above the height of the build-
ing, wake effects would not be important and A would be set to zero. The
Nuclear Regulatory Commission (USNRC 1979) suggests that building wake effects
be considered only when the release point is lower than two and one-half times
the height of adjacent solid structures. Building wake effects are limited by

the relation:

T <3 oyc (2.1-4)

When Ly, L, > 3 oy o the value used for I, in the exponential of

Equation 2.1-1 is calculated as:
Zz = UZV3 (2.1-5)

The effective release height is given by:

he=he=hy >0 (2.1-6)

where

hS e stack height, m, and

ht e maximum terrain elevation above the base of the stack between
the stack and the location of interest, m. (See Section 2.2).
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The dispersion parameters (cy, cz) are calculated using the Hanford dis-
persion model for moderately stable conditions when ground-level releases are
considered. For elevated releases, however, unstable conditions (Pasquill A-D)
may result in higher values for (E/Q)m at locations near the release point.
Values for (E/Q)m are calculated for each stability (Pasquill A-F and

Hanford) and the maximum value is used in the dose calculations.

The crosswind standard deviations, o and oz, for stable atmospheric

conditions are calculated by the Hanford model as follows:

o’ = A[T ~all - e‘T/“)] (2.1-7)
of = a(l - L (2.1-8)
where:
T e transport time from point of release to point of interest, sec
and: A=c+ d(ceu) (2.2-9)
@ = A2 (ou)° (2.1-10)

a, b, ¢, d, k and (°eu) are parameters describing the atmospheric condition.
Table 2.1-1 summarizes suggested parameter values to be used with Hanford

moderately stable and Hanford very stable conditions.

Graphical representations of o and UZ for the six Pasquill stability

categories (Slade, 1968) have been tabluated and incorporated in a subroutine
for the computer code SUBDOSA (Strenge et al. 1975). This subroutine has been
modified for use by HADOC in estimating dispersion parameters for the six

Pasquill stability categories (A-F). Tabulated values for oy and o, are

presented in Tables 2.1-2 and 2.1-3 respectively.

Atmospheric dispersion for the population dose calculations is calculated
with the following assumptions:

2.5



Distance
Meters

100
150
250
350
500
700
1,000
1,500
2,500
3,500
5,000
7,000
10,000
15,000
25,000
35,000
50,000
70,000
100,000

TABLE 2.1-1 Values of Meteorological Parameters for
the Hanford Model

Parameter

a, ml
b, mé/sec
c, me/sec

d, m
ké, sec-2

Assumed Duration
of Release, Min.

10
60
120
240

Moderately Stable

Very Stable

Conditions Conditions
97 34
0.33 0.025
13 13
230 230
2.5 x 10-4 8.8 x 10-4
MINIMUM VALUES OF (ogli), radian - m/sec
T 2.5) 5 10
0.024 0.10 0.20 0.30
0.04 0.15 0.25 0.35
0.08 0.25 0.35 0.45
0.10 0.40 0.50 0.60
0.18 0.60 0.70 0.90

480

o.(m) for Pasquill Type

TABLE 2.1-2 Values of oy for Pasquill Stability Categories

J

A B C D E F

21 16 12 8.0 6.0 3.9

34 24 18 12 9.0 6.0

54 40 28 20 14 9.8
75 55 40 26 20 14
100 76 55 37 28 18
140 110 76 51 37 26
200 150 110 72 52 36
290 220 160 100 75 52
450 340 240 160 120 81
610 460 330 220 160 110
830 630 450 310 220 150
1,100 840 610 420 300 210
1,600 1,200 850 570 410 280
2,200 1,700 1,200 810 570 400
3,400 2,600 1,800 1,200 880 610
4,500 3,500 2,500 1,700 1,200 820
6,200 4,700 3,400 2,300 1,600 1,100
8,200 6,400 4,700 3,000 2,100 1,500
11,000 8,500 6,300 4,100 2,800 2,000
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TABLE 2.1-3 Values of o, for Pasquill Stability Categories

oz(m) for Pasquill Type
Distance
Meters A B C D E F
100 15 10 7.8 4.7 3.0 1.4
150 22 15 11 6.8 4.3 2.2
250 43 26 18 10 7.1 4.0
350 70 37 24 14 9.4 5.3
500 140 57 34 19 13 7.6
700 270 86 46 25 17 10
1,000 670 140 64 33 22 14
1,500 2,000 240 90 43 29 18
2,500 2,000 580 140 62 41 25
3,500 2,000 1,200 190 76 50 30
5,000 2,000 2,000 260 95 61 35
7,000 2,000 2,000 340 120 72 41
10,000 2,000 2,000 440 140 84 47
15,000 2,000 2,000 600 170 99 55
25,000 2,000 2,000 880 220 120 64
35,000 2,000 2,000 1,100 260 130 72
50,000 2,000 2,000 1,400 320 140 79
70,000 2,000 2,000 1,800 370 160 86
100,000 2,000 2,000 2,000 450 170 94
e the plume spreads uniformly over a 22.5° sector,
e the wind blows in one direction continuously at one m/sec,
e the population is uniform within each sector and distance ring,
e the atmospheric conditions are stable,
e terrain variation is considered,
e plume rise is not considered,
e building wake effects are considered, and
e the release is transported through the sector with the highest value of

PM. as defined by Equation 2.0-1.
The timé—integrated air concentration at the center of each spatial interval

is calculated as:

/ (222)] (2.1-11)

/12 exp [-h .

1
(E/Q)45 = <’12F> I7 G

=MD P

.i
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time-integrated air concentration for the spatial interval at

—
m
~
O
~—
—_
[ S
[ ]

distance i in sector j, sec/m3,

=
L]

sector width at distance i, m,

=
[ ]

m X1/8~|

x. o distance from release point to center of spatial interval i, m.
Other terms are as previously defined.

When building wake effects are to be considered, plumeexpansion in the
wake is limited by:

L, <o N3 (2.1-12)

2.2 TERRAIN ELEVATION

The effects of terrain elevation variation are considered by defining an
effective elevation ht at the location of the maximum individual and at the
midpoint of each spatial interval. The effective terrain elevation is used to
determine the effective plume height in Equation 2.1-6. The recommended method
for defining values of ht is the horizontal plume model for terrain correc-
tion as described in Regulatory Guide 1.111 (USNRC, 1977). Using this method
the value of ht is defined as the maximum terrain height between the release
point and the exposure point. The values of ht are specified for each
spatial interval.

2.3 EXTERNAL DOSE

Persons exposed to the plume will receive a radiation dose from gamma
emitting radionuclides during plume passage. This external gamma dose is cal-
culated assuming the plume to be semi-infinite in size (bounded by the ground)
and of uniform concentration equal to the ground-level centerline air
concentration. The dose to the maximally exposed individual is then given by:

K
e
Do = kg:‘l 0, (E/Q), D, (2.3-1)
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where
D e external total body dose to an individual from submersion in the
plume, rem,

Qk e activity of radionuclide k passing the location of interest,
curies,

Dﬁ . exterga] dose conversion factor for radionuclide k, rem per (Ci
sec/m”)

K & total number of radionuclides considered.

The external dose conversion factors supplied in the data library NUCDFL (see
Appendix C) are calculated for penetration to a tissue depth of 5 cm.

The dose to the population from external exposure is given by:

d.
Dpe = 3> 3 G (EQ D Py (2.3-2)
i=1 i=1
where

D o ® population total body dose (in maximum sector j) from submersion
P in the plume, person-rem

and other terms are as previously defined.

The activity, Q,, includes correction for radioactive decay in transit to the
location of intérest. Chain decay is considered with branching to and from

isomeric states.

2.4 INHALATION DOSE

Persons in the passing plume will receive radiation dose via inhalation
to the lungs and other internal organs. The dose to the maximally exposed
individual is calculated as:

K i
no = 5= & (E/Q) g (2.4-1)
k=1
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where
Dmo e inhalation dose to organ o of the maximally exposed individual
at the location of interest, rem,

DLO e inhalation dose conversion factor for radionuclide k and organ

o, rem per (Ci sec/m3),
and other terms are as previously defined.

The population dose is calculated as:

d. K
1 .
- 1 (2.4-2)
= g & % 0 B Py

where
Dpo e inhalation population dose (in maximum sector j) to organ o,
person rem,

o

ko ® inhalation dose conversion factor for radionuclide and organ

0, rem per (Ci sec/m3).
and other terms are as previously defined.

The inhalation dose conversion factors supplied in the data library NUCDFL
(see Appendix C) were calculated using the computer program DACRIN (Houston,
Strenge and Watson 1976; Strenge 1975). The program DACRIN employs the respi-
ratory tract model adopted by the ICRP Task Group on Lung Dynamics (ICRP 1966;
ICRP 1972). Dose factors are provided for acute inhalation followed by dose
commitment periods of 1 year and 50 years. The computer program HADOC presents
reports for both of these dose commitment periods.

2.10



3.0 REFERENCES

Fuquay, JJ., CL Simpson and WT Hinds. 1964. Estimates of Ground Level Air
Exposures Resulting from Protracted Emissions from /0-Meter Stacks at
Hanford. HW80204. General Electric Company, RichTand, WA.

Houston, JR, DL Strenge and EC Watson. 1976. DACRIN - A Computer Program for
Calculating Organ Dose from Acute or Chronic Radionuclide Inhalation,
BNWL-B-389, Pacific Northwest Laboratories, Richland, WA.

International Commission on Radiological Protection (ICRP). 1972.
Recommendations of the International Commission on Radiological Protection.
ICRP Publications 19, Pergamon Press, New York, NY.

International Commission on Radiological Protection (ICRP). 1966. Deposition
and retention models for internal dosimetry of the human respiratory tract.
Health Phys. 12:173-207.

Slade, DH. 1968. Meteorology and Atomic Energy, U.S. Atomic Energy
Commission, Washington, DC.

Strenge, DL, EC Watson and JR Houston. 1975. SUBDOSA-A Computer Program for
Calculating External Doses from Accidental Atmospheric Releases of Radionu-
clides, BNWL-B-351, Pacific Northwest Laboratories, Richland, WA 99352.

Strenge, DL. 1975. DACRIN - A Computer Program for Calculating Organ Dose
from Acute or Chronic Radionuclide Inhalation: Modificatijon for Gastroin-
testinal Tract Dose. BNWL-B-389 Supp. Pacific Northwest Laboratories,
Richland, WA.

USNRC. 1977. Methods for Estimating Atmospheric Transport and Dispersion of
Gaseous Effluents in Routine Releases from Light-Water-Cooled Reactors.
Regulatory Guide 1.111, Rev. 1, U.S. Nuclear Regulatory Commission,
Washington, DC. 20555.

USNRC. 1979. Atmospheric Dispersion Models for Potential Accident Consequence
Assessments at Nuclear Power Plants. Regulatory Guide 1.145, U.S. Nuclear
Regulatory Commission, Washington, D.C. 20555.

3.1






APPENDIX A
COMPUTER CODE DESIGN




APPENDIX A

COMPUTER CODE DESIGN

This appendix provides information on the computer code design useful to
programmers desiring to make modifications to the program. The average user
of the code will not need the information provided here. The following
sections provide:

e code hierarchy diagrams
e module summary information
e module logic diagrams.

The computer program was developed for execution on the UNIVAC 1100/44
system operated by Boeing Computer Services for the Department of Energy at
Richland, Washington. The programming language is ASCII FORTRAN as implemented
by the UNIVAC FTN compiler. A listing of the FORTRAN source code is given in
Appendix D.

A.1 CODE HIERARCHY

The computer code HADOC is composed of 29 modules including the main pro-
gram. The calling sequence for the program is indicated in the hierarchy dia-
grams of Figures A.1-1 through A.1-3. These diagrams only indicate module
calling sequences; module logic diagrams are given in Section A.3. A brief
description of the function of each model is also indicated on the hierarchy
diagrams.
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MAIN Continued

QAPAGE
IDLINE
DISPRS A.1-2
MIDOSE
TRNSIT A.1-3
ZEROR
POPDOS
ZEROR
TRNSIT ——{:%.1-éj>
DOSRPT
Y

FIGURE A.1-1.

A.3

Write report of input parameters
for one case.

Write a line to output giving
the identity of the executing
program.

Calculate atmospheric dispersion
parameters.

Calculate dose to the maximum
individual

Calculate decay during transit.

Initialize real array to zero.

Calculate dose to the population.

Initialize real array to zero.

Calculate decay during transit.

Write output dose reports.

(Cont'd)



MAIN Program

FIGURE A.1-1.

RLIBIN
NLIBIN
ADATE
ZEROR
LIBRPT
IDNUC
ZEROR
ZEROI
ORGCHK
ZEROI
Y

Read radionuclide master data library,
RMDLIB

Read dose conversion factor data
1ibrary, NUCDFL

Get day of year (UNIVAC system
routine)

Initialize real array to zero

Print report of dose conversion factors

Identify input radionuclides against
master library list

Initialize real array to zero

Initialize integer array to zero

Check requested organs against

master organ 1list

Initialize integer array to zero

Hierarchy Diagram of the MAIN Program
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MAIN Continued

FRDOSE

FRORPT

Calculate fractional contributions
to dose by nuclide.

Write output fractional dose con-
tribution reports.

MIORPO

Set maximum individual or population
doses into temporary arrays.

ZEROR Initialize real array to zero.

ZEROR

Initialize real array to zero.

FIGURE A.1-1. (Cont'd)
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Subroutine DISPRS

Calculate atmospheric dispersion

parameters

SIGMAY

Calculate horizontal cross-wind
standard deviation of air con-

centration (Hanford Model)

SIGMAZ

Calculate vertical cross-wind
standard deviation of air con-
centration (Hanford model)

MMAXEQ

Calculate maximum dispersion for
location of maximum individual

Calculate horizontal and vertical
PASSIG cross-wind standard deviation of
air concentration (Pasquill curves)

POPEQ

Calculate population dispersion
parameter

ZEROR Initialize real array to zero

Calculate vertical cross-wind
SIGMAZ standard deviation of air con-
centration (Hanford Model)

Calculate ma:imum dispersion for

PMAXEQ a spatial interval

FIGURE A.1-2.

Calculate vertical cross-wind
PASSIG standard deviation of air con-
centration (Pasquill curves)

Hierarchy Diagram for Subroutine DISPRS (called by MAIN)
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Subroutine ACHAIN Calculate decay for one decay chain.

EXMO Calculate 1 - exp (arg).

ZEROR Initialize real array to zero.
ASUM Sum array member values.

SUMPRD Sum the products of two arrays.

FIGURE A.1-3. Hierarchy Diagram for Subroutine ACHAIN (called by TRNSIT)
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A.2 MODULE SPECIFICATIONS

The computer program HADOC has been designed as a structured program
consisting of 29 well defined modules. Summary information on each module
is provided in the following subsections. The main proaram (module MAIN)
is described first followed by each subroutine (or function) in alphabetical
order. The descriptions contain the following information:

®* module name

e calling module(s)

e primary function

®* common block usage
* argument Tlist

* subordinate modules

* detailed specifications
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A.2.1. Specifications for MAIN Program

Primary Function: This code calculates radiation doses from external and
inhalation uptake from accidental releases on the Hanford site.

Common Blocks Used: ACTYTY, AIRCON, DAY, DECAY, DISPSN, DISTNC, DOSFAC, DOSMI,
DOSPOP, ELEVAT, FLAGS, NAMES, ORGID, SOURCE, POPU

Argument List: None

Subordinate Routines: ASGH, RLIBIN, NLIBIN, IDNUC, ORGCHK, QAPAGE, DISPRS,
MIDOSE, POPDOS, DOSRPT, FRDOSE, FRDRPT, ZEROR

This module controls data input, calculations and result output through calls
to subroutines. Default parameter values are also specified. The subroutine
ASGH is called to request that necessary data files be made avilable for the
run. Conversion of the code to other computers would require rewriting of
the subroutine ASGH or replacing it with appropriate control cards prior to
program execution.
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A.2.2. Specifications for Subroutine ACHAIN, Called by TRNSIT

Primary Function:
Calculate radioactive decay for a chain of radionuclides for a given time

period.

Common Blocks Used:

None

Argument List:
NUC, T, DK, IFRM, AL, AM, A0, INTGRL

Subordinate Routines:
ZEROR, EXMO, ASUM, SUMPRD

This subroutine calculates radioactive decay for a time period (T) for

a chain of NUC radionuclides. The argument 1ist parameters have the following

uses:

Parameter

NUC
T

DK(2,9)

IFRM(2,9)

AL(9)

AM(9)

Description

Number of radionuclides in the decay chain. 1 < NUC < 9.

Time over which decay is to be considered. Units of T must
be compatible with the units of the decay constants, AL.

Branching ratios:

DK(1,1), fraction of first parent decays resulting in produc-
tion of chain member 1i.

DK(2,1), fraction of second parent (if any) decays resulting
in production of chain member i.

Position in chain of parents for each chain member.
IFRM(1,1), index of first parent for chain member i.
IFRM(2,i), index of second parent for chain member i.

Radiological decay constants for each chain member in units
compatible with T.

Initial quantity of each radionuclide in mass units (or Curie-
seconds).
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Parameter Description

A0(9) Quantity of each radionuclide after decay for a time period T in
mass units (or Curie-seconds).

INTGRL Control integer to select decay or the time integral of activity.
INTGRL £ 0; decayed activity
t
INTGRL >0, calculate j; A{T)dt where A(t) is mass of a radio-

nuclide.

The data arrays IFRM and DK provide branching data and allow for complex
decay schemes of up to 9 chain members. Additional chain members could be con-
sidered by inCﬁﬁgsing array dimensions for A and EXPO. The dimension for A is
determined by ng] n and the dimension for EXPO is the number of chain members
(NUC).

Three subroutines are called by ACHAIN:

e EXMO - to calculate (1 - e—Xt)

/) when INTGRL > O
® ASUM - to generate the sum of terms for a chain member

e SUMPRD - to generate the sum of the product of members of two arrays.
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A.2.3. Specifications for Subroutine ASGH, called by MAIN

Primary Function:
This subroutine makes necessary data files available to the run.

Common Blocks Used:
None

Argument List:
IEND

Subordinate Routines:
None

This subroutine accesses necessary data files for the run through calls
to the system routine FACSF. The function of this subroutine could be replaced
by appropriate system control cards. When the input argument IEND = 1 (first
call), the necessary data files are assigned to the run. When IEND # O (second
call), the files are released for use elsewhere.
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A.2.4. Specifications for Function ASUM, called by ACHAIN

Primary Function:

This function sums terms of an array.

Common Blocks Used:

None

Argument List:
J,A

Subordinate Routines:
None

This function calculates the sum of J terms of array A.

J
ASUM = D A({)
i=]
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A.2.5. Specifications for Subroutine DISPRS, called by MAIN

Primary Function:
Calculate atmospheric dispersion parameters for maximum individual and population

locations.

Common Blocks Used:
DISTNC, DISPSN, ELEVAT, AIRCON

Argument List:
IQP, KKRPT

Subordinate Routines:
SIGMAY, SIGMAZ, POPEQ, MMAXEQ

This subroutine calculates the air concentration at the Tocation of the
maximum individual and then calls subroutine POPEQ which calculates the popula-
tion dispersion parameters. The maximum individual air concentration is calcu-
lated using Equation 2.1-1 of the text.

The argument 1list parameters have the following use:

Parameter Use

IQp Control integer to cause printing of air concentration values
(printed if IQP > 0).

KKRPT Control air concentration calculation:
KKRPT < 0 for population and maximum individual dispersion

parameters,

KKRPT = 1 for maximum individual only,

KKRPT > 2 for population only.

\'
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A.2.6. Specifications for Subroutine DOSRPT, called by MAIN

Primary Function:
Write dose result reports.

Common Blocks Used:
DOSMI, DOSPOP, DAY, ORGID

Argument List:
KKRPT, TITLE1

Subordinate Routines:
None

This subroutine writes dose result reports as requested by the control
parameter KKRPT. When KKRPT < 0, total doses to each organ are printed (maximum
individual and population). When KKRPT = 1, only doses to the maximum individuai
are printed and when KKRPT = 2, only population doses are printed. The title
array TITLE1 is printed in each page heading.
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A.2.7. Specifications for Function EXMO, called by ACHAIN

Primary Function:

-Xt)/x.

The function calculates a value for the expression (1 - e

Common Blocks Used:
None

Argument List: ‘
ARG, AL

Subordinate Routines:
None

This function calculates a value for the expression:

1 - e-)\t

A
The argument 1ist is:
e ARG = it
e AL =2
The method used to evaluate the expression is determined by the value of ARG.
When ARG is positive, an error message is printed and execution is stopped.
When -ARG > 0.001, then the expression is evaluated as

EXMO = (1. - EXP(ARG))/AL

When -ARG < 0.001, the expression is evaluated as

I
n n-1
exvo = 2t L)
n=1 n-a

where I = integer value of 8-Log10(-ARG) and 1 > 2.
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A.2.8 Specifications for Subroutine FRDOSE, called by MAIN

Primary Function:
Calculate fractional contributions to doses.

Common Blocks Used:
DOSMI, DOSPOP, NAMES, ORGID, NFLAGS

Argument List:
KKRPT

Subordinate Routines:
None

This subroutine converts dose result tables to fractional dose contribution
tables by dividing by total dose.
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A.2.9 Specifications for Subroutine FRDRPT, called by MAIN

Primary Function:
Write reports of fractional contributions to dose.

Common Blocks Used:
DAY, FLAGS, NAMES, ORGID

Argument List:
FRAC, KKRPT, TITLE1

Subordinate Routines:
MIORPO

This subroutine prepares output reports of fractional dose contributions
by radionuclide. The argument list parameters have the following use.

Parameter Use

FRAC Fractional contribution cutoff value. Any radionuclide contri-
buting more than FRAC to the dose to an organ will be included in
the fractional dose contribution table.

KKRPT Control parameter for selection of population and maximum individual
reports.
KKRPT < 0, print all reports
KKRPT = 1, print only maximum individual reports
KKRPT > 1, print only population reports
TITLE] Descriptive title array (20 words) for the current run

A maximum of eight output reports may be prepared depending on the value of
KKRPT (as described above). The fractional contribution reports are:

e maximum individual one-year dose commitment contribution by intake
mode (external and inhalation)

* maximum individual fifty-year dose commitment contribution by intake
mode
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* maximum individual total one-year dose commitment contribution

e maximum individual total fifty-year dose commitment contribution
e population one-year dose commitment contribution by intake mode

®* population fifty-year dose commitment contribution by intake mode
e population total one-year dose commitment contribution

* population total fifty-year dose commitment contribution.

The subroutine MIOPRO is called to establish the fractional contribution
values for maximum individual and population reports.
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A.2.10 Specifications for Subroutine IDLINE, called by MAIN

Primary Function:
This subroutine writes a 1ine to output giving identification information on

the program being executed.

Common Blocks Used:
None

Argument List:
None

Subordinate Routines:
None

IDLINE is a nonessential subroutine called to print the name of the
program being executed. The subroutine is written in assembly language. To
eliminate the subroutine simply remove the call statement from subroutine
QAPAGE.
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A.2.11 Specifications for Subroutine IDNUC, called by MAIN

Primary Function:
This module attempts to identify input inventory radionuclides against the
master library Tist.

Common Blocks Used:
ACTVTY, DECAY, FLAGS, NAMES, SOURCE

Argument List:
QI, FINV

Subordinate Routines:
ZEROI, ZEROR

This subroutine tests the input radionuclide names against the master Tist
names. The input activity, QI, is converted to curie-sec (mass units for decay
calculation) and stored in array Q. The names of any unidentified radio-
nuclides are printed. (Execution stops if there are unidentified radionuclides).
The arguments are:

QI(300) array of released activities.

FINV factor by which each release activity is multiplied.
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A.2.12 Specifications for Subroutine LIBRPT, called by NLIBIN

Primary Function:
This subroutine prepares a report of data contained in the library NUCDFL.

Common Blocks Used:
DAY, NAMES

Argument List:
TITLN, NUC, LORG, INFLG, EXDF, ODF, ONAME

Subordinate Routines:
None

This subroutine writes a report of dose conversion factors supplied in
the data library NUCDFL. The argument list parameters have the following uses:

Parameter Use

TITLN(20) Title array from the library NUCDFL

NUC Number of radionuclides in master list from data i1ibrary RMDLIB
LORG Number of organs for which data is available in data library
NUCDFL

INFLG(300) Flag array to identify which nuclides have dose factors given
in data library NUCDFL

EXDF(300) External dose factor array
0DF(2510, Inhalation dose factor array for 2 dose commitment periods,
300

10 organs and 300 radionuclides
ONAME(10) Organ name titles (10 character words)

The subroutine prints dose factors for each radionuclide for which data
is given in 1ibrary NUCDFL.
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A.2.13 Specifications for Subroutine MIDOSE, called by MAIN

Primary Function:
This subroutine calculates the maximum individual doses.

Common Blocks Used:
ACTVTY, AIRCON, DISPSN, DISTNC, DECAY, DOSFAC, DOSMI, FLAGS, ORGID

Argument List:
None

Subordinate Routines:
TRNSIT, ZEROR

This subroutine calculates the external and inhalation dose contributions
using equations 2.3-1 and 2.4-1 of the text. A call to subroutine TRNSIT is
made to generate the radionuclide inventory with decay to the location of the
maximum individual. The travel time to the maximum individual location is
calculated as:

T = DMI/UMI

Doses are calculated for the first year and fifty year commitment
periods.
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A.2.14 Specifications for Subroutine MIORPO, called by FRDRPT

Primary Function:
This subroutine fills temporary dose contribution arrays.

Common Blocks Used:
DOSMI, DOSPOP, NAMES, ORGID

Argument List:
DVET, DVE, DVOT, DVO, IRPRT

Subordinate Routines:
ZEROR

This subroutine fills temporary fractional dose contribution arrays with
either maximum individual values or population values. The argument list
parameters have the following use:

Parameter Use

DVET Total external total body dose

DVE(300) Fractional contribution to external dose for each radionuclide
DVOT(2,5) Total inhalation doses for two time periods and five organs

Dv0(2,5,300) Fractional contribution to inhalation dose for each radionuclide
for two time periods and five organs

IRPRT Control integer to select maximum individual data or population
data
IRPRT = 1 for maximum individual data,

IRPRT

2 for population data.

When maximum individual data is requested (IRPRT = 1) the data arrays
DVET, DVE, DVOT and DVO are set equal to the maximum individual data arrays
DMET, DME, DMOT and DMO respectively. When population data is requested
(IRPRT = 2) the data arrays DVET, DVE, DVOT and DVO are set equal to the
population data arrays DPET, DPE, DPOT and DPO respectively.
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A.2.15 Specifications for Subroutine MMAXEQ, called by DISPRS

Primary Function:
This subroutine determines which atmospheric stability gives the highest value

for the maximum individual air concentration.

Common Blocks Used:
None

Argument List:
EQMI, HE, UMI, IMP, AREA, IWAKE, DMI

Subordinate Routines:
PASSIG

This subroutine calculates the time-integrated air concentration at the
location of the maximum individual for the six Pasquill dispersion
categories (A-F) and returns the highest value EQMI and the condition index
IMP.

IMP Condition

Pasquill
Pasquill
Pasquill
Pasquill
Pasquill

M m O O W >

Pasquill
Hanford

~N oY O Ny~

The other argument 1ist parameters have the following use:

Parameter Use

HE Effective plume height at the location of the maximum individual,
m

UMI Average wind speed (m/sec) for the maximum individual dose cal-
culation

IWAKE Control parameter to indicate that building wake effects are to

be considered (if IWAKE > 0)
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Parameter

Use

AREA Minimum building cross-sectional area for use with the building
wake effects model, m2

DMI Distance from the release point to the maximum individual

location, m.

The subroutine PASSIG is called to determine dispersion parameter values
(Gy and oz) for the Pasquill stability categories.
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A.2.16 Specifications for Subroutine NLIBIN, called by MAIN

Primary Function:

This subroutine reads inhalation and external dose conversion factor data.

Common Blocks Used:
DECAY, FLAGS, DOSFAC, DAY, NAMES, ORGID

Argument List:
TITLN

Subordinate Routines:
LIBRPT, ZEROI, ZEROR

This subroutine reads inhalation and external dose conversion factors
from the data 1ibrary NUCDFL on input unit 12. The library title (TITLN)

is returned as an argument for printing in subroutine QAPAGE. The first four
cards of the data library give descriptive information on the data that
follows. Each nuclide has data for external exposure and some have data for
inhalation exposure also. The flag array (INFLG(i) is set to 1 if data for
external exposure only js supplied for readionclide i. If inhalation dose
factors are also supplied then INFLG(i) is set to 2. Each radionuclide read
from NUCDFL is compared to those in the master radionuclide 1ist. If a radio-
nuclide cannot be identified then an error message is printed and execution
is stopped.

Subroutine LIBRPT is called to prepare a report of dose conversion
factors read from data library NUCDFL.
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A.2.17 Specifications for Subroutine ORGCHK, called by MAIN

Primary Function:
This subroutine checks input organ index values against allowed values provided

in data library NUCDFL.

Common Blocks Used:
ORGID

Argument List:
None

Subordinate Routines:
ZEROI

This subroutine checks the input organ index values (array KORG) against
allowed values provide in data Tibrary NUCDFL (array IORG). The number of
organs requested is also calculated.
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A.2.18 Specifications for Subroutine PASSIG, called by MMAXEQ and PMAXEQ

Primary Function: _
Calculate dispersion parameters for a given distance and Pasquill stability

category.

Common Blocks Used:
None

Argument List:
XX, 1P, SY, SZ

Subordinate Routines:
None

This subroutine interpolates stored data to determine dispersion parameters
oy and 9, for a Pasquill atmospheric stability category and a given distance.
The argument 1list parameters have the following uses:

Parameter Use

XX Distance from the release point to the location at which dispersion
parameters are to be determined, m

IP Index to indicate which Pasquill stability category is to be
used: IP =1 for A, IP= 2 for B, IP = 3 for C, IP = 4 for D,
IP = 5 for E and IP = 6 for F.

SY Crosswind horizontal standard deviation of plume concentration
at the location of interest, m

S7 Crosswind vertical standard deviation of plume concentration at
the location of interest, m

Tabulated values are interpolated for the distance XX between 1 and 105

meters. In practical applications the distance XX should not be less than 100
meters or greater than 105 meters. The vertical dispersion parameter o, is
limited to 2000 meters.

Tabulated values are provided for distances given in array DIST(20).
Horizontal dispersion parameters are given for 6 stabilities and 20 distances in
the array SIGY(6,20) and vertical dispersion parameters are given in the
array SIGZ(6,20). A.28



A.2.19 Specifications for Subroutine PMAXEQ, called by POPEQ

Primary Function: .
This subroutine determines which atmospheric stability condition gives the highest

value for sector averaged air concentration.

Common Blocks Used:
None

Argument List:
E, H2, UP, X, AREA, IWAKE, IPL

Subordinate Routines:
PASSIG

This subroutine calculates sector averaged air concentrations at a given
distance using six Pasquill stability categories A-F. The highest value is
compared with the Hanford model air concentration, E. If the Pasquill value
is higher then E is replaced by the Pasquill value and the stability index IPL
is reset.

The argument 1ist parameters have the following use:

Parameter Use

E maximum air concentration, sec/m3

H2 effective height term = h 2, m’

up windspeed for population dose calculation, m/sec

X distance to location of interest, X

AREA building cross sectional area, m2, for building wake effects
calculation ’

IWAKE control parameter to indicate that building wake effects are to

be considered (if IWAKE > 0)

IPL index of the stability giving the highest value for air concentration

IPL = 1 through 6 for Pasquill A through F respectively
and IPL = 7 for Hanford.
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A.2.20 Specifications for Subroutine POPDOS, called by MAIN

Primary Function:
This subroutine calculates the population doses for selected organs.

Common Blocks Used:
ACTVTY, AIRCON, DECAY, DISPSN, DISTMC, DOSFAC, DOSPOP, FLAGS, ORGID, POPU

Argument List:
None

Subordinate Routines:
TRNSIT, ZEROR

This subroutine calculates population doses for the maximum exposed sector
for selected organs. Doses are calculated for one year and fifty year dose
commitment periods by radionuclide. The contribution for each spatial interval
is summed with decay in transit from the release point to the spatial interval
midpoint calculated by a call to TRANSIT.
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A.2.21 Specifications for Subroutine POPEQ, called by DISPRS

Primary Function:

This subroutine calculates the population dispersion factor for the maximum
sector.

Common Blocks Used:
DISPSN, DISTNC, POPU, ELEVAT

Argument List:
EQP, PM, MS, IP

Subordinate Routines:
SIGMAZ, PMAXEQ, ZEROR

This routine calculates the maximum sector population dispersion factor, PM.
The ground Tevel air concentration is calculated as a function of distance for a
ground level release. If terrain effects are included, the directional dependence
of air concentration is also calculated (when an elevated release is requested:
HSTACK > 0).

The argument 1ist parameters have the following uses:

Parameter Use

EQP(10) air concentration at each spatial interval of the maximum sector,
sec/m3

PM population dispersion factor for the maximum sector, person-
sec/m3

MS index of the maximum sector, 1 < MS < 16

IP(10) index value for the maximum atmospheric stability condition at

each distance in the maximum sector.

When LIMTST > 0 the maximum atmospheric conditions are determined with
calls to subroutine PMAXEQ.
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A.2.22 Specifications for Subroutine QAPAGE, called by MAIN

Primary Function:
This subroutine writes a report giving all input information.

Common Blocks Used:
DAY, DISPSN, DISTNC, ELEVAT, ORGID, POPU, SOURCE

Argument List:
TITLET, TITLR, TITLN, QI, FINV, IFRAC, KKRPT, FRAC

Subordinate Routines:
IDLINE

This subroutine prints a quality assurance report describing all input
parameters and requested options. The argument Tist parameters have the following
uses:

Parameter Use

TITLE1(20) descriptive title for the current case,

TITLR(20) descriptive title for the master radionuclide data library
TITLN(20) descriptive title for the dose conversion factor data library
QI(300) input radionuclide activity inventory

FINV inventory modification factor

IFRAC control integer, positive when fractional contributions to dose

by radionuclide are to be determined

KKRPT control integer to select types of doses to calculate
KKRPT < 0 for population and maximum individual
KKRPT = 1 for maximum individual only
KKRPT > 1 for population only

FRAC fractional contribution dose cutoff value.

A.32



A.2.23 Specifications for Subroutine RLIBIN, called by MAIN

Primary Function:
This subroutine reads data from the master radionuclide data library.

Common Blocks Used:
DECAY, NAMES

Argument List:
TITLR

Subordinate Routines:
ZEROR

This subroutine reads from the radionuclide master data library, RMDLIB.
Data read include radionuclide identification parameter arrays ELT and AW and
radiological half-life and chain decay data. The argument list parameter is
a descriptive title read from RMDLIB and printed on the input summary report
in QAPAGE.

In reading the data library this subroutine does several functions:
® the number of nuclides are counted, NUC
e decay constants are calculated, AL
e chain branching parameters are set, IFR, DKF

e chain lengths are set, NOFNUC
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A.2.24 Specifications for Function SIGMAY, called by DISPRS

Primary Function:

This function calculates Oy at a given location using the Hanford model.

Common Blocks Used:

None

Argument List:
TT, STUB

Subordinate Routines:
None

The value of cy is evaluated at a location TT seconds travel distance away
from the release point.

The equations for Oy are:

o§ = A[TT - o(1 - e TV/%)]
A =13 + 230(04d)
o = A[2(0,0)°]

where ogu = STUB.
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A.2.25 Specifications for Function SIGMAZ, called by DISPRS, POPEQ

Primary Function:
This function calculates o, at a given location using the Hanford model.

Common Blocks Used:
None

Argument List:
KS, TT

Subordinate Routines:
None

The value of o, (m) is evaluated at the travel time distance, TT (seconds).
When KS < 0, moderately stable conditions are used and when KS > 0 very stable

conditions are used. The equation is
cg = a[l - exp(-K2T2)] + bT

where T = TT, travel time, sec and values for a, b and K2 are as follows:

Moderately Very
Parameter Stable Stable
a () 97 34
b (m/sec) .33 .025
K (sec?)  2.5x107% 8.8x10”%
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A.2.26 Specifications for Function SUMPRD, called by ACHAIN

Primary Function:
This function sums the term by term products of two arrays.

Common Blocks Used:
None

Argument List:
J, A, B

Subordinate Routines:
None

The function evaluates the expression:

J
SUMPRD = }:1 A(i) * B(1)
i=
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A.2.27 Specifications for Subroutine TRNSIT, called by MIDOSE and POPDOS

Primary Function:
This subroutine controls the radiological decay calculations.

Common Blocks Used:
ACTVTY, DECAY, FLAGS

Argument List:
-

Subordinate Routines:
ACHAIN

This subroutine controls the calculation of inventory radiological decay
in transit during a period of T, seconds. The chain decay calculation is per-
formed in subroutine ACHAIN for one chain at a time. The flag array NFLAGC
is used to determine which chains to consider. NFLAGC(i) > 0 indicates the
chain contains radionuclides with nonzero activities.



A.2.28 Specifications for Subroutine ZEROI, calied by IDNUC and ORGCHK

Primary Function:
This subroutine initializes an integer array to zero.

Common Blocks Used:

None

Argument List:
N,K

Subordinate Routines:
None

This subroutine sets the first N members of integer array K to zero.
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A.2.29 Specifications for Subroutine ZEROR

Primary Function:

This subroutine initializes a real valued array to zero.

Common Blocks Used:
None

Argument List:

N,A

Subordinate Routines:
None

This subroutine sets the first N values of real array A to zero.

ZEROR is called by ACHAIN, IDNUC, MAIN, MIDOSE, MIORPO, NLIBIN, POPDOS AND
POPEQ.

A.39



A.3 MODULE LOGIC DIAGRAMS

This section provides logic diagrams for each module.

The Tlogic diagrams

use flow charting techniques described by Chapin (1974)* and are referred to

as Chapin charts.

The basic logic constructs used in the diagrams are
indicated in Figure A.3-1.

Logic diagrams are provided for each module (except IDLINE) in Figures A.3-2

through A.3-29 as follows.

Figure Module Figure Module
A.3-2 MAIN A.3-12  LIBRPT
A.3-3 ACHAIN A.3-13 MIDOSE
A.3-4 ASGH A.3-14 MIORPO
A.3-5 ASUM A.3-15 MMAXEQ
A.3-6 DISPRS A.3-16 NLIBIN
A.3-7 DOSRPT A.3-17 ORGCHK
A.3-8 EXMO A.3-18 PASSIG
A.3-9 FRDOSE A.3-19 PMAXEQ
A.3-10 FRDRPT A.3-20 POPDOS
A.3-11 IDNUC A.3-21 POPEQ
*Chapin, N.

Figure Module
A.3-22 QAPAGE
A.3-23 RLIBIN
A.3-24 SIGMAY
A.3-25 SIGMAZ
A.3-26 SUMPRD
A.3-27 TRNSIT
A.3-28 ZEROI

A.3-29 ZEROR

1974. "New Format for Flowcharts,” Software - Practice and
Experience, Vol. 4, pp. 341-357, John Wiley and Sons Ltd, London.
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Then

If Condition

Else

Code for
True

Condition

Sequential Block of Code

Code for
False
Condition

Conditional

Do While Condition

Block of Code

Block of Code

o Until Condition

Do While Loop Do Until Loop

. g Conditional
Action/Condition j//////;ransfer; Stop

-

Abnormal Transfer

SToP

Abnormal Termination

FIGURE A.3-1. Chapin Chart Logic Constructs
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Set default values and call ASGH to request data files

Call RLIBIN to read radionuclide master data library
Call NLIBIN to read dose conversion factor data library.

Call ASGH to release data files

Read title card and NAMELIST data for a case

If

NEXT

v

4.

Else

If

NEXT

3

Then

Read new release inventory

Then

If

v
—_

KKRPT # 1 and KKPOP

Flse

Read population data

Null

Then

If

KKRPT # 1 and ITERN

v
[a]

Else

Read terrain data

Null

Call IDNUC to identify nuclides in inventory

Null

Call ORGCHK
Call QAPAGE

to
to

count and check organs requested.
write input data QA report.

Call DISPRS

to

calculate atmospheric dispersion parameters

Then

If

KKRPT < 1

1se

Call MIDOSE

to

calculate maximum individual doses

Null

Then

If

KKRPT # 1

1se

Call POPDOS

to

calculate population doses

Null

Call DOSRPT

to

write dose reports

Then

If

IFRAC > O

Else

Call FRDOSE
Call FRDRPT

to
to

calculate fractional dose contributions
write fractional dose reports

Null

Then|
Nulil

Do until NEXT >

FIGURE A.3-2. Logic Diagram for Module MAIN
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N2N = NUC*(NUC-1)/2 + NUC: number of spaces in array A used

Call ZEROR (N2N,A); Initialize coefficient array A to zero

Do while J = 1, NUC; loop on chain members

ARG = -AL(J)*T

If INTGRL > O

Do while M = 1, J1; loop over chain precursors

Do while L = M, J1; Loop over intermediate members

Do while I = 1, IMAX; loop over parents

If (IFRM(I,J).EQ.L)
Then Else

A(M+dJ) = A(M+JJ) + DK(I,Jd)*AL(L) Null
*A(MHL*(L-1)/2)

A(M+dJ) = A(M+JJ)/(AL(J) - AL(M))

Then _ Else
Time integral calculation Decay only calculation
EXPO(J) = EXMO(ARG,AL(J)) EXPO(J) = EXP(ARG)
JJ = J*(J-1)/2; starting index for term array A
J1 + J-1; chain position minus one
IfJ1 <0
Else Then
IMAX = MINO(J1,2); maximum number of parents Null

A(J+JdJ) = AM(J) - ASUM(J1, A(JJd+1))

AO(J) = SUMPRD(J,EXPO,A(JJ+1))

Return

FIGURE A.3-3. Logic Diagram for Module ACHAIN

A.43




Call FACSF to assign the RMDLIB data Call FACSF to release the RMDLIB data
library. library.

Call FACSF to assign the NUCDFL data Call FACSF to release the NUCDFL data
library. library

Return

FIGURE A.3-4. Logic Diagram for Module ASGH

A.44



ASUM = 0

N
o

Then ,///E::;/

IfJ
Null Do while I = 1,J Tloop on terms

ASUM = ASUM + A(I)

Return

FIGURE A.3-5. Logic Diagram for Module ASUM
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DMI/UM
SIGQRY%TT,STUB); SZ = SIGMAX(KKSMI,TT)

If KKRPT < 1
Lhen Was maximum individual calculation requested?
TT

Else

Null

Y -
SYZ = SY*SZ
If TWAKE > 0
Then Were building wake effects to be considered? Els
EY = SQRTESY*SY + 0.5%AREA _
EZ = SQRT(SZ*SZ + 0.5*AREA SS = SZ
SS = EZ
EYZ = EY*EZ
If EYZ > 3.%SYZ ‘//,,/”H
[ Then Else
3 *
SOl Al SYZ = EYZ
If ITERN > O
Then Were terrain effects to be considered? 1se
HE = HSTACK - HMI HE = HSTACK
If HE > 0
Then (HE must not be negative Else
HE = 0 Null
EXPO = EXP(-HE*HE*.5/(SS*SS))
EQMI = EXPO/(m *UMI*SYZ)
If LIMTST >
:;;;\‘\} FLIMTST = 0 Ise
Call MMAXEQ(EQMI,HE,UMI,IMP,AREA, IWAKE ,DMI) Null
If KKRPT # 1
Then Population calculation requested? 1se
Call POPEQ(EQP, PM, MS, IP) Null
If IQP > 0
Then Was air concentration report requested? Else
If KKRPT < 1 NuTT
Then Maximum individual calculation requested? N
Print EQMI Null
If LIMSTST > O
Then Were maximum conditions tested for? 1se
Print maximum conditions for EQMI; IMP Null
If KKRPT # 1
The Population calculation requested? 1se
Print population dispersion data; MS, PM, EQP, IP Null

Return

FIGURE A.3-6. Logic Diagram for Module DISPRS
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If KKRPT <1
Then

Else

Print TITLE1 and DAIT on new page

Print "Maximum Individual Dose Commitments (REM)"

Print column headings

Print "air submersion" heading and dose DMET, DMET

Print “inhalation" heading and dose: DMOT(1,i), DMOT(2,i), i=1, NORG

Do for I0 = 1, NORG (organs)

TOT(1,10) = DMOT(1,I0) + DMET
TOT(2,10) = DMOT(2,10) + DMET

Hon

Print total dose heading

Do for I0 = 1, NORG (organs)

Print ORGT(IO), TOT(1,I0), TOT(2,I0)

Null

If KKRPT # 1
Then

P

Print TITLE1 and DAIT on new page

Print "Population Dose Commitments (MAN-REM)"

Print column headings

Print "air submersion" heading and DPET, DPET

Print "Inhalation" heading and dose DPOT(1,i), DPOT(2,i), i=1, NORG

Do for I0 = 1,NORG (organs)

TOT(1,I0) = DPOT(1,I0) + DPET
T07(2,10) = DPOT(2,10) + DPET

Print total dose heading

Do for I0 = 1,NORG (organs)

Print ORGT(IO), TOT(1,I10), TOT(2,I0)

Null

Return

FIGURE A.3-7. Logic Diagram for Module DOSRPT
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4‘

If ARG > 0
Then
Print error message If -ARG > 0.001
9 Then Else
STOP EXMO = J-EXP(-ARG) I = -IFIX(ALOGIO(-ARG)
) AL I = 8-I
IfI <2
Then ™\ Else
I =2 Null
TERM = -ARG
EXMO = -ARG/AL
Do while IT = 2,1
TERM = (TERM*ARG)/IT
EXMO = EXMO+TERM/AL
Return

FIGURE A.3-8. Logic Diagram for Module EXMO
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///ET;;’

If KKRPT < 1
Then
If DMET > 0.
Then Flee Null
DM = 1./DMET ‘ Null
Do while IN = 1,NUCS (Radionuclides)
DME(IN) = DME(IN)*DM
Do while I0 = 1,NORG (organs)
If DMOT(1,1I0) > 0.
Ihen Els
DM1 = 1./DMOT(1,I0); DM2 = 1/DMOT(2,10)
Do while IN = 1,NUCS Null
If INFLG(IN) > O
Then () Else
DMO(1,I0,IN) = DMO(1,I0,IN)*DMI Null
DMO(2,10,IN) = DMO(2,I0,IN)*DM2
If KKRPT # 1 ///,//’/
Then Else
If DPET > 0.
Then ,///E;;;’ NuTl
DP = 1./DPET Null

Do while IN = 1,NUCS (radionuclides)

DPE(IN) + DPE(IN)*DP

Do while I0 = 1,NORG (organs)

Then

If DPOT(1,I0) > 0.

1se

DP1 = 1./DPOT(1,10); DP2 = 1./DPOT(2,I0)

Do while IN = 1,NUCS

Null

If INFLG(IN} >
Then FLG(IN) > 0 1se
DPO(1,10,IN) = DPO(1,I0,IN)*DP1 Null
DPO(2,10,IN) = DPO(2,10,IN)*DP2
Return
FIGURE A.3-9. Logic Diagram for Module FRDOSE
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Do while I = 1,2 Loop to write both types of report

m
—
n
(D

[ Thed If1=1

£ KKRPT <
N If KKRPT < 1 o If KKRPT < 1
IRPRT = 1 IRPRT = 2 IRPRT = 2

=
—_
—_

Call MIORPO (DVET,DVE,DVOT,DVO,IRPRT) to transfer dose contribution
values into printing arrays

Print heading for first year report by intake mode

Do while IN = 1,NUCS (radionuclides)
If INFLG(IN) > O

Then Is there date in library NUCDFL? 1se
IPR = 0; I0 =1 Null
Lm If DVE(IN) > FRAC e
IPR = 1 Null
FRTOT(1,I0,IN) = (DVE(IN)*DVET + DVO(1,I0,IN)*DVOT(1,I10)
/(DVET + DVOT(1,10))
If DVO(1,I0,IN) > FRAC
LThen ‘
IPR = 1 Null
I0 = 10 + 1
Do until I0 > NORG
If IPR > 0
LIh Flse
Write data for this radionuclide; (ELT(IN),AW(IN), Null

DVE(IN),(DVO(1,I,IN),i=1,NORG)

Print heading for fifty year report by intake mode

Do while IN = 1,NUCS (radionuclides)

Logic of above radionuclide loop is repeated here except the array
dimension "1" is replaced by "2" in arrays FRTOT, DVO and DVOT

Print heading for first year total report

FIGURE A.3-10. Logic Diagram for Module FRDRPT
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I |} Do while IN = 1,NUCS (radionuclides)

If INFLG(IN) > O ‘/’f””
Then lse
10 = 1 Null
If FRTOT(1,1I0,IN) > FRAC
Then 1se
IPR = 1 IPR =0
10 = 10 + 1
Do until IPR > 0 or I0 > NORG
If IPR 0
Then Isel
Print ELT(IN),AW(IN,FRTOT(],i,IN),i = 1,NORG Null

Print heading for fifty year total report

Logic of above radionuclide to loop is repeated here except the array
dimension "1" is replaced by "2" in array FRTOT

Return

FIGURE A.3-10. (Cont'd)
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ISTOP = 0; AF =

1.0

Call ZEROI(200,NFLAGC)
Call ZEROI(300,NFLAG)
Call ZEROR(300,Q)

‘:\\\\\\\ If FINV > 0.
| Then ™ Else
AF = FINV Null
Do while IN = 1,NIN (input radionuclides)
IL=20
IL = IL + 1
Do until IL > NUCS or (ELT(IL) = ELTI(IN) and AW(IL) = AWI(IN))
‘::~\\\\\ If IL > NUCS
Then 1se
ISTOP = ISTOP + 1 NFLAG(IL) = IN
Print ELTI(IN),AWI(IN) NFLAGC( NCHN(IL)) =
Q(IL) = QI (IN)*AF/AL(IL)
If ISTOP < 1
Then 1se

Return

STOP

Print "There were unidentified nuclides,
ISTOP =

, ISTOP

FIGURE A.3-11.

Logic Diagram for Module IDNUC
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Print page heading; TITLN,DAIT

IN = 1; NOMI = NORG-1

EXDF(IN),ONAME(1),(ODF(I,1,IN),I=1,2)

Then

If INFLG(IN) > 1
Test for inhalation dose factors Tse

If IN > NUC
Else Then
Null
They If IN > 1 Else
Print page heading for second plus pages Null
IC=0
If INFLG(IN) > 0
Then Test for data 1se
Print heading Tine for this nuclide; ELT(IN),AW(IN), Null

Do while 10 = 2,L0RG

(organ loop) Null

Print organ data for nuclide IN.
ONAME(10),(ODF(I,I0,IN),I = 1,2)

IC = IC + NOMI
IC = IC + 2
IN = IN + 1

Do until IC > 43 or IN > NUC

Do until IN >

NUC

Return

FIGURE A.3-12.

Logic Diagram for Module LIBRPT

A.53



Call ZEROR(300,DME); DMET = 0.
Call ZEROR(3000,DMO0)
Call ZEROR(10 ,DMOT)

T = DM1/0MT - —

Call TRNSIT(T)

INUC = 0
0

Do while IC = 1,NCH (decay chains)

J = NOFNUC(IC)

If NFLAGC(IC) > 0 (Test for inclusion of chain in
Then inventory) 1se

IST = INUC + 1 Null
K=1IST+4d -1

Do while IN = IST,K (nuclides in chain)

If INFLG(IN) >0 (Test for dose factor data for
The nuclide)

DME(IN) = EQMI*QD(IN)*EXDF(IN)
[ OMET = DMET + DME(IN)
Do while I0 = 1,NORG (organs)

m
p—
(73]
4

=
o

—
-

IL = MORG(IO)
DMO(1, IO IN) = EQMI*QD(IN)*ODF(1,IL,IN)
DMOT(1,I0) = DMOT(1,10) + DMO(1,I0,IN)

DMO(2,10,IN) = EQMI*QD(IN)*ODF(2,IL,IN)
DMOT(2,I0) = DMOT(2,I0) + DMO(2,10,IN)

INUC = INUC + J

Return

FIGURE A.3-13. Logic Diagram for Module MIDOSE
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Call ZEROR{300,DVE)
Call ZEROR(10,DVOT)
Call ZEROR(3000,DV0)

If IRPRT =1
| Then S

DVET = DMET DVET = DPET
Do while I = 1,2 (times) Do while I = 1,2 (times)
Do while I0 = 1,NORG Do while I0 = 1,NORG
DVOT(I,I0) = DMOT(I,IO) DVOT(I,I0) = DPOT(I,IO)
Do while IN = 1,NUCS | Do while IN = 1,NUCS
SR
DVO(I,IO0,IN) = DVO(I,I0,IN) =
DMO(I,I0,IN) DPO(I,I0,IN)
Do while IN = 1,NUCS Do while IN = 1,NUCS
[;DVE(IN) = DME(IN) DVE(IN) = DPE(IN)
, Return

FIGURE A.3-14. Logic Diagram for Module MIORPO
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IMP = 7 (set condition index for Hanford model)

If HE > 1
Then (Test for elevated release) Else
Do while IP = 1,6 Nullg

Call PASSIG(DMI,IP,SY,SZ);

SYZ = SY*SZ
If IWAKE > 0 Ise
Then
EY = SQRT(SY*SY + .5%AREA) SS = S7
EZ = SQRT(SZ*SZ + .5*AREA)
EYZ = EY*EZ
If EYZ > 3.*SYZ ‘//,/’/j’
Z tlse)
SYZ = EYZ
E = EXP(-O.S*HE*HE/(SS*SS))/(PI*UMI*SYZ)
If E > EQMI
Then Else
IMP = IP Null
EQMI = E
Return
Data PI/3.14159/

FIGURE A.3-15. Logic Diagram for Module MMAXEQ
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Call ADATE(DAIT,XX) Get current date

Read first cards of data library, NU

Call ZEROR(6000,00F)
Call ZEROR(300,EXDF)
Call ZEROI(300,INFLG)

Do while I = 1,NU (number of radionuclides in data library NUCDFL)

Read first card for current nuclide; E,W,EX,LO

IM=0; Il =0
IM=1IM+ 1
If E = ELT(IM) and W = AW(IM)
Then - Else

II = IM; INFLG(II) =1

EXDF(II) = EX

Do until II > 0 or IM > NUCS

If IT >0

INFLG(II) = 2

Then 1se
Null Print error message for unidentified radionuclide.
STOP
IfLO>0
Then g
Null

Do while 10 = 1,L0 (organs to read data for)

Read organ data MO, (0D(j),j = 1,2)

MX =0

Do while NO = 1,LORG (organs in master list)

If MO = IORG(NO)

0D(
0D(

([t}

—

1
2

Print error message for
identified organ index, SIOP

The
MX = NO Nulil
If X > 0
Then Else

Return

FIGURE A.3-16. Logic Diagram for Module NLIBIN
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Call ZEROI (5,MORG)

NORG =
Do while I =
::;;?\\\r If KORG(I) > O <
NORG = NORG + 1; I0 = =0 Null
If KORG(I) = IORG(IO)
Then Else
10 = 10 + 1 10 = 10+1
HMORG(I) = 11 |
ORGT(I) = ONAME(II)

Do until I0 > LORG or II > O

If 11 >0 :
Then 1se

Null Print error message for unidentified organ; STOP

If NORG > O
Then ]se

Print error message “No organs specified"
STOP

Return

FIGURE A.3-17. Logic Diagram for Module ORGCHK
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X = XX*100.; IDATA = 1; IX =0

>
‘:;;;\\Er If IDATA

20

Else

SY=SIGY(IP,20)
$7=S1GZ(IP,20)| Then

If X > DIST(IDATA)

Else

IX=1
IDATA=IDATA+]
Then

If X = DIST(IDATA)
or IDATA =1

Else

AN

SY=SIGY(IP,IDATA)

SZ=SI1GZ(IP,IDATA) .

IX=1

SY1=SIGY(IP,IDATA-1)
SY2=SIGY(IP,IDATA)
SZ1=SI1GZ(IP,IDATA-1)
$72=SI1GZ(IP,IDATA)
D1=DIST(IDATA-1)
D2=DIST(IDATA)
SY=SY1+(X-D1)*

(SY2-SY1)/(D2-D1)
SZ=SZ1+(X-D1)*

(S2-521)/D2-D1)
IX=1

Do until IX > 0

SY*.01 convert to meters
SZ*.01

"o

SY
SZ

Return

FIGURE A.3-18.

Logic Diagram for Module PASSIG

A.59




IPL = (set condition index for Hanford)

If H2 > 1
Then Test for elevated release

{sev

Do while IP = 1,6 (do for each Pasquill condition)

Call PASSIG(X,IP,SY,SZ)

If IWAKE > 0
Then

A

Null

= SQRT(SZ*SZ + .5*AREA) SS = SZ
If EZ > SQRT(3.)*SZ
Then Else
= SZ*/3 SS = EZ
2.032/(SS*UP*X)*EXP (-H2/(2.*S5*SS))
If EE > E
Then Else
IPL = Null
= EE
Return

FIGURE A.3-19. Logic Diagram for Module PMAXEQ
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Call ZEROR(3000,DPO)
Call ZEROR(10,DPOT)

Do while IX = 1,NPD (Population distance loop)

T = DP(IX)/UP:PEQ = EQP(IX)*POPU(IX,MS)

Call TRNSIT(T):INUC = 0;

Do while IC = 1,NCH (decay chains)

J = NOFNUC(IC)

Then inventory

If NFLAGC (IC) > 0 Test for inclusion of chain in

Else

IST = INUC + 1
K= IST+J -1

Do while IN = IST,K (nuclides in chain)

If INFLG(IN) > 0 (Test for dose factor data for
Then nuclide) Ise

D = PEQ*QD(IN)*EXDF(IN); DPE(IN) = D+DPE(IN)

DPET = DPET + D

Do while 10 = 1,NORG (organs)

[T = Mora(10)

D = PEQ*QD(IN)*ODF(1,IL,IN)
DPO(1,I0,IN) = DPO(1,I0,IN)

+
o

DPOT(1,I10) = DPOT(1,I0) + D

Null

D = PEQ*QD(IN)*ODF(2,IL,IN)
DPO(2,I0,IN) = DPO(1,I0,IN)

+
[}

DPOT(2,I0) = DPOT(2,I0) + D

Null

INUC = INUC + J

Return

FIGURE A.3-20. Logic Diagram for Module POPDOS
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Call ZEROR (16,POPM)

Do while ID = 1,NPD

TT = DP(1D)/UP
SZ = SIGMAZ(KKSP,TT); SS(ID) = SZ

If IWAKE > Q
Then Else]

EZ = SQRT(SZ*SZ + 0.5*%AREA) Null

If EZ > SQRT(3.) + SZ
LIhen Else

SS(ID) = SZ* V3 SS(ID) = EZ
EQ(ID) = 2.032/(SS(ID)*UP*DP(ID))

[f HSTACK > 1.

Then Ise
If ITERN > 0 Do while IS = 1,16
Then 1se e 1 "
Do while ID = 1,NPD Do while ID = 1,NPD ° WI1]? DI')]’N D
. PP(ID,IS) = 5
Do while IS = 1,16 H2 = HSTACK*HSTACK POPM(IS) =
- EXPT=EXP(-H2/ (2*SS(1D)**|)) p
H=HSTACK-HT (1D, IS OPM(IS) +
CK-HT( ) E = EQ(ID)*EXPT EQ(Ié) )
If H < 0. :Ei POP(1D,IS)
Else Do while IS = 1,16 EQS(ID,IS) = E

H=0. Null IPL = §
IPL=5;H2=H*H e —

EXPO=H2*.5/SS(1D)**2
EXPT=EXP(-EXPOQ) Then 1se
= *
E=EQ(ID)*EXPT fcal1 PMAXEQ(E, | Null
H2,UP,DP(ID).
If LIMTST >0 AREA, IWAKE,
| IPL)
Call PMAXEQ(§,
H2,UP,DP(ID), IPP(ID,IS) = IPL
AREA, TWAKE, IPL) POPM(IS) = POPM(IS) +
*
IPP(ID,IS) = IPL ESS??B(%QSIE)E
POPM(IS) = POPM(IS) + ’
E*POP (1D, IS)
EQS(ID,IS)=E

FIGURE A.3-21. Logic Diagram for Module POPEQ
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MS =1; PM = 0.

Do while IS = 1,16

-:;:F‘Nﬁi

If POPM(IS) > PM

1se }
PM = POPM(IS) Null
MS = IS
Do while ID = 1,NPD
EQP(ID) = EQS(ID,IS)
IP(ID) = IPD(ID,IS)
Return

FIGURE A.3-21.
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Print

page heading and date; TITLE1, DAIT

Call IDLINE; write program identification line

Print data library titles, TITLR, TITLN

Print headings for stability and windspeed

CMI = "very"; CP = "very"

f;;;?\\\ If KKSMI < 0 .
CMI = "MOD." Null

If KKSP < 0

Then Else
CP = "MoD." Null
Print "dispersion model", CMI,CP

Print "windspeed", UMI,UP

Print stack height; HSTACK

Print names of selected organs, ORGT(i), i = 1,NORG

Print option on maximum atmospheric condition calculation

The If IFRAC > 0 Tee
Print "Fractional dose reports are Print "Fractional dose reports

requested" are not requested"

If KKRPT < O
Then

‘,/’7;;;:’

Population distribution data headings

Print "A11 dose reports If KKRPT =1 4//,/’///,
are requested" Then Else
Print "0n1{ max imum Print "Only population
individual dose reports" | dose reports"
If KKRPT < 1
Then 1se
Print oqu, STUB a1l
Print "Distance to maximum individual", DMI u
If KKRPT # 1
Then 1se
Print "Population distances; NPD: PD(i), i = 1,NPD Null
Print

FIGURE A.3-22. Logic Diagram for Module QAPAGE
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Do while IS = 1,16 (sectors)

Print IS, POP(i,IS), i = 1,NPD

\ If IWAKE > 0
Then

Else }

Print "Building wake effects are
considered"; AREA

Print "Building wake effects
are not considered."

If ITERN > 0
Then

Print "Terrain effects are considered"

If KKRPT <1
Then Flse
Print "Elevation of maximum individual Null
is", HMI
e If KKRPT # 1 Tee |
Print terrain data heading Null

Do while IS = 1,16 (sectors)

Print IS, HT(i,IS), I = 1,NPD

Print "Terrain effects
are not considered"

Print heading for radionuclide inventory

Print radionuclide input inventory; (ELTI(i),AWI(i),QI(i), i = 1,NIN)

Print inventory modification factor, FINV

Print signature lines

Return

FIGURE A.3-22. (Cont'd)
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Call ZEROR(300,AL); AL2 =
IMO = 0; NCH = 0; NUC = 1;

w2

IEND = 0;

Read title card TITLR

Read for a nuclide; E,A,T,IM,IT(1),FR(1),IT(2),FR(2)

If IM >0 /
m E]Se

If IM 1 NUC = NUC-1
Then Test for daughters Else | NUCS = NUC

If IM-IMO # 1 NCH = NCH + 1 If NHSC><3?O 2
Then Else | NOFNUC(NCH) = 1 Then Else
- IMO =1 .

Print error IMO = IM _ Print error Null
message for decay] NOFNUC(NCH) = NCHST(NCH) = NUC message for
data out of order] NOFNUC(NCH) + 1 NUC,

IFR(1,NUC) = IT(1) STOP
STOP IFR(2,NUC) = IT(2)

DKF(1,NUC) = FR(1)

DKF(2,NUC) = FR(2)

IEND = 1

ELT(NUC) = E
AW(NUC) = A
AL(NUC) = AL2/(T*86400.)
NCHN(NUC) =
NUC = NUC +

Do until IEND

Return

FIGURE A.3-23.
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A =13. + 230.*STUB

ALPHA = 0.5*A/(STUB*STUB)

EXPO = TT/ALPHA

SY2 = A*(TT - ALPHA*(1.-EXP(-EXPO)))

SIGMAY = SQRT (SY2)

Return

FIGURE A.3-24.

Logic Diagram for Module SIGMAY
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IfFKS>0
Then

Else

EXPO = 8.8E~4 * TT * TT

EXPO = 2.5E-4 * TT * TT

SZ2 = 34.%(1.-EXP(-EXPO))
+.025 * 1T

SZ2 = 97.*(1.-EXP(-EXPO))
+ .33 % 77

SIGMAZ = SQRT(SZ2)

Return

FIGURE A.3-25.

Logic Diagram for Module SIGMAZ
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SUMPRD = 0.

Do whi

le I =1, Tloop on terms

SUMPRD = SUMPRD + A(I) * B(I)

Return

FIGURE A.3-26.

Logic Diagram for Module SUMPRD
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INUC = 0

Do while IC = 1,NCH (number of chains)

If NFLAGC(IC) > 0

AL(IST),Q(IS

0)

Call ACHAIN (J,T,DKF(1, IST) IFR(1,IST),
T),Q (IST)

Do while IN = IST,K

QD(IN) = QD(IN) * AL(IN)

Then 1se
J = NOFNUC(IC) Null
IST = INUC + 1

K = IST + J-1

INUC = INUC + NOFNUC(IC)

Return

FIGURE A.3

-27.

Logic Diagram for Module TRNSIT
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Do while J = 1,N
1 K(J) =0

Return

FIGURE A.3-28. Logic Diagram for Module ZEROI
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Do while N = 1,N

A(J) = 0.

Return

FIGURE A.3-29. Logic Diagram for Module ZEROR
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APPENDIX B

COMMON BLOCK DESCRIPTIONS

The computer code HADOC uses labeled common blocks for the majority of
data transfers between modules. Table B.0-1 gives a summary of each common
block and indicates the modules that use each block. A detailed description
of the parameters in each common block is given in Tables B.0-2 through B.0-16.

A1l common blocks are included in the main program module MAIN even
though some are not referenced. This was done to facilitate variable checking
during code conversion and testing.

B.1



TABLE B.0-1. HADOC Common Block Usage Summary

ACTVTY

Description:

Used by:
AIRCON

Description:

Used by:
DAY

Description:

Used by:
DECAY

Description:

Used by:
DISPSN

Description:

Used by:
DISTNC

Description:

Used by:
DOSFAC

Description:

Used by:
DOSMI

Description:

Used by:
DOSPOP

Description:

Used by
ELEVAT

Description:

Used by:

Released radionuclide activities
IDNUC, MAIN, MIDOSE, POPDOS, TRNSIT

Time-integrated air concentration
DISPRS, MAIN, MIDOSE, POPDOS

Day-of-year symbol
DOSRPT, FRDRPT, LIBRPT, MAIN, NLIBIN, QAPAGE

Decay parameters
IDNUC, MAIN, MIDOSE, NLIBIN, POPDOS, RLIBIN, TRNSIT

Atmospheric dispersion model parameters
DISPRS, MAIN, MIDOSE, POPDOS, POPEQ, QAPAGE

Exposure point locations
DISPRS, MAIN, MIDOSE, POPDOS, POPEQ, QAPAGE

Dose conversion factors
MAIN, MIDOSE, NLIBIN, POPDOS

Maximum individual doses
DOSRPT, FRDOSE, MAIN, MIDOSE, MIORPO

Population doses
DOSRPT, FRDOSE, MAIN, MIORPO, POPDOS

Terrain elevations
DISPRS, MAIN, POPEQ, QAPAGE

8.2



TABLE B.0-1. (Cont'd)

FLAGS

Description  Radionuclide usage flags

Used by FRDOSE, FRDRPT, IDNUC, MAIN, MIDOSE, NLIBIN, POPDOS
NAMES

Description: Master 1ist radionuclide jdentification

Used by: FRDOSE, FRDRPT, IDNUC, LIBRPT, MAIN, MIORPO, NLIBIN, RLIBIN
ORGID

Description: Organ identification parameters

Used by: DOSRPT, FRDOSE, FRDRPT, MAIN, MIDOSE, MIORPO, NLIBIN,

ORGCHK, POPDOS, QAPAGE

POPU

Description: Population distribution data

Used by: MAIN, POPDOS, POPEQ, QAPAGE
SOURCE

Description: Input radionuclide identification symbols

Used by: IDNUC, MAIN, QAPAGE

B.3



TABLE B.0-2. Common Block ACTVTY

Symbol & L .
Dimension Type Problem Symbol/Definition/Values/Units
Q(300) Real Activity in release inventory for each radionuclide in
the master radionuclide 1list, curies.
QD(300) Real Release activities corrected for decay in transit, Q.
curies.
TABLE B.0-3. Common Block AIRCON
Symbol & ‘ .
Dimension Type Problem Symbol/Definition/Values/Units
EQMI Real Time integrated air concentration for the maximum
individual location (E/Q)m, sec/m°.
PM Real Time integrated air concentration times population, PMj,
man-sec/m3.
EQP(10) Real Time integrated air concentration at each population
distance in the direction of the maximum exposure sector
3
(E/Q) g, sec/m”.
MS Int. Index of the maximum population dose sector.
TABLE B.0-4. Common Block DAY
Symbol & L .
Dimension Type Problem Symbol/Definition/Values/Units
DAIT Char. Eight character name for day of year, MMDDYY:

MM - month
DD - day
YY - year



TABLE B.0-5. Common Block DECAY

Symbol & .

Dimension Type Problem Symbol/Definition/Values/Units

NUC Int. Number of radionuclides in the master 1ibrary, RMDLIB.
1 <NUC <300.

NCH Int. Number of decay chains in the master 1ibrary, RMDLIB.
1 <NCH <200.

NOFNUC(200) Int. Number of radionuclides in each decay chain.
1 <NOFNUC(i) <9. When NOFNUC(i) = 1, the radionuclide
has no daughters.

NCHST(200) Int. Location in the master radionuclide 1ist of the first
member of a radionuclide chain. 1 <NCHST(i) <300.

IFR(2,300) Int. IFR(1,1) gives the chain member that is the first precursor
to radjonuclide i. IFR(2,1) gives the location of the
second precursor. IFR(1,i) <IFR(2,i) <IMEM({).

DKF(2,300) Int. Fraction of first and second precursor that decay to
this radionuclide.

AL(300) Int. Radiological decay constant for each radionuclide,
sec”!.

NCHN(300) Int. Chain number that each radionuclide is a member of.
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TABLE B.0-6. Common Block DISPSN

Symbol & i
Dimension Type Problem Symbol/Definition/Values/Units
UMI Real Wind speed to be used for the maximum individual dose
calculation, U, m/sec.
up Real Wind speed to be used for the population dose calculation,
i, m/sec.
AREA Real Minimum building cross sectional area for the building
wake model, A, m2.
KKSMI Int. Indicator for the dispersion model to be used for the
maximum individual air concentration calculation.
KKSMI <0 for Hanford moderately stable
KKSMI >1 for Hanford very stable
KKSP Int. Indicator for the dispersion model to be used for the
population air concentration calculation
KKSP <0 for Hanford moderately stable
KKSP =1 for Hanford very stable
STUB Real Value for oeﬁ to be used for the maximum individual
dispersion calculation.
ITERN Int. Control integer to indicate if terrain effects are to
be considered. ITERN>0 to include terrain effects.
IWAKE Int. Control integer to indicate if building wake is to be

considered. IWAKE >0 to include wake effects.

B.6



TABLE B.0-7. Common Block DISTNC

Symbol & o i

Dimension Type Problem Symbol/Definition/Values/Units

NPD Int. Number of distances considered for the population dose
calculation. 1 <NPD <10.

DP(10) Real Distances from the release point to the center of each
population ring, X5 M. NPD values must be given in
increasing order.

DMI Real Distance from the release point to the Tocation of the
maximum individual, m.

TABLE B.0-8. Common Block DOSFAC

Symbol & o )

Dimension Type Problem Symbol/Definition/Values/Units

EXDF(300) Real External dose conversion factors for air submersion for
each radionuclide, Di, rem per Ci-sec/m3.

ODF(2,10,300) | Real Inhalation dose conversion factors for two time periods,
ten organs and 300 radionuclides, D;o’ rem per Ci-sec/m3.
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TABLE B.0-9. Common Block DOSMI

Symbol &

Dimension Type Problem Symbol/Definition/Values/Units

DME (300) Real External dose to maximum individual for each radionuclide.
Also used for fractional dose storage, rem.

DMET Real Total dose from external radiation for the maximum
individual, Dme’ rem. |

DM0(2,5,300) Real Inhalation dose for two times, 5 organs and 300 radio-
nuclides for the maximum individual, rem. Also used for
fractional dose storage.

DMOT(2,5) Real Total dose to each organ (2 times) for maximum individual,
Dmo’ rem

TABLE B.0-10. Common Block DOSPOP

Symbol & o )

Dimension Type Problem Symbol/Definition/Values/Units

DPE(300) Real External dose to the population for each radionuclide,
person-rem. Also used for fractional dose contribution
storage.

DPET Real Total dose to the population from external exposure, Dpe’
person-rem.

DP0(2,5,300) Real Population dose from inhalation for two time periods, 5
organs and 300 radionuclides, person-rem. Also used
for fractional dose contribution storage,

DPOT(2,5) Real Total population dose from inhalation for two time periods

and 5 organs, Dpo’ person-rem.
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TABLE B.0-11. Common Block ELEVAT

Symbol &
Dimension Type Problem Symboi/Definition/Values/Units
HMI Real Terrain elevation (above the base of the stack) at the
location of the maximum individual, ht’ m.
HT(10,16) Real Terrain elevation at each location (10 distances and
16 directions) above the base of the stack, ht’ m.
HSTACK Real Elevation of the release point (above the base of the stack),
hs’ m.
TABLE B.0-12. Common Block FLAGS
Symbol &
Dimension Type Problem Symbol/Definition/Values/Units
NFLAGC(200) Int. Control integer to indicate if any radionuclides in each
chain are supplied on input.
NFLAGC(i) <0 radionuclide not given
NFLAGC(1) >0 radionuclide given
NFLAG(300) Int. Control integer to indicate if data is given in input
inventory for each radionuclide.
IFLAG(i) <0 data not given
IFLAG(i) >0 data given
INFLG(300) Int. Control integer to indicate which master 1ist radionuclides
have dose factors supplied in library NUCDFL.
INFLG(i) <0 no NUCDFL data
INFLG(i) >0 NUCDFL data given
NPRT Int. Control integer to cause printing of data in library
NUCDFL. Data is printed if NPRT > 0.
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TABLE B.0-13. Common Block NAMES

Symbol &

Dimension Type Problem Symbol/Definition/Values/Units

ELT(300) Char. Two character element name for each radionuclide in the
master radionuclide data Tibrary.

AW(300) Char. Six character atomic weight symbol for each radionuclide
in the master radionuclide data library. Isomeric states
are indicated by the letter M after the atomic weight.
Daughter contributions are indicated by "+D" after the
atomic weight and "M" if present.

NUCS Int. Number of radionuclides in the master Tibrary. (Same as
NUC of common block DECAY.)

TABLE B.0-14. Common Block ORGID
Symbol &
Dimension Type Problem Symbol/Definition/Values/Units

LORG Int. Number of organs for which data is supplied in the dose
conversion factor 1library NUCDFL. 1 <LORG <10.

IORG(10) Int. Organ index values for which data is supplied in the dose
conversion factor library, NUCDFL. 1 <IORG(i) <23.

NORG Int. Number of organs for which doses are to be calculated.

1 <NORG <5.

KORG(5) Int. Organ index values for which doses are to be calculated.
The index values must be taken from values in index array
IORG from the dose conversion factor library, NUCDFL.

MORG(5) Int. Position in IORG corresponding to selected organs. This
array is set in subroutine ORGCHK.

ORGT(5) Char. Ten character organ names for output.

ONAME(10) Char. Ten character organ names for data in library NUCDFL.
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TABLE B.0-15. Common Block POPU

Sxmbo] &

Dimension Type Problem Symbol/Definition/Values/Units

POP(10,16) Real Population within each spatial interval for 10 distances
and 16 direction sectors, Pij’ persons.

TABLE B.0-16. Common Block SOURCE

Symbol &

Dimension Type Problem Symbol/Definition/Values/Units

NIN Int. Number of radionuclides in the input inventory,
1< NIN< NUC.

ELTI(300) Char. Character names for input radionuclides. The names must
be spelled identically to the spelling in the master
radionuclide list.

AWI(300) Char. Six character atomic weight symbol for each input radio-

nuclide. The spelling must correspond to the master list
spelling (see variable AW in common block NAMES).
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APPENDIX C

DATA LIBRARIES

Two data libraries are required to run HADOC: a radionuclide master data
library and a dose conversion factor data library. The libraries have been
designed such that additional data or changes to existing data may be entered
with Tittle difficulty. Listings of the libraries are given in Appendix D.

C.1 RADIONUCLIDE MASTER DATA LIBRARY -~ RMDLIB

The radionuclide master data library (RMDLIB) contains all radiological
decay data used by HADOC. The library is organized into two sections. The
first section contains radionuclides which are not members of decay chains,
and also radionuclides singled out from chains with the "+D" (plus daughters)
designation. Radionuclides in the first section are arranged by increasing
atomic number. The second section of the library contains radionuclides
organized into decay chains ordered under the radionuclides highest in the
chain. RMDLIB contains about 280 entries.

The first card of the library contains 80 characters of descriptive
information used as identification in the input data report printed by
subroutine QAPAGE. The remainder of the data cards have the following

information:
Column 1 Alphabetic element symbol
Column 2 Atomic weight, also metastable and/or "+D" designation
Column 3 Radiological half-life, days
Column 4 Relative position in decay chain
Column 5 Precursor in decay chain
Column 6 Branching ratio from primary percursor
Column 7 Alternate precursor in decay chain

Column 8 Branching ratio from alternate precursor

The RMDLIB FORTRAN format is (A2, A6, E10.2, 212, F7.4, 12, F7.4). The
parameter in Column 4 is used to signal the end of the data library (<0).

C.2 DOSE CONVERSION FACTCR DATA LIBRARY ~ NUCDFL

The radionuclide dose conversion factor data library provides master
organ identification parameters and dose conversion factor data for external
exposure and inhalation uptake. The first card contains the following data:
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Parameter Columns Format Description

NU 1-5 I5 Number of radionuclides for which
data will be supplied, 1 < NU < 300.
LORG 6-10 I5 Number of organs for which data is
supplied in this library, 1 < LORG
< 10.
— 11-20 — Not used (read as NT, NR, 2I5)
IORG(10) 21-23 1013 Organ index values for each organ that
24-26 data will be provided for, 1 < IORG(7)
- <23. (See organ title information
48-50 on the third card).

The second card contains an 80 character descriptive title to be printed
in the input data report prepared by subroutine QAPAGE.

The third (and fourth card if necessary) contain descriptive titles
(ONAME) for organs data is supplied for in this library. The format is 8Al0
with 10 characters allowed for each organ name. If more than eight organs are
specified (LORG) then an additional card is read. The card following the last
organ name card gives the dose commitment periods data is supplied for (215).
For the current library the times are 1 and 50 years. The remainder of the
library contains dose conversion factor data for the NU radionuclides. The
first card for each radionuclide contains the following data:

Parameter Columns Format Description
ELT(4) 1-2 A2 Element symbol for radionuclide i.
AW(d) 3-8 A6 Atomic weight symbol for radionucide i

including metastable "M" and/or "+D"
designation.

EXDF (i) 9-14 6X External total body dose conversion
15-22 E8.1 factor in rem per (Ci sec per m3).

LO 23-38 16X The number of organs for which
39-40 12 inhalation dose conversion factor data

will be given. 1 < LO < LORG.

When no inhalation data is provided for a radionuclide, LO is zero and no
additional cards are read for the radionuclide. Inhalation data is supplied
for each organ as needed with data for one organ on one card as follows:
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Parameter Columns Format Description

MO 1-2 12 Index of the organ for which data is
supplied on this card. MO must corres-
pond to a value in the array IORG.

3-6 4X Inhalation dose conversion factor for
ODF(1,i,j) 7-14 E8.1 the first year dose commitment from
acute uptake for organ i and radio-
nuclide j, rem per (Ci sec/m3),
ODF(2,1,j) 15-22 E8.1 Inhalation dose conversion factor for

the fifty year dose commitment from
acute uptake for organ i and radio-
nuclide j, rem per (Ci sec/m3).

Additional data is contained on each inhalation factor card, but this data is
not required by HADOC and is therefore ignored. The library listing in
Appendix D shows the additional data.

The current organs available in library NUCDFL are indicated in Table C.2-1.

TABLE C.2-1 Organs Available in NUCDFL

Organ Number Organ Index Organ Name
i IORG (i) ONAME (1)
1 1 Total Body
2 3 Kidney
3 4 Liver
4 6 Bone
5 8 Lungs
6 16 Thyroid
7 23 LLI
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APPENDIX D

CODE_AND DATA LIBRARY LISTINGS

This appendix contains 1istings of each module for the computer code
HADOC plus listings of the two data libraries RMDLIB and NUCDFL. The code
listing (Figure D.0-1) starts with the main program (MAIN) followed by the
remaining modules in alphabetical order and common blocks in alphabetical
order. The listing of RMDLIB is next (Figure D.0-2) with the NUCDFL listing
last (Figure D.0-3).
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INPUTS ==

HADOC CALCULATES RADIATION DOSES SROM EXTERNAL AND
UPTAKE FROM ACCIDENTAL RELEASES OMN THE HANFORD SITE,

SUBQORDINATE ROUTINES-~

NAMELIST PARAMETERS,
AND TERRAIN DATA
INPUT COMMONS=~= NOME
QUTPUTS=-- NONE

OUTPUT COMMONS~-~ SQURCE,

OO0 00N

INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE

NAMELIST

KKPOP,

[aXaXsl

a2 Nel

[aNeNel

FRAC / 0.0001/

NEPAXHADOC.ACTVTY,LIST
NEPAXHADOC . ATRCON,LIST
NEPARHADOZ.DAY,LIST
NEPAXHADOC.DECAY,LIST
NEPAXHADOC.DISPSN,LIST
NEPAXHADOC.DISTNC,LIST
NEPAXHADOC.DOSFAC,LIST
NEPAXHADOC.DOSMI,LIST
NEPAXHADOC .DOSPOP,LIST
NEPA®HADOC .ELEVAT,LIST
NEPAXHADOC.FLAGS,LIST
NEPA*HADOC .NAMES,LIST
NEPAXHADOC ,ORGID,LIST
NEPAXHADOC.SOURCE, LIST
NEPAXHADOC .POPU,LIST

DIMENSION TITLRC20),TITLE1C20),TITLNC20),QIC300)
INPUT LIST~=
NAMELIST /INPUT/ UP,

DP, OMI,
NEXT,

HMI,
FRAC,

CONTROL PARAMETERS DEFAULT VALUES-~

LIMTST / 0/

1FRAC
QP /
[TERN
[WAKE
KKPOP
KKRPT
KKSMI
KKS#P
NEXT
NPRT

AREA / 0.
HMT /0.

R N
COoO-Oo0~NO

/

R

DISPERSION PARAMETERS DEFAULT VALUES~-

/

HSTACK / 0.

UMI / 1.
ue /1.
NPD / G /

bP / 2414,

STUB

ORGAN SELECTION

DATA NORG / 4
DATA KORG / 1,

56320.,
024 /

6,

FIGURE D.0-1.

3t

RELEASE INVENTORY,

DEFAULT VALUES--
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ao0n an g Ne) [sNaNaNe] [a X 2] a0 [aNaKel (2 NaNe)

[aNeNal

[aNe)

(2] (e Na] [a N 2] [a Ne]

(g NaNel

10

20

ASSIGN PERTINENT DATA FILES-=-

CALL ASGH (1)

READ DATA LIBRARY FOR MASTER NUCLIDE INDEX & RADIOLOGICAL HALF LIFE-~

CONT INUE
CALL RLIBIN(CTITLR)

READ DOSE FACTOR DATA LIBRARY==
CALL NLIBINCTITLN)D

FINISHED WITH DATA FILES, SO FREE=--
CALL ASGH(2)

START OF CALCULATION FOR NEXT CASE=--

READ INPUT CARD DATA-~
READ(S,100,END=99) TITLEL

READ NAMELIST DATA~-
READ(S5, INPUT,ERR=97)
IF(NEXT.GE.4.) GO TO 95
[F(NEXT.EQ.3) GO TO 2

READ NEW RELEASE INVENTORY=--
CALL ZEROR(C300,Q1)
READ(S5,200,END=99) NIN, FINV

[F NUMBER OF NUCLIDES IS QUT OF RANGE PRINT ERROR MESSAGE,

IF(NIN.GT.300.0R.NIN.LT.1) GO TO 98
READ(S,300,END=99) (ELTICI),AwI(I),QIC1),I=1,NIN)

READ POPULATION DATA--

I[F (KKRPT _NE. 1 .AND. KKPOP .GE. 1) THEN
DO 10 IS =1, 16
READ (5,708,END=99) (POP(I,I1S), [=1,NPD)
CONT INUE
ENDIF

READ TERRAIN DATAww

IF (KKRPT .NE. | .AND. ITERN .GE. 2) THEN
00 20 1S =1 ,16
READ (5,700,END=99) (HT(I,IS), I=1,NPD)
CONT INUE
ENDIF

IDENTIFY INPUT RADIONUCLIDES=-~
CALL IDNUCCQI, FINV)

COUNT ORGANS -~
CALL ORGCHK

WRITE QUALITY ASSURANCE PAGE--
CALL QAPAGE(TITLEL,TITLR,TITLN,QI,FINV, [FRAC,KKRPT,FRAC)

CALCULATE OISPERSION PARAMETERS--
CALL DISPRS (IQP, KKRPT)

CALCULATE DOSES AND WRITE REPORTS=-

IF (XKRPT .LE. 1) CALL MIDOSE
IF (XKKRPT .NE. 1) CALL POPDOS
CALL DOSRPT (KKRPT, TITLEL)
IF (IFRAC .GT. 0) THEN

CALL FRDOSE (KKRPT)

CALL FRDRPT (FRAC, KXRPT, TITLEL)
ENDIF

FIGURE D.0-1. Program Listing

D.3

STOP--



e NeNe]

a0

noaon

RETURN TO START FOR NEXT CASE-~-
GO TO 1
NORMAL EXIT 95

95 PRINT 400
STOP

INVENTORY INPUT ERROR IN SPECIFICATION OF NUMBER OF NUCLIDES—=
98 PRINT 500, NIN
STOP

END OF INPUT CARD FILE--
99 PRINT 600
sTOP

a7 PRINT 1009
1069 FORMAT(' ERRCOR ON NAMELIST INPUT!')
STOP

FORMAT STATEMENTS~-

100 FORMAT(20A4)

200 FORMAT(I3,E10.2)

300 FORMAT(A2,A6,4X,E8.2)

400 FORMAT(CIHL, 'END OF INPUT FOR THIS RUN')

500 FORMAT(1H1, 'ERRCR [N NUMBER OF NUCLIDES INPUT, NONUC =',15,' MAXI
.MUM ALLOWED IS 300 ')

500 FORMAT(IHL,'END OF FILE ON INPUT, STOP')

700 FORMAT (10E8.0)
END

FIGURE D.0-1. Program Listing
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a0
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3%

3%

SUBROUTINE ACHAIN (NUC, T

CALLED B8Y-— TRNSIT

SUBORDINATE ROUTINES~-= ASUM,

INPUTS-= NUC, T, OK,
INPUT COMMONS == NCNE
OUTPUTS=-= AD

OUTPUT COMMONS=-= NONE

IFRM,

oK,

IFRM, AL, AM, AO,

SUMPRD, ZEROR, EXMO

AL, AM, INTGRL

INTGRL )

DIMENSION 0K (2,9),

INITIALIZE COEFFICIENT ARRAY TQ ZERQ=--

N2N = NUC =
CALL ZEROR (N2N, A)

DO LOOP ON CHAIN MEMBERS,
D0 5 J =z 1, NUC

(NUC~-1) / 2 + NUC

MAX = NUC--

CALCULATE EXPONENT[AL FOR CURRENT NUCLIDE=-~-

ARGz-AL(J) * T

IF (INTGRL
FORM 15:
EXPOCY) =

ELSE
FORM IS EXP(ARG) FOR
EXPOCJ) = EXP C(ARG)

ENDIF

.GT.
1
EXMO (ARG, A

0)

THEN
- €xP (ARG) ) / AL

FOR INTGRL

LGdd D

INTGRL = 0

SET STARTING INDEX FOR TERM ARRAY A-~~

Jd = J # U-1) /2
SET CHAIN POSITION MINUS
Jl = 4d =1

IFGJ1 LGT.

IF CIFRM(IL,J) .E
A(M+JdJ) = A(M+
ENDIF

CONTINUE
CONT INUE

~o—

A(M+dd) = A(M+dy) /
3 CONT INUE
ENDIF

ACJ + Ju) = AM(J) ~ ASUM
A0(J)= SUMPRD (J, EXPO,

5 CONTINUE

RETURN
END

FIGURE D.0-1.

ONE -~

¢. L) THEN
JJd) + OKk(L,J)

#ALCL)

CALQY) = ALIMY)

(W1, AQUU+1) )
ACJd + 1) )

fodule ACHAIN
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FUNCTION ASUM(J,A)

xR

IOILNRIINNNNR RN NNERNH R IR NN NR

3

THIS FUNCTION SUMS J ELEMENTS OF THE ARRAY A,

P3RS S PRS2 5

CALLED BY~-~ ACHAIN
SUBORD[NATE ROUTINES—~- NONE
INPUTS—= J, A

INPUT COMMONS=— NONE
OUTPUTS== ASUM

OUTPUT COMMONS -~

OO0 000

DIMENSION A(l)

ASUM=0.
iF(J.LE.O) GO TO 2

00 1 =1,
ASUMzASUM+ACT)
CONT [NUE

RETURN
END

FIGURE D.0-1. Module ASUM
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MODULE DISPRS

SUBROUTINE 21SPRS (IQP, KKRPT) $SSSTART

DISPRS CALCULATE ATMOSPHERIC DISPERSION PARAMETERS FOR MAX[MUM
{NDIVUAL AND PQPULATION LOCATIONS.

CALLED 8Y-- MAIN
SUBORDIMNATE ROUTINES-- SIGMAY, SIGMAZ, POPEQ, MAXEQ
INPUTS-~ [QP, KKRPT

INPUT COMMONS~- DISPSN, ELEVAT, DISTNC

OUTPUTS~= NONE

CQUTPUT COMMONS-- AIRCON

INCLUDE NEPA®HADOC.DISPSN,LIST
INCLUDE MEPARHADOC.ELEVAT,LIST
INCLUDE NEPA®HADOC.AIRCON,LIST
INCLUDE NEPA®HADOC.DISTNC,LIST

DIMENSION STA3(7), [(P(1Q)
CHARACTER#L0 5TAB

DaTA STAB / fPASOUILL A', 'PASOUILL 8', 'PASQUILL C',
r

'PASQUILL D', 'PASQUILL E', 'PASOUILL 7', THANFQORO' /

= (KKRPT LLE. 1) THEN
TT = DMI / uUMI

St = SIGMAY(TT,STUB8)
SZ = SIGMAZ(KKSMI,TT)
€YZ = Sy ¥ 52

IF 3UTLDING WAKE IS CONSICERED-~
[ (IWAKE ,5T. 1) THEN

EY = 3QRT (SY ¥ SY + ,5 % AREA )
EZ = SORT (SZ % SZ + .5 % AREA )
EYZ = EY ¥ EZ -

[F (EYZ GT. 3. ® SYZ) THEM
§YZ = 3, * SY

S

S5 = SNAT(3ID EZ
ELSE
SYZ = EYZ
ENDI#
ELSE
§5 = SZ
ENDIE

IF TERRAIN EFFECTS ARE CONSIDERED--
¥ CITERN 6T, 0D THEN

HE = HSTACK =~ HMI
IF (HE LT. 0D HE = 0.

ELSE
HE = HSTACK
ENDIF
EXPO = ZXP ( - HE ¥ HE % .5 / (5SS ¥# §S))
EAML = EYPn 7 (3,14189 # ym] % 5y7)

1= (LIMTST .6T. 0) THEN

FIGURE D.0-1. Module DISPRS
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1MODULE

CALL MMAXEQ (EQMI, HE, UMI, IMP,

DISPRS

AREA, [WAKE, DMI)

o TO DETERMINE WHICH ATMOSPHERIC S:ABILITY GIVES THE HIGHEST
o VALUJE FOR THE MAXIMUM INDIVIDUAL AIR CONCENTRATION,
ENDIF
o
[F (KKRPT .NE. 1) CALL POPEQ (EQP, PM, MS, 192)
o
IF CIQP .57, 0) THEN
WRITE (5, 5600)
C
C R INT MAXIMUM INDIVIDUAL INFORMAT{ON--
[F (XKKRPT ,LE. 1) THEN
WRITE (5,1000)
WRITE (A,10601) EQMI
17 (LIMTST .GT, 0) WRITE (A,2000) STAB(CIMP)
ENDI®
o
c ORINT POPULATION INFORMATION--
IF (KKRPT NE, 1) THEN
WRITE (5,3000) MS
WRITE (5,1000)
ARITE (5,1002) PM
dRITE (5,1000)
WRITE (5,1003)
WRITE (6,4000)
-
D0 100 IX = 1, NPD
WRITE (5,4001) IXx, EQPCIX), STARCIPCIX))
100 CONTINUE
EMDIZ
ENDIF
[
QRETURM
o
1000 FOOMAT (1HO, &X, 'TIME INTEGRATSED AIR CONCENTRATION ')
o
1001 SORMAT (1M , AX, 'FOR THE MAXIMUM INDIVIDUAL LOCATION (EQMI) .z ',
+ 1PE12,2, ' SEC/M®H3')
1002 SORMAT (14 , HX, 'TIMES POPULATION (PM) = ', 1PEl12.2,
+ ' MAN-SEC/MERT)
o
1003 FORMAT (14 , 43X, 'AT EACH FOPULATION DISTANCE IN THE DIRECTION °,
+ 'OF THE MAX[MUM EXPOSURE SECTOR = EQP(IX) SEC/M¥X3I1)
-

2000 FORMAT (1H0, 6X, 'MAXIMUM AIR CONCENTRATION AT LOCATION OF ',
XTMUM [INDIVIDUAL WAS FOR ¢, Al

I

+ 'MA

1000 FORMAT (140,

C

~

4001 =ORMAT (1H
-

+ (M

4n00 FORM

sy = ',

AT (1m0,

&x,
14)

9%,

TINDEX OF THE MAX

"DISTANCE!, 10X,

4 AX, Teceean —=t, 10X, tem==1, 10X, '--

I3

5000 FORMAT (1-1)

C

cND

10x,

[z, 9x, 1PE12.2,

FIGURE D.0-T.
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SUBROUT INE DOSRPT (KKRPT, TITLEL) $SSSTART

2 S M AT NN IS R RTINS NI TSN NN MR NIIN M NN R RRNHR KNG RN RaN

3
b
b

DOSRPT WRITES DOSE RESULTS REPORTS.

STRENITITANNNIT NI INT IS N SR AL S NN SO AT ISR AN N SN ST RIS RTINS AN N IR A ST ATAT AN AL u R

3%
¥

CALLED BY~= MAIN

SUBORDINATE ROUTINES=-- NONE

INPUTS~= KKRPT, TITLE!

INPUT COMMONS~- DOSMI, DOSPOP, DAY, ORGID
OUTPUTS=- PRINTED REPORTS

OUTPUT COMMONS=-~ NONE

aNaNeNeNaNaNaNeNaNaNaNaNaNsNa NS}

INCLUDE NEPA®HADOC.DOSMI,LIST
INCLUDE MEPAX®HADOC.DOSPOP,LLIST
INCLUDE MNEPA®HADOC.DAY,LIST

INCLUDE NEPA*HADOC.ORGID,LIST

DIMENSION TITLE1(20), TOT(Z2,5)

OO0

TEST PRINT FLAG~-~
IF (KKRPT ,LE. 1) THEN

c PRINT HEADINGS~-~
WRITE (6,100) TITLELl, DAIT
WRITE (6,200)
WRITE (6,400)

C PRINT AIR SUBMERSION DATA=-
WRITE (6,500) OMET, DMET

c PRINT INHALATION INFORMATION--
WRITE (6,600) (ORGT(IO), DMOT(1,10), OMOT(2,10), 10 = 1, NORG)

C FOR EACH ORGAN, CALCULATE TOTALS--
DO 10 10 = 1, NORG
TOTC1,10) = OMOT(1l,I0) + DMET
TOT(2,10) = DMOT(2,10) + DMET
10 CONT INUE

C
c PRINT TOTALS--

WRITE (6,900) (ORGT(I0O), TOT(1,10), TOT(2,10), 10 = 1,NORG)
C

ENDIF
C
C
IF (KKRPT .NE, 1) THEN

C
c PRINT H%ADINGS~—

WREITE (6,100) TITLEl, DAIT

WRITE (6,3060)

WRITE (6,400)
c
C PRINT A{R SUBMERSION DATA--

WRITE (6,500) DPET, DPET
C
c PRINT INHALATION DATA-=-

WRITE (6,600) (ORGT(IO), DPOT(1,10), DPOT(2,10), [0 = 1, NORG)
c
c CALCULATE TOTAL DOSEw--

DO 20 10 = 1, NORG

TOoT(1, 10) = DPOT(L,10) + DPET
TOT(2,10) = DPOT(2,10) + DPET
20 CONT INUE

c
c PRINT TOTAL DOSE DATA-«

WRITE (6,900) (ORGT(IO), TOT(1,10), TOT(2,10), [0 = 1, NORG)
C

ENDIF

FIGURE D.0-1. Module DOSRPT
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[aNaNsel

RETURN

FORMATS -~
100 SORMAT (1M1, 20A4 / 37x, A8)
200 FORMAT (1HO0, 20X, 'MAXIMUM INDIVIDUAL DOSE COMMITMENTS (REM)®)
300 FORMAT (1HO0, 22X, 'POPULATION DOSE COMMITMENTS (MAN=REM)')

400 FORMAT (1MO, 32X, 'DOSE COMMITMENT PERIOD' / 8X, 'PATHWAY/ORGAN',
+ 12X, 'l YEAR 50 YEARS' / )

500 FORMAT (1H , 6X, *AIR SUBMERSION' // 10X, 'TOTAL 80DY', 8X,
+ 2 C 2x, 1PE10,1€2) /)

600 FORMAT (l1H , 6X, '[NHALATION' // 5 (10X, Al0, 8X,
+ 2 C 2x, 1PE10.1E2) / M

900 FORMAT (1H , 6X, 'TOTAL DOSES' // 5 (10x,Al0, 8x,
+ 2 (2x, 1PE10.1E2) / )

END

FIGURE D.0-1. Module DOSRPT
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FUNCTION EXMO(ARG,AL)

$

st

ki
3

$8 2 20 %@ ne 2SI Ee S 12 s 42 38 88 824238 %2 3832 38 588284 8832 38 40 8088 1240 20 82 40 48 22 84 402 42 38 88 52 83 38 12 4 42 82 32 3232 10 38 44 92 42 %2 38 34 82 82 82 %0
SIS BTN IR NN TN N NN SN0 N0 MBSO AN SN BTN SNINNEAAL LA s R NN NN

THIS FUNCTICN CALCULATES (1-EXP(ARG))/AL FOR NEGATIVE ARG

i®
i

wave se 428z es se anasag s aess

. 82 3s 82 48 am 10 12 3888 30 Ne 2 S ee ST ag ap tE S e a2 28 4e 84 32 4B 4 848 NS 2 SO LN 18 82 UL L2 S0 98 38 32 22 80 92 32 82 Su 30 S8 L 3L 32
SRR SRR LR 2 PRI SR MRS FHE R 3 R IR LR R RIS S LR R A 0k

3
b3
i

&

CALLED BY=-= ACHAIN
SUBORDINATE ROUTINES-~ NONE
INPUTS=~ ARG, AL

INPUT COMMONS -~ NONE
OUTPUTS == EXMO

OUTPUT COMMONS-— NONE

AN OONOOOOO0

IF(ARG.GT.0.0)GO TO 99

O

IF (-ARG .GT., 0.001) THEN
EXMO=(1.0-EXP(ARG))/AL
ELSE

I2~1FIXCALCG10(~ARG))
[z8-1

IFCI.LT.2)1=2
TERM=~ARG
EXMO=-ARG/AL

DO 1 1T=z2,1
TERM=(TERM®ARG) /FLOAT(IT)
EXMO=EXMO+TERM/AL
1 CONT INUE

ENDIF
o
RETURN
C
99 PRINT 100,ARG
100 FORMAT(' ERROR IN FUNCTION EXMO, POSITIVE ARG=',1PE10.3)
sToP
END

FIGURE D.0-1. Module EXMO
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SUBROUTINE FRDOSE (KKRPT)D

FRDOSE CALCULATES FRACTIONAL CONTRIBUTIONS TO DOSES.

CALLED BY-= MAIN
SURORDINATE ROUTINES—-~ NONE

INPUTS-= KKRPT

INPUT COMMONS—=- NAMES, ORGID, FLAGS
OUTPUTS—= NONE

OUTPUT COMMONS-~ DOSMI, DOSPOP

OO0OO0OO0O0O0O00O00000000

INCLUDE NEPA*HADOC.NAMES,LIST
INCLUDE NEPA®HADOC.ORGID,LIST
INCLUDE NEPAXHADOC.FLAGS,LIST
INCLUDE NEPARHADOC.DOSMI,LIST
INCLUDE NEPARHADOC.DOSPOP,LIST

IF (KKRPT .LE. 1) THEN

[F (DMET .GT. 0.) THEN
DM = 1. / DMET
FOR EACH RADIONUCLIDE--
DO 100 IN = 1, NUCS
DME(CIN) = DMECIN) = DM
100 CONT INUE
ENDIF

FOR EACH ORGAN=--
DO 200 IO = 1, NORG

IF (OMOT(1,10) .GT. 0.) THEN

DMLl = 1. / DMOT(1,10)
DM2 = 1. / DMOT(2,10)
FOR EACH RADIONUCLIDE--
DO 300 IN = 1, NUCS

IF (INFLGCIN) .GT. 0) THEN
oMO(1, 10, IN) = DOMOCL, [0, IN) % DMI]
OMO(2, 10, IN) = DMO(2,10,IN) * DM2

ENDIF

300 CONTINUE
ENDIF
260 CONT INUE
ENDIF

IF (XXRPT .NE. 1) THEN

IF (DPET .GT. 0.) THEN
OP = 1. / DPET
FOR EACH RADIONUCLIDE-=
DO 400 IN = 1, NUCS
DPECIN) = DPECIN) * DP
400 CONT INUE
ENDIF

FOR EACH ORGAN=—-
DO 500 10 = 1, NORG

IF (oPOT(1,10) .GT. 0.) THEN
bP1 = 1. / DPOT(1,I10)
pP2 = 1, / DPOT(2,10)

FOR EACH RADIONUCLIDE=--

FIGURE D.0-1. Module FRDOSE
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SUBROUTINE FRORPT (FRAC, KKRPT, TITLEL) $SSSTART

CALLEO 8Y-- MAIN

SUBORDINATE ROUTINES~~ MIORPO

INPUTS~~ FRAC, KXRPT, TITLE1l

INPUT COMMONS~-- QRGID, FLAGS, NAMES, DAY
OUTPUTS~~ REPORT OF FRACTIONAL DOSE CONTRIBUTIONS
OUTPUT COMMONS=~~ NONE

OO0OO0OO0O000O0000000000

INCLUDE NEPA#HADOC.DAY,LIST

INCLUDE NEPAXHADOC ,NAMES,LIST
[NCLUDE NEPA#HADOC.ORGID,LIST
INCLUDE NEPA®HADOC.FLAGS,LIST

DIMENSION FRTOT(2,5,300)

DIMENSION DVE(300), DVOT(2,5), DVvo(2,5,300)
DIMENSION I[YEAR(2)

CHARACTER SUSHD*18(2), TOT#5(2), TITLELl#4(20)

DATA SUBHD /tMAXIMUM INDIVIDUAL', 'POPULATION'/
DATA IYEAR /1, 50/
DATA TOT /! 1, 'TOTAL'/

[aNg]

LOOP TO WRITE BOTH TYPES OF REPORTS--
bo 1001 =1,

SET PRINT FLAG FOR MAXIMUM [NDIVIDUAL OR POPULATION REPORT~~-
KKRPT <= 0 -- ALL DOSE REPORTS REQUESTED
KKRPT = 1 ~= ONLY MAXIMUM DOSE REPORTS REQUESTED
KKRPT => 2 -= ONLY POQPULATION DOSE REPORTS ARE REQUESTED

OO0 00

IF (I .E0. 1) THEN
IF (KKRPT ,LE. 1) THEN ,
IRPRT = 1
ELSE
IRPRT
ENDIF

"

2

LSE
IF (KXRPT LT, 1) THEN
[RPRT = 2
ELSE
RETURN
ENDIF
ENDIF

[2Ta)

CALL MIORPO (DVET, DVE, DVOT, DVO, IRPRT)
TO TRANSFER DOSE VALUES [NTO PRINTING ARRAYS.

PRINT FIRST REPORT=w

o000

WRITE (6,1000) TITLELl, DAIT
WRITE (6,1100) SUBHOCIRPRT), TOT(l), IYEAR(CL)
WRITE (6,1200) (ORGTCIC), I0 = 1, NORG)

OO0

FOR EACH RADIONUCLIDE~~
DO 200 IN = 1, NUCS

OO0

CHECK [F THERE [S DATA FOR THIS NUCLIDE IN NUCDFL LIBRARY=-=
IF CINFLGCIN) .GT. 0) THEN

IPR = 0

I0 = 1
IF (OVECIN) .GT. FRAC) IPR =1

FIGURE D.0-1. Module FRDRPT
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[aNaNs]

OO0

a0

200

500

400

CONT INUE

FRTOT(1,10,IN) = C(DVECIN) ¥ DVET + DVO(1,I0,IN) %
DVOT(1,10)) / (DVET + DVOT(1,10))

IF (bvo(l,10,IN) .GT, FRAC) IPR = 1

10 = 10 + 1
IF (10 .LE. NORG) GOTO 300

IF (IPR ,GT. 0) THEN

PRINT DATA FOR THIS NUCLIDE--
WRITE (6,2000) ELTCIN), AWCIN), DVECIN),(DVOC(1,10,IN),
[0 = 1, NORG)

ENDIF
ENDIF
CONT INUE

PRINT SECOND REPORT ==

WRITE (6,1000) TITLE1l, DAI(T
WRITE (6,1100) SUBKD(CIRPRT), TOT(1), IYEAR(2)
WRITE (6,1200) CORGT(10), 10 = 1, NORG)

FOR EACH RADIONUCLIDE =~
DO 400 IN = 1, NUCS

CHECK [IF THERE [S DATA FOR THIS NUCLIDE I[N NUCDFL LIBRARY~=~

IF CINFLGCIN) .GT. 0) THEN
IPR = O
10 =1
IF (DVE(IN) .GT. FRAC) IPR = 1
CONTINUE

FRTOT(2,10,IN) = (OVECIN) * DVET + DVO(2,10,IN) ®
DVOT(2,10)) / COVET + DVOT(2,10))

IF (bvo(2,10,IN) .GT. FRAC) IPR = 1

[0 =10 +1
[F (10 .LE. NORG) GOTO 500

IF (IPR .GT. 0) THEN

PRINT DATA FOR THIS NUCLIDE--
WRITE(6,2000) ELTCIND, AWCIND, DVECIN), (DOVO(2,10,IN),

[0 = 1, NORG)

C

ENDIF
ENDIF
CONT INUE

PRINT THIRD REPORT--

WRITE (6,1000) TITLEL, DAIT
WRITE (6,1100) SUBHDCIRPRT), TOT(2), IYEAR(1l)
WRITE (6,1300) (ORGT(IO), 10 = 1, NORG)

FOR EACH RADIONUCLIDE=~-
DO 600 [N = 1, NUCS

CHECK IF THIS RADIONUCLIDE IS IN INVENTORY-~
I€ CINFLGCIN) .GT., 0) THEN

FIGURE D.0-1. Module FRDRPT
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i0c =1
700 CONT INUE
IF (FRTOT(1,!10,IN) .GT. FRAC) THEN
{PR = 1
ELSE
IPR = 0
ENDIF
10 = 10 + 1
IF (IPR ,LE. 0 .AND. [0 ,LE. NORG) GO TO 700

IF CIPR .GT, 0) THEN
WRITE (6,2100) ELTCIN), AWCIN), (FRTOT(1,10,IN),
+ 10 = 1, NORG)
ENDIF

ENDIF
00 CONT INUE

PRINT FOURTH REPORT=~~

OO0

WRITE (6,1000) TITLELl, DAIT
WRITE (6,1100) SURHD(CIRPRT), TOT(2), IYEAR(2)
WRITE (6,1300) (ORGT(!0), 10 = 1, NORG)

[a N e

FOR EACH RADIONUCL [DE--~
DO 800 IN = 1, NUCS

00

CHECK IF THIS RADIONUCLIDE IS IN INVENTORY--
IF CINFLGCIN) .GT. 0) THEN

10 =1
900 CONT INUE
IF (FRTOT(2,10,IN) .GT. FRAC) THEN
PR = 1
ELSE
IPR = 0
ENDIF
10 = 10 + 1
IF (IPR .LE., 0 .AND. 10 .LE. NORG) GO TO 900

IF CIPR .GT. 0) THEN
WRITE (5,2100) ELTCIN), AWCIN), CFRTOT(Z,I10,IN),

+ 10 = 1, NORG)
ENDIF

ENDIF
800 CONT INUE

100 CONTINUE

[a1g]

RETURN

FORMAT STATEMENT S~

[eXsEeKse]

1000 FORMAT (1H1, 20A4 / 37X, A8)

[a]

1100 FORMAT (14O, 'FRACTIONAL OOSE BY RADIONUCLIDE FOR ', Al8 /
+ 10X, 'FOR ', A5, 1X, 12, ' YEAR DOSE COMMITMENT')
o
1200 FORMAT (1HO, 20X, 'EXTERNAL', 8X, 'INHALATION' /
+ 8X, 'NUCLIDE TOTAL BODY', 4x, 5 (2X,Al10) )
o
1300 FORMAT (1MO, 7X, 'NUCLIDE', 96X, 5 (2x, Al0) )

C
2000 FORMAT (1H , 7X, A2,A6, BbX, 1PE10.2, 2X, 5 (2Xx, 1PE10.2) )
2100 FORMAT (lH , 7x, A2,A6, u4X, 5 (2x, 1PE10.2) )

C
END

FIGURE D.0-1. Module FRDRPT
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SUBROUTINE IDNUC (QI, FINV)

SHNNRANNNARNARNARRRRS

IDNUC [DENTIFIES NUCLIOES IN INPUT INVENTORY

ssazimssseas prevpraveY: "
s RU/ANRR NN

wERENR P

CALLED BY-- MAIN
SUBORDINATE ROUTINES-~ ZEROI,
INPUTS—= QI, FINV

INPUT COMMONS-~ SOURCE,
OUTPUTS== NONE

OUTPUT COMMONS-~ FLAGS,

ZEROR
NAMES, DECAY

ACTVTY

AL ANMAIIAI AN ANARMNN N

OO0OOOOOOOOOOOOOO0

INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE

NEPA®HADOC.ACTVTY,LIST
NEPA®HADOC.DECAY,LIST
NEPA®MADOC.FLAGS,LIST
NEPA¥HADOC .NAMES ,LIST
NEPA*HADOC.SOURCE,LIST

DIMENSION Qf(300)
INITIALIZE COUNT INDEX ON UNIDENTIFIED NUCLIDES
[STOP=0

CALL ZEROI(200,NFLAGC)
CALL ZEROI(300,NFLAG)
CALL ZEROR(300,Q)

SET ACTIVITY FACTOR ==

AF = 1,

IF (FINV .GT,., 0.) AF = FINV

LOOP ON NUCLIDES INPUT.

DO 3 IN=1,NIN
DO 1 IL=1,NUCS
TLN=IL
IFCELTCIL).NEL.ELTICIN)Y) GO TO 1
[FCAWCIL) .EQ.AWI(CIN)) GO TO 2
1 CONTINUE
NO MATCH IN LIBRARY FOR INPUT NUCLIDE.
ISTOP=ISTOP+1
PRINT 100, ELTICIN),AWICIN)
GO TO 3
2 NFLAG(&LN):XN
NFLAGC(NCHNCILN))=1
QUILN) = QICIN) # AF / ALCILN)
3 CONTINUE
IFCISTOP.LT.1) RETURN

PRINT TOTAL NUMBER OF UNKNOWN NUCLIDES AND STOP.

PRINT 200, ISTOP

100 FORMAT(1HO, 'UNIDENTIFIED NUCLIDE ',A2,A6)

200 FORMAT(1HO,'THERE WERE UNIOENTIFIED NUCLIDES,
STOP
END

FIGURE D.0-1. Module IDNUC
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SURROUT INE LIBRPT(TITLN,NUC,LORG, INFLG,EXDF,ODF,ONAME)

LIBRPT PRINTS A REPORT OF LIRRARY DATA,

R RS ATRLR T IR RS HH PRI P LD LRI PN D IR PIR T BT ST S L R - ST RIS PP ST PP LS LSS TP P HE T L 91

CALLED BY-~ NLIBIN

SUBORDINATE RQUTINES-- NONE

INPUTS~= TITLN, NUC, INFLG, ONAME, EXDF
INPUT COMMONS=-~ DAY, NAMES

OUTPUTS~~ PRINTED REPORT OF LIBRARY DATA
OUTPUT COMMGONS~-- NONE

OO0 O0OO0OO00O0O0000

PRI

1

2

3

20
100
200

300

-

400

500

INCLUDE NEPA¥HADOC,NAMES,LIST
INCLUDE NEPA®HADOC.DAY,LIST

DIMENSION TITLNC20),EXDF(300),0D0F(2,10,300),
ONAME(C10), INFLG(308)
CHARACTER ONAME#*10, TITLN#®4

NT PAGE HEADING

PRINT 100

PRINT 200, TITLN,DAIT
IN=1

IFCIN.GT.NUC) GO TO 20
IFCINLGT.1) PRINT 100

PRINT 300
I1C=0
TEST FOR DOSE FACTOR INCLUSION FOR THIS NUCLIDE
[F CINFLGCIN) .GT. 0) THEN
PRINT DATA FOR A NUCLIDE
PRINT 400, ELTCIN),ANCIN),EXOF(CIN),ONAME(1),
(CDF(I1,1,IN),1=1,2)
TEST IF ORGAN DATA [NCLUDED FOR THIS NUCLIDE=-=
[F CINFLGCIN) .GT. 1) THEN
PRINT REMAINING ORGAN DATA
DO 3 10=2,LO0RG
PRINT 500, ONAME(IO),(ODF(I,10,IN),I=1,2)
CONT INUE
IC = IC + 3§
ENDIF
IC=1C+2
ENDIF
INsIN+1

IFCIC.GT.43)G0 TO 1
IFCINJLELNUC) GO TO 2

RETURN
FORMAT(IHL)
FORMAT(16X, 'LIBRARY DATA FOR ',20AL4,6X,Al0)

FORMAT(1HO, 13X, 'EXTERNAL DOSE FACTOR
' /45X, "ACUTE UPTAKE!'/

' NUCLIDE', 15X, 'TOTAL 80DY ORGAN',68X,'l YR 50 YRS')

FORMAT (140, A2, A6, 15X, 1PE9.2, 1Xx, Alg, IXx, 2 (lPE9.I,

FORMAT(34X,A10,1X,2C(1PEY.1,2X))

END

FIGURE D.0-1. Module LIBRPT
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SUBROUT INE MIDOSE

%
<
i
i

s
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¥
¥
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@
3
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¥

MIDOSE CALCULATES THE MAXIMUM INDIVIDUAL DOSES.

SIS RN RN ANNRNNNR RN NARIINRINNNRNAN

2
5t

CALLED 8Y== MAIN

SUBORDINATE ROUTINES--

INPUTS == NONE

INPUT COMMONS-~ ACTVTY,
FLAGS,

TRNSIT, ZEROR

AIRCON,
ORGID

DECAY, DISPSN, DISTNC, DOSFAC,

QUTPUTS~— NONE
OUTPUT COMMONS~-- DOSM!

OO0 OONOOOn

INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
[NCLUDE
INCLUDE

NEPARHADOC.ACTVTY,LIST
NEPAXHADOC,AIRCON,LIST
NEPA*HADOC.DECAY,LIST
NEPA*HADOC.DISPSN,LIST
NEPAXHADOC.DISTNC,LIST
NEPA*HADOC.DOSFAC,LIST
NEPA*HADOC .DOSMI,LIST
NEPARHADOC . FLAGS,LIST
NEPA*HADOC.ORGID,LIST

INITIALIZE

ARRAYS ==

CALL ZEROR
CALL ZEROR
CALL ZEROR
OMET = 0,

(300, DME)
(3000, DMO)
(10, DMOT)

T = DMI / uMl

TRNSIT CONTROLS RADIOLOGICAL DECAY CALCULATIONS=--
CALL TRNSIT (T)

INUC = 0

FOR EACH DECAY CHAIN=-
DO 180 IC = 1, NCH
J = NOFNUCCIC)

TEST FOR INCLUSION OF CHAIN
IF (NFLAGC(CIC) .GT. 0) THEN

IN INVENTORY~-

SET ARRAY [NDEX LIMITS FOR THIS CHA[N=-
IST = INUC + 1
K = IST + J -1

FOR EACH NUCLIDE IN CHAIN~--
DO 200 IN = IST, K

TEST FOR DOSE FACTOR DATA FOR NUCLIDE--
IF CINFLG(CIN) .GT. 0) THEN

CALCULATE DOSE FOR EXTERNAL EXPOSURE--
DMECIN) =z EQMI #* QDCIND ¥ EXDF(IN)
OMET = DMET + DME(CIN)

FOR EACH ORGAN—-
DO 300 10 = 1, NORG

SET ORGAN INDEX FOR DOSE FACTOR ARRAYS=~-
IL = MORG(IO)D

FIRST YEAR DOSES FOR THIS ORGAN AND RADIONUCLIDE--
OMOCL, 10, IN) = EQMI X QDCINDY * ODF(L,IL, IN)
DMOT(1,10) = DMOT(L, 10) + DMOCL, 10, IN)

FIGURE D.0-1. Module MIDOSE
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OO0

FIFTY YEAR DOSES FOR THIS ORGAN AND RADIONUCLIDE-=
OMOC2, 10, IN) = EQMI * QDCIND * ODF(2,IL, IN)
DMOT(2,10) = DMOT(2,10) + DMO(2, 10, IN)

o
o
300 CONTINUE
ENDIF
200 CONTINUE
ENDIF
C

INUC = INUC + J
o

100 CONTINUE

[aNe]

RETURN
END

FIGURE D.0-1. Module MIDOSE
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MODULE MMAXEQ

SUBROUTINE MMAXEQ (EOMI, HE, UMI, IMP, AREA, [WAKE, DMI) $S$SSTART
c <
o
o NMAXEQ DETERMINES WHICH ATMOSPHERIC STABILITY GIVES THE HIGHEST
C VALUE FOR THE MAXIMUM INDIVIDUAL AIR CONCENTRATION,
C
C::.: TP MR P sttt anannanas
C
o CALLED B8Y~- DISPRS
o SUBORDINATE ROQUTINES-- PASSIG
C [NPUTS-- EQMI, HE, UMI, I[WAKE, AREA, DMI
c INPUT COMMONS=—~ NONE
C OUTPUTS-~ EOMI, IMP
C OUTPUT COMMOMNS-- NONE
C
o T Sy iy py gy gy Sy Sy vy U oy S, L gy
C
DaTA PI /3.14159/
C
C SET CONDITION INDEX FOR HANFORD MODEL-=
IMP = 7
[
C TEST FOR ELEVATED PELEASE--
1= (HE .6GT. .1) THEN
~
C FOR EACH UNSTABLE PASQUILL DISPERSION CATEGORY--
DO 100 IP = 1, §
C
CALL PASSIG (OMI, IP, 5Y, SZ)
C TO CALCULATE VALES OF SIGMA Y ANO SIGMA Z AT DISTAMCE OMI,
C
SYZ = SY ® sZ
< [F BUILDING WAKE IS CONSIDERED--
I (IWAKE .GT. 0) THEN
C
EY = SORT (SY * SY 4+ ,5 * AREA)
EZ = SORT (SZ % SZ + .5 * AREA)
EYZ = EY * EZ
SS = EZ
o
IF (EYZ GT. 3, # SYZ) THEN
SYZ = 3, *® SYZ
$S = SORT (3,) * EZ
~
ELSE
C
SYZ = €Yz
C
ENDIF
C
C
ELSE
g IF BUILDING WAKE NOT CONSIDERED--
SS = SZ
o
ENDIF
o
C
€ = EXP ( ~(HE®HE®,5) / (55 ¥ SS) ) / ( P1 ® UMI #* S5YZ)
C
IF (E .GT. EQOMI) THEN
IMP = [P
EOM] = €
ENDIF
C
100 CONTINUE
ENDIF
C
RETURN
END

FIGURE D.0-1. Module MMAXEQ
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SUBROUTINE MIORPO (DVET, DVE, OVOT, DVO, IRPRT) $5SSTART

SRR AN N NI I N M ARSI NI NN RN RN AN NAN NN N K

H
ki
%
¥

M[ORPOP TRANSFERS EITHER MAXIMUM INDIVIDUAL QR POPULATION DOSE
VALUES INTO PRINTING ARRAYS,

it
B
b3

SRNARNNAARANERRARMNANRNMNNARXNRNRNRUNRRARR

srasvs s s seass,
WERRRER

CALLED BY-— FRDRPT
SUBORDINATE ROUTINES-- ZEROR

INPUTS=~ IRPRT

INPUT COMMONS~- DOSMI, DOSPOP, NAMES, ORGID
OUTPUTS=-- DVET, DVE, DVOT, DVO

OUTPUT COMMONS—= NONE

s ¥sNaNsNsNsNeYsNs N XnRaXakaXaknksl

INCLUDE NEPA®HADOC.DOSM[,LIST
INCLUDE NEPA¥HADOC.DOSPOP,LIST
INCLUDE NEPA¥HADOC.NAMES,LIST
INCLUDE NEPA*HADOC.ORGID,LIST

DIMENSION DVE(300), OVvOT(2,5), ovo(2,5,300)
[« INITIALIZE ARRAYS=—~

CALL ZEROR (300, DVE)

CALL ZEROR (10, DVOT)

CALL ZEROR (3000, DVO)

IF CIRPRT .EQ. 1) THEN

TRANSFER MAXIMUM INDIVIDUAL DOSE ARRAYS--

s NaXsl

DVET = DMET
DO 100 I = 1,2
D0 200 10 = I, NORG
DVOT(1,10) = DMOT(I, 10)
DO 300 IN = I, NUCS
DVO(I, 10, IN) = DMO(L, 10, IN)
300 CONT INUE
200 CONT INUE
100 CONTINUE
DO 400 IN =
DVE(IN)
400  CONTINUE

1, NUCs
= DMECIN)

ELSE

TRANSFER POPULATION DOSE ARRAYS-=~

(g Xg]

DVET = DPET
DO 500 f = 1,2
DO 600 I0 = 1, NORG
DVOT(I,10) = DPOT(I,10)
DO 700 IN = I, NUCS
ovo(i, 10, IN) = DPOC(L, 10, IND
700 CONT INUE
600 CONT INUE
500 CONT INUE
DO 800 IN = 1, NUCS
DVECIN)Y = DPECIND
2800 CONT [NUE

ENDIF

RETURN
END

FIGURE D.0-1. Module MIORPO
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[aNa)

a0

o0

[aNel

el

[a el

SUPRCUTINME niLIeIn (TITLY)

NLIRIN READS DCSE CONVERSION FACTQR DATA,

CALLED PY-m MAIN
SUPCRDINATE POUTINES=- ADATE, LISPPT, ZESD], ZEROP
INPUTS~= NUCDSL LimRaqY

INPUT COMMONS—= NAMES

OUTPUTS== TITLN

QUTPUT CAMMONS=—= DOSFAC

IO OO0 OO0

INTLUDE NEPA#HADCC ,DECAY,LIST
fRNCLUDE NEPARRADCC,TLAGS,LIST
INCLUDE NEPA®RACCC,DCSFAC,LIST
INCLUDE NEPA®HADOC,DAY,LIJST

INCLUDE NEPAXHADOC ,NAMES, LIST
INCLUDE NEPA®HADOL ,ORGIC,LIST

DIMENSION CD(2), TITLN(20)
CHARACTER WHE, TITLNHY

CALL ADATE (DAIT, X¥)
[END=0

READ FIRST CAPD FOOM DATA LI®RARY—-
READ (12,100,END=Q8) Ny, LORG, NT, N®, 10PG, TITLN,
. (ONAME(CLD), 1 = 1, LOPG)

READ OVE® DNSE COMMITMENT PERIOD CARD~=
READ (12,800) I1DUM

INITIALIZE ARQAYS TO ZERO==-
CALL ZERNR (£000, 0ODF)

CALL ZzEROR (300, EXDF)

caLl ZERQI (300, INFLG)

READ DATA ©QRf EACH NUCLIDE--
D0 10 I = 1, NU

READ(12,200,END=96) E, W, EX,LQ

IDENTIFY RADIONUCLIDE (AGAINST MASTER L[IST FROM AMDLIR) ==
DO & IM = 1, NUCS ,
IF (E NE, ELT(IM)) GO TO 4
IF (W NE, AW(IM)) GO TO &
JI = Im

SET FLAG «- INTERNAL DCSE FACTORS ARE GIVEN FCR THIS NUCLIDE=--
INFLGCIT) = 1

EXDFCII) = EX
GO TO &

4 CONTINUE
PRINT 700, IM, E, W
PPINT 800, NU, NUCS
GC TO 94

5 IF (LO.LE.O0) GO TO 10

SET FLAG TO INDICATE THAT DOSE FACTORS APE GIVEN FOR THIS MUCLIDE-~-
INFLG(CIT) = 2

READ INWALATION DNSE FACTORS-=
De 7 10=1,L0

FIGURE D.0-1. Module NLIBIN
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(g Na)

(g NeNe]

READ(12,300,END=G8) MCQ,(0D(U),d=1,2)
MX=0

DO B NO=1,LORG
IFCIORG(NOD (EC.MO) MX=NO
6 CONT INUE

IF(MX.LE.0) GC TO 97
ODF(1,MX, 11)=0D(1)
0DF(2,Mx, 11)=0D(2)

7 CONTINUE

END OF NUCLIDE LOCP=~-
10 CONTINUE

PRINT LIRRARY DATA~-~
[F (NPRT ,GT, 0D THEN

CALL LIRRPT(TITLN,NUCS,LOPG, INFLG,EXDF,ODF,ONAME)
ENDIF

RETURN
ERROR CONDITIONS==-

G4 JEND = 3
GC TO 99

95 IEMD=2
GC TO 99

S5 JEND=]
G0 TO §9

97 PRINT 400, MO,E, ¥,LORG,lORG
1END=2
GO TO a9

98 PRINT 500
IEND=1

99 PRINT 600, IEND
sToP

100 FORMAT(C 415, 1013 / 20Aa4 /7 (BAL1DD )

200 FORMAT(A2, AB, 6X, E8.1, 16X, 12)

300 SORMAT(I2,4X,5E8.1)

400 FOPMAT(' 1ORGAN INDEX',I4,' FOR NUCLIDE ',A2,AFR, ' IS NOT IN ',
LYORGAN INDEX LIST OF ',13,! VALUES = '1013)

500 FORMAT('IEND OF INPUT ON NUCDFL AT FIRST CARD READ')

600 FORMAT('3IERROP IN NLIRIN, 1END = ', 12)

700 SORMAT ('3', 16, 2A€)

800 FORMAT (415)
END

FIGURE D.0-1. Module NLIBIN
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SUBROUT INE ORGCHX

CALLED 8Y~-- MAIN

SUBORDINATE ROUTINES-- ZERO!
INPUTS== NONE

INPUT COMMONS=~ ORGID
QUTPUTS~~ NONE

OUTPUT COMMONS== ORGID

QOO0 NO0N0N

INCLUDE NEPAXHADOC.ORGID,LIST

O

CALL ZERO! (5, MORG)
NORG=0

DO 10 I=1,5
IF(XORG(ID.LE.0) GO TO 10
NORG = NORG + 1

DO S 10 = 1, LORG
11 = 10
[F (KORG(I) .EQ. IORG(IO)) GOTO §
5 CONT INUE

[aNe]

UNIDENTIFIED ORGAN INDEX=--
PRINT 200, I, XKORG(I)
sTOP

9 MORG(I)
ORGT(I)

It
ONAME(II)

10 CONTINUE

PRINT ERROR MESSAGES IF NO ORGANS SPECIFIED

OO0

[F(NORG.GT.0) GO TO 12
PRINT 100, NORG

SToP
12 CONTINUE

FORMAT STATEMENTS

[sNaNgl

100 FORMAT(IHL,' NO ORGANS SPECIFIED, NORG = ', I4)
200 FORMAT (1HI1, ' UNIDENTIFIED ORGAN INDEX FOR [NPUT ORGAN ', I3,
+ ' INPUT VALUE [5 ', 14)
END

FIGURE D.0-1. Module ORGCHK
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SUBROQUTINE "PASSIG(XX, IP,SY,S2Z)

TSP PSR PR PP PR £ R R R AR P I RLR RIS PR AL ST PO 4

PASSIG [NTERPOLATES STORED PASQUILL CURVES FOR SY AND SZ FOR TYPE
IP  AND DISTANCE XX.

PSR SR ININARIINI N RNNNARNNRNNRRANREaRRuNaRRan

CALLED BY== PMAXEQ, MMAXEQ
SUBORDINATE ROUTINES-~ NONE
INPUTS== XX, IP

INPUT COMMONS== NONE
OUTPUTS== SY, S2

OUTPUT COMMONS~- NONE

[aNel

[asNeNe]

[¢)

aNeNasNelsNaNsleNaNeslaNaNalaNaEaNa)

DIMENSION SIGY(5,20),5162(6,20),DI5T7C20)

DISTANCES TO WHICH SY AND SZ DATA CORRESPOND=--
DATA DIST/8.0,1.E4,1.564,2.564,3.5E4,5,E4,7.E4,1.E5,1.565,2.5€5,
1 3.565,5.E5,7.E5,1.E6,1.566,2.566,3.566,5.66,7.E6,1.€7/

SIGMA Y DATA ~ 1 FOR TYPE A, 2 FOR TYPE B, ETC=--

DATA (SIGY(Cl,1),1=1,20)/100.,2.1E3,3.263,5.4E3,7.563,1.05E4,1,42E4
1 ,2.E4,2.9E4,4.5E4,6.1E4,8.3E4,1.12E5,1.55E5,2.2E5,3.4E5,4,5E5,
2 6.2€5,8.2€5,1.1€E6/

DATA (SIGY(C2,1),1=1,20)/100.,1.6E3,2,463,4.E3,5.5E3,7.6E3,1.06E4,
1 1.48E4,2.15E4,3.4E4,4.6E4,6.3E4,8.4E4,1,265,1.58E5,2.6E5,3.5E5,
2 4,7E5,6.4E5,8,5E5/

DATA (SIGY(3,1),1=21,20)/100.,1.263,1.7563,2,85€63,4,E3,5.563,7.6E3,
1 1.06E4,1.55E4,2,4E4,3,364,4,564,6,1E4,8.564,1,2E5,1.85E5,2.5€E5,
2 3.4E5,4.7E5,6.3E5/

DATA (SIGY(4,1),1=1,200/100.,800.,1.2E%,1.95E63,2.6563,3,7€3,5.1€3,
1 7.263,1,04E4,1.6E%,2,2564,3,1E4,4,264,5.7E4,7.1E4,1.2565,1.7€5,
2 2.3E5,3.E5,4.1E5/

DATA (SIGY(S5,1),1=1,20)/100.,600.,900.,1458,,2.E3,2.863,3.753,
1 5.2€3,7.563,1.2054,1.6564,2, 264, 3 .E4, 4, 1EY, 5. 764, 8. 864, 1. 18€E5,

2 1.5E5,2.1E5,2.8E5/

DATA (SIGY(6,1),1=1,20)/100.,390.,500.,980.,1350.,1850.,2550.,
13600.,5200.,8100.,1.1E4%,1.53E4,2.1E4,2.8E4,4 EL,6,1E4,8,264,1.12€5
2 ,1.48€5,2.€5/

SIGMA Z DATA ~ 1 FOR TYPE A, 2 FOR TYPE B, ETC.

0)/100.,1500.,2250.,4300.,7.E3,1.35E4,2.7E4,

ES

DATA (SIGZ(
1 6.7€4,2.€

’
»

DATA (S162(2,1),1=1,20)/100,,1.E3,1500,,2550.,3700.,5700.,8500.,
1 1.3564,2.4E4,5,8E4,1.265,2.E5,8%2,E5/

DATA (S162(3,1),1=1,20)/100.,780.,1100.,1750.,2400.,3400.,4600.,
16400.,9000.,1.4E4,1,964, 2. 6E4, 3,44, 4 4EL, 6. EL, 8.8EL,1,12E5, 1. 44ES
2 ,1.78E5,2.€5/

DATA (S162(4,1),1=1,20)/100.,470.,680.,1050.,1400.,1900.,2500.,
13300, ,4300,,6200.,7600.,9500.,1.1564,1,4E4,1,7E4,2.2E4,2.65EL,
2 3,2E4,3.7E4,4.5E4/

DATA (S16Z(5,1),1=1,20)/100.,300.,430.,710.,940.,1300.,1700.,2200.
1 ,2900.,4100.,5000.,6100.,7200.,8400.,9900.,1.17€4,1,354,1,4E4,
2 1.55E4,1.7€4/

DATA (S162(6,1),1=1,20)/100.,140.,220.,400,,530.,760.,1000.,1350.,

11770.,2500.,3000.,3500.,4100.,4700.,5500,,6400.,7200.,7900.,8600.,
2 9400./

FIGURE D.0-1. Module PASSIG
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a0

laNe]
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~

XzYX#100.

CALCULATE SY AND SZ FOR EACH X PNSITICH
[DATA = 1
[F(IDATL,GT.20) GO TC 7

IF(X-DIST(IDATA)Y) 4,3,2

IF X IS GREATER THAN D[STANC—-
[DATA=]NATRS]
GO T0o 1

If X 1S EQUAL TG DISTAMNCE-~
SY=51GY(1®, 1DATA)
Sz=S1G6Z(IP, IDATA)

GO TO &

IF X IS LESS THAM DISTANCE-~
IF(IDATALEC.1) GO TO 3
SY1=SI1CY(IP, IDATA~1)
SY2=516G6Y(IP, ICATA)
$21=5162(1P,1DATA=])
$Z2=S1GZ(IP,IDATA)
D1=CIST(IDATA-1)

D2=CIST(IDATA)
SY=SY1+(X=D1)*(SY2~SY1)/(D2~D1)
$§2=5214(X~D1)%(S22~521)/(D2-01)
GO TO 2

IDATA 15 GRZATER THAN 20e-
SY=516Y(1P,20)
$2=5162C1P,20)

SY=SY®,01
$Z=57%.01

RETUPN
END

FIGURE D.0-1. Module PASSIG
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SUBROUT INE POPDOS

C
c:‘::::'.::::::::::::::::::::::::::::::::::::::::::::::::::::::,...::::::...::.:..:.:.::‘..:...:.:::. R R S DS . wRux
C
C POPDOS CALCULATES THE POPULATION DOSES
C
C:‘--‘: L 3 SIS SIS S BRI PSSR S SED IS I SISRIS SR SIS DI S PLP LS LI P11 pt LRI RTO LR S
o
C CALLED BY-~ MAIN
C SUBORDINATE ROUTINES~~ TRNSIT, ZEROR
c INPUTS~~ NONE
c INPUT COMMONS-- DOSFAC, FLAGS, ORGID, POPU, ACTVTY, AIRCON, DECAY,
c DISPSN, DISTNC
c QUTPUTS—~ NONE
c OUTPUT COMMONS-= DOSPOP
c
c
c
INCLUDE NEPA®HADOC .ACTVTY,LIST
INCLUDE NEPAX*HADOC.AIRCON,LIST
INCLUDE NEPA®HADOC.DECAY,LIST
INCLUOE NEPA®HADOC.DISPSN,LIST
INCLUDE NEPA®HADOC.DISTNC,LIST
INCLUDE NEPA®HADOC.DOSFAC,LIST
INCLUDE NEPA¥HADOC.DOSPOP,LIST
INCLUDE NEPA*MADOC.FLAGS,LIST
INCLUDE NEPA#HADOC.ORGID,LIST
INCLUDE NEPAXHADOC.POPU,LIST
c
c INITIALIZE DOSE ARRAYS—-
c
CALL ZEROR (300, DPE)
CALL ZEROR (3000, DPO)
CALL ZEROR (10, DPOT)
DPET = 0.
c
c FOR EACH POPULATION DISTANCE=-~
DO 100 IX = 1, NPD
c
T = DPCIX) / UP
PEQ = EQP(IX) ¥ POP(IX,MS)
c
CALL TRNSIT (T)
INUC = 0.
o
o FOR EACH DECAY CHAIN--
DO 200 IC = 1, NCH
c
J = NOFNUCCIC)
C N
c TEST FOR INCLUSION OF CHAIN [N INVENTORY=-=
IF (NFLAGCCIC) .GT, 0) THEN
c
IST = INUC + 1
K = IST + J = 1
c
o FOR EACH RADIONUCLIDE IN CHA[N==~
DO 300 IN = [ST, K
c
c TEST FOR DOSE FACTOR DATA FOR NUCLIDE=--
IF CINFLGCIN) ,GT. 0) THEN
c
D = PEQ * QDCIN) = EXDFCIN)
DPECIN) = D + DPECIN)
DPET = DPET + D
c
c FOR EACH ORGAN=-
DO 400 [0 = 1, NORG
c
IL = MORGC(IO)
o
D = PEQ * QD(IN) ® QDOF(l, IL,IN)

DPOC1, 10, IN) = DPOCL,10,IN) + DO

FIGURE D.0-1. Module POPDOS
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DPOT(1,10) = DPOTC1,I10) + D

D = PEQ * QDCIN) * O0DF(2,IL,IN)
DPOC2,10,IN) = DPO(C2,10,IN) + D
DPOT(2,10) = DPOT(C2,10) + D

400 CONT INUE
ENDIF
300 CONT INUE
ENDIF

INUC = INUC + J

200 CONT INUE
100 CONTINUE

RETURN
END

FIGURE D.0-1. Module POPDOS
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MODULE POPEQ
SUBROUTINE POPEQ (ECP, PM, MS, I[P) $SSSTART

POPEQ CALCULATES THE POPULATION DISPERSICN FACTOR FOR THE MAX~
IMUM SECTOR,

CALLED 8Y-- DISPPS
SUSORDINATE ROUTINES-- SIGMAZ, ZERGCR, PMAXEQ
INPUTS~-  NONE

INPUT COMMONS-- DISPSN, DISTNC, POPU, ELEVAT

OUTPUTS-~ EQP, PM, MS, [P
QUTPUT COMMONS—- NONE

ODOOOOOO0OOONO0000OaO0

INCLUDE NEPA®HADOC.DISPSN,LIST
INCLUDE NEPA®HADOC.DISTNC,LIST
INCLUDE NEPA®HADOC.POPU,LIST

[NCLUDE NEPA%HADOC.ELEVAT,LIST

DIMENSION EQC10), SS(10), PoPM(1A), EQS(10,16), EQP(10)
DIMENSION [PC10), IPP(1),15)
CALL ZERN2 (16,POPM)

S0P £ACH DISTANCE CONSIDERED--
DO 100 1D = 1, NPO

DPCIDY / uP

STIGMAZ (KKSP,TT)

b}

IF BUILDING WAKE CONSIDERED-~

15 (IWAKE .GT. 0) THEN

EZ = SORT (SZ®SI + .5 # AREA)

IF (EZ .GT. SQRT (3.) * s2) THEN
ss{ID) = sz SQRT(3)
ZLSE
ss(1d) = EZ
ENDIF
ENDIF

£QCID) = 2.032 / (SSCID) # UP * DP(ID))

100 CONTINUE

[F ELEVATION OF RELEASE POINT [S GREATER THAN ONE--
I (HSTACK ,GT. 1.) THEN

[F TERRAIN EFFECTS ARE COMSIDERED--
I (1TEaN .3T. 0) THEN

F0? EACH DISTANCE--
DO 200 [D = 1, NPD

FOP EACH DIRECTION--
DO 360 1S = 1, 1%

H = HSTACK -~ 47(1D,I15)

IF (i LLT. 00D H = 0.

SET TO HANFORD STABILITY CONDITIOMS-=--
[PL = 7

H2 = 4 % M

EXPY = H2 ® .5 / S3(IN)HR,

EXPT = EXP (-EXPN)

FIGURE D.0-1. Module POPEQ
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300
209
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40¢

700

500

MODULE FOPEQ

E = EQCID) * EXPT

IF MAX, ATMOS, DISPERSION CONDITIONS ARE TO BE DETERMINED-~

1 (LIMTST 3T, 0D THEN
CALL PMAXEQ (£, H2, UP, DP(ID), AREA, IWAKE, IPL)
ENDIF

IPPCID,IS) = IPL
POPM(IS) = POPM(IS) + E * pPOP(ID,IS)
£Qs(ID,IS) = E
COMTINUE
CONTINUE
ELSE
FOR EACH DISTANCE--
DO 400 ID = 1, NPD

42 = HSTACK * HSTACK
EXPT = EXP (- H2 * .5 / SSCID)#%2)

£ = EQCID) % EXPT
FOR EACH DIRECTION~-~
D0 500 IS =1, 186

SET TO HANFORD STABILITY CONDITIOMS-~

IPL = 7
IF MAX, ATMOS. DISPERSION CONDITIONS ARE TO BE DETERMINED--
I (LIMTST GT. 0) THEN
CALL PMAXEQ (€, H2, UP, DP(ID), AREA, IWAKE, T'PL)
ENDIF

TO DETERMINE WHICH ATMOSPHERIC STABILITY CONDITIOMN GIVES
THE HIGHEST VALUE FOR SECTOR AVERAGED AIR CONCENTRATION.

1°P(1D,18) = IPL

POPM(IS) = POPM(IS) =+ E * POP(ID,IS)
EQsCID,I8) = E
CONTINUE
CONTIMUE
ENDIF

ELSE

FOR EACH DIRECTION--
D0 500 IS = 1,15

FOR EACH DISTANCE--
5O 700 ID = 1, NPD

1PPCID,IS) = 7

POPM(IS) = EOCID) #-POPCID,IS) + POPM(IS)
EOSCID,15) = £0(ID)

CONTINUE
CONTINUE

EMDIF

FIND DIRECTIOM WITH MAXIMUM (POPULATICN) * (E/Q) SUM--

=1

FIGURE D.0-1. Mecdule POPEQ
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MOJULE POPREQ

PM = 0.
c
c FOR EACH DIRECTION--
DO 800 IS = 1, 16
o
IF (POPM(IS) .GT. PM) THEN
o
PM = POPM(IS)
MS = IS
o
o FOR EACH DIRECTION--
DO 900 ID = 1, NPD
C
EQPCID) = €Qs(1D,15)
1PCID) = IPPCID,IS)
o
900 CONTINUE
ENDIF
200 CONTINUE
o
RETURN
END

FIGURE D.0-1. Modute POPEQ
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MODULE PMAXEQ

SUBRCUTINE PMAXEQ (&, H2, UP, X, AREA, [WAKE, IPL)D $8SSTART

PMAXEQ DETERMIMES WHICH ATMOSPHERIC STASILITY CONDITION GIVES
THE HIGHWEST VALUE F0R SECTCR AVERAGED AIR CONCENTRATION.

RRRRNRRNNR

CALLED BY-- POPEQ

SUAGRDINATE ROUTINES-- PASSIG
INPUTS-~ H2, P, K, AREA, [WAKE
INPUT COMMOMS—- NONE

QUTPUTS-- &, (PL

OUTPUT COMMONS-- NONE

OO0 0

SET CONDITION INDEX FOR HANFORD--

s

1PL = 7
o
C TEST FOR ELEVATED RELEASE--
IF (H2 .GT. 1D THEN
C FOR EACH PASOUILL CONDITION--
30 100 P = 1,
o
CALL PASSIG <X, [P, SY, SZ)
c TC CALCULATE SIGMA Y AND SIGMA Z FOR PASOUILL DISPERSION
C CATEGORIES.,
o
C [F BUIDING WAKE CCNSIDERED~--
IF (IWAKE .GT. 0) THEN
c
£Z = SQRT (SZ # ST + .5 # AREA)
[# (EZ LT, SQRT (3.) ¥ sI) THEN
38 = §Z # SORT (3.)
ELSE
§§ = €2
INDIF
ELSE
55 = §Z
C
ENDIF
C
EE = 2,932 / (SS ¥ UP ¥ X) ¥ EXP (=H2 * .5 / (SS¥3%5))
c
C
I (€2 .GT. E2 THEN
1o = [P
E = EE
ENDIF
C
100 COMTINUE
ENDIF
C
PETURN
END

FIGURE D.0-1. Module PMAXEQ

D.32



[sNsXs}

s NeXsl

(Xl

a0

[a¥g]

SUBROUT INE QAPAGE (TITLE,TITLR,TITULN,QI,FINV, I[FRAC,KKRPT,FRAC)  $355START

i3

®

QAPAGE PRINTS THE QUALITY ASSURANCE REPORT.

s
®

CALLED BY-- MAIN
SUBORDINATE ROUT[NES=-— [DLINE

INPUTS=~ TITLE1, TITLR, TEITLN, QI, FINV, [FRAC, KKRPT, FRAC
INPUT COMMONS=-- DAY, DISPSN, DISTNC, ELEVAT, ORGID, POPU, SOURCE
OUTPUTS~= QUALITY ASSURANCE REPORT

OUTPUT COMMONS=~ NONE

[sNaNelsNeNsNeNsNe e NeNa ke Xainis]

INCLUDE NEPA%HADOC.DAY,LIST
INCLUDE NEPA®HADOC.DISPSN,LIST
INCLUDE NEPA®HADOC.DISTNC,LIST
INCLUDE NEPA%HADOC.ELEVAT,LIST
[NCLUDE NEPAXHADOC.ORGID,LIST
INCLUDE NEPA®HADOC.POPU,LIST
INCLUDE NEPA®HADOC.SOURCE,LIST

DIMENSION QI(300), TITLE1(C20), TITLR(20), TITLN(C20)
DIMENSION CLIM (2)

DATA CLIM /'NQT!, ¢ v

PRINT HEADINGS~=

WRITE (6,100) TITLELl, DAIT

CALL [DLINE
TO PRINT ID LINE.

PRINT DATA LIRRARY TITLES~=
WRITE (6,200) TITLR, TITLN

PRINT SUMMARY OF [NPUT DATA--
WRITE (6,300)

CMI = 'VERY!'

CP = tVERY!

[F (XKSMI .LE. 0) CMI = 'MOD.!
[F (KKSP .LE. 0) CP = 'MOD.'

WRITE (6,400) CMI, CP

WRITE (6,500) uMI,uP

WRITE (6,600) HSTACK

WRITE (6,700) (ORGT(I), I = I, NORG)

MAXIMUM ATMOSPHERIC CONDITIONS INFQw-
WRITE (6,1600) CLIMCLIMTST+1)

FRACTIONAL [NFORMAT [ONw=
IF (IFRAC .GT. 0) THEN
WRITE (6,800) FRAC
ELSE
WRITE (6,801)
ENDIF

REQUESTED REPORTS INFORMAT [ON=—
IF (KKRPT ,LE. 0) THEN
WRITE (6,1500)
ELSE
IF (KXRPT .EQ. 1) THEN
WRITE (6,1501)
ELSE
WRITE (6,1502)
ENDIF
ENDIF

FIGURE D.0-1. Module QAPAGE
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MODULE QAPAGE

DISTANCE [INFORMATION=
IF (KKRPT .LE. 1) THEN
WRITE (6,900) STUB
WRITE (6,1000) OM!
ENDIF
IF (XKKRPT .NE. 1) THEN
WRITE (6,901) NPD, (OP(L), I=1,NPD)
WRITE (6,902) (I, [ =1, NPD)
DO 10 IS = 1, 16
WRITE (6,1001) IS, (POP(J,1S), J=z1,NPD)
10 CONT INUE
ENDIF

BUILDING WAKE OPTION=~
IF (IWAKE .GT. 0) THEN
WRITE (6,1100) AREA

ELSE
WRITE (6,1101)
ENDIF

TERRAIN EFFECTS OPTION--
IF CITERN .GT. 0) THEN
WRITE (6,1200)
IF (KKRPT ,LE. 1) THEN
WRITE (6,1201) HMI
ENDIF
IF (KKRPT .NE. 1) THEN
WRITE (5,1202) (I, I=z1,NPD)
DO 20 IS =1, 16
WRITE (6,1203) 1S, (HTCJ,IS), J= 1,NPD)
20 CONT INUE
ENDIF

ELSE

WRITE (6,1204)
ENDIF

PRINT RADIONUCLIDE INVENTORY-=

WRITE (6,1300)

WRITE (5,1301) CELTICI), AwI(Cl), QICI), I=1,NIN)D
WRITE (6,1302) FINV

WRITE (6,1400)

RETURN
FORMAT STATEMENTS--

100 FORMAT (1Hl, 20A4 // 37X, A8/)

200 FORMAT (1HO, *DATA LIBRARY TITLES:' /

+ ' ®EMASTER RADIONUCLIDE DATA LIBRARYH®! /
+ 5X, 20a4 /

+ ! #EDOSE FACTOR LIBRARY®RH®!

+ 5X, 20A4)

300 FORMAT (1HD, 'SUMMARY QF [NPUT DATA:' /
+ 31X, *MAXIMUM INDIVIDUAL POPULATION')

400 FORMAT (lH , 3X, 'HXDISPERSION MODEL', 12X, A4, ' STABLE', 10X,
+ A4, ' STABLE')

500 FORMAT (lH , 13X, '#3wWIND SPEED (M/SEC)', 10X, F3.1, 18x, F3.1)

600 FORMAT (1HO, 3X, *#¥STACK HEIGHT [S ', FS$,0, ' METERS')

700 FORMAT (1HO0, 3X, '*HORGANS SELECTED ARE: ', 5 (Al0, 2X) )

800 FORMAT (1HO, 3X, '¥¥FRACTIONAL DOSE REPORTS ARE REQUESTED' /
+ 11X, 'MINIMUM FRACTION REPORTED IS ', 1PE10.1)

801 FORMAT (1HO, 3X, '##FRACTIONAL DOSE REPORTS ARE NOT REQUESTED')

FIGURE D.0-1. Module QAPAGE
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C

900 FORMAT (1H , 3X, 'HEDISPERSION PARAMETER SIGMA THETA U B8AR =z ',
+ F6.4)

901 FORMAT C1H , 3X, 'SXPOPULATION DISTANCES: ', 12, ', METERS' /
+ 10X, 10F11.0 /)

902 FORMAT (1HO, 3X, '"HRPOPULATION DISTRIBUTION DATA' /

+ 43X, 'DISTANCE INTERVAL' /
+ 7X, 'SECTOR', 6X, 10 (12, 9x) )
o
1000 FORMAT (1H , 3X, '®RDISTANCE TO MAXIMUM INDIVIDUAL', 3X, F6.0,
+ ' METERS')

o
1001 FORMAT (1H , 7x, 12, 10 (4x, F7.0) )
o
1100 FORMAT (1H0, 3X, '*%BUILDING WAKE EFFECTS ARE CONSIDERED' /
+ 11X, 'AREA = ', F5.0, ' METERS®¥2' )
o
1161 FORMAT (1HO, 3X, '®%BUILDING WAKE EFFECTS ARE NOT CONSIDERED' )

o
1200 FORMAT (1HO, 3X, 'HXTERRA[N EFFECTS ARE CONSIDERED')
o
1201 FORMAT (lH , 10X, 'ELEVATION OF MAXIMUM INDIVIDUAL IS ', Fu4.0,
+ ' METERS')

o .
1202 FORMAT (1HO, 3X, 'H#XTERRAIN DATAXX DISTANCE INTERVAL!' /
+ 7X, 'SECTOR ', 10 (6x, 12) )
o
1203 FORMAT (1H , 8x, 12, 4x, 10 ( 3X, FS.0) )
o

1204 FORMAT (1HO, 3X, '®#TERRAIN EFFECTS ARE NOT CONSIDERED' )

o
1360 FORMAT (1HO, 3X, '¥3RADIONUCLIDE [NPUT INVENTORY'! /
+ 10x, 3 (11X, 'NUCLIDE RELEASE ') /
+ 10X, 3 (10X, 'ELT. WT. cn ')
[«
1301 FORMAT (C10x, 3 (10X, A2, 1Xx, A6, 2Xx, 1PE8.2£E2)))
C
1302 FORMAT (1M0, 3X, ?%%THE ABQVE ACTIVITIES ARE MULTIPLIED BY !,
+ 1PE10.2, * TO GET THE RELEASE ACTIVITY' )

o
1400 FORMAT (

INPY ', 16X, 'DATE' /
. 27X, 1 s e
+ bx, = INPUT CHECKED BY /
+ 26X, ! ®
1500 FORMAT (1HO, 3X, '®RALL DOSE REPORTS ARE REQUESTED' /)
o
1501 FORMAT (1HO, 3X, *H¥ONLY MAXIMUM INDIVIDUAL DOSE REPORTS !,
+ 'ARE REQUESTED' )
o

1502 FORMAT (1HO, 3X, '®¥ONLY POPULATION DOSE REPORTS ARE REQUESTED' )

C
1600 FORMAT (1HO, 3X, 'H#XMAX[MUM ATMOSPHERIC DISPERSION CONDITIONS !
+ 'WILL ', A3, ' BE DETERMINED')

END

FIGURE D.0-1. Module QAPAGE
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SUBROUTINE RLIBIN (T

PSR AER P

3

ITLR)

THIS SUBROUTINE READS A MASTER NUCLIDE DATA LIBRARY WITH CHAIN

DECAY DATA.

3
¢
3
i
<

INCLUDE NEPARHADOC.D
INCLUDE NEPA*HADOC.N

DIMENSION TITLR(20),
CHARACTER A#B, TITLR

INITIALIZE INDICES
CALL ZEROR (300, AL)

AL2 = ALOG (2.)
iM0=0
NCH=0
NuC=1
READ TITLE CARD
READ(10,200,END=39)
READ AND COUNT NUCLIDE
1 READ(10,100,END=99)
TEST FOR END OF LIRRARY
IECIM.GT,0) GO TO 2
NUC =NUC =1
IF(NUC.GT.300) GO TO
IF(NUC.LT.1) GO TO 9
NUCS = NUC
RETURN
TEST FOR NEW CHAIN, [M
2 [F(IM.GT,.1) GO TO 3
FIRST MEMBER, NEW CHAIN
NCH=NCH+1
NOFMUC (NCH)=1
IMO=1
NCHST(NCH)=NUC
GO TO &

DAUGHTER NUCLIDES
TEST ORDER

82 S0 3038 SE 8238 00 00 88 28 2030 3T 2282 8 38 Se 32 s s S2 sese s e

ECAY,LIST
AMES,LIST

ITC2),FR(2)

ESN

TITLR
ID AND DECAY DATA,

E,A, T,IM, ITC1),FR(C1),ITC2),FR(2)

98
8

=1

3 IFCIM=-IMO.NE.1) GO TO 97

IMO=IM

NOF NUC (NCH)=NOFNUC (N
IFRC1,NUC)=ITCL)
IER(2,NUC)=IT(2)
DKF(1,NUC)Y=FR(1)
DKF(2,NUC)=FR(2)

CH)+1

SET DATA FOR CURRENT MUCLIDE.

4 ELT(NUC)=E
AWCNUC )=A

AL(NUC) = AL2 / (T ® 86400.)

IMEM(NUC )= 1M
NCHN(NUC )=NCH

FIGURE D.0-1
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c
C
c

[aNaNal

NUC=NUC+1
GO 70 1

PRINT ERRQOR MESSAGES AND STOP

97 PRINT 500, NCH,IM

500 FORMAT(1H1,' DIAGNOSTIC 1: DECAY CHAIN',I4,' HAS [MPROPER ORDER, C
.URRENT MEMBER INDEX I5',14)
STOP

98 PRINT 300, NUC

300 FORMAT(1H1,' DIAGNOSTIC 2: IMPROPER NUMBER OF NUCLIDES IN MASTER L
.IBRARY, NUC=*,[8)
STOP

99 PRINT 400

400 FORMAT(1H1,' DIAGNOSTIC 3: END OF FILE ON MASTER LIBRARY UNIT 10')
sTOP

INPUT DATA FORMATS
100 FORMAT(A2,A6,E10.2,12,2(12,F7.4))

200 FORMAT(20A4)
END

FIGURE D.0-1. Module RLIBIN
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FUNCTION SIGMAY (TT, STuB) $88START

mB Sg 82 8 %eveLE S8 e as 4088 48 84 S0 A4 48 A2 94 82 S8 2P T8 42 82 48 92 2 S8 48 A2 32 34 10 4 %8 g TS Sr S2 42 34 2234 8248 8P 82 10 T2 UL S8 42 $2 %8 44 82 48 82 32 88 42 42 32 42 4
TOIIIINNIIII NN N NI I IR NI NN AN NN NS BN R NN NN e st e

SIGMAY CALCULATES SIGMA Y AT A GIVEN LOCATION.

CALLED BY== DISPRS
SUSORDINATE ROUTINES~= NONE
INPUTS=~ TT, STUB

INPUT COMMONS~= NONE
OUTPUTS~=- SIGMAY

OUTPUT COMMONS~= NONE

IaNaNsEaNaRe X2 Xk aNaNaXa ke Ea el

A = 13, + 230, ¥ STuB

ALPHA = 0.5 % A / (STuB * STuR)

EXPO = TT / ALPHA

SY2 = A # (TT - ALPHA # (1, - EXP(-EXPO) ) )
SIGMAY = SQRT (5Y2)

RETURN
END

FIGURE D.0-1. Module SIGMAY
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FUNCTION SIGMAZ (KS, TT) $$SSTART

SIGMAZ CALCULATES SIGMA Z AT A GIVEN LOCATION.

CALLED 8Y-- DISPRS, POPEQ
SUBORDINATE ROUTINES-- NONE
INPUTS~~ XS, TT

INPUT COMMONS—— NONE
OUTPUTS—— SIGMAZ

OQUTPUT COMMONS-= NONE

OO OO0 O00

IF (KS .GT. 0) THEN
EXPO = 8,.8E~4 ® TT # TT

SZ2 = 34, ® (1. - EXP (~EXPO)) +  .025 =TT

ELSE
EXPO = 2.54E-4 * TT % TT
SZ2 = 97. # (1. = EXP (-EXPO)) + .33 27T

ENDIF
SIGMAZ = SQRT (SZ2)

RETURN
END

FIGURE D.0-1. Module SIGMAZ
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MODULE TRNSIT

SUBROUTINE TRNSIT (T)

c
C::::..
c
c TRNSIT CONTROLS RADIOLOGICAL DECAY CALCULATIONS.
c
CH ISR NN RNN > . fuuan 3 <R
[«
[« CALLED BY-- POPDOS, MIDOSE
[« SURORDINATE ROUTINES=-- ACHAIN
[« INPUTS=—- T
c [NPUT COMMONS=-= ACTVTY, DECAY, FLAGS
[« OUTPUTS~~ NONE
c OUTPUT COMMONS=~~ ACTVTY
c
[«
c
INCLUDE NEPAXHADOC.ACTVTY,LIST
I{NCLUDE NEPAXHADOC.DECAY,LIST
[NCLUDE NEPA¥HADOC.FLAGS,LIST
C -
INUC = 0
c
[«
c
c FOR EACH CHA[N--
DO 108 IC = 1, NCH
c
c {F DATA SUPPLIED FOR ANY RADIONUCLIDES IN TH{S CHA[N==
[F (NFLAGC (IC) .GT. 0) THEN
c
J = NOFNUCC(CIC)
IST = INUC + 1
K = IST + J = 1
[«
c
CALL ACHAIN (J, T, DKF(L,IST), IFR(C1,IST), ALCIST), QCIST),
+ QOCIST), ©)
c
[«
DO 200 IN = IST, X
QDCINY = QDCIN) # ALCIN)
200 CONT INUE
c
ENDIF
[«
INUC = INUC + NOFNUCC(IC)
c
100 CONTINUE
c
RETURN
END

FIGURE D.0-1. Module TRNSIT
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SUBROUTINE ZEROI(N,K)

THIS MODULE SETS N VALUES OF ARRAY K TO INTEGER ZERO.

oY)

"

CALLED BY-— NLIBIN, [DNUC, ORGCHK
SUBORDINATE ROUTINES== NONE

INPUTS~= N
INPUT COMMONS~ NONE
OUTPUTS =~ K
QUTPUT COMMONS=-~ NONE

OO0

DIMENSION K(1)

(e}

00 1 J=I,N
K(J)=0
1 CONTINUE

RETURN
END

FIGURE D.0-1. Module ZEROI
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SURROUTINE ZEROR(N,A)

THIS MOOULE SETS N VALUES OF ARRAY A TC REAL ZERO.

CALLED BY-- POPDOS, MIDOSE, FRDRPT, RLIBIN, NLIBIN, [DNUC
SUBORDINATE ROUT INES-~ NONE

{NPUTS== N

INPUT COMMONS-— NONE

OUTPUTS=-= A

OUTPUT COMMONS-- NONE

OO0 00

DIMENSION A(1)

(g

0O 1 J=1,N
A(Jd)=0.
1 CONTINUE

RETURN
END

FIGURE D.0-1. Module ZEROR
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ACTYTY PROC SSSSTART

C
e 4 e e e o 2 e
C ACTVTY CODED BY RAP 0h-05-80
C _______________________________________________________________________
c
COMMON /ACTVTY/ Q(C300), QD(300)
C
C Q300> - ACTIVITY IN RELEASE INVEMTORY FOR EACH RADIONU-
o CLIDE IN THE MASTER RADIONUCLIDE LIST, CURIES.
c Q0(300) - RELEASE ACTIVITES CORRECTED FOR DECAY IN TRANSIT,
C
END
AIRCON PROC $55START
c
(o o o o o o e o e s " S o o o
c AIRCON CODED BY RAP 06-05-80
c"-"—"’-“'———‘“-"""“"“"‘"“--"--“-——-—"——"-—---‘—‘-’--‘-"—"-—“"'_.
c
COMMON / AIRCON / ECMI, PM, EQP(10), MS
c
c EQMI ~ TIME INTEGRATED A[R CONCENTRATION FOR THE MAXIMUM
c INDIVIDUAL LOCATION, SEC/M#%3,
c PM - TIME INTEGRATED AIR CONCENTRATION TIMES FOPULA-
C TION, MAN-SEC/M#H3,
C £QP(10) - TIME INTEGRATED AIR CONCENTRATION AT EACH POPULA-
C TIOM DISTAMCE IN THE DIRECTION OF THE MAXIMUM
o EXPOSURE SECTOR, SEC/M®%3,
c MS - INDEX OF THE MAXIMUM POPULATION DOSE SECTCR.
c .
END
220C $55START
pI-% ¢ CODED BY RAP 06-09-80

COMMCN /DAY/ DAIT

CHARACTER®*8 DAIT

C
C DAIT - EIGHT CHARACTER NAME FQR DAY OF YEAR, MMDDYY:
c MM -~ MONTH, ©OD -~ DAY, YY - YEAR.
C

END
DECAY PROC 35SSTART
C
Cmm e e e e e e e e e 1 o e e e ——————
c DECAY CODED BY RAP 06-05-80
Commmm et — e ———— ———————— e ———————— o 2 e e 2 e e o 2 2 e e
C

COMMON /DECAY/ NUC, NCH, NOFNUC(200), NCHST(200), IFR(2,300),
+ DKF(2,300), AL(300), NCHN(300)

C

C NUC - NO. OF RADIONUCLIDES IN THE MASTER LISRARY RMDLIB
o 1 <= NUC => 300.

o NCH - NO. CF DECAY CHAINS IN THE MASTER LIBRARY RMDLIB
C 1 <= NCH => 2400.

o NOFNUC(200) - NO, OF RADIONUCLIDES IN FACH DECAY CHAIN, 1 <=

c NOFNUC(T) => 9., WHEN NOFNUCCI) = 1, NO DAUGHTERS,
C NCHST(200) - LOCATION IN THE MASTER RADIONUCLIDE LIST OF THE

C LST MEMBER OF EACH CHAIN, 1 <= NCHST(I) => 300,

C IFR(2,300) - IFR(1, 1) GIVES THE CHAIM MEMRER THAT IS THE 1ST

[« PRECURSOR TO RADIONUCLIDE I. IFR(2,I) IS LOCATION
o OF 2ND PRECURSOR. IFR(1,I1) < IFR(2,1) < IMEM(I)

o DKF(2,300) - FRACTION OF 1ST AND 2ND PRECURSQR THAT DECAYS TO
o THIS RADIONUCLIDE.

c AL(300) - RADIOLOGICAL DECAY CONSTANT FOR EACH RADIONUCLIDE
c SEC ®® -1,

c NCHN(300) - CHAIN NUMBER FOR EACH RADIONUCLIDE.

o

FIGURE D.0-1. Common Blocks
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DISPSN PROC

o
Cmm o c - —————————
o DISPSN
Commrccmc e ————
o
COMMON /DISPSN/

+ LIMTST
C
C UMI -
C
C ueP -
o
C AREA -
C
o KKSMI -
C
C KK3P -
C STUR -
C
C ITERN -
C
o IWAKE -
C
C LIMTST -
o
C
C
o
C
C

END

DISTNC PROC
C

¢ DI1STNC
Commmmm——cccc e ————————
¢
COMMON /DISTNC/

C NPD -
¢ oP(10) -
<
C
¢ OMI -
¢
¢

END

DOSFAC PROC

c

O U P
o DOSFAC
Cowmmccccccmrcmmmcm———a—
ht

COMMON /DOQSFAC/

c
[« EXDF(300) -
C
C 0DF(2,10,300)-
c
o
o

END

$55START

UMI, UP, AREA, KKSMI, KKSP, STuB, ITERN, IWAKE,

WIND SPEED TQ BE USED FOR THE MAXIMUM INDIVIDUAL
DOSE CALCULATION, M/SEC.

WIND SPEED TO BE USED FOR THE POPULATION DOSE
CALCULATION, M/SEC.

MINIMUM BUILDING CROSS SECTIONAL AREA FOR THE
BUILDING WAKE MODEL.

INDICATOR FOR THE DISPERSION MODEL TO BE USED FOR
THE MAX. INDIVIDUAL AIR CONCENTRATION CALCULATION
INDICATOR FQR THE DISPERSION MODEL TO BE USED FOR
POPULATION AIR CONCENTRATION CALCULATICN,

VALUE FOR SIGMA THETA U 3AR TO B8E USED FQR THE
MAXTMUM INDIVIDUAL DISPERSION CALCULATION.
CONTROL INTEGER TO INDICATE [F TERRAIN EFFECTS
ARE TO BE CONSIDERED. TRUE IF > 0.

CONTROL INTEGER TO INDICATE IF 3UILDING WAKE IS
TO B8E CONSIDERED. TRUE IF > 0.

CONTROL INTEGER TO INDICATE IF CONDITION WHICH
GAVE MAXIMUM CONCENTRATION VALUES IS TO RE
DETERMINED. ’

NOTE: FOR KKSMI AND KKSP; <= 0 FOR HANFORD MODERATELY STABLE

=> 1 FOR HANFQORD VERY STABLE

§SSSTART
CODED BY RAP 06-05-80
NPD, DP(l0), OMI
NO. OF DISTANCES CONSIDERED FOR THE POPULATION
DOSE CALCULATION, l<= NPD => 10.
DISTANCES FROM THE RELEASE POINT TO THE CENTER OF *
EACH PQPULATION RING, M, NPD VALUES MUST BE
GIVEN [N INCREASING ORDER.
DISTANCE FROM THE RELEASE POINT TO THE LOCATION
OF THE MAXIMUM INDIVIDUAL.
$55START

EXDF(300), 00F(2,10,300)

EXTERNAL DOSE CONVERSION FACTORS FOR AIR SUBMER=-
SION FOR EACH RADIOMUCLIODE, REM PER CI SEC/M¥##3,
[NHALATION DOSE CONVERSION FACTORS FOR TWO TIME
PERIODS, 10 ORGANS AND 300 RADIQONUCLIDES, REM
PER CI SEC / M®®3,

FIGURE D.0-1. Common Blocks
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DOSMI  PROC §5SSTART

o
c _______________ - - - - - - Y - - - - - > - - - - > - - - - [
o DOSMI CODED BY RAP 06-06-80
C ........ o > o " o " — - - - - - - " " " - " " - -~ -
c
COMMON /DOSMI/ DME(300), DMET, DM0(2,5,300), DMOT(2,%)
o
C OME(300) - EXTERNAL DOSE TO MAXIMUM I[NDIVIDUAL FOR EACH
o QADIONUCLIDE. ALSO USED FOR FRACTIONAL DOSE
¢ STORAGE.
o OMET - TOTAL DOSE FROM EXTERNAL RADIATION FOR THE MAX~
C IMUM INDVIDUAL,
o oM0(2,5,300) ~ INHALATION DOSE FCR TWO TIMES, 5 ORGANS AND 300
o RADIONUCLIDES FOR THE MAXIMUM INDIVIDUAL. ALSO
c USED FOR FRACTIONAL DOSE STORAGE.
o DMOT - TOTAL DOSE FROM INHALATION FOR TWO TIMES AND
C FIVE ORGANS.
¢
END
50SPOP PROC $$S$START
C
Comemn - - - - -~ - - - - - - " b1 10 oo 210 o
C DOSPOP CODED BY 2AP 06-96-80
€ oo o v o et e s i 0 e o o e it o e i S o o S e S o s e 0 i o o e o U e e e e e e
C
COMMON /DOSPOP/ DPE(300), DPET, DP0(2,5,300), DPOT(2,5)
o
C DPE(300) - EXTERNAL DOSE TO THE POPULATION FOR EACH RADIO-
c NUCLIDE. ALSO USED FOR FRACTIONAL DOSE CONTRIBU~-
o TION STORAGE.
o DPET - TOTAL DOSE TO THE POPULATION FoOM EXTERNAL
C EXPOSURE,
o DPO(2,5,300) - POPULATION DOSE FROM INHALATION FOR TWO TIME PER-
o [0DS, 5 ORGANS AND 300 QADIONULCIDES. ALSE USED
C FOR FRACTIONAL DOSE CONTRIBUTION STORAGE.
o oPOT(2,5) - TOTAL POPULATION DOSE FROM INMALATION FOR TWO
o PERIODS AND FIVE ORGANS,
o
END
ELEVAT PROC $$5START
o
o im e 4 e e e e o ———
c ELEVAT CODED BY RAP 06-05-80
G o o o et e e e e o e e e o S Sl it o e e e e -
o
COMMON /ELEVAT/ HMI, HT(10,16), HSTACK
-
C HM 1 -~ TERRAIN ELEVATION (ABOVE THE BASE OF THE STACK)
o AT THE LOCATION OF THE MAXIMUM INDIVIDUAL, M.
o HT(10,18) - TERRAIN ELEVATION AT EACH LOCATION (10 DISTAMNCES
o & 15 DIRECTIONS) ABOVE THE BASE OF THE STACK, M,
o HSTACK - ELEVATION OF THE RELEASE 20INT, M,
¢
END

FIGURE D.0-1. Common Blocks
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FLAGS Pe0C SSSSTART

C
G e o e e e e e e e e e -~ "~ 4> o - -
C FLAGS CODED BY RAP 06=05-80
C _______________________________________________________________________
C
COMMON /FLAGS/ NFLAGC(200), NFLAG(300), INFLG(300), NPRT
o
c NFLAGC(200) - CONTROL INTEGER TO INCICATE IF ANY SADIONUCLIDES
o IN EACH CHAIN ARE SUPPLIED ON INPUT.
d NFLAG(300) - CONTROL INTEGER TO INDICATE [F A RADIONUCLIDE IS
C GIVEN IN THE INPUT [NVENTORY FOR EACH RADIO-
C NUCLIDE IN THE MASTER LIST.
[« INFLG(300) - CONTROL INTEGER TO INDICATE WHICH MASTER LIST
[« RADIONUCLIDE HAVE DOSE FACTORS SUPPLIED [N INPUT
C NOTE :
C <z 0 -- NO DATA GIVEN
C >0 -- DATA GIVEN
C
[« NPRT - CONTROL INTEGER TO CAUSE PRINTIMG OF THE DATA
o LIBRARY NUCDFL., PRINT [F NPRT > 0.
C
END
NAMES  PROC $SSSTART
C
o o e e e e e e e e e e e e e e s s o e g e o
o NAMES CODED BY RAP 0h-05-80
Commmmm- - e o e = e i o - > =
C
COMMON /NAMES/ ELT(300), AwW(300), NUCS
CHARACTER# G AW
-
o ELT(300) - TWO CHARACTER ELEMENT NAME FOR EACH RADIOMUCLIDE
[« IN THE MASTER RADIONUCLIDE DATA LIBRARY,
o AW(300) - SIX CHARACTER ATOMIC WEIGHT SYMBOL FOR EACH RADI-
o ONUCLIDE IN THE MASTER RADIONUCLIDE DATA LIRRARY,
c ISOMERIC STATES ARE INDICATED BY THE LETTERP M AF-
C TER THE ATOMIC WEIGHT. DAUGHTER CONTRIBUTIOMNS ARE
C INDICATED BY "+D'" AFTER THE ATOMIC WEIGHT AND ''M"
C [F PRESENT. .
o NUCS - NO. OF RADIONUCLIDES IN THE MASTER LIBRARY., (SAME
C AS NUC OF COMMON BLOCK DECAY.)
1%
END
ORGID PROC $5SSTART
C
Com e ot e e o 1t e e e o e e o e B i i S i B 2 o e B e o o e o e o
o ORGID CODED BY RAP 0A-05-80
Cmmrme s et et e e e e - —————— i e e o o
C
COMMON /ORGID/ LORG, IORG(C10), NORG, XORG(S), MORG(5), ORGT(S),
+ ONAME(C10)
o
CHARACTER¥10 ORGT, ONAME
[«
d LORG - NO. OF ORGANS FOR WHICH DATA IS SUPPLIED IN LI8~
C RARY NUCDFL, 1 <=z LORG => 10.
C 1026(10) - ORGAN [NDEX FOR EACH ORGAN DATA IS5 SUPPLIED FOR
C IN LIBRARY NUCDFL. 1 <= IORG(I) => 23,
o NORG - NO. OF ORGANS FOR WHICH DQOSES ARE TG BE
[« CALCULATED. 1 <= NORG => &,
o KORG(5) - ORGAN [NDEX FOR EACH ORGAN DOSES ARE TO BE CALCU=-
[« LATED FOR. THESE VALUES MUST 3E SELECTED FROM VAL~
[« LUES GIVEN IN THE ARRAY [ORG FROM LIBRARY NUCDFL.
C MORG(5) - POSITION IN [ORG ARRAY FOR EACH SELECTED ORGAN.
o THIS PARAMETER IS SET IN ORGCHK.
C ORGT(S) - TEN CHARACTE2 ORGAN NAMES FOR OQUTPUT,
C ONAME(10) - TEN CHARACTER ORGAN NAMES FOR DATE IN LIBRARY
[« NUCDFL.
o
END
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pOPU PROC

“

$$$START

Comarmrmmamo e n—— o o i e o ———————————————

CODED BY RAP 06-05-20

POPULATION WITHIN EACH SPATIAL INTERVAL FOR 10
DISTANCES AND 16 DIRECTINN SECTORS.

o POPU
Commnm o e m o o et e e
o
COMMON /POPU/ POP(10,16)
c
C POP(10,16) -
o
c
END

SOURCE PROC

c
Crma o — - e 2 e
c SOURCE
C o m e it e e e
C
COMMON /SOURCE/
CHARACTER¥6 AWI
o NIN -
C
C ELTI(300) -
o
C AWI(300) -
o
o
c
END

$$SSTART

MIN, ELTI(300), AWI(300)

NO. OF PADIONUCLIDES IN THE IMNPUT INVENTORY,

1 <= NIN => NUC.

CHARACTER NAMES FOR [INPUT RADIONUCLIDES. SPELLIMG
MUST BE I[DENTICAL TO MASTER RADIONUCLIDE LIST.
SIX CHARACTER ATOMIC WEIGHT SYMBOL FOR EACH INPUT
RADIONUCLIDE, SPELLING MUST CORRESPOND TO THE
MASTER LIST SPELLING.

FIGURE D.0-1. Common Blocks




RADIONUCLIDE MASTER DATA LIBRARY, 15 MARCH 78, BA NAPIER

H 3 4.51€E+3 1 0 0
BE1lQ 5.84E+8 1 0 0
C 14 2.091E+6 1 0 b
N 13 6.92€~3 1 0 0
F 18 7.628-2 1 0 0
NA22 9.50E+2 1 0 0
NA 24 6.25e~1 1 0 0
P 32 1.43E+1 1 0 0
P 33 2.44E+1 1 0 0
AR39 9,83E+4 1 0 0
ARG1 7.61e-2 1 0 0
CAL1 S.11E+7 1 0 0
SCub 8.382+1 1 0 0
CRS1 2,77E+1 1 0 0
MNS4 J3.12E+2 1 0 0
MNSS 1.07€-1 1 0 0
FESS 9.86E+2 1 0 0
FES9 4L, ,LUBE+1 1 0 0
cos57 2.71€+2 1 0 0
c058 7.08E+1 1 0 0
co64 1.92E+3 1 0 0
NI59 2,74E+7 1 O 0
NI163 3.51E+4 1 0 0
NIGS 1.05e-1 1 0 0
CuUb4 5.29€~1 1 0 0
INGS 2.44E+2 1 0 0
AS76 1.10E+0 1 © 0
SE79 2.37E+7 1 0 0
8R82 1.47€+0 1 0 0
BR83+0 9,96E-2 1 0 0
8R8YL 2.21E-2 1 0 0
KR90 3.74E-4 1 0 0
KR91 1.138-4 1 0 0
RB86 1.87E+1 1 0 0
RBB9+D 1.06€E-2 1 0 0
SR89+0D S.06E+1 1 0 0
SRA0+D 1.04E+4 1 0 0
SR91+D 3.956~1 1 0 0
SR924+D 1.13E-1 1 0 0
Y 91M+D 3.456-2 1 0 0
IR93+0D 5.59e+8 1 0 0
ZR95+D 6.40E+1 1 0 0
ZR97+D 7.04€-1 1 0 0
M093 3.65E+4 1 0 0
M099+D 2.755+0 1 0 0
TC101 9.86E~3 1 0 0
RU103+D I.94E+1 1 0 0
RU195+0 1.858~1 1 0 0
RUL106+D 3.68E+2 1 0 0
PO107 2,376+9 1 0 0
AGl10M+D 2.52E+2 1 0 0
AGll11 7.45E+0 1 0 0
CO113M 4.97€+3 1 0 0
SN117M 1.406+1 1 0 0
SN119M 2.50E+2 1 0 0
SN121Mm 2.78E+4 1 0 0
SMN123 1.28E+2 1 0 0
SN125+0 9.64E+0 1 0 0
SN126+D 3.65€E+7 1 0 0
S8124 6.02E+1 1 0 0
59125+0 1.01E+3 1 @ 0
TE123M 1.176+2 1 0 0
TE127M+D 1.898+2 1 0 0
TE129M+D 3.36E+1 1 0 0
TE131M+D 1.25E+0 1 0O 8
TE13140 1.74e-2 1 0 0
TE132+D 3.26E40 1 O 0
TE133M+D 3.8%€E«2 1 0 0
I 130 5.15€-1 1 0@ 0
I 131+0 8.04E+0 1 0 2
I 13540 2.75e~1 1 0 0
€s136 1.31E+1 1 0 0
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CS137+D 1.106+4 1 0 0
CS133+D 5.53E-3 1 0 0
SAl404+D 1.28e+1 1 @ 0
CEL143+D 1.38E+0 1 0 0
CElL4+D 2.84E+2 1 0 0
PM148M+D 4,138+1 1 0 0
PM149 2.21E+0 1 0 0
Sh153 1.95E+0 1 0 0
EUL52 4,97E+3 1 0 0
EU153 1.94E+0 1 0 0
EULlSY J.14E+3 1 0 i}
EULS5S 1.81E+3 1 0 i}
EU156H 1.52E+1 1 0 0
GD153 2.42E+2 1 O 0
TB160 7.238+1 1 0 0
RO166M 4,38E+5 1 0 0
W 181 1.40E+2 1 0 0
W 185 7.51E+1 1 0 0
HG203 4L.665+1 1 0 0
PB210+D B.14E+3 1 0 0
81210+0 5S.0lE+0 1 0 0
RN222+4D 3.82E+0 1 0 i}
RA223+D 1.14E4+1 1 O ]
RA2244D 3.66E+0 1 O 0
RA225+D 1.486+1 1 0 0
RA226+D S.84E+5 1 0 0
RA228+D 2.10E+3 1 0 0
AC227+D 7.95E+3 1 0 0
TH227+0 1.87+1 1 0 0
TH228+D 5.99€+2 1 0 0
TH2304D 2.831E+7 1 0 0
TH23240 5.13812 1 0 0
PA231+D 1.196+7 1 0 0
U 23240 2.62E+4 1 0 0
U 233+D 5.79€+7 1 0 0
U 234 8.91E+7 1 0 0
U 23540 2.59€E11 1 0 0
U 236 8.556+3 1 0 0
U 23840 1.65€12 1 0 0
NP237+D 7.82€+8 1 0 0
PU235 1.04E+3 1 0 0
PU237 4,56E+1 1 0 0
PU2414+D 5.26E+3 1 0 0
CM246 1.73E+6 1 0 0
CM247+D 5.70E+9 1 0 0
CM248 1.24E+8 1 0 0
CF252 9.64E+2 1 0 0
ING9M 5.73E~1 1 0 0
ING9 3.966~2 2 1 1.0 0
BRB3 9.96€E-2 1 0 0
KRB83M 7.62E~2 2 1 1.0 0
BR85S 1.996=3 1 0 0
KRESM 1.87€-1 2 1 1.0 0
KR8S 3.928+3 3 2 0.211 0
KRB7 5.30E-2 1 0 0
RB87 1.72€13 21 1.0 0
KR88 1.188~1 1 ¢ 0
R288 1.24E-2 2 1 1.0 0
KR89 2.20E~3 1 0 0
RBE9 1.066~2 2 1 1.0 0
SR89 5.06E+«1 3 2 1.0 i}
Y 89M 1.86E-4 4 3 0.0002 0O
SR40 1.04E+4 1 0 0
Y 90 2.67€+0 2 1 1.0 0
SR9l 3.96E~1 1 0 0
Y 91M 3.456-2 2 1 0.58 0
Yy 91 5.85E+1 3 2 1.0 1 0.42
SRG2 1.138~1 1 0 0
Y 92 1.488-1 2 1 1.0 0
Y 93 4.21E~-1 1 0 i}
ZRA3 5.59E+8 2 1 1.0 0
NB93IM 4,97E+3 3 2 0.25 0
ZR9S B.40E+1 1 0 0
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N8 g 5M 3.61E+0 2 1 0.007 0

NBYS 3.526+1 3 2 1.0 1 0.993
7R97 7.04E-1 1 0 0

NS g7M 5.94E~4 2 1 0.946

NB7 5.01E-2 3 2 1.0 1 0.05%
MO99 2.756+0 1 0 0

TCO9M 2.51E<1 2 1 0.868 0

TC99 7.78847 3 2 1.0 1 0.132
RU103 3.94E+1 1 0 0
RH103M 3.90E-2 2 1 .0025 O

PD103 1.70E+1 3 2 1.0 1 0.9975
RULDS 1.856-1 1 0 0
{H105M 5.21E-4 2 1 0.28 0

]H105 1.47€40 3 2 1.0 1 0.72
RU106 3.68E+2 1 0 0

RH106 3.46E~4 2 1 1.0 0
PD109M S.436-5 1 0 0

PD109 S.61E~1 2 1 1.0 0
AG109M 4,585-4 3 2 1.0 0
AG110M 2.52E42 1 0 0

AGL10 2.85€~4 2 1 0.0113 0
[N114M 5.00E+1 1 0 0

IN114 8.33E~4 2 1 1.0 0
CO115M 4. 46E+0 1 0 0

co115 2.23E40 2 0 0
INL1SM 1.886-1 3 2 1.0 0

IN115 2.19€17 & 3 0.963 1 1.0
SN125 9.R4E+D 1 0 0

$B125 1.01E+3 2 1 1.0 0
TE125M S.80E+1 3 2 0.23 0

SN126 3.656+7 1 0 0
SB126M 1.326-2 2 1 1.0 0

$8126 3,756-1 3 2 0.14 0

s8127 3.85640 1 0 0
TE127M 1.09E+2 2 1 0.139 0

TE127 3.90E-1 3 2 0.976 1 0.861
TE129M 3.36E+1 1 0 0

TE129 4,83E~2 2 1 1.0 0

1129 S.73E+9 3 2 1.0 0
TE13IM 1.256+0 1 0 0

TE131 1.74E=2 2 1 0.222 0O

1131 8.04E+0 3 2 1.0 1 0.778
XE131M 1.19E+1 & 3 0.0109 0

TE132 3,26E40 1 0 0

I 132 9.588-2 2 1 1.0 0
TE133M 3.85E-2 1 0 0

TE133 8.64E-3 2 1 0.13 0

I 133 8.67€~-1 3 2 1.0 1 0.87
XE133M 2.19E+0 & 3 0.029 O

XE133 5.24E+0 5 4 1.0 3 0.971
TE134 2.30E~2 1 0 0

I 134 3.656-2 2 1 1.0 0
CS13uM 1.21E-1 1 0 0
CS134 7.53E+42 2 1 1.0 0

1 135 2.756-1 1 0 0
XE135M 1.096-2 2 1 0.166 0

XEL35 3.78E~1 3 2 1.0 1 0.834
CS136 8.40E+8 & 3 1.0 0

XE137 2.66E-3 1 0 0

€5137 1.10E+4 2 1 1.0 0
BA137M 1.77E-3 3 2 0.946 0

XE138 9.84E-3 1 0 0
cs138 2.24E-2 2 1 1.0 0

XE139 4.98€~4 1 0 0

csl139 6.536=3 2 1 1.0 0

8A139 S.74E-2 3 2 1.0 0

XE140 1.856-4 1 0 0

CS140 7.64E=4 2 1 1.0 0

BAL40 1.28E+1 3 2 1.0 0

LAI4O 1.68E+0 & 3 1.0 0

BAL41 1.276-2 1 0 0

LAl41 1.64E=1 2 1 1.0 0

CE141 3.25€+1 3 2 1.0 0
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BA142 7.43E~3 1 0 0
LALG2 6.44E=-2 2 1 1.0 0
CEL43 1,38E+0 1 0 ]
PR143 1.36E+1 2 1 1.0 9
CELbt4 2.84E+2 1 0 0
PRIGG 1.208-2 21 1.0 0
ND144 8.77€E17 3 2 1.0 0
ND147 1.11E+1 1 0 0
PM147 9.58E+2 2 1 1.0 0
PM1LEM 4.,13e+1 1 0 0
PM148 5.37E+0 2 1 1.0 0
PM151 1.188+0 1 0 0
SHM151 3.29E+4 2 1 1.0 0
w 187 9,95E-1 1 0 0
REL87 1.83€13 2 1 1.0 0
TH230 2.81E+7 1 0 0
RA226 5.84E+5 2 1 1.0 0
RN222 3.82E+0 3 2 1.0
PB210 8.14E+3 & 3 1.0 0
8§210 5.0lE+0 5 & 1.0 0
PO210 1.38E+2 6 5 1.0 0
u 232 2.62E+4 1 0 0
TH232 4,16€E13 2 0 0
RA228 2,10E+3 3 2 1.0 0
AC228 2.55E-1 4 3 1.0 0
TH228 6.99E+2 5 & 1.0 1 1.0
RA224 3.66E+0 6 5 1.0 0
PB212 4,43E-1 7 6 1.0 0
81212 4.20E-2 8 7 1.0 0
u 235 2.59€11 1 0 0
TH231 1.06€E+0 2 1 1.0 0
PA231 1.19E+7 3 2 1.0 0
AC227 7.95E+3 4 3 1.0 0
TH227 1.87E+1 5 & 0.9862 0
FR223 1.51E~-2 6 & 0.0138 0
RA223 1.14E+1 7 5 1.0 6 1.0
U 237 6.75E+0 1 0 0
NP237 7.82E+8 21 1.0 0
PA233 2.,70E+1 3 2 1.0 ]
u 233 S.79E+7 4 3 1.0 0
TH229 2.68E+6 S &4 1.0 0
RA225 1.48E+1 6 5 1.0 1}
AC225 1.,00E+1 7 6 1.0 0
U 238 1.65E12 1 0 0.0 0
TH234 2.41E+1 2 1 1.0 ]
PA234M 8.13E-4 3 2 1,0 ]
PA234 2.81E-1 &4 3 0.0013 0
AM242M 5.55E+4 1 0 0
AM242 6.68E~1 2 1 1.0 0
CcM242 1.63E+2 3 2 0.827 0
PU242 1.41E+8 4 2 ,173 @
NP238 2.18E+0 5 0 0
PU238 3.21E+4 6 5 1.0 3 1.0
CM24L 6.61E+3 1 0 0
PU24y 3.02€10 2 0 0
U 240 5.88E-1 3 2 0.999 0
PU240 2,39E+6 4 3 1.0 1 1.0
cM247 5.70E+9 1 0 0
cM243 1.04E+H 2 0 1
pPU2L3 2.06E~1 3 1 1.0 0
AM243 2.70E+6 & 3 1.0 2 0.0024
NP239 2.36E+0 S 4 1.0 0
PU239 8.91E+6 6 S 1.0 2 0.9976
CM245 3.106E+6 1 0 0
PU241 S.26E+3 2 1 1.0 0
AM241 1.58E+5 3 2 1.0 0
0
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FILE 10 DATA _IBRARY

100 7 2 2 1 3 4 & 2 1€ 23

CwiS DATA LIPRARY, AUG 0Ff, 1080 (CLS)

TOTAL RCDYKIDNEY LIVER RONE LUNGS THY2QID LL!

1 50 70 30

M3 0.00+00 0.00+00 0,.00+00 6

1 2.50-02 2,60-02 1,60-02 1,70-02 1,70-02

3 2,60-02 2.50-02 1,60-02 1,70~02 1,70=02

4 2.60-02 2,A0-02 1,60~02 1,70-02 1,70-02

13 2,60-02 2,60-02 1.60-22 1,70~02 1.70-02
1€ 2.60-02 2,60~02 1.60-02 1,70-02 1.70~02
23 2,60-02 2,f0-02 1.60-02 1,70~-02 1.70-02
RE1D 0.0 3

1 4,20400 5,30+00 1,90+00 4.10+400 4,10+00

3 2.50401 2,%0401 1,10+01 1,90+01 1,90401
4 2.20401 3.70+01 8.50+400 2,.40+401 2.40+01
6 1.10402 2.50402 3,©0+01 1,70+402 1.70+402

8 3.20401 3.80+01 2.00+01 2.50+401 2,50+01
23 £,00+400 5.00+00 3.20+00 3.30+03 3.30400
c 1% 0,00400 €.,00+400 7,55-04 7

1 1.20~01 1.20-01 7,60~02 7.R88=02 7,.P8=02

3 1.20-01 1.20-01 7,.60~02 7.88~02 7.88-02

A 1,20-01 1,20-01 7.60-02 7.8P~02 7.88-02

6 5.99-01 5,9%~01 3.30-01 3,94-01 3,84=~01

2 1.20-03 1,20~01 7.20-02 7.90-02 7.90-02
16 1.20-01 1.20~01 7,60~02 7.88~02 7.89-02
23 3.30~01 3.30-G1 2,10-01 2,10-01 2.10-01
caul 0.00+00 0,00+00 3.00+00 4

1 1.81-01 6,36-00 6,00~02 4.21-00 4.41400

3 1,53+40C 5,90+401 5,.40-01 3,60+401 4,10+01

£ 6.58=01 6,62~01 3,50-01 4,40-01 4.40-01
23 3,50~02 3.50~02 2.20~02 2.30~-02 2.30~C2
CRS1 h,85=-2 7,17-3 7.20-3 5

1 8.,40-2 8,40-2 4,90~2 5,50-2 5.50-2

3 1.20-2 1,90-2 1.10-2 1,20=2 1.,20-2

2 1.4040 1,40+0 8,10-1 9,03-1 9,03-1
16 £,00-2 5.00-2 2,9C-2 3,30-2 3%,30-2
22 1,20~1 1.20-1 7.70-2 7,70=-2 7.70=~2
MNSL 1.99-01 2.082-01 2,09-01 &

1 1.42400 1,42+400 8,80-01 6.40-01 9,40~01
4 2.50400 8.50+00 5.10+400 5.50+400 5.6G+00

8 1.20402 1,57+02 4.70+401 1.10+402 1.10+02
23 2.50+00 2,70+400 1,70+400 1,80+00 1,80+400
FESS 2.09-06 2.29~0€ 2,30-06 5

1 3,20-01 7.30-01 1.10-01 4,80~01 4.80-01

1.50400 2,90+00 S.50-01 1.,90+00 1,90+00
1.50400 4,50+00 5.30~01 3,00+00 3.00+00
6.20+400 1.10401 2.30+400 7.70400 7.70+00
2.10-01 2.20-01 1,30~01 1.50~01 1,50-~01
2,88-01 2,97-01 3.11-01 5
€.00+00 6.10400 3.30+C0 4.00+400 4,00400
1.61401 1.61401 8,70400 1.00+01 1.00+01
7.00+400 7,10+00 3.80+400 L4.60+400 4.€0400
5,44401 6,45401 3.50401 4,24401 4.24401
6.104060 6,14400 4.00+00 4,00+00 4.00+00
0.00+400 0,.00+400 0.00+00 &
9,60-01 9,60~01 6.10-21 6,30~01 6.3
7.00-01 7,00~01 &4,40~01 4,60-01 4,606-01
4,3
1.8
4

"N
w
0

[ LN
w
)

6.50401 6.R0401 3,30+401 4,30+01
2,70+400 2,7C+00 1.R0+00 1.80+00
6.06~01 6.25-01 6.34-01
2.70400 2.70400 1.71400 1,20400 1,80+00
2.00+00 2.00+00 1.30+400 1.30+00 1,.30+400
4,91402 1.,00+403 1,80402 6.81+402 £.21402
7.70+400 R,.30+400 4,90400 5.,50400 5,50+00
0.00+400 0.00+400 0.90+00 5§
2.,98-0! 9,40~01 1.00-01 6,21-01 6,.21-01
7.70-01 1,90-00 2.70~01 1.30+00 1.30+0C
1.54400 5.67+400 5.30-01 3,72+400 3,72+00
5.57+00 1,30+401 2,00+400 9,20+00 9.20+00
1.30-91 1.50~01 E,40-02 6.70~02 9.70-02
0.00+400 0.00+400 0.00+00 S
8.10~01 2.52+400 2,.80-01 1,E5+00 1,65+00
2.10400 5.20400 7.40-01 3,40+400 X,40400

an
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2.10+01 7.60401 7.20+00 S5,00+01 S.00+01
1.51+01 3,50401 5.42+400 2.47+01 2,47+01
3.80-01 4,00-01 2.30~01 2.60-01 2.50-01
0.0 0.0 6,04 5
1.00=-1 1,00-1 6,30-2 £,5%-2 §,58~2
9,00-1 9,00-1 5.70-1 5.90-1 5,90-1
5.90-1 5,90-1 3.50-1 3.00-1 3,00-1
7.68+40 7.73+40 4,1040 5.10+40 5.10+0
1,10-1 1,10-1 6.40-2 6,70-2 6,70=~2
4,94-04 5,25~04 4,69-02
0. 0. 5.28«3
9.05~1 §.0E-1 4,8E-1 5,9E~1 5.,9%5-~1
2,4E-0 2.4€~0 1,26-0 1.6E-0 1.RE-Q
2.7E~1 2,7€-1 1.8E~1 1.8E=-1 1.8E=-1
3.3E-2 3,3E-2 2,28-2 2,2E-2 2,2E-2
5.12-09 5,30-09 4,20~02 &
5.10+0) €,00402 1,70+01 3,60+02 3.90+402
7.60402 8,90+403 2.50+402 5.80403 5,90+03
9.4C0+02 2,10+403 3,30+402 1,50+03 1,50+02
1,30+01 1,50+01 &,50+400 9,70+00 9,70+00
1.71-05 1,77-05 2,45-01 &
3.70-01 3,70~01 2,37-01 2,37~01 2,37-01
1.40+401 1.40+401 9,00+400 9,10+400 ©.10+00
1.00401 1.00+01 6,60+00 6£.70+00 6.68+00
1,50+01 1,50+01 1.00+01 1,00+401 1.00+01
8.78-04 9,06-04 1,58-01 4
5.90+400 5,90+00 3.00+00 3,20+00 3.90+00
2,20402 2,20402 1.10+402 1.50+402 1,50+02
1.10402 1,10402 6.00+01 7,.50+401 7.52+01
1.40+01 1.40+4C1 9,10+400 9.206+00 9.20+00
3.02-12 6.,01~12 6.,21~12 6
7.50-01 1,76-00 2,70-01 1,10+400 1.108+0
3,.30400 1,40+401 1,10+400 9,00+00 6.00+0
1.90+400 3.50+400 7.14~01 2,30+400 2,30+0
1.504+01 6.64401 5,10+401 4.36+401 4,36+1
1.70401 4,00+401 6.20400 2.90+401 2.87+1
4,70-01 5,10~01 3,00~01 3.40-01 3,40~1
2.03-05 4,04~05 4,25-05 6
1.10+400 3.30+400 3.70-01 2.20+00 2,20+00
4,8040C 1.50401 1,70+00 9,80+00 9,80+00
3.80+400 1.30+01 1.30+00 8,40+00 8,40+00
1,10+401 4,10+01 3,70+00 2.70+01 2.70+01
2,70+1 5,90+1 9.70+40 4,10+1 4,.,10+1
7.40-01 8.00~01 4,70~01 5,30-91 5,30~01
3.00-03 5
5.10-02 5,10~02 3,30-02 3,%0-02 3.30-02
5.50~01 5.50~01 3,60~01 3,60~01 3.60~-01
1.80+400 1,80+00 9,60~01 1,20+00 1.20+00
3.50+01 7,90+401 1.20+401 5,70+401 5,70+401
2.30-01 2.60-01 1,50~01 1,70-01 1,70~01
1.73-01 1,.81-01 1.93-01 6
1.03+401 1.,04+401 5.20400 6.70+00 6.70+00
2.30+401 2.30+01 1,20+401 1,50+401 1,50+01
1.40401 1.40+401 7.40+00 9,40+00 9.40+400
4.60+01 4,70+81 2.40+401 3,10+401 3,10+01
1.2042 1,20+2 6,00+1 7,70+41 7.70+1
5.50400 5.50+400 3.50+400 3,60+400 3.60~00
1.44=02 1.65-02 1,67-02 0
1.81-01 1,89~01 1,89-01 6
2,90+00 2,90+00 1,70+00 1.90+00 1.90-00
5.19400 5.19+00 3.00+00 3.41+400 3,41~00
5.10+00 5.10~00 2.90+400 3,40+00 3.40+00
9.80+00 9,.80+400 5.60+00 6,40+00 5,40+00
3.15401 3.154+01 1.80+01 2.07+01 2.07+01
3,70+00 3.70+00 2.40+00 2,50+00 2.50+00
0,00+400 0.,00+400 6.00~03 6
1.90-02 1.90-02 1,20~02 1,20-02 1.20-2
8.,40-01 8,40~01 5,10~01 5,50~01 5,50~=1
€.50~02 6,50~02 3,70-02 4,30-02 L4,30~2
4,60~-02 4,.60~02 2,70-02 3.00-02 3.00-2
6.,80+01 1,60+402 2,41401 1,10402 1.10+2
1,204+00 1,30+0C 7.40~-01 8,60~01 8,60-1
2,28~03 2.42-03 3,30-02 0
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1,90+00
2.70+01
1.50+01

7.60+2
3.40401

7.04=03
2.60~01
1.10-01
65.40+00
1.80-01

1.40+400
4L,50+00
2.204C0
2,L8+00

L,00+2
1,10401

Im

4,70+00
1.30+402
1.40402
1.30402
L4,0G6+00

2.40+400
1.60+00
7.40+01
1.080+402
1.40400
1.20401

1.01+01
4,80=01
2,10+01

1.7042
¢,70~-03
3.80+40¢C

M

2.50-01
6.,%0+00
7.80-01
1.80+400
2.70+01
5,50~01
1,90+400

7.7040
5.01+40
1.884+2
2.00+2
1.50+0
4,70+0
oM
6
5.90~02
3.10-03
1.40-~01
1.90+00
2.90-03
3.00400
™
5.60-01
1.60+401
2.00+00
4,50+0C
9.80+01
1.20+00
4,20+00
7

2.08-02
1.00+00
2.76+01
1.50401
1.1043
3.40401
0.00+00
7.0Lkon?
2,60~01
1.10-91
1.50+01
1,90-01
3.04-04
5.92~01
1.40+00
4,50+00
2.20400
2,48400
5.1042
1.10+01
2.1C6=-03
5,50+00
2.10+02
1.00402
2,90+02
5.30400
5,22-07%
2.40+00
1.60+00
7.50+01
2.00402
1.40+00
1.20401
a,02-02
1.70+01
£.,00-01
5.30+01
3.10+2
§.70~03
4,06+00
3.,67-03
2,50-01
5.30+00
7.20-C1
1.80+00
2,70+01
5.50~01
1.90+00
1.,7-2
7.80+0
5.10+0
2.0L+2
1.80+3
1.59+0
5.10+0
3.1-2
4,12-01
5.90-02
3,10-03
1,40-01
1.90+00
2,00~03
3.00+00
1.16-03
5.60~01
1.60+01
2.00+00
4.50+0C
1.00402
1.20+00
4,20+00
3,584-04

2.20-~02
1,20+400
1.820401
9,10+00

3.00+2
2.20+401
0.00+00
£.10-93
5.00~01
6,40-02
2,30+00
1,10-01
4,10-04
7.25-01
a,00-91
2.80+00
1.40400
1.580400

1.60+2
7.20+00

1.80400
4,80+01
S.50401
4,.70+01
2,10400
5.3¢-03
1.40400
2.404+01
3,90401
8.10401
7.60-01
7.F0400
1.0f=-01
3,90+00
1.#0<51
7.40400
6,223+41
£.30-03
2.40+400
7.52-03
1.50~01
3.80400
4,70~-01
1.,10400
1.40+01
2,50~01
1,30+00
2.1=-2
4.40+0
2.4040
8.50+1
2.80+2
7.63-1
3.00+0
3.3-2
4.36=-01
3.00~02
2.10-03
9.20-02
1.30+C0
1.20-03
2.00+00
2.29~03
3.50~01
9.50+00
1.20+00
2,70+00
4,60+01
7.50~-01
2.70+00
3.283-04

1,14-02 1,14-02 7.40~03

3.00-21
1.20400
1.20+01
9,F0+00
7.1047
2.30+01
0.00+00
5.20~0%
5.70~01
6.90-902
1.10+01
1.30-01
1.460=02
7.39-01
8,20-01
2,00+00
1.50+00
1.70+00
.U 442
7.5040¢0

4,20400
1.45402
1.20+02
2.004+432
3.50+02
1.07~01
1.60400
1,00+00
4.90+01
1.30+02
°.30-01
7.70+00
1.14-01
1.10+401
£,.30-01
3.50401
2.10+2
£, 40~03
2.60+20
7.28-03
1,60-01
4,10+00
5.10-01
1.20+400
1.80+401
3.60~01
1.30+00

2.4=2
5.1C+0
3,.40+0
1.3442
1.30+3
1.04+0
3.40+40

3.8~2
§.03=01
3.00-02
2.10~03
9.20-02
1.30+00
1.90-03
2.00+400
2.78-03
3.70-01
1.00+01
1.30400
3.00+00
6.90+01
7.R0~01
2.70+00
3.49-02
7.40-03
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5
1,20+400
1.80+01
c,50~00
7.10+2
2.30+01
5
5.20~3
5.,70-1
€.90-2
1,10+1
1.30~1

2 h O

2,21-01
2.00+00
1,50400
1,70+00

T,4U42
7.50+00
5
4,20+00
1.40402
1.20402
2.0C+02
3,50+00
p4

1.60400
1.00+00
4,90+01
1.30402
9,30-01
7.70+00
6
1.10+401
5.30~01
3,.50+01
2.10+2
6.40-0%
2.60+00
7
1.60-01
4,10+00
5.10~01
1.20+00
1.R0+01
3.60-01
1.30400
6
5.10+0
3.4040
1.3442
1.30+3
1.04+40
T.4040
0
€
3.90-2
2.10-3
$.20-02
1.30+0
1.00-3
2.00+0
7
3.70~01
1,00+01
1.30+00
3.00+00
6.90+01
7.20-01
2.70+400
7
7.40-03
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1.820-901 1,85-01 1.20~01 1.20-C1 1,20~C1
2.,20-02 2.20-02 1.50~02 1,50-02 1.50~02
$5.10~02 5.10-02 3.41-02 3.41~-02 3.42~02
5.00-01 5.00-91 3.,30~01 23,30-01 3,22-01
3.90-02 3,90~02 2.50-02 2,50-02 2,50-02
7.30-01 7.306-01 4,80-01 4.,80-01 4.80-01
3.04-03 5,71=-02 5.,47-03 7
1,80400 1.60+400 £,10-01 1.30+00 1.30+00
©1.20+400 1.20+00 7.90-01 8,10-01 2.10~01
5.560~01 5.60-01 3.,60~01 3,70-01 3,70-01
§,90-31 €.90~01 4,30-01 4,50~01 4,50-01
1.50+401 1.51+01 8.00+0C 9,91+0C 9.91+C0
1.40403 1.50+403 €,40402 1,00403 1,00+03
f.40-02 ?,40~02 5,30-02 5.50~02 5.50~02
3.60-01 3.80-01 4.13-01 6
2,40+01 2,R0+401 1.10+01 1,70+01 1.,70+01
C,.70+00 9.R0+00 S,404+00 6,40+00 5.40+400
2.81+401 2,90401 1.30+01 1,90+01 1.90+01
1,20+401 1.30+40) 5.00+00 8,50+90 8.60+00
4,50400 4,90+400 2.30400 3,20+00 3.20+00
1.50-01 1.50-01 ©,80~02 9.80-02 9.f0=~02
.00+00 0,00400 2.18-02% €
1.50+00 1,70400 5.€80-01 1.10+00 1.10+0
1.40+400 1.40+400 7.60-01 9,10~01 9.10~-1
3.40400 3.60+400 1.50+00 2,40+400 2.40+0
3.40+00 4.11+00 1.40+400 2,70+400 2.70+0
5.60-21 6.30-01 2.20-01 4,10-81 4,10~-01
2.40~02 2.40-02 1,60~-02 1.60-02 1.60-2
5.62-04 5,89-04 2,81-02 A
1.20401 1.50401 5,90+00 ©¢,90+00 G.90+00
7.50+00 7.50+00 4,10+400 5.00+00 5.00+00
2,.00+40) 2,20+01 9,50+00 1.40+01 1.46+01
1.40401 1.70+01 6.00+00 1.10+01 1.10+C1
3.50400 3,90+00 1,80+00 2,F0+00 2,.60+00
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23 1.20-061 1.20~01 8,00~02 8,00~02 8,00~02
BA137M 1.38~01 1.46-~01 1.47-01 0
CE144 4,25-03 5,15-03 1.13-02 6
1 6.90+00 ©,80+00 2.60+00 6.,38+CC £.40+00
3 3.16+01 4,40+401 1,20+01 2.90+01 2.90+01
4 5.70401 7.,20+01 2.20+401 &4,70+01 4,70+01
6 1.11402 1.80402 4,10401 1.20+02 1.20+402
8 6.50+02 8.60+02 2.60+02 5.60+0Z2 5.60+02
23 3.10401 3,20401 2.00+01 2,10+01 2,10+01
PRI14Y 7.38-03 7.65-03 2,69-01 O
PM147 0.00400 0,00400 2.71-03 6

4,95-01 1,11+00 1,70-01 7,40-01 7.40~901
2.31+400 5.10+400 7.70~01 3,42+00 3.42+00
1.22+00 2,60+00 4,00~-01 1,70+400 1,70+00
¢,60+00 3.00+01 3.20+400 2.00+401 2,00+01
4,40+01 8,10+401 1.60+01 S5.40+401 5,40+01
1,70+400 1.80+400 1,10+00 1,20+00 1,20+00
147 0. 0. 0. 6
1.9E+2 6,4E+2 1,7E+2 L,2E+2 4,2E+2
8,8E+2 3,0E+3 2,1E+2 2,02+3 2,0E+3}
1.85+3 2,6E+3 1,4E+3 1.7E43 1,7E+3
3.6E+3 2,6E+44  3,.5E+43  1,.7E+4 1.7E+4
1.7 +4 L,2E+4 1.4E+4 2.7E+4 2.7E+4
4,9E-0 5,4E+0 3,3E-0 3,6E~0 3.EE+Q
1.09«05 2,.17~05 2,28~05 &
3.42-01 1,15400 1.10~-01 7,57~01 7.57~1
1,50+400 5,20+00 5.10~01 3,40+400 3.40+0
3.20400 4.50+00 1,20+00 3,00+00 3.00+0
4,10+400 2,80+01 1.30+00 1,20+C1 1.80+1
3.00+01 6,90+01 1,10+401 4,80+01 4,90+1
1,00+400 1,10+00 6.4G0-01 7.40~01 7,40«1
152 0.0 0.0 0.0 6
5.2+00 1,6+01 1.70+0 1,0+01 1,.0+01
2.0401 1.1402 6.3400 7.1+401 7.1+401
1.40+401 1.70+01 5.50400 1.10+401 1.10+01
1.40+401 7.90+01 4,50+00 5.,20+01 5,20+01
2.3+402 5,1402 8,.4+01 3,6+402 3.6+402
4,8040 5.3+400 3,1+400 3.5+400 3.5+080
EUlSY 2.97-01 2,09-01 3.46~01 6

v

mero w R
ONLE WP CHBNE W= T WO E W T WD £ W
—
wn
—

~
w

FIGURE D.0-3. Dose Conversion Factor Data Library-NUCDFL

D.55



7.50+00 2,20+401 2,50+400 1.,40+01 1,40+01
2.90401 1,40+402 9,16+00 §,20401 ¢,20+01
2.40401 2,G0+01 9,50+400 1,90+401 1.090+01
5.00+401 2,50402 1,60401 1,60+02 1.50402
4.,00+02 2.50+402 1,40+402 5.90+402 5.90+402
1,10+401 1,10+401 6.70+400 7.50+00 7.50+400

155 1.21-02 1,50-02 1.64-02 6
1.20400 3,20+400 4,10~01 2,10400 2.10+400
5.40+00 2.,20+401 1.,70+00 1.50+01 1,50+01
3.90+00 4,50400 1.60+400 3.00+00 3.00+00
8,50+00 3,50+401 2.70+400 2.30+91 2,30401
6.50+01 1.30+402 2.40+01 8.90+401 2,90+01
1,80+00 2,00+400 1,20400 1.,30+00 1,20+400

166M 3.70-03 6
€.20+G0 2,60+01 2,20400 1.70+401 1,70401
1.20401 4,90+01 3,30+400 3,20+01 3,20401
7.40400 3,20+40! 2.40+400 2,10401 2.10+01
2.20401 1.,10+402 7,10+400 7.20+01 7.20+01
2.70+402 6,20402 ©,60+01 &L.40+402 u,40402
4,80+400 5.40400 3,10+400 3,60+00 3,60+00

W 1§85 0.00+40C 0,00+00 0,00400 5
€,90~03 5,90-03 4,40-0% 4,50~03 4,50~03
€.20-02 6,20~02 3,93-02 4,10-02 4,10-02
2.,00~01 2,00~01 1.,20~01 1,30-01 1.3C=~01
2.30401 3,40+401 1,70401 2,204C1 2,20+01
2,80+00 2,RP0+00 1.8040C 1.90+400 1.90+00

3.20-4  4,59-4 4,70-4 6
£.30+1 22,7042 2.00+1 2.4042 2,u0+2
3.3043 9,N00+3 1,10+43 5.90+3 5.004+3
3.,P0+42 2.80+43 1,2042 1,80+% 1,P0+3
1.00+43 1.20+4 33,2042 7.60+% 7.60+3
S.40+4  1.,2045 1.90+4 2,50+L B.50+0
1.00+1 1.1041 A, R0«C 7.50+40 7.50+0

0.0 0.0 6.¢1-2 &
7.00=-1 7.00-1 &,50~1 4,60-1 4,60-]
5.80+1 9,20+1 6.40+1 E.40+1 6.404+1
7.90+40 7,90+40 5.10+0 5.20+4C 5,20+0
1.20+0 1.20+40 7.680~-1 8&.00-1 2.00-~1
1.51+43  1,851+3 9,80+42 9.,91+2 9.61+2
7.70+40 7.7C+0 5,00+0 5.00+40 $.00+2

0. 0. 0. 3
6.4E4+]1 E. 441  3.€E41 L, 2E+1 4,2E+1
1,9843  1,0E43 0Q,7E+2 1,3E+43 1,3F43
5.45+2 S5,4E+2 3.0E+42 3,6E+2 3.6E+2
2,7E+2 2.7E+2 1.5S5+2 1.8E+2 1.2E+2
T U484 3. PE44 1 .SE+4 2,544  2,5E4h
1.2E+41 1,.2E+41 7.8E+0 7.7E+0 7.7E+D

1.4E=2 1,5E~2 1,5E-2 &
2.2B+2 2,2E+42 1,4E+42 1.5E42 1.5E+2
4.7E+1  L.T7E+1 1,.0E+1 3.1E+1 3.1E+1
1,66E+40 1,6E+0 11,0540 11,1540 1,1E+0
1.1543  1,1E43  7.0E+2 7.uE+2 7. 4E42
2.1E+4  2,1E+4  1.3E+4  1.4E+L4  1.4E+bL
E.5E+1 S5.5E+1 3,6E+]l 3,BE41 3,6E+]

2,05-3 2,24-3 2,25-3 4
€.70+41 £.70+1 4.30+1 4.40+41 4.40+1
3.32+42  3.32+42 2,1°+42 22,1842 2,20+2
7.3843  7,3P43  L,R0+3 4,00+2 L,90+3
5.40+41 S.40+41 3,50+1 3.50+1 3,50+1
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1 3.00+402 3.00+02 1.90+02 2.00+02 2.00+02

2 4.90+401 4.90+401 3.10+401 3.20+401 3.20+01

b4 1,70400 1.70+400 1.1G+00 1.10+00 1.10+00

6 1.50403 1.50+03 9.30+402 9.90+02 9.90402

8 2.40+404 2,40+404 1,50+404 1,60+04 1,60+04
23 5.30+01 5.30+01 3.50+01 3.50+01 3.50+01
RA226 1.87-3 1,83-3 1.25-3 4

1 2.47+3 ©.70+44 7.80+2 4,40+4 4, 60+4

6 2.40+3  0,.20+4  7.90+2 6.10+4 E€.40+4

8 1.,40+45 3,20+45 5.00+4 2,30+5 2,30+5
23 E,40+41 7.00+1 4.00+1 4,70+41 4,704}
RA228 3.00-03 b4

1 4.,90+03 3,70404 1,50+403 2.40+04 2,40+04
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L.10403 2. 404+04 1.304+72 2,20404 2,2040C0
1.,70405 3.5040% f,10404 2.4G5+405 2,404C5
1.10+01 1,20+01 &,Q0+00 7.70+00 7.70+400
0.00+00 3
7.70+01 7.76+401 L4,00+401 5.10401 5,1G+01
1,70+402 1.70+802 1.10+402 1,10402 1.10+02
1.504+03 1,50+403 9,40+402 9,00402 G,00+402
1.20403 1.20403 7.30402 7.R0+402 7.60402
1.80+04 1.8C+04 1,10+404 1.20404 1.,20+04
€.90+40! 6.90+401 4,50+401 4.50401 4,60401
1.00-4 1,F1-4 1.02¢~4 £
1.91+43  4,49+4 5,92+42 2.90+4 3,01+4
1,304 3,10+4%  4,10+42 2.10+4 2,10+4
1.10+4 9, L40+4 3,50+43 6,20+4 6,20+4
2.00+4  7.10+45 R,80+3 4.,7045 U4, R045
4.01+5 ©,00+5 1,404+5 6.31+5 €,3145
1.60+1 1.70+1 1,00+1 1.10+41 1.10+1
1,482 1,6E-2 1,FE-2 6
1.1E+42 1,1E+42 F,6E+1 7.2E+1 7.254+1
T.RE42 3,0E42  2.3E+42 2.5E+42 2,.5E+2
6.55+41 E,SE+] 3,0E41  4,.3E41  4,.3E4]
3.8E+3  1,.PE43  2.3F+43  2.5543  2,5E43
2.70+4  2.70+4 1.7E+4 1.BE4+4  1,.8F44
Q.4%4] 9,4E4+]1 H,2E41 B6.2E41] B.2E4+1
S.11=4 6,00-4 &, ,04~4 6
1.80+3 6,604% €.10+2 4,3143 4,3143
£.10+3  1.8048 1,7043 1.2044 1,20+4
8.80+2 3,10+3 2.90+42 2,0043 2,00+3
5.50+4 1.0045 1,%044 1.3045 1.3204F%
2.65045 4,.4045 O,80+4  2,00485 2,0045
1.1042 1.1042 FA,20+1 7.40+1 7.40+1
5.16-3 5,68-3 6.03-3
3.21+43 1.5C45 ©,0042 1,00+45 11,1045
E.U0+3 2,36+5 1,70+% 1,5%0+% 1.R0+5
G,3G6+2 L.60+44 2,90+42 Z.00+4 3,30+4
6.404+4  3.30+€ 2.00+44 2,10+45 2.30+5
2.4045 7.,90+4%5 1,20+45 5,70+5 5,70+5
9.80+1 1,10+2 &€.20+1 7.20+41 7.20+1
9.83~% 1,25-4 1,27-4 ¢
L.70+42  2.30+4  1,40+42 1.50+44 1,70+&
5.30+43 2.,20+5 1,60+3 1,50+45 1.€0+45
€.1042 4.50+4 2,80+42 22,0044 I,204%
1.63+4  7,70+45 5,10+43 5,00+45 5,50+5
E.10+4  1.40+45 2.20+4 1,0145 1,014%
1.2041 1.36+1 7.30+40 82,5040 8.50+0
0. 0. 0. [
6.,00+2 3,00+4 1,00+2 1,9044 2,10+4
4,50+43 1.60+5 1.40+43 1,20+45 1.3045
7.80+42 3,00+44 2,4042 2,50+44 2,70+4
1.80+4 B,.60+45 5,70+3 5.6045 €,1045
7.2044  1,70+45% 2,60+4 1,20+45 1,20+5
9.8040 1,10+1 6,20+0 7.20+40 7,20+0
4,283 4,7E~3 4,BE-Z §
1.4E4+3 S5,8C44  4,2042 4, 2E4+4 L RE44
6.00+43 3,.4E+5 2,1E+43 2,2E+5 2,LE45
1.2E+3 5.95+4  3,7E+2 3,044 L4, 2E44
3.354L 1,546 1.0E44  1,0E+46 1.1E+H
8,954+4 2.1E+45 3,28+4 1,5E+45 1,5E+5
1.4E+1 1,5E+1 8.75+0 1.0E+1 1.0E+1
4.12-02 4,63-02 4,96=02 6
2,60-01 2,60-01 1,50-01 1.70~01 1.70=-1
1.10400 1.10400 £,40-~01 7.30-01 7.30-~1
2.90-01 2.90~01 1,70~01 1,20-01 1.90-1
1.50+00 1,50+00 §.80=~01 1.01400 1.01+40
1,70+401 1,70+401 1,.,00+401 1.10401 1,.10+1
2.90+400 2.90+400 1,90+400 1,90+00 11,9040
4,52-05 5.56-05 5,62-02 &
1.10403 1.,20+03 4,50+402 2.10+02 8,10+402
1.79+403 1.20+403 1,00+403 1,20+403 1.20+03
9,20+403 1,70+04 3,20+402 1,10+405 1,10+404
2.40405 5,50405 8,60+04 3,40+405 3.91405
1.30401 1.40401 R,20400 G9,404+00 9.40+400
U 233 0.0 6.0 0.0 5
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1 2.00+2 2,20+2 %,104+1 1,50+42 1.50+2
3 £,2042 £.30+42 WL4.£0+42 S,L04+2 CLL0+2
€ 1.9043 3.70+43 G(.70+42 2,.4043 2,L0+3
g SL.40+4  1,5045 2.30+44 1,00+5 1.00+5
23 1.2041 1,30+41 7.60+0 F,70+0 8.,7040
U 234 2,00~05 2,61=08 2,65~0¢ 5§
1 1.,90492 2.20402 2.0C+N] 1,4C+02 1,40402
3 £.10402 8,10+402 4,504D2 5.30402 5.30+02
[ 1.00+4C3 3.50403 6,50402 2.30+403 2,.30+403
g £.20+404 1,40+495 2,20+04 1,00+05 1,00405
23 1,20+01 1.30+4C01 7.4C0+00 8.60+00 R,60~00
U 23¢% 2,7E~2 3.1E~2 3,1E-2 5
1 1.9842 2,0E+2 7.5E+1 1.3842 1.2E+2
3 7.PE+42  7.6E42 L4,2842 5,0542 5,0E+2
6 1,RE+3 3, 4FE+3 6,2E+2 2,2E+3 2,2E43
2 5.8E+4  1.4E+5 2,1E+4 O,.RE+4 O, FfE+4
23 1.5E+1  1,8E+1 9,45+0 1.1E+1 1.15+1
U 236 0.00+400 0.00+00 0.00+00 5

1 1.80402 2,10+4062 7.60+01 1.40+402 1.40+02
3 7.80402 7.90+02 L4,L0+02 5.20+402 5,20+02
6 1.20+C3 3.40+03 6,20402 2.20+403 2,20+03
2 €.00+04 1,40+C5 2,10+404 9,80+04 ©,80+04
3 1.10+401 1.20+01 €,90+400 B,00+400 8.00+00
7 1.74=02 2,00~02 2,01-02 9

8 0.00+00 0.00+00 8,31-03 5

1 1,70402 1,060402 7.00+01 1,30402 1.30402
3 7.10402 7.10+402 4,00+402 4,70+02 4,70+02
& 1.70403 3.20+403 5,90402 2.10403 2,10+03
8
T

cCce
LSS )

5.50+04 1.30+405 2,00+04 9.01+04 ©,01+04

21 1.00+401 1.20+01 €.50+400 7.70+0C 7,70-00
U 24o 7.50~03 0
NP237 3.25-03 4,33-03 4.42-93 6
1 4,.20+02 2.30+04 1.50+92 1.50+04 1,60+4
3 3.20403 1,60405 1,00+40% 1,10+405 1,20+5
4 §.4C+03 4,40+05 2.60403 2.90+05 3,.20+5
£ 1.10+04 5,10+405 3,40+403 3,30+40% 2,60+5
14 6.20404 1.40+405 2,20+404 1.00+405 1.00+5%
23 1.50+401 1.7G+401 9.70+0C 1.10+401 1.10+1
NP238 0.00+00 0
NP23¢ 2,22-02 2,46-02 2.47-02 6

1.60-02 1,50-92 1,00~-C2 1.00~02 1.00-2
8.70-02 8,70~92 5,70~02 5,70-02 5.70=2
2.50-01 2,50~C1 1,60-C1 1.,60-01 1.60~1
2.90~01 2.90~01 1,90-01 1,90~01 1,90~1
1.A0+00 1.60+00 1,10+90 1,10+00 1.1440
3.£0400 3.650+400 2,30+400 2,30+400 2,30+0
3.73-04 2,3C.04 7,77-04 A
5.50+402 2,.30+404 1.70402 1.50+0L 1,.60404
2,50+03 9,60+04 7,70+402 6,30+04 6.70+D4
9.60+03 3,10+405 3,.00+03 2.00+05 2.10+0%
1.20+4086 4,20405 3,.80+403 3,.10+05 3,30+905
7.20+04 1,70405 2.50+404 1.20+405 1,20+0%
1,40+01 1,50401 8,90+400 1.00+401 1.00+01
3.73-04 3.30-0L4 7,77-04 6
8,20402 2.60+404 1,60+402 1,70+04 1,.290+04
2.30403 1,10+05 7.20+402 6.90+04 7,.50+04
9.00+403 3.30+05 2,820+403 2,20+05 2,30+05
1,20+404 5.50+405 3,60+403 3,60+405 3,9040%
6.70+04 1,60+405 2.40+04 1,10+905 1,10+05
1,30401 1,40+401 8,10400 9.,40+00 9.40+00
3.22-04 6,38-04 6,71-04 6
5.20402 2,60+04 1,60+402 1,70+04% 1,80+04
2.30403 1.10+405 7.20402 6.90+04 7.50+04
9,00+03 3.30+05 2,80+03 2.,20+405 2.30+05
1.20404 5,50+405 3.60+403 3.60+05 3,00+05
5.70+04 1,60+05 2,40+04 1.10+95 1,10+05
1,30401 1,40+401 2,30+00 9,€0+400 9.60+00
0.00+400 0.00+400 0.00+00 6
2.10+401 4,30+402 6,70+400 2,80+402 2.90+02
1.00+402 1.90+403 3,20+401 1.30403 1.30+03
1.60402 2.80+03 5,10+01 1,20+03 1,80+03
6.00+02 1.20+404 1.90+402 7,.60+403 7,.60+0C3
1,30+402 2,80+402 4,60+401 2,.00+402 2,00+402
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23 2.,79-01 2,00-01 1.,70~-01 2.00-801 2.00~01
PU242 4,04-04 2,03-04 R, 4404 &
S.0C0+02 2.5%0+04 1.,50+402 1.€0+04 1,R0+04
2.23+40% 1,00+405 5.90+402 6.70+04 7.20+04
2.60+03 3.20+05% 2,70+03 2.10+405 2,20+406
1.10+04 5,10+405 3,40+403 3,30+05 3,f0+05
£,50+04 1,50+405 2,.30+04 1,10+95 1.10+05
1.30+01 1.40+401 2,00+00 9,20+400 9,20+00
4,20-03 6
1.20-03 1,80~03 1,20-03 1.20-03 1,20~03
2,40-03 8,40-03 5,50~03 5.50-03 $.50-03
2.20-582 2.20-02 1.40-02 1.,40-22 1.,40~02
4,50-92 4,50-92 3,00-~02 3.0 -02 3.0 -02
2.,20-01 2,20-01 1,40-01 1,50-01 1,50=-01
2,20-91 2,20~201 1.50-91 1.50=-01 1,50-01
0.00+00 6
5.70402 2,090+04 1,80402 1,90+04 2,90+04
2.60+403 1,2C+05 7.90+02 7.70+04 B,30+04
9.90+03 3,70+05 3,10+03 2,.40+405 2,50+05
1.30+04 6.00+05 2,90+403 3,90+05 4,20+9S
7.40+04 1,70+05 2.60+04 1,20+405 1,20+05
1,90+401 2.10+01 1.,20+01 1.40+61 1.40+01
5,03-03 7,23-03 7,42-03 H
5.50+402 2.20+404 1,70+02 1,40+04 1,.50+04
3.70403% 1.60+405 1.20+03 1.00+05 1.10+05
€, 50403 3,50+05 3,00+03 2,30+05 2,40+0°%
1.20+04 5,50+05 3.20+403 3.60+05 3,90+05
7.2040L 1,76+405 2,.50+404 1,20+405 1,20+05
1.40+401 1.60+01 9,00+400 1.,0C0+401 1.00+01
r242M B.34=04 1.£1-03 1.£9-03 6
£.00+402 2,21+404 1,80+402 1,40+04 1,50+0%
4,.00+02 1.60+405 1,20+403 1.00+0% 1.10+405
9,60+03 3,30+405 3,00+03 2,]0+05 2,20+08%
1.30+04 5.A0+405 4.10+402 3.60+405 2,0040°5
5.10+0&4 1,20+40%5 1.80+04 2,30+04 ®,30+04
1.80+401 2,00401 1,10+01 1,.30+01 1.%0+01
6.74~04 1,34~03 2,30-02 6
1.10400 1.108+406 7,40~-01 7.40~01 7,40-01
7.50+00 7.50+00 4,90+00 4,%0+400 4,80+00
1.0904C1 1,60+01 1.20+01 1.20+401 1.20+01
2.50+01 2,60+4C1 1.70+01 1.70+01 1.70401
2.L0+07 2.40402 1,60402 1,60402 1,60+02
1.60+4%0 1,50400 1,00400 1,00+0C 1.00+00
3,24~04 4,5¢~-04 4,6C-04 6
£.20+02 2.,20+04 1,6C+02 1.40+04 1,50+04
3.60403 1.6040% 1,10+02 1,00+08% 1,10+05
Q,10+03 3,40+05 2,80+03 2,20+405 2,40+0°%
1,20404 5,50405 3.60+03 3.60405 3,0040%
6.00+04 1.€0405 2.40+04 1,10+05 1,10+05
1.70+01 1,80+01 1.10+401 1,20+40! 1,20+01
1,15-05 1,34-08 1,35=-05 &
3,70+402 4,.90+02 1,50+02 3,20+02 3,20+02
1.70403 2,2C+93 6,40402 1.40+403 1,40+03
5,40+403 8,30+403 2.50403 5.50403 5,50+03
8.40+403 1,10+04 3,.304C02 7,30+403 7.30+03
4,404+40L 5,00+04 1.00+04 3.30+05 3,30+04
1.50+01 1.50+401 9,580+00 9. 3+00 9,7040¢C
1.70~02 &
5.80402 1,50+04 1,20+402 1,00+04 1,C00+0%4
2,60403 6,90404 8,10+402 4,50+04 4,70+04
1.00+04 2.40+05 X,10+403 1.60+405 1,€60+0%
1,30+404 3,70+0% 4.00+C3 2.40+05 2,50+05
7.50+04 1.70+C5 2.70+04 1,20+05 1.20+05
1.50+01 1.60+01 9,50400 1.,10+01 1.10+01
3.08-04 6,09-04 6,40~04 6
5.50+02 1.20+404 1,70+02 7.60+02 7,80+03
2.50403 5.30+404 7.70+402 3.50+404 3,.50+04
BR,50403 1,60+05 2,70+03 1,10405 1.,10+05
1.20+04 2,80+405 3,90+03 1.80+05 1,90+4C5
7.50404 1,70+405 2.70+0L 1,20405 1,20405
1.50401 1.60+01 9.,20+400 1.10+01 1,10+01
M245 6,103 7,62-02 7,58~032 6
€.40402 2,70404 1,70402 1.50404 1.60+04
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2.50+03 1.10405 7,60402 A,00+404 7.40+04
9.50+02 2,A0+05 2.90403 2,30+05 2.50+05
1.20404 S,70+405 3,80+403 3,70+405 4,10406
7.00404 1,F0+05 2,50404 1,20+40% 1,204C5
1.40401 1.50401 €,A04+00 0,90400 ¢,90~00
0.00+C0 6
5.,40+402 2,30404% 1.70402 1.50+404 1,A0404
2.50403 1,10405 7.60402 £,90+04 7,40400
Q,50+03 3,5804+05 2.90+N3 2,304+0% 2,.50+05
8.10403 3,20405 2.50+03 2.50+0% 2.70+05
7.10404 1,50405 2,50+04 1,20+05 1.20+0°%
1.30+401 1,50+01 8,70G+00 §,70400 Q,70+00
0.00+00 &
5.30402 2.30+404 1,.60+402 1.50+04 1.50+04
2,40402 1,00405 7.404C2 A,20+04 7.30+04
S.30+403 3,50+40% 2,00402 2,30+05% 2,4L40405
1.20404 5.50405 3,60403% 2,60+05 3.20+05
7.00+04% 1,6C+05 2.50+04 1.,20+05 1,20+05
1.70401 1.90401 1,10+401 1,320+401 1,30+01
0,00+00 €
4.40+03 1.90+05 1.40+403 1.20+05 1,304+05
Z.00+404 2,€0405 €,10403 5,60+405 6,00+05
7.70404 2,90+40€ 2,40+04 1.C04+06 2.00+06
©,804+04 4,60408 3,004+04 3,0C+4G66 3,20+0F
5.P20405 1,30+4CFf 2,10+425%5 €,50+0% 9,50+405
2.80402 3,10402 1.80+02 2,10+02 2.10+02
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b4 9.36+03 1.82+05 9,.41+403 1.20+05 1,21+405

6 8.57+03 1.93+05 R,64+03 1.27+405 1,29+05
8 7.49+04 1,78+05 6.47+04% 1,17+405 1,17+05
20 4.35-01 4,.,80-01 2.93-01 3.15-01 3,15~01
21 3.96-01 4,36-01 2.66-01 2.87-01 2.87-01
22 6.45400 7.11+00 4.34+00 4.67+00 4,.67-00
23 1.28+01 1.41+01 8,63+00 9.30+00 9,30+00
CM245 §,61~03 7.62-03 7.A8~03 9

1 5.40+02 2.30404% 5.50+402 1.60+04 1.65+04
3 2,53+403 1.09+05 2.58+03 7.24+04 7.68+04
4 8.91+03 3.36+15 9,.06+403 2.22+05 2,32+05
6 8.16403 3.83+05 8.31+403 2.53+405 2.71+05
8 6.98+04 1.75+05 6,09+04% 1.15+405 1.15+05
20 4.21-01 4,69-01 2.83-01 3.08-01 3.08~01
21 4.10-01 4,56-01 2.76-01 3.00-01 3.00~01
22 6.13+00 5.83+00 4.13+00 4.49+400 4.49-00
23 1.20+01 1.40+01 8.20+00 8.90+00 8.92-00
CM246
CM247
cM2438
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APPENDIX E

INPUT INSTRUCTIONS FOR HADOC

This section describes preparation of input card images for HADOC. There

are five main sets used to supply the necessary input information:

1) title or run,

2) NAMELIST parameters,

3) radionuclide release inventory,

4) population data and

5) terrain elevation data.
The control logic for input of these data sets in indicated in Figure E.O-1.
Parameters and data supplied in each set are described in the following
sections.

E.1 TITLE OF RUN

The first card of each case contains 80 characters of alphanumeric data
used as a descriptive title for all output reports. The format is 20A4 and
the characters are read into the array TITLEL.

E.2 NAMELIST PARAMETERS

The NAMELIST set titled INPUT is used to supply control parameters,
dispersion parameters, and organ selection parameters as follows:

Parameter Description

Control Parameters:

FRAC Fractional contribution cutoff value. Any radionuclide contri-
buting more than FRAC to the dose to an organ will be included
in the fractional dose contribution tables.

IFRAC Control for printing fractional dose reports. Reports are
printed if IFRAC > O.

1QP Control for printing of calculated dispersion parameters.
Parameters are printed if IQP > O.

E.1



Read Title Card for
Next Case

Y

Read NAMELIST
Input

End of Run

t Read New Inventory

If

KKRPT#1
and
KKPOP>1

' Read Population Data

Else

y ¥

If

KKRPT#1

Read Terrain Data

A

End of Input
for this Case

FIGURE E.O-1

HADOC Input Logic
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Parameter Description

ITERN Control for reading terrain data and calculating terrain
effects. ITERN causes data to be read only if KKRPT #£1 (i.e.,
only if population doses are requested).

ITERN < 0; no terrain effects

ITERN > 0; terrain effects considered

ITERN > 2; read terrain data for the population dose
calculation.

IWAKE Control for building wake effect considerations. If IWAKE > 0
then building wake effects are to be considered and the
parameter AREA should be specified.

KKPOP Control of input of population data. Data may be read if KKPOP
> 0 (and if KKRPT#1).

KKRPT Controls selection of output reports; input of population and
terrain data; and calculation of doses.

KKRPT
Value Use
0 Read, calculate and print results for both the
maximum individual and population doses.
1 Only calculate and print maximum individual doses.
Population and terrain data are not read.
2 Only calculate and print population doses.

Population and terrain data may be read.
(See ITERN and KKPOP for input of data.)

KKSMI Control for selection of Hanford dispersion models for the
maximum individual dispersion calculation:

KKSMI < 0 for Hanford moderately stable,
KKSMI > 0 for Hanford very stable.

KKSP Control for selection of Hanford dispersion models for the
population dispersion calculation:

E.3



Parameter

LIMTST

NEXT

NPRT

AREA

DMI

DP(array)

HMI

HSTACK

NPD

Description

KKSP < O for Hanford moderately stable,
KKSP > O for Hanford very stable.

Controls calculation of maximum atmospheric dispersion
conditions. LIMTST < O causes use of specified Hanford model.
LIMTST > O causes use of maximum conditions by testing Pasquill
A-D stabilities.

Controls selection of input sets.

NEXT = 1 allows input of all data sets (subject to other
controls) and input of data libraries.

NEXT = 2 allows input of all data sets (subject to other
controls) but libraries are not read when NEXT > 1.

NEXT = 3 allows input of population and terrain sets.

NEXT 4 indicates run is to be terminated.

Controls printing of library NUCDFL data; print if NPRT > O.
Dispersion Parameters:
Minimum building cross-sectional area for the building wake

2

effects model, " rgea is only used if IWAKE > 0.

Distance from the release point to the location of the maximum
individual, m.

Distances from the release point to the center of each spatial
interval for which population data is defined, m. NPD values
are used. Up to 10 values may be specified.

Elevation of the maximum individual above the base of the
release stack, m. HMI is used only if ITERN > O.

Height of the release point above ground level, m.

Number of distance locations to be used for the population dose
calculations.
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Parameter Description

STUB Dispersion parameter o_u for calculation of oy for the
maximum individual ca18u1ation. Recommended values are:
Release Windspeed, m/sec.
Time 1 2.5 5 10
10 min. 0.024 0.10 0.20 0.30
1 hr. 0.04 0.15 0.25 0.35
2 hrs. 0.08 0.25 0.35 0.45
4 hrs. 0.10 0.40 0.50 0.60
8 hrs. 0.18 0.60 0.70 0.90
UMI Average wind speed to use in the maximum individual dispersion

calculation, m/sec.

up Average wind speed to use in the population dispersion
calcuation, m/sec.

Organ Selection:
NORG Number of organs for which doses are requested. 1 < NORG < 5.

KORG(array) Organ index values for selected organs (maximum of 5). These
values must correspond to organ index values supplied in the
Tibrary NUCDFL parameter array IORG. (See Table C.2-1).

A NAMELIST set is read for each case.

E£.3 RADIONUCLIDE RELEASE INVENTORY

This card set is read when NEXT < 2. The first card gives the number of
radionuclides in the release inventory and a modifying factor FINV (format I3,
E10). The modifying factor is to be multiplied by each activity to give the
actual release activity value used in the calculations. FINV is set to 1.0 if
the given value is not greater than zero. The release inventory is supplied
with one radionuclide per card. The cards contain the radionuclide name as
represented in the master library RMDLIB and the total activity, curies,
released during the accident. The format is A2, A6, 4X, E8.2.

E.5



E.4 POPULATION DATA

This set is read when KKRPT41l and KKPOP > O. The population distribtion
near the release site is provided in this data set. One card is provided for
each of sixteen compass directions with NPD values per card. Each value gives
the number of people in the spatial interval. Data for the north sector is
given first, then NNE, etc. The format is 10F8.0.

E.5 TERRAIN ELEVATION DATA

This card set is read when KKRPT#1 and ITERN > 2. Each data card
contains information for one of sixteen compass directions. NPD values are
given on each card; one for each distance. The values represent the maximum
terrain elevation (above the base of the stack) at any point between the
release point and the given distance. The values for a given sector are
monatomic increasing (or constant). The format is 10F8.0.

E.6 DEFAULT VALUES

Several NAMELIST parameters have default values to be used if a value is
not supplied on input cards. The default values are given in Table E.6-1.

TABLE E.6-1 NAMELIST Parameter Default Values

Parameter Default Value

Control Parameters:

FRAC 0.
IFRAC
IQP
ITERN
IWAKE
KKPOP
KKRPT
KKSMI
KKSP
LIMTST
NEXT
NPRT

001

O OO0 O0OHOOHOOQO
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TABLE E.6-1 (contd)

Parameter Default Value

Dispersion Parameters:

AREA 0

HMI 0

HSTACK 0

UMI 1.0

uP 1.0

NPD 9

opP 2414, 4022, 5632, 7240,
12070, 24140, 40220, 56320,
72400

STUB 0.024

Organ Selection:
NORG 4
KORG 1, 6, 8, 16

E.7
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APPENDIX F
SAMPLE PROBLEM

The sample problem presented here is designed to test the features of the
code: the calculated results do not represent any real or hypothetical
accidental release for the Hanford site. The sample problem is composed of
three cases to be executed in one run. The first case tests all major options
except the building wake model (IWAKE) and selection of maximum atmospheric
stability conditions (LIMTST). Parameters for the first case are given in
Table F.0-1. The radionuclide release inventory is presented in Table F.0-2.
Population data and terrain data are also supplied as indicated in the sample
problem input listing of Figure F.0-1.

The second case is the same as case 1 except that the maximum dispersion
calculation is selected (LIMTST=1) and the fractional contribution reports are
not printed (IFRAC=0). The parameter NEXT is set to 3 to skip input of
elease inventory since the case 1 inventory is to be retained. Also KKPOP is
set to zero and ITERN to 1 to skip reading of population and terrain data
respectively.

Case 3 is the same as case 1 except the release height is now ground
level (HSTACK=0.0), fractional contribution reports are not printed (as for
case 2) and building wake effects are selected (IWAKE=1). The building
cross-section area (AREA) is set to 1000 m2'

The last two cards of the input Tisting with NEXT=4 cause normal
termination of the run. The output listing for the sample problem is given in

Figure F.0-2.
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TABLE F.0-1 Sample Problem Case 1 Input Parameters

Parameter Value Description

NEXT 1 Read all data needed

FRAC 0.001 Contribution cut off 0.1 percent
IFRAC 1 Print contribution reports

IQpP 1 Print dispersion parameters

DMI 1000. Maximum individual at 1000 m
DP(1) 100, 200, 300, 500, Population distances

800, 24140, 40220,
56320, 72400

HMI 20 Elevation of maximum individual
HSTACK 60 Height of release

NPD 9 Number of population distances
ITERN 2 Read terrain data

STUB 0.024 Hanford dispersion parameter

Default Values: (Not given on NAMELIST cards)

IWAKE 0 Do not consider building wake

KKPOP 1 Read population distribution data

KKSMI 0 Hanford moderately stable

KKSP 0 Hanford moderately stable

LIMTST 0 No dispersion limit testing

NPRT 0 Do not print NUCDFL data

AREA 0.0 Area of building (not needed)

UMI 1.0 Wind speed for maximum individual

up 1.0 Wind speed for populations

NORG 4 From organs

KORG(1) 1, 6, 8, 16 Selects total body, bone, lungs and
thyroid

TABLE F.0-2 Sample Problem Radionuclide Inventory

Radionuclide Released Activity, Curies
H3 1.0 x 103
MN56 1.0 x 100
BR83 1.0 x 100
RU103 1.0 x 100
1131 2.0 x 101
€S137 1.0 x 102
BA127M 9.6 x 101
PU239 1.0 x 100

F.2



HADOC SAMPLE PROBLEM, CASE 1. TEST OF ALL OPTIONS EXCEPT I[WAKE AND LIMTST.
$INPUT NEXT=z1,FRAC=.001, [FRAC=1, IQP=1,DMI=1000.,DPC1)=100.,200.,300.,
500,.,800.,24140,,40220.,56320.,72400.,HM[=20.,HSTACK=60.,MPD=9, ITERN=2,
STUB=D.024 $END

8 1.0
H 3 1000.
1131 20.
Cs137 100.
BA137M 96.
PU239 1.
MN56 1.0
BR83 1.0
RU103 1.0
.0 .0 .0 .0 .0 20. 1039. 461. 2696.
.0 .0 .0 .0 .0 5. 733. 974, 15962,
.0 .0 .0 .0 .0 273. 5890. 2366. 628.
.0 .0 .0 .0 .0 257. 914, 2368. 903,
.0 .0 .0 .0 .0 128. 384, 558. 855.
.0 .0 .0 .0 .0 288. 1642, 140. 348,
.0 .0 .0 .0 .0 3. 34522, 46456, 948,
.0 .0 .0 .0 .0 1911. 1180. 309. 1935,
.0 .0 .0 .0 .0 1029. 1644, 51. 555.
.0 .0 .0 .0 .0 512. 9996. 788, 144,
.0 .0 .0 .0 .0 545. 17054, 1047. by7.
.0 .0 .0 .0 .0 961. 2914, 14588. 5072.
.0 .0 .0 .0 .0 388, 498, 3750. 78520.
.0 .0 .0 .0 .0 239. 752, 1015. 560.
.0 .0 .0 .0 .0 225. 228, 394, 1058.
- .0 .0 .0 .0 .0 26. 440, 228, 4000.
. 0. 0. 0. 0. 0. 0. 0. 0. 0.
w 5. 5. 5. 5. 5. 5. 5. 5. 5.
10. 10. 10. 10. 10. 10. 10. 10. 10.
20. 20. 20. 20. 20. 20. 20. 20. 20.
4o. 4o. 40. 4o. Lo. 4o. 4o, Lo. 4o.
50. 50. 50. 50. 50. 50. 50. 50. 50.
0. 0. 0. 9. 5. 60. 60. 60. 60.
100. 100. 100. 100. 100. 100. 100, 100, 100. 100.
0. 0. 0. 0. 0. 5. 5. 5. 5.
0. 0. 0. g. 0. 10. 10, 10. 10. 10.
0. 0. 0. 0. 0. 60. 60. 60. 60. 60.
0. 0. g. 0. 0. 5. 10. 20. 4o.
0. 0. 0. 0. 5. 10. 20. 40, 50.
0. 0. 0. 5. 10. 20. 4o. 50. 60.
0. 0. 5. 10. 20. 4o, 50. 60. 100,
0. 5. 10. 20. 4o. 50. 60. 100. 100,

HADOC SAMPLE PROBLEM, CASE 2, SAME AS CASE 1 EXCEPT LIMTST ON AND [FRAC OFF,
SINPUT NEXT=3,LIMTST=1,KKPOP=0, ITERNz1, [FRAC=0 SEND

HADOC SAMPLE PROBLEM, CASE 3. SAME AS CASE 1 EXCEPT [FRAC OFF, [WAKE ON AND H=0
SINPUT NEXTz3,LIMTST=0,HSTACK=0.,AREA=1000., [WAKE=1 S$SEND

END OF RUN
SINPUT NEXT = 4 $END

FIGURE F.0-1. HADOC Sample Problem Input
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HADOC SAMPLE PROBLFM, CASE 1. TEST OF ALL OPTIONS EYCEPT IWAKE AND LIMTST,
011681

EXECUTING NEPAZHADNC(1),ABS CREATED ON JANUARY 16, 1981 AT 09:31:48
DATA LIBRARY TJTLES:
HHMASTER RADIONUCLIDE DATA LIBRARY® X
RADIONUCL IDE MASTER DATA L1BRARY, 15 JANUARY Bl, BA NAPIFR
®EPOSE FACTOR LIBRARYHX
CWMS DATA LIRRARY, AUG 06, 1930 (DLS)
SUMMARY OF INPUT DATA:

MAX MU INDIVIDUAL POPULATION
®EDISPERSION MODEL MOD. STABLE MOD. STABLE
WIND SPEED (M/SEC) 1.0 1.0
#ESTACK HEIGHT IS 60, METERS
RGANS SELECTED ARE: TOTAL BODY - BONE LUNGS THYROID

AX1MUM ATMOSPHERIC DISPERSION CONDITIONS WILL MNOT BE DETEFMINED
HEFRACTIONAL DOSE REPORTS ARE REQUESTED

MINIMUM FRACTI{ON REPORTED IS 1.0-003
REALL DOSE REPORTS ARE REQUESTED

ISPERSION PARAMETER SIGMA THETA U RAR = ,02h0
ISTANCE TO MAXIMUM INDIVIDUAL 1000. METFRS
REPOPULATION DISTANCES: 9, METERS
100. 200. 300. 500. 800. 24140, 40220, 56320. 72400.

HRPOPULATION DISTRIBUTION DATA
NISTANCE INTEPVAL

SECTOR 1 2 3 4 5 6 7 8 9
1 0. 0. 0. 0. 0. 20. 1039, 4h1. 2696 .
2 0. 0. 0. 0. 0. 5. 733. 974, 15962,
3 0. 0. 0. 0. 0. 273. 5890. 2366, 628.
4 0. 0. 0. 0. 0. 257. 9ib, 2368, 903,
5 0. 0. 0. 0. 0. 128, 384, 558. 855,
6 0. 0. 0. 0. 0. 288, 1642, 140, 348,
7 0. 0. 0. 0. 0. 3. 34522, 46456, 94 R,
8 0. 0. 0. 0. 0. 1911, 1180, 309, 1035,
9 0. 0. 0. 0. 0. 1029. 1644, 51, 855,

10 0. 0. 0. 0. 0. 5172, 9996, 798, thiu,
11 0. 0. 0. 0. 0. Su5. 17054, 1047, ky7,
12 0. 0. 0. 0. 0. 961, 2914, 14588, 5072,
13 0. 0. 0. 0. 0. 388, 498, 3750, 78520.
14 0. 0. 0. 0. 0. 239. 752. 1015, 550.
15 0. 0. 0. ’ 0. 0. 275, 228, 364, 1058,
16 0 0. 0. 0. 0. 26, 440. 228, 4noo.

#¥BUILDING WAKE EFFECTS ARE NOT CONSIDERED
*XTERRAIN EFFCCTS ARE CONSIDERED
ELEVATION OF MAXITMUM INDIVIDUAL 1S 20. METERS

FIGURE F.0-2. HADOC Sample Problem Qutput



HETERRATN DATAX DISTANCE INTERVAL

SECTOR 1 2 3 4 5 6 7 8 9

1 0. 0. 0. 0. 0. 0. 0. 0. 0.

2 5. 5. 5. 5. 5. 5. 5. 5. 5.

3 10. 10. 10. 10. 10. 10. 10. 10. 10.

4 20, 20. 29. 20. 20. 20. 20. 20. 20.

5 40. 4o, 40. 40. 40. 4o, 40. 40. 40.

6 50. 50. 50. 50. 50. 50. 50. 50. 50,

7 0. 0. 0. 0. 5. 60. 50. 60. 6o .

8 100. 100. 100. 100. 100. 100, 100. 100. 100.

9 g. 0. 0. 0. 0. 5. 5. 5. 5.

10 0. 0. 0. 0. 0. 10. 10, 10. 10,

11 0. 0. 0. 0. 0. 60. 60. 60. 60.

12 0. 0. 0. 0. 0. 5. 10. 20, 49,

13 0. 0. 0. 0. S 10. 20. 40. 50.

14 9. 0. 0. 5. 10. 20. 40. 50. 60.

15 0. 0. 5. 10. 20, 40. 50. 60. 100,

16 0. 5. 10. 20, 40. 50. 60. 100. 100.

#XRADIONUCLIDE TINPUT INVENTORY

NUCLIDE RELEASE NUCLIDE RELEASE NUCLIDE RELEASE
ELT. WT. cn ELT. WT. «n ELT, WT. (€D
H 3 1.00€E+03 r 131 2.00€E401 cs 137 1.00E+02
BA 137M 9.H0E+01 PU 239 1.00€E+00 MN 56 1.00E+00
BR 83 1.00E+00 RU 103 1.00E+00

¥XTHE ABOVE ACTIVITIES ARE MULTIPLIED 8Y 1.00+000 TO GET THE RELEASE ACTIVITY

INPUT PREPARED BY: DATE

INPUT CHECKED BY: DATE

wxmRrEMAnANRLNn

FIGURE F.0-2. HADOC Sample Problem Qutput
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TIME INTEGRATED AIR CONCENTRATION

FOR THE MAXIMUM INDIVIDUAL LOCATION (EOMI) = 9.95-005 SEC/M*¥3

INDEX OF THE MAXIMUM POPULATION DOSE SECTOR (MS) = 7

TIME [INTEGRATED AIR CONCENTRATION

TIMES POPULATION (PM) = 2.,75-002 MAN-SEC/M*¥3

TIME INTEGRATED AIR CONCENTRATION

AT EACH POPULATION DISTANCE IN THE DIRECTION OF THE MAXIMUM EXPOSURE SECTOR = EQP(IX) SEC/M%:3

DISTANCE EQP MAXIMUM STARILITY
1 7.50-010 HANFORD
2 1.27-008 HANF ORD
3 h.97-008 HANFORD
4 2.61-007 HANF ORD
5 2.03-006 HANF ORD
6 9.37-007 HANFORD
7 4.37-007 HANF ORD
8 2.64-007 HANF ORD
9 1.81-007 HANF ORD

HADOC SAMPLE PROBLEM, CASE 1. TEST OF ALL OPTIONS EXCEPT IWAKE AMD LIMTST,

011681
MAXIMUM [NDIVIDUAL DOSE COMMITMENTS (REM)
DOSE COMMITMENT PERIOD
PATHWAY/ORGAN 1 YEAR 50 YEARS

AIR SUBMERSION

TOTAL BODY 1.3E-03 1.3€-03
INHALATION

TOTAL BODY 1.8E-01 2.7E+00

BOMNE 1.3E+00 5.5E+01

LUNGS 6.7€+00 1.6E401

THYROID 2.6E-03 2.6E-03

TOTAL DOSES

TOTAL BODY 1.9€-01 2.7E+00
BONE 1.3E+00 5.5€+01
LUNGS 6.7E+00 1.55401
THYROID 3.9€-03 3.9E-03

FIGURE F.0-2. HADOC Sample Problem Output
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HADOC SAMPLE PROBLEM,

CASE 1.,

TEST OF ALL OPTIONS EXCEPT
011681

TWAKE AND

POPULATION DOSE COMMITMENTS (MAN-REM)

PATHWAY/ORGAN

AIR SUBMERSION
TOTAL BODY

INHALATION
TOTAL BODY
BONE
LUNGS
THYROID

TOTAL DOSES
TOTAL BODY
BONE

LUNGS
THYROID

DOSE COMMITMENT PERIOD

1 YEAR 50 YEARS
3.6E-01 3.6E-01
5.1E+01 7.6E+02
3.7E+02 1.5E+04
1.9€+03 4,.4E+03
7.2€-01 7.28~-01
5.1E+401 7.RE+02
3.7E4+02 1.5E+04
1.9E+03 4. 4E+03
1.1E+00 1.1E+00

HADGC SAMPLE PROBLEM, CASE 1. TEST OF ALL OPTIONS EXCEPT IWAKE AND
011681
FRACTIONAL DOSE BY RADIONUCLIDE FOR MAXTMUM INDIVIDUAL
FOR 1 YEAR DOSE COMMITMENT
EXTERNAL INHALATION
NUCLIDE TOTAL BODY TOTAL RODY BONE LUNGS
H 3 .00 1.41-002 .00 3.86-004
Ccsl37 4,29-003 7.04-001 1.04-001 5.19-003
BA137M 9.96-001 .00 .no N0
PU239 2.84-005 2.82-001 8.9h-001 9.94-001

HADOC Sample Problem Output

F.7

LIMTST,

LIMTST,

THYROID
1.00+000

.00

.00

.00



HADOC SAMPLE PROBLEM, CASE 1, TEST OF ALL OPTIONS EXCEPT IWAKE AND LIMTST,

011681
FRACTIONAL DOSE B8Y RADIONUCLIDE FOR MAXIMUM INDIVIDUAL
FOR 50 YEAR DOSE COMMITMENT
EXTERNAL INHALATION
NUCLIDE TOTAL BODY TOTAL BODY BONE LUNGS THYROID
H 3 .00 9.45-004 .00 1.62-00% 1.00+000
Ccs137 4.29-003 5.45-002 3.08-003 2.43~003 .00
BAL137M 9.96-001 .00 .00 .00 .00
PU239 2.84-005 3.45-001 9.97-001 9.97-001 .00

HADOC SAMPLE PROBLEM, CASE 1. TEST OF ALL OPTIONS EXCEPT IWAKE AND LIMTST,
011681
FRACTIONAL DOSE 8Y RADIONUCLIDE FOR MAXIMUM INDIVIDUAL
FOR TOTAL 1 YEAR DOSE COMMITMENT

NUCLIDE TOTAL BODY BONE LUNGS THYROID
H 3 1.40-002 .00 3.86-004 f.h5-001
Cs137 6.99-001 1.04-001 5.19-003 1.44-003
BA137M 7.02-003 9.73-004 1.94-004 3.34-001
PU239 2.80-001 8.95-001 9.94-~001 9.54-006

HADOC SAMPLE PROARLEM, CASE 1. TEST OF ALL OPTIONS EXCEPT IWAKE AND LIMTST.
011681
FRACTIONAL DOSE BY RADIONUCLIDE FOR MAXIMUM INDIVIDUAL
FOR TOTAL 50 YEAR DOSE COMMITMEMNT

NUCLIDE TOTAL BODY BONE LUNGS THYROID
H 3 9.44-004 .00 1.62-004 £.65~001
Cs137 5.45-002 3.08-003 2.43-003 1.44-003
BA137M 4,74-004 2.37-005% 8.14-005 3.,34-001
PU239 9.44-001 9.97-001 9.97-001 9,.54-005

FIGURE F.0-2. HADOC Sample Problem Output
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TEST OF ALL OPTIGNS EXCEPT
011681
FRACTIONAL DOSE BY RADIONUCLIDE FOR POPULATION

HADOC SAMPLE PRORLEM, CASE 1.

FOR 1 YEAR DOSE COMMITMENT
EXTERNAL INHALATION
NUCL IDE TOTAL BODY TOTAL BODY BONE
H 3 .00 1.41-002 .00
Cs137 4.29-003 7.04-001 1.04-001
BALI37M 9.96-001 .00 .00
PU239 2.84-005 2.82-001 8.95-001

TEST OF ALL QPTIONS ‘EXCEPT
011681
FRACTIONAL DOSE BY RADIONUCLIDE FOR POPULATION

HADOC SAMPLE PROBLEM, CASE 1.

FOR 50 YEAR DOSE COMMITMENT
EXTERNAL INHALATION
NUCLIDE TOTAL BODY TOTAL BODY BONE
H3 .00 9.44-004 .00
cs137 4.29-003 5.45-002 3.08-003
BA13TM 9.96-001 .00 .00
PU239 2.84-005 9.45-001 9.97-001

0

HADOC SAMPLE PROBLEM, CASE 1.
011681

FRACTIOMAL DOSE BY RADIONUCLIDE FOR POPULATION

FOR TOTAL 1 YEAR DOSE COMMITMENT
NUCLIDE TOTAL BODY BONE LUNGS
H 3 1.40~002 .00 3.86-004
cs137 6.99-001 1.04-001 5.19-003
BAL37M 7.02-003 9.73-004 1.94-004
PU239 2.80-001 8.95-001 9.94-~-001
HADOC SAMPLE PROBLEM, CASE 1, TEST OF ALL OPTIONS EXCEPT

011681
FRACTIONAL DOSE BY RADIONUCLIDE FOR POPULATION
FOR TOTAL 50 YEAR DOSE COMM]TMENT

NUCLIDE TOTAL BODY BONE LUNGS
H 3 9.44-004 .00 1.62-004
Ccs137 5.45-002 3.08-003 2.43-003
BA137M 4.74-004 2.37-00%5 8.14-005
PU239 9.44-001 9.97-001 9.97-001

FIGURE F.0-2.

F.9

TEST OF ALL OPTIONS EXCEPT

IWAKE AND LIMTST.

LUNGS THYROID
3.8h-004 1.00+000
5.19-003 .00

.00 .00
9.94-001 .00
IWAKE AMD LIMTST,

LUNGS THYROID
1.A2-004 1.00+000
2.43-003 .00

.00 .00
9.97-001 .00

TWAKE AND LIMTST.

THYROID
6.65-001
1.44-003
3.34-001
9.54-006

TWAKE AND LIMTST,

THYRO1D
5.65-001
1.44-003
3.34-001
9.54-006h

HADOC Sample Problem Qutput
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HADOC SAMPLE PROBLEM, CASE 2, SAME AS CASE 1| EXCEPT LIMTST ON AND [FRAC OFF,
011681

EXECUTING NEPAXHADOC(1).ABS CREATED ON JANUAPY 16, 1921 AT 09:31:48
DATA LIBRARY TITLES:
®*¥MASTER RADIONUCLIDE DATA L1BRARY¥X
RADIONUCLIDE MASTER DATA LIRRARY, 15 JANUARY 81, BA NAPIER
®XDOSE FACTOR LIBRARYX
CWMS DATA LIBRARY, AUG 06, 1980 (DLS)
SUMMARY OF INPUT DATA:

MAXIMUM INDIVIDUAL POPULATION
#RDISPERSION MODEL MOD. STABLE MOD, STARLE
*HWIND SPEED (M/SEC) 1.0 1.0
‘STACK HEIGHT IS 60, METERS
RGANS SELECTED ARE: TOTAL BODY BONE LUNGS THYROID
MAXIMUM ATMOSPHERIC DISPERSION CONDITIONS WILL AE DETERMIMED

#XFRACTIONAL DOSE REPORTS ARE NOT REQUESTED
#XALL DOSE REPORTS ARE REQUESTED

RADISPERSION PARAMETER SIGMA THETA U BAR = ,0240

ISTANCE TO MAXIMUM INDIVIDUAL 1000. METERS
#XPOPULATION DISTANCES: 9, METERS
100, 200. 300. 500, 800, 24140, 46220, 56320. 72400,

#¥POPULATION DISTRIBUTION DATA
DISTANCE INTERVAL

SECTOR 1 2 3 4 5 6 7 8 9
1 0. 0. 0. 0. [ 20. 1039, 461, 2696,
2 0. 0. 0. 0. 0. 5. 733. 974, 15962,
3 0. 0. 0. 0. 0. 27%. 5890. 2366, 628,
4 0. 0. 0. 0. 0. 257. 914, 2368. 903%.
5 0. 0. 0. 0. 0. 128, 384, 558. 855.
6 0. 0. 0. 0. 0. 28R, 1642, 140, 348,
7 0. 0. 0. 0. 0. 3. 14522, WHUsh, 948,
8 0. 0. 0. 0. 0. 1911. 1180, 309. 1935,
9 0. 0, 0, 0. 0. 1029. 1644, 51. E 555,

10 0. 0. 0. 0. 0. 512. 9996, 788, 144,
11 0. 0. 0. 0. - 0. S4s5, Y7054, 1047, b7,
12 0. 0. 0. 0. 0. 961, 2914, 14588, 5072.
13 0. 0. 0. 0. 0. 388, 498, 3750. JR520.
14 0. 0. 9. 0. 0. 239, 752, 1015, 560.
15 0. 0. 0. 0. 0. . 225. 228, 34, 1058,
16 0. 0. 0. 0. 0. 26, bup. 228. 4000.

*3*BUILDING WAKE EFFECTS ARE NOT CONSIDERED
*XTERRAIN EFFECTS ARE CONSIDERED
ELEVATION OF MAXIMUM INDIVIDUAL IS 20, METFRS
HETERRAIN DATA®X DISTANCE INTERVAL
SECTOR 1 2 3 i S 6 7 R 9

¥

FIGURE F.0-2. HADOC Sample Problem Output



1 0. 0. 0. 0. 0. 0. 0. 0. 9.

2 5. 5. 5. 5. 5. 5. 5. 5. 5.

3 10, 10. 10, 10, 10, 10. 10, 10. 10,

4 20, 20, 20. 20. 20. 20. 20. 20. 20.

5 40, 40. 40. 40. 40, 40. 40, 40, 40.

6 50. 50. 50. 50. 50. 50. 50. - 50, 50.

7 0. 0. 0. 0. 5. 60. 50. 60. 50.

8 100. 100. 100. 100. 100. 100. 100. 100. 100,

9 0. 0. 0. 0. 0. 5. 5. 5. 5.

10 0. 0. 0. 0. 0. 10, 10. 10. 10.

11 0. 0. 0. 0. 0. 0. 60. AO. 60.

12 0. 0. 0. 0. 0. 5. 10. 20. 40.

13 0. 0. 0. 0. 5. 10. 20, 40, 50.

14 0. 0. 0. 5. 10. 20. 40, 50. 50.

15 0. 0. 5. 10. 20, 40, 50. 60. 100.

16 0. 5. 10. 20, LR 50, 60. 100. 100.

#¥RADIONUCLIDE INPUT INVENTORY

NUCLIDE RELEASE NUCLIDE RELEASE NUCLIDE RELEASE
ELT, WT. co ELT. WT. (cD) ELT. WT. D
H 3 1.00E+03 1 131 2.00€E+01 €s 137 1.00€+02
BA 137M 9.50E+01 : PU 239 1.00E+00 MN 56 1.00€+00
BR 83 1.00E+00 RU 103 1.00€+060

#®THE ABOVE ACTIVITIES ARE MULTIPLIED BY 1.00+4000 TO GET THE RELFASE ACTIVITY

®E®X INPUT PREPARED BY:

¥R INPUT CHECKED BY: DATE

TIME INTEGRATED AIR CONCENTRATION

FOR THE MAXIMUM INDIVIDUAL LOCATION (EQMI) = 9.9A-005 SEC/M%¥*3

MAXIMUM AIR CONCENTRATION AT LOCATION OF MAXIMUM INDIVIDUAL WAS FOR HANFORD CONDITIONS.
INDEX OF THE MAXIMUM POPULATION DOSE SECTOR (MS) = 13

TIME INTEGRATED AIR CONCENTRATION

TIMES POPULATION (PM) = 2.76-002 MAN-SEC/M#¥3

TIME INTEGRATED AIR CONCENTRATION "
AT EACH POPULATION DISTANCE IN THE DIRECTION OF THE MAXIMUM EXPOSURE SECTOR = EQP(IX) SEC/MHH3

DISTANCE EQP MAXIMUM STABILITY
1 4.54-007 PASQUILL A
2 5.79-005 PASQUILL A
3 5.82-005 PASQUILL A
4 4.10-005 PASQUILL B
5 2.79-005 PASQUILL C
6 9.74-007 PASQUILL F
7 5.87-007 PASQUILL F
8 4.31-007 PASQUILL F
9 3,22-007 PASQUILL F

FIGURE F.0-2. HADOC Sample Problem Output
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HADOC SAMPLE PROBLEM, CASE 2. SAME AS CASE 1 EXCEPT LIM7TST OM AND [FRAC OFF,
011681
MAXTMUM INDIVIDUAL DOSE COMMITMENTS (REM)}
DOSE COMMITMENT PERIOD
PATHWAY/ORGAN 1 YEAR 50 YEARS
’
AIR SUBMERSION

TOTAL BODY 1.3€-03 1.3E~-03
INHALATION

TOTAL BODY 1.8€E-01 2.7E+00

BONE 1.3E+00 5.5E+01

LUNGS 6.7E+00 1.6E401

THYROID 2.6E-03 2.6E-03

TOTAL DOSES

TOTAL BODY 1.9€-01 2.7E+00
BONE 1.3E+00 5.5E+01
LUNGS 6.7E+00 1.6E+01
THYROID 3.9€-03 3.9€E-03

HADOC SAMPLE PROBLEM, CASE 2. SAME AS CASE 1 EXCEPT LIMTST ON AND IFRAC OFF.
011681
POPULATION DOSE COMMITMENTS (MAN-REM)
DOSE COMMITMENT PERIOD
PATHWAY /ORGAN 1 YEAR 50 YEARS

AIR SUBMERSION

TOTAL BODY 3.AE-01 3.6E-01
INHALATIONM

TOTAL BODY S.1E+01 7.6E402

BONE 3.7E402 1.5E+04

LUNGS 1.9E+03 b, 4E+03

THYROID 7.2€-01 7.2E-01

TOTAL DOSES

TOTAL BODY 5.1E+01 7.5E+02
BONE 3.7€E+02 1.5E+04
LUNGS 1.96+03 b, 4E+D3
THYROLID 1.1E+00 1.1E+00

FIGURE F.0-2. HADQC Sample Problem Output
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HADOC SAMPLE PRORBLEM,

SUMMARY OF

®3XD [ SPE

STACK

CASE 3. SAME AS CAS

n11681

E 1 EXCEPT IFRAC OFF, IWAKE ON AND H=0

EXECUTING NEPA*HADOC(1).ABS CREATED ON JANUARY 1h, 1981 AT 09:31:48
DATA LIBRARY TITLES:
##MASTER RADIONUCLIDE DATA LIRRARYHH

RADIONUCL IDE MASTER DATA LIBRARY, 15
#¥DOSE FACTOR LIBRARY®
CWMS DATA LIBRARY, AUG 06, 1980 (DLS)

INPUT DATA:
MAXTMUM INDI
RSION MODEL MOD. STAB
WIND SPEED (M/SEC) 1.0
HEIGHT IS 0. METERS

ORGANS SELECTED ARE: TOTAL BODY RO
“MAXIMUM ATMOSPHERIC DISPERSION CONDITIONS WILL NOT RE DCTERMINED
FRACTIONAL DOSE REPORTS ARE NOT REQUESTED

®RALL DOSE REPORTS ARE REQUESTED

JANUARY 81, BA NAPJER

VIDUAL POPULATION
LE MOD. STABLE
1.0

NE LUNGS THYROID

DISPERSION PARAMETER SIGMA THETA U BAR = ,0240
#EDISTANCE TO MAXIMUM INDIVIDUAL 1000. METERS
#EPOPULATION DISTANCES: 9, METERS
100. 200. 300. 500. fo0. 24140,
#ZPOPULATION DISTRIBUTION DATA
DISTANCE [INTERVAL
SECTOR 1 2 3 L} S h
1 0. 0. 0. 0. 0. 20.
2 0. 0. 0. 0. 0. 5.
3 0. 0. 0. 0. 0. 273.
4 0. 0. 0. 0. 0. 257.
5 0. 0. 0. 0. 0. 128,
6 0. 0. 0. 0. 0. 288.
7 0. 0. 0. 0. 0. 3.
8 0. 0. 0. 0. 0. 1911,
9 0. 0. 0. 0. 0. 1029.
10 0. 0. 0. 0. 0. 512,
11 0. 0. 0. 0. 0. 545.
12 0. 0. 0. 0. 0. 961.
13 0. 0. 0. 0. 0. 388,
14 0. 0. 0. 0. 0. 239,
15 0. 0. 0. 0. 0. 225.
16 0 0. 0. 0. 0. 26.

#*BUILDING WAKE EFFECTS ARE CONSIDERED

AREA = 1000.

METERS*¥2

“ETERRAIN EFFECTS ARE CONSIDERED
ELEVATION OF MAXIMUM INDIVIDUAL

FIGURE F.0-2.

15 20. METERS

HADOC Sample Problem Output

40220.

1039.
733.
SR90.
914.
384,
1642,
34522,
1180,
1644,
9996,
17054,
2914,
498,
752.
228,
440,

56320,

461,
974.
2366,
2368,
658.
140.
4hysh,
309.
S1.
788.
1047,
14588,
3750.
1015,
394,
228,

72400.

2R94A,
15962,
628.
903,
855,
348,
qu R,
1935,
§55.,
144,
by7,
5072,
78520,
SARO .
1058,
4000,



HETERRAIN DATAH® DISTANCE INTERVAL

SECTOR 1 2 3 4 s 6 7 8 9

1 0. 0. 0. 0. 0. 0. 0. 0. 0.

2 5. 5. 5. 5. 5. 5. 5. 5. 5.

3 10, 10. 10. 10. 10. 10. 10. 10, 10,

4 20, 20. 20. 20. 20. 20. 20. 20. 20.

5 40. 40, 40. 40. 40. 40, 40. 40. 40.

6 50. 50. 50. 50. 50. 50. 50. 50. 50.

7 0. 0. 0. 0. 5. 60. 60. 60, 60,

8 100. 100. 100. 100. 100. 100. 100. 100. 100.

9 0. 0. 0. 0. 0. 5. 5. 5. . 5.

10 0. 0. 0. 0. 0. 10, 10. 10. 10.

11 0. 0. 0. 0. 0. h0. A0. 50. 60.

12 0. 0. 0. 0. 0. 5. 10. 20, 40,

13 0. 0. 0. 0. 5. 10. 20. 40. 50.

14 0. 0. 0. 5. 10. 20. 40, 50. 60.

15 0. 0. 5. 10. 20. 40, ‘50, 50. 100,

16 0. 5. 10. 20, 40. 50, 60, 100. 100.

“XRADIONUCLIDE INPUT INVENTORY

NUCLIDE RELEASE NUCLIDE RELEASE NUCLIDE RELEASE
ELT. WT. i ELT. WT. «n ELT. WT. 1
H 3 1.00E+03 1 131 2.00E+01 cs 137 1.00E+02
BA 137M 9.60E+01 PU 239 1.00E+00 MN SR 1.00E+00
BR 83 1.00E+00 RU 103 1.00E+00

®XTHE ABOVE ACTIVITIES ARE MULTIPLIED BY 1.00+000 TO GET THE RELEASE ACTIVITY

INPUT PREPARED BY: DATE

easzssszararsrsrvnratvesrar

®EX INPUT CHECKED BY:

DATE

TIME INTEGRATED AIR CONCENTRATION .
FOR THE MAXIMUM INDIVIDUAL LOCATION (ECMI) = 3.20-004 SEC/M#H3
INDEX OF THE MAXIMUM POPULATION DOSE SECTOR (MS) = 7
TIME INTEGRATED AIR CONCENTRATION
TIMES PQPULATION (PM) = Z%Zé;UUQ MAN-SEC/M*%3
R CONCENTRA .
:iMEAézTigECliglga D?STANCE IN THE DIRECTION OF THE MAXIMUM EXPQOSURE SECTOR = EQP(IX) SEC/M¥**3

DISTANCE EQP MAXTMUM STABILITY
1 1.06-003 HANF ORD
2 4,59-004 HAMNFORD
3 2.79-004 HANFORD
L) 1.47-004 HANFORD
5 8.66-005 HANF ORD
6 9.10-007 HANFORD
7 4.29-007 HANF ORD
8 2.60-007 HANF ORD
9 1.75-007 HANFORD

FIGURE F.0-2. HADOC Sample Problem Output
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HADOC SAMPLE PROBLEM, CASE 3., SAME AS CASE 1 EXCEPT IFRAC OFF, IWAKE ON AND H=0
011681
MAXTMUM INDIVIDUAL DOSE COMMITMENTS (REM)
DOSE COMMITMENT PERIOD
PATHWAY /ORGAN 1 YEAR S0 YEARS

A{R SUBMERSION

TOTAL BODY 4.,2E~03 4,2E-03
INHALATION

TOTAL BODY 5.9€-01 8.8E+00

BONE 4.3E+00 1,BE+02

LUNGS 2.2E+01 5.1E+01

THYROID 8.3E-03 8.3E-03

TOTAL DOSES

TOTAL BODY 6.0E~01 8.8E+00
BOME 4.3E+00 1.8E+02
LUNGS 2,2E+01 5.1E+01
THYROID 1.3E-02 1.3E-02

HADOC SAMPLE PRORLEM, CASE 3. SAME AS CASE 1 EXCEPT IFRAC OFF, IWAKE ON AND H=zD
011681
POPULATION DOSE COMMITMENTS (MAN-REM)
DOSE COMMITMENT PERIOD
PATHWAY/ORGAN 1 YEAR 50 YEARS

AlR SUBMERSION

TOTAL BODY 3.hE-01 3.HE~-01
INHALATION

TOTAL BODY 5.0E+01 7.5E+02

BONE 3.6E+02 1.5E+04

LUNGS 1.8E+03 4.3E+03

THYROID 7.0E-01 7.0E-01

TOTAL DOSES

TOTAL 80ODY 5.0E+01 7.5E+02
BONE 3.6E+02 1.5E+04
LUNGS 1.8E+03 4,3E+03
THYROID 1.1E+00 1.1E+400

END OF INPUT FOR THIS RUN

FIGURE F.0-2. HADOC Sample Problem Output
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