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CHAPTER 1

INTRODUCTION

1.1 PURPOSE

The purpose of this manual is to describe methods found acceptable to the staff of the
U.S. Nuclear Regulatory Commission (NRC) for the calculation of certain key values required
in the preparation of proposed radiological effluent Technical Specifications using the
Standard Technical Specifications for light-water-cooled nuclear power plants. This manual
also provides guidance to applicants for operating licenses for nuclear power plants in the
preparation of proposed radiological effluent Technical Specifications or in preparing
requests for changes to existing radiological effluent Technical Specifications for operating
licenses. The manual additionally describes current staff positions on the methodology for
estimating radiation exposure due to the release of radioactive materials in effluents and on
the administrative control of radioactive waste treatment systems.

1.2 BACKGROUND

Section 50.36, "Technical Specifications,” of 10 CFR Part 50, "Licensing of Production
and Utilization Facilities" (Ref. 1), requires that each nuclear power reactor operating
license issued by the NRC contain Technical Specifications that set forth 1imits, operating
conditions, and other regulatory requirements imposed on the facility operation for the
protection of the health and safety of the public. Conditions and limitations corresponding
to certain key values which are system-dependent and site-related are to be incorporated in
these Technical Specifications for compliance with 10 CFR 50.36a, "Technical Specifications
on Effluents from Nuclear Power Reactors." Under the provisions of Section 50.36, each
applicant for an operating license is required to submit proposed Technical Specifications
for his facility, including the supporting bases. These are reviewed by the NRC staff to
assure that the proposed Technical Specifications contain such conditions and limitations as
deemed appropriate and necessary; approved Technical Specifications are then included as
Appendix A of the operating license.

Standard Technical Specifications have been developed by the staff for each appropriate
nuclear steam supply system (NSSS) vendor to provide guidance to applicants for the prepara-
tion of proposed Technical Specifications. These are as follows:

NUREG-0212 - ‘“Standard Technical Specifications for Combustion Engineering Pressurized Water
Reactors"
NUREG-0103 - "Standard Technical Specifications for Babcock and Wilcox Pressurized Water

Reactors"



NUREG-0452 - "“Standard Technical Specifications for Westinghouse Pressurized Water
Reactors"

NUREG-0123 - “Standard Technical Specifications for General Electric Boiling Water
Reactors"

Current Standard Technical Specifications are available from the National Technical
Information Service (NTIS), Springfield, Virginia, 22161. These Standard Technical Specifi-
cations will contain the radiological effluent Technical Specifications to be used by the
applicant for an operating license. In the interim, model radioactive effluent Technical
Specifications have been provided in NUREG-0472 (Ref. 2) for pressurized water reactors,
and NUREG-0473 (Ref. 3) for boiling water reactors. Table 1.1 provides a summary of those
applicable sections in the Standard Technical Specifications which contain conditions and
limitations relative to the radiological effluent Technical Specifications to be discussed
in this manual.

The Standard Technical Specifications contain the 1imiting conditions for operation
necessary for complying with the Commission's regulations and are in a format that is accept-
able to the NRC staff. The reporting requirements reflect the guidelines provided in Regu-
latory Guide 1.16, "Reporting of Operating Information - Appendix A Technical Specifications,"
Revision 4, August 1975 (Ref. 4) and Regulatory Guide 10.1, "Compilation of Reporting Require-
ments for Persons Subject to NRC Regulations," Revision 3, May 1977 (Ref. 5).

The methodology discussed in this manual and used to implement the requirements of 10 CFR
Part 50, Appendix I, "Numerical Guides for Design Objectives and Limiting Conditions for
Operation to Meet the Criterion 'As Low As Practicable' for Radioactive Material in Light-
Water-Cooled Nuclear Power Reactor Effluents” (Ref. 1), is consistent with the Regulatory
Guides used in the staff's safety evaluations pursuant to 10 CFR 50.34a(c). These guides
are as follows:

Regulatory Guide 1.109 - "Calculation of Annual Doses to Man from Routine Releases of
Reactor Effluents for the Purpose of Evaluating Compliance with
10 CFR Part 50, Appendix I" (Revision 1), October 1977. (Ref. 6)

Regulatory Guide 1.110 - "Cost-Benefit Analysis for Radwaste Systems for Light-Water-Cooled
Nuclear Power Reactors," March 1976. (Ref. 7}

Regulatory Guide 1.111 - "Methods for Estimating‘Atmospheric Transport and Dispersion of
Gaseous Effluents in Routine Releases from Light-Water-Cooled
Reaetors" (Revision 1), July 1977. (Ref. 8)

Regulatory Guide 1.112 - "Calculation of Releases of Radioactive Materials in Gaseous and
Liquid Effluents from Light-Water-Cooled Power Reactors," April
1976. (Ref. 9)




TABLE 1.1

SUMMARY OF APPLICABLE SECTIONS IN THE STANDARD TECHNICAL SPECIFICATIONS

CONSIDERED IN THIS MANUAL

SECTION
REFERENCE
PLANT Standard Technical Specification or Model Technical Specification in NUREG-0472 (Ref. 2) or NUREG-0473 (Ref. 3) IN THIS
TYPE SECTTON _TABLES BASES TITLE MANUAL
PWR BWR 1.0 Yes No Definitions 2.0
PWR BWR 3/4.3.3.8 Yes Yes Radioactive Liquid Effiuent Instrumentation 4.1
PWR BWR 3/4.3.3.9 Yes Yes Radioactive Gaseous Effluent Instrumentation 5.1
PWR BWR 3/4.11.1.1 Yes Yes Liquid Effluents, Concentration 4.2
PWR BWR 3/4.11.1.2 No Yes Liquid Effluents, Dose 4.3
PWR BWR 3/4.11.1.3 No Yes Liquid Effluents, Liquid Waste Treatment 4.5
PWR BWR 3/4.11.1.4 No Yes Liquid Effluents, Liquid Holdup Tanks 4.4
PWR BWR 3/4.11.2.1 Yes Yes Gaseous Effluents, Dose Rate 5.2
PWR BWR 3/4.11.2.2 No Yes Dose, Noble Gases 5.3
PWR BWR 3/4.11.2.3 No Yes Dose Radioiodines, Radioactive Material in Particulate Form 5.3
and Radionuclides Other than Noble Gases
PWR BWR 3/4.11.2.4 No Yes Gaseous Effluents, Gaseous Waste Treatment 5.4
PWR BWR 3/4.11.2.5 No Yes Gaseous Effluents, Dose 3.8
PWR BWR 3/4.11.2.6A No Yes Explosive Gas Mixtures (Systems designed to withstand a hydrogen explosion) 5.5
PWR BWR 3/4.11.2.6B No Yes Explosive Gas Mixtures (Systems not designed to withstand a hydrogen explosion) 5.5
PWR 3/4.11.2.7 No Yes Gaseous Effluents, Gas Storage Tanks 5.6
BWR 3/4.11.2.7 No Yes Gaseous Effluents, Main Condenser 5.6
BWR 3/4.11.3.8 No Yes Gaseous Effluents, Mark I or II Containment (Optional) 3.0
PWR BWR 3/4.11.3.1 No Yes Solid Radioactive Waste 3.0
PWR BWR 3/4.12.1 Yes Yes Monitoring Program 4.3, 5.3
PWR BWR 3/4.12.2 No Yes Land Use Census 4.3, 5.3
PWR BWR Fig. 3.11-1 No No Unrestricted Area Boundary for Liquid Effluents 2.0
PWR BWR Fig. 5.1-1 No No Unrestricted Area Boundary for Gaseous Effluents 2.0
PWR BWR 6.9 No No Reporting Requirements General



Regulatory Guide 1.113 - "Estimating Aquatic Dispersion of Effluents from Accidental and
Routine Reactor Releases for the Purpose of Implementing Appendix I"
(Revision 1), April 1977. (Ref. 10)

Computer codes used to determine certain values and parameters used with the Regulatory
Guides listed above are described in the following documents:

NUREG -0017

“Calculation of Releases of Radioactive Materials in Gaseous and Liquid
Effluents from Pressurized Water Reactors (PWR-GALE Code)," April 1976
(Ref. 11)

NUREG-0C16 "Calculation of Releases of Radioactive Materials in Gaseous and Liquid
Effluents from Boiling Water Reactors (BWR-GALE Cocde) " A-ril 1976 (Ref. 12)

NUREG-0324 "X0QDOQ, Program for ths Metzorological Evaluation of Roucine Effluent

keleases at Nucléar Power Stations," September 1977 (Ref. 13)

These guides and computer codes provide acceptable methods of complying with the Com-
mission's regulations; however, conformance with the staff's guidelines on Standard Technical
Specifications, Regulatory Guides, and wos2 caicuiation methodology is not required. If the
proposed Technical Specifications include mathematical models and parameters that differ
from the methodology used by the staff to calculate set points and release rates or estimate
doses due to releases of radioactive materials in effluents, the parameters and calculations
used shall be substantiated in the Offzite Dose Calculation Manual,

Based on the findings of the Ervironmental and Safety Hearings, the Commission may
impose certain additional or alternative limiting conditions for operation based on values
that are more restrictive than those -determined using this manual or provided in the Standard
Technical Specifications. 1In such cases, the limiting co.divions will be based on the decisiong
of the Atomic Safety and Licensing Board rather than the limiting values determined by this
manual or included in the Standard Technical Specifications.




CHAPTER 2

DEFINITIONS AND STAFF POSITIONS

2.1 DEFINITIONS

Section 1.0, DEFINITIONS, of the Standard Technical Specifications provides standard
definitions of terms and phrases which appear capitalized throughout the specifications.
Standard definitions are provided to assure licensing consistency. When a term or phrase is
used in a limited subject area of the Standard Technical Specifications, it is defined in
the limited subject area and referenced by Specification number, table, figure or footnote.

2.2 STAFF POSITIONS AUGMENTING STANDARD DEFINITIONS

In certain circumstances, terms used in the Standard Technical Specifications are
defined or specified in applicable regulations, such as 10 CFR Part 50 (Ref. 1). Staff
positions clarifying certain of these definitions are as discussed below.

LIMITING CONDITIONS FOR OPERATION (LCO) is defined in 10 CFR 50.36(c)(2) as “"the
lowest functional capability or performance levels of equipment required for safe operation
of the facility." This definition is applicable to the components of the radiocactive waste
management systems during normal reactor operations, including anticipated operational
occurrences. When an LCO for a nuclear power reactor is not met, the licensee shall either
shut down the reactor or follow any remedial action permitted by the Technical Specifica-
tions until the LCO can be met. Remedial action by the licensee may include processing by
normal or alternate modes of operation for the control of radioactive effluents using such
existing equipment as may be installed in the radioactive waste management systems.

MAINTENANCE AND USE of the equipment installed in the radioactive waste management
systems is required in 10 CFR 50.34a(c) and in 10 CFR 50.36a{a)(1). The term, MAINTENANCE
AND USE, is applicable to the installed components of the liquid, gaseous, and solid radio-
active waste management systems and to instrumentation installed for the monitoring and
control of potentially radiocactive effluents. MAINTENANCE AND USE does not require the
installation of fully redundant systems; however, prudent management procedures, such as
scheduled standby and maintenance periods should be employed. The Standard Technical Speci-
fications specify levels or values above which equipment installed in the radioactive waste
management systems shall be used to enable the Ticensee to show that he is exerting his best
efforts to maintain levels of radioactive effluents "as low as is reasonably achievable,” in
accordance with 10 CFR 50.36a.

UNRESTRICTED AREA is defined in 10 CFR 20.3(a)(17) (Ref. 14), as "any area access to
which is not controlled by the licensee for purposes of protection of individuals from
exposure to radiation and radioactive materials, and any area used for residential quarters."



For purnoses of implementation, the definition of UNRESTRICTED AREA has been 2xpanded as

follows: "any area at or beyond the site boundary access to which is not concrolled by the

licensee for purposes of protection of individuals from exposure to radiation and radioactive .
materials, and any area within the site bourndary used for residential quarters or industrial,
commercial, institutional and recreational facilities". The UNRESTRICTED AREA boundary may

coincide with the exclusion (fenced) area boundary, as defined in 10 CFR 100.3(a) (Ref. 15),
may include land areas owned by the licensee, provided that occupancy is controlled by the
licensee for the purposes of meeting the requirements of 10 CFR Part 20, but does not include
areas over water bodies.

To assure that the UNRESTRICTED AREA boundary is defined in each license, tha Standard
Technical Specifications require two maps, one for liquid effluents (Figure 3.11-1)* and one
for gaseous effluents (Figure 5.1-])* locating all points surrounding the facility at which
the licensee shall comply with the expanded definition, given above. These boundaries shall
be consistent with those established in the Safety Analysis Report, or the Final tazard
Summary for the facility. The UNRESTRICTED AREAS, established at or beyond these bou:ndaries,
are also considered in che LIMITING CONDITIONS FOR OPERATION to keep levels of radioactive
materials in effluents as low as is reasonably achievable, pursuant to 10 CFR 50.36a.

RELEASE RATE used in this manual is defined as, "the discharge of radioactive materials
in liquid or gaseous effluents per unit time." The "second" is used as the practical report-
ing time unit for establishing release rates to show compliance with the requirements of
10 CFR Part 20 and for establishing instantaneous limitations based on potentially radiocactive
releases. The "hour" is used as the practical reporting time unit in establishing average
release rates to show conformance with the requirements of 10 CFR Part 50 for noble gas
releases, for gaseous radicactive effluents other than no>le gases (radioiodines and particu-
lates) and for radiocactive materials released in liquid effluents. Liquid releases are
further subdivided into batch and continuous releases. Gaseous releasas are subdivided into
short- and long-term releases. These gaseous release subdivisions classify cumulative
releases as being either less than or greater than 500 hrs/year, respectively, for nas=ous
effluents. Further discussion is provided in Sections 3.3, 4.2 and 5.2 of this manual.

RADIOACTIVE WASTE MANAGEMENT SYSTEHS are defined as all process and control equipment
provided to reduce the amount or concentration of radicactive materials (in any form)
relecsed from the facility. The overall systems may be divided into subsystems to handle
the radioactive materials contained in liquid and gaseous streams and in solid waste. The
Standard Technical Specifications have adopted nomenclature for systems and componenis which
are in common use in the industry. In preparing proposed Technical Specifications, the
system and component names may be changed to correspond *o the terminology used in the Final
Safety Analysis Report (FSAR) or the Final Hazard Summary, if applicable. Engineered
Safety Feature (ESF) atmospheric cleanup’systems are not considerad to be radioactive waste
management system components and, therefore, are not within the scope of this manual.

kThis Figure is to be included in proposed Technical Specifications.




CHAPTER 3

SPECIAL CONSIDERATIONS

3.1 MULTI-UNIT SITES WITH SHARED RADIOACTIVE WASTE MANAGEMENT SYSTEMS

The Standard Technical Specifications are written on a "per unit" basis, since this is
the format in which operating licenses are issued. When shared radioactive waste management
systems are used by more than one reactor unit on a site, the wastes from all units are mixed
for shared treatment; by such mixing, the effluent releases cannot accurately be ascribed to
a specific reactor unit., The Ticensee should estimate the contributions from each unit based
on input conditions, e.g., flow rates and radioactivity concentrations, or, if not practicable,
the treated effluent releases may be allocated equally to each of the radioactive waste
producing reactors sharing the treatment system. For determining conformance to LCOs, these
allocations from shared treatment systems are to be added to thé releases specifically attrib-
uted to each unit to obtain the total releases per unit.

It is preferred that discharge 1ines leading to common release points be separately
controlled and monitored, and the licensee should consider instrumentation which will provide
volumetric recording and radiological effluent monitoring, sampling and analyses on a unit
basis. This has been accomplished for some units by continuous representative sampling and
analysis of the streams prior to mixing and continuously monitored and controlied at the
common release point. Multi-unit sites with common release points, but without shared radio-
active waste management systems, are also required to determine the alarm/trip setpoints in
Sections 4.1 and 5.1 of this manual to assure compliance with the requirements of 10 CFR
Part 20 (Ref. 14) at each release point.

In preparing Technical Specifications for units at adjacent sites (multi-unit stations
with a common boundary), the sites should be considered as a multi-unit site.

3.2 POPULATION EXPOSURE

The Standard Technical Specifications 3.11.1.3 and 3.11.2.4 require the use of equipment '
installed in the radioactive waste management system to meet the requirements of 10 CFR 50.36a
(Ref. 1).

To assure that the Technical Specifications consider the population radiation doses,
the use of the installed radioactive waste management system is required when the projected
cumulative doses exceed an appropriate fraction of the individual dose limitations. This
method of establishing use of the radwaste equipment assures that the staff's Appendix I
cost-benefit analysis in the safety evaluation is not invalidated. Sections 4.5 and 5.4 of
this manual provide these values for the Standard Technical Specifications. Guidance on
reporting population exposures is provided in Regulatory Guide 1.21 (Ref. 17).



3.3 *ETEOROLOGICAL DATA

The Standard Technical Specifications consider the historical annual average atmospheric ‘
dispersion condition rather than real time dispersion conditions in determining the LCO for

radioactive materials in gaseous effluents.

Releases are characterized as "long" or "sniort" .erm, depending on the frequency and
duration of the releases. This characterization permits the matching of the releases to more
appropriate atmospheric diffusion, dispersion and decay conditions.

"Long-term" refers to releases that are generally continuous and stable in release rate
with some anticipated variation (i.e., <50%, based on a running monthly average) in release
rate, such as is experienced in normal ventilation system effluents at nuclear power plants.
Determinration of doses due to long-term releases should use the historical annual average
relative concentration {x/7) based on meteorological data summarized, as recommended in
Regulatory Guide 1.111 (Ref. 8).

"Short-term" refers to releases that are intermittent in radionuclide concentrations or
flow, such as releases from PWR gas storage tanks, PR containment ventings and purges, BWR
drywell purges (See Standard Technical Specification 3.11.3.8), BWR mezhanical vacuum pump
exhausts, and systems or components with infrequent use. Short-term releases may be due to
operational variations which result in radioactive rel~ases greater than 50% of the releases
normally considered as long-term. Short-term releases from these sources during normal
operation, including anticipated operational occurrences, are defined as those which occur °
for a total of 500 hours or less in a calendar year but not more than 150 hours in any quarter.
Determination of doses due to short-term releases can use the annual average relative concen-
tration (long-term) if it can be demonstrated that past short-term releases were sufficiently
random in both time of day and dura.ion (e.g., the short-term release periods were not depen-
dent solely on atmospheric conditions or time of day) to be represented by the annual average
dispersion conditions. Otherwise, the short-term relative concentration value should be
calculated in accordance with the guidelines provided in NUREG-0324 (Ref. 13} for short-term
release.

Even though "annual average" atmospheric dispersion conditions are used as basis for the
Standard Technical Specifications, "real time" meteorological data snould be summarizeu hour-
by-hour and coupled with the corresponding releases, and the summary should be included in
the SEMIANNUAL RADIOACTIVE EFFLUENT RELEASE REPORT.

3.4 NATIONAL INTERIM PRIMARY DRINKING WATER REGULATIONS

Operators of nuclear power plants locatad on fresh water bodies which are used as sources
of water for drinking water supply systems, are required to make a special report concern-
ing the impact on the water supply system due to liguid effluent releases into the water
bodies which are above the value(s) permitted in Specification 3,11.1.2 of the Standard
Technical Specifications. The NRC has no legal responsibility to implement 40 CFR Part 141,
“National Interim Primary Drinking 'ater Regulations" (Ref. 16), or to assure routine conform=
ance to the Act since this is the responsibility of the Environmental Protection Agency and the ‘




water plant operator. This special report is intended for public information and as a tool
to assure awareness by the licensee of the impact of radioactive 1liquid releases on the
community's water supply system. The impact within the water supply system is dependent on
treatment given to the water taken into the system. The water plart operator is responsible
for providing appronrrate treatment to assure that 40 CFR Part 141 requirements are met.
While the operator of the nuclear power plant is not responsible for meeting the requirements
of 40 CFR Part 141 in the water supply system, his success in meeting the requirements of
Specification 3.11.1.2 will assure an environmentally acceptable impact on the water supply
system. The non-radioiogical impact is separately considered in the Appendix B Technical
Specifications.

3.5 SOLID WASTE MANAGEMENT SYSTEM - PROCESS CONTROL PROGRAM

Standard Technical Specification 3.11.3.1 requires the operator of each nuclear power
plant to establish a PRCCESS CONTROL PROSRAM for the solid radioactive waste management
system. The purpose of the PROCESS CONTROL PROGRAM is to provide reasonable assurance of the
complete SOLIDIFICATION of processed wastes and of the absence of free water in the processed
waste. At the time the applicant submits proposed Technical Specifications, he should submit
the PROCESS CONTROL PRCGRAM fcr NRC review and approval prior tc implementation. The PROCESS
CONTROL PRGGRAM should consist of the processing steps and a set of established process param-
eters, which include but are not limited to pH, oil content, ratio of solidification agent to
influent waste, water content, and ratio of solidification agent to chemical additive for each
type of anticipated waste {filter sludges, spent resins, evaporator bottoms, boric acid solu-
tions, sodium sulfate solutions and filter media). The surveillance requirements in the
Standard Technical Specifications provide the steps to be taken to assure that operation is
within the parameters established by the PROCESS CONTROL PROGRAM. Packaging procedures should
demonstrate conformance with Specification 3.11.3.1. The PROCESS CONTROL PROSRAM required by
the Standard Technical Specifications is to be documented in the operating procedures for each
reactor and available for review by the NRC inspector. A summary of changes to the PROCESS
CONTROL PROGRAM shall be provided in the SEMIANNUAL RAGIOACTIVE EFFLUENT RELEASE REPOQRT.

3.6 OFFSITE DOSE CALCULATION MANUAL (0DCM)

Standard Technical Specifications 3.3.3.8 and 3.3.3.9 require the operator of each
nuclear power plant to establish alarm and trip action setpoints for each radiocactive Tiquid
and gaseous effluent release point in maintained, auditable records, determined in accordance
with the OFFSITE DOSE CALCULATION MANUAL (ODCM). The 0DCM shall contain the methodology and
parameters to be used in the calculation of offsite doses due to radioactive 1iquid and gaseous
effluents pursuant to Specifications 3,11.1.2, 3.11.2.2 and 3.11.2.3, and the established
1imits of Specifications 3.11.1.1 and 3.11.2.1. The ODCM shall be submitted to the NRC with
the proposed Technical Specifications for review and approval by the NRC. Changes to the
0DCM shall be provided in the SEMIANNUAL RADIOACTIVE EFFLUENT RELEASE REPORT.

3.7 IDENTIFICATION OF RADIONUCLIDES IN CFFLUENTS

In order to determine the radiological impact associated with the release of radioactive
materials in liquid and gaseous effluents, the principal radionuclides contributing to the



dose must be identified. Tables 4.11-1 and 4.11-2** of the Standard Technical Specifications
contain the sampling and analysis programs required for identifying principal radionuclides in
effluents. These tables were compiled using the guidelines of Regulatory Guide 1.21 (Ref. 17)
and reflect current radiochemical analytical methods. Other methods may be necessary to
enhance identification and analysis, as provided by the footnotes to Tables 4.11-1 and 4.11-2.
In 1ieu of sample-analysis, if the applicant does not consider that the collection, radio-
chemical separation, and analytical methods are technically feasible or practical at the speci-
fied LLD, then the dose Timitations in Specifications 3.11.1.2, 3.11.2.2, and 3.11.2.3 should
be proportionally reduced by assuming the continued presence and release concentrations of
those radionuclides as determined by the source term (GALE Code, Ref. 11 or 12). For example,
the dose LCO may be reduced based on predicted radioactive materials in gaseous effuents from
PWR turbine buildings if sampling is not provided. For BWRs and PWRs it may be reduced if
carbon-14 analysis is not provided.

3.8 ENVIRONMENTAL RADIATION PROTECTION STANDARDS FOR NUCLEAR POWER OPERATIONS

Standard Technical Specification 3.11.2.5 specifies in the Action that when the cal-
culated doses associated with the effluent releases exceed twice* the 1limits of any one of the
Specifications 3.11.1.2, 3.11.2.2 or 3.11.2.3, the licensee shall prepare and submit a Special
Report to the Commission and 1imit subsequent releases such that the dose or dose commitment to
a real individual from all uranium fuel cycle sources is limited to < 25 mrem to the total body
or any organ (except the thyroid, which is 1imited to < 75 mrem) over 12 consecutive months.
This Special Report shall include an analysis which demonstrates that radiation exposures to
all real individuals from all uranium fuel cycfe sources (including all liquid and gaseous
effluent pathways and direct radiation) are less than the standards in 40 CFR Part 190,
Environmental Radiation Protection Standards for Nuclear Power Operations (Ref. 18). If
analysis indicates that releases resulting in doses that exceed the 40 CFR 190 Standard could
occur, obtain a variance from the Commission to permit such releases. The Standard Technical
Specifications 3.11.1.2, 3.11.2.2 and 3.11.2.3 consider doses to a real individual and apply
to each reactor but do not include any other portion of the uranium fuel cycle or direct
shine from the reactor.

The "Uranium fuel cycle" is defined in 40 CFR Part 190.02(b) as:

"Uranium fuel cycle means the operations of milling of uranium ore, chemical conversion
of uranium, isotopic enrichment of uranium, fabrication of uranium fuel, generation of
electricity by a light-water-cooled nuclear power plant using uranium fuel, and repro-
cessing of spent uranium fuel, to the extent that these directly support the production
of electrical power for public use utilizing nuclear energy, but excludes mining opera-
tions, operations at waste disposal sites, transportation of any radioactive material 1in
support of these operations, and the reuse of recovered non-uranium special nuclear and
by-product materials from the cycle."

The following general gujdelines are presented for preparation of the Special Report:

1)  determine which uranium fuel cycle facilities or operations, in addition to the
nuclear power reactor units at the site, contribute to the annual dose to the

maximum exposed member of the public. The maximum exposed member of the public for

*This value may be reduced for multi-unit sites depending on staff analysis.

**These Tables are to be included in proposed Technical Specifications.
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this evaluation may or may not correspond to the individual considered in the
Technical Specification;

2) determine the total annual dose to this person from all existing pathways and
sources of radioactivity and radiation using the methodologies described in this
NUREG document and applicable references. Where additional information on pathways
and nuclides is needed, the best available information should be used and documented;

3) include direct radiation from the site in the dose determination. An acceptable
method for calculating radiation from the N-16 component of direct radiation is:
SKYSHINE, A Computer Procedure for Evaluating Effects of Structure Design on N-16
Gamma-Ray Dose Rates, Radiation Research Associates, Inc. Report RRA-T7209,
November 1972 (Ref. 19).

In addition to N-16, all direct radiation from the plant and storage facilities
should be considered in the dose determination. The direct dose component (including
N-16) may be determined by calculation or actual measurement (e.g., high pressure
ionization chamber). The calculation or actual measurement must be documented in
this Special Report.

The 25 mrem and 75 mrem dose standards are effective December 1, 1979, except for doses
arising from operations associated with the milling of uranium ore which is effective
December 1, 1980.

Further information on the method of implementation of 40 CFR Part 190 is being developed
by the NRC staff.

1



CHAPTER 4

LIQUID EFFLUENTS

4.1 INSTRUMENTATION
Standard Technical Specification 3.3.3.8 requires that:

"The radioactive liquid effluent monitoring instrumentation channels shown in

Table 3.3-11* shall be OPERABLE with their alarm/trip setpoints set 10 ensure that the
limits of Specification 3.11.1.1 are not exceeded. The setpoints shall be determined in
a:cor?ancg with procedures as described in the ODCM, and shall be recorded in the sta-
tion log.

Table 3.3-11* provides a list of radioactive 1iquid effiuent monitoring instrumentation
needed to comply with the requirements of General Design Criteria (GDC) 60, 63, and 64 of
Appendix A to 10 CFR Part 50 (Ref. 1). The 1ist includes instrumentation such as radio-
activity monitoring and sampling devices, automatic control devices, and essentizl flow and
tevel devices which are components of the monitoring channels. The 1ist uses common nomen-
clature for the effluent streams; however, the names may be revised, as necessary, to conform
with a particular plant's nomenclature. Deletion of any item listed should be justified.
Clarification of proposed Technical Specifications should be provided by a simple drawing or
sketch showing stream intersections, instrumentation, and control features. Duplicate instru-
mentation (j.e., instruments that measure different sensor parameters or ranges) should be
listed separately. The channel logic should assure that the alarmed trip action is not
negated by switching.

The plant procedures should contain a quality assurance program for instruments as

reccmmended in Regulatory Guide 4.15 (Ref. 20).

4.1.1 Setpoint Determination to be Provided in the ODCM

The alarm and trip setpoint(s) for each instrument channel listed in Table 3.3-11*
should be provideu and should correspond to a value(s) which represents a safe margin of
assurance that the instantaneous liquid release 1imit of 10 CFR Part 20 is not exceeded. If
the alarm and the automatic control trip are separate devices, the alarm/trip setpoint
in the ODCM should list the separate trip setpoints. The alarm/trip setpoint in the ODCM
should list the alarm setpoint where any trip actions are by manual initiation. The method
for calculating fixed and adjustable setpoints shall be provided in the ODCM and auditable
records shall be maintained indicating the actual setpoints used at all times. For setpoint
calculations, see the Addendum to this manual.

—_—
This Table is to be included in proposed Technical Specifications.
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The alarm/trip setpoint for a liquid effluent radiation monitor should be determined
based on the instantanecus concentration limits of 10 CFR Part 20, Appendix B, Table 1I,
Column 2, and are to be applied at the point of discharge for that stream, pipe or conduit
into the unrestricted area, as defined by Figure 3.]—1.* The alarm/trip setpoint should not
consider dilution, dispersion or decay in the unrestricted area beyond the release point. An
isolation control valve or system shall be provided on the discharge line prior tc the release
point to permit termination of racioactive releases prior to exceeding the instantaneous
concentration 1imits of 10 CFR Part 20. The isolation and radiation monitoring points are
to be located upstream of the release point far enough to assure that the time lag between
the established alarm and isoiation of the release will not permit a release exceeding these
lTimits. If the stream is diluted by non-radicactive effluents, and the stream dilution and
effluent isolation control system is in the exclusion area, the monitor's alarm/trip setpoint
may be determined by considering the known in-plant dilution. In-plant dilution is the ratio
of the total release rate at the release point into the unrestricted area to the release rate
of the undiluted stream, and should be based on continuous measurement of these liquid flows.
In such cases, alarm/trip setpoints should also be provided on the flow or level instrumerta-
tion with indicaticn iu the main control room. The minimum or actual instantaneous in-plant
dilucion ratio on which tne liquid effluent radiation monitor alarm/trip setpoint has been
based, should be continuously measured to aid prompt corrective action to satisfy Specifica-
tion 3.11.1.1.

Conservative assumptions may be included in establishing setpoints to account for such
system variables as the control and measurement system efficiency and detection capabilities
during normal and anticipated operating conditions, the effects of multipie release points
with common or shared in-plant dilution, variability of diluticn flow and principal radio-
nuclide composition, and the time lag between alarm/trip action and final isolation of the
radioactive effiuent. A record of analyses showing current spectra of radionuclides used to

calibrate radiation monitors should be maintained in the plant records.

The instruments listed in Table 3.3-11** shoulc also be included in Table 4.3-11** to
provide the instrument surveillance requirements, such as calibration, source checking,

functional testing and channel checking.

4.2 REQUIREMENT FOR IMPLEMENTING 10 CFR PART 20

In preparing proposed Technical Specifications, Figure 3.11-1* should consist of a map
of the site area, showing the unrestricted area boundary for liquid effluents, as defined
in 10 CFR 20.3(a)(17). Guidelines for preparing the figure are contained in Section 2.1.1
of Regulatory Guide 1.70 (Ref. 21).

Standard Technical Specification 3.11.1.1 specifies that:

* ‘s ;
This Figure is to be included in proposed Technical Specifications.

*k
See footnote on page 12.
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"The concentration of radicactive material released from the site to unrestricted
areas (see Figure 3.17-1)* shall be Timited to the concentrations specified in

10 CFR Part 20, Appendix B, Tabie II, Column 2 for radionuclides other than noble
gases and 2 x 107" pCi/ml total activity concentration for all dissolved or
entrained noble gases."

The concentration limits proyided in 10 CFR Part 20, Appendix B, Table I, Column 2,
do not include an MPC for noble gases dissolved or entrained in liquid effluents. An MPC
of 2 x 107* .Ci/ml has been established, based on the assumption that xeron-135 is the con-
trolling radionuclide; the Xe-135 MPC in air (submersion) was converted to an equivalent
concentration in water using tne method described in International Commission on Radiological
Protection (ICRP) Publication 2 (Ref. 22). The value of 2 x 10™* uCi/ml shall be used
for a mix*ture of dissolved or entrained noble gases, not otherwise identified in liquid

releases.

To demonstrate that the Specifications are being met, the surveillance requirements
specify that a sampling and analysis program be implemented according to Table 4.]1-1.**
There are two general types of releases: batch and continuous. A batch release is the
discharge of liquid waste of a discrete volume. A continuous release is the discharce of
liquid wastes of a nondiscrete volure; e.g., from a volume or system that has an input flow
during the continuous release. For example, releases from sample monitor tanks are batch,
and releases from steam generator blowdown are continuous. The sampling and analysis fre-
quency and the vype of analysis required by the Standard Technical Specifications is given in
Table 4.11-1 for each type of release. The lower limit of detection is also specified in
Table 4.11-1 for typical in-plant radiochemical analysis equipment. This program meets the
requirements of 10 CFR Part 50, GDC 64, and conforms to the guidelines given in Regulatory
Guides 1.21 (Ref. 17) and 4.15 (Ref. 20).

4.3 REQUIREMENT FOR IMPLEMENTING 10 CFR PART 50

The Stanaard Technical Specification 3.11.1.2 requires that the cumulative dose con-
tributions be determined in accordance with the ODCM at least once per 31 days. The cumula-
tive dose contributions should consider the dose contributions from the maximum exposed indi-
vidual's consumption of fish, invertebrates and potable water, as appropriate. Normally,
the adult is the maximum exposed individual. A1l of these pathways should be considered in
the calculation unless demonstrated not to be present. For many plant sites, the dose calcu-
Tations may be performed assuming conservative dilution factors and receptor locations to
show compliance with the Technical Specification rather than a more rigorous determination.
The relationships presented below are acceptable for incliusion in the ODCM. If other methods
are selected to implement this Specification, it is expected that the alternate method will
include the same general features considered below.

*
See footnote on page 13,
*

* See footnote on page 12,
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The dose contributions for the total time period ? Atg should be determined by
calculation at least once per 31 aays and a cumu]ié}ve summation of these total
body and any organ doses should be maintained for each calendar quarter. These
dose contributions should be calculated for all radionuclides identified in 1iquid

effluerts released to unrestricted areas using the following expression:

m
D = 1 [A, r oat, C. F]
1 i 1T o=1 L 12 2
where
Dr = the cumulative dose commitment to the total body or any organ, t, from the
m
liquid effluents for the total time period 3 Atl, in mrem.
2=1
Atﬂ = the length of the t2th time period over which ciz and Fl are averaged for
all Tiquid releases, in hours.
CiE = the average concentration of radionuclide, i, in undiluted liquid effluent

during time period Aty from any liquid release, in uCi/mi.

it = the site related ingestion dose commitment factor to the total body
or any orcan t for each identified principail gamma and beta emitter
listed in Table 4.11-1,* in mrem-m] per hr-uCi.
F, = the near field average dilution factor for ciz during any Tiquid
effluent release. Defined as the ratio of the maximum undiluted liquid
waste flow during release to the product of the average flow from the
site discharge structure to unrestricted receiving waters times
{___is the site specific applicable factor for the mixing effect of

the discharge structure.)

The term ciz is the composite undiluted concentration of radioactive material in 1iquid
waste at the common release point determined from the Radioactive Liquid Waste Sampling and
Analysis Program, Table 4.11-1* in the Standard Technical Specifications. A1l dilution
factors beyond the sample point(s) are to be included in the Fz and Air terms.

The term Fm is a near field average dilution factor, considering the combined liquid
releases from each unit even if there is more than one release point to the unrestricted area
per unit within one-quarter mile of each other. As described in Section 3.1 of this manual,
multi-unit sites with shared radioactive waste management systems should calculate the total
continuous and batch Tiquid release concentrations for each reactor. The value of the term F
should be determined as:

—
See footnote on page 12,
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Fo= liquid radiocactive waste flow per unit
2 discharge structure exit flow per unit x applicable factor

The Tiquid radioactive waste flow is the maximum flow from all continuous and batch ‘
radioactive effluent releases specified in Table 4.11-1, from all 1iquid radicactive waste
management systems, per unit. The discharge structure exit flow is the average flow during
disposal from the discharge structure release point into the receiving water body (in an
unrestricted area) per unit. The definition of F2 also requires a value to be included in
Specification 3.11.1.2 for the dilution as a result of mixing effects in the near field of the
discharge structure. For plants with once through cooling, the applicable factor is set equal
to one, i.e., no additional dilucion is considered. For plants with cooling towers, onsite
ponds, or lagoons, the factor shall be a number such that the product of the average blowdown
flow to the receiving water body, in cfs and the applicable factor, is 1000 cfs or less. The
1000 cfs figure was selected to correspond to a typical flow for a unit with once-through
cooling water and agrees with the staff method for determining compliance with Appendix I
(Ref. 1) at the OL stage. The vaiue of this applicable factor is to be included in the blank
provided for the term FR. The actual dilution factor value is devendent upon the dilution
available in the near field of the receiving water body; however, the applicable factor is
limited, as stated above.

4.3.1 Dose Factor Related to Liquid Effluents

The above equation for calculating the dose contributions requires the use of a dose
factor Air for each nuclide, i, which embodies the dose factors, pathway transfer factors
(e.q., bioaccumulation factors), pathway usage factors, and dilution factors for the points of
pathway origin. The adult total body dose factor and the maximum adult organ dose factor for
each radionuciide will be used from Table E-11 of Regulatory Guide 1.109 (Ref. 6); thus the
1ist should contain critical organ dose factors for various organs. The dose factor may be

written:
A1.T = ko(Uw/Dw + UFBFi + UIBIi)DFi
where
A, = composite dose parameter for the total body or critical organ of an adult for
" nuclide, i, for all appropriate pathways, mrem/hr per uCi/ml.
k, = units conversion factor, 1 14x10° = 107 pcizuCi x 10%m1/kg + 8760 hr/yr.
Uw = 730 kg/yr, adult water consumption (fresh water site only).
U = 21 kg/yr, adult fish consumption (all sites).
UI = 5 kg/yr, adult invertebrate consumption (salt water site only).
BF. = Bicaccumulation factor for nuclide, i, in fish (fresh or salt water site, as
1 applicable), pCi/kg per pCi/1, from Table A-1 of Regulatory Guide 1.109 (Ref. 4).
BI. = Bioaccumulation factor fer wuclide, i. in invertebrates (salt water only), pCi/kyg
1 per pCi/1, from Table A-1 of Regulatory Guide 1.109 (Ref. 4).
DFi = Dose conversion factor for nuclide, i, for adults in pre-selected organ, 1, in

mrem/pCi, from Table E-11 of Regulatory Guide 1.109 (Ref. 4).
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Dy = Dilution factor from the near field area within one-quarter mile of the release
point(s) to the potable water intake for the adult water consumption (fresh
water site oniy).

Inserting the usage factors of Regulatory Guide 1.109 (Ref. 6) as appropriate into the
equation gives the following expressions:

0]

For Fresh Water sites: A, ].14x105(

it 73O/Dw + 21BF1)DFi

For Salt Water sites: A].T

1.14x]05(2]BF]. + 5BI,)DF

As noted, all the factors required to calculate the values of Aim should be contained in
the ODCM. The staff's method of calculating dilution factors for aquatic dispersion is pro-
vided in Regulatory Guide 1.113 (Ref. 10). The ODCM should include a detailed presentation
of the calculation model and a tabulation of all values assigned to the parameters in expres-
sions used to implement the Specification 3.11.1.2.

4.3.2 Special Reports

The Standard Technical Specifications 3.:1.1.2, 3.11.1.3, 3.11.2.2, 3.11.2.3, 3.11.2.4 and
3.11.3.1 require that action be taken when the Specificaticn cannot be met. The action is in
the form of special reports, in lieu of licensee event reports, indicating the corrective
action to be taken to reduce tne dose impact due to the release of radicactive materials in
Tiquid effluents.

These special reports should be prepared using the methodology provided in this manual to
determine the dose impact. Such information in the special reports will be used by the staff
in determining if the corrective action proposed by the licensee is adequate to bring the
releases within the design objectives of Appendix I to 10 CFR Part 50. These special reports
may also require submitting additional information as described in Secticn 3.4 of this manual.

4.4 SPECIFICATION ON RADIOACTIVITY CONTENTS IN LIQUID-CONTAINING TANKS

Standard Technical Specification 3.11.1.4 and Tables 3.3-11* and 4.3-11* {ist liquid-
containing tanks outside containment that are to be analyzed periodically to verify tnat the
radioactivity content (in curies, excluding tritium and dissolved or entrained noble gases) is
below the specified value. Tanks included in this Specification are those that are not sur-
rounded by 1iners, dikes or walls capable of holding the tank contents and do not have tank
overflow and drains connected to the liquid radioactive waste management system. Indoor tanks
are not included unless an analysis based on design basis fission prcduct leakage from the
fuel results in radionuclide concentrations in excess of the limits of 10 CFR Part 20,
Appendix B, Table II, Column 2, where leaked fluid is capable of affecting the nearest exist-
ing or known future water supply** in an unrestricted area.

-
See footnote on page 12.

*k
"Supply” means a well or surface water intake that is used as a water source for direct

human consumption or indirectly through animals, crops or food processing. ‘"Known future”
water supply means potential wells or surface water intakes which are identified, or may be
reasonably deduced from available information.
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For those tanks that are determined to be included in Specification 3.11.1.4 and .

Tables 3.3-11 and 4.3-11, a curie 1imit should be determined based on the methodology pre-
sented in Appendices A or B of this manual, using the PWR-RATAFR Computer Code for pressurized
water reactor plants, or the BWR-RATAFR Computer Code for boiling water reactor plants,
respectively. The methodology is based on the calculated radionuclide inventory in the tank
at 80% capacity using a design basis fission product source term of (1) 1% of the operating
fission product inventory in the core being released to the primary coolant for a PWR, or
(2) a fission product release consistent with a noble gas release rate of 100 uCi/MWt-sec

at 30 minutes decay for a BWR. These Computer Codes determine the radionuclide inventory

in a tank that would result in concentrations equal to the Timits of 10 CFR Part 20, Appen-
dix B, Table II, Column 2, at (1) the nearest potable water supply and (2) the nearest
surface water supply in an unrestricted area.

By excluding tritium and dissolved or entrained noble gases from the surveillance analy-
ses, since these can be estimated for any licensee event report, Specification 3.11.1.4 should
include the Towest curie quantity of activation and mixed fission products determined for any
tank listed in Specification 3.11.1.4 as the curie limit for all tanks included in that
Specification.

Most operating reactors have required the use of temporary process and storage tanks
during maintenance and service periods, or when temporary solidification equipment is used at
the facility; therefore, the Specification 3.11.1.4 should indicate a "temporary tank." The
curie 1imit for a temporary tank may be calculated by the above method, but should be 1imited
to < 10 curies, excluding tritium and dissolved or entrained gases. If the temporary tank is
mobile and not used for more than a calendar quarter, it need not be included in Tables 3.3-11*
and 4.3-11.*

4.5 SPECIFICATION ON THE USE OF LIQUID RADIOACTIVE WASTE MANAGEMENT SYSTEM

Standard Technical Specification 3.11.1.3 specifies that:

"The liquid radwaste treatment system shall be OPERABLE. The appropriate
subsystems shall be used to reduce the radioactive materials in liquid wastes
prior to their discharge when the projected doses due to the liquid effluent
releases to unrestricted areas (see Figure 3.11-1)* when averaged over 31 days,
exceeds 0.06 mrem to the total body or 0.2 mrem to any organ."

The operability of the liquid radioactive waste management system ensures that this
system will be available for use whenever liquid effluents require treatment prior to release
to the environment. The term "liquid radwaste treatment system" involves all of the installed
and available liquid radiocactive waste management system equipment, as well as their controls,
power instrumentation, and services that make the system functional. Equipment that is con-
sidered standby or redundant is also included, since their function is to assure operability.
The specification also permits alternate treatment paths using alternate subsystems and equip-
ment to be used in the event that the norma: treatment is inoperable.

*See footnote on page 13.
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. This Specification requires maintenance and use of the 1iquid radioactive waste manage-
ment system for conformance to 10 CFR Part 50.36a. Maintenance and use of the radioactive
waste management system components are discussed in Section 2.2 of this manual.

To determine if use of the installed equipment is necessary, the licensee must project
the cumulative liquid effluent releases over the ensuing 31 days. These releases should
include all plant effluents from all liquid radioactive waste management and liquid waste
disposal system components that are planned to be operated at the projected capacity and
performance of each component used during the specified time. These releases should include
a margin, based on operating data, for anticipated and unplanned operational occurrences and
should use the methodology discussed in Section 4.3 of this manual. The impact from this
projected cumulative release is to be compared to 0.06 mrem for the total body or 0.2 mrem
for any organ. If the projection indicates these values will be exceeded, then the installed
1iquid radioactive waste management system components that will reduce those radiocactive
materials in liquid effluents and the projected impact, must be used.

The values for the projected impact, given above, correspond to approximately one
forty-eighth of the design objective values of Appendix I, Section II.A of 10 CFR Part 50 in a
month, and if continued at this rate for a year, they would correspond to less than one-fourth
the values limited by Specification 3.11.1.2.b. The calculations of projected cumulative
dose impact that could result from the proposed operation should use the methodology provided
in Secton 4.3 of this manual.
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CHAPTER 5

GASEQUS EFFLUENTS

5.1 INSTRUMENTATION
Standard Technical Specification 3.3.3.9 requires that:

"The radicactive gaseous process and effluent monitoring instrumentation channels shown
in Table 3.3-12* shall be OPERABLE with their alarm/trip setpoints set to ensure that
the Timits of Specification 3.11.2.1 are not exceeded. The setpoints shall be deter-
mined in accordance with procedures as described in the ODCM, and shall be recorded in
the station log.”

Table 3.3-12* provides a 1list of the radicactive gaseous effluent monitoring instru-
mentation needed to comply with the requirements of General Design Criteria (GDC) 60, 63,
and 64 of Appendix A to 10 CFR Part L0. The list includes instrumentation such as radio-
activity monitoring and sampling devices, automatic control devices and essential flow and
level devices that are components of the monitoring systems. The 1ist uses common nomenclature
for the effluent sireams; however, the names may be revised as necessary, to conform with a
particular plant's nomenciature. The 1ist may include effluent streams which are not applic-
able to a given plant, or which may be duplicated and, therefore, should be tailored for the
proposed Technical Specifications. Clarification of proposed Technical Specifications should
be provided by a simple drawinc or sketch, showing stream intersections, instrumentation and
control features. Duplicate instrumentation (i.e., instruments that measure different sensor
parameters or ranges) should be listed separately in Tables 3.3-12* and 4.3-12.* The channei
logic should assure that the alarmed trip action is not negated by switching.

The plant procedures should contain a quality assurance program for instruments as
recommended in Regulatory Guide 4.15 (Ref. 20).

5.1.1 Setpoint Determination co be Provided in the ODCM

The alarm/trip setpoint or automatic control trip setpoint for each instrument channel
listed in Table 3.3-12* should be provided and should correspond to a value(s) which repre-
sents a safe margin of assurance that the instantaneous gaseous release 1imit of Specifica-
tion 3.11.2.1(a) will not be exceeded. For channels with separate alarm and automatic
control trips, the setpoint for the automatic control trip should be the established value
referenced above; the corresponding setpoint for alarm/trip should be established such that
an alarm trip will occur either in advance of the automatic control trip or simultaneously
with the automatic control trip. For channels with alarm trips only, the setpoint for the
alarm/trip should be the established value referenced above, proyided that the manual or
procedural response to the alarm represents a safe margin of assurance that the instantaneous
gaseous release 1imit of 10 CFR Part 20 will not be exceeded. The alarm/trip setpoint in
the ODCM should list the alarm setpoint for those channels where any trip actions are by .

¥ . . . . ces s
This Table is to be included in the proposed Technical Specifications.
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manual initiation. The method for calculating fixed or adjustable setpoints shall be pro-
vided in the ODCM and auditable records shall be maintaired indicating the actuval setpoints
used at all times.

The alarm/trip setpoint for any gaseous effluent radiation monitor should be determined
based on the instantaneous (see RELEASE RATE fundamental time units in Section 2.2 of this
manual) concentration Timits of 10 CFR Part 20, Appendix B, Table II, Column 1, and are to
be applied at the point at which the discharge leaves the restricted area boundary into an
urrestricted area, as defined by Figure 5.1-1.** The bases for each setpoint should
corsider the type of release at the monitor's location, e.g., lorg-term releases using
the long-term atmospheric dispersion conditions or, if applicable (see Section 3.2 of this
manual), short-term releases using the short-term atmospheric dispersion conditions. An
isolation control valve or system shall be provided on the discharge line upstream of the
release point to permit isolation prior to exceeding the specified release limits.

If the alarm/trip setpoints are based on predetermined factors accounting for atmospheric
conditions, the elevation of the release point should be considered. The symbols used in
the equations in this manual use a subscript (s) for a free-standing stack for elevated
releases (or vents that take the plume out of the building wake) and a subscript (v for vent
for releases that are not completely elevated. Guidance on the staff's method for estimating
atmospheric transport and dispersion of gaseous effluents in routine releases is provided
in Regulatory Guide 1.111 (Ref. 8). The radiation monitor alarm/trip setpcints for each
release point should be based on the radioactive noble gases in gaseous effluents. It is not
considered tc be practicable to apply instantaneous alarm/trip setpoints to integrating radia-
tion monitors sensitive to radioiodines, radioactive materials in particulate form and radio-
nuclides other than noble gases. Alarm/trip setpoints should also be provided in the main con-
trol room for flow measurement devices which are part of continuous monitoring or sampling
systems and should alarm on loss-of-flow or departure from an established flow range. 1In all
cases, conservative assumptions may be necessary in establishing these setpoints to account
for system variables, such as the control and measurement system efficiency and detection capa-
bilities during normal, anticipated, and unusual operating conditions, che variability in
release flow and principal radionuclides, and the time lag between alarm/trip action and the
final isolation of the radioactive effluent. The current spectrum of radionuclides used to
calibrate radiation monitors should be maintained in the plant records. The instruments
listed in Table 3.3-12* should also be included in Table 4.3-12,* to provice the instrument
surveillance reguirements, such as calibration, source checking, functional testing, and
channel checking.

5.2 DOSE LIMIT FOR IMPLEMENTING 10 CFR PART 20

In preparing proposed Technical Specificaticns, Figure 5.1-1** should consist of a map
of the site area showing the exclusion boundary, as defined in 10 €FR 100.3(a) (Ref. 15)
and the unrestricteu area bcundary, as defined in 10 CFR 20.3(a)(17) (Ref. 14). Guidelines
for this figure are contained in Section 2.1.1 of Regulatory Guide 1.70 (Ref. 21). Details
on the release point locations and significant elevations should be given in Figure 5.1-1.%*

I FUU
See footnote on page 20.
**This Figure is to be included in oroposed Technical Specifications.




5.2.17 Imelementation of 10 CFR Part 20 - Ajrborne Releases

The Standard Technical Specification 3.11.2.1 implements 10 CFR Part 20 as follows: l

"The jnstantaneous dose rate in unrestricted areas (see Figure 5.1-1)** due to radioactive
materials released in gaseous effluents from the site shall be limitea to the foliowing
values:

da. Tne dose rate 1imit for noble gases shall be < 500 mrem/yr to the total
body and < 3000 mrem/yr to the skin, and

b. The dose rate 1imit for all radioiodines and for all radioactive materiais

in particulate form and radionuclides other than noble gases with half
lives greater than 8 days shall be < 1500 wrem/yr to any organ."

The ODCM should provide the mathematical relationshins used to jnwpiement the above
specification. The relationships presented below are acceptable for inclusion in the ODCM,
If other methods are selected to implement the specification, it is espected that the alter-
native method will include the same general features considered below.

a. Release rate limit for noble gases:

L [Vi dis + Ki ((X/Q)v div)J < 500 mrem/yr, and

1

p Ly G7Dg *+ 1.0 By) Gyg + (L + 1.1 M) (7D, Q)1 < 3000 mrem/yr
:

where the terms are .efined below.

b. Release rate 1imit for all radionuclides and radiocactive materials in particu-
late form and radionuclides other than noble gases:

? P, [ws Qs * wV in] < 1500 mrem/yr

where:

<
)

The total body dose factor due to gamma emissions for each identified
noble gas radionuclide, in mrem/yr per uCi/m3.

L. = The skin dose factor due to beta emissions for each identified noble
gas radionuclide, in mrem/yr per uCi/m3.

M. = The air dose factor due to gamma emissions for each identified noble
gas radionuclide, in mrad/yr per uCi/m3 (unit conversion constant
of 1.1 mrem/mrad converts air dose to skin dose),

P. = The dose parameter for radionuclides other than noble gases for the
inhalation pathway, in mrem/yr per uCi/m3 and for food and ground plane
pathways, in m2(mrem/yr per uCi/sec}. The dose factors are based on
the critical individual orgar and most restrictive age group {infant).

V. = The constant for each identified noble gas radionuclide accounting for
the gamma radiation from the elevated finite plume, derived in accordance
with the'dose methodology in Regulatory Guide 1.109, Appendix B, Sec-
tion 1, in mrem/yr per uCi/sec.

B. = The constant for long-term releases (greater than 500 hrs/yr) for each
identified noble gas radionuclide accounting for the gamma radiation
from the elevated finite plume, derived in accordance with the dose
methodology in Regulatory Guide 1.109, Appendix B, Section 1, in mrad/yr

per uCi/sec. .

**See footnote on page 21.
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Qis = The release rate of radionuclides, i, in gaseous effluents from free-
standing stack, in uCi/sec (per unit, unless otherwise specified.)

in = The release rate of radionuclides, i, in gaseous effluent from all vent
releases, in pCi/sec (per unit, unless otherwise specified).

(x/Q sec/m®. For free-standing stack releases. The highest calculated
annual average relative concentration for any area at or beyond the

unrestricted area boundary.

(x/Q sec/m3. For all vent releases. The highest calculated annual
average relative concentration for any area at or beyond the unrestricted

area boundary.

W = The highest calculated annual average dispersion parameter for estimating
th$ dose to an individual at the controlling location due to all vent
releases:

W = sec/m3, for the inhalation pathway. The location is the
unrestricted area boundary in the __ sector.

W = meters 2, for the food and ground plane pathways. The location
is the unrestricted area boundary in the ___ sector.

W = The highest calculated annual average dispersion parameter for estimating
the dose to an individual at the controlling location due to free-standing
stack releases:

ws = sec/m3, for the inhalation pathway. The location is the
_ unrestricted area boundary in the ___ sector.
W= meters 2, for the food and ground plane pathways. The location

S 75 The unrestricted area boundary in the sector."

SPECIAL NOTES: (1) If there are no free-standing stacks, the factors denoted by the sub-
script, s, need not be considered. (2) In all cases, the tritium releases use the first W
parameter, based on relative concentration (sec/m3). (3) A1l radioiodines are assumed to be
released in elemental form. If analysis includes the capability of determining elemental and
nonelemental forms in all releases, the food pathway parameters may be adjusted accordingly.

The Specification is applicable to the location {unrestricted area boundary or beyond),
characterized by the values of the parameters Vi’ Bi or (x/Q) which result in the maximum
total body or skin dose commitment. In the event that the analyses indicates a different
location for the total body and skin dose limitations, the location selected for considera-
tion shall be that which minimizes the allowable release values.

The factors Ki’ Li’ and Mi relate the radionuclide airborne concentrations to various
dose rates assuming a semi-infinite cloud. These factors may be taken directly from
Table B-1 of the Regulatory Guide 1.109 (Ref. 6), if the values therein are multiplied by
106 to convert picocuries™! to microcuries ! as used in the above equations. A tabulation
of these factors should be included in the ODCM.
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The Bi and Vi factors for the radionuclides are based on the finite plume model of
Regulatory Guide 1.109 (Ref. 6). From Equation 6 of Section 6.2 of this Regulatory Guide, ‘
Bi can be expressed as:

Z Jk Ya EZI (mrad/xr\

rd JE 3 uCi/sec’

Where

1 = the results of numerical integration over the plume spatial distribu-

tion of the airborne activity as defined by the meteorological condition
of wind speed (u.) and atmospheric stability class k for a particular
wind direction.

K = a numerical constant representing unit conversions, presented below.

rq - the distance from the release point to the receptor location, in meters.

”j = the mean wind speed assigned to the jth wind speed class, in meters/sec.

f’k = the joint frequency of occurrence of the jth wind speed class and kth

J stability class (dimensionless).

Azi = the number of photons of energy corresponding to the fth energy group
emitted per transformation of the ith radionuclide, in number/
transformation.

E2 = the energy assigned to the gth energy group, in Mev.

By T the energy absorption coefficient in air for photon energy E
meters™1,

The constant K follows from Equation 6 of Section C.2.a of Regulatory Guide 1.109 (Ref. 6),
as:

-~
1

260 mrad(radians)(m3) (transformation) ,16 sectors -~ Ci sec
sec(Mev)(CT) (ZTvadians) (10°° ;T7)(3.15x107 =)

2.1x10% mrad (m3)(transformation)/yr{Mey)(nCi).

The Vi factor is computed with conversion from air dose to tissue depth dose, thus:

f. A .u
= K ~Jkai"a Ey I ro-uyT mrem

V1 1.1 Ty gég —33———————-[e T'd] ( 3 Sec)

where

upo T the tissue energy absorption coefficient for photons of energy E, , in
cm? /gm. 2

Td = the tissue density thickness taken to represent the total body dose
(5gm/cm?) .

1.1

n

the ratio of the tissue to air absorption coefficients over the energy
range of photons of interest. This ratio converts dose (mrad) to dose
equivalent (mrem).

The parameter, Pi’ contained in the radioiodine and particulates Specification 3.11.2.1.b
includes pathway transport parameters of the ith radionuclide, the receptor's usage of the
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pathuay media and the dosimetry of the exposure. Pathway usage rates and the internal dosim-
etry are functions of the receptor’s age; however, the youngest age group, the infant, will
always receive the maximum dose under the exposure conditions for Specification 3.11.2.1. For
the infant exposure, separate values of Pi may be calculated using the PARTS computer program
given in Appendix D of this manual for the irhalation pathway which uses a W parameter based on
(x/Q), and the food (milk) and ground pathway which uses a W parameter normally based on {D/Q).
except for tritium, for application in the ODCM. The following sections provide detail on
calculating these Pi values for inciusion in the OSCM.

The values of Pi are independent of vent and stack release elevation. 1In the case of
tritium, (x/Q) is the W parameter for the food (miik) pathway as well as the inhalation
pathway. As tritium is a weak beta emitter, the ground plane contribution is zero for
tritium. (NOTE: The value for the Pi (food) for tritium is 2.4x103 mrem/yr per uCi/m%.) If
the controlling locations for ven:¢ and stack releases are differeni, the controlling location
for vent releases should be used in Specification 3.11.2.1.

Omitting the subscripts for vent and stack releases, the dose rate from the ith radio-
nuclide (except tritium) is:

Pi (inhalation){x/Q) Q + [Pi(food) + Pi(ground plane)] (0/Q)Q (mrem/yr)
and for tritium, is:
Py (inhalation) ((7Q)Q + P,{foodj(x/C)Q = 3.0 x 10°(%/Q)Q (mrem/yr)

5.2.1.1 Calculation of Pi {(Inhalation)

Py = K'{BR) DFAi (mrem/yr per uCi/m3
where:
K' = a constant of unit conversion, 108 pCi/uCi.
BR = the breathing rate of the infant age group, in m3/yr.

DFA. = the maximum organ inhalation dose factor for the infant age group for
v the ith vradionuclide, in mrem/pCi. The total body is considered as an
organ in the selection of DFAi.

The age group considered is the infant group. The infant’s breathing rate is taken
as 1400 m3/yr from Table E-5 of Regulatory Guide 1.109 (Ref. 6). The inhalation dose factors

for the infant, DFAi are presented in Table E-10 of Regulatory Guide 1.109, in units of

mrem/pCi.
Resolution of the units yields:

P, (inhalation) = 1.4x109 DFA;
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5.2.1.2 Calculation of P, (Ground Plane)

Py = K'K"DFGi (1-e'x1t)/xi (m2.mrem/yr per uCi/sec)
Where:
K' = a constant of unit conversion, 108 pCi/uCi.
K" = a constant of unit conversion, 8760 hr/year.
A; = the decay constant for the ith radionuclide, sec 1.
t = the exposure period, 3.15x107 sec (1 year).
DFG. = the ground plane dose conversion factor for the ith radionuclide

(mrem/hr per pCi/m2).

The deposition rate onto the ground plane results in a ground plane concentration that
is assumed to persist over a year with radiological decay the only operating removal mech-
anism for each radionuclide. The ground plane dose conversion factors for the ith radionuclide,
DFGi, are presented in Table E-6 of Regulatory Guide 1.109 (Ref. 6), in units of mrem/hr per
pCi/m2.

Resolution of the units yields:

P, (6round) = 8.76x10° DFG; (1—e')‘1‘t)/>\1.,

5.2.1.3 Calculation of Pi (Food)

P = K'r gﬁ;;?%%;y F DFL; [e'xitf] (m2-mrem/yr per uCi/sec)
where:
K' = a constant of unit conversion, 106 pCi/uCi.
QF = the cow's consumption rate, in kg/day (wet weight).
Uap = the infant’s milk consumption rate, in liters/yr.
Yp = the agricultural productivity by unit area, in kg/m?
Fm = the stable element transfer coefficients, in days/liter.
= fraction of deposited activity retained on cow's feed grass.
DFLi = the maximum organ ingestion dose factor for the ith radionuclide, in
mrem/pCi.
Ai = the decay constant for the ith radionuclide, in sec”!.
Ay = the decay constant for removal of activity on leaf and plant surfaces
by weathering, 5.73x1077 sec” ! (corresponding to a 14 day half-time).
tf = the transport time from pasture to cow, to milk, to infant, in sec.
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A fraction of the airborne deposition is captured by the ground plant vegetation cqver.

The captured material is removed from the yegetation (grass) by both radiological decay
and weathering processes.

The values of QF’ Uap’ and Yp are provided in Regulatory Guide 1.109 (Ref. 6), Tables E-3,
E-5, and E-15, as 50 kg/day, 330 liters/day and 0.7 kg/m?, respectively. The value tf is
provided in Regulatory Guide 1.109 (Ref. 6), Table E-15, as 2 days {1.73x10° seconds). The
fraction, r, has a value of 1.0 for radiciodines and 0.2 for particulates, as presented in
Regulatory Guide 1.109 (Ref. 6), Table E-15.

Table E-1 of Regulatory Guide 1.109 (Ref. 4) provides the stable element transfer
coefficients, Fm, and Table E-14 provides the ingestion dose factors, DFLi, for the infant's

organs. The organ with the maximum value of DFLi is to be used.

Resolution of the units yields:

rf
P, (food) = 2.4x1010 5 TA DFL; [e’Aitf] (m? -mrem/yr per uCi/sec)
iw

for all radionuclides, except tritium.

The concentration of tritium in milk is based on its airborne concentration rather than
the deposition rate.

= [N R i /m3
P, K'K 'FmQFUapDFLi [0.75(0.5/H)] (mrem/yr per uCi/m3)
where:
K'" = a constant of unit conversion, 103 gm/kg.
H = absolute humidity of the atmosphere, in gm/m3,

0.75 = the fraction of total feed that is water.
0.5

the ratio of the specific activity of the feed grass water to the atmos-
pheric water.

From Table E-1 and E-14 of Regulatory Guide 1.109 (Ref. 6), the values of F, and DFL;
for tritium are 1.0x10°2 day/liter and 3.08x1077 mrem per pCi, respectively. Assuming an
average absolute humidity of 8 grams/meter3, the resolution of units yields:

Pi {food) = 2.4x103 mrem/yr per nCi/m3

for tritium, only.

5.3 DOSE_LIMIT FOR IMPLEMENTING 10 CFR PART 50

In preparing proposed Technical Specifications, Figure 5.1-1* should consist of a map
of the site area showing the unrestricted area boundary for gaseous effluents as defined in
Section 5.2 of this manual. Guidelines for this figure are contained in Regulatory Guide 1.70,
Section 2.1.1 (Ref. 21).

*¥3ee footnote on page 21.
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5.3.1 REQUIREMENTS FOR IMPLEMENTING 10 CFR PART 50

The Standard Technical Specifications 3.11.2.2 and 3.11.2.3 implement 10 CFR Part 50, ‘
Appendix I, as follows:

"The air dose in unrestricted areas (see Figure 5.1-1)* due to noble gases
released in gaseous effluents shall be Timited to the following:

a. During any calendar quarter, to < 5 mrad for gamma radiation and
< 10 mrad for beta radiation;

b. During any calendar year, to < 10 mrad for gamma radiation and < 20 mrad
for beta radiation;

(The dose design objectives may be reduced based on expected public
occupancy of areas, e.9., beaches and yisitor centers within the
unrestricted area boundary. (For PWRs only) the dose design objectives
may be reduced based on predicted noble gas releases from the turbine
building, if effluent sampling is not provided.)'

"The dose to an individual from radioiodines, radiocactive materials in
particulate form, and radionuclides other than noble gases with half-lives
greater than 8 days in gaseous effluents released to unrestricted areas (see
Figure 5.1-1)}* shall be limited to the following:

a. During any calendar quarter to < 7.5 mrem; and

b. [uring any calendar year to < 15 mrem."

The ODCM should provide the mathematical relationships used to implement the Specifica-
tions. The relationships presented below are acceptable for inclusion in the ODCM. If other
methods are selected to impiement these Specifications, it is expected that the alternative
method will include the same general features considered below.

The air dose in unrestricted area (see Figure 5.1-1)* due to noble gases released in
gaseous effluents should be determined by the following expressions:

a. During any calendar quarter, for gamma radiation:
4"l

v n N
-8
3.17 x 10 % [Mi [(X/Q)vqiv + (x/q)vqivJ + [Biqis + biqisl] < 5 mrad, and
During any calendar quarter, for beta radiation:
4" N n n
-8 .
3.17 x 10 ; Ni_[(x7Q)VQiV + (X7q)yq1v + (X7Q)SQ1S + (X7Q)Sqis] < 10 mrad, and
b. During any calendar year, for gamma radiation:
N n v 4"
3.17 x 10 8; [Mi [(X/Q>voiv + (x/q)vqiv] + [Biqis + biqis]] < 10 mrad, and
During any calendar year, for beta radiation:
n n n N
3.17 x 10'82; Ny LG7D, 05, + (x7) 95y + (T Q45 + (1/8)5a5] < 20 mrad
where:

M: = The air dose factor due to gamma emmissions for each identified noble gas
! radionculide, in mrad/yr per uCi/m3. .

*See footnote on page 21.
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N. = The air dose factor due to beta emissions for each identified noble gas
radionuciide, in mrad/yr per uCi/m3,

(x/Q)v sec/m3. For vent releases. The highest calculated annual
average relative concentration for area at or beyond the unrestricted

area boundary for long term releases (greater than 500 hrs/year).

x79) = sec/m3. For yent releases. The relative concentration for
v areas at or beyond the unrestricted area boundary for short term releases
{equal to or less than 500 hrs/year).

(§7Q)s = sec/m3. For free-standing stack releases. The highest calcu-
Tated annual average relative concentration for areas at or beyond the
unreitricted area boundary for long term releases (greater than 500 hrs/
year).

(x/q)S = sec/m3. For free-standing stack releases. The relative concen-
tration for areas at or beyond the unrestricted area boundary for short
term releases (equal to or less than 50Q hrs/year).

The average release of noble gas radionuclides in gaseous effluents, i,
for short term releases (equal to or less than 50Q hrs/year) from the
free-standing stack, in uCi. Releases shall be cumulative over the calen-
dar quarter or year as appropriate.

02
n

is

02
i

The average release of noble gas radionuclides in gaseous effluents, i, for
short term releases (equal to or less than 500 hrs/year) from ail vents,

in uCi. Releases shall be cumulative over the calendar quarter or year as
appropriate.

LY 2@
iy
n

= The average release of noble gas radionuclides in gaseous releases, i,
for long term releases (greater than 500 hrs/year) from the free-
standing stack, in uCi. Release shall be cumulative over the calendar
quarter or year as appropriate.

N

in = The average release of noble gas radionuclides in gaseous effluents,
i, for long term releases (greater than 500 hrs/yr) from all vents, in
uCi. Releases shall be cumulative over the calendar quarter or year
as appropriate.

B. = The constant for long term releases (greater than 500 hrs/yr) for each
identified noble gas radionuclide accounting for the gamma radiation
from the elevated finite plume, derived in accordance with the dose
methodology in Regulatory Guide 1.109, Appendix B, Section 1, in
mrad/yr per uCi/sec.

b. = The constant for short term releases (equal to or less than 500 hrs/yr)
for each identified noble gas radionuclide accounting for the gamma
radiation from the elevated finite plume, derived in accordance with
the dose methodology in Regulatory Guide 1.109, Appendix B, Section 1,
in mrad/yr per nCi/sec.

3.17 x 10°8 The inverse of the number of seconds in a year.

The dose to an individual from radiotodines, radioactive materials in particulate
form, and radionuciides other than noble gases with half-lives greater than 8 days
in gaseous effluents released to unrestricted areas (see Figure 5.1-1)* should be
determined by the following expressions:

a. During any calendar quarter:

N N n n
3.17 x 1078} Ry [W Qg + Wyay ¢ + W Qy + W.9;,] <7.5mrem, and
i

*See footnote on page 21.
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b.  During any calendar year:
N Y

4"
t W, +wa; ] < 15 mrem

4"
3.17 x 1078] R, [W,Q.. + w_q.
5 1 $is s'is v

where:

N

Qi = The releases gf radjonuc]ides, radioactive materials in particulate
form, and radionuclides other than noble gases in gaseous effluents,

i, for long term_releases greater than 500 hrs/yr, in uCi. Releases

shall be cumulative over the calendar quarter or year as appropriate.

Y]

q. = The re]eases.of radionuclides, radioactive materials in particulate
form and radionuclides other than noble gases in gaseous effluents, i,
for short term releases equal to or less than 500 hrs/yr, in uCi.
Releases shall be cumulative over the calendar quarter or year as
appropriate.

W = The dispersign parameter for estimating the dose to an individual at
the controlling location for long term releases (greater than 500 hrs/yr):

W

(x/Q) for the inhalation pathway, in sec/mS.

W {D7Q) for the food and ground plane pathways in meters 2.

w = The dispersion parameter for estimating the dose to an individual at
the controlling location for short term releases (equal to or less
than 500 hrs/yr):

W (x/q) for the inhalation pathway in sec/m3.

(D/q) for the food and ground plane pathway in meters 2.

W

The inverse of the number of seconds in a year. .

3.17 x 1078

R. = The dose factor for each identified radionuclide, i, in m2(mrem/yr) per
uCi/sec or mrem/yr per uCi/m3.

For the direction sectors with existing pathways within 5 miles from the unit, use
the values of Ri for these pathways. If no rea1 pathway exists within 5 miles from
the center of the building complex, use the cow-milk Ri assuming that this pathway
exists at the 4.5 to 5.0 mile distance in the worst sector. If the Ri for an
existing pathway within 5 miles is less than a cow-milk Ri at 4.5 to 5.0 miles, then
use the value of the cow-milk Ri at 4.5 to 5.0 miles. The pathway values used for
calculating dose contributions shall be consistent with the results of the land use
census performed pursuant to Specification 3.12.2. The controlling value of Ri for
each radionuclide shall be determined and provided in tabular form in the ODCM.

The parameters W and w shall correspond to the applicable pathway location.

SPECIAL NOTES: (1) If there is no free-standing stack, the factors denoted by the subscript, s,
need not be considered. (2) In all cases, the tritium releases use the first W or w parameter,
based on relative concentration (sec/m3). (3) A1l radioiodines are assumed to be released in
elemental form. If analysis includes the capability of determining the elemental and non-
elemental forms in all releases, the food pathway parameters may be adjusted accordingly.

The following information is provided to further clarify the application of these Speci-
fications and provide more information regarding the individual factors. The ODCM should
include a detailed presentation of the calculational model and a complete tabulation of all

values assigned to each parameter.
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The noble gas Specification 3,11.2.2 1s to be eyaluated at the Tocation in the unrestric-
ted area where analyses of annual average air doses were found to be maximum. In the event
that the analyses indicate different locations for the beta and gamma limitations, the ‘loca-
tion selected for consideration shall be that which minimizes the aliowable release values
due to gamma radiation.

The radioiodine and particulate Specification 3.11.2.3 is applicable to the Tocation in
the unrestricted area where the combination of existing pathways and receptor age groups
indicates the maximum potential exposures. The inhalation and ground plane exposure pathways
shall be considered to exist at all locations. The grass-cow-milk, grass-cow-meat, and vegeta-
tion pathways are considered based on their existence at the various locations. Of the various
age groups, the infant or child receives the largest dose; thus, only these two age groups will
be discussed. It is the intent, however, that a licensee undertake annual surveys of the age
groups and the land use at the various locations about the site, reports these results accord-
ing to Specification 3.12.2 and determines the applicable parameters of R; for tabulation in
the ODCM. The new parameters shall be submitted to the NRC for review and approval prior to
implementation.

The Mi and Ni factors of the noble gas relationship relate the airborne concentration of
the noble gas to the air dose rates assuming a semi-infinite cloud. These factors may be taken
directly from Table B-1 of the Regulatory Guide 1.109 (Ref. 6), and the values therein have
been multiplied by 10¢ to convert picocuries™ to microcuries™ .

The factor, Bi’ is defined in Section 5.2.1 of this manual. The corresponding short-
term factor, bi is computed following the same procedure replacing the meteorological variables,
j» k, and 2, for long-term releases with variables for short-term releases using the method-
ology provided in Regulatory Guide 1.111 (Ref. 8), NUREG-0324 (Ref. 13), and NUREG-75/087
(Ref. 23). Such information should be provided in tabular form in the ODCM.

In developing the Ri values, separate expressions are written for each of the potential
pathways. These expressions are similar to those developed in Section 5.2.1 of this manual for
P,, and are denoted by R?{D/Q], R%[x/QJ, RE[D/Q], R?[D/Q] and R¥[D/Q], where the superscripts G,
I, C, M, and V refer to ground plane, inhalation, cow's milk, meat and vegetation, respectively.
The 'argument' notation, [ ], indicates the appropriate dispersion parameter, W, to be applied
with the Ri factor. Note that the argument is not included in the following expressions. In
the case of tritium, the dispersion parameter, W, is always taken as (x/Q). The Ri parameter
is independent of long-term or short-term releases and should be provided in tabular form in
the ODCM.

5.3.1.1 Inhalation Pathway Factor, Rg[x/Q]

R%[x/Q] K'(BR), (DFA;), (mrem/yr per uCi/m3)

where:

K' = a constant of unit conversion, 106pci/uCi.
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(BR)a the breathing rate of the receptor of age group (a), in m3/yr.

(DFAi)a the maximum organ inhalation dose factor for the receptor of age group (a)
for the ith radionuclide, in mrem/pCi. The total body is considered as

an organ in the selection of (DFAi)a'

The breathing rates (BR}a for the various age groups are tabulated below, as given in
Table E-5 of the Regulatory Guide 1.109 (Ref. 6).

Age Group (a) Breathing Rate (m3/yr)
Infant 1400
Child 3700
Teen 8000
Adult 8000

Inhalation dose factors (DFAi)a for the various age groups are given in Tables E-7
through E-10 of Regulatory Guide 1.109 (Ref. 6).

5.3.1.2 Ground Plane Pathway Factor, R? [D/q]

RELD/Q] = K*KU(SF)DFG,[(1-e™i%)/2,1 (m®-mrem/yr per uCi/sec)
where:
K' = a constant of unit conversion, 106 pCi/uCi.
K" = a constant of unit conyersion, 8760 hr/year.
A; = the decay constant for the ith radionuclide, sec'].

t = the exposure time, 4.73x108 sec (15 years}).

DFG, = the ground plane dose conversion factor for the ith radionuclide (mrem/hr
per pCi/mz).

SF = the shielding factor (dimensionless).

A shielding factor of 0.7 is suggested in Table E-15 of Regulatory Guide 1.109
(Ref. 6). A tabulation of DFG; values is presented in Table E-6 of Regulatory Guide 1.109
(Ref. 6).

5.3.1.3 Grass-Cow-Milk Pathway Factor, R? [Dp/q]

st

Qe(U_) f f (1-f f )e™*i"h st

C, _ v CFrUap p's p's i“f
R-‘LD/QJ =K )‘1+.)‘w Fm(Y‘)(DFL1)a Yp + YS e

(mzomrem/yr per nCi/sec)

32




where:

i

SPECIAL NOTE: The a

Milk cattle are
feeds. Following th
will be considered u

a constant of unit conversion, 106 pCi/uCi.
the cow's consumption rate, in kg/day (wet weight),
the receptor's milk consumption rate for age (a), in liters/yr.

the ggricu]tura] productivity by unit area of pasture feed grass, in
kg/m~ .

the agricultural productivity by unit area of stored feed, in kg/m2.
the stable element transfer coefficients, in days/liter.
fraction of deposited activity retained on cow's feed grass.

the maximum organ ingestion dose factor for the ith radionuclide for
the receptor in age group (a), in mrem/pCi.

the decay constant for the ith radionuclide, in sec-].

the decay constant for removal of activity on leaf and plant surfaces
by weathering, 5.73 x 1077 sec™ (corresponding to a 14 day half-life).

the transport time from pastire to cow, to milk, to receptor, in sec.

the transport time from pasture, to harvest, to cow, to milk, to receptor,
in sec.

fraction of the year that the cow is on pasture (dimensionless).
fraction of the cow feed that is pasture grass while the cow is on pasture
(dimensionless).

bove equation is applicable in the case that the milk animal is a goat.

considered to be fed from two potential sources, pasture grass and stored
e development in Regulatory Guide 1.109 (Ref. 6), the values of fp and fS
nity, in lieu of site specific information provided in the annual land

census report by the licensee.

Tabulated below are the appropriate paraneter values and their reference to Regulatory

Guide 1.109 (Ref. 6)
to Regulatory Guide

Parametey

r (dimensi

Fo (days/1

Uap (Titers/yr)

(DFL1.)a {mrem/pCi)

Y. (kg/m°)
Y, (kg/m2)

tf (seconds)
ty (seconds)

O (kg/day)

1.109 for the appropriate parameter values.

In the case that the milk animal is a goat, rather than a cow, refer

Value Table (Ref. 6)
onless) 1.0 for radioiodine E-15
0.2 for particulates E-15
iter) Each stable element E-1
- Infant 330 E-5
- Child 330 E-5
- Teen 400 E-5
- Adult 310 E-5
Each radionuclide E-11 to E-14
0.7 E-15
2.0 E-15
1.73 X 10° (2 days) E-15
7.78 X 10% (90 days) E-15
50 E-3
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The concentration of tritium in milk is based on the airborne concentration rather than
the deposition. Therefore, the Rg is based on [x/Q]:

C' . tu - : 3
RiLx/Q] = K'K FmQFUap(DFLi)a [0.75(0.5/H)] (mrem/yr per uCi/m”)
where:
K'" = a constant of unit conversion, 108 gm/kg.
H = absolute humidity of the atmosphere, in gm/m3.
0.75 = the fraction of total feed that is water.
0.5 = the ratio of the specific activity of the feed grass water to the atmos-

pheric water.

and other parameters and vaiues are given above. The value of H may be considered as 8 grams/
meter3, in lieu of site specific information (Ref. 6).

5.3.1.4 Grass-Cow-Meat Pathway Factor, R?[D/Q]

The integrated concentration in meat follows in a similar manner to the development for
the milk pathway, therefore:

-ast
Qe (U, ) f f (1-f f)e™™i"h ] -at
M - \ F'"a S S if
RIID/Q] = K —E—w S Fe(r){(DFL;), —$p— + —P—TS— e
(mz-mrem/yr per uCi/sec)
where:
Ff = the stable element transfer coefficients, in days/kg.
Uap = the receptor's meat consumption rate for age (a), in kg/yr.
tf = the transport time from pasture to receptor, in sec.
t, = the transport time from crop field to receptor, in sec.

Tabulated below are the appropriate parameter values and their reference to Regula-
tory Guide 1.109 (Ref. 6).

Parameter Yalue Table (Ref. 6)
r (dimensionless) : 1.0 for radioiodine E-15
0.2 for particulates E-15

Ff {(days/kqg) Each stable element E-1
Uap (kg/yr) - Infant 0 E-5

- Child 41 E-5

- Teen 65 E-5

- Adult 110 E-5
(DFL‘.)a (mrem/pCi) Each radionuclide E-11 to E-14
Yp (kg/m2) 0.7 E-15
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Parameter Yalue Tahle (Ref. 6)

Y, (kg/n®) 2.0 E-15
tf (seconds) 1.73 X 10§ (20 days) E-15
t, (seconds) 7.78 % 10° (90 days) E-15
Qg (kg/day) 50 E-3

The concentration of tritium in meat is based on its airborne concentration rather than
the deposition. Therefore, the R? is based on |y/Q]:

M s iy 5 3
Ri[x/Q] = K'K FfQFUap(DFLi)a [0.75(0.5/H)] (mrem/yr per uCi/m3)
where all terms are defined above and Section 5.3.1.3 of this manual.

5.3.1.5 Vegetation Pathway Factor, R¥[D/Q]

The integrated concentration in vegetation consumed by man follows the expression
developed in the derivation of the milk factor. Man is considered to consume two types of
vegetation (fresh and stored) that differ only in the time period between harvest and
consumption, therefore:

-x.t At
V- - r) L ivL S ith
Ri[D/Q) = K [T—é—w ] (DFLi)a[UafLe +Uxfee ]
. AN ™
(mz-mrem/yr per uCi/sec)
where:
K' = a constant of unit conversion, 106 pCi/uCi.
Uk = the consumption rate of fresh leafy vegetation by the receptor in age
group (a), in kg/yr.
Uz = the consumption rate of stored vegetation by the receptor in age group (a),
in kg/yr.
fL = the fraction of the annual intake of fresh leafy vegetation grown locally.
fg = the fraction of the annual intake of stored vegetation grown locally.
tL = the average time between harvest of leafy vegetation and its consumption,
in seconds.
th = the average time between harvest of stored vegetation and its consumption,
in seconds.
Yv = the vegetation areal density, in kg/m?2.

and all other factors are defined in Section 5.3.1.3 of this manual.

Tabulated below are the appropriate parameter values and their reference to Regulatory
Guide 1.109 (Ref. 6).
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Parameter Value Table (Ref. 6)

r (dimensionless) 1.0 for radioiodines E-1
0.2 for particulates E-1

(DFL1.)a (mrem/pCi) Each radionuclide E-11 to E-14
U5 (kg/yr) - Infant 0 E-5

- Child 26 E-5

- Teen 42 E-5

- Adult 64 E-5
U3 (kg/yr) - Infant 0 E-5

- Child 520 E-5

- Teen 630 E-5

- Adult 520 E-5
fL (dimensionless) site specific (default = 1.0)
f_ (dimensionless) site specific (default = 0.76) (see Ref. 6, page 28)
t, (seconds) 8.6 X 104 (1 day) E-15
t, (seconds) 5.18 X 10® (60 days) E-15
Y, (kg/n?) 2.0 E-15

The concentration of tritium in vegetation is based on the airborne concentration

rather than the deposition. Therefore, the R¥ is based on [x/Q]:

R¥[x/Q] = KK kaL + ugfg (DFL;), [0.75(0.5/H)] (mrem/yr per WCi/md).

where all terms have been defined above and in Section 5.3.1.3 of this manual.

The staff has developed a computer code PARTS for calculating the Ri parameters, which is
described in Appendix D of this manual.

5.4 SPECIFICATION ON THE USE OF GASEOUS RADIOACTIVE WASTE MANAGEMENT SYSTEM

Standard Technical Specification 3.11.2.4 specifies that:

“"The gaseous radwaste treatment system shall be OPERABLE. The appropriate subsystems
shall be used to reduce radioactive materials in gaseous waste prior to their dis-
charge when the projected gaseous effluent releases from all release points to
unrestricted areas (see Figure 5.1-1)* would result in a dose in any period of

31 days that exceeds 0.2 mrad for gamma radiation, 0.4 mrad for beta radiation, or
0.3 mrem to any organ for that same 31 day period.”

The operability of the gaseous radioactive waste management system ensures that this
system will be available for use whenever gaseous effluents require treatment prior to
release to the environment. The term "gaseous radwaste treatment system" includes all of the
installed and available gaseous radicactive waste management system equipment, as well as
their controls, power, instrumentation and services that make the system functional. Equip-
ment that is considered standby or redundant is also included, since the function is to assure
operability. The action also permits alternate treatment paths using alternate subsystems

and equipment to be used in the event that the normal treatment is inoperable.

*See footnote on page 21.
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This Specification provides impetus to maintain and use the gaseous radioactive waste
management system as required in 10 CFR 50.36a. Maintenance and use of the gaseous radio-
active waste management system components are discussed in Section 2.2 of this manual.
Since features; such as, free-standing stacks or elevated vents are not considered to be
treatment systems, the NRC staff considers that BWR offgas systems must be used without
bypassing normal treatment during reactor operation.

To determine if use of the installed equipment, other than in BWR offgas systems, is
necessary, the Ticensee should calculate the expected dgge to an individual in the unrestricted
area by projecting the plant's cumulative gaseous effluent release over a 31-day period. These
releases should include all potentially radioactive plant gaseous effluents from all gaseous
radjoactive waste management systems and ventilation exhaust treatment systems. Calculations
should include a margin, based on operating data, for anticipated operational occurrences and
should use the dose calculation models discussed in Section 5.3 of this manual. The dose
impact from the projected 31-day release should be compared to 0.2 mrad for gamma radiation,

0.4 mrad for beta radiation, or 0.3 mrem to any organ. If the projection indicates these

values will be exceeded, then installed radwaste treatment system components, which are capable
of reducing the quantities or concentrations of radioactive materials in gaseous effluents and
which are capable of reducing the projected impact to less than the values specified above,

must be used. The values for the projected impact, given above, corresponds to approximately
one forty-eighth of the annual design dose objective values of Appendix I, Section II.B and II.C
of 10 CFR Part 50 in a month, and if continued for a year, these values would correspond to less
than one-fourth the values limited by Specifications 3.11.2.2.b and 3.11.2.3.b. The calculation
of projected cumulative dose impact that could result from the proposed operation may use the
methodology provided in Section 5.3 of this manual.

5.5 SPECIFICATION ON EXPLOSIVE GAS MIXTURE LIMITATION

The Standard Technical Specifications for BWRs and PWRs contain Specification 3.11.2.6A
and alternate Specification 3.11.2.6B for the limiting conditions for operation for systems
designed to treat and store radioactive gases which also contain quantities of uncombined
hydrogen and oxygen. Specification 3.11.2.6A applies to a system designed to withstand a
hydrogen explosion. If all components of the system, from containment to the release point,
are designed and tested to 20 times the normal operating pressure, the system is considered to
be designed to withstand a hydrogen explosion. Alternate Specification 3.11.2.6B applies to a
system not considered to be designed to withstand a hydrogen explosion.

The functional name, "waste gas holdup system,"” has been used in this manual to include
the various system designs found in BWRs and PWRs which serve the same basic purpose, i.e., to
remove radioactive waste gases from the reactor coolant, to treat and hold gases for radio-
active decay, and to monitor and control the radioactive materials in the gaseous waste prior

to final release.

The potentially explosive components of the waste gas holdup system may be effectively
inerted by nitrogen or steam, treated and re-used in the plant or stored and released after
delay. The treatment may involve hydrogen-oxygen recombiners, filters, holdup tanks, decay
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pipes, charcoal adsorbers, and cryogenic stills. The Specification {s provided to ensure
that the concentrations of potentially explosive gases contained in the system are maintained
outside the explosive enyelope for hydrogen and oxygen (i.e., less than 4% H2 by volume or
less than 4% 02 by volume). The alternate Specification 3,11.2.6B provides an additional
setpoint limitation to ensure that the automatic dilution, inerting or recombiner control is
functioning to maintain the relative concentration of components of potentially explosive

gas mixtures outside one-half the above flammability limits (j.e., 2% H2 and/or 02). Based
on the design, the licensee should specify the gas to be measured: hydrogen, oxygen or both
hydrogen and oxygen. .

5.6 SPECIFICATIONS UNIQUE TO LWR DESIGN FEATURES

The Standard Technical Specifications contain several Specifications unique to certain
design features of PWRs and BWRs; in general, these Specifications contain limiting condi-
tions for operation. The following Sections describe these limitations and the method for
determining the limiting values.

5.6.1 PWR Gas Storage Tank Specification 3.11.2.7

Specification 3.11.2.7 requires that the quantity of radioactive gas in each gas storage
tank at a PWR be Timited to a predetermined curie content. It is not applicable to PWRs that
use adsorption units for gas holdup, but is applicable for compressed gas storage and for
cryogenic storage systems. The purpose of this Specification is to assure that, in the event
of an uncontrolled release of the tank contents, the resulting total body exposure to an indi-
vidual at the nearest exclusion area boundary will not exceed 0.5 rem.

Determination of the curie 1imit should consider the following expression;

TQir < 500 mrem (3.15 x 10/ sec/year)
T 7108 4Ci/Ci T4k, (D gy (mrem-sec/uCi -yr)

where:

EQiT = The sum quantity of all nohle gas nuclides (i) in a gas storage tank
based on a gas mixture resulting from gaseous wastes, in curies.

K. = The total body dose factor due to gamma emissions for each identified
noble gas radionuclide, in mrem/yr per uCi/m3. (See Section 5.2.1 of
this manual.)

(X/Q)DBA = The relative concentration at the exclusion area boundary used for
evaluation of design basis accidents for ground release conditions, in
sec/m3. Guidelines are provided in Standard Review Plan 2.3.4 (Ref. 23).

Normally the major radioactive nuclide constituent in PWR waste gas storage tanks is
Xe-133. Radiation monitoring and sampling of these tanks should consider the Xe-133
(equivalent) concentration. Plant procedures shall not permit operation with communication
between tanks.
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Alternate Specification 3.11.2.7, "PWR Waste Gas Processing System,” should be used for
plants that use adsorption units for gas holdup prior to release. This Specification réquires
that the gross radiocactivity in noble gases removed from the waste gas system by means of steam
jet air ejectors (or other devices) and as measured prior to entering the adsorption systems at
PWR plants shall be limited by a release rate alarm setpoint with indication in the main con-
trol room. The purpose of this pretreatment continuous radiation monitor setpoint is to
proyide reasonable assurance that the potential accident total body dose to an individual at
the exclusion area boundary will not exceed a small fraction of the 1limits specified in 10 CFR
Part 100 in the event this effluent is inadvertently discharged directly to the environment
without treatment. Guidelines for determining the release rate Timit are provided in Standard
Review Plan 15.7.1 (Ref. 24), and guidance on the radiation monitoring instrumentation is given
in Regulatory Guide 1.97 (Ref. 25).

5.6.2 BWR Main Condenser Evacuation System Specification 3.11.2.7

This Specification requires that the gross radicactivity in noble gases removed from the
main condenser by means of steam jet air ejectors (or other deyices) and as measured prior to
entering the treatment, adsorption and delay systems at BWR plants shall be Timited by a
release rate alarm setpoint with indication in the main control room. The purpose of this
pretreatment continuous radiation monitor setpoint is to provide reasonable assurance that the
potential total body accident dose to an individual at the exclusion area boundary will not
exceed a small fraction of the 1imits specified in 10 CFR Part 100 in the event this effluent
including the radioactivity accumulated in the treatment system is inadvertently discharged
directly to the environment without treatment.

The method for determining the specified rate 1imit, in uCi/sec, should use the following
assumptions:

1. The release of radioactive material from the fuel is postulated to have an
isotopic composition of noble gases determined from noble gas source term dis-
tribution for a 3500 MWt reactor. These values should be scaled linearly for
reactors of higher and lower powers,

2. The assumptions related to the release of radioactive material from the system
following the accident are:

a. For systems which are not fully detonation-resistant or for those systems which
are equipped with rupture discs that haye not been isolated or loop seals which
do not vent back to the main condenser, release occurs from a break just down-
stream of the main condenser evacuation system. Release from the main condenser
evacuation system is assumed to be at ground level and a delay of five minutes
is assumed to account for radioactive decay during transit from the release
point to the exclusion area boundary.
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NOBLE GAS SOURCE TERM

Source Term, nCi/sec,
at the main condenser

Approx. evacuation system (SJAE)

Isotope Half-Life O Decay
Xe-140 13.7 s 1.1 x 108
Kr-90 33 s 9.8 x 105
Xe-139 41.0 s 9.8 x 10°
Kr-89 3.2m 4.6 x 105
Xe-137 3.8m 5.3 x 10°
Xe-138 14.0 m 3.1 x 108
Xe-135m 15.6m 9.1 x 10%
Kr-87 76 m 7.0 x 10%
Kr-83m 1.86 hr 1.2 x 10%
Kr-88 2.8 hr 7.0 x 10%
Kr-85m 4.4 hr 1.7 x 10%
Xe-135 9.2 hr 7.7 x 10%
Xe-133m 2.3d 1.0 x 103
Xe-133 5.27 d 2.9 x 10
Xe-131m 11.9d 5.2 x 10!
Kr-85 10.76 y 7.0 x 10!

Total ~4.7 x 108

b. For systems which are detonation-resistant (i.e., rupture discs have been
isolated and loop seals are vented back to the main condenser), release from
the main condenser evacuation system exits via the normal release point.

¢. Actiyity release into the system continues for one hour following the
accident at the Technical Specification 1imit unless positive means (such
as automatic isolation) are provided to 1imit the releases from this source.

d. Radioiodines and activation gases may be ignored.
e. No deposition during downwind transport occurs.

f. The total radiocactive {nmyentory (neglecting radioiodines and activation
gases) in any delay lines and from the process equipment is released within
a two-hour period with no decay.

g. The total noble gas content of all charcoal delay beds is released over a
period of twe hours. A fractional release of the particulate inventory on
the charcoal heds should be assumed. The rate of release is equal to the
rate of absorption using the information contained in NUREG-0016 (Ref. 12).

h. The main condenser air inleakage is 6 scfm for three shell main condensers. ‘
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3. The relative concentration, (X/Q)DBA, to be used is described in Section 5.6.1 of
this manual.

Based on these assumptions, the applicant should backcalculate from a whole body dose of

2.5 rem to an individual at the exclusion area boundary to obtain the main condenser evacuation
system rate Timit, in uCi/sec, having a noble gas isotopic distribution proportional to the
noble gas source term, given above. For licensed BWR facilities that have a Technical Speci-
fication Timit, in pCi/sec, based on a 5 rem consequence criteria, a reevaluation of the
specified 1imit is not required. Guidance on the radiation monitoring instrumentation is given
in Regulatory Guide 1.97 (Ref. 25).

5.6.3 PHWR Monitoring of Steam Generator Blowdown Flask Tank Vent

Standard Technical Specification 3.3.3.9, including Tables 3.3-12* and 4.3-12,* requires
that PWRs continuously monitor the steam generator blowdown tank vent for gross noble gas
radioactivity and continuously sample for radioactive iodines and particulates. Many PWRs with
U-tube steam generators direct their blowdown to a blowdown treatment system without venting,
so that item f in Tables 3.3-12 and 4.3-12 is not applicable. Others vent their flash tank to
the main condenser, where the airborne radionuclides are either removed by condensing steam or
drawn into the main condenser evacuation system, where they are then monitored prior to release
to the atmosphere; therefore, this design provision makes item f not applicable. However,
there are several operating PWR's that direct their blowdown to a flash tank which is vented
directly to the atmosphere. Monitoring these releases presents serious difficulties, due to
the presence of steam in the exhaust. In lieu of a flash tank vent radiation monitor, a
determination of the release of radiciodine-131 vija the flash tank vent can be made by calcu-
lating from a measured concentration in the secondary water by the following equation:

Y Cy[RsgpIfpr(1-50pry)

where:

Q = The release rate of radioiodine-131, y, from the steam generator

Y flash tank vent, in uCi/sec.

[ = The concentration of radioiodine-131, y, in the secondary coolant water

Y averaged over not more than one week, in uCi/ml.

RSGB = The steam generator blowdown rate to the flash tank, in ml/sec.

fFT = The fraction of blowdown flashed in the falsh tank determined from
a heat balance taken around the flash tank at the applicable reactor
power level.

SQFTv = The measured steam quality in the flash tank vent; or an assumed value of

0.85, based on NUREG-0017 (Ref. 11).

If this option is chosen, the applicant shall perform this calcuation every time measure-
ments of secondary water radioiodine concentrations are required by Technical Specifications,
and the calculated release shall be assumed at this calculated level until the next secondary
water analysis is completed. These calculations shall be provided by the applicant in his

semiannual effluent release report.
*Tee footnote on page 20,
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APPENDIX A

RATAFR CODE FOR PRESSURIZED WATER REACTORS
Input Cards and Sample Calculation

Parameters Required for the PWR-RATAFR Code

Complete the cards from information given in the Applicant's Safety Analysis and
Environmental Reports and in Section 2 of this Appendix.

a.

CARD 1: Name of Reactor
Enter in spaces (33-60) the name of the reactor.

CARD 2: Thermal Power Level
Enter in spaces (73-80) the maximum thermal power level (MWt) evaluated for safety

considerations in the Safety Analysis Report.

CARD 3: Mass of Coolant in Primary System

Enter in spaces (73-80) the mass of coolant (103 1bs) in the primary system at
operating temperature and pressure.

CARD 4: Primary System Letdown Rate
Enter in spaces (73-80) the average letdown rate (gpm) from the primary system to
the purification demineralizers.

CARD 5: Letdown Cation Demineralizer Flow Rate
Enter in spaces {73-80) the annual average flow rate (gpm) through the cation

demineralizers for the control of cesium in the primary coolant. The average flow
rate is determined by multiplying the average letdown rate (value entered on Card 4)
by the fraction of time cation demineralizers are in service to obtain the average
cation demineralizer flow rate.

CARD 6: Hydrological Travel Time
Enter in spaces (73-80) the travel time {(days) it takes for the 1iquid waste of a

failed tank to reach the nearest potable water supply or nearest surface water in
an unrestricted area.

CARD 7: Hydrological Dilution Factor

Enter in spaces (73-80) the dimensionless value of:

The annual volume of water flowing past the potable water supply divided by the
total volume of liquid waste in the failed tank (80% of design capacity).

CARDS 8-16: Liquid Tank Parameters
Tanks in two separate processing systems are considered in the PWR-RATAFR Code:

(1) Shim Bleed Processing System, Cards 8-12;
(2) Waste Drain Processing System, Cards 13-16.
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In each of the processing systems considered, the Code can calculate the tank concentra-
tions in either the collector tank or the evaporator bottoms tank. However, separate ‘
computer runs must be made for these two tank classifications. If it is desired, the Code

can calculate concentrations in one tank of each of the processing systems in one computer
run by making the appropriate entries in CARDS 8-16. If a tank in only one of the pro-
cessing systems is to be considered, then the appropriate entries need only be made in
CARDS 8-12 or 13-16, depending on which system contains the tank of interest.

Five input data cards define the major parameters for the failed tank in the shim bleed
processing system. The first two cards (CARDS 8 and 9) describe the inputs to the tank.
The shim bleed wastes are entered on CARD 8. For reactor designs which combine the shim
bleed with other reactor grade wastes prior to processing, the other wastes are entered as
equipment drain wastes on CARD 9.

Four input data cards define the major parameters for the failed tank in the waste drain
processing system. The first card (CARD 13) describes the inputs to the tank. Essentially
the same information is required on CARDS 8, 9 and 13, on CARDS 10 and 14, on CARDS 11 and
15, and on CARDS 12 and 16.

The following information explains the use of the parameters in this Appendix and informa-
tion given in the SAR/ER to complete the input data cards.

For CARD 8, enter in spaces (42-49) the flow rate (gpd) of the inlet stream. The value of
the shim bleed rate must always be entered, even if the tank being evaluated is not in
this system, since it is used in determining the primary coolant concentrations. Do not
enter inlet waste activity for the shim bleed since the activity for this waste stream is
calculated by the Code.

The following information is required on CARDS 9 and 13 for both of the processing systems
considered in the Code.

(1) Enter in spaces (17-4Q) the name of the waste stream (e.g., clean wastes).

(2) Enter in spaces (42-49) the flow rate (gpd) of the inlet stream.

(3) Enter in spaces (57-61) the activity of the inlet stream expressed as a
fraction of primary coolant activity (PCA).

For CARDS 10 and 14, the following information is required:

(1) Enter in spaces (27-50) the name of the tank to be failed (e.g., shim bleed
collector).

(2) Enter in spaces (65-73) the volume (gallons) of the tank to be failed. 1If a
tank in either of the two processing streams is not being considered, leave
spaces (65-73) blank for that tank.

For CARDS 11 and 15, enter a 1 in space (80) if the tank to be failed is an evaporator .
bottoms tank. Otherwise leave space (80) blank.
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CARDS 12 and 16 for both waste streams contain the overall system "tank" factors. The
"tank" factors indicate the type of processing the waste has undergone prior to its entry

(1

(2)

into the tank. The tank factors should be entered as follows:

For a collector tank in either waste stream, without demineralizers upstream of
the tank, values of TF=1.0 should be entered in the appropriate spaces.

For a collector tank in either waste stream with demineralizers upstream of the
tank, or for an evaporator bottoms tank in either waste stream, TF's based on
the description given in Section 2.a(3) should be entered in the appropriate
spaces.

The appropriate spaces for the TFs are:

(1)
(2)
(3)

Enter in spaces (21-28) the TF for iodine.
Enter in spaces (34-41) the TF for cesium and rubidium.
Enter in spaces (47-54) the TF for other nuclides.

The following section explains the use of the parameters in this note and information
given in the SAR/ER to complete data input CARDS 8-16.

2. Explanation of Parameters used in Filling out CARDS 8-16

a. Liquid Waste Flow Rates and Activities

M

Shim Bleed Wastes and Equipment Drain Wastes

The flow rates of the shim bleed waste stream and equipment drain wastes pro-
cessed with the shim bleed and the activity of the equipment drain wastes are
based on information given in the SAR/ER. The activity of the shim bleed wastes
is based on the primary coolant letdown system effluent activity and is calcu-
lated in the Code.

The activity of the combined inlet stream is calculated by the Code based on the
weighted average of the composite stream entering the tanks.

Waste Drain Tank Wastes
Flow rates and activities are calculated using the waste volumes and activities
given in NUREG-0017, Table 1-2, "PWR Liquid Wastes" (Ref. 11).

These input flow rates are supplemented by the use of expected flows and activi-
ties more specific to the plant design as given in the SAR/ER. The individual
streams are combined based on the radwaste treatment system described in the
SAR/ER. Input activities are based on the weighted average activity of the
composite stream entering the waste collection tanks. The input flow rates and
activities are entered in units of gpd and fractions of PCA.
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(3)

Tank Factors R

The tank factors indicate the type of processing the waste has undergone prior

to its entry into the tank. The tank factors provide the capability to consider
radionuclide removal by demineralizers or other treatment equipment prior to the
tank. For evaporator bottoms tanks, the tank factors provide the capability to
consider the effects of radionuclide concentration in the evaporator. Therefore,
in determining the radionuclide concentration in the tank, the type of processing
upstream of the tank must be considered and entered as tank factors on CARDS 12
and 16.

The following factors are considered in calculating overall tank factors for
the systems.

(a} TFs are categorized by radionuclides.
Halogens
Cs, Rb
Other Nuclides
Note: TF of 1 is assumed for tritium.

(b) The system TF is the product of the individual equipment TF in each of the
systems, e.g., the effect of the demineralizer removal, if any, is multi-
ptied by the effect of the evaporator concentration, if any.

{c) Tank Factors for Demineralizers
The tank factors for demineralizers are entered in the same manner as
decontamination factors (DFs) are entered in the PWR-GALE Code. Therefore,
the values used for TFs for demineralizers are the same as those given in
NUREG-0017, Table 1-3, "Decontamination Factors for PWR Liquid Waste
Treatment Systems” (Ref. 11).

(d) Tank Failures for Evaporators
The tank factors for evaporators express the increase in concentration of

radionuclides in the evaporator bottoms resulting from evaporator operation.
The values entered on the CARDs are the ratio of the evaporator bottom
stream flow to the evaporator inlet stream flow. Therefore, the TFs for
evaporators are as follows:

Evaporator A1l Nuclides
Waste Drain Stream 0.02
Shim Bleed Stream 0.02
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le CARD 1 NAME NAME QOF REACTOR SAMPLE CASE PWR 4/78 TYPE = PWR
2. CARD 2 POWTH THERMAL POWER LEVEL (MEGAWATTS) 3391.
3. CARD 3 PCVOL MASS OF PRIMARY COOLANT (THOUSANDS LBS) 561.
4. CARD 4 LETODWN PRIMARY SYSTEM LETDOWN RATE (GPM) 75.
Se CARD 5 CBFLR LETDOWN CATION DEMINERALIZER FLOW (GPM) 7.5
6. CARD 6 HYTRTM HYDROLOGICAL TRAVEL TIME (DAYS) 1.

Te CARD 7 HYDF HYDROLOGICAL DILUTION FACTOR 1000.
8. CARD 8 SHIMBLEEC RATE 16200. GPD

9. CARD 9 ECUIPMENT DRAINS INPUT 810. GPD AT 1.0
10. CARD 10 TANK NAME CONDENSATE HOLOUP TANK VOLUME 250000.
11. CARD 11 IS TANK IN SYSTEM A BOTTOMS TANK O IF 'NO 1 IF YES
12. CARD 12 DFI= 1.0FE03DFCS= 1.0E05DF0= 1.0E05
13. CARD 13 DIRTY WASTES INPUT 1375. GPD AT .075 PCA

l4. CARD 14 TANK NAME WASTE HOLODUP TAMK VOLUME 250000.
15. CARD 15 IS TANK IN SYSTEM A BOTTOMS TANK O. IF NO 1 IF YES

16, CLRD 186 DFI= 1.CEO03D0FCS= 1.0EQ4DF0= 1.0E04




L=y

SAMPLE CASE PWR 4/78
THERMAL POWER LEVEL (MEGAWATTS})
PLANT CAPACITY FACTOR
MASS OF PRIMARY CUCLANT (THOUSANDS LB8S)
PERCENT FUEL WITH CLADDING DEFECTS
PRIMARY SYSTEM LETDOWN RATE (GPM)
LETDOWN CATIUN DEMINERALIZER FLOW {(GPM)
HYDROLOGICAL TRAVEL TIME (DAYS)
HYDROLOGICAL DILUTICN FACTOR

SHIMBLEED RATE GPD
EQUIPMELNT DRAINS INPUT GPD
DIRTY WASTES INPUT GPO

FATILED TANK PARAMETERS

FAILED TANK
CONDENSATE HOLDuUP
WASTE HOLDUP

VOLUME
250000.
250000.

PWR
3391.0000

0.80

561.0000
1.0000
75.00C0
7.5000
1.00
1000.
1.62E+04
B8.10E+402
1.38E+03

TANK FACTORS

I
1.00E+03
1.00€E+03

cs
1.00E+05
1.00E+04

OTHERS
1.00£+05
1.00€404
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SAMPLE CASE PWR 4/78 LIQUID TANK FAILURE

NAME OF TANK FAILED: CONDENSATE HOLDUP
VOLUME NF TANK FAILED: 200000. GAL. (80% OF TANK CAPACITY)
HYDROLQGICAL TRAVEL TIME (DAYS): 1.00
HYDROLOGICAL CILUTION FACTOR: 1000.
PRIMARY FAILED CRITICAL
CCOLANT 10CrR20 TANK RECEPTOR FRACTION
NUCLIDE HALF-LIFE conC. LIMITS CONC. CONC. 10CFR20
(CAYS) (UCI/ML) (UCI/ML) (ucr/mo) (uctr/mL)
CORROSION AND ACTIVATION PRODUCTS
H 3 4.495403 1.00£+CO 3.00E-03 1.00E+400 1.00E-03 0.3300
FISSICON PROCUCTS
11131 2.05€+00 2.18C+00 3.00E-07 2.00F-04 1.80€-07 0.6000
1133 8.75£-01 3.08E+CO 1.00€-06 4.70E-05 2.10E-08 0.0210
ALL OTHERS 6.38E+4C0 2.40E=~05 3.10E-09 0.0003
TOT AL
EXCEPT TRITIUM 1.16E+401 2.70E-04 2.00E-07 0.6200

THE MAXIMUM QUANTITY OF TRITIUM IN THE TANK 1S 2.3E+03 CURIES.

THE MAXIMUM QUANTITY OF CORROSION AND FISSICN PRODUCTS (EXCLUDING TRITIUM) IN THE TANK IS 3.3E-01 CURIES.
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SAMPLE CASE PWR 4/78 LIQUID TANK FAILURE
NAME OF TANK TAILED: WASTE HOLOUP
VCLUME OF TANK FAILED: 200000, GAL. (803 OF TANK CAPACITY)
HYDROLOGICAL TRAVEL TIME (DAYS): 1.00
HYDROLOGICAL CILUTION FACTOR: 1000.
PRIMARY FAILED CRITICAL
COOLANT LOCFR20 TANK RECEPTOR FRACTION
NUCLIDE HALF-LIFE CONC. LIMETS CONC. CONC. 10CFR20
{DAYS) (uCl1/me) (UCI/ML) tuci/at) (UCI/ML)
CORROSION AND ACTIVATION PRUDUCTS
H 3 4.49E+0Q3 1.00E+30 3.00E-03 T.40E~02 7.40E-05 0.0250
FISSION PROCUCTS
I3 8.05E+00 2.18E+C0 3.00E-07 1.30E-05 1.20E-08 0.0400
ALL OTHERS 9.461:+C0 6.T0E-06 3.60€-09 0.0011
TOT AL
EXCEPT TRITIUM 1.16E+01 2.00E-05 1.60E-08 0.0410

THE MAXIMUM QUANTITY OF TRITIUM IN THE TANK IS 2.3E+03 CURIES.

THE MAXIMUM QUANTITY OF CORROSION AND FISSION PRODUCTS (EXCLUDING TRITIUM) IN THE TANK IS 3.6E-0l CURIES.



APPENDIX B

RATAFR CODE FOR BOILING WATER REACTORS
Input Cards and Sample Calculation

Parameters Required for the BWR-RATAFR Code
Complete the cards from information given in the Applicant's Safety Analysis and Environ-
mental Reports and in Section 2 of this Appendix.

a. CARD 1: Name or Reactor (SAR/ER)
Enter in spaces (33-60) the name of the reactor.

b. CARD 2: Thermal Power Level (SAR/ER)
Enter in spaces (73-80) the maximum thermal power level (MWt) evaluated for safety
considerations in the Safety Analysis Report.

c. CARD 3: Total Steam Flow Rate (SAR/ER)
Enter in spaces (73-80) the total steam flow rate from the reactor (106 1bs/hr).

d. CARD 4: Mass of Coolant in Reactor Vessel (SAR/ER)
Enter in spaces (73-80) the mass of water in the reactor vessel (]06 1bs}.

e. CARD 5: Cleanup Demineralizer Flow (SAR/ER)
Enter in spaces (73-80) the primary coolant flow rate (106 1bs/hr) through the reactor
coolant cleanup system demineralizers.

f. CARD 6: Condensate Demineralizer Regeneration Time
For deep bed condensate demineralizers, use 3.5 day regeneration frequency per

demineralizer. If ultrasonic resin cleaning is used, assume 7-day regeneration
frequency per demineralizer. Multiply the frequency by the number of demineral-
izers, and enter the calculated number of days in spaces (73-80). For filter/
demineralizers (Powdex), enter zero in spaces (73-80).

g. CARD 7: Fraction of Feed Water Through Condensate Demineralizer (SAR/ER)
Enter in spaces (73-80) the fraction of feedwater processed through the condensate

demineralizers.

h. CARD 8: Hydrological Travel Time
Enter in spaces (73-80) the travel time (days) it takes for the 1iquid waste of a
failed tank to reach the nearest potable water supply or nearest surface water in

an unrestricted area.

i. CARD 9: Hydrological Dilution Factor
Enter in spaces (73-80) the dimensionless value of:
The annual volume of water flowing past the potable water supply divided by the

total volume of 1iquid waste in the failed tank (80% of design capacity).



j. CARD 10-17: Liquid Tank Parameters
Tanks in two separate processing systems are considered in the BWR-RATAFR Code: ‘

(1) Waste Drain Processing System, CARDS 10-13.
(2) Regenerant Solutions Processing System, CARDS 14-17.

In each of the processing systems considered, the Code can calculate the tank concentra-
tions in either the collector tank or the evaporator bottoms tank. However, separate
computer runs must be made for these two tank classifications. If it is desired, the
Code can calculate concentrations in one tank of each of the processing systems in one
computer run by making the appropriate entries in CARDS 10-17. 1If a tank in only one

of the processing systems is to be considered, then the appropriate entries need

only be made in CARDS 10-13 or 14-17 depending on which system the tank of

interest is in.

Four input data cards are used to define the major parameters for the failed tank in

each of the processing systems., Essentijally, the same information is required on the
four input data cards used for each of the processing systems. The instructions given

in this section are applicable to both processing streams, with the following exception.
The inlet waste activity is not entered on CARD 14 for the regenerant solutions wastes
for systems using regenerable condensate demineralizers, since the activity is calculated
by the Code.

The following information explains the use of the parameters in this Appendix and
information given in the SAR/ER to complete the input data cards.

The following information is required on CARDS 10 and 14 for both of the streams con-
sidered in the Code.

(1) Enter in spaces (18-40) the name of the waste stream (e.g., high-purity wastes).

(2) Enter in spaces (42-49) the flow rate (gpd) of the iniet stream.
(3) Enter in spaces (57-61) the activity of the inlet stream, expressed as a
fraction of the primary coolant activity (PCA).

On CARD 14, do not enter the activity of the regenerant solutions waste inlet stream in
spaces (57-61).

For CARDS 11 and 15, the following information is required:

(1) Enter in spaces {27-50) the name of the tank to be failed (e.g., High Purity
Collector).

(2) Enter in spaces (65-73) the yolume (gallons) of the tank to be failed. If a tank
in either of the two processing streams is not being considered, leave spaces
(65-73) blank for that tank.
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For CARDS 12 and 16, enter a 1 in space (80) if the tank to be failed is an
evaporator bottoms tank. Otherwise leave space (80) blank.

CARDS 13 and 17 for both waste streams contain the overall system “tank" fac-
tors. The "tank" factors indicate the type of processing the waste has under-
gone prior to its entry into the tank. The tank factors should be entered

as follows:

(1) For a collector tank in either waste stream, without demineralizers upstream of
the tank, values of TF = 1.0 should be entered in the appropriate spaces.

(2) For a collector tank in either waste stream with demineralizers upstream of the
tank, or for an evaporator bottoms tank in either waste stream, TFs based on the
description given in Section 2.b should be entered in the appropriate spaces.

The appropriate spaces for the TFs are:

(1) Enter in spaces (21-28) the TF for iodine.

(2) Enter in spaces (34-41) the TF for cesium and rubidium.

(3) Enter in spaces (47-54) the TF for other nuclides.

The following section explains the use of the parameters in this note and information
given in the SAR/ER to complete data input CARDS 10-17.

2. Explanation of Parameters used in Filling out Cards 10-17

a. Liquid Waste Flow Rates and Activities
Flow rates and activities are calculated using the waste volumes and activities given
in NUREG-0016, Table 1-2, "BWR Liquid Wastes" (Ref. 12).

These input flows are supplemented by the use of expected flows and activities more
specific to the plant design as given in the SAR/ER. The inlet streams are combined
to form the principal waste streams (drain wastes and regenerant wastes) considered
in this guide, based on the radwaste treatment system described in the SAR/ER.

Input actiyities are based on the weighted average activity of the composite stream
entering the waste collection tanks.

b. Tank Factors
The tank factors indicate the type of processing the waste stream has undergone prior
to its entry into the tank. The tank factors provide the capability to consider
radionuclide removal by demineralizers prior to the waste stream input into the tank.
For evaporator bottoms tanks, the tank factors provide the capability to consider the
effects of radionuclide concentration in the evaporator. Therefore, in determining
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the radionuclide concentration in a tank, the type of processing upstream of the tank
must be considered and entered as tank factors on CARDS 13 and 17.

The following factors are considered in calculating overall tank factors for the
systems:

(1)

(4)

TFs are categorized by radionuclides.
Halogens

Cs, Rb

Other Nuclides

Note: TF of 1 is assumed for tritium.

The system TF is the product of the individual equipment TF in each of the
systems, e.g., the effect of the demineralizer removal, if any, is multiplied

by the effect of the evaporator concentration, if dhy.

Tank Factors for Demineralizers

The tank factors for demineralizers are entered in the same manner as decon-
tamination factors (DFs) are entered in the BWR-GALE Code. Therefore, the

values used for TFs for demineralizers are the same as those given in NUREG-0016,
Table 1-3, "Decontamination Factors for BWR Liquid Waste Treatment Systems"

(Ref. 11).

Tank Factors for Evaporators

The tank factors for evaporators express the increase in concentration of
radionuclides in the evaporator bottoms resulting from evaporator operation.
The vatues entered on the cards are the ratio of the evaporator bottoms stream
flow to the evaporator inlet stream flow. Therefore, the TFs for evaporators
are entered as follows:

Evaporator A11 Nuclides
Waste Drain Stream 0.01
Regenerant Waste Stream 0.05
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CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD

~NOoOWVSWN -~

NAME
POWTH
GTO
wL1lQ
GDE
REGENT
FFCDM
HYTRTM
HYDF

NAME OF REACTOR SAMPLE CASE BWR 4/78 TYPE = BWR

THERMAL POWER LEVEL (MEGAWATTS)

TOTAL STEAM FLOW (MILLION LBS/HR)

MASS OF WATER IN REACTOR VESSEL (MILLION LBS)
CLFAN-UP DEMINERALIZER FLOW {MILLION LBS/HR)
CONDENSATE DEMINERALIZER REGENERATION TIME (DAYS)
FRACTION FEED WATER THROUGH CONDENSATE DEMIN
HYDROLOGICAL TRAVEL TIME (DAYS)

HYDROLOGICAL DILUTION FACTOR

HIGH PURITY WASTE INPUT 27800. GPD AT .164 PCA
TANK NAME WASTE COLLECTION TANK VOLUME 30000.
IS TANK IN SYSTEM A BOTTOMS TANK O IF NO 1 IF YES
OFI= 1.CE-OO0DFCS= 1.0E-QJ00DF0 = 1.0E-CO

REGENERATION SOLTNS INPUT 2550, GPD

TANK NAME COMNCENTRATOR WASTE TANK VOLUME 5000.
IS TANK IN SYSTEM A BOTTOMS TANK O IF NO 1 IF YES
DFI= 5.0E-02DFCS= 5.0E-02DF0 = 5.,0£-02

3440.
14.166
0.588
0.135
36.75
1.

2.0
200000.

GAL

GAL
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SAMPLE CASE BWR 4/78
THERMAL POWER LEVEL (MEGAWATTS)
PLANT CAPACITY FACTCR
TOTAL STEAM FLOW (MILLICN LBS/HR)
MASS OF WATER IN REACTOR VESSEL (MILLION LBS)
CFF~GAS RELEASE RATE(UC/SEC)
FISSION PRODUCT CARRY~-OVER FRACTION
HALQGEN CARRY-OVER FRACTION
CLEAN-UP DEMINERALIZFR FLOW (MILLION LBS/HR)
CONDENSATE DLMINERALIZZR RLGENERATION TIME (DAYS)
FRACTION FEED WATER THRQOUGH CONDENSATE DEMIN
HYDROLUGICAL TRAVEL TIME (DAYS)
HYDROLODGICAL DILUTICN FACTOR
HIGH PURITY WASTL INPUT GPD
REGEMERATION SOLTNS INPU GPD

FAILED TANK PARAMETERS

FAILED TANK VOLUME
WASTE COLLECTION 30000.
CUNCENTRATOR WASTE 5000.

BuWR
3440.0000
0.80
14,1660
0.5880
350000,
0.0010
0.0200
0.1350
36.7500
1.0000
2,00
2C0000,
2.78F4+04
2.55F+03

TANK FACTORS

I () OTHERS
1.00€+00 1.00E+00 1.00E+00
5.006e-02 5.,00E-02 5.00E-02
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SAMPLE CASE 8WR 4/78 LIQUID TANK FAILURE

NAME UF TANK FAILED: WASTE COLLECTION
VOLUME OF TANK FAILED: 24000. GAL. {80 OF TANK CAPACITY)
HYDROLOGICAL TRAVEL TIME (DAYS): 2.00
HYDROLOGICAL CILUTION FACTOR: 200000,
PRIMARY . FAILED CRITICAL
COOLANT 10CFR20 TANK RECEPTOR FRACTION
NUCLIDE HALF-LIFE concC. LIMITS CONC. CONC. 10CFR20
(DAYS) (UCT/ML) (UCT/ML) (UCI/ML) {UCI/ML)

CORROSION AND ACTIVATION PRODUCTS

FISSION PRUCUCTS

131 8.05E+00 2.84€-C2 3.00E-07 4.50E-03 1.90€E-08 0.0630
1133 8.75E~01 1.07€-Cl 1.00E-06 l.30E~-02 1.30C-08 0.0130
ALL OQTHERS 1.81E+00 4.90E-02 3.30e-08 0.0008
TOT AL
EXCEPT TRITIUM 1.95E+C0 6.60E~02 6.50E-08 0.0770

THE MAXIMUM QUANTITY OF TRITIUM IN THE TANK IS 5.0E+03 CURIES.

THE MAXIMUM QUANTITY OF CORROSION AND FISSION PRODUCTS (EXCLUBING TRITIUM) IN THE TANK [S 1.5E+01 CURIES.
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SANPLE CASE BwR 4/78 LIQUID TANK FAILURE
NAME OF TANK FAILEOD: CONCENTRATOR WASTE
VOLUME OF TANK FAILED: 4000. GAL. (80% OF TANK CAPACITY)
HYCROLCGICAL TRAVEL TIME (DAYS): 2.00
HYCROLOGICAL CILUTION FACTOR: 200000.
PRIMARY FAILED CRITICAL
COOLANT L0CFR20 TANK RECEPTOR FRACTION
NUCLIDE HALF-LIFE CONC. LIMITS CONC. CONC. 10CFR20
(CAYS) (UCI/ML) (ucI/mML) {ucI/mL) (UCI/ML)
CORROSION AND ACTIVATION PRODUCTS
P 32 1.43E+01 1.368~C4 2.00E-05 2.00C-02 8.90E~08 0.0045
CR 51 2.78E+01 4.71€-03 2.00€-03 9.50E~-01 4.50E-06 0.0023
MN S4 3.03€E+02 5.,90E-CH 1.0GE-04 2.30€v02 1.10€-07 0.0011
FE 55 9.50E+02 9.83E-04 8.00E-04 3.9CE-01 2.00£~06 0.0025
CO 58 7.13E+01 1.97E-04 9.00E-05 6.00E-02 2.90E-07 0.0032
CO ¢0 1.92€+03 3.93E~04 3.00€E-05 1.60€-01 8.00E-07 0.0270
IN 65 2.495E402 1.97E-(C4 1.00£-04 T.406-02 3.70€E-07 0.0037
FISSION PROBUCTS
SR 89 5.20E+01 S.73e~-C4 3.00€-06 1.60E-01 T.60E~-07 0.25060
SR 30 1.03€+04 3.44E-C5 3.00E-07 1.400~-G2 T.10E-08 0.2400
Y 90 2.67E+3D .0 2.0CE-0S 1.40E-02 4.20E-08 0.0021
Y 91 5.88E+01 2.29E~-04 3.00€-05 1.10e-01 5.20£-07 0.0170
¥0 99 2.79E+00 1.13E-02 4.00E-05 1.80E~02 5.60FE~08 0.0014
RULL3 3.76E+01 1.15e-04 8,00E-05 2.7CE-02 1.30€E-07 0.0017
RULC6 3.67E+402 1.72c-05 1.00E-05% 6,70E-03 3.30E-08 0.0033
TE129M 3.40E4G1 2.29E-Cq4 2.00€E~05 5.00E-02 2.40£-07 0.0120
1131 8.350+00 ?2.84E-C2 3.00E-07 2.2CE+01 9.40E£-05 310.000C0
CS134 7.49c2+02 1.72E-C4 9.00E-06 3.80E-02 1.90£-07 0.0210
€s137 1.10t+04 4,028-Ca 2.00E-05 9.10F-02 4.60F-07 0.0230
BAl 40 1.28£+401 2.29€E~03 2.00€E-05 2.00C-01 8.90E-07 0.0440
LAl 4C 1.675+00 0.0 2.00E-05 2.30E-01 5.00E-07 0.0250
Celal 3.24£+01 1.72E-0G4 9.00€E-05 4,00£-02 1.90€~-07 0.0021
PR143 1.37€+01 2.29C-C4 5.00E~05 2.40E-02 1.10E-07 0.0021
CEl 44 2.84C+02 1.72E~C5 1.00E-05 6.50E-03 3.30£-08 0.0033
ALL OTHERS 1.905+00 2,50€-01 2.90E-07 0.0046
TOT AL
EXCEPT TRITIUM 1.95C+4G0 2.50E+401 1.10E~04 310.0000

THE MAXIMUM QUANTITY OF TRITIUM IN THE TANK IS 5.06403 CURIES.

THE MAXIMUM QUANTITY OF CORROSION AND FISSIGON PRODUCTS (EXCLUDING TRITIUM) IN THE TANK IS 1.2E400 CURIES.



APPENDIX C
RATAFR LISTING

This appendix contains the program listing in FORTRAN for the RATAFR Code, applicable
to PWR's and BWR's using the input data cards from Appendix A or B of this manual. The
nuclear data library and subroutines are available in card deck form from the Effluent
Treatment Systems Branch, USNRC, (301)492-7775. The remainder of this appendix contains
the RATAFR program listing.
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22.

25

S54.

63.

A0

[aNel aXaXaNal

1

20

4]

30

RATAF CODE FOR CALCULATING CONSEQUENCES 0OF RADIOACTIVE LIQUID
TANK FAILURES. MOCIFIED MARCH 1976 TO CALCULATE TANK ISOTOPIC
CONCENTRATIONS TO PROVIDE AS INPUT FOR DETERMINING CONCENTRATIONS
AT POTABLE WATER SUPPLIES. BASES FOR CODE IS THE LIQUID GALE
CODE OF JULY 1975.

INTEGER¥2 NAME(3) ,ELE(99),STA(2),LOC,NONC,KD

RCAL*4 LETOWA,LETDWN,MCH3,MQH3 ,MCCFP,MQCFP

COMMON/LABEL/ ELE,STA
COMMUN/MATRIY/ZAL25C0),LOC(2500),NONO{BOO),KD(8C0)}

COMMO J/FLEX/ZTLUX(LC) yMMNyMOUT 4 INDEXsCXNyAXN,ERRyNOBLNDyM2ZERQ
COMMON/PRUCSS/Z  MPROSPRATZ(B) NOPRNS(B)NIPROS{B,20),PR(800)
COMMOL/EG/XLZFRO(I30N), XZH(BOO0) XTEMP{800) y XNEFW(10,800),

1 B(BCO),D(850)

COMMUNM/FLUXN/T(20) ,POWERIL10),TOCAP(8QO),FISS(100),0IS{800),ILITE,

1 TACT IFP,ETOT 4NON,INPT
COMMUZLUT/ZNUCLIA0C) o TITLE(20),Q(B00),FGIROC),CUTOFFI(T),

1 POWaLURTISP  FLUXS W MSTARPALPHANLLO00) s SPUNFLL100) ,ABUND(500),

2 SASISULIN) , TCONST,ZTUNIT
COMMU/MPC/PPCTAS, AVPC (800 ), WMPLC(BQOD)
COMMU/LONP/PWCONCIBUY)

COMMGY /CONR/BLONC{802)
CIMENSION PCANC(2CD) s DWCONC(800),CWCONCI(800)CMCONCI(800),

IRI VP00
CIMINSION TKCONC(BC2) ,PER(800)

DINENSION PafON{SQ0),FRAC(800)

DIMENSION SRTANK{G6) yDWNTAIK{6) yCWTANK(6),RGTANKLS)
DIMINSION WURD26(14),WORD24(6),REACTR(T)

DATA PWR/Y PWR'/,BWY/Y BWRY/

BCOMC CUONTAINS PRIMARY COULANT CONCENTRATIONS FOR BWR'S,
PWCONC CONTAINS PRIMARY CUOLANT CONCENTRATIONS FOR PWR®S,.

READ NUCLEAR DATA AND CONSTRUCT TRANSITION MATRIX
CALL NUDATA(NLIBE)

00 20 I=2,1710T
NOHOL L) =NONGET I #NONO( 1 =1)
KD{I)=KC{I}+NONO(]I=-1)
CUNTINUE
INOOX=0
QXN=0,.C01
AXN==ALOG {UXN)
TCONST=86400.
TRG=0.0

TD=0.0

TC=0.C
REGENT=0.0
HYTRTM=G.0
HYDF=92.0
DWFLR=C. 0
RGWFR=0.0
EVAPS=1.0.
[VAPD=1.0
EVAPC=1.0
Evari=1.0

D0 40 J=1,800

00000080

00000190
00000200
00000210
00000220
00000230
06000240
00000250
00000260
00000270
00000280
00008120

00000570
00000580

00000590
00000610
00000620
00000630
00000640

00000680
00000730
00003640
00000740

00000840
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€-2

65.
66.
67.
68.
69.
70a
71.
12.

17.

124.

o000

40

700

4446

PCONC(J)=0.0
OWCONC1J)=0.0
RINV(J)}=0.0
CWCONC(J)=0.0.
CMCONC(J)=0.0
TKCONC(J)=0.0
PWCON(J)=0.0
FRAC(J)=0.C
PER{J)=0.0
XZH(J)=C.0
CONTI vUE

READ LESCRIPTION OF REACTOR AND RADWASTE TREATMENT PLANT

PRINT 9026

READ 9010,REACTR,TYPE

PRINT 90104RFACTR,TYPE

READ 9011,WORD56,P0OW1

PRINT 9011 ,WORD56,POW]
PF=0.80

PRINT 9027

IFITYPE.EQ.BWR) GD TO 50
READ DATA FUR PWR NSSS PARAMETERS AND TANK PARAMETERS
READ 73022,W07036,PCVOL
PRINT 9022,WNRD56,PCVOL
FAILDB=1.0

FAILLA=0.12
FAILRA=FAILON/FAILEA

PRINT 9028,FAILDSB

READ 9022,WORDS6,LETDWN
PRINT 9022yWNRDHGyLETOWN
READ 9022 ,W0RU56,C0FLR
PRINT G022,WNRD56,CHFLR
READ 9085,WUPDS56,HYTRTM
PRINT 9085,vNRUS5,HYTRTM
READ 9090,wW0RLS6,HYDF

PRINT 9070,wNRDS56,HYDF

READ 9013,4U%024,SH5LDR
PRINT 9025+w0ORD24,S3LDR
Cva=1,C

READ 9013,W0ORD24,EVUFLR,EDA
PRINT 9025,wNRD24,LDFLR
READ €23, SRTANK,SHTKSZ
READ 9086 ,KL{VuTS

IF (KEVBTS.LN.1) EVAPS=0.02
READ 9014,UFICW,OFCSCW,DFCHW
READ 9C13,W3PD24,0WFLR,)DWA
IF {(DWFLR.EC.0.01C0 TO 4446
PRINT 9025,WNRD24,CWFLR
CONTIT UE

READ 9023 ,DWTANK,DWTKSZ .
READ 9036,KLVBTD

IF (KEVBTD.ENL1)EVAPD=0.02
READ 9014,0FIDW,DFCSDW,DFDW
K=1

PRINT 9045

PRINT 9016

IF (SBTKSZ.ENL.0.0)1G0 TO 45
PAINT 9024,SRTANK ¢ SBTKSZyDFICW,DFCSCW,DOFCW
GO TO 46

00000850

00000880
00000890
00000900

00000910
00000920
00000930
00000940
00000950
00000970
00000980
00000990
00001000
oonololo
00001020
00001030
00001040

00001050
00001060

00001520
00001560



-3

125. 45 K=2

1264 46 CONTINUE

127. IF (DWTKSZ.EQ.0.01G0 TQO 47

128, PRINT 9024,0WTANK ,DWTKSZ ,DF IDW,DFCSDW,DFDW

129. 47 CONTINUE

130. c 00002300
131. c CONVERSION OF UNITS 00002310
132, c 00002320
133, DFRG=1.0 .

134, DFIRG=1.0

135, DFCSRG=1.0

136. GO TO 240

137. o 00002470
138, (o READ DATA FOR BWR NSSS PARAMETERS AND TANK PARAMETERS

139. c 00002480
140, S0 READ 9022,WORD56,STMFR 00002490
lel. PRINT 9022,WNRD56,STMFR 00002500
142, READ 9022 ,WORD56,PCVOL 00002510
143, PRINT 9022 ,wNRD56,4PCVOL 00002520
l44. 0GDB=350C00.

145. PRINT 9052,0608

146, O0GEA=60000.

147. OGRTIU=0GD3/OGEA

148, FPCF=0.001 00002530
149, HEF=0.02n

150. PRINT 9030,FPEF,HEF 00002550
151, RFAD 9022,WORDS6,LETDWN 00002560
152. PRINT 9022,uNRD56+LETOWN 00002570
153, READ 9022 ,W0RD564REGENT 00002650
154, PRINT 9022,WNRDS64REGENT 00002660
155. READ 9622 ,w0RD56,FFCOM 00002670
1564 PRINT 9022,wNRDS6,FFCDM 00002680
157, READ 9085,wWU?DS56,HYTRTM

154. PRINT 9085, wNRD56,hYTRTM

159. READ 3030,wW0R0D56,HYUF

160. PRINT 9090,w0RDS6,hYDF

161, K=1

162, READ 9013,WR024,CwFLR,CWA

163, READ 9023 ,CWTANK,CWTKSZ

164. READ 9CH6,KEVBTC

165. IF (KEVATC.tN.1)}LVAPC=0.01

1664 READ 9C14,DFICWyDFCSCHW,DFCW

167, IF (CWTKSZJ.ECL0.)1GC TO 52

168, PRINT 9025,WNRD24,CHFLR

169. G0 TO 54

170. 52 K=2

171. 54 CUNTINUE

172, READ 9013,WORD24,RGHFR

173, READ 9023,KGTANK,RGTKSZ

174, READ 9CB6,KCVLTR

175. IF (KEVBTRLEN.1)EVAPR=0.05

176. READ 9014,DFTRG,DFCSRG,DFRG

177. IF (RGTKSZ.L0.0.0) GO TO 56

178. PRINT 9025,nNRD24,RGWFR

179. 56 CONTINUL

180, PRINT 9045 00002710
181, PRINT 9016 00002750
182, IF (CwTKSZJ.EN.N.OMIGO TC 58

183, PRINT 9024 ,CWTANK,CWTKSZ,DFICWsDFCSCW,DFCH

18' 58 CONTI WUE .
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185,
186,
187.
188.
189.
190,
191.
192.
193,
194,
195,
196.
197.
198,
199.
20C.
201.
2C2.
203,
204,
2C5.
206,
2C7.
208.
209.
210.
211.
212‘
213,
214.
215,
216,
217.
218,
219.
220.
221,
222.
223,
224.
225.
226,
2217.
228.
229,
230,
231.
232,
233,
234.
235,
236,
237,
238.
239.
240,
241.
242,
247,
244,

aoo

60
7

78

240

242

243

244
245

246
247

279

IF (RGTKS2.EQ.0.0)G0 TO 60

PRINT 9024,RGTANK,RGTKSZ,DFIRG,DFCSRG,DFRG
CONTINUE

D0 78 I=1,170T7

8(1)=0.C

CONTINUE

DFIDW=1.0
DFCSDOW=1.0
DFUW=1.0
CONT INVUE

CALCULATE PRIMARY COOLANT CONCENTRATIONS FOR PWRS

IFITYPEL.EQ.BWR)GO TO 251

AFPTES=0.0

DO 242 I=1,IT70T7

PCONC(1)=PWCONCI(I)

PUWA=PUONWL

PCVOA=PCVDL*1E3

LETOWA=LETDWM*500.53

SBLOA=SHLDR*.3476

CBFLA=CBFLR*500.53

CHECK TO SCE IF PRIMARY PLANT PARAMETERS ARE WITHIN SPECIFIED
RANGES

IF(ABS(POWA-3400).6T.400.1)G0 TO 243
IF(ABS(PCVOA=5.5E5).GT.0.5001E5)G0 TO 243
IF(ABSILETDWA-3,.7E4).GT.0.5001E4)GO TO 243
IF(ABS(SBLDA~625.).GT.375.1)G0 TO 243
IFLABS(CBFLA-3750.).GT.3750.1)1G0 TO 243

GO TO 247

CALCULATE PwWR PRIMARY COOLANT ADJUSTMENT FACTORS
AFPTES=1.0

RHAL2=(LETDWA¥0.9+GC, 1%SNLDA)/PCVOA
RCSRB2=(LETDWA*0.5+40.2*%(SBLDA+CBFLA*¥0.9))/PCVOA
RCFP2=(LETOWA%0,94C. 1% (SBLDA+CBFLA%0.9))/PCVOA
RK2=161,76%PNMWA/PCVDA

DO 246 J=1,1T0T

TF(PCONC(J).EQ.0.0) GO TO 246
NZ=NUCL(J)/1nQ00

DL=D1S(J)*36M0.

IF (NZ.LQ.1) GO TO 246
IFINZ.EQe53.NR.NZ.EQ.35)G0 TO 244
IFINZLEC.3T.NR.NZ.EQNL55)G0 TO 245
PCOMC{J)=PCUNC(J)*RK2#(0.0612+DL )/ (RCFP24DL)
GO TO 246
PCONC(J)=PCONCLJI)*RK2#(0.,0606+DL )/ (RHAL2+4DL)
GO TO 246
PCONC(JY=PCUNCLJ)*RK2#(0,0371+DL)/(RCSRB2+DL)
CONTINUL

PCVOL=PCYOL*1000.%0.7/62.4

DO 279 1=1,I170T

IF (PCONCI(T).EQ.0.0)G0 TO 279

FAILI=FAILRA

IF (1.LECILITE)FAILL=1.0
PCONCII)=PCONC(TI)}/Z(DIS{I)*1.6283E13)%FAILIL
CONT INUE

GG TO 40C

00003290

00004850
00004860

00004880

00005480
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245. C

246, 251 CONTINUE

247. C CALCULATE BWR PRIMARY COOLANT CONCENTRATIONS

248. 00 2251 I=1,170T7

249, 2251 PCONC(1)=BCONC(I}

25C. POWA=PCOW1

251, PCVOA=PCVOL*1E6

252, LETDWA=LETDWN*1E6

253. STMFA=STMFR*1E6

254, FFCOA=FFCDM

255, C CHICK TO SEE IF PLANT PARAMETERS ARE WITHIN SPECIFIED RANGES
256, IF(ABS(POWA-3400).6T.400.,1)G0 TO 252

257. IF(ABS(PCVOA-3.8E5).GT.0.4001E5)G0 TO 252

258, IF(ABS(LETCWA-1.3E5).GT.0.2001E5)G0 TO 252

259, TFLABSISTMFA-1.5E7).GT.0.2001F7)GD TO 252

260, IF{ABS(FFCDA-0.9).GT.0.1001)G0 TO 252

261. GN TO 256

262, C CALCULATE BWwR ADJUSTMENT FACTURS

263. 252 RHAL2=(LETDWAR0.I+FFCDAXSTMFA*0.018)/PCVDA

264, RCSRB2=(LETUWAX0 . 5+FFCDAXSTMFA%*5E-4) /PCVOA

265. RCFP2=(LETOWA*0.9+FFCOAXSTMFA*SE-4)/PCVOA

266, RK2=111.76%PNWA/PCVIA

267. DO 255 J=1,I1T0T

268. IF(PCCONC(J).FQ.0.0) GO TO 255

269, NZ=NUCL(J) /10000

27C. OL=DIS(J)*3600

271, IF (NZ.EQ.1) GO TO 255

272. IF (NZ.EQ.53.0R.NZ.EQ.35)G0 TC 253

273, IF INZ.EQ.37.0R.NZ.EQ.55)G0 TO 254

274, PCONC(J)=PCONC(J)*RK2¢{0.3434+DL)/(RCFP24DL)

279 GO 7O 255

276, 253 PCONC{J)I=PCUNC(J)*RK2%(0.1908+DL)/IRCSRB2+DL}

277. GO TU 255

2178, 254 PCONCI{J)=PCONC(J)*RK2*{0.1908+DL)/(RCSRB2+DL)

279. 255 CONTInUE

280, 256 PCVNL=PCVOL*¥100000C./62.4

281. LETDWH=LETDWN%2000. . 00003340
282. STMFR=STMFR*2851. 00003350
283, DO 2255 J=1,1T0T

284, OGRT[1=0GRTIN

285. IF (JJLE.ILITE)OGRTI1=1.0

286, IF{PCONC(J)oGT.0.0)PCONC(I)=PCONCI(J)/(DIStII*1.6283E13)%0GRTI1
287. 2255 CONTIHIUE

288, IF(REGENT.GT.0.0) GO TO 257

289. GO TO 400

290. C 00005120
291. C COMPUTE REMDVAL CONSTANT FOR CONDENSATE DEMINERALIZER IN BWR
292. 257 CCODM=0.,9%STMHR*FPEF/(PCVOL*T.48%60.)*FFCDM

293. CSBDM=C 5*STMFR*TPEF/ (PCVOL*T7.48%60.)%FFCDM

294. DO 246 1=1,IT0T

295. NZ=NUCL(1)/10000

296, PR{1)=CCRDM

297. IF(NZ.EQ.53.0R.N2.EQ.35)PR(1)=CCBDM*HEF/FPEF

298. IFINZ.EC.37.0RNZ.EQ.55)PR(1)=CSBDM

299. XZHI=PCONCUIVY#PR (I )*pCV0OL*0.02832

sCC. B(1)=4AZHJ

i71. XZH{1)1=XIHJI*B6400.

3C2. 258 COMNTINUL

303, XZERO(I)=0.

CALCULATE INVENTORIES ON BWR CONDCNSATE RESINS 00005130 .
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305.
306.
307.
308.
309.
310.
311.
312.
313,
314.
315.
316,
317.
318.
319.
320,
321.
322,
523,
324,
325,
326.
327.
328.
329.
330.
331.
332.
333,
334,
335,
336,
337.
338.
339,
340.
341,
342,
343,
344,
345.
346,
3417.
343,
349,
350,
351.
352.
353,
354,
355,
356,
357,
358,
359,
360,
361.
3620
363,
364.

[aNaNgl

[N ¥ gl

290

295

400

410
420

425

430

432

434

440

450

460

T(1Y=REGENT
CALL SOLVE
00 295 I=1,1707
RINVII)=XTEMPI])

THIS PORTION OF PROGRAM CALCULATES FAILED TANK CONCENTRATIONS

CONTINUE

RGWFRM=RGWFR*3785./1E6

00 410 I=1,170T7

D{I}=-DIS(I)

00 430 J=1,ITOT

NZ=NUCL(J}/10000
IF{NZ.EC.36.NR.NZ.EQ.54) GO TO 430
IF (TYPELEQ.PWRIGO TO 425
CWCONL(J)=PLONLLI)I*CHWA

IF (NZ.EWsl) CWCONC(J)=PCONCI(J)

IF {RGWFR.EW.0.01GGC TO 430
RIW(JI=RINVIJ)/(RFGENT*RGWFRM)

IF (NZ.LQ.bk) RINV(J)I=PCONC(J)

GO TU 430

DFCVCS=10.

IF(NZ.EQ.1)DFCVCS=1.0
IF(NZLEQ.3T.ORINZL.EQ.55) DFCVCS=2,
CWCONC(J)=PCONC(J) *(CWA*SBLDR/DFCVCS+EDA®EDFLR)/ (SBLOR+EDFLR)
OWCONC (J)=PCONC(J)*DWA

CONTINUE

CALCULATE RADIOACTIVITY AFTER COLLECTION AT A CONSTANT RATE
IF (TYPE.EQ.BWR}GCO TO 432

IF (SBLCRGT.0.,0)TC=SBTKSZ*#0.8/((SBLOR+EDFLR)*EVAPS)

GO TO 434

CONT INUF

IF (CWFLR.GTW0.0)TC=CHTKSZ*0.8/(CWFLR*EVAPC)

CONTINUE

IF (OWFLR.GT.0.0)TC=DWTKSZ*0.8/(DWFLR*EVAPD)

IF (RCWFR.GT.0.0)TRG=(RGTKSZ*¥CeB8~11900.%EVAPR)/(RGWFR#*2.*EVAPR)

IF (TRG.LT.0.0) TRG=0.

CALL COLLECTUITC*B6400.+CHCONCHILITE,ITOT)
CALL COLLECTITU#*86400.,DWCONC,ILITE,ITOT)
IF (REGONT.LF.0.01G0 TD 450

CALL STORAG(TRG*36400. RINV,ILITE,ITOT)
CO 500 I=1,170T

NZ=NUCL{1)/10000

IF (NZ.FQ.1) GO TO 50C

IF (NZ.EQ.35.0R.NZ.EQ.53)G0 TO 460

IF (NZ.EQ.e37.0R.NZ.EQ.55)G0 TO 470

CHEMICAL TREATMENT FOR OTHER CATIONS
CWCONCIUT)=CwCONC(1)/DFCwW
CWCONC(I)}=DWCONC(I)/DFOW

RINV  (1)=RINV (I)/DFRG

GO TO 500

CHEMICAL TREATMENT FOR ANIONS

CWCONC(T)=CWCONC(I}/DFICW
DWCONC{1)=CRCONC(I)/DFIDW

00005420

00008320

00008340

00008360

00008470
00008480

00008490
00008500
00008520

00008580

00008650
00008660
00008670
00008680
00008700

00008790
00008800
00008810

00008840
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365.
366.
367.
368.
369.
370.
371.
372.
373.
374.
375.
376,
3717.
378.
3179.
380.
3R1.
382.
383.
384.
385.
386.
387.
388,
389.
390.
391.
392.
393,
394,
395.
396.
397.
3948.
399,
400,
4r1.
402.
403.
4C4.
405.
4Co.
407.
403,
409.
410.
411.
412.
413.
41l4.
415.
"16.
417.
418
419,
420.
421.
4224
4213,

@

(2 XX g}

470

500

502
503

507

508
509
510

511
512

535

540

545
550

RINV (I)=RINV (I)/DFIRG
GO TO 500

CHEMICAL TREATMENT FOR RB AND CS

CWCONCUT)=CWCONC(I)/DFCSCW
CWCONC(I)=DWCONC(1)}/DFCSDW
RINV (I)=RINV (I)/DFCSRG
CONT INUE

STS=SBTKSZ*0.8
DTS=DWTKSZ*0.8
CTS=CWTKSZ*0.8
RTS=RGTKSZ*0.8

IF{RECENT.LT.0.0013G0 7O 503
o0 502 1=1,1707
CMCUNCIT)=RINV({I)

CONTINUE

CONT INUE

IF (K.EQ.2) GO TO 508
CTKSZ=STS

IF (TYPE.EQ.BWR) CTKSZ=CTS
DO 507 I=1,IT0T
TKCONCUT)=CWCONCILT)

GO TU 512

DAN=1.6

IFITYPELEQ.BWRIGO TO 510
CTKSZ=DTS

DO 509 I=1,170T
TKCONC(I)=DWCONC(I])

GO TO v12

KATH=4.7

CTKSZ=RTS

DO 511 I=1,170T
TKCONC({13=CMCONC(I)

CONT INUE

DO 540 I=1,17QT7
NZ=NUCL({1)/10000
IFINZ.EQ.36.0R.NZ.EQs54) GO TO 540
DISI=UIS(I)*),6283E13
TKCONC(I)=TKCONCL{I)*DIS]
IF {TKCONCII).GTL.0.0) GO TO 535
PWCON(T)=0.U

GO TO 540
V=CIS(I1*HYTRTM%36400,

IF (V.GT.75.) v=75.
PWCON(T)=(TKCONC{I)}/HYDF)*EXP(-V)
CONTINUE

DO 545 1=1,170T7
FRAC(I)=PWCOUN{T}/WMPC(I}
SAPRIM=0.0

STANK=0,0

SCRECNN=0.0

SFRACT=0.0

PAPRIM=0,0

PTANK=0.0

PCRECN=0.0

PFRACT=0.0
MCH3=TKCONC(3)/FRACL3)

00008910
00008920
00008930

00008960

00009410

00009600
00009620

00010010
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4!.. MQH3=MCH3*CTKSZ*3785./1.0E6

4264 IF (M(H3.GT.5000.}) MQH3I=5000.

427. IF (TYPE.EQ.BWR) GO TO 553

428, IF (KeEQ.1) PRINT 90T76,REACTR,SBTANK,STS,HYTRTM,HYDF

429. IF (K.EQ.2) PRINT 9076,REACTR,DWTANKDTSyHYTRTM,HYDF

430. GO TO 555

431. 553 CONTINUE

432, IF (K.EQ.,13 PRINT 9076,REACTR,CWTANK, CTSyHYTRTM,HYDF

4133, IF (K.EQ.2) PRINT 9076,REACTR,RGTANK,RTS,HYTRTM,HYDF

434, 555 CONTIAUL

435, PRINT 9077

4306, PRINT 9081

437. KOUNTR=1 00010170
438. I1=ILITE+IACT+] 00010180
439. L=1 00010190
440. DO 580 I=1,1T70T

441. IF (1.EQ.TL)PRINT 9082

442, NZ=NUCL(1}/10000 00010220
443, IF (NZ.EQ.36.0R.NZ.EQ.54)G0 YO 580

444, DISI=DIS(I)*],6283€E+11 00010250
445, APRIM=PCONC(I)*DISI 00010260
446 WMPC1=WMPC(I)

447, TANK=TKCONC(T)

448, CRECN=PWCONI(T)

449. FRACT=FRACII)

450. NUCL I=NUCL () 00010350
451, L=L+1

452, IFINZ.EQ.Y) GO TO 560

453, SAPRIM=SAPRIM+APRIM 00010470
456, STAMK=STANK+TANK

455, SCRECN=SCRECH+CRECN

456, SFRACT=SFRALT+FRACT

457, 560 IF (FRACT.LT.C.CO1) GO TO 580

458. IF (MOD(KOUNTR,50).NE.O) GO .TO 570

459. PRINT 9084, REACTR

460. PRINT 9077

461, 570 CALL NCAHINUCL(I),NAME)

462, THALF=8,0225F-6/DIS{I) 00010650
463. Isug=2

464, I[F (TANK.GT.1.) ISUB=1

4654 DIV=10.%*(INT(ALUGLO{TANK)}}=-ISUB)

466, TANKL=AINT(TANK/DIV+0.5)%DIV

467. 1SuB=2

468. IF {CKECN.GT.1.0) ISuB=l

469, DIV=1C.**(INT(ALUGLO(CRECN) )-1SUB)

470. CRECNI=AINT(CRECN/CIV+0.5)*DIV

471. 1sug=2

472, IFf (FRACT.GT.1.0) ISub=1

473. CIV=10.%=[INT(ALOGLO(FRACT))=-1SUB)

4T4a FRACTLI=AINT(FRACT/CIV+0.5)*DIV

475. ISUBT=1

476. PRINT 9078, NAME, THALF,APRIM,WMPC1,TANK1,CRECN]1,FRACT1

4177, KOUNTR=KOUNTR+1 00010700
478, IFINZ.EQ.Ll) GO TO 580

479, PAPRIM=PAPRIM+APRIM 00010720
480, PTANK=PTANK+TANK

481. PCRECN=PCRECN+CRECN

482, PrRACT=PFRACT+FRACT

483, 580 CONTINUE

484. PAPRIM=SAPRIM-PAPRIM 00010830
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485, PTANK=STANK=-PTANK

486 PCRECN=SCRECN-PCRECN

487. PFRACT=SFRACT-PFRACT

488 MCCFP=STANK/SFRACT

489. MQCFP=MCCFP*CTKSZ¥3785./1,0E6

490. IF (MQCFP.GT.15.) MQCFP=15.

491, 1suse=2

492. IF (PTANK.GT.1.0) ISUBP=1

493, DIV=10.**{ INT(ALOGLO(PTANK) }~1SUBP}

494, PTANK=AINT(PTANK/DIV+0.5)*D1V

4935, ISUBP=2

496, IF (PCRECN.GT.1.0) ISUBP=1

497. DIV=1C **(INT{ALOGLO(PCRECN))~-ISUBP)

4919, PCRECN=AINT(PCRECN/DIV+C.5)%DIV

499. IF (PFRACT.LO.0.0U) GO TO 585

500, 1supp=2

501. IF (PFRACT.GT.1.0) ISUBP=1

502. DIv=10.%%( INT(ALOGLO(PIRACT) }-1SUBP)

503, PFRACT=AINT(PFRACT/DIV+0.5)*DIV

5C4. 585 [SU2s=1

505, IF (STANK.LT.1.0) 1SUBS=2

506 DIV=1Ga**(INT(ALOGIO(STANK) }=ISUBS)

507. STAMK=AINT(STANK/DIV#D.5)%0IV

508, ISURS=1

209. IF {SCRECN.LT.1.0} ISUBS=2

51C. DIV=1C.#* (INT(ALOGLO(SCRECN) )-ISUBS}

511. SCRECN=AINT(SCRECN/DIV+0.5)%DIV

512. 15uBsS=1

513. If (SFRACT.LT.1.0) ISUBS=2

5l4. DIV=10.#*x{ INT(ALUGLO(SFRACT) }-1SUBS)

516, SFRACT=AINTI{SFRALT/DIV+0.5)*D1V

516. PRINT 9077, PAPRIM,PTANK,PCRECN,PFRACT

517. PRINT 9C80, SAPRIM, STANK,SCRECN,SFRACT

518, PRINT 9100, MUJH3,MCFP

919. IFITYPEL.EQ.BWR)GO TN 600

520. IF(K.EQe2.0ReDWTKSZ.EQG.D.01G0 TO 30

521. GO 10 610

522. 600 CONTInUE

523. IF(K.EQ.2.0R.RGTKSZ.EQ.0.0)G0 TO 30

524. 610 K=K+l

525, GO TO 503

926, c 00005630
527. C FORMATS FORMATS FORMATS 00005640
528, C 00005650
929 9010 FORMAT(32X,TA4,16X,A4) 00005760
530. 9011 FORMAT(16X,13A4,A3,F9.4) 00005770
531. 9012 FORMATI(16X,14A%4,FB.4) 00005780
532. 3013 FORMATU(16X,6A4,1X,FB.047X4F5.3)

533, 9014 FORMAT(20X,FR8.0,2(5X,F8.0))

534, 9016 FORMAT('0', 70Xy *TANK FACTORS'/34X,*FAILED TANK®*,13X,*VOLUME',6X,

535, 1 CI0 49Xy *CS'y7X, *OTHERS®)

536. 9022 FORMAT(16X,14A4,F8.4) 00005890
537. 3023 FORMAT(26X,0%4,14X,79.0)

938, 9C24 FORMAT(30Xs6A443X3+9,042%X,3{1PE9.2,1X)}

937, 9025 FORMAT(16X,6A4,' GPD*,28X,1PEB.2)

540, 9026 FORMAT(1HI1) 00006010
541. 9027 FORMAT(16X,*PLANI CAPACITY FACTOR®*,775,'0.80") 00006020
542, 9028 FORMAT(16X,"PERCENT FUEL WITH CLADDING DEFECTS',T75,F6.4) 00006030
543, 9030 FORMAT{16X,*FISSION PRGCUCT CARRY-OVER FRACTION' 4T75,F6.4/16X, 00006060

54‘ 1*HALUGEN CARRY-0OVER FRACTION®',T75,F6e4) 00006070 .
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548,

553,
5564,

556.
557,
558,
559.
569,
Y61l
562,
5613,
H64,
565,
566,
567.
568,
569.
57C.
571,
572
573.
S5T4e.
275,
576
577.
578,
577,
580,
591,
582.
583.
584,
H85.
586,
537.
538,
589.
593.
Sql .
5()2.
593.
594,
595,
596.
537.
598,
599.
600,
6C1,
6C2.
603,
6C4.

9045 FORMATI(/,15X,*FAILED TANK PARAMETERS?®)
9052 FORMAT{16X,*OFF-GAS RELEASE RATE(UC/SEC)*,28X%X,F8.0)
9076 FORMAT (1H1,20X,TA4,* LIQUID TANK FAILURE'/1H ,21X,*NAME OF TANK F

YAILED: t26A4/1H ,21X,'VOLUME OF TANK FAILED: '4F9.0,' GAL. ({80
2% OF TANK CAPACITY)*/1H ,21X,*HYDROLOGICAL TRAVEL TIME (DAYS):
30,FBe2/1H 421Xy *HYLROLOGICAL DILUTION FACTOR: 'yFB8.0)

9077 FORMAT (1HO 28X, *PRIMARY ", 22X, "FAILED® y7X,*CRITICAL?/29X, *COOLANT®
L1y TXg *ICCFR2GY 39X, Y TANK® ,8Xs "RECEPTOR?Y ,6X, *FRACTIDN® /74X, *NUCLIDE?®,
24X YHALF-LIFF® 55X, %CONCo " y9Xy"LIMITSY, 10X, "CONCo* 97Xy "CONC."*,9X,
BYI0CFR2DY /15X, *{DAYS) Y, 2%, 416X, * {UCI/ML)))

9078 FORMAT (4X3A2,134A144X,1PEF.2,4(5X41PET.2)43X,0PF12.4)

9079 FORMAT {4X,*ALL OTHERSY 414X, 1PES.2,) 19X, 1PC9.245X+1PET.243XsNPF12.4
1)

9080 FORMAT (4X,'TOTAL*/64X,*EXCEPT TRITIUM® ,10X,1PED.2,19X,1PED.2,5X,1P
1E9.243X,0PF12.4)

9081 FORMAT {4X,'CCRROSION AND ACTIVATION PRODUCTS')

9082 FURMAT {1HO,4X, ' ISSION PRODUCTS®)

9084 FUORMAT (1H1,70X,7A4,* LIQUID TANK FAILURE {CONTINUED)®')

9085 FORMAT(16Xs14A4,£8.2)

9086 FORMAT (79x,11)

9090 FORMAT(16Xy14A4,F8.0)

9100 FORMAT (1HO,3Xs'THI MAXIMUM QUANTITY OF TRITIUM IN THE TANK IS %,1
IPET7.1y* CURIES.V/1HO ¢ 3X,*THE MAXIMUM QUANTITY OF CORROSION AND FIS
2SI10N PRODUCTS (EXCLUDING TRITIUM) IN THE TANK IS ',1PE7.1,' CURIES
3.7)

END

BLOCK DATA

COMMON /CONB/BCONCI(800)

COMMCN/CONP/PWCONC(800)

DATA BCCONC/2#%0,0.01,3320,

1 FE-3413%0,2E~4453%0,5E~3,4%0,6E~5,0.045E~243%0,
llE’3'3*003E-5pOoO'ZE'Q'2#074E'417‘0|15'6'0-0.3E‘4'2‘0.3E-204‘0'
22E‘4’3‘0'ZE-3.93‘0'BE“4'64*0'7E-3|63*0|3E-3’4*0'5E-3|2*0|35‘3' "
319‘015[‘311E‘4'3*0'6E-0p5*0 y#E—3.0.0.4E-5.3*0. lE'Z,bE-3'l’*o.‘0E‘3'
411404 TE=640eN 4 TE=6,6%0y5E~645%C44E~3,2%0,2E-3,20-2,8%0,9E-2,7%0,
52E~5, $%0,8E~2,6%092E~3,4%0,3E-6,21%0,1E-6,104%0,4E-5,13%0,1E~4,
bo.oi 5E"3g5‘0p 15‘5'3E'2'4*01ZE‘Zy5*017E“2'2*O'3EF5'2*0'2E-218*0|
T2E~5,4 380y TE-544%0 s IE~2,4%0,10-2,3#0,4E~4,4%(,10-2,0.0,3E-5,3%0,
B6E~3,5E~3,T%"43E-5,4E-5,2%0,3E-6,10%043E~6,81%0/

DATA PWCONC/2%0,1.GC,1C1%0,

1 La9F=3,64%0,341E-4,45%0,1.6E-3,3%0,1€E-3,0.0-.016,
12%0,42E=3,185%0,)1.20-3,63%0,4.8E-3,4%0,2.66-3,2%0,3E-4,6%0,8.5(-5,

00006230

28%04 e294%093e9E~443%0,15~5404091e2FE~693%¥0,6.5E-443.6E-496.4E-5,9%000010680

393.,4E=5,11%096E~5,40.950-5,15%04.084,.048,16%0,4.56-5,4.5€E-5,14%0,
41E~5,0e091E~5,4103%0,2.9C=5,8%042¢8E~44B.50-4,10%0,1.4E-3,1.6E-3,
58%0y2.16=3,3%0,2.5E-3,1.1C~34.2795%0,.0279.1,4%04.38,5%0,.047,2%0,
6.025,2%0,,1948%0,4313,3%0,,0189.016412%042¢2C-4¢41.5E-445%0,T7E-5,
T12%0,44E-5,55+942%093.3C~543.3E0-5491%0/

END

SUBROUTINE SOLVE

COMMON/ZEQ/XZFRO(BOC)y XZH({B0O0) 4XTEMP(B00) o XNEW(10,800),

1 8(830),0(830)
COMMON/ZFLEX/FLUX(1C) 9 MMN,MOUT  INDEX o QXNyAXN, ERRyNOBLND,MZERQ
COMMON/PROCSS/  MPROS,PRATE(B) ,NOPROS{B),NZPROS(8,20},PR{8B00)
COMMON/FLUXN/T(20) PONER(LO) 4 TOCAP(BOG) FISS(100),DIS{800),ILITE,
1 TACT,,IFP,ITNT ) NONLINPT
COMMON/CUT/NUCLIBOC) s TITLE(20),Q(800),FG(800),CUTOFF(T),

1 POW, BURNUP,FLUXBMSTAR,ALPHAN(100),SPONF{100),ABUND(500),
2 BASIS{10)},TCOUNST,TUNIT

00 10 I=1,1707

00010690

00010990
00011000
00011010
00011020
00011030
00011040
00011050
00011060
00011070
00011080
00011090
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605, D(1)=-01S(1) 00011100

606, 10 XTEMP(1)=0.0 00011110
607. DELT=TU{1)*TCONST 00011120
608. CALL DECAY(l,DELT,ITOT) 00011130
6C9. CALL TERMIDELT,1,ILITE,ITOT) 00011140
610. CALL EQUILI1,1TOT) 00011150
611. DO 30 I=1,170T 00011160
6l2. 30 XTEMP(I)I=XNEW(1,1) 0001117G
613, RETURN 00011180
6l4. END 00011190
615, SUBROUTINE TERM(T M, ILITE,1T70T) 00011200
6l6. C 00011210
617, C TERM ACDS ONE TERM TO EACH ELEMENT OF THE SOLUTION VECTOR 00011220
618. C CSUM{J) IS THE CURRENT APPROXIMATICON TO XNEW(M,J) 00C11230
619. [ CIMO{J) IS THE VECTNR CONTAINING ‘THE LAST TERM ADDED TO EACH 06011240
620. c ELEMENT OF CSuMly) 00011250
621, C CIMN(J) IS THE VECTOR CONTAINING 1/TON TIMES THE NEW TERM YO BE 00011260
622, c ACDED TO CSUMLJ) 00011270
623, c CIMN(J) IS GFNERATED FROM CIMG(J) BY A RECURSION RELATION: 00011280
624, C CIMN(J)= SUM OVER L OF (AP(J,L)=CIMO(L)) 00011290
625, c AP(1,d) IS THE REDUCED TRANSITION MATRIX FOR THE LONG~LIVED 00011300
626, C NUCLILES 00011310
627, C 00011320
628. LOGICAL*1 LONG 00011330
£27. INTEGER#2 LOUC,NONO,KD 00011340
630, INTEGER*2 LOCP(2500) 00011350
631. INTCGER®2 NONP(800) 00011360
632, INTEGER#*2 NusNQU,NQUEUE 00011370
633, REAL*3 BATE,RATM 00011380
634, REAL*8 CIMN(RQO),CSUM{800),CIMNI 00011390
6135, CIMCNSICN AP{2500),CIMB(800),CIMO(800) 00011400
636. DIMENSTION QUAL(LD) 00011410
637, COMMON/SERIES/ XP(800)+XPAR{800),LONG(800) 00011420
638. COMMON/FLEX/FLUXULC) ¢ MMN,MOUT, INDEX,QXNyAXNy ERR ¢NOBLNDsMZEROD 00011430
639. COMMON/EQ/XZFRD(BOC) 4 XZH{BNO0), XTEMP(800) s XNEW(10,8001), 00011440
640, 1 B(800),D(8LOY 00011450
641, COMMON/MATRIX/A(25C0),L0OC(2500),NONO(BOO)},XD(800) 00611460
642. COMMON/CERUGH/ AP 00011470
643, COMMON/TERMD/DD(100),06XP(100), QUEUEL50),NQU({50),NQUEUE(50),NQ(800)00011480
644, NUL=C : 00011490
645. NN=0 00011500
646, C FIRST CONSTRUCT REDUCED TRANSITION MATRIX FOR LONG-LIVED [SOTQOPES 00011510
64T, 00 220 L=1,1T0T7 00011520
648, IFL.NOTLLONGIL) ! GO TO 210 0C011530
647, NUM=NOND (L) 00011540
65C, IF(M.GT MMN DR, M EQ.MZERO)  NUM=KD{L) 00011550
651, CIMB(L)Y=B(L) 00011560
652. IFINUM.LE.NUL) GO TO 210 00011570
653, NS=NN+1 00011580
654, N=NUL 00011590
6554 NL=NUM=-NUL 00011600
656 DO 293 N1=1,NL 00011610
657. N=N+1 00011620
658, J=LOC(N) 0CG11630
659. CJ=-D(J) 00011640
660. C 00011650
661. c THIS IS A TEST TO SEE IF ONE OF THE ASSYMPTOTIC SOLUTIONS APPLIESO0011660
562. C 00011670

IF({.NOT.LONG(J)) GC TO 10 00011680

NN=NN# L 00011690 .
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667,
668,
669,
67C.
671.
672,
673,
6l4.
675,
676
677,
678,
679.
650,
681.
682,
6813,
684,
685,
6E6.
687,
688,
689.
69C.
6491
692,
693,
694,
695,
696,
697.
679,
¢£99,
T70C.
1C1l.
102
7C3a
7C4.
7(5.
7064
707.
708.
7C9.
71C.
711.
T12.
713.
T14.
715.
T16.
717.
718.
719.
720,
721
722,
723,
124,

oo0oon

20

30

40

9000

50

AP (NN)=A(N)
LOCP{NNI=J
GO TO 200

GOING BACK UP THE CHAIN TO FIND A PARENT WHICH IS NOT IN
EQUILIBRIUM

NSAVE=0

QUE=A(NY/DY

DR8=1.0
CIMBUIL)=CIMBIL)+QUE*B(J)
NQ(L)=0

NG(J)=L

NUX=NONO(J)
IF(M.GT.MMNJORJMIEQ.MZERO) NUX=KD(J)
NUF=2

IF(J.LT«1} NUF=NONO(J=-1)
NX=NUX=~NUF

IFINX.LT.1) GO TO 190
K=NUF

DO 180 KK=1,NX

K=K +1

J1=LCCI(K)

CJ=-C(J1)

KP=J

IFLJ1.EC.NQIKP)) GO TO 180
KP=NQ(KP)

IF{(KP.NEL.O) GO TO 30
AKDJGC=QUE*A(K}/DJ
IF{.NOT.LONG(J1)) GO TO 160
TRM=1.0-XP{J1)
IF(TRM.LT.1.NE=-6) GO TO 120

NC(JL) =)

1=1

KP=J1

DD )=-C(KP)
CXPLI)=XP(KP)
KP=NQ(KP}
IF(KP.EQ.O0) GO TO 50
I=1+1

IFII.LE.100) GO TO 40

IF QUEUE OF SHORT-LIVED NUCLIDES EXCEEDS 100 ISOTOPES, TERMINATE
CHAIW AND WRITE MESSAGE

PRINT 9000, MyLsJd1lsJ,sAKDJQ

FORMAT(*1TOO LONG A QUEUE HAS BEEN FORMED IN TERM®*,415,€£12.5)
GO TO 190

BATM=0.00

[M=]~1

DO 110 I=2,IM

CL=D0O(1)

XPL=DXP(I}

BATE=G.0D0

I1=1-1

D R VONDY FORM OF BATEMAN EQUATIONS -- ORNL-TM=-361

CO 100 KB=1,I1

XPJ=DXP{KB)

[FI(XPL+XPJ.LT.ERR) GO TO 100

CK=DD(KE)

PRUD=(0DL/DK-1,0}

DKR=PROD

00011700
00011710
00011720
00011730
00011740
00011750
00011760
00011770
00011780
00011790
00011800
cocClislo
oootlise2o
00011830
00011840
00011850
00011860
00011870
00011880
CGC11890
00011900
00011910
00011920
00011930
00011940
00011950
00011960
00011970
00011980
00011990
00012000
00012010
00012029
00012030
00CL2040
00012050
00012060
00012070
00012080
00012090
00012100
00012110
00012120
00012130
00012140
00012150
00012160
00012170
oonr2180
00012190
00012200
00012210
00012220
00012230
00012240
00012250
00012260
00012270
00012280
006012290
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725. IF{ ABS(PROD}.GT.1.E~-4) GO TO 60 00012300

726. c USE THIS FORM FOR TWO NEARLY EQUAL HALF-L IVES 00012310
721. PROD=T4DK#XPJ*{1.0-0.5*%(DL=DJ)*T) 00012320
728. 60 TCO 70 00012330
729. 60  PROD=(XPJ-XPL)/PROD 00012340
73C. PROL=XPJ/DKR 00012350
731. 70 PlI=l.u 00012360
732. S1=2./(DK%T) 00012370
733, DO 90 JK=1,11 00012380
734. IF(JK.EQ.KB) GO TG 90 00012390
735. S=1.0~CK/CO(JK) 00012400
736, [F( ABS(S).GT.l.E~4) GO TO 80 00012410
737. IFLABS(OKR) .GT.1.CE~4) PROD=PROIL 00012420
738. §=51 00012430
739, 80 PI=Pl#S 00012440
74C, IF(ABS(PI).GT.1.E25) GO TO 100 00012450
741. 90  COWTINUC 00012460
742, BATE=BATE+PROD/P 00012470
743, 100 CONTINUE 00012480
Tah. c IF SUMMATION IS NCGATIVE, SET EQUAL TO ZERD AND PRINT MESSAGE 00612490
745. IF(BATE.LT.0.L0) PRINT 9001, Ls IMyBATE 4 BATM 00012500
746, 9001 FORMAT(*1BATC IS NEGATIVE IN TERM. THERE ARE MORE THAN TWO SHORT-L00012510
747. 1IVED WUCLIDIS IN A CHAIN WITH NEARLY EQUAL DIAGONAL ELEMENTS'/ 00012520
748. 2% L,IM,AATE,AATM = ',215,1P2E12.5) 00012530
749, IF(BATE.LT.UeD0) BATL=0.D0 00012540
75C. BATM=pATM+BATE 00012550
151. 110 CONTINUC 00N12560
752. DRA=AKDJQ#DJ* (TRM=BATM}/TRM 00012570
7513, 60 TU 130 00012580
154, 120 CRA=AKDJQ*AMAXL{(DRH,0.0)%0J 00612590
755. 130 [FINS.GT.AN) GO TO 150 00012600
156, DO 140 LJ=iSyAN 00012610
757. IF(LOCPILJI.NE.JL) GO TO 140 00012620
758. AP(LJ)=AP (LJ)+DRA 00012630
759, G0 YO 130 00012640
760. 140  COnTINUC 00012650
761. 150 NN=N+1 00012660
762. AP (NN)=DRA 00012670
763, LOCP (NN) =J1 00012680
T64. GO TO 180 00012690
765. 160 IF(AKDJG.LE.1.0E~06) GO TO 180 00012700
166, 1F(NSAVE.GE.50) GO TO 180 00012710
167, 170 NSAVE=NSAVE+1 00012720
768. NQUEUL (NSAVE) =J1 00012730
769. QUEUE (NSAVE ) =AKDJQ 00012740
17¢C. NQUUNSAVE) =J 00012750
I71. CUBINSAVE)=DRB~14/(DJ*T) 00012760
172. 180 CONTInUE 00C12770
173, 190 IF{NSIVE.LE.0) GO TO 200 00012780
174. J= IGULUE (NSAVE) 00012790
175. QUE=QUEUE (NSAVE) 00012800
176. NO{J)=NQUINSAVE) 00012810
171. DR3=QUB (NSAVF) 00612820
779. CIMA(L)I=CIMB(L)+QUE*DB(J)*AMAXL(DRB,0.0) 00012830
779. NSAVE=NSAVE-1 00C12840
780. 60 TY 2) 00012850
181. 200 CONTINUE 00012860
782 210 NUL=NUNO(L) 00012870
7' NO P (L) =NN 0C012880
7

220 CONTI WZ 00012890 '
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78' C FIND NORM OF MATRIX AND ESTIMATE ERROR AS DESCRIBED IN LAPIODUS 00012900
78 c AND LUUS, OPTIMAL CONTROL OF ENGINEERING PROCESSES BLAISDELL 1967 00012910
787, C FIND THE MINIMUM OF THE MAXIMUM ROW SUM AND THE MAXIMUM COLUMN SUM00012920
788. ASUM =0.0 00012930
789, ASUMJ=0.0 00012940
790. NUL=1 00012950
791. DO 250 I=1,ITOT 00012960
192, IF(.NUTLLONG(IY) GC TO 250 00012970
793. DI==0(1)*T 00012980
194, AJ=DI 00012990
195, NUM=MNCNP(T) 00013000
796. TFINUL,GT.NUM) GO TO 240 00013010
797, DO 230 N=NULNUM 00013020
198, 230  AJ=AJHAPIN) 00013030
799. 240 AI=DI+DI 00013040
800, IF(ATI.GT.ASUM ) ASUM =Al 00013050
8Ctl. IF(AJ.GT.ASUMY)  ASUMJI=AY 00013060
802. 250 HUL=NCKNP{I)+1 00013070
8063, IF(ASUMJLLT.ASUM)  ASUM=ASUMY 00013080
B(4, C USE ASUM TOQ DECIDE HOW MANY TERMS ARE REQUIRED AND ESTIMATE ERROR 00013090
8C5. NLARGE=3.5%ASUM +5, 00013100
86 XULARGE =NLARGE 00013110
8C7. ERRI=EXP(ASUM ) *(ASUM *2.71828/XLARGE)**NLARGE/SQRT(6,2832%XLARGE)(10013120
A0f. IFIERRL.GT.1.E~3) PRINT 9002, ERR14+ASUM ¢NLARGE 00013130
80%. 9002 FORMAT{'OMAXIMUM ERROR GT 0.001, =*Fl0.64'y, TRACE = *'F10.4, 00013140
810. 1 ' NLARGE = 'l6) 00013150
all. C NEXT GEMNERATE MATRIX EXPONENTIAL SOLUTION 00013160
g12. DO 260 I=1,170T 00013170
8113. CSUMIT)=XTINMP(I) 00013180
Cla. CIMNIT)=XTEMP(T) 00013190
215. 260 CONTluuc 00013200
816. FRR3=0.C01%EPR 00013210
317. CO 31w NT=1,MLARGE 00013220
e1s. DO 270 I=1,170T7 00013230
819. CIMO(IY=CIMNLT) 00013240
£27. 270 CONTINUE 00013250
321. TON=T/NT 00013260
822, NuUL=1 00013270
323, D0 3¢0 I=1,IT0T 00013280
324, IFL.NGTLLONGEI)) GG TO 300 00013290
325, NUM=JUNP (T} 00013300
126, CIMNI=0.0 00013310
3217, IF(NTLEC.1) CIMNI=CIMB(I) 00013320
328. TF(NUL.GT.NUM) GO TO 290 00013330
29. D0 280 N=NULyNUM 00013340
330. J=LOCP(N) 00013350
131, 280 CIMNI=CIMNI+AP(N)*CINMO(J) 00013360
332. 290 CIMNI=CIMNI+N{I)=CIMO(T) 00013370
333. CIMNI=TON®C MK 00013380
334, IF{DASSICIMNT)oLT.ERR3} CIMNI=0.D0 00013390
335, CIMNUT)=CIMNY 00013400
336. CSUM({T}=CSUM{I)+CIMNI 00013410
337. 300 NUL=NAONPLT) +1 00013420
338. 310 CONTINUE 00013430
833, DO 320 I=1,1707 00013440
840, [F{CSUMIT),LT.ERR) CSUM(I1})=0.0 00013450
41, TF{LONGII) ) XNEW(M,I)=CSUM(T) 00013460
942, 320 CONTIWUE 00013470
843, RETURN 00C13480

344, ENO 00013490
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SUBROUTINE DFCAY(M,T,17T0T)

DECAY TREATS SHORT-LIVED ISOTOPES AT BEGINNING OF CHAINS USING

BATEMAN EQUATIONS

LOGICAL*]1 LONG

REAL¥8 BSATE

INTEGER#*2 LOC,NONO,KD

INTEGCER¥*2 MNu,NQU,NQUEUE

COMMON/GEBUGG/AP(2500)

COMMON/SERIES/ XP(8NO) 4 XPAR(BOO),LONG({800)

COMMOW/FLEX/FLUX{L1C) g MMN, MOUTy INDEX,QXNyAXN, ERRyNOBLND,MZEROD

COMMUN/FG/XZFRULB0OC) ¢ XZHIB00) ¢y XTEMP{BOO) ¢ XNEW(10,800),
3(8n30),0(800)

COMMUN/MATRIX/A(25G0),L0C(2500),NONO(BO0)+KD(8BCO)

00013500
00013510
00013520
00013530
00013540
00013550
00013560
00013570
00013580
00013590
00013600
0CG13610
00013620

COMMQ 1/ TERMD/DDILO0C) 4OXPIL00) s QUEVEIS0) NCQUIS50) 4 NQUEUEI50),NQ{800)00013630

DO 10 I=1,IT0T

XPAR(1)=C.)

LONG(1)=.FALSE.

XP1=0.0

OT=D(1}*T

IF(DT.LT.-50.) GO TO 10

IFLABS(DT)LF.AXN) LONG(I)=.TRUE.

XPI=CXP(DT)

XP{1)=xPI

NUL=1

CO 160 t=1,170T

XTEM=0.C

DL=-0{L)

NUM=NONJLL)

IFIM.,GT.MMN.OR.M,EQ.MZERO) NUM=KDI(L)

IF(NUMLLT.NUL) GO TO 150

DO 140 N=NUL,NUM

J=LOCIN)

0J=-01(J)

TF(LONGIJ)) GO TO 140

USC THIS FORM FOR TWO NEARLY EQUAL HALF-LIVES

IF(ABS(DL/DJ~140) eLE41.0E=5) XTEM=XTEM¢XTEMP(J)*AINI*XP(J)*T

IF(ABSIDL/DJ~1.0)«GT41.0E-5)
XTEM=XTEM4XTEMP (J)*AIN)*{XP(J)=XP(L))/(DL=-DJ}

QUE=A(N)/DJ

NQIL)=0

NQUJ)=L

NSAVE=0

NUA=NONJ ( J)

IF(M.GT.MMN.NR,M,EG.MZERO) NUX=KD(J)

NUF=1

IF(J.CT.1) NUF=NONO(J-1)+1

IF(NUF.CT.NUX) GO TO 130

DO 120 K=NUF,NUX

J1=L0C(K)

IF(LONGIJL)) GO 7O 120

KP=J

IF{JL1.EQ.NQIKP)) GO TO 120

KP=NQKP)

[F{KP.NE.O) GD TO 30

£J=-0(J1)

AKDJQ=A(K)/DJ*QUE

1F{AKDJQ.LE.1.0E-06) GO TO 120

NQUJL)=J

I=t

KP=J1

00013640
00013650
00013660
00013670
00013680
00013690
00013700
00013710
00013720
00013730
00013740
00013750
00013760
00013770
00013780
00013790
00013800
00013810
00013820
00013830
00013840
00013850
00013860
00013870
00013880
00013890
00013900
00Nn13910
00013920
00013930
00013940
00013950
00013960
00013970
00013980
00013990
00014000
00014010
00014020
€0014030
00014040
00014050
00014060
00014070
00014080
00014090




L1-]

40

9000

50

60

70

80
90
100

9001

120
130

140

160

0D(1)=-D(KP)

DXP{I)=XP(KP)

KP=NQ(KP)

IF(KP.EQ.0) GO TO S0

I=1+1

IF(1.LE.1CO) GO TO 40

PRINT 9000, MyLysJ1lsJyAKDJIQ
FORMATI('1',415,E12.5)

G0 TC 130

BATE=0.00

I1=1-1

XPL=XP{L)

C R VONDY FORM OF BATEMAN EQUATIONS -- ORNL-TM-361
DO 100 KB=1,11

XPJ=CXP(KB)

IF(XPL+XPJ.LT.ERR) GO TO 100
DK=DD (KR}

PRON=(0L/DX~-1.0)

DKR=PRCD

IF( ABS(PROL).GT.1.E-4) GO TO 60
PROD=T#LK*XPJ#(1.0-0.5%(DL=-DJ)*T)
GO TO 76

PROD=(XPJ=XPL}/PROD

PROL=XPJ/DKR

Pl=1.¢C

S1=2./71CK*T)

DO 90 JK=1,]1

IF(JIK.CQ.KBY GO TO 90
$=1.0-CK/CD{IK)

IF( ABS(S).GT.1l.E-4) GO TO 80

USE THIS FORM FOR TWO NEARLY EQUAL HALF-LIVES
IF(ABS{DKR).GT,1,0E~4) PROD=PRO]
$=S1

PI=P1%S

IF(ABSIPI).GT.1.£25) GO TO 100
CUNTINUE

BATE=BATE+PROD/PI

CONTINUZ

IF(BATE.LT.0.D0) PRINT 9001, LyIsBATE XTEM,XTEMP(J1) AKDJQ
FORMAT(®" LyL.BATE,XTEM(XTEMP(J1),AKDIQ = *,215,1P4E12,5)
IF(BATE.LT.0.D0) BATE=0.D0
XTEM=XTEM+XTEMP({J1)*AKDJQ*BATE
IF{NSAVE.GE.S0) GD TO 120
NSAVE=NSAVE+1

NQUEUZ(NSAVE)=J1L

QUEUE (NSAVE ) =AKDJQ

NQU{ISAVE)=J

CONTINUE

IF(NSAVELLE.N) GO TO 140
J=JQUEUE(NSAVE)

CUE=CQUZUE (NSAVE)

NQ(J)I=NQUINSAVE)

NSAVE=NSAVE-1

GO TO 20

CONTINUE

IF(LONGIL)) XPAR(L)=XTEM/XP(L)
NUL=NONC(L)+1

TFLONUTLONGIL)) XNEW(M L)=XTEM+XTEMP(L)*XP(L)
CONT I HUL

DO 170 I=1,170T

00014100
00014110
00014120
00014130
00014140
00014150
00014160
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00014180
00014190
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00014210
00014220
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00014250
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00014280
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00014300
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00014350
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00014400
00014410
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00014530
00014540
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00014640
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40
50
60

70
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9000

IFILONGEI)) XTEMPUII=XTEMP(I)+XPAR(I)
IF{.NOT.LONGtI)) XTEMP(I)=0.0
CONTINUE

RETURN

END

SUBROUTINE EQUIL(M,ITOT)

EQUIL PUTS SHORT-~LIVED DAUGHTERS IN EQUILIBRIUM WITH PARENTS
EQUIL USES GAUSS-SEICEL ITERATION TO GENERATE STEADY STATE
CONCENTRATIGONS

LOGICAL*L LONG

INTEGER*2 LOC,NOND,KD

COMMON/EG/X2ZERO(BOO) yX2ZH(800) , XTEMP(B00),XNEW({10,8C0),
8(800),C1800) :

COMMON/MATRIX/A(25CD),L0C(2500),NONO{800),KD{800}

COMMON/FLEX/TLUX{L10) ¢ MMNyMOUT » INDEX,QXNyAXNs ERRyNOBLND,MZERO

CUOMMON/SERILS/ XP{800),XPAR(BC0),LONG(800)

CO 10 I=1,1¥NT

XPAR(11=0.0

IF(.NOTLLONG(T)) GC TO 10

XTEMPLL)=XTEMPLTIXXP (T}

XPAR (L) =AMAXI (ANEW(M, [)~XTEMP({I),0,0)

CONTI JWUE

ITLR=1

N=0

BIG=0.0

DO 60 I=1,1T07

NUM=NONO(T) =N

BI=-D(1)
IFILONG(I)) GO TO 50
XNw=8(1)

IF(M.GT«MMN.ORJM.EQ.MZERD) NUM=KD(I)-N
IF(NUM.EQ.O) GO TC 31

CO 30 K=1,NUM

N=N+1

J=LOCIN)

CJd=-CtJ4)

XJ=XPAR{J)

TFILONG(J)) XJI=XJI+XTEMP(J)/(1.0-DJ/DI)
XNW=XNW+A{N)%XJ

CONT INUE

XNW=XNW/DI

IF(X iWsLTa1l.0E~-50} GO TO 40
ARG=ABS ( { XNw=XPAR(1))/XNW)
IFIARG.GT.BIG) BIG=ARG

XPAR(I)=XNW

N=NON (1)

CONT INUE

IF(BIG.LT.QXN ) GOT0O 70

ITER=]ITER+]

IF{ITER.LT.100) GO TO 20

PRINT 9000

STOP

D0 80 I=1,I1T0T

IF(oNUGTLLONGUT) ) XNEW(MsT1)=XNEW{M, I)+XPAR(I)
CONT INUT

RETURN

FORMAT(* GAUSS SEICEL ITERATIGON DID NOT CONVERGE IN EQUIL')
END

00014700
00014710
00014720
00014730
00014740
00014750
00014760
00014770
00014780
0C014790
00014800
00014810
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00014990
00015000
00015010
00015020
00015030
00015040
00015050
00015060
00015070
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00015110
00015120
00015130
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00015150
00015160
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00015180
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00015250
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00015280
00015290
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SUBROUTINE NUDATA{INLIBE) 00015300

NUDATA VERSINN TO HANCLE THREE TYPES OF NUCLEAR DATA LIBRARIES 00015310

HAS POINTER, NLIBE, = 1 FOR HTGR 00015320

= 2 FOR LIGHT WATER REACTOR 00015330

= 3 FOR LMFBR 00015340

= 4 FOR MSBR 00015350

INTEGER*2 LOC,NCONO,KD 0C015360

INTEGER*2 ELF(99),S5TA{2) 0C015370

INTEGER#2 KAP{800),MMAX(800} 00015380

INTEGER*2 NAME(3) 00015390

CIMENSICN COEFF(7,800),NPROD(7,800),CAPT(6), 00015400

1 NUCAL(6),NSNRS(5), YIELD(5,500),TYLD(5) 00015410
DIMINSION Y(5) 00015420

DIMENSICH SKIP(20) 00015430

DIMENSION MSRS(231} 00015440

COMMOG/LABEL/ELELSTA 00015450

COMMON/TLEX/FLUX{1G) yMMNsMOUT ) INDEXsQXNsAXNy ERRyNOBLNDyMZERC 00015460

COMMU I/EQ/XZFRO{A0C) » XZH(BOOY , XTEMP(B00) 4 XNEW(10,4800), 00115470

1 4(810),0(300) 00015480
COMMON/MPC/MPCTAB, AMPCIBOO) 4 WMPC ({800} 00015490

COMMON/FLUAN/TI23) 4POWCRIL10),TOCAP(B00),FISS(300),DIS({800),ILITE, COO15500

1 TACT,{FP,ITOT,NON,INPT 00015510
COMMON/CUT/NUCL80C) 4 TITLE(20),Q(800),FGLEO0},CUTOFF(T), 00015520

1 POW,BURNUP ,FLUXG3yMSTAR,ALPHAN(100),SPONF(100),ABUND(500), 00015530
2 BASIS(1O),,TCONST,,TUNIT 00015540
COMMUN/MATRIX/A(256G0),L0C{2500),NONO(BOQ),KD{BOO) 00015550

EQUIVALENCE (XZFRO(L),KAPLL1) ), IXZFRD(401)},MMAX(1)), 00015560

1 ( XZH{1) ,COPFF{1,1) ), {XNEW(1,4401),NPROD(1,1)) 00C15570
EQUIVALENCE (Al,LLAM) 00015580

DATA NUCAL/-20030,-10200,10411,-10,-9/ 00015590

DATA MSRS/922330,922350,902320,922380,942390,922330,922350,942410,00015600

1 927380,942390,942410,922350,942400,922380,942390,922330,00015610
2 922350,9€2320,922380,942390/ 00015620
00C15630

PROGRAM TO CNMPUTE A MATRIX (TRANSITION MATRIX) FROM NUCLEAR DATA 00015640

00015650

READ 9011, (TITLE(I),I=1,18),NLIBE 00015660

IF(NLIBE.LT.0) PROGRAM wWILL READ TAPE IN CASDAR FORMAT 00015670

IGWC=0 00015680

IFINLIBE.GT.0) GO TO 10 00015690

IGWC=1 00015700

NLIBE=-NLIBE 00015710

PRINT 9000 00015720

FORMAT({1HO*WILL READ TAPE GENERATED BY CASDAR') 00015730

N1=4-NLIDE 00015740

READ 9001, THERMy RES,FAST, ERRyNMOyNDAY ,NYR ¢ MPCTAB, INPT, IR 00015750

PRINT 9005, NMOy NDAY 4 NYR 00015760

PRINT 9006 00015770

PRINT 9007 00015780

PRINT 9uC8 00015790

PRINT 9L09 00015800

PRINT 9310 00015810

PRINT 9013 00015820

PRINT 9014 00015830

00015840

THERM = RATIO OF THERMAL FLUX TO TOTAL FLUX 00015850

RES = RATIO OF RESONANCE FLUX TO TOTAL FLUX 00015860

FAST = RATIO OF FAST FLUX TO TOTAL FLUX 00015870

ERR = TRUNCATION ERROR LIMIT 00015880

00015890
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READ DATA FOR LIGHT ELEMENTS

K=5% (NLIBE-1)

DO 30 Kl=1,5

K2=K+K1

NSORS{K1)=MSRSIK2)

PRINT 5018, THERM,RESs;FAST,{NSORSIK) yK=1,5),NLIBE

1=0

NUTAPE=0

I=1+1 ‘

READ(8,9034,END=26GINUCLI 1) 4DLAM, TUsFBL,FP,FP1,FT,FA,FSF,

QUI)4FGUT),ABUND(T),WMPC(1),AMPC(T)

IF(IGWC.GT.0) GO TD 70

DO 60 N=1,NLTBE

READ(8,9035) SIGTH,FNG1,FNA,FNP,RITHsFINA,FINP, SIGMEV,FN2N1,FFNA,
FENP, IT

GO TO 90

DD 80 N=1,NLTBC

READ(8,9040) SIGTH,FNGL,FNA,FNPyRITH,FINA,FINP,SIGMEV,FN2NL,FFNA,
FFNP,IT

[F(N1.EC.0} GO TO 110

DO 100 N=1.nl

READ(8,9036) SKIP

IF(IT.EQ.0) GO TO 50

M=0

CALL HALF(Al,1U)

NUCL 1=NUCL (1)

IF(NUCLI.EQ.N} GO TO 260

CALL NCAH{NUCLI,HAVE)

IF{MOB(I-1,50) .EQ. O} PRINT 9012, {TITLE (N),N=1,18"

IF{MOC(I~1,50) .EQ. O) PRINT 9016

SIGTH=THERM%SIGTH

RITH=RES*RITH

SIGMEV=FAST*SIGMEV

SIGNA=SIGTHXFNA+RITH*FINA+SIGMEV*FFNA

SIGUP=STSTH*FNP+RI TH*F [NP+SIGMEVXFFNP

FNG=1,0-FNA=FNP

IF(FNG.LT.1.0E~4)FNG=0.

FING=1.0-FINA-FINP

IF(FING.LT.1,0E-4)FING=0.

FN2N=1,0-FFNA=FFNP

IF(FN2N.LT.1.0E=4)FN2N=04

SIGNG=SIGTHEFNG+R I THEF ING

SIGNZN=SIGMEV*FN2ZN

PRINT 9033, NAME, DLAM,FB14FP,FP1,FT,FAsSIGNG,

FNG1y SIGNZNyFN2N1+SIGNA,SIGNP,Q(1),FG(I),ABUNDIT)
TEST RADIDACTIVITY

IF(AlL.LELERR) GO TO 180
ABETA=1.0

TEST POSITRON EMISSION

IFIFP LT. ERR) GO TO 150
M=M+1

COEFF(M,[)=FP*al

NPROD (M, [)=N1ICLI-10000
ABETA=ABETA-FP

TEST POSITRON EMISSION TO EXCITED STATE OF PRODUCT NUCLIDE

00015900
00015910
00015920
00015930
00015940
00015950
00015960
00015970
00015980
00015990
00016000
00016010
00016020
00016030
00016040
00016050
00016060
00016070
00016080
00016090
00016100
00016110
06016120
00016130
00016140
00016150
00016160
00016170
00016180
00016190
00016200
00016210
00016220
00016230
00016240
00016250
00016260
00016270
00616280
00016290
00016300
00016310
00016320
00016330
00016340
00016350
00016360
00016370
00016380
00016390
00016400
00016410
00016420
00016430
00016440
00016450
00016460
00016470
00016480
00016490
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1145,
1146,
1147,
1148,
1149,
115C.
1151.
1152,
1153,
1154,
1155.
1156,
1157.
1158,
1159,
1160.
1161,
1162.
1163,
1164,
1165.
1166,
1167.
1168.
1169,
117G.
1171,
1172,
1173,
1174,
1175,
1176,
1177.
1178.
1179,
1180,
1i81.
1182.
1183,
1184,
1185,
11f6.
1187.
118%.
1189,
1190.
1191.
1192.
1193,
1194,
1195.
1196.
1197.
1198,
ttag.
12¢¢.
12C1.
12¢2.
t2c3.
12C4.

e NeNe]

[aNeRel

[aNeXal [a N e Xl

[a X e X el

150

160

170

180

190

200

IF(FP1l .LT. ERR) GO TO 150

M=M+ 1

COEFF(MyI)=FPL1%COEFF(M=-1,1)
NPROD{M, I )=NPROD(M-1,1)+1
COEFFIM=-1,1)=COEFF(M=-1,1)-COEFF(M, 1)

TEST ISOMERIC TRANSITICN

IFIFT JLT.ERR) GO TO 160
M=M+1

COEFFIM,1)=FT#Al
NPROD (M, 1)=NUCLT
ABETA=ABETA-FT

TEST ALPHA EMISSION

IF(FA .LT. ERR) GO TO 170
M=Me]

COEFFIM, [ )=FA%AL

NPROD (M I)=NUCLI-2C040
pM=Me]

COEFF(M, 1)=CNEFF(M-1,1)
NPRUD(M,11=20040
ABETA=ABETA-FA

TEST NEGATRON EMISSION

IF{ABETA.LT.1.E~-4} GO TO 180
M=M¢ ]

COEFF{M, [)=ARETAX*A]
NPROD(M,1}=NyUCLI+1CO00

TEST NEGATROM EMISSION TO EXCITED STATE OF PRODUCT NUCLIDE

IF{FBl +LT. FRR)GQ TO 180

M=M+ 1

COEFF(My I )=FPL*COEFF(M=1,1)

NPROD (M, 1)=NPRUDIM=-1,1)+1
COEFF(M=1,1)=COEFF(M-1,1)}~COEFF(M,1)

COMPUTE NEUTRON CAPTURE CROSS SECTIONS IN THREE REGIONS

KAP{[)=M

DO 190 KI=1,6

CAPT(KI) =0.0

CAPT(1)=S1IGNA

CAPT(2)=SIGNP
CAPT(4)=SIGNG*FNG1
CAPT(3)=SICNG-CAPT(4)

CAPT (6 )1=STGN2N%XFN2N1
CAPT({5)=SIGN2N~CAPT({6)
TOCAP{I1}=0.C

TOTAL NEUTRCM CROSS SECTION FOR NUCLIDE(I)
00 220 K=1,6

CAPKI=CAPT(K)
IF{CAPKI.LT.ERR) GO TO 220
M=+l

NPKOD (M, [ )=NUCLTI+NUCAL(K)
COEFF (M, 1 )=CAPKI

00016500
00016510
00016520
00016530
00016540
00016550
00016560
00016570
00016580
00016590
00016600
00016610
00016620
00016630
00016640
00016650
00016660
00016670
00016680
00016690
00016700
00016710
00016720
00016730
00016740
00016750
00016760
00016770
00016780
00016790
00016800
00016810
00016820
00016830
00016840
00016850
00016860
00016870
00016880
00016890
00016900
00016910
00016920
00016930
00016940
00016950
00016960
00016970
00016980
00016990
00017000
00017010
00017020
00017030
00017040
00017050
00017060
00017070
00017080
00017090
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120S5.
1206.
1207.
1208.
1209.
1210.
1211.
1212.
1213,
1214.
1215.
1216.
1217.
1218.
1219.
122¢C.
1221.
1222.
1223,
1224.
1225.
1226,
1227,
1228,
1229.
1230.
1231,
1232.
1233,
1234,
1235,
1236,
1237.
1238.
1233,
1240.
1241,
1242,
1243,
1244.
1245,
1246,
1247,
1248,
1249.
125C.
1251.
1252.
1253,
1254,
1255,
1256.
1257,
1258.
1257,
1260,
1261.
1262.
1263,

(aEalel

o000

210

220
230

240
250

260

270

280

290
300
310

320

330

340

TOCAP(1)=TOCAP(1)+CAPKI

00017100

IF(K.NE.1) GO TO 210 00017110
M=M+] 00017120
COEFF{M,1)=COEFF(M-1,41) 00017130
NPROD(M,11=20040 00017140
IF(K.NEL2) GO TO 220 00017150
M=M+] 00017160
COEFF(My1)=COEFF{M-1,1) 00017170
NPROD(M,11)=10G10 00017180
CONTINUE 00017190
IF(MOCINUCLE, 1G1.EQ.0) GO TO 250 00017200
DO 240 K=1,M 00017210
NPROD (Ko I)=NPROD(K,sI)-1 00017220
MMAX (1) =M 00017230
IF{M.GT.7) PRINT 9039, M 00017240
DIS(IN=AL 00017250
CO TO 40 00017260
ILITE = I-1 00017270
IACT=U oool7280
00C17290

READ DATA ON ACTINIDES 00017300
00017310

READ(893034,FND=45CINUCL(T)DLAM,IU,FB1,FPFP1,FT,FA,FSF, 00017320
1QUI) o FGUI) 4 DUMMY ,WMPC (T ), AMPC(IT) 00017330
DO 280 N=1,NLIBE 00017340
READ(8,9037) SIGNGyRINGsFNGL,SIGF,RIF,SIGFF,SIGN2N,FN2N1,SIGN3N,1T00017350
CONT INUE 00017360
TF{N1.EW.0) GO TO 300 00017370
DO 290 N=1,N1 00017380
READ(8,9036) SKIP 00017390
IF(IT .EQ. Q) GO TC 270 00017400
v=0 0ocl7410
NUCL I=NUCL(I) 00017420
FF{NUCLT.EQ.N) GO TO 450 00017430
DO 32GC K=1,5 00017440
IF(NUCLT.EQ.NSORSIK)) NSORS(K)I=1 00017450
CONT INUE 00017460
CALL HALF(AL,1U) 00017470
CALL NOAH{NUCLI,NAME) 00017480
SISNG=THERM*S IGNG+RLS*RING 00017490
SIGF =THERM*S[GF +RES*RIF +FAST*SIGFF 00017500
SIGNZN=STGN2N*FAST 00017510
SIGN3IN=SIGN3IN®FAST 0€017520
[FIMOD(IACT,53).£Q.0) PRINT 9012, (TITLE (N},N=1,18) 00017530
TFIMOULIACT,5N).EQ.0) PRINT 9024 00C17540
PRINT 3026, NAME, DLAM,FB1,FP,FPLl,FT,FA4FSFoSIGNG,00017550
1 FNGlySIGFySIGN2N,SIGN3N,Q(1),FGLI) 00017560
TACT=1ACT+1 00017570
00017580

TEST RADIOCACTIVITY 0Cc017590
00017600

IF(ALLLT.ERR) GO TO 380 00017610
ABETA=1.0 00017620
TEST PCSITRCN EMISSION 00017630
IF{FP LT, cRR) GO TO 350 00017640
ABETA=ABETA-FP 00017650
M=M+] 00017660
COLFF(M, [)=FP%A} 00017670
NPRUD(M,I)=NUCLI-1CNOD 00017680
POSITRC') EMISSION TO EXCITED STATE 00017690
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A

1266,
1267,
1268,
1263,
127¢C.
1271.
1272,
1273.
1274.
1275,
1276,
1277,
1278.
1279,
1280C.
1281.
1282.
1283,
1284,
1285,
1286.
1287,
12889,
1289,
129C.
1271.
1222.
1293.
1294.
1295,
12G6.
1297.
1298,
1299.
13CcC.
1301.
13C2.
13C3.
1304.
1305.
13Ce6.
1307,
1308,
1509,
131¢C.
1311.
13t2.
1313.
1314,
1315,
1316.
1317.
1318.
1319,
1320,
1321.
1322,
1523.
1424,

(2N aKgl

350

360

370

380

390

400

410

420

IFIFPY1 .LT. ERRIGO TO 350
M=M¢ )
COEFF(M,1)=FP1*COEFF(M-1,1)
NPROD{M, 1)=NPROD(Y-1,1)+1
COEFF(M=1,11=COEFF{M=1,1)-COEFF(M,1)
ISOMERIC TRANSITION

IFIFT JLTL.ER?)GO TG 360
M=M+]

COEFF(M,1)=FT%*Al
NPRNOD(M, I )=NUCLI
ABETA=ABETA-FT

ALPHA EMISSION

IF{(FA JLT.ERRIGO TO 370
M=M+]

COEFFIM, I )=FAXAL
NPROD{M,1)=NUCLI-20040

M=Me+1

COSFF (M1 )=CREFF(M=-1,1)
NPROD(M,1)=20040
ABECTA=ARETA-FA

PCTA LECAY
IF(ABLTA,LT.1.E~4) GO TO 380
M=M+]

COLFF({M,1)=ABETAXAL

NPROD (M, 1 )=NUCLI+1CO0GC
{F(FE1l .LT. FRRIGO TO 380
M=M+ ]
CUFFFI{M, [ )=CNEFF(M-1,1)%FB1
COEFF(M=1,1)=COfFF{M=1,1)=-COEFF(M,1)
NPROD(M, I)=NPROD(M=-1,1)¢1

NEUTRUN CAPTHRE CRGSS SECTIONS

KAP()=M

DO 39C K=1,6

CAPTI(K )=0.0
CAPT{2)=SIGN*FNG1
CAPT{1)=SIGNG-CAPT(2)

CAPT (4)=SIGN2N*FN2NL
CAPT(3)=SIGN2N-CAPT(4)
FISS(IACT)=SIGF
TOCAP{1)=0.0

DO 410 K=1,4

CAPKI=CAPT(K)
IF(CAPKILLT.FRR) GO TO 410
M=M+1
TOCAP(1)=TOCAP({I})+CAPK]
COEFF{¥,1)=CAPKI
NPROD{(M,1)=NUCLI+NUCAL(K+2)
CONT INUE
TOCAP(1)=TOCAP(I)+FISS(IACT)
N-3N CROSS SFCTION
Al7=SIGN3N

IF(ALT.LT.ERR) GO TO 420
p=rel

COEFF{M ,I)= Al7

NPRODIM  ,1)= NUCLI-20
TCCAP(I)=TOCAPLI)+ALTY
[FIMOGINUCLL,10).EC.0) GO TO 440
B0 430 K=1,¥

00017700
00017710
00017720
00017730
00017740
00017750
00017760
00017770
00017780
00CL7790
00017800
00017810
00017820
06017830
00017840
00017850
00017860
00017870
00017880
00017890
00017900
00017910
00017920
00017930
00017940
00017950
00017960
00017970
00017980
€0017990
00018000
00018010
00018020
00018030
00018040
00018050
00018060
00018070
00018080
00018090
00018100
00018110
00018120
00018130
00018140
00018150
00018160
00018170
00018180
00018190
00018200
00018210
00018220
000182130
00018240
00018250
00018260
06018270
00018280
00018290
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1325,
1326,
1327.
1328,
1329,
1330,
1331,
1332,
1133,
1334,
1335,
133¢.
1337.
1538,
1339,
1349,
1541,
1342,
1343,
1144,
1345,
1346,
1347,
1348,
1349.
1457,
1351,
1452,
1353,
1354,
1355,
1356.
1357,
1258,
1359,
1360.
1361,
1362.
1363.
1164,
1365.
1366,
1367.
1368,
1369.
137¢.
1371,
1372,
1373,
1374,
1375,
1376,
1377.
1378,
1373,
1380.
1381.
1382,

138
'@

430
440

450

460

[z EnN el

470

480

490
500
510

520

530

540

oo

550

560

570

NPRODI{K,I)=NPROD(K,1)-1

MMAX (1) =M

IF{(M.,GT.7) PRINT 9039, M
SPONF(IACT)=FSF*A1¥6.023E23
ALPHAI(TACT)=FA*A1*6.023E13%Q(1)**3,65

DIS(I)=A1
[=1+1

GO 140 270
IL=0

CO 467 K=145
TYLD(K)=0.0

READ CATA FUOR FISSION PRODUCTS

READ{(8,9034,END=690)NUCL(I) DLAM;TU,FBL4FP4FPL1¢FT+FA,FSF,
1QUI) ,FG(T) ,DUMMY ,WMPCLT) , AMPC{ 1)

DO 480 N=1,NLIBE

READ(8,9038) SIGNG RING,FNGL,Y,IT

IFIN1.EQ.D) 6O TO 500

DO 493 N=1,N1

READ(B,9036) SK1P

IF(IT .EQ. J) GO TO 470

M=0

CALL HALF(Al,IU)

NUGL I=NUCL (1)

IFINUCLI.EQ.N) GO TO 690

CALL NOAH(NUCLI ,iNAME)

IF(MOC(IL,5C).EQ. C) PRINT 9012, {TITLE (N),N=1,18)
SIGNG=THEIM*S IGNG+RES*RING

IF(NLIBL.EW.3) GO TO 540

IF(MGOL IL v50).EQ.0) PRINT 9019

PRINT 9021, NAME, DLAM FBL,FP,FP1FT,SIGNG,
1 FNGLY,001),FGLD)

GO 70 550

IF(MOD(IL,50).EQ.Q) PRINT 9020

PRINT 9022, NAME DLAMyFBl2FPsFPLlsFT,SIGNGsFNG1,
1 Y(2),Y(4),Y(5),QU1),FGLI)

TEST RACIDACTIVITY

IF(Al.LT.ERR} GO TO 600
ABETA=1.G

POSITRCN EMISSION

A3=FP

IF{(A3.,LT.ERR)Y GO TO 570
ABETA=ABETA-A3

APLl=A3%FP1

AP=A3-AP1

IF{AP.LT.ERR) GO TO 560
M=M¢ |

COEFF(M,1)=AP%Al
NPROD(M,I)=NUCLI-10000
IF{APL.LTL,ERR) GO TO 570
Mz=M+]

COEFF(M,11=AP1%A}
NPROGI(M, I 1=NUCLTI=-9999
ISUMERIC TRANSITION

IF(FT .LT. SRR} GO TO 580
M=Ae]

COEFF{M,I)=FT*Al

00018300
00018310
00018320
00018330
00018340
00018350
00018360
00018370
00018380
00018390
00018400
00018410
00018420
00018430
00018440
00018450
€0018460
00018470
00018480
00018490
00018500
00018510
00018520
00018530
00018540
00018550
Q0018560
00018570
00018580
00018590
00018600
00018610
00018620
00018630
00018640
00018650
00018660
00018670
00018680
00018690
00018700
oocie710
00018720
00018730
00018740
00018750
0C018760
00018770
00018780
00018790
00018800
00018810
00018820
00018830
006018840
00018850
00018860
0col18870
ooolredso
00018890
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23864
1387,
1388,
13389,
139C.
1391,
1392,
1393.
1594,
1395,
1396.
1397,
1,98,
1399.
14C0.
14C1.
1402,
14C3,
1404,
14C5.,
1406,
1407,
14C8,
1409.
1410,
1e¢ll.
1412,
1413,
lalé.,
1415,
1416,
1417,
1418,
1419,
1420,
1421,
1422,
1423,
1424,
1425.
1426,
1427,
1(0280
1429,
143¢C,
1431,
1432,
1433,
1434,
1435,
1436,
1437,
1438,
1439,
144C,
1441,
1442,
1443,
1444,

e XaNaXel

[aNaXgl

[aXaXal

580

590

600

610

620
630

640
650

660
670

680

690

700

O

NPROD (M, I)=NUCL!
ABETA=ABETA-FT

NEGATRCN EMISSION
IF(ABETA.LT.1.0E-4) GO TO 600
A2=FH81l

ABL=ABLCTA%*A2

AB=ACETA-AHL
IF(Ab.LT.l.E~4) GO TO 590
M=r4]

COEFF(M,1)=AR%*A]

NPROD(M, 1)=NUCLTI+1C000
IF(ABL.LT.1.E-6) GC TO 600
M=pe+ |

COEFF{M,1)=ARL%*A]

NPROD (M, ])=NUCLI+1C001

NEUTRON CAPTYRE CRGSS SECTIONS FOR FISSION PRODUCTS USING THREE
REGICN APPRCGXIMATICN

KAP(I[)=M

CO 610 K=1,46

CAPT(K)=0.0
CAPT(2)=SIGNG*FNG1
CAPT(1)=SIGNG-CAPT (2]}
TOCAP(I1=0.0

DO 620 K=1,2

CAPKI=CAPT(K)
IFICAPKI.LT.ERR) GO TO 620
p=Mel
TOCAP(I)=TOCAP(1)+CAPKI]
COCFF({M, [}=CAPKI

NPROD (M, I)=NUCLT+NUCAL (K+2)
CONT I Wt
[F{MOC(NUCLI,10).EC.0) GO TO 650
CO 640 K=1,M

NPROD (K, I)=HPRODI(K,1)-1
IL=1L+1

CO 660 J=1,5

YJ4=Y{4)1*0.010
TYLDUJY=TYLLULII+YY
YIELDES, L) =YY
ITFINLIBE.EQ.1.OR.NLIBELEQ.4) GO TO 680
IFINLIBELFQe3) YIELDI(1,IL)=Y]
YIELD(3,IL)=YJ

MMAX(1)=M

IF{M.GT.T) PRINT 9039, M
CIS(1)=Al

[=1+1

GO TO 470

IFP=1L

ALL DATA ON NUCLIDES HAS BEEN READ, BEGIN TO COMPUTE MATRIX COEFF

ITOT=1-1
FIND PRCODUCT NUCLICES FOR REACTIONS OF LIGHT ELEMENTS
NON=0

DO 70C K=1,170T7
NONC (K) =0

00018900
00018910
00018920
00018930
00018940
00018350
00018960
00018970
00018980
00018990
000619060
00019010
00C13020
00019030
00019040
00019050
00019060
00019070
n0019080
00013090
00019100
00019110
00019120
00019130
0C019140
00019150
00019160
00019170
00019180
00019190
00019200
00019210
00019220
00019230
00019240
00019250
00C19260
00019270
00019280
000619290
00019300
00C19310
00019320
00019330
00019340
00019350
00019360
00019370
00019380
06019390
00019400
00019410
00019420
00019430
00019440
00019450
00019460
00019470
00019480
00019490
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1445,
1446,
1447,
1448,
1449,
145C.,
1451,
1452,
1453,
1454,
1455,
1456,
1457,
1458,
1459,
1460,
1461,
1462,
1463,
1464,
1465,
1466,
1467,
1468,
1469.
1479,
1471,
1472.
1473,
1474,
1474,
1476.
1477,
1479,
1479,
14°C.
1481,
1482.
1483,
1484,
1485,
1486,
1427,
1488,
1489,
14490,
1491,
1492,
1493,
1494,
1495,
1496.
1497,
1494,
1499,
15CC.
1501.

1432,

[aNaXel

710
720

130
740
750

760

770
780

IF(ILITE.LT.1} GO TO 760
DO 750 I=1,ILITE

NUCL f=NuCL ()

CO 72C J=1,ILITE
KMAX=KAP(J)

IF{KMAX.LT.1)Y GO TO 720

DO 710 M=]1,KMAX
TFINUCLINELNPROD(M,J)) GO TO 710
NOJO(I)=NONG(T)+1

NON="UN+1

IF{NON.GT.2500) PRINT 9041,
A{NONY=COEFF(M,J)

JT=J

LOCINUND=JT

CNTINYC

CONTINUE

KD(I)=N3NO(])

00 TaC J=1,ILITE
Kl=KAP(J)}+l

KMAX=MMAX(J)

IF(KMAX.LT.K1} GO TO 740
00 T30 M=Kl KMAX
TF(NUCLI.NE.MPRODIM,J)) GO TO 730
NONG{[)=NONG( ) +]

NOv=NINE]

IF (M0 CT.25M0) PRINT 9041,
ALNON)=COFFF(MyJ)

JT=J

LOC{NCN)Y=JT

CUNTINUE

COLTINUE

CONT INUE

NON,NUCL(T)

NON.NUCLLT)

NG04 ZERQ MATRIX ELCMENTS FOR THE ACTINIDES

IF(TACT.LT 1) GO TO 820
I0=1L1TE+1

[1=TLITC+1ACT

CO 810 I=10,11

NUCLI=NuUCLI(I)

B0 780G J=10,11

MAX=KAP(J)

IF(MAX.LT.1)} GO TO 780

00 770 M=1,MAX
IF(NUCLI.NELNPROD(M,J)) GO TO 770
NONO(TI=NONULT ) +)

NO=NUJ+L

IFINGI.GT.2500) PRINT 9041,
A(NON)=COEFF{MyJ)

4T7=J

LOCINON)=JT

CONT INUE

CONTINUE

KO(13=NONOLT)

CO 830 J=10,11

Ml=KAP(J)+1

M2 =MMAX{J)

[F{M2.LT.ML) GO TO 8130

CO 790 t=M1,M2
IF(NUCLIWNEJNPRODIM,J)) GO TO 790

NON,NUCL(T)

00019500
00019510
00019520
00019530
00019540
00019550
00019560
00019570
00019580
00C19590
00019600
00019610
00019620
00019630
00019640
06019650
00019660
00019670
0oou19680
00019690
00019700
00019710
006019720
00019730
00019740
00019750
00019760
000197170
00019780
00019790
00019800
00019810
00019820
00019830
00019840
00019850
00019860
00019870
00019880
00019890
00019900
000198910
00019920
00019930
00019940
00019950
00019960
00019970
00019980
00019990
00020000
00020010
00020020
00020030
00020040
00020050
00020060
a0Q20070
00020080
000620090




£2=)

e

1506,
1507,
1508,
1509.
151C,
1511,
1512,
1513,
1>l14.
1515,
1>16.
1517,
1518,
1->19.
1528,
1521,
1222,
1523,
1524,
1925,
1926
1527.
1528,
129,
1539,
13131,
1532.
1533,
1534,
1235,
1,36,
1537,
1538,
1539,
1947,
1541,
1942,
1543,
1544,
1545.
1546,
1547,
1548,
1549,
1550.
'551.
1v52,
15513,
1554,
159%.
1556.
1557,
15583,
1559,
1560,
1961,
1,62,
1563,
1264,

aooon

790
800
810

820

830
840

850
860

870

NONO{I)}=NONO{I)+1

NON=NON+1

IF(NONLGT.2500) PRINT 9041,
A{NON)=COEFF{M,J)

Jr=J

LOCINON) =JT

CONTINUE

CONTINUE

CONTINUL

NON,NUCL T}

MATRIX ELEMENTS FOR FISSION PRODUCTS

IF(IFP.LT.1) GO TC 900
IM=ILITE+IACT

[0=1M+1

[F{ITCT.LT.I0) GO TO 900

CO £80 I=10,170T

NUCL I=NuCL (1)
12=MAX0(IC,1-10)
[3=MINO(ITOT,I+10)

LO B840 JU=12,13

KMAX=KAP( })

IF(KMAX.LT.1} GO TO 840

DO 832 M=1,KMAX
IF(NUCLIJHNELNPRODIM,J)) GO TO 830
NANO (L) =NONu (1) +1

NON=NCN+]

IF(HIGNGTL2500)  PRINT 9041,
A(NONY=COCFF (M)

JT=J

LOC (NLNY=JT

COITINUC

CONT INUL

KO(1}=NONOI(L)

0O 86y J=12,13

K1=KAP(J)+1

KMAX=MMAX(J)

IF(KMAX.LT.KY)} GO TO 860

0O B850 M=K1,KMAX

TF{NUCLT WHNeNPRODIVM,J)Y)Y GO TO 850
NOIN{1)=NONu(TI)+1

NO 1=NGN+L

[FINLNGGT.2500) PRINT 9041,
A(NONY=COFFF(M,J)

JT=J

LOCINON) =JT

CONT INUE

CONT INUE

IF(TACT.LT.1) GO TO 880

DO 370 K=1l,5

IL=1-1IM
IF(YIELD(K,IL).LTLERR) GO TO 870
NON=NCN+1

IFINUVL.GT.25N0) PRINT 39041,
NOIC(TIY=NONO(T)+1
KK=MSOS (K}

LOCTHUN) =KK

KF=KK-ILITE

ANON)=YTFLO(K, TL)Y*FISS(KF)
CO T INUE

NON,NUCLI(T)

NON,NUCLI(TI)

NON,NUCL (1)

00020100
00020110
00020120
00020130
00020140
00020150
00020160
00020170
00020180
00020190
00020200
00020210
00020220
00020230
00020240
00020250
00020260
00020270
000202890
00020290
00020300
00020310
00020320
00020330
00020340
00020350
00020360
00620370
000201380
00020390
00020400
00020410
00020420
00020430
00020440
00020450
00020460
00( 20470
00020480
00020490
00020500
00020510
00020520
00020530
00020540
00020550
00020560
00020570
00020580
00020590
00020600
00020610
00020620
00020630
00020640
00020650
00020660
00020670
00020680
00020690



8¢-)

1565.
1566.
1567.
1568,
196G.
15795
I>71.
1572.
1573,
1574,
1575,
1576.
177,
iu79,.
1579,
198C.
1581.
1582,
1583,
19284,
1585,
1586.
1%87.
1588,
1589,
1%9%.
1591,
1u32.
1593,
1594,
159,
15%6.
1597,
1598,
1993,
1600,
1001,
1602.
1603,
1604,
1605,
16C6.
loG7.
1408,
1609.
161C.
loll.
l612.
1613,
lola.
l6lb.
1616,
1617,
1618,
16119,
1620,
1621,
1o22.
1623,

AOOOOO00O0

[aXaX el

880 CONTINUE 00020700
IFUIFP.LE.O) GO TO 900 00020710
IFI(NLIBE.NE.3) GO TO 890 00020720
PRINT 9027, TYLD(2)TYLD(4),TYLD(S]) 00020730
GO T0 960 00020740

890 PRINT 9040, (TYLD(1)¢I=1,5]) 00020750

00020760
ALL MATRIX ELEMENTS ARE NOW COMPUTED 00020770
BEGIN TRAMNSIENT SOLUTION 00020780
00020790
00020800
TEMPORARILY WRITE CUT MATRIX ELEMENTS 00020810
00020820

900 IF(IR .EQ. O) RETURN 00020830
PRINT 5029 00020840
N=0 000208%0
0O 91C 1=1,I70T 00020860
NUM=NOND (1) 00020870
IF(NUM.LE.D) GO TG 910 00020880
N1=N+NUM 00020890
N=N+1 00020900
PRINT 9028, 1.DIS (I1),TOCAP(I), (ALK} LOCIK),K=N,N1) 00020910
N=N1 00020920

910 CONTINUE 60020930
RETURN 00020940

320 STOP 00020950

00020960

FORMATS FORMATS FORMATS FORMATS 00020970
00020980

9001 FORMAT(4F10.5,612) 00020990
9002 FORMAT{16,F543411,5F3.34E542,F3.3, 13X4E5.2+F3.3,2E5.200021000
1 1F4.34F3.3,F6,4) 00021010
9003 FORMAT(16,F9¢3,1143X44F3.342E5.2,F3.3,5E5.29F443,F3.3) 00021020
9C04 FORMATI(I6,FS5.3,11,5F3.3,205424F3.3,4E5.2,F3.3,F4.3,F3.3,2E5.2) 00021030

9005 FORMAT(1H1,43X, *NUCLEAR TRANSMUTATION OATA REVISED *¢12+%/%,12,°00021040

1/%,12,/,'0MUCL = NUCLICE = 10000 * ATOMIC NO + 10 * MASS NO + ISOM0G0O21050
2CRIC STATE (N OR 1)*,10X,"OLAM = DECAY CONSTANT (L1/SEC).',/,* FB, 00021060
3FPy FA, FT = FRACTIONAL DECAY BY BETA, POSITRON (OR ELECTRON CAPTUDOC21070
4RE), ALPHA, INTCRNAL TRANSITION. FB = 1 - FP - FA - FT*'/,"* FB1,00021080
S FPly FIGL, FN2NL = FRACTICN COF BETA, PUSITRON, N-GAMMA, N-2N TRANC(GO021090
6SITIONS TO UIXCITED STATE OF PRCDUCT NUCLIDE®*,/,* SIGTHe SIGNG, SIGONG21100
TFy SIGHA, SIANP = THERMAL CROSS SECTIONS (BARNS) FOR ABSORPTION, NOOO2I1110
8-GAMMA, FISSION, N-ALPHA, N-PROTON.') 00021120

9006 FOIMAT(® SIGNG = SIGTH % (1 - FNA ~FNPY.  SIGNA = SIGTH * FNA., 00021130

1SIGHP = SIGTH ¥ FNP.  FNA, FNP = FRACTION THERMAL N-ALPHA, N-PROTOO00G21140
2Net /st RITHy, RING, RIF, RINA, RINP = RUSUNANCE INTFGRAL FNR ABSOROC0C21150
3PTION, N-GAMYA, FISSICNy N-ALPHA, N-PKOTON,'4/,? RING = RITH * (00021160
41 = FINA - FINP). RINA = RITH * FINA. RINP = RITH * FINP. FINA, FO0021170
SINP = FRACTINN RESCNANCE N=-ALPHA, N-PROTOM,*,/,* SIGMEV, SIGFF, SI100021180
6GN2N,y SIGNAF, SIGNPF = FAST CROSS StCTIONS (BARNS) FOR ABSORPTION,0N0021190
TFISSIUN, N-2Ny N=ALPHA, N-PROTCN.' /4" SIGN2N = SIGMEV ¥ (1 - FF00021200
BNA - FFNP). SIGNAF = SIGMEV * FFNA. SIGNPF = SIGMEV * FFNP. FFNO0O0O21210
9Ay FFNP = FRACTIOUN FAST N-ALPHA, N-P.?') 00021220

9007 FORMATI(' Y23, Y25, YN2, Y28, Y49 = FISSION YIELD (PCRCENT) FROM 2300021230

13-U, 235-U, 232-TH, 238-U, 239- PU.*y/4* Q = HFAT PCR DISINTEGRATIO0021240
2CN. FG = FRACTION OF HFAT IN GAMMAS OF ENERGY GREATER THAN 0.2 MEOD021250
IVate/ 9?0 EFFECTIVE CRISS SECTIONS FOR A VOLUME AVERAGED THERMAL (LJ0021260
4T 0.876 EV) FLUX ARE AS FOLLOWS.' /4! N-GAMMA - SIGNG *» THERM0OOO21270
5 ¢ RIMG % RESW* /" FISSIGN - SIGF * THERM + RIF * RES + SIGF00021280
6F * FAST.*,10X,'THIRM = 1/V CORRECTION FOR THFRMAL SPECTRUM AND T:00021290




62-J

1627.
1628.
1629.
1630,
1631,
1632,
1633,
1634,
1635.
1636.
1637,
1638,
1639.
164C,
1641,
1642,
1643,
lv64.
1645,
1646.
1647,
1648,
1649.
165C.
1651.
1652,
1653,
1654,
14655,
1656,
1657,
1658,
1659.
1669,
1661
1662.
1663,
1664,
1665,
1666,
1667,
1668.
1669,
1670,
1671,
1672,
1673,
1674,
1675.
1676'
1677.
1678,
1675,
1680.
1681.
1682,
1683,
1684,

TMPERATURE s/ " N=2N ~ SIGN2N * FAST.',36X,'RES = RATIO 00021300
80F RESCNANCE FLUX PER LETHARGY UNIT TO THERMAL FLUX.') 00021310
9008 FORMAT(' M-ALPHA - SIGNA * THERM + RINA * RES + SIGNAF * FAST00021320
1ot 37Xy *FAST = 1.45 % RATIO OF FAST (GT 1.G MEV) TO THERMAL FLUX '00021330
2/ N-PROTON - SIGNP * THERM + RINP * RES + SIGNPF * FAST.') 00021340
9009 FORMAT(1HO,59X,*REFERENCES*,/,"* HALF LIVES, DECAY SCHEMES, AND 00021350
1THERMAL POWZR*,/,* C M LEDERER, J M HULLANDER, AND I PERLMAN '*TAB00021360
2LE OF [SOTOPES - SIXTH EDITION®*® JOHN WILEY AND SONS, INC (1967)',00021370
3/, 8 S DZHELEPOV AND L K PEKER *'DECAY SCHEMES OF RADIOACTIVE NUC00021380
4LEIYY PZRGAMMGN PRESS (19611',/,* D T GOLDMAN AND JAMES R ROSSER '00021390
S*CHART OF THE NUCLIDES®* NINTH EDITION GENERAL ELECTRIC CO (JULY 000621400
61966)%,/,' £ D ARNOLD *'PROGRAM SPECTRA'®* APPENDIX A OF ORNL-3576 00021410
TLAPRIL 1964)') 00621420
9010 FORMAT(! CROSS SECTIONS AND FLUX SPECTRA®*,/,' B E PRINCE ‘'°'NEUTO0C21430
IRON REACTION RATES IN THE MSRE SPECTRUM*' ORNL-4119, PP 79-83 (JULO0021440
2Y 1967)*%/s* B E PRINCE ''WEUTRON ENERGY SPECTRA IN MSRE AND MSBR*C0021450
3¢ JRNL=-4191, PP 50-58 (DEC 1967)'s/,' M D GOLOBERG ET AL **NEUTRONCOC21460
4 T0OSS SECTINNS'® [CNL-325, SLCCND ED, SUPP NO 2 (MAY 1964 - AUG 1900021470
5466) ALSC EARLIER ECITICNS'y/,* H T KERR, UNPUBLISHED ERC COMPILATIOCC21480
60N (FEB 1968)',/,* M K DRAKE **A COMPILATION OF RESONANCE INTEGRALOC021490
7S¢* NUCLEGNICS, VvOL 24, NU 8, PP 108-111 (AUG 1966)*,/,* BNWL STAF00021500
BF **INVESTICATION CF N-2N CROSS SECTIONS®'' BNWC-98, PP 44-98 (JUNENOC21510

3 1365)") 00021520
9011 FORMAT(18A4,13) 00021530
9012 FORMAT{1H1,20X,18A4) 00021540

9013 FORMAT(' H ALTER AND C E WEBER f*PRODUCTION OF H AND HE IN METALS 00021550
1DURING REACTOR IRRADIATION'®t J NUYCL MATLS, vOL 16, PP 68-73 (1965)00021560
2'y/y* L L BENNETT **RCCOMMENDED FISSION PRODUCT CHAINS FOR USE IN 00C21570
3REACTUR EVALUATION STUDIES®** ORNL-TM-1658 (SEPT 1966)*) 00021580

9014 FORMAT(! FISSION PRODUCT YIELDS'y/o* M E MEEK AND B F RIDER, **00021590
1SUMMARY OF FISSION PRODUCT YIELDS FOR U-235, U-238, PU-239, AND PUOD021600
2-241 AT THERMAL, FISSION SPECTRUM AND'/! 14 MLV NECUTRON ENERGI00021610
3ES'! APED-5378-A(REV.),(0OCT, 1968)1/¢ S KATCOFF ** FISSICN PRODUCTN0N021620
4YIELCS FROM NEUTRON INOUCED FISSION'* NUCLEONICS, VOL 18, NO 11, 00021630
5{NOV 1960)*/' N 0 CUDEY ' REVIEW OF LOW-MASS ATOM PRODUCTION IN F00G21640
6AST REACTORS'' ANL~T434,(APRIL 1968) ') 00021650

9015 FORMAT(LHN 20X, *LIGHT ELEMENTS, MATERIALS OF CONSTRUCTION, AND ACT00021660
LIVATIUN PROUODUCTS *4/,'0 HUCL DLAM FBl FP FP1 FT FO0021670
2A SIGTH FNG1 FNA FNP RITH FINA FINP SIGMEV FN2N100021680
3 FFNA FFNP Q FG*) 00021690

9016 FORMAT(LHO,20X,*'LIGHT ELEMENTS, MATERIALS OF CONSTRUCTION, AND ACT00021700
LIVATIOGN PRODUCTS  *,/,'0 NUCL OLAM FB81 Fe FP1 FT F0O0021710

2A SIGNG FNG1 STGN2N FN2N1.  SIGNA SIGNP Q FG ABUNOO21720
3NDANLCE") 00021730
9017 FORMAT(LH »A2,13,A1,1PE9.2,0P5F6.3,1PE9.2,0P3F6.3,1PE9.2,0P2F6.3, 00021740
11PE9,2,0P4F6.340PF5.2) 00021750
9018 FORMATILHO,LNXy "THERM= 'F1l0.5,5X, 'RES= 'F10.5,5Xs*FAST= ?'F10.5 00021760
1774 1Xs *NEUTRON SOURCE= *S5{110,5X)5Xy*NLIBE= *13) 00021770
9019 FORMAT(L1HO,36X,'FISSION PRODUCTS®,/,'0 NUCL DLAM F8l Fp 00021780
1 FP1 FT SIGNG *, ' FNG1 Y23 Y25 Y02 Y00021790
228 Y43 Q FG*) 00021800
9020 FORMAT(1HO,36X,'FISSION PRODUCTS*+/,'0 NUCL DLAM F8l FpP 00021810
1 FP1 FT SIGNG FNG1 Y25 Y28 Y49 Q FG') 00021820
9021 FORMAT(1H +A2,13,A1,1PE?.2,0P4F6.3y 1PE9.2,0PF6.3,1P5€9.2, 00021830
10P2F6.3) 00021840
9022 FORMAT(IH »A?2,13,A1,1PE9.2,0P4F6.3,1PEF.2,0PF6.3,1P3E9.2,0P2F6.3) 00021850
9023 FORMAT(1HO,32X, *ACTINIDES AND THEIR DAUGHTERS',// 00021860
1Y NUCL DLAM FBl FP FP1 FT FA FSF E+6 SIGNG R0O0O0D21870
2ING FNGL SIGF RIF SIGFF SIGN2N SIGN3N Q FG*10C021880

9024 FORMAT(1HOs 32X, TACTINIDES AND THEIR DAUGHTERS',// 00021890
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1685, 1*  NUCL DLAM FBl FP FP1 FT FA FSF E+6 SIGNG F00021900

1686, 2NG21 SIGF SIGNZN SIGN3N Q FG*) 00021910
1687. 9025 FORMATI(1H ,A2,13,A1,1PE9.2,0P5F6.346PF6.1,1P2E9.2,0PF6.3,1P5E9.2, 00021920
1688. 1 OPF6.3,F5,2) 00021930
1689. 9026 FORMATI(1H ,A2,13,A1,1PE9.2+10P5F6.3,6PF9.1,1PEF.2,0PF6.3,1P3EJ.2, 00021940
1£9Q. 1 CPFT.3,F5.2) 00021950
1691. 9027 FORMAT{'OSUM OF YIELDS OF ALL FISSION PRODUCTS =',15X,1P3E9.2) 00021960
1692. 9028 FORMAT(I5,2Xs1PE10.343X4E10.345(2X9E10.3,3X415)7(30X,5(2X,E10.3, 00021970
1693, 1 3X,151))) 00021980
1694. 9029 FORMAT(*INQII~ZERO MATRIX ELEMENTS AND THEIR LOCATIONS®/ 00021990
1695. 1' 1 DIS(I) CAP(I) All,J) J All,J) 00022000
1696, 24 LYREND J AlI,J) J All,J) J %) 00022010
1697. 9030 FORMAT(64HOSUM OF YIELDS OF ALL FISSION PRODUCTS 00022020
1698, 1 »1P579.2) 00022030
16993, 9031 FORMAT{SI10} , 00022040
173C. 9032 FORMAT(I16,F5¢3,1145F3439E5.293F3.3,E5.2,2F3.3yE5.2,3F3.3,F4.3,F3,300022050
17C1. 1,F6.4) 00022060
1702. 9033 FORMAT{IH ,A?,13,A1,1PE9,2,0P5F6.3,1PE9.2,0PF6.3,1PE9.2,0PF6.3, 00022070
17C3. 1 1P2E9.2,0P2F643,FT.3) 00022080
1704, 9034 FURMAT(I17:F943,11,5F5.3,1PE9.2,0P2F5,3,F7.392E6.0) 00022090
1705. 9035 FORMAT(TA1FFe24375e39FFe292F5434FFe293F5.3s 5X,111} 00022100
1706. 9036 FORMAT(2GA4) 00022110
1707. G037 FORMAT(T7X,2F3429F5.3,4F9.2yF4.3,F9.2,11) 000622120 .
17C8. G038 FORMATITX92F7424F5.3,5F0.2y 4X,11) 00022130
1709, 9039 FORMAT('0O WARNING, MOUT OF RANGE IN NUDATA, =* [5) 00N22140
17106, 9040 FURMAT( TX FDe2,3F8.64F4e292F3.1,F9.243F5.345%,11) 00022150
1711, 9041 FORMAT('0 NUM HAS EXCEEDED 2500, EQUAL TO *216) 00022160
1712. END 00022170
1713. SUBROUTINE COLLECT(TMB,CWASTE, ILITE,ITOT) 00022180
1714. COMMON/EQ/XZFRO(B80C), XZHIBOO),XTEMPIBO0D) XNEW(10,800), 00022190
1715. 1 5(8C0),0(800) 00022200
1716. DIMENSION CwASTE(BCD) 00022210
1717. TF(TMBLT1) RETURN 00022220
1718, D0 10 I=1,170T 00022230
1719. BOI)=CWASTEL(T) 00022240
1720. 10 XTEMP(1)=0.0 00022250
1721, CALL DECAY(1,TMB,IT0T) 00022260
1722, CALL TERM(TMRA,1,0,ITOT) 00022270
1723. CALL EQUIL(1,ITOT) 00022280
1724, DO 20 I=1,I7T0T 00022290
1725. 20 CHASTELL)=XNEW(1,1)/TMB 00022300
1726. RETURN 00022310
1727. END 00022320
1728. SUBROUTINE STORAG(TMB,CWASTE, ILITE,ITOT) 00022330
1729. COMMON/EQ/XZFRO(30C), XZH{B800),XTEMP(800),XNEW(10,800), 00022340
173Q0. 1 3(800),C(800) 00022350
1731, DIMENSION CWASTE(ITOT) 00022360
1732, IF{TMB.LT.1) RETURN 00022370
1733. DELT=TMB 00022380
1724, DO 10 I=1,110T 00022390
1735, B(I1=0.0 00022400
1736. 10 XTEMP({I)=CWASTE(I) 00022410
1737. CALL DECAY({1,DELT,I70T) 0022420
1738. CALL TERMI{TMRB,1,ILITE,1TOT) 00022430
1733, CALL EQUIL(L,ITOT) 00022440
174C. cO 20 I=1,1T707 00022450
1741, 20 CWASTE(T}=XNFW(Ll,1) 00022460
1742. RETURN 00022470
1743, END 00022480

PRUGRAM BLOCK DATA 00022490 .
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1746,
1747,
1748,
1749,
1750.
1751.
1752.
1753,
1754,
1755,
1756,
17517,
1758.
1757,
176¢C.
1761,
1762.
1763,
1764,
1765,
1766,
1767.
1768,
1767,
177C.
1771.
1772,
1773,
1774,
1775.
1776,
17717.
1778,
1779.
1780,
1761.
1782.
1783,
1784,

10

20

BLOCK DATA 00022500
INTEGER*2 ELE(99),S5TA(2) 00022510
COMMON/LABEL/ ELELSTA 00022520

DATA ELF/' HYG'HE LIV, 'BE"," B¥'y? Cty% Nt D'," F',UNE','NA',*'M0O0D022530
1G g VAL 3 *STt,* Pt ¢ ST,0CLY,TARY " K*y*CA'*SC*,"TI%y* V', 'CR',"MND0022540
2V TFEY G PCOT NI, 'CUY YNy *GAY g *GEY,*ASY, "SE*, 'BR'y 'KR"y "RB*, *SR*00022550
3yt YO, VIR NG G PNCY ptTCY y"RUY G PRHY ,'PI? , PAGY , *CD"» *IN, "SN*,*SB',00022560
GITE )¢ 0 IR, 0CS,YRAY )P LA®y'CE"'y*PRYy*ND?, "PM?,"SM?,*EU',*GD*,*00022570

STBYy POY P HOY JPERY,PTMY,PYBY, PLUY, YHF T, " TAY, ' W', *RE','0S*,'IR*,'P00022580

ETV VAU PHU Sy T, 'P3 Y, ' By "POYy "ATY , *RN*,*FR*,*RA",*AC',*TH?*,*PAO0022590

Tog® UPyINPY,TPUS  YAMY ,ICMY ,1BK,*CFr,'ESY/ 00022600
DATA STA/Y 'm0y 00022610
END 00022620
SUBROUTINE HALF(A,I) 00022630
SUBROUTINE HALF COANVERTS HALF-LIFE TO DECAY CONSTANT (1/SEC) 00022640
DIMENSIQON C(S) 00022650
DATA C/649315E-0191.1552E-02,1.9254E-0448.0226E~0642.1965E~08,40.0,00022660

1 2.1%05E-11,2.1965E-14,2.1965E-11/ 00022670
IF(A.GT.0.0) GO TC 10 00022680
IF{l1.CQ.6) GO TO 20 00022690
A=9.99 00022700
RETURN 00022710
A=C(I)/A 00022720
RETURN 00022730
A=0.0 00022740
RETURN 00022750
END 00022760
SUBROUT INE NOAH(NUCLI,NAME) 00022770
SUBROUTINE NOAH CONVERTS SIX DIGIT IDENTIFIER TO ALPHAMERIC SYMBOL00022780
INTEGER*2 NAME(3) 00022790
INTEGER*2 ELE(99),STA{(2]) 00022800
COMMGN/LAMEL/ ELE,STA 00022810
IS=MOD{NUCLI,10}+1 00022820
NZ =NUCLI/117C090 00022830
MW=NUCLI/10-NZ 1000 00022840
NAME (1) =ELL(NZ) 00022850
NAME(2) =MW 00022860
NAME(3)=STA(IS) 00022870
RETURN 00022880
END 00022890




APPENDIX D
COMPUTER PROGRAMS FOR DOSE PARAMETERS

The following computer programs provide the NRC staff method for calculating various
parameters used in the Technical Specifications.

PARTS, a computer program to calculate technical specification dose parameters for
the iodine and particulate portions of gaseous effluents; available from the
Radiological Assessment Branch of the Nuclear Regulatory Commission, Washington,
D.C. 20555,

RABFIN, a computer program to calculate technical specification dose parameters for
the noble gas portion of gaseous effluents; available from the Radiological
Assessment Branch of the Nuclear Regulatory Commission, Washington, D.C. 20555,

LADTAP, a computer program to calculate the doses from radiocactive effluents released

to the hydrosphere; the program and a modification to calculate the technical
specification dose parameters for radionuclides in liquid effluents is available
from the Radiological Assessment Branch of the Nuclear Regulatory Commission,
Washington, D.C. 20555.

The remainder of this Appendix contains the PARTS program 1isting, and modifying the
routines to the LADTAP Code.

LADTAP MODIFICATIONS

An option has been added to the staff's code LADTAP to tabulate the A].T factors of
Section 4.3.1 of this manual. Listed below are the routines which have been modified,
the changes are indicated by the 'CHANGE 1' notation in columns 73-80.

To execute this option the standard LADTAP input is prepared with the following
departures:

1. The 50 mile population (card 3 of the LADTAP input deck) should be set
negative.
2. The release of all nuclides should be set to one Ci/yr.

Only the input data defining the ALARA determination of LADTAP is necessary. Following
the input data deck structure of Enclosure 1 to the LADTAP program, data beyond card
number 7 need not be prepared for the option.



PARTS INPUT DECK TABLE

Card

No. Format Variable Columns Description
1 20 A4 Name 1-80 Plant Title Card, Name, Docket No. and Plant Type
2 F 5.2 H 1-5 Humidity absolute (default value = 8.0 gr/m3)

F 5.2 YL 6-10 Yield of leafy vegetables for human consumption
(default value = 2.0 Kg/m?)

F 5.2 YV 11-15 Yield of produce other thapn leafy vegetables
(default value = 2.0 Kg/m¢)

F 5.2 Yp 16-20 Agricultural productivity of animal pasture feed
(default value = 0.70 Kg/m2 wet weight)

F 5.2 YC 21-25 Agricultural crop productivity of animal feed_other
than pasture grass (default value = 2.0 Kg/m? wet
weight)

F 5.2 Qc 26-30 Milk cow and beef cattle consumption rate for feed
or forage (default value = 50 Kg/day wet weight)

F 5.2 QG 31-35 Goat consumption rate for feed or forage (default
value = 6 Kg/day wet weight)

E 8.2 DOQ 41-48 Annual average relative deposition rate (D/Q),
determined for a specific g]ant airborne release
and site location (meters-¢) (Optional Use For
Reference & Information Only)

3 Il IAGE 1 Identification of Controlling Age Group (1 is Infant,
2 is Child, 3 is Teen and 4 is Adult)
I1 I0RG 2 Identification of Controlling Qrgan {1 is Thyroid,
2 is the critical organ)
6A4 ZLOC 3-26 Receptor Location identification, Name, Compass
Sector and Distance

F 5.0 GF 27-31 Fraction of yr. humans are exposed to ground surface
radiation (default value = 1.0)

F 5.0 ZIN 32-36 Annual occupancy factor for the inhalation pathway
(default value = 1.0)

F 5.0 FV 37-41 Fraction of yr. leafy vegetables are grown (default
value = 1.0)

F 5.0 FP 42-46 Fraction of yr. cows are on pasture (default
value = 1.0)

F 5.0 FG 47-51 Fraction of produce from local garden (default
value = 0.76)

F 5.0 FPF 52-56 Fraction of daily intake of cows derived from pasture
while on pasture (default value - 1.0)

F 5.0 FGT 57-61 Fraction of yr., goats are on pasture (default
value = 1.0)

F 5.0 FPG 62-66 Fraction of daily intake of goat from pasture while
on pasture (default value = 1.0)

F 5.0 FB 67-71 Fraction of yr. beef cattle are on pasture (default
value 1.0)

F 5.0 FBF 72-76 Fraction of daily intake of beef cattle derived from

pasture while on pasture (default value = 1.0)




€-a

. BLOCK DATA MLRDAY Te/Th UPTey FIN 4,Seuld

1

15

BILIWCK DATA BLKDAT

CUMMON/ELEMEN/ZTELEM(100)

INTEGERTIELEM

CUOMANINZPNPUL/PERA,PERT,PERC,US

NATA [FIFM/

TR T, PHEY VLTV, VBE '8 VL0 P, IN Y, T Y, 0F L INEY L INAY, TG, ALY,
CIST 'R ', tS N CLTTARY T LAY, TS, T, Y Y, ICRY, PMNY  TEESY,
S'C“'"N]','C',""lN','GA','GE"'As"'St','l’“','KR';'RR’,'SR','Y ',
GYZRY, VIt 0% VTCY, PRUY, YRHY, YPDY, YAGY, DY, VENY, T8N, TSBY, TTEY,
SYL Yy tXE' TCST THAY TLAT TCET, TPRY, INDY TPMY, TSHY TEGY, TGD Y, T THY,
OVDYY, VHGY L VERY,FTME  tY Bt LGV VHF, YTAY Y P TREY L1080,V IRY,'PYY,
7'All','N(;"'IL','PU"'UI',’PU"'AY','RN"'FR','RA"'AC','TH"'P“,
BYU ' NP TPUT, PAMY 1CMT, TBKY, YCF Y, TESY, YENYY

DATA PERA/O,b6/

DATA PERT/0,14/

DATA PERC/0,20/

DATA US/2.,6kt08/

END

JO/1K/778

Bl ®DAT
HLxDAY
RLKDAT
BNL UL

Bl KDAT
BLKDAT

BLADAT,

sLKAY
BLKDAT
BLKDAT
HLKRDAY
HLKDAT
BLKDAT
BLKDAT
BLKDATY
BLKDAT
BLKDAT
BLKDAT

18,160,043

€T VO S - Lo ehN

PAGE

1
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PRUGRAM LADTAP T6/76  PTs] FIM 4,S54414 10/18/78 15,106,088 PAGE 1

1 PROGKRAM LADTAP(INPUT,OQUTPUT, TAPESBINPUT, TAPEGELIUTRUT, TAPEL0) (SN Wb <
COHAMIN GCRUU) s PLoCFSINSUR LT RELUC2V0) LIST(20040),LCToLZ SCON,KIT LADTAR L]
+ JPUP LADTAP 4
COMMUN/PUPUL/PERA,PERT,PERC,US LADTAP Y
S DEIMEFSTON FACCF(100),FACCICLIN0) ,FACCAC100),8ACCF(100),8ACCT(100), (ADTIAP Iy
+ SACCACI00) LAD1AP !
OIMENSION TTITLEC0) HNLOY 5
DATA FACCF/ LAVLTAP o
+9,0E=U1,1,0E400,5,0b=01,2,0E¢00,72,2Le01,4,6E4058,1,5F+05,9,28=01, LADTAP v
10 Y1 O0E+01,1,0E400,1,0E402:5,0E401,1,0b401,2,%E400,1,0E405,7,%+02, LALTYAP 10
*5,0E+01,1,0E400,1,0E403,4,00401,2,00400,1,0E403,1,GE+401,2,0E+02, LADTAP 11
tAL0E+0P,1,08402,5,0E40191,0E402,5,0E401,2,0E403,3,3E+402,3,3E403, lLADT AP te
41 NE402,1,TF+02,4,PE+02,1,0E+00,2,0E+05,3,0F401,2,5E401,3,3EL+400, LADTAP 1%
FI,0E404, 100401, 1,50 4010100401, 140E+0101,0E401,2,3E400,2,0E402, LApTAP 14
19 $1,0E405,3,0E403,1,0E400,8,0E402,1,9E401,1,0E400,2,0E403%,4,0E400, LALTAR 15
Y2.9E401, 1,00400,2,5:401,2.5E401,2,5E+01,2,5E401,2,5E+401,2.5L+01, LADTAP ie
Y2 SEPU1,2,5E 401, 2,5E40112,5E+01+2,9E401,2,5€E401,2,5E+01,3,5E400, LALTAP 11
¢3,0E4UA,1,0E%03,1,2E4029140E401,1,0E408,3,0E402,3,3E+01,1,0E+40%3, LALDTAR 18
*1,0B¢404,1,00402,1,5E6+01,5,0E402,1,9E401,8,0E+00,4,0E+02,5.0E+01, LADTAR 1%
20 $2.,5E+01,3.0E+401,1,1E40192,0E400,1,0E401,3,5E400,2,5FE+01,2,5E4018, LADT AR 2v
+2,5E+01,2,58403,1,0E¢0L,1,0E+019/ LADTAR 21
DATA FACCT/ LAUTAP 2¢
+O,0E"01,1,0E400,4,0E+401,140F+401,5,0E401,9,1L403,1,5E405,9,2E=01, LADTAP 2s
1 0E+U2,1,0E400,2,0E+402,1,0E402,6,3b401,2,5E+01,2,0E+04,1,0E402, LADTAP 24
es t1,0E+02,1,0E400,B,3E+402s3,3F40291,0E+03,3,06403,3,0E+403,2,0E+03, LADTAP 2%
+9,0E+404,3,PE403,2,0E40211,08402,4,0E602,1,06L404,6,TE402,5,3E4+01, LADTAP 26
CUDEEUL 1, TE402,3,30402,1.0F400,1,0E403,1,0E¢02,1,00403,h,TE+00, LADTAP e
PI OB U2, 1 0E 4019, 0L 40023, 0B 40P 3, 0402, 5,0E402,7,TE40292,0b+GY, LALYAP 2b
L UE4US, 1 VE+03, 1, 0840191 ,0E405,5,0E400,1,0F400,1,0E402,2,08402, LADTAR 2y
3 *1o0E403, 1 ,0E403,1.0E¢0301,0E403,1,08+08,1,0E408,1,0E408,1,0L+03, LAUTAP v
FLatEe03, 1,0E403,1,0840391,0L+08,1,0E408,1,0E403,1,0E403,6,7E400, LADTAP 31
6, TE+02, 1, 0E+01,6,UE+01,3,06¢02,3,0E402¢3,0E402,5,0E¢00,1,0E+05, LADTAP 3¢
F1OE+04, 1, 00402,2,40401,2.0E40U,5,0E400,1,0E400,1,0E402,2,5E402, LADTAP 35
FHLUEPU3, 59,0402, 1,1E4020640E¢01,0,08402,1,0E40221,0E408,1,0E403, LALTAP 34
35S +1,0E+03,1,06+403,1,0E¢02,1.0E402/ LADTAP 3%
DATA FACCA/ LADTAP 3
+9,0E=01,1,0B400,3,0k400,2,0F401,2,2E400,4,6E403,1,3F404,9,2E=01, LADTAK 5
YO LOE+0U, 1 000,55, 0E402,) L UE402,4,2E402,1 3L402s5,0E405,1,0E¢02, LALTAP e
+S 001, 1,0F400,0,70+02/1.3E402,1,0E404,9,08402,1,06402,48,0E403, LADTAP 3y
49 1 0E+0U, 1 0E4U3,2.0E40295.08401,2,084038,2,0E¢04,1,7k+03,3,36401, LALY AP dy
+3,06403,1,0E403,5,08401,1,0E400,1,0E408,9,0E402,5,0E+08,1,0E403, LADTAP uy
S8, 0E+02, 1 0E+03, U 0E+01,2,0E403,7,08402,2,0E402,7,0E402+1,08403, LADTAP 4e
10009, 1,0E+02,1,5E+403,1.0E402,4,06401,1,08400,5,0E+02:5,0E402, LAVTaAP 4
O NE+UB,4,0E403,5,08403,5,0F403,5,0E4058,9,0E+03,5,0E+03,5,0E403, LALTAR 4u
45 tH,0E403,5,0E403,5,0E403,5.0E403,5,08+05,5,(6403,5,06+03,1,0E+07%, LADTAP 1
PHLOES02,1,2F403,2,4E402,2.0E402,2,08402,2,0E402938,3E001,1,0E403, LALTAP ue
1 ,0E+05,2,00402,2,4E401,2,0F+03,8,0E4¢01,1,00400,8,0E401,2,5E403, LADTAR ay
POOEPUS, 1, SE+03,1,1L403,5,0E=0193,0b4¢02,5,56402,5,0E403,5,0£403, LALTAP 1]
+5,0E+03,5,0E403,1,0e403,1,0E403/ LADTAP uy
So CATA SACCF/ Lavrap Sy
+9,0b=01,1,00400,5,0E=01,2.,0E402,2,2t=01,1,BE403,~,0E¢04,9,6E~01, LADTAP 51
+3.6E400,1,0E400,0,TE=V2,)T747E=01,1,0E401,1,06408,2,940U,1,7E+00, LADTAP Se
P13 =02, 1. 0E400, 1 1E4U1»5,0Ew01 92, 0E400p1,0B408,1, E401,4,0L402, LAUTaP 53
+5,SE402,3,0E403,1,064U2s1,0E402,6,7E+02,2,0E403,3,356402,3,3k+03, LADTAP Su
55 +3.36402,4,0E403,1,5E029140E400,8,3L+400,2,0L400,2,5E401,2,0E402, LADTAP 55
+3,0E404,1,0E40101,0E+01,3,0E+00,1,0E¢01,1,0E401,3,3L403,3,0t403, LAVTAP 196

. +1,0E405,3, 06408/ U 04001 o0E¢01 )8 0E+0R)1,0E400,4,0E401,1,0E401, LADIAP 157 .
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60
(1]
70
75
80
8%
90
95
100
105

110

PRUGRAM LADT

10
20
24

AP 16776 nPIst FIN 4,5¢014

P2 SE01, 1 08401 ,2,5E¢0122458401,2,5E¢01,2,5E401,2,5E401,°,5t+01,
$PLNE4UY, 2, SE4UT2 5E 0102 NE 40T 2,5E 40102, 5E401 2.5 401.2,00402,
+3.CE404, 3, 0E+401 )8, 8E400,1.0F401,1,0b¢01,1,00¢02,3,3E401,1,7t403,
1 0E#0U, 3, 0E402,1,5401,3,08402,1,08401,1,0E400,3,0b6n1,5,0E401,
$R BEH0 1 04080040 10840141 ,0E401,3,0b+09,2,56401,2,5E+01,
2,401 ,2,5E901,1,0E401,8,0E+08/

DATA SacCl/

Y IEw0t, 1,0E400,5,0E=01y2,0E4+02,4,UE=0]1,1,4E4+03,1,7¢+404,9,0E=01,
$3,6E400,1,08400,1,9€Ew01sT7.76201,6,0E4+01,3,3F401,8,06404,4,4E=01,
FLGAE=02,1,0E400,6,6E400r1e3F401,1,0E4+048,1,0E+08,5,0E+01,2,0E403,
YULOESU2,2,0E404,1 ,0E+03,2,5E402,1,7E403,5,0E404,6,TE+02,1,7L+04,
PRBEHO2, 1, 08403, 3, 1E+00,1e0E+00,1,7E+01,2,0E+00,1,.GE+03,4,0E+01,
1 0E+02, 1, 08401 +5, 04012 1e0FR+03,P.0E4038,2,08+403,3,3F403,7,5E4+05,
1400405, 1,0E403,5,0E400,1,0E405,5,0E401,1,0E400,2,5E+01,1,0E+07,
1 0E403,m,0E+02,1,0E405,1.0E+403,1,0E+05,1,0E403,1,0E403,1,0E+03,
1 QUE+03, 1 ,0E403,1,0E+08,1.,06+03,1,0E403,1,0E403,1,08¢03,2,08401,
1 TES0U,3,0E401,6,0E400)2.0E403,2,0L403,2,0E403,3.3E401,3,3E+04,
+1,5E¢00,1 ,0E403,2,4E401 )54 0F+U3,5,0E401,1,0E400,2,0E¢01,1,0E¢02,
1 OE+U3, 2, 0E+03, 1, 0E400,1.0E401,1,08401,2,0E402,1,08403,1,0L408,
1 0E¢03,1,0E+03,1,08401,1,0E401/

DATA SACCA/
$9,3E201,1,08400,3,0E+400,140E+03,2,2E400,1,HE403,1,0F404,9,6E=01,
FLLUEH00, 1 0E+00,9,5E201 T ,7E=01,5,0E402,6,TE+01,3,08403,4,4E-01,
4T ohE=02,1,0b400,2,6E401,)5.0F400,1,0E405,2,0E403,1,0E40n2,2,0E40%,
+5,5e¢03,7, 30402, 1,0E¢03,2,56402,1.0E403,1,0E¢03,1.7¢403,4,3t+02,
H1eTEXO3 1o 0EH0T 1 5L 40N, 140400, TE4UT,1,0E¢0 05, 0F403,1,08403,
+5,0E402,1,0E+401,4,0E+05,7,06403,2,0E405,2,0E+05,2,0k¢02,1,0E403,
H1,0E#05,1,0E402,1,56403,1,0E403,1,0E+03,1,0E400,S,0E+01,5,0E402,
P9, 0E403,6,0E402,5,0E403,50E+03,5,0E403,5,0E403,5,06403,5,CL+03,
P9 b0, 5, 0E403,5,0E403,5,08403,5,0t408,5,0E403,5,0E+403,2,0L4+03,
t1,0E+03,3,00+01,2,4E402,240F403,2,0E+08,2,0E+03,3,3E401,1,06+403,
41 0B+0S,5,UE+03,2,4L+401/+2,0E+03,4,0E+03,1,0E¢00,2,0k+01,1,0E+02,
+5,0E6403,3,0E+403,6,0E400,6,76401,06,0E400,1,06+03,5,0E+403,5,0L+03,
5. 0E+03,59,0E403,6,06401¢6,0E401/

FIIRMAT(2X,19A4,A2)

FURMAT(KFL1U,L,0Q)

FURHAT(TI0,2810,7,110)

1071871718

LALTAR
LA TAY
LALTAP
LALTAR
LAaDTAP
LALTAP
LADTAP
LADTAP
LAUTAP
LAVTAP
LA T AP
LALTAP
LADTAP
LALTAP
LADTAP
LADTAP
LADRTAP
LARTAP
LADTAP
LAUTAP
LADTAP
LADTAP
LADTAP
LADTAP
LALTAP
LALTAP
LARTAR
Lavrap
LADTAP
LALTAP
LADTAP
LADTAP
LabTAP
LapTaAP
BNLOY

LADTAP
LaptapP

25 FIRMAT(1HO0,2%, 'OISCHARGERY , 1PEB,2,' CPS')10X,'SUURCE TERM MULTIPLI LADTAP

26
27
30

28

Q2

+ERTER,2) -
FORMAT(IHO 22Xy 'FRESHWATER SITE')
FURMAT(1HO,2X, 'SALTWATER SITE')

LADTAP
LADTAP
LADTAPRP

FURMAT(1H0," SOeMILE PUPULATION®!,IPEB,2,5X,'FRACTION ==e ADULTE LAUTAP

+"OPFQ.EI/IAQ‘O'TEEN‘GER."F“QZ"'“QK"cHlLDE"F"la)
FORMAT(1H])

PL215,0

IPRNTEY

JSH=1

PEAD(S,10)ITITLE

IF(RUF(S) MELUIGOTOS00

PRINT 28

KEAD 24,1 ,0F5,uML,LCT

TF(UML,ENLU,) UMLBY,

READ 20,PUP, TR

IF(TR,67,0,) READ 20,PERA,PERT,PERC
PRINT 10,1TITLE

PRINT 25,CFS,UML

IF(POP,GT,0) PRINT 30,PUP,PERA,PERT,PERC

LapTaP
LANTAP
LADTAP
LADTAP
LADTAR
LavTapP
LADTAP
LADTAP
LADTAP
LADTAP
LADTAP
LADTAP
LADTAP
LADTAP
LADTAP

15010.063

St
Sy
6y
61
be
6
(Y]
65
66
61
&b

107

109
110
111
11¢
t1s
114
115
116

PaGe
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PRUGRAM LADTAP 167176 PImy FIN §,5¢414 10/718/78 15,106,088 PAGE 3

118§ IF(LT b U) PRINT 26 LALTAP 117
IF (LT, 6T,0) PRINT 27 LADTAP f1e

IF(JSBkw.1) CALL FEDDF(IPRNT) LAaDTAP 11y

PELENELEY] LADTAP 120

CALL PLNOP(DUSE,4) LADTAP 121

120 CALL StiyRCE(UmML) LADTAP 12¢
TF(LT,EQ,U) CALL ALAKACFACCF,FACCI,FACCA) LADTaP 123

TH(LTL,GT,0) CALL ALARA(SALLF,SACCI,S8ACCA) LALYAR 124

TF (LT FQ,0) CALL WHY(FACCF,1,1) LADTAP 174

IF(LTL,EQ.0) CALL WHY(FACLCF,1,2) LADTAP 1eo

125 IF(LT,EG,0) CALL WHY(FACCI,2,1) LADTAR 127
IR(LT,ER,0) CALL wHYCFALLL,2,2) LADTAP 120

JTFLT,6T,0) CALL WHY(SALCF,1,1) LALTAP 12%

THCLY,6T,0) CALL WHY(SACCF,1,2) LADTAP 13y

IF(LT,6T,0) CALL WHY(SACCI,2,1) LADTAP 131

130 IF(LT,67,0) CALL WHY(8ACCI,2,2) LADTAP 13e
CALL WATER LADTAP 13

CALL ACTIVE LAUTAP 134

CALL FLOWWD LADTAP 13%

IF(LT,EQ.0) CALL WHU(FACCF,FACCI,FACCA) LALTAP 136

135 IFCLT BT,0) CALL WHU(SACCF,SACCI,SACCA) LADTAP 137
CALL PLUP(DDSE,3) LADTAP 138

G T 22 LADTAP 134

500 STNP LADTAP 140

END LADTAP 141




L=Q

‘SUHHHUHNE REDDE 16716 OrIsy

10

15

20

2%

30

s

40

45

S0

SS

10
B
12
13
14
15
16
17
18
19
20
21
e2
e3
24

FIN 4,5+014

SUHRUIUTIHE REDDF CLPRNT)

107187178

CUt™iN/SkCE/ZIZ(300),1MASS(300),META(300),NLIBA,NLIBT,NLIBC,NLIBI

COMMIN/ELEMEN/TELEM(100)
COmmMiN (200) )PL,CFI/NSURILT,RECOC(200),LINT(200,4),LCT,L2
+ o PUP

PLON,KIT

COUMMUN/DFLIB/UFL (300, 7)sDFA(300,7),EXG(300,2),TAU(300),EX8(300.2),

+EFF(300,8)

DIMENSTOM (LS(20)

FURMAT (1H1)

FIIRMAT(/,47)

FURMAT (2%, 19AU,A2)

FORMAT(Y  CHILD DUSE FACTURS')

FURMAT ('  ADULT DUSE FACTURS')

FORMAT( TEENAGER DUISE FACTYNIRS')
FORMAT(1X,213,A1,5E8,0)

FURMAT(1UER,0)

FURMAT (! ADULT HEADING GUES HERE')
FURMATITU,42)140A101PL2ED,2,7sS6X,1PTER,2s/s10X,1PBELO,2)
FUKMAT (! TEENAGER HEADING GNES HERE!)
FURMAT(T4,A2,14,A8,1PTE9,2,/,11X,1PTED,2)

FOURPMAT (Y InNFANT DOSE FACTORS!)

FORMAT(' ODUSE FACTUR LIBRARY CONTAINS',Id4,?' ENTRIFS')
FORMAT(1X,9E8,2)

Can READ APULTY DUSE FACTUR LIBRARY

39

49

us

READ (10,12)LS8
LY 14
KaKet

READ(10,10)J2(K) o IMASS(K) yMETA(KR) pTAULK) dEXGIR)2)pEXS(Ks2)2EXG(K,L

+)eEXSEN, )
TAU(K)IZTAL(R)N3O00,

TR CLZ("))48,48,40
READ(10,17)(OFL(K,J)pJd31,T7)
READCI0,17)(DFA(K,J),J81,T7)
READ(LO,24)(EFF(K,)J),Jm1,8)
Gty 39

NLTHASK =]

KSKw])

-

Cae READ TEENAGER DUSEFACTOR LIMRARY

49

50

55

HEAD(1U,12)LS

KaKet
READ(10,16)]12(K),IMASS(K), META(K)
IF(12(K))1%5,5%,50
READ(L10,17Y(UFL(K,J),J81,7)
READCIO0,1TY(DFA(K,J),Jel,T)

GUTU 49

NLIBTEKSS

K2k wi

Cae READ ChILD DOSE FACTUR LIBRARY

59

60

65

READ(10,12)LS

Kzhel
READ(10,16)12(K) s IMASS(N)  META(K)
IF(12(K))65,65,060
READ(IO,1T)I(DFL(K,J),d32,7)
READ(L10,17I(DFA(K,J),Jd81,T7)

GUTU 59 '

MLIBCEKm]

Kahke

REUDF
WEDDF
NEDDF
wELLF
KELDF
rREUNF
RELDF
BNL O]
REDDF
REULDF
BNLOY
hELDE
wELUDE
KEDDF
REUDE
REUDNF
REDDF
REDDF
KEDDF
REVDF
REDDF
REUDF
REDNF
REDDF
KEDDF
REUDNF
KEODF
REULDF
REDDF
REDDF
Rt DDF
REVLDF
KEIINF
Kk DO
KEDLOF
KEDDE
REDOF
REDDOF
KE DIF
RFDDF
KE DDF
REUVDF
REODF
REUDF
KEDLF
RFDOF
RELDE
KEDDF
REODF
REVDF
REDDE
WFDNE
HELDF
RELDF
REODOF
REDLF
REDOF

15.10,08%
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60

65

T0

75

80

85

90

95

100

105

SUBRNUTINE KREDLDE

READ(19,12)LS8

Y- LE LX 3
READCLO, IA)LZ(K)y IMASB(R),META(K)
IFCLZ(KY)IY6R, AB,07

67 REALU10,17)Y(0PL(K,J),J8),T)
PEADCLO,L,17)(DFA(K,J)pd=1,T7)
GU TH 6e

68 NLIHIsSKe?
[FCIPRNTGT,L0)GOTU 1000

Can PRINT UUT ADULY DUSE FACTURS

PRINT 10
PRINT 1}
PRINT 14
PKINT 14
DU 70 Ks1,NLIBA
Kkg[2(K) 4

70 PRINT 19, JL(K) TELEM(KRY»IMASS(K) ,META(K) ) TAU(K), (EXG(K,
1o (EXS(K,J)9J21,2) 0 (OFLUK,J),Jm1,7), (DFACK,J),J%1,7), (EFF(
2h)
KisnLIrA+]

Cax PRINT NHUT TEENAGER DOSE FACTORS

PRINT 10
PRINT 14
PRINT 1%
FRINT P9
Dy B0 XeK1,NLIBY
Kh={Z(K)

Te/76  0PTE) FIN 4,5+414

107168778

JYeJds1,2)
Ked),Jat,

80 PRINT 24,1Z(x), JELEM(KK) ,IMASS(K) yMETA(R), (DFL(K,J),J81,7)s (DFA(K,

1J),J31,7)
(SELIBLALS!
Cad PRINT OUT CHILD DUSBE FACTURS

PRINT 1o

PRINT {1

PRINT 13

PRINT 20

bU 90 Keki,NLIRC

KRs]JZ(x)

90 PRINT 21, 12Z(K))JELEM(KK) ,IMASS(K) yMETACR) ) (DFL(K,J),Jdm1,T)e (DFA(K,

14),d=1,7)
KtznLIKCet
Can PRINT DUT INFANT DOUSE FACTURS

PRINT 10

PRINT 1}

PRINT 22

PRINT 20

PO 100 kehi,NLIBL

Kee[Z(K)

100 PRINT 21, J2Z(K))JELEM(KK),IMASS(K) ,META(R) y(DFL(K,J),JIm1,7)s(DFA(K,

CJY,Jd=1,7)
PRINT 23,NLIHC
1000 RETURN
END

REDDF
KEQUP
REOUP
RE DD
WEDIF
RELDF
KEDDF
REULDE
REDOF
REVDF
RELDF
REDDE
KFUDF
REUDF
REDDF
REUDF
RE DDF
wFDDF
REDDP
RELDF
REDNF
REODF
RELDE
RFCOF
REVDF
KEDDF
REUDF
KEDDF
REDUP
REDDF
REVDE
REUDF
REDDF
HE DDF
REODE
KEDDE
RELDE
KEUDF
KEDDF
KEDDE
RE DD
kFvlF
KEUDF
REDDE
REDDF
REDDF
KF L DF
KEUDF
HEDDF
KEUDF
REDDF
REDDOF

15,106,088
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‘UHRUUT INE SOURCE

10

15

20

30

35

4o

4s

S0

SS

+

+

11
12
13
2!
22
23
+
30
+
k3!
4+
35
32
33
34
3s

75

76

78

an

s
90
Caw F|

91

Cen FI
92

T6/1h NPTy

SUBRNITTIHE SOURCE (UML)

FIN 4,5+410 TVALYAL

SuRLE

CUMMIN QE20U) ) PLoCFO/NSURPLT,RECO(200),LTST(200,8),LCToL7 #LON,KIT SRl E

s PUP

SuUURLE

CUMMIINZEFLIb/ZUFL(300,7)eDFA(300,7),EXGC(I006,2),TAU(B00),EXS(300,2), SUURLE

EFF(300,8)

CUt MUN/SORCE/ZTZ(300), IMASE(300) »METACS00) NLIBA,NLIBT,NLIBC/NLTBI

COMMIINZELEMEN/TELEM(100)

DEMENSTON TMIS) yNUM(12),T80DR(20)

DATA Nur gz !,!ol,l1v,'z',lsv,!ao,'5‘,'3',!7','3'“9!,“4'/

FURMAT(BEJU,L0)

FURMAT (PX, 19484, 4A2)
FURMAT (¢
FURMAT (P X A2, SA8 08X E1C,0)

GRIEF ',A2,5A1,1PE10,¢2)

FURMAT(IH L 10,A2,14,A1s1Xs1P12F9,2)

FORMAT (IR0, ' TUTAL NUMBER IN
1S '41PE1U,4)

FORMAT(1# , 'NUCLIDE
Ny KIDNEY LUNG
FURMAT (1HU, 21X,

SUURCE TERM 18 ',

CURTIE/YEAR BONE LIv
LI=LL] S5K1KN

TUTAL 8
INGESTINN

FURMAT(1HL,30xX,'» * 1]
FURMAT(1HO, 30X, "% * *
FURMAT(§HO, 30X, ' * .
FURMAT(1HO, 30X, "% & %
READ 12,150KR

PRINT 12,18UR

I=g0

GTel,

fel+l

KEAD 21,1A,1M,00

TF(uN) 11,101,706

LY T BY

MA&KSsU

METaNU (1)

DO 9y JJ=1,5

Jzhrel)
IFCIM(J),EN,NUM(T))IGOTU 990
TFCIM(J) oNENUM(ER2))IGUTO 78
METENUM(12)

GUIL 90

Ks¥e]

DO B0 Lee, it

TR INUMIY ) JEQ, IM(J)IG0OTD 85
PRINT 1},1‘11"100

Izl=t

GUTY 75
MASSSMAGSH(L»2)a10,waK
CODTINGE

ND Z UF NUCLIDE

P 9t Tk=ti, 100
IFCIELEM(IK) BB, TAIGOTO 92
PRINT 13,1A,1IM,04

Izl=i

GOTL 75

NE NUCLIDE IN ADULT, L EURARY
VO 95 Li=1,NLIBA

SHUREL INE e )
FURMAT (1M ,dS5x, " {MREM/PL]L INTAKE)',22X%, ' (MREM/HR)/(PCI/Max2) ')
TEENAGER DUSE FACTURS * . a1}

CHILD OUSE FALTURS
INFANT DUSE FACTUR

ADULT DOSE FACTURS «

SUURCE
SUURCE
SiturLEe
Mol

SUURLE
SHIUPLE
HHLOT

SOURLE
Siluk(t
SUURCE
SUURCE
SHUPLE
ER  TOTAL BULY THYR SHUPCF
0oy RECUN') SLURCFH
DNSE FACTURS e SitukCE
SUURLE
SOuyr(E
SHURCE
SUUKR(E
SHURCE
SUHURLE
SHURLE
SUURLE
SUURCE
SUURCE
SOIRLE
SHYRLE
SHtiRLE
SULURLE
SUURLE
SHURCE
SNURL E
SNUHLE
SUURCE
SHURCE
SHURCE
SHURLE
SUURCE
SNURLE
SHURLE
SUURLF
SUthCLE
SUURLE
SNURLE
SUURLE
SOURCE
SULKRCH
SHHURCE
SiURCH
SUUKCE
SIURCE
SOURCE
SUIURCE

UySX, ' TOTAL RELEASE

* * wt)
S * " wt)
“ w!)

1%, 16,089

—
T EOTNC TN

—_——
T N~

PaGE

1 II
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SUHRDUTINE SOURCE Ta/l6 npYat PTN 4,%+4414 10718778 15,106,048 PALL 2

TRCLZCLLY JMEIR)GUTL 95 SULE 6l

TR (IMASS(LL) JNELMASSYGUTO 95 Shurik e

Y] TF(META(LL)NELMET)IHOTU 95 SUIIKGE 63
GUTL 96 SIWUKLE b4

98 CUNTINIE SUURCFE 3]

Iz]=t SNUKCE 6b

PRINT 13,14,IM,0Q SOURCE [X]

65 Guty 7% SOURCE bbd
96 LIST(I,y)=LL SOURLE 6Y

Cax FIND NUCLIDE IN TEENAGER LIBRARY SOURCE Tu

KianLlHA+L SUURCH 71

DO 97 LL=X1,NLIBT SUUKCE Te

70 TFCIZ(LL) W MNEL 1K) GOTU 97 SuUukCE 73
1F (IHASS(LL)Y,NEMASSIGUTY 97 SUURCE Tu

IF(META(LL) (NEGMET)GOTO 97 SHURLE 75

GUTU 98 SHURCE 76

97 CUNTINUE SitUWLF T

75 LIST(L,PY=L1ST(I,1) SNHuUrRCE 76
GHTU 99 SNuRCE 7%

98 LIST(I,2)=sLL SOURCE By
DELILL,S)=DFLCLIST(I,1)¢5) SUNRCE 2B
DEACLL,SYISORA(LEST(L,1),5) SJuRCE Be

80 Cax FIND NUCLIDE IN CHILD DOSE FACTOR LIBRARY SHUURCE 8s
99 kiaNLIHT+Y SUUNCE Bu

B 106 LLEK],NLIAC SHuURCE a%
IFCIZLL) o NE, IX)GUTU 1006 SUUPLE to

IFCIMASSILL) «NELMASS)GUTD 106 SULIKCLE 87

8s IF(META(LL) (NELMETIOLOTU 106 SURLE Ay
GOTU 107 SUYPLE [X]

106 CUNTILUE SUHBRLE Sy
LISTUI,3)=2LIST(1,2) SNKLE LB

GUTL 108 SOURCE 9¢

90 107 LIST(L,3)=1L StiukCH s
DFYVCLLeSYZFLILIST(IN1).S) SHURCE 94
NFALLL,SISDFACLIST(I,1),S) SUURLE 9y

108 COUNTINDE SOURLE 9

Cow FIND NULLIPE IN INFANT DUSE FACTOR LIBRARY SHURCE 97

9y RyaNLIRC+) SOIURLE oOn
DU 110 LLaK],NLIHR] SOUKCE 9y

TFCIZCLLY NELIK)GU 1O 110 SNURCF fuy

IFCIMASS(LL) (NE,MASS)IGO TU 110 SUHCE 101
IF(META(LLYNELMETIGO TO 110 SUUKLE fue

100 GU TN 1S SOURLE 108
110 CUNTINUE SOUKCE 104
LISIC(L,a)=LIST(],3) SULRCE 105

Gy TN 120 SHOURCE 106

118 LIST(l,udztL SNURLE 107

108 DELOLL,S)SDFLILISTC(E,1)45) SURLE 10n
DFA(LL,S)SOFACLIST(I,1),9) SOUURLE tuy

120 CUNMTINIE SuurCE 11v

RTsRTeay SOURCE 111

Q(I)=uQwUML SUURCE 11e

110 GUTO 75 SUURCE 11
101 NSOR=zl=} SOURCE 114

Can PRINT OUT SUURCE TERM SOuUxCE 115

C*2CALCULATES ANY RECONCENTRATIUN OF RADIUNUCLIDES SUURCE 116

‘ CALL RECON SOURCE 117 ‘




1t-a

115

120

125

130

135

140

SUHROUTINE S0UKCE Te/76 OPTeq

105 PRINT ZZJIK:IELEM(IK)OIHASS(LL)o"ETA(LL)OQ(I)I(DFL(LLOJ)'J’107)'
SEXGLL, 1Yo EXG(LL,2)RECU(I)

200
210

PRINT 36

PRINT 3%y

PHINT 3%

PRINT 3¢

hy tvs 121, NSUR
LL2LIST(I,1)
Ik=fZ(LL)

LU 210 J132,4
1F(JY,En,4) PRINT 34
1F(JT,86,8) PRINT 33
IF(JT.ER.2) PRINT 32
PRINT 3

PRINT 3§

PRINT 30

DO 200 121,NSUR
LLELISTI(1,1)
Iwz1Z(LL)
LASLIST(I.,JT)
IF(LA,FR,.LL) GO TO 200

PRINT 22.IK,IELEM(IK).lMASS(LL);HETl(LL)vG(l)'(DFL(LA,J):J5117)

CUNTINUE
CUNTINUE
OTaETwUML

PRINT 23,NSOR,0T
RETURN

END

FTH 0,5¢414

10/18/778

SUIRCE
SOUFLE
SUUKLE
SUUWLE
SUJRCE
SHUPLE
S(IUPLE
SUURCE
SUURCF
SNURCE
SUUKCE
SIURCE
SIIURCE
SHURCE
SNURCE
SNURCE
SOURLE
SULIRCE
SHURLE
SUURCE
SHURLE
SUURCE
SOURCE
SUUKCE
STIURCE
SUURCE
SOURCE
SUURLE

15, 10,08

1ih
11y
12v
1e1l
17¢
128
124
125
1ée
127
12%
129
130
131
13¢
13
134
13%
IR1)
137
130
139
40
141
1ue
14
104
14%

naGe

3
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SUBRDUTINE RECHN T6/16 (LA B! FTN 4,8+414 10718778 19,106,088 PAGE §

)} SUBROUTINE RECOM KELUIN ¢
COMMUN GL200),PLHCE 3, NSUR,LT,RECI(200),LI8T(200,4),LCT,LZ ,CON,RIT RECOUN £

+ ,PUP HE(ON 4
CUMMUN/ZDFLIBZDFLC300,T7),0FA(300,7)sbxG(300,2),TAUC300),EX8C300,2), WELDN 5

S +EFF(300,8) KECHN [}
CUOMMIDIN/SI'RCE/TZ(300),IMASS(300),META(300) ,NLIBASNLTBTY,NLIBC,NLIBL KELUN !

PEAL MAKF RECHIN [

10 FURMAT(11U,9F10,2) RECUN L}

15 FHORMAT(1HU, "N KECONCENTRATION UF NUCLIDES ') RECHIN 1o

10 16 FURMAT(IHU, "RECUNCENTRATIUNw= MAKE=yPS',1PEB 2,5X, 'CYCLE TIMES', KECUN 11
+EB,2,' HRY,5X,'vDL UF PUNLET , EB,2," FT#ax3%,/7,20X, 'TURNOVER KATER', RECON 1¢

$EB,2, ' /HR',S5X, "CUOULANT FLUwW!,E8,2,' CFS') RECON 13

17 FURMAT(1HO, '*RECUNCFNTRATIUNw» CYCLE TIMES', Fi10,2,' HR',5X, 'RECYC NELON 14

+LE FRACTIUNE',F10,2) RECON 15

15 READ(S,10)M,MAKE,CT,)VOLs» TRyRF RECON 16
JF (M EQ, 0)WKITE(O,19) WF LI 17

IF(M EN V)WRITE(Or 1O)IMANE,,CTyVOL s TR,CFS KECUN ie

TF(H,ER ,2)AKTTE(69)17)CT,RE RECON 1y

IF(M,ed, )60 TO 100 KECON 20

20 IF(M=1)20,70,30 WECOHN 21
20 DIT 50 J=1,N81IR NECON 2¢

MUzl 18T(J,1) KFCON 25

ARGUITAU(MO)#CT RECIIN 24

IF (ARGU,GT, 100, )ARGUE]L00, RECUN 25

25 S0 RECUCIIZT /(1 ,=((CFSeMAKE)REXP (®ARGU) )/ (CFS+VUL*TR/3600,)) KFCUN 2o
RETURN KECUN 27

30 TUTC=PLr3bY,P5%4,/07 KECUN 2b

N1+ INT(TUTL) HECUN Y

M) 60 Jet,NSUR RELON 30

30 MUELIST(J, 1) KELON 3
ARGUSTAU(MO)*CT RECUN 3¢
IF(ARGU,LT,100,)AKGUBL00, kECON 3

RVIEwWERF ot XP(=ARGU) KECON 34
TEST=TOTCRALUG(STEW) NECON K}

15 TF(TEST, LT,»13,51)60 TO 40 RECON k1)
STEWRSTERARN RECON 37

GO TO &0 Kkt CON 3

40 STEw=1,0E«05 KECOIN 3y

60 RECU(J)I=(1,=STEW)/(1,=(RFREXP(=ARGU))) WECON 4y

490 RETURN RECUIN 41
100 DU 70 J=z1,NSOR HECON dg

70 RECU(J)=}, KECHIN 4y

KETURN KECON 446

END RECON L}
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‘mUUTlNE ALARA 18778 0P8y FIN 4,84814 10718778 19,106,083 PAGE

1 SUARUILUTINE ALARA (ACCF,ACCY,ACCA) AL AWA ¢
COMMUN QU200 ) ) PLILFS)NSUR,LT,)RECOC200),LIST(200,4),LCT,LT »CON,KIT ALAKA S

+ ,PUP ALARA 4

DIMENSION ACCF(100),ACCIC100),ACCACL100) ALARA b

S DIMENSION LUCA (3) ALARA [
C ALARA 1

c ALARA b

C PRINTS HEADINGS FUR THE APPENDIX I INDIVIDUAL ALARA 1]

C DUSE TABLES AND THE SELECTED LOCATIUN DOSE ALARA 10

10 [+ TABLES«ALSU CALLS SUBROUTINE OUT WITH ALAKRA 1
C THE LOKRRECT USAGE PARAMETERS FUR A Al AKA 1e

C PARYICULAR AGF GNOUP AL ARA 1

[ ALARA 1o

c ALARA 1Y

15 10 FURMAT(|IHE, 35X, ' * * AS LOW AS REASONABLY ACHIEVABLE » AL AKA 16
C » LAD)] ALARA 17

20 FURMAT(1H ,55X,'MREM PER YEAR') AL ARA 1o

2S5 FORMAT(1HI) ALLARA 149

40 FORMAT(1HO, "PATHRAY SKIN BONE LT ALARA o

20 1VER TOTAL RUDY THYROID KIDNEY LUNG ALAKA 2r
2 GI=LLI") ALARA ¢

50 FORMAT(1HO,17x," DUSE ALARA 23

4+ (MREM PEK YEAR INTAKE) ') ALARA 24

60 FURMAT(IHO,20X%,'A D U L T Dusts ") ' ALARA 2%

es TU FURMAT(1H0,20X%,'C H T L D DOSES?) ALARA 26
80 FORMAT{1HO0,20%X,'T E E N A G E R DUSES™" AL ARA 27

90 FURMAT(1HO,20X,'] N F A N T DDSES?Y) ALAKA 2b

160 FORMAT(IHO, 'LUCATION IS ', 34A4) ALARA 29

c ALAKA 3u

30 100 FOKMAT(110,7E10,0) ALAKA 3)
110 FORMAT(7E10,0) AL ARA L ¥4

130 FORPMAT (1ML, 35X, * * SELECTED LOCATION » * ) ALARA X

140 FURMAT(110,3F10,0,3A8) ALARA 34

CUNE1,0 ALARA 1Y

3s Kkzo ALARA 36
150 CUNTVINUE ALAKA 3y

DATA TDF,TDC,TPA, TDW, TD8, TDSW, TOR/0,0,0,0,0,0,510,,0,0+,0,0,0,0/ ALARA 36

DATA CHF,CHC,CHA,CHwW, CHS, (HSW,CHR/6,9,0,0,0,0,510,,10,+s040,0,0/ ALARA 3y,

TFCLT,GT,0) CHC=1,7 ALARA 4y

40 DATA TAF,TAC, TAASTAW TAS, TASW, TAB/16,+0,0,0,0¢510,+674+0,040,0/ ALARA 4t
IFCLTL.GT.0) TAC=3,8 ALARA ue

DATA FIUS,CHUS, ALUS, WUSE, SHU, SWU,BUSE/214s0er0e9730,,12¢¢0e004/ ALARS 4y

c ALARA dy
IF(LT,GT,0)CRUSES,O ALAKA 45

45 IF (KK EQ.OYREAD 100,)NySWF,,DILU,SHD,DWD, T, L ALARA 46
TF(KRGGT,0) READ 1UQ,NeVILU,T,SwF, (LUCA(J),JE1,3) Al ARA 47

IF (1,F@,0)60 TU teo ALAFA as

READ 110,F1US,CKUS,ALUS,WUSE,SHU,SNU,BUSE ALARA 4y

READ 110, TAF, TAC,TAA,TAN,TAS,TASW,TAB ALARA 5¢

S0 READ 110,CHF,CHC,CHA ,CHW,CHS,CHSH,CHB ALARA 91
READ 110,TDF,TDC,TDA,TON,TDS,TDSW, 108 ALARA Se

120 CUNTINUE ALARA 53
IF(DILU,EQ,0,)G0 TO 200 ALARA S4

IF(KK,GT,0) PRINT 130 ALAKA 5%

55 IF(KK,EQ,0)PRINT 10 ALAKRA 56
IF(KK,GT41)SHD=DILY ALARA LY

SWDESHD ALARA Se


http://15.16.UH*
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SUHROUTINE ALARA Te/l6 OPTey FTN 4,%¢414 10718778 15,106,083 PAGE 2

RDIL=DILY ALAKA bWy

TH (KK GT41)DWDaDILY ALARA #0

60 TP (KK ,GT,1) PRINT {e0,LUCA ALARA 61
IF (KK ,GT,1) TO=T ALARA 62

[ ALARA 63

PRINT @D ALARA 6u

PRINT SO ALARA bY

6% PRINT 40 ALARA (Y
CALL OUT(3,ACCF,ACCI,ACCA,T,FIUS,CRUS,)ALUS,NUSE,SHU,SWU,BUSE,DILU, ALARA 67

+DWN L SHD, SWD,BOIL»SwFKKeN,TD) ALARA bb

IF (KK, GT U ANDLET,GT,0)PRINT §30 ALARA oY

TF(KK,GT,1) PRINT 160,LUCA ALARA Ty

70 IF(KK EGeUANDLCT,GTL,0)PKRINT 10 ALARA 71
PRINT Ay ALARA Te

PRINT &9 ALARA 7s

PRINT ag ALAKA Tu

CALL UMT(2,ACCF,ACCI ACCA, T, TAF, TAC, TAA, TAN, TAS, TASK,TAB,DILU,DWD, ALAKA 79

75 +SHD P SWN L HNTL, SWF pRX,N, TD) ALARA 76
IF (KK GT,0,AND LCT 6T, O)PRINT 130 Al ARA T

IF(KK,GT.1) PRINT 160,L0CA ALARA 78

IF (KK EQe 0 AND LCT 6T, 0)PRINT 10 ALARA Ty

PRINT 70 ALARA 8O

80 PRINT S0 ALLARA 81
PRINT uo Al ARA be

CALL GUTC3,ACCF,ACCI,ACCA,T,CHF,CHC)CHA,CHW,CHS,CHSW,CHB,DILU)DWD, AlLARA Hy

+SHOLSHN,BLULIL)SHE ) KX Ny TD) AL AWA LY}

TFLTDREQ0, qURGLT(6T40) LO TUO 148 ALARA 8Y

8s TH(KK,GT, 0, ANDLCT,GT,0)PKINT 130 ALARA Bb
TP(KX,(T,1) PRINT 160,LUCA ALARA Ky

TF (KK FRe0,ANDLCT,GT,0)PRINT 10 AlLAKA R

PRINT 9¢ ALARA MY

PRINT S0 ALARA 9y

90 PRINT 40 ALARA 91
CALL OUY(4,ACCF,ACCI,ACCA,T,TDF,YDC,TDA,TOW,TDS,TOSW,TDB,DILU,DWD, ALARA 9¢

+SHD, SHN, HOTIL ) SWF KKy N, TD) ALARA 94

145 KKZRKe2 ALARA 94

GI) T 180 ALARA 9y

95 200 CUNTINUE ALARA 96
RE TURN ALARA 97

END ALARA 96
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‘aunnuuTINE ourt

1

10

15

20

25

30

3s

40

4s

50

5S

nfOooo0o0o

10
20

YL (PTuey

FIN 4,854414

LO/1R/ TR

SUKRMUTINE UUT(KUP,ACCF o ALCT,ACCA,T,F IUS,CRUS)ALUS,wIISE, SHU,SNHU,BU (HIT

eSELOTLU, ND, SHDp SWO BULL 5wk KK, N, TD)

COMMUN Q(2u0)sPLICFO,NSUR,LT,RELD(2U0))LIST(200p4),LCT,LL

+ JPUP

yCONSKIT

DIMENSTION wW(3),x(3),Y(3),Z(3),H(3),FOUSE(H),COUSF(R),ADUSE(S),5008
LE(8),3wnNLE) yB8LDASE(B), TOOSE(R),A(3),H8(5),C(3),nDOSF(R)
DIMENMSTNIN ACCF(100),ACCL1C300),ACCAC100),D08E(200,8)

CONTROLS THE CALLING UF THE CALCULATIONAL SUBROUTINES WITH THE

APPROPRIATE USAGE PARAMETERS FOR THE PARTICULAR AGE GRUUP

DATA Y/'TOUTAY, 'L ! vy
DATA X/VINVE','RTEH','RATE"/
DATA Z/'ALGAY,'E ! v/
DATA C/'HIOATY,VING 1,0 'y
DATA H/'ORINYYKING? ! 'y
DATA w/'F [SHY,! 't 'y
DATA A/'YSHOKR',VELIN','E vy
NDATA B/r8uwIM?, 'MINGY,! '/

FURMAT (1M ,3A4,15X,1PTELS,2)

FURMAT(({H ,3A4,1PBE(S,2)

T2=T+24,

TizTD+12,

LZs0

K]1=0

CALL ARQUA{w,DII U FIUS,T2,FDNSE,KOP,ACCF)
PRINT 10.w, (FOUSE(JS))Jd=2,8)

CALL AQUACX,DILU,CRUS,) T2 LDNSE, KUP,ACCE)
TE(CRUS GT U, 0) PRINT 10,X,(CONSF(J),Jne,8)
CALL AQUACZ,DILUSALUS,T2,A008E,KIIP,ACLA)
IF(ALUS ,GT,0,0) PRINT 10,4, (ADNSE(J),J82,8)
CALL ORIMK(UWL, T3,wUSE»KDUSE,K(DP)
TF(LTER,0) PRINT 10,H, (WOOSE(J),J=2,8)
CALL SHOFE(A,8WF,8HD,T,SHU,SOUSE)

PRINT 20,4,8D0St

GEimM=z1,

CALL SWIM(H,8wD,T,Swl,GEOM,8WDN)
[F(8AU,GT,040) PRINT 20,H,8wDPU

GENM=2

CALL SwIM(C,HBOIL,T,BUSE,GEUM,HNUSE)

IF (BNSE,GT.04,) PRINT 20,C,BDUSE

DO do Jzl,H

40 TONSE(JISFDUSE(JI+COOSE(I)+ADUSE(J)+3DUSE (J)+WOUSE (J)eSWDO(J)+BDOY

60
70

1e(J)

PRINT 20,Y,1Dh0OSE

FORMAT (1m0, 12X, "USAGE (KG/YR,HR/YR)
+)',10%, *SHORENIDTH FALTURS!,F3 1)
FURMAT(IH ,8A4,7X,FB,1,10%,F10,1,3%X,F10,2)
PRINT &0),8mfk

PRINT 70,w,FIUS, DILU, T

IF(CRUS,GT,0,) PRINT 70,X.CRUS,DILU,T?
IF(ALUS,6T,U,) PRINT 70,Z,ALUS,DILU, TR

DILUTION

IF(WUSE ,GT .0, AND,LT,EQ.0) PRINT TO,H,wWUSE,DND, T3

IF(SHU,GT.0,0) PRINT 70,4,8HU,8HD,T
IF(SWU,GT,0,0) PRINT 70,B,SwU,SwD,T

TIME(HR

uut
unT
510}
ur
[VI¥AS
our
T
UuT
Ut
Qur
our
uuTt
out
uut
Uit
uuT
uurT
DU
nur
unlT
BNLOY
uur
uur
ouT
Dyt
puy
uyT
OuT
unr
tul
LuT
vuy
(T
(T
ourt
uuT
uuT
Hul
vuT
uuy
ourt
[41¥ 4
uuyt
nuy
uuT
unT
uurT
uut
OuT
LIV}
T
uuT
uuT
uur
ourT
uuT

1S.10,08%
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60

SUARNUTINE OUT

80

16/76 0PTey

IF (BUSE ,6T,0,0) PRINT 70,C,BUSF,80IL,T
KITs10

CONTINUE

IF(LCT.GT,0)CALL PERDDS{W,TDNSE,DVSE)
RETURN

END

FIN 4,5¢414

10714778

ouT
uuT
vuli
uuTt
uuTt
vul

15.10,008%

59
6y
61
b¢
63
64
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a0

as

50

55

(s ExRaNsXoNgl

70
20
60
10
30

50

80

Te/76 nPrsy

SURRUHUTIME wHU(ACCF ,ACCT,ACCA)

CUMMNN 200) ,PLICFSyNSURFLT,RECN(200),LIST(200,8),LCT)LL »LON,KIT

+ JPUP

FINM 4,8¢014

10718778

DIMENSION EXT(B),EXL(8),TOUSE(B),TYPE(S),4(3),B(3),C(3),0(3),w(3),

Cx(3),2(3)Y,ACCF(100),ACCIC100),ACCAC100)

CNANTRHLS THE CALLING OF THE CALCULATIUNAL SUBRNUTINES FUR THE

PRIMARY AND SECONDARY BIUTA DOSES

DATA CSwFr2,0/
DATA RAY,RAC,HERDN,DUCK/60s 18911495,/

DATA KAT™MAS,RACMAS,HERMAS,DUCMAS/1000,,12000,,4600,,1000,/

DATA RATUSE,RACUSE yHERUSE,DyYCUSE/100,,2004,600,+100,7

BIUTA TYPES .
DATA A/YMUSK!','RAT 1, 'y
DATA B/YRACCY,'UON *,! v/
NATA C/YHERD!','N V! 'y
DATA D/'0OLCK!, ! ',! 'y
DATA W/VF[Sh! ! 1! v
DATA X/VIMVE', 'RTEB',1RATE
DATA Z/7'ALGAY, 'L ! 'y

FORMAT ({HU,"

FURMAT(1H ,3A44,1P3E1%,2)

FURMAT (POILUTIONS ' ,1PEL0,2,10X, ' TKANSIT TIMER!,E10,2,' HR') '

FURMAT ((HL, ' * *  DOSE TO BIUTA
FORMAT(1HO,20X, "MRADS PER YEAR!)
FURMAT(1H0, 19X, " INTERNAL EXTERNAL

FIRMAT(RELV,0)

CUHSlo

PRINT 10

PRINT 39

READ S0,DILU,T

IF(DILY,EW,0,360 T} 100

K]T=a0

LZ=0

PRINT Ty

PRINT 60,0¥LU,T

PRINY a0

CALL CRITTR(w,DILU,T,TOHSE,ACLF)
CALL SHOKE(TYPE,C84F,DILD,T,4380,,EXT)
CALL SHIM(TIYPE,LILU, T,8760,,1,,EXI)
TEXT2EXT(2)+EXIL2)

TUTSTEXT+TNUSECY)

PINT 20,we 1LUSE(I),TEXT,TOT

CALL CRITTR(X,DILU,T,TDUSE,ACCT)
CAtL SHURE(TYPE,LSwE,DILU,T,8760,,EXT)
CALL Swih (TYPE,DILU,T,8T7004s1.02EX])
TEXTSEXT(2)Y+EX](2)

TUTSTEXT+TOUSE(Y)

PRINT P0,X, TOUSE(1),TEXT, TOT

CALL CRITTR(Z,DILU,T,TOUSE,ACCK)
CALL SWIM(TYPE,DILU,T,8760,,1,,EX])
TUTEFEXI(2)+TOUSE(1)

PRINT 20,Z,7DUSE(1),EXTI(2),T0T

L

w!)

TOTALY)

CALL EAT(A,RAT,RATMAS,RATUSE,DILU,T,TOUSE,ACCA)

wWHit
wHl)
wHi)
wWHL)
wHy
wHY
WHY
wHU
whi
wHl
wH(}
WHU
wH)
wH{)
WHU
wH)
wHU)
wHU
WHY)
WHU
nHU
wWHU
wHi}
wHt)
wHQO
wHO
WHU
wHU
Wiy
nHD
wHL)
W)
wHU
nHY
wH()
wHU
wH{)
wHU
whHU
vHLd
wH()
wHL)
wH{Q
whi)
wHL)
»HY
wHU
WHi}
wWH{J
AHY
wHD
wHU
wH)
wHU
WHO
wHU
wHi)

{9,10,08%
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60

65

70

75

80

SUHRDUTINE WHU

100

76476 OPTa) FIN 4,5¢414

CALL SHORELTYPE,CSWF,DILU,T,2922,,EXT)
CALL S~IMOTYPE,OILU,T,2922.,1,,EX1)
TEXTZEYT(2)4EXI(2)
TOISTEXT#TDUSE (L)
PRINT 20,A, TDUSE(Y),TEXT,TUY
CALL EAT(H,HAC,RALMAS,RACUSE,DILU, T, TDUSE,ACC])
CALL SHURE(TYPF,CSwF,DILU,T,2191,,EXT)
TOT=EXT(2)+TDNSE())
PRINT 20,8, TOUSE(1),EXT(2),T0OT
CALL EAT(L,HERIIN,HERMAS yHERYSE,DILU, T, TDUSE,ACCF)
CALL SHORETTYPE LSk, DILU,T,2922,,EXT)
CALL SWIM(TYPE,DELY,T,2920,,2,,EX1)
TEXTSEXT(2)14EXT(2)
TOT=TEXT+TNUSE(L)
PRINT 20,0, TPUSECLY, TEXT, TOY
CALL BAT(U,DUCK,OUCHMAS,VUCUSE,DILU,T,TDUSESACCA)
CALL SHORECTYPFC3wF,UILUST,4383,,EXT)
TEXT2EXT(2)+EX]I(2)23,/2,
TUOTSTEXT+TDUSE (1)
PRINT ?UpUptDUSE(‘)ITExI'TOT
KIT=7¢
IF(LCT.GT,0) CALL PERDUS(A,TOUSE,DUOSE)
GO TU 8¢
CUNTINUE
RETURN
END

1n/718/78

Wi
v ML)
whit
wh)
wH i
wh(
wWH{)
whH()
wHU
ARy
AH{
ARy
WHO
wHU
WHU
wHL)
wht)
WHU
wHL)
wHQ)
wH
wHU
WHD
wHU
wh(Q
WHO

{S,16,048
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‘ SUHROUTEINE wWHY T6/16 LK B

10

15

29

as

30

35

40

4s

S0

5S

[z XN aN s Xz NoNalel

SUMROUTINE WHY(ACC,1,N)
COMMIN/PIIPUL/PERA,PERT,PERC, LS
CUMMON Q(200),PL,CFS,)NSUR)LT,RFCNC(200),LIST(200,4),LCT,LZ ,CON,KIT

+ HPUP

FIN a,5¢414

DIMENSTON ACC(100),X(3),Ww(3),CATH(20),0ILU(20),T7(20),TDUSE(8),DUSE

+0200,8),A(3),8(3),C(3),TYPE(3),CNONC(200)

DIMENSION N(3),PD(T)

CONTRUIS THE CALCULATIUN (IF THE SPURT
AND COMMERCIAL FISH AND INVERTEHBRATE
PUPULATION NOSESwACTUAL CALCULATIONS
DONE By SUBRUUTINES PAFO AND CENTY

DATA X/1INVE', 'R 1,0
DATA w/'FISHY,? Y,
DATA A/TADULY, 'Y ',
DATA HB/'TEEN',VAGER?',
DATA C/'CHILY,'D '

’

]
]
]
]
DATA OD/YTUTAY, 'L !

1S FURMAT(IH ,044,1PKELD,2)

20 FURMAT(IHO, "PATHWAY
+ TOTAL wOWY THYRUID

30 FUKMAT(1H0,34X, ' escsasrvcenpannacaonasscnaa=SE (MANeRfM)ooonanes

temumenrcenccncvonansnl)

60 FURMAT(1HO, ' DILUTIUN

AGE GROUP
KIUNEY LUNG

CATCH TIMEUHR) = INCLUDES FOOD PROCESSING

USAGE RONE
GielLItY

+ TIME HF VY, 1PEA, 2, HRY ) SX, 1POPULATIONE ;£ 8,2)
61 FORMAT(IR ,93X, "MANeREM!)

6d FUORMAT(IHI,  85%, ' =
¢ k. n el

6% FURMAT(1H1,35%,'* =
tat)

'

INVERTERRATE CUNSUMPTIUN PUPULATINN DOSES

LIVER

FISH COUNSUMPTIUN POPULATINN DNSES +

06 FURMAT (1HO0 ) " e SPOIRTFISH MHARVE S| ' )

67 FORMAT(IHO ! e CUMME RCTAL HARVE ST e ' )

68 FURMAT(IHO0 ) e NEPA DUSES ')

69 FURMAT(IHO, "NHTF==TUATL NEPA DNSE MuST INCLUDE SPURT CATCH, DOSES
+HRELOR ARF FUR CUMMERCIAL CATCH UNLYY)

70 FURMBT(REL10,2)
Tt FORMAT(IH ,1P8BE10,2)

7S FURMAT(110, "AVERALE INDIVIDUAL CUNSUMPTION (KG/YR)

+1PER,2,5%, 'TEENSY ,EB,2,5%, 'CHILD®,ER,2)

PCAMT Al TU)CUYBAMT/(AUXPERASTUNPERT#CURPERC)
AUSE(PF1,AL)SPFUXPENAXAU
TUSE(PED, TU)SPEUXPERT*TU
CUSE(PEN, C1I)RPEURPERC*CU

curstong,

Lhag

TF(NGER, 1) NNsi
1H(NJEOQ,2) NN=2
IFCILEN, 1 AND,LT,ER,O)
TP (TLEQ, 24 ANDGLT,EG,0)
IF(I.EU,14AND,LT,GT,0)
TP (I o8Q,2,AND,LT,6T,0)
IF(N,EQ,1) FPT=168,
IF(N.EQ,Z)vFQI'2“Q.'
Jai

HARVada4,0E+006
HARV22,30F +0b
HARVE6,58E+08
HARVEU,$0E+(Q8

ADULTRY,

fO/18/7TH

wWHY
wWHY
why
whHyY
WHY
WHY
WHY
WHY
WHY
WHY
wHY
wHY
wHY
WHY
whHy
wHY
AHY
wHY
wHY
why
WHY
WHY
why
wHy
wWiHY
WHY
why
wHY
hHY
WhY
WHY
whHY
WHY
WHY
WHY
WHY
wHY
WHY
AHY
WHY
wHY
WHY
WHY
WHY
WHY
wHY
WY
wHY
wWHY
wHY
wHY
WHY
wWHY
wHY
wHY
WHY
wHY

19,10,0K8

K1
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SUBROUTINE wWHY

60

65

70

75

85

90

9S

100

10S

110

80

8%

21

17

ee

16

86

87

L1}

89

91

92

T6/16 UPTs)

HEAD T0,CaTH(d),0ILUCI)»T(S)
TCI)sT(J)+FPT

Jad+t

Mg Je|

IF(DILU(M) ,EQR,0,) GU TU 8S

GU TN 80

MEMe)

IF(M,EG,0) 611 TO 100

TF(ILEN,1)PRINT 65

IF(].EN,2)PRINT b4

PRINT 61

TF(NLEN,1)PRINTOE

TF(N,EG,2)PRINT 67

PRINT 30

PRINT 20

G TH (21,22),1

GO T 100

AUz6,9

TuzS,2

DO 17 J=1,3

TYPE(J) W (J)

(yse,2

GO T B

Alyst,

Tusu,7%

Cuz0,33

DU 16 Jst,3

TYPE(S)eX(J)

GO Tu Bp

AdTen,

IF(N,ER, 1) NLS]Y

TF(N,EQ,2) NLE2

huy BT IN2i,M

AMTZAMTSCATHOEN)

FFINGJEN 1)PEUSP(AMT AU, TU, L)

IF (N,EN,P)PEQaPUP

LZ20

KIT=0

USF=AUSE (PE,AU)

CALL CENT(T,CATH,UILU,MpCUNC, AMT ,HAKYV NL)
CALL PAFD(TYPE,ACC,CONC, 1 ,LISE, TDOSE,NN,LM)
PRINT 18, TYPE,A,USE, (TOUSE(JK),JK=1,7)
Oy 89 J=1,7

PD(J)I=TDNSE (J)

SumzuSE

USE=TUSE(PEL,TY)

CALL PAFD(TYPE,ACC,CONC,2,USE s TUOSE, NN, LM)
PRINT 165, TYPF,B,USE,(TOUSE(JK),JKE1,7)
Ny 91 J=i,7

POCJYIEPD(IISTONSE(J)

SUMESUMLLISE

USE=CUSE(PED,CU)

CALL PAFD(TYPE,ACC,CONC,3,USE,TDOSE,NN,LM)
PRINT 15, TYPE,C,USE, (TDUSE(JK),JK=i,T7)
D0 92 Jet,7?

PO(JIZPN(J)+TDOSE(J)

SUMESUMUSE

PIN 4,S5¢014

{O/1K/717H

whHY
whHy
wHY
wHY
WHY
wWHY
WHY
wWHY
rHY
why
WHY
kY
WHY
wiy
wHY
wHY
wHY
wHY
wHY
WHY
WHY
wWHY
WHY
wWhy
wHY
wWHY
WHY
wHY
nHY
WHY
whHy
wHY
wHY
WMy
wHY
WHY
WHY
wHY
nHY
WHY
WHY
WHY
WHY
wHY
why
wHY
wHY
w.HY
ARY
AHY
WHY
wHY
wHY
wHY
wHY
wHY
WHY

1S.10,0R%

Sy
by
bl
bz

b
[}
hb
[
ob
b6Y
Ty
71
T¢

IL]
1%
716
71

IA]
(1"
b1
e
Hy

84
he
Ry
Hb
8y
9y
91
9¢

94
9y
9e

9y

LA
10y
101
t0e
1ns
104
105
106
107
1ub
10y
110
111
11¢
11s
114
115

PALE

2




Le-a

115
120

12%

CARD NR,

73
T4

SUBROUTINE wHY

SEVERITY

1
1

90

100

Tulln 1PTey FIN 4.5¢014

PRINT 15, TYPE,N,SUM, (PD(J),J81,7)
IF (LY, 6T,0)L0 T 100

PHINT 60,FPT,PFU

DOo9n Ty ,M

PRINT T1,0TLUCI) CATH(I),T(J)
PRINT 75,AU,Ty,CU

kK]T=30

IF(LCT,GT,0)CALL PERDOS(w,TDOSE,DOSE)
IF(NLJER,1)G0 TU 100

Lt~sto

Ni =}

PRINT 6R

PRINT 59

PRINT 30

PRINT 20

PEOSP(AMT AU, TU,CU)

GU TO K8

CUNTINUE

RETURN

END

DETAILS DIAGNUSIS OF PRUBLEM

AN IF SYATEMENT MAY BE MORE EFFICIENT THAN A 2 DR § BRANCH COMPUTED GO TO SIATEMENT,

THERE 18 NO PATH TU THIS STATEMENT,

{10/18/17R

wHY
wHY
WHY
WHY
wHYy
wHY
wHYy
iy
WHY
WHY
wHY
wHY
wHY
wWHY
wHY
wHY
wHY
wWHY
wHY
WHY

15.10,08%

1tn
117
1o
11y
feu
121
12¢
128
124
1es
126
127
128
129
130
131
13¢
13
134
135

PAGE
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SURRNOUTINE WATER Y2 HpTey FTN 4,84414 {0/1H/77TH 15,106,089 PAGE {

1 SUBRHIUTINE WATER WATER ¢
COMMUN Q(200))PLICF3oNSUR)LT,RECO(200),LIST(P00,4),LCToLL JCONpRTIT wATENR L]

¢+ JPUP WATER 4
CUMMON/POPUL/PERA,PERT, PERC,US WATEW 5

S COMMUN/SORCE/LZ(300), IMASS(300),META(3N0) ,NLIBA,NLIBT,NLIBC,NLIBT wATEK [
DIMENSTON TROUSF(B8),A(3),H(8),C(3),0(3),TRI(3) WATEN 1

DIMENSTON TYPE(3) WATFR [

DIMENSTOMN PLLHB),CUM(B),E(3) WA TEK 4

DATA TRI/'WATE','R Yyt v/ wATER 10

10 DATA D/7YIOTA', 'L 0 ty wATFR 11
DATA E/7'CuMyt, 1y 101, 1TAL Yy wATEN ie

DATA A/Z'PADULY,'T ', vy WATFR 13

DATA o/'TEEHY , VAGERY, ! L wATER 16

DATA C/Z'CHILY,'D vy vy WATFR 15

is DATA TYPE/'DRIN','KING',! vy NATER 16
10 FLURMAT(IH ,6A4,1P8E10,2) WATEK 17

20 FORMAT(1HO, "PATHWAY AGE GROUP USAGFE RINE LIVER WATER ik

+ TNTAL RNDY  THYRLID KIDNEY LUNG 6Y=LLTY) WATER 1y

30 FORMAT(QH1,359X,'x % » PHPULATION WATER CONSUMPTIOM DUSES # = wATER 20

20 + &) wATER 21
35S FURMAT({HY, 3UX,'emennaveccrscnncnasranvanssncal[jSE (1ANeREM)wemacuae WATFK 2¢
tecosmanurarnacvannen!) wATEK 2s

S0 FORMAT({HO,! WATER 24

+ ') wAlew 25

25 S8 FURHAT({HO, '"PURULATIUNS! ,1PER,2,5X, 'DILUTIDNS' ,E8,2,5X,» ' TRANSTT Y] wATER e
*MESY B, 2, HKR (INCLUDING 24 HR PUR THREATMENY FACILITYIY) nATER e

60 FURMAT(KEL0,L,0Q) wATER 2b

65 FURMAT(1HU ) ! e H Y DROSPHERE TRITIUM DOUSE i ) WATER 2y

06 FURMAT(1HO) ) 'weeeal UMULATIVE TUTALwemww') WATER 3

3D 80 FURMAT(IHO, "AVERAGE INDIVIDUAL CONSUMPTION (L/YR) ADULTx?, wATER 5
+IPHB,2,5X, " THENRY EB,2/5X, 'CHILLSR ,EB,2) WATER ¢

NATA AWI/370,/ WATEK 3

DATA THU/260,.4 wATER 34

DATA ClU/2b60,/ WATFR 3y

35 AUSE (P, al1)BPRPERANAY WATER k1)
TUSE(P, TU)=P*PERT*TY WATER 37
CUSE(P,CU)SPAPERCACUY wWATFR v

CUNE106G0, wAJER 3y,

Dt 96 Jrz1,8 wATFw 40

(1) S6 CUM(JMIZU,.0 WAVER 41
EUS=0,0 WwATER de

PRINT 3¢ WATER 4s

40 READ 69,P,0ILU,T,GAL,GUS WATER 44

PRINT 8¢ WATER 4%

4s IF(P,EN, 0, ANDGUS.GT404) PuGAL/GUS WATER ue
TF(DILY,EN,0)G60 TU 100 WATER a4

PRINT 135 WATER us

BRINT 20 wATF N a4y

D 4l Jme2, 8 WATER Sy

S0 41 PO(JI¥)3p,0 WATEK 51
T=T+24, wWATER 5S¢

USE=AUSE(P,AU) WATER S

KIT=0 WATER S4

LZ30 ) wATER 5%

5SS CALL ORINK(DILU,T,USE,TUOSE,1) WATER Seo

PRINT 10,TYPE,A,USE, (TOUSE(JK),JK=2,8) wATER 5

. 00 42 JME2,8 #ATER S ‘
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.unnuunm ACTIVF Ta/Th  OPTEY

i

10

15

20

25

3

35

40

4s

50

55

FIN 4,%+414

SURRDUTTHE ACTIVE

CUMMON Q(200),PLICFS)NSUR,LT,RFCII(200),LIST(200,4),L0T L2 JLON,KIT

+ G HUP
DIMENSINON S(3),SW(3),0(3),A(3),B(3),C(3),TUUSE(8)
DIMENSTON L ICA(S)
DATA S/'SHUKY, TELINY, 'E vy
DATA Sx/'SwIMI, IMINGT, ! v/
DATA D/ZYHUATY, P ING 1,0 W
DATA AZYTUTA', 'L POY,PUL '/
80 FORMAT(1HY, 'LUCAT [UN= ',344)

15 FORMATOIHO, 'OJLUTIONSY ,EB,2, 10X, ' TRANSIT TIMES',FH,2,! HR',10X,"'SH

+Fat ,F3. 1)
10 FURMAT(1H ,0A4,1PTE1S,2)
16 FURMAT(|HL, 35X, * " RECHFATIUN PUPULATIUN NOSES *

2D
20 FURMAT({HO, 'PATHWAY AGE GRUUP USALE
+ TOTAL RUDY THYRDEDY)
30 FURMAT (1ML, "# * *  POPULATIUN DUSES = * %)

40 FORMAT ()N ,4HX,"! DUSE (MAN®REM)

50 FURMAT(1HO,!

{10/718/778

+

60 FURMAT(IhO, 'UILUTIUNZE' y£8,2,10X, ' TRANSIT TIMER',E8,2,!' HR')
70 FURMAT(UEL10,0,3A4)
7S FOIRMAT(3EL10,0,3A4)
PRINT L&
Curatloon,
JL=19
100 READ T0,SHU,DILU,T,8WF, (LUCACJ),Jx1,3)
PRINT S0
TF(DILUED,0,)60 TU §10
Li=z0
PRINT 40
KiT=0,
PRINT 20
CALL SHORE(S,SwF,0ILU,T,8HU,TODNSE)
PRINT 10,8,4,8HU, (TUNSE(J) ,JsL,3)
PRINY HO,LOCA
PRINT 15,DILU,T,Swf
KIT=40
TF(JL LT,0)60 TO 100
IF(LCTGT,0)CALL PERDUS(W, TDOSF,NDUSE)
JLzel?
Gu T to0
110 READ 75,5Wi8,DILU. T, (LUCA(J),J%1,3)
PRINT 50
IH(OILY kU, 0,)GU TN 120
LZ=0
KIT=0,
PRINT 4g
PRINT 20
GEoM=1,
CALL SwWiM(Sw,0ILU,T,)SWU,GEUM, TOUSE)
PRINT 10,8W,A,8WU, (TOOSE(J),J=1,3)
PRINT 80,L0CA
PRINT 60,0ILU,T
KIT=4d0
IFCIL.G6T,0)60 TO 110

ACTIVE
ACTTvH
ACTIVE
ACTTIVE
ACTIVE
AL TVE
ACTIVF

ACTIvE

ACITVF
ACVIvVE
ACTIVE
ACTIVE
BNLOY

ACIIVE
ACTIVE
ACTIVE
ACTIvE
ALTIVE
ACTTVE
ACTIVF
ACT1IvH
ACTIVE
ACTIVE
ACTIVE
ACTIvF
ACT]vE
ACTIVE
ACTIVE
ACTTVE
ACTIVE
ACTIVE
ACTIvE
ACTIVE
ACTIVE
ACTIvE
ACTIVH
ACTTIVF
ACTIVE
ACT1TVE
ACTIVE
ACTIVE
ACTIVF
ACTIVE
ACTIVF
ACTIVE
ACTIVE
ACTIVE
ACTTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIvE
ACTIVF
ACTIVE
ACTIVE
ACTIVE
ACTIVE

15,106,088
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SUBRNUTINE WATEWR 76/176 NPTe| FIN 4,5¢414 10/18/78 15,16,08% PAGE 2

42 POUIM)I=PH(IM)+ TDUSE (JM) wWATFH 8%

M) 97 Umaz,s wATE K 60

60 57 CuUM(IMYI=CUM(IMISTDOSE (JM) WATER ol
TYSausE WATEK he

LUSERTUSE (P, TH) wATHE W hs

CALL URIMK(OILUST,USE,TDOSE,2) wATER b4

PRINT 10,1YPE,H,USE, (TOUSE(JK),JK=2,8) WATER oY

6% Py 43 gm=2,8 WAYER bb
43 PU(JIMIRPD (M) ¢ TDOSE (JM) WATER 61

DU 58 JMz2,8 wATER 6b

98 CUM(JIM)sCUM(IM)I+TDOSE(JIM) wATER 6y

TUS3TUS+HSE wATEK 70

70 USE=CUSE (P,CU) WATER 71
CALL DPINK(DILU,T,USE,TDOSE,3) wATER T2

PRINT 10, TYPF,C,U8E, (TOUSE (JK),JKE2,8) wATER 73

M) 44 JImz2,8 wATER T4

44 PR(JIMYSPN(IM)+TONSE(JM) WATENR 75

15 Lo 59 Jme2 .y WATER 70
59 CuM(JIM)gCuM(IM)+TONOSE (UM) WATER 77

TUS=TUS+USF WNATER 76

EUS=FUS8+TUS WATFHR 7Yy

PRINT 10,VYYPE,D,TUS,(PD{JM),JMa2,8) WATER Bu

80 K]1T220 WATER K1
PRINT SS,P,LILU,T WATEH He

PRINT Ag.,aU,TU,CU WATE R [

IF(LCT,,67,0) LALL PERDUS(TYPE, TUOSE,DUSE) WATER X

Gu Ty ao wATER ub

8% 100 COMNTINIE WATER LY
IF(PD(2).06T,0,0) PRINT o6 WATER 87

IF(PN(P),6T,0,0) PRINT 20 wATER “o

IF(PN(2)eGT40,0) PRINT 10,TYPE,E,EUS,(CUM{JIM), Mr2,8) WATER 8y

PRINT 6% wATEK Qu

99 PRINT 29 WATER 9]
ustz2,? WATER 9¢

DY 70 1=1,NSOR nATEH Qs

MsLIST(1.1) wATER 94

[F(M B, 1) CALL TRTIUMCG(M),POP,H3IB,H3T) WATEN 9h

9 IF(M,EQ,1)PKRINT $0,TRI,D,USE,H3B,H3T,H38,H3B,H3B,H38,H38 wWATER Seo
70 CUNTINUE wATER 97

RETURN wATEK 98

END wATER 99



http://15.lh.0fli

Ge-a

60

65

70

75

su.nth ACTIVE Ta/6 neTey

120

130

IF(LCTLRT,0)CALL PERDUS(w,TDNSE,DLSE)

JLzyn

GU T 110

HEAD 75,HUSE,DILU, T, (LUCA(J),Jm1,3)
PRINI SO

IFCUILU,EQ,0.)60 TO 130

LZ=0

KIT=0,

GENME2, 0

PRINTY 40

PRINT 20

CALL SWIMCD,DILU,T,BUSE,GELIM,TDUSE)
PRINT 10,0,A,BU8E, (TDUSE(J),J%1,3)
PRINT 80,L0CA

PRINT 60,DILU,T

GU TU 120
CONTINUE
RETURN
END

FIN 4,5¢414

VALY AR

ACTIVF
ACTJVE
ACTIVE
ACTIVE
ACTIvE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVF
ACTIVE
ACTIVE
ACTIVE
ACTIVF
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE

1Sel0,0H%

54
bu
61
6¢
)
o4
65
Y}
X}
X}
hY
70
71
1¢
75
74
75
76
77
T8
¢

PaAGE

2
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10

1S

20

25

SUHRUUTINE AGUA

20

a0
10

50

+

+

In/Tb nptel FIN O,9¢+414 10718778

SUHRIUTINE AQUA (CRITH,DILU,USF,T,TLOSE,JJ,ACC)

COMMUNZDF LIV/UFLC(300,7)sDFAC300,7),EXG(300,2),TAUCIQ0) EXS(300,2),

EFF(300,H)

CUMMIIN Q200) yPLSCFS,NSURILT,RECU(200),LIST(R200,4),L,CT,LZ JCON,KIT
»PLP

CUNMMON/SURCE/TZ(300), IMASS(300),META(S00) ,NLTIBANLIBT, NLISC,NLIBI

ODIMENSTHN ACC(100), TOOSE(8),008€(200,8),CKRIT&(Y)

bty 8 J=1,8

TOOSF(JY=0,0

IF (USE (EN,0,)60 TU SO

DU 1ty Tat,,NSOR

DOSECT,1)20,

LLsLIST(T1,00)

LML T18T (I, 1)

MUILZ (M)

ARGUSTAYCLM) AT

TF (ARGU,GT,20,)60 TU 20

FACT=1119,2U(I)2RECUCI)/CFS/DILUAEXP (=ARGU)=USERACC (MN)/CON

GO Ty 3¢

FACTS0,0

0N 40 Je2,8

Ly

COSEC(L,JISNFLILL,L)%FACT

TONSF ()2 TOHUSE(J)+NUSECT,J)

CUNTINUE

IF(LCT,.6T,0) CALL PERDUS(CRITR,TDOSE,DUSE)

CUNTINUE

RE TURN

END

ANUA
AQUA
anua
ARQUA
AQLIA
AGUA
AQUA
AQUA
AQua
AJuA
AQUA
CHANGE. §
AQUA
ANUA
AQUA
AlJyA
ALUA
AQyA
AQUA
AQUA
AQUA
AQUA
AQtla
AQUA
ADUA
AQUA
AQUA
AGUA
ANUA

15,16,08%
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10

15

20

25

3o

20
30

40
1o

50

SUHKOUTINE DRINK T/l OPTay FIN d4,S¢uty

SUBROUTINL DRINK (DD, ToUSE, TRUSE,JJ)

CUMMIIN G(2UUY pPLILFSaNSURSLT,RECH(200)LISTC200,4),LETILL 2LONRIT

+ ,POP

CUMMON/ZSORCEZTZ(300),IMNASS(300),METACS0Q), M. TOA,NLTIBT NLIBC,NLIBI
COMMOUN/ZDFLTIBZOFL(300,7),0FAC300,7),EXG(300,2),TAUC300),EXS(300,2),

+EFF(300,H)

COMMONZTIRANSZDTILW

UIMENRSTUY THUSE(H) ,DOSEL200,8),TYPE(Y)
DATA TYPE/Z'URIN','KING')! ‘7

LILw = Dw

PO B Jsi,8

TUOSE(J)Y=0N,0

IF(USE . EN,0,)G0 TO S0

IFCLT,GT,u) GU TG SO

D1} 1o T=1,NSUR

DOSECI,1)=0,

LLELIST(T,Jd)

LM=LL IS8T (]1,1)

MUS {Z(LM)

ARGUTAU(LM)*T

TF (ARG ,GT,20,) GO T} 20
FACT=1119,*u(1)*RECO(I)/CFS/DWD2EXP (wARGU) YUSE/CON
GU TH 3y

FACT=0,0

P 40 Je2,8

LaJe=1

POSE(),J)3DFL(LL,L)*FACT
TOUSE(J)3TOUSE (J)+DUSE (L ,J)

CUNTINUE

If (LCT,6T.0) CALL PERUUS(TYPE,TDUSE,DUSE)
IF(CUNGT 10, )CALL PLUP(DUSE,T7)
CONTINUE

RETURN

END

fos168/718

DA RN
HRINK
URINK
RRIUK
DRINK
DRI K
CHANGE
DL LY
NRINK
(HanGEY
DRINK
DRINK
URINK
LRINK
DRInK
CrHanGEY
DR IHR
DRINK
PDRINK
DRINK
DRINR
PDRINR
DRIMNK
DRINR
URINK
DRINK
DRINK
DRINK
DRINK
DRINK
DRINK
DRINK
DRINK
DRINK

19.10,08%
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SURARDUTINE 8HURE Te/ln (1rTay FIN a4,84414 10/18/78  1S5,10,08% PAGE 1

1 SUHRHUTINE SHURE(TYPE,SWF,DILU, T,USE,TDUSE) SHURE 4
COAMON w(2006) yPLoCFI/NSURPLT,RFCUC200),)LIST(200,4),LCTsLZ SLIN,KIT SHIIRE 3

+ ,PYP SHIIRE 4

COMMONZDELIB/ZOFL (3000 7)sDFA(300,7) EX6(300,2),TAUC300),EX8(300,2), SHuNE 5

5 +EFF(300,86) SryRE )
CUMMIIN/SIRCEZEZ(300), IMASS(300)yMETA(IV0),NLIBANLIBT NLIBC,NLIBT SHURE ]

NIMENSTNN TYPE(3), TDUSE(B),DOSE(200,8) SHORE b

DIy 8 Jeg,H SHURE Y

8 TDNSE(JI)IZ0,0 SHURE 10

10 THTUSE ER,D,)GN T S0 SHURE 11
GO 10 Tzt,N80R SHURE 1¢

LMeLIST(I,1) SHURE 15

MUsTZ (LMY SHURE 14
ARGLUSTAU(LM)#PL#BT80, SHURE 15

15 TF CARPGU 61,100, )ARGUR]LOV SHRE 1o
TP=TAU(LM)*T SHIUIRE 17

PR (TP LT I00)TPRIQY SHURE 1o
FALT=110100,%(,093/TAU(LM)/24,)%Q(1)aRECU(I)/CFS/DILUREXP(=1P)#SWF SHUNE 1Y
Ca(l,=ExP(=aRGU))*USE/CUN SHNRE v

2¢ 00 20 Jal,8 CHANGE L 5
IF(J.6T,2)GUTU 15 CHANGE] [}

DUSECT, J)SFACT2EXG(LM,J) SHIIKE e

T0NSE (JI=THUSE (J)+DUSECT,J) CHAMGE ?

GUTY 20 CHANGE | [

25 15 POSECT, )=PUSE(I,2) CHANGE1 Y
20 CUNTINUE CHA 1GE L 10

10 CUNTINUE SHUIRE 24
TF(USE,T41000, AND,CUNGLT,10,) GO TO 50 SHIIRE 25

IFCLCT,6T,0)CALL PERDUS(TYPE, TOUSE,DOSE) SHURE 26

30 S0 CUMTINUE SHIKE 21
by 40 Ju3,8,1 SHURE 2b

40 TLOSE(J)=TDUSE(R) SHUIRE 2Y
TFCCOUNGGT o104 dANDLUSE(GT,0,)CALL PLUP(DUSE,S) SHURE 3

RETURN SHURE 31

1S END SHURE 3z
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.urwnuTINt SwiM

10

15

20

25

30

20
30

15

10

50

40

LYan RIBED

SUHRNUTINE SWIM(TYPE,ULLY, T,USFE,GEHM, TDUSE)

FIN 4,854+414

10/18718

Swim

COMMON Q(2N0) ) PLICFS,NSURILT,RFCN(200))LIST(R00,8),LCT,LL #CONGKIT Swl™

+ ,PUP

Se(m

COMMUNZDFLTM/UFL(300,7) ¢ DFA(300,7),EXG(3060,2),TAUC300),EXS(300,2), S»IM

$EEF{309,R)

COMMIN/SIRCE/TZ(300) ) IMASS(300),META(300),NLIBA,NLTAT,NLIBC,NLIBI

DIMENSION TDOUSE(8),D0N8E(200,8)
DY 8 Jsy,n

TOOSECI)EG L0

TFCUSE,EW,0,)6D TO SO
TIFVILE,EV,04)G0 TO SO

Dy 10 Tzl,n80R

LHsLIST(I.1)

MozlZum)

ARGUSTALI(LM) 2]

IF (ARGU 1,206 Tu 29

FACTa1119, 4w (1) *RECUCTI)/CFS/DILUXEXP(=ARGU)/GEOMRUSE/CON

GU T 3n

FACT=20,0

DUSECE,1)SEXS(LM, 1 )*FACT
NUSECL,P)SEXS(LM,2)*FACT

DEE 1S JedH

DUHSELL,J)YIDUSE(L,2)
TONSH(I)ISTONSE (L) +DUSE(T, 1)

TOISE (AHYsTDUSE(2)+DUSE(L,2)

TFCINT(GREIM) GEQ,2) GO TU S0

IFCUSE , GT41000,,ANDCON,LT,10,) 6O D S0
IFILCT,G1,0) CALL PeRULUS(TYPE, TDOSE,DUSE)
TF(COUN,T.104)CALL PLUP(DUSE,S)

CUNTINUE

DU 40 Jm3,H,t

TONSE (J)=THUSE(2)

RETURN

ENQ

Swl™
SwM
SwiM
WM
SWIM
Swlm
Swl™
Swl™
SwlmM
SwiM
SalM
Swilm
Swlim
Swim
SwiM
Salm
Salm
CHANGE §
CHAMDE ]
Swirn
Saj™
SwlM
SwiM
SW(M
Swl4
SWiM
SWIM
SwiM
SWIM
SwimMm

1S.106,04%
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10

15

20

SUMROUTINE CRIT

re Ta/lt (AR E 3 FTH n,54414 ALY AX,]

SUNRIUTINE CRITTR(UKTIR, DILU, T, TOUSE,ACL)

CumMin E2Nu),PLyCFSyNSURSLT,FFLO(2V0),LIST(200,4),LCT,LZ »LIN,KIT
+ ,PUP
COMMIMY/SIIRUE/LZC300) , IMASS(300),META(300),, WL IBA,NLIBT,NLIBC,NLIBI
COMMIN/ZpFLIB/ZOFL(300,7),0FA(300,7),EXGC300,2),TAU(300),EXS(300,2),
+FFF(300,8)

DIMEMSTHN TOOSF (B),ACC(100),CRTITR(3),008F(290,8)

iy 8 Jsy.n

TONSE(Hyso v

DU e I=1,0M80IK

LML IST(T,1)

MO=1Z (M)

ARGUETAUCLLM)*T

IF CARGH,GT, 40,360 Tu 9

FACT=21 ,*UC(I)ARECUCL)/CFS/DILUNEXP(=ARGU) *EFF (LM,2)

GO T 1

9 FACT=0,0

DISE(I,1)SFACT*ACC (MOD)

TOGSE (1)ETDNSE(1)Y+#DUSE(L,1)

IF(LCT.6T,0) CALL PERDDS(CRITR, TDOSE,DUSE)
RETURN

END

CHITIR
CRITIkK
CRITIR
CRITIR
CRITIR
CRITTR
CRITTR
CHITIw
CRiVin
LTIk
CRITIR
LRITIR
CRITIR
CRITIR
CRITIR
CRITIR
CRITIR
CRITTR
CRITTR
CRITIR
CRITTR
CRITYR

19, 16,08%
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1¢
1s
14
15
io
117
1b
ty
2v
el
2¢
23
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‘nkuUTNE EAY

10

15

2v

25

30

35

10
S0

9
8

20

100

Th/T6 arTael FIN 0,R¢034 10/18/278

SURRIIUT [NE EAT(BIUT,RAD,MASS,LONS,DILU, T,TDOSE,ACE)

Cormnn 002uu) ,PLICFS, NSUR LT, RECO(200),LIST(200,4),LET,LL SUNN,KIT
+ S0P
CUPMMUN/DELIB/ZBFL(300,7)»DFAC300,7),EXG(300,2),TAUC300),EX8(500,2),
+FFE(300,R)

CUMMIIN/ZSORCE/ZTZC300), IMASS(300),META(3U0) ,NLIBA,NLIBT,NLIBC,NLIBI
REAL MASS

NIMENSTON BIOT(4),8STAN(9),ACC(100),TDUSE(8),DUSE(200,8)

DATA STAN/ZDGp 1 ql4r2er3erDarTys104920,,30,7

THnseg(1y=sn o

TONSE(2)80,0

DY 10 Jad,R

TF(RADLE,1,4)60 TO 59

Juladey

PT=(STAN(JUT)+STAN(J)) /2,

JERz I+

TP(STANCJ)I+STAN(JEHB))/E,

IF(RAD,GE JPTLAND,RADLTLTPIGD TO SO

CUMTINUIF

Lsd=t

DO 20 T=1,NSOR

MOSLTIST(I,1)

MT=TZ (M)

ARGUSTAL(MN) =Y

TF(ARGU,,GT 40,360 TL 9

TF(EFF(MI,R) ,ER,0,) GO 10 9

FALTZ2 Kb+ UTRQ(TIARECU(TI)/CFS/DILUREXP (=ARGU)#CONS/MASS/ZEFF (M,8)
+eDFL (MO, 8)%EFE (MU, L)

Giy T B

FACTZ0,0

CuNTINUE

PUSE (I, 1)aFACTAACC(MT)

TONSE(1)ISTOUSE (L) +DUSE(], 1)

IF(LCT,6T,0)CALL PERDUS(BLIOT, TDOSE,DOSE)

CONTINUE

RETURN

END

EAT
EAT
Laft
EAT
tal
Al
EAT
EAT
EAT
LAl
EarT
bAT
At
LAl
EAT
EAT
EAT
EAT
AT
AT
EAT
EAT
LAl
(XN
LAt
EAT
LAy
Lal
AT
EAT
EaY
LAT
EaAY
£AT
EAT
AT
EAT

19,106,088
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10

15

20

SUBRROUTINE PAFD

60
S50

T6/7b NnPIsy

FIN a,5+414

SURRDYTTINE PARDCTYPE,ACC,LONC, JJpUSE, TOUNSE NNy LM)
CHEMINZSOREEZ/L7(300), IMASS(300) s MLTACSO0) NLIBA,NLTHT, NLTHC, NLINT

COMMUN (200),PLeCFS,NSUR,LT,RECU(200),L1IST(200,4),LCT,LLZ

+ L, PUP

1/18714

s LONLKIT

COMMUMN/ZNFLIBZUFL (300, 7)2DFA(300,7),EXG(300,2),TAU(300),EXS(300,2),

+EFF (300, H)

DIMENLSTNON TYPE(3),ACC(100),CONC(200)
DIMErSIOM POSE(200,8), TDOSE(B)

PO S0 KJI=1,NSUR

MLELIST(*J,1)

LL2LIST (R, JJ)

MU= [ZLhL)
FACT2COUNC(KJI®ACC(MU)/CUNNLL00,

DY euv Jz=i,7

IF(KJ, b, 1)THhuSE(Jd)=0,
DUSE(KT,J)=FALTADFL(LLsJ) *USE

TLOSE (JYISTHUSE (JI+DUSE(KT,J)

CUNMTINUE

TF (LM EN, 0, AND NNJEU,1ICALL PLOP(DOSE,b)
IF (LM, FQ, U AND NNJEQ,2)CALL PLOP(DOSE,b)
IF(LCTGT,0)CALL PERDUS(TYPE, TOUSE,V0SE)
RE TURN

END

FAL D
PakD
PAFD
RAFD
PAF 1Y
PAFD
PAFD
PAFD
PAFD
PAFD
PAFD
PAFD
PAFD
PAFD
FAFD
PAFD
PAFD
PAFD
PAFD
PAFD
PAFD
PAFD
PAFD

15.10,08»
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10

15

20

SUKKROUTINE LENT Ta/ls OPray FIN 4,5+014 1u/14/74

SUHRIMITINE CENT(T,CATH,OTILU,J,CUNC,AMT ,HARYV,N)

Cumiin p(evt) ) PLyCFS, NSURJLTZRECU(200),LIST(200,4),LCT,LL »LON,KIT
+ ,POP
COMMOIN/SURCE/ZLZ(300), IMASS(300) ,META(300),NLIBA,NLIBT,NLIBC,NLIBI
COMUUNZDFLIR/DFL(300,7),DFA(300,7),EXG(300,2),TAUC300),EXS(300,2),
+EFF(300,8)

DIMERSTOMN  LATH(20),DILUC20)Y,T(20),CONC(R02)

Dy 20 wztl,d

DN 40 KK'],NSUR

TF(KEN,1)CUNC(KK)RO,0

LMELIST(KK, 1)

M7 (M)

ARRUSTAU(LM) *T(K)

IF(ARGU ,GT,20,)G( Tu 40

TEAINGEN,2) CONC(KK)RCONC(KX)+CATH(K) #U(KKIRRECD(KK) /CFS/DILU(K)*
YEXP (@ARGU) /HARV
TF(NLEN,1)CUNCIKK)IBCUONC(KK)+CATH(K) #Q(KK) #RECO(KK) /CFS/DILU(K) *EXP
+(=ARGU) ZAMT

40 CUNTINUE
20 CUONTINUE
RETURN
END

CenT
CENT
LEnT
CENT
CEuT
CPNT
CENT
CENT
LFNT
CENT
CFNT
CENT
CENT
CENT
CENT
CENT
CENT
CENTY
CENT
CENT
CENT
CENT

15.1“.0'1&
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10

15

SUHRUUTINE TRITUM(CIYR,P,H3IB,HIT)

COMMON Q20U) yPLPCFS/NSURILT,RFCO(200),LIST(200,4),LCT,LZ +CON,KIT
¢ PP

CUMMUN/PUPUL /PERA,PERT ,PERC, U8
COrMUN/DELTU/UFLE300,T)DFA(300,7),6X6(300,2),TAU(300),EX8(300,2),
+EFF(300,H)

DATA HYDRU/2,TE+19/

DATA CONSUM/BGO,/

ARGUSTALI(L )Y %P wHT60,

IF(ARGLU,GT,40,)ARGUSBU0,

HICONSCIYRR] JOE+12% (1, =EXP (wARGU) I/ (TAU(L)INBTHO0,*HYDRO)
HABEHICONXCUNSUMRDFL (1,3)/CON®US

H3ITEHICON*CUNSUMROFL (1,4)/CON*US

RETURN

END

SUBROUTING TRTIUM IYAL plei FIN ,854014 VAL YAL

TRITUM
TRITUM
TRTTuM
TRITUM
TRITUM
TRTTUM
TRIIUM
TRTIUM
TRTIUM
TRTTUM
TRTIUM
TRTIUM
TRT1UM
TRTIUM
TRTIUM

1S,10,0h8)

HAGE
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.SUHm)UHNt FLOBY LYar Ptz FIN 4,8¢014 to/714/78

10

15

29

25

30

35

40

45

50

55

SUBRROUTIEE FLUOD

CLAMIIN C200) yPLILFS NSUR,LT,RECH(200),LI81(20004),LCToLZ »CON,KIT
+ SPUP

COMMONZPUPUIL /PERA,PERT,PFRC,US

FEAL IWKIG

DIMENSTON TYPECS),A(3),B(3),C(3),TOUSEL(S)

DIMENSTON DC3),VEG(3),LV(I),MLK(3),MET(3),ALLDCTY, AAND(T),TALD(T),
+TAND(T),CALL(T7Y,CANLCT)

DIMENSION DILU(20),T(20),PROND(20),CONC(200)

NIFENSTON GUHIB(T) »BADC(T)

GATA O/UTUTAY, 'L 'y! ty

DATA TYPE/Z'IRRI', Y FDOQ', D vy

DATA VFG/'VEGE','TATIY,'ON V/

DATA LV/'LEARY, VY VEY,'LE 1t/
DATA M{K/'MILK',! Yy! v/
DATA MET/'MEATY,! ! vy
NATA A/ZVAUDUL','T 'yt 'y
DATA B/'TEEN', 'AGER!,! '/
]
L]

DATA C/'CHILY, 'L 'y v/

10 FURMAT ({H1, 35X, ' *  IPRIGLATED FOUD PATHWAY & * r!)

40 FUPMATIIHO,22X, *BUNE L IVER TOUVAL HODY THYROID
¢ - KIDNEY LUNG GI=tLI")

4t FURMAT(1HU,19X,! - INDIVIDUAL
¢ DUSES(MREM PER YEAK INTARE) )

42 FUPMAT(1HO,16X,"
L |

43 FOWMAT(YHO, 19X, "MUTE= INDIVINUAL DOSES CALCULATED wITH DILUTIUNS!,
+1PER. 2,0 AN TRANSIT [IME®',F8,2,' HRS,')

S0 FUPMAT(2I10,06k u,.0)

60 FORMAT(1H , SAU,1PTELS,?)

HO FURMAT(BEIO,2)

B84 FUIRMAT(17X,1PSFR10,2)

B FURMAT(tHO, 'INDEX FUR FUOD PATHWAY DOES NOT FXIST'Y

90 FHRMAT(1HU, 'S » $ ALARA DLSFS $ % §')

91 FHRMAT(1HO,'* & = NEPA DNSES & »  a')

96 FURMAT(1HO, $A4,5X, "IRKIGATIUN RATEZ', 1PEB, 2,0 L/Ma&2/MONY , 5%, 'YTEL
DS IPEB, 2" KG/MER2!,9X, "GRUOWING PERIUDSY JER, 2, DAYS')/Z,17X,
$ITOTAL S0 MILE GRONI',EB,2,"' KG/YR',SX,'TOTAl CRNP IRRIGATIUNZ',EA

POPULATIUN DUSES(MANSREM ) s

.20/ /017X DILUTIUN HARVEST TRANSIT TIME")

97 FORPMAT(1HO,'INDIVIDUAL CONSUMPTION KATES ADULTRY ,1PER,2," RGH,
48X, PTEFNS' LB 2,5, "CHILDEY EB,2,5X, "FIMJU PRNOCESS TIMFalt,EH,2,' HR
+')

9R FORMAT((H , 'PUPULATION CONSUMPTINON RATES ADULTE ,1PEB,2," KG',
+5x, TTEEMZY LER,2,5K, 'CHILDS!' (ER,2,5X, 'FUOD PROCESS TIMEE',E8,2,' HR
+Y)

100 PEAD Su,N,KL, IRRIG,YIELD,GROW, TFMG

TTIG=0,0

TF(NJER,0) 6 TU 200
TF(RLGGTLUIREAD BO)ACUN, TCOUN,CCUN,AC,TC,CCoHOLD,HLDY
J=1
fud RPEAD A0, DILUGJ),PRODCII»T(J)
MR el
IFCDILU(J) EG,0,) GO TU 0%
J=J+t
Gy TU 104
105 CONTINUE
THaT(1)

1 unp
LIt
FLU
FL o0
FL O
FLUND
FLUOWID
FLUOw
FLOD
FLonp
FLUOD
FLUOL
F LD
FLIOD
FLUOD
FL LD
FLINW
FLOND
FLUN
FLUMD
kLD
FLOID
FL UL
FLUID
FLIMD
FLUND
FLUOID
FLONOD
FLOMW
FLUOD
FLIIOND
FLow
FLUND
FLLD
FLUBD
FLUNL
FLUOD
FLOOD
FlLuow
FL iy
FLLOD
FLOWY
FLOOD
FLOOD
FLonn
FLIL
FLOIW
FLOOL
FLOND
FLUND
FLOOD
FLLOD
FLUDD
FLUOW
FLUND
F LoD
FLuno

I%,10,048

LT~ S £ Ln

4y

tity

PAGE
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SUHRRNDUTINE FLUDL 16/76 NnPTey FIN 4,5+414 10718776 15,16,08) PAGE 2

bLeOILIICY) b LoD 5Y

D 10T J=f,M FLEOR h

60 IF(LDILUEJ) LY, DL) DLBDILUCY) FLu 61
107 IF(LDILUEI},LT,DL) THaT(Y) FLULOD b¢

PRINT to FLOND XY

PO 106 J=1,M FLUND Y}

106 TTIGETITIAHPROND(Y) FLOD [}

6% IF(KZ,GT,0)60 TU J60 FLONY ~b
GU TU (120,130,140,150),N FLULD Y

PRINT 8% HLUOD 6b

RETUPN FLODO [

120 AC=1S0, FLUNY 70

70 TCz240, FLOOD 71
cLe2n0, FLOGD Te

ACUINESPQ, FLUND 7s

TCHONEB30, P LUOD Tu

CLIIN=520, FLUGL 75

75 Hi.hl1=1440, FLOOW 76
HULD=349, FLOD "

GO TiY 160 FLUND 76

130 ALE®dy, FLUND 7Y

LN, FLIMGD By

80 cc=10, FLUGD at
ACOINSBU, FLUND ag

TCNONs4?, FLUDD "y

CCiINE2b, FLiOL tu

HOLDESO, FLUI 8%

8s HLh1=24, fLOnb Hb
Gty T 1s0 PLOBD 8y

140 acs=i10, FLIOW Kb

1Cce200, FLUOD tYy

cC=170, FLOOD 9y

9 acun=310, FLLNY 91
TLHNZEUVO, FLUOD e

cCcuins3lg, FLUOYL 9y

HIILDE9es, FLUDD 94

HLD L =d#, FLOOD a9y

95 GU T 160 FLiWIY Y6
150 AL=98, FLID 99

T1C=%9, FLiNW 9k

CC=37, FLULOD 9y

ALONZ110, FLOAD 10y

100 TCNz65, FLO{D 101
CCUINZ4Y, FLOOY 10¢

HUL Ds4kg, FLUND 108

HLDhi=4H8n, FLOW 104

160 CUNTINUF FLOOWD 105

108 JFINLEN,1) PRINT 60,VEG FLONY 10n
TF(N,EDN,2) PRINT 60,LYV FLUND 107

IF(N,EW,3) PRINT 60,MLK FLOOD 100

TF(NLEG,4) PRINT 60,MET FLOWID 10y

IF(N,GT 4) PRINT 85 FLUNOD 110u

110 P:tFMb/(Ac-PENA¢TL:PERT¢cCtPERC) FLOUND 111
TPTTIG/(ACAPERASTCAPERT¢CCAPERC) FLWND t1e

IF(P,GT ,PUP)PIPUP kLD 118

xIT=0 FLUOD 114

. LZI=0 FLOOD 115




SUBROUTINE FLUNIL 16/74 ne1sy

115

120

125

130

135

145

At

150

155

CARD NR,

67

CALL CEMTCT,PRUD,ODILI My COUNC,AMT, TEMG,2)

CALL FOONCTYPECHNC ) HULD , BLD1 ) ACUN, IRRIG,) YIELD s GRUW, TFMG, TT1G, TH

AL TUNSE JAALDSAAND Ny 4Py TM,DL)
PRINT a4}

PRINTOO

PRINT 60,4, (TOUSE(J),d=1,T7)

CALL FORPLTYPE,LONC,HOLD,HLDY  TCON, IRR1G, YILLD»GROW, TFMG, TTIG, TP

+,TC,TONSE,TALD,TAND N, 22 P»TH,DL)
PRINT 60,4, (TOHSE(JT),Jd=21,7)

CALL FOOD{TYPE,CONC HULD ) HLD1pCCONy IRRIG,)YIELD »GRUW, TFMG,TTIG, TP

+,0C,TONSE,CALD,CAND)N,;3,P,TH,0L)
PRINY #p,L,(TONSE(J),Jd51,7)
PRINT 43,00L,TM
PRINT 42
PRINT 93
PRINT dyg
PHINT 60,4, (AAND(JIM)Y,JMN21,T)
PRINT 60,8, (TAND(JM) ,JM=1,7)
PRINY 00,0, (CAND(IM),JM31,7)
DU 165 gM=1,7
165 GUOO(JIMIZAAND (JM)+TAND(JM)+CAND(JM)
PRINY 60,0, (GUUOD(JIM),JM=],7)
PRINT 90
PRINT 4p
PRINT 60,A, (AALD(IM) ,,JdM=1,7)
PRINT 60,8, (TALD(JM),IM21,7)
PRINTY 60,C, (CALD(IM),IMEL,T)
DO L16e JM3L,7
166 BAD(IM)YZAA D(JIMYI+TALD(JMISCALD(JM)
PRINT 60,0, (RAD(JIM),J M2),T7)
PRINT Qp TYPE, IRRIG,)YIELD)GROW, TFMG,TT1G
DU 170 J=1,M
170 PRINT Ry,DILUCI)PRUDCI) T
PRINT Q@7,ACUN, TCUN,LCUN,HLDY
PRINT 98,AC,TC,CC,HULD
KIT=390
JF(LLT,.GTL.0) CALL PERLDOS(TYPE, TDNSE,DUSE)
GO T 1o0
200 CUNTINUE
RETURN
END

DETAILS DIAGNUSIS OF PROBLEM

THERE 18 NO PATH TO THIS STATEMENT,

FIN 0,514

10/18/ 74

FLINY
FLOOD
FLUNY
FLOUND
FLOOD
FLUOD
LD
FLUUY
FL OO
Fl UL
FLUND
FLOIID
FLUDD
FLU00
FLUOD
FLUDW
FLIOW
FLUND
FLLUOU
Ftann
FLUGD
FLOOWD
FLOMD
FLOMD
FLOOD
FLOOD
FLONY
FLUDY
FLUOD
FLUHIO
LU
FLUBO
FLOB0
FLUW
FLUDD
FLOOD
FLOOO
FLULID
FLUDD
FLUOD
FLUOV

1H.16,0H8

f1e
117
11n
11y
120
121
i2¢
123
124
125
126
121+
1éb
ey
13v
141
132
13s
134
13%
136
157
136
139
140
141
14¢
143
1u4
14y
{46
1d7
1ab
{uy
150u
151
15¢
159
154
155
156

PAGE
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SUHROUTINE 00D LYK ALAS 3! FIN 4,6+414 10718778 15,16,08% PAGE {

1 SUBROUTENE FOOD(TYPE, CONC,HOLD yHILDY ) CUNSIIM, [RRTG, YTFLD,GRONW, FOun ¢
CTRMG, TTI0, T, TDUSE,ALD L AND,N, I, P, TH, L) F D s

CUMMIN QE2N0) ) PLCFS,NSURLT,RFCU{200),LIST(200,4),LCT,LZ »LON,XKIT Ftiun 4

+ L, PuP FOOD 5

3 CHMHON/PUIPUL/PERA,PERT JPERC IS F O 6
COMMUMZDFLIB/0FL (800, T)»DFAC300,7),EX6(300,2), TAUC300),EXS(300,2), f0ilD !

+EHF (300,R) FOOD b
CUMMUN/SIRCEZLZ(300), IMASS(300),META(S00),NLTBA,NLTBT, NLTIBC,NLIBT  FOOD i

REAL [HR]G FOUD 10

10 DIMENSTON ALD(TY,AND(T) e TYPEC3) ( TOUSE(B),DO'SF(200,8),P0NL(200,8) F 0D 11
DINENSTON CHANL(200) FOUD ie

NIMENSTON SUTLCLO0) ¢ ZMET(100) ,ZMLK (L 0OD) Fon 1s

DATA 1,02, 08,0U/50.,004,%0,,50,7 F N 14

DATA FRAC/Z0,25/ Foun 15

15 DATA ZMET/ FOOD 16
42 1E=02,2,0k=02,1,0t02/1,0F«03,R 0Eld, 3, 1E=02,7,7E«0?,1,hE-012, FOub 17
’1.SE'(”,?.Of"“?,3.0&'08'9.0['01'1.5[’.‘”5:“.0!"U")l“.hfh())pl.UE‘Ula FOup ib

PHLOE=02,2, kv, 1 ,2E=02s 8, 0E~03,1,bL=02,8,1F=02,2,3t-03;7,4F=03, Fuub 19

YR, UE=0U, U, 0F=02,1,3Ew02)5,3t=03, K, 0Fal3,5,0E=02,1,3E 90,2,08 Ul, FOOn 2u

20 42,0E=03,1,5b02,2,6L=02s2e0F=02)3,1E=02,0,0E=04,0,6t=03,3,dF=07, Foun 21
42, BE=0) ,H 0E=03,08,0L=01,4,0Fwu),1,Stu08,4,0E=03,1,Tt=0?,%,3E=014, FOUD 2¢

$B 0Ee 03,0, 0t =02, 0, 0b=03,T . T7E=02,2,9:=03,2, ., =02,4,0E=03,3,7L=03, F 0N 25

$R2.0E=00, 1,2t m03,0,Tb=03,3,3E=03,4,8L=03,5,1=03,1,Rtwn%,3,6E=03, £ OuUD Pu

$UNE=(R, S, 3k w03 ,4,UE=038,U,0F=03,)4,4t =03 )4, 0Em0},d, dE=03,4d,0k=01, Foun 25

25 1,0 00,1 ,36w03,H,0km03,0,0FEw01,1,% =03,4,0ta0038,R.nEau)3,2,6L=01, FOun 26
YU O0Fe02,2,9b =04, 1 3E=02r1.2b202,B,0E VUp2.MEe02,2,0Em02,3,4E=02, FOUD 2/

PO UE=U2, P2, it =0U, R 0t (23, UdFEmlu,? ,0Eail, ], ,lte05,?,0Eand,2,0t=04, Fuoun 2b

$2,0b=0/i, 2. e0l,2,0b=0ld,P,0Ew0U/ OO ey

DATA SOTL/ FOOD 3y

3o 14,8 SVt w0, R 3E =yl U, 280U, ,2E001,5%,5 1745 11eh ’ BOUD 31
b, 5k=0d, ] ,db=01,5,2L=02p 1,30 =011 ,BEeuld, | ,SEe(d,) JE+00,D, =01, FOUY 3¢

IS, 0E+00,b,0Ew0], 3, TEettl 3,6F=02,1,1Ee03,59,4k=0h,1,3E=03,2,5E =4, FOnn 35

U2, 9Em0P ) heblb ol 9, Ut w3, 1, 9E=02,1,2Eml]1,4,0EeD]),?2,5k=08,1,0Eeu1, FOND 3u
S1,0Ew02,1,3b200,7,0bm01,)3,0b=00,1,3b=01,1,7t=02,7,hE=03%,),7F=04, F LN 34

35 bY L UE=03,1,PE=01,2,5k=01/S0F=02,1,3E401,9,ukeg0,,5F=01,3,0k=01, FOnp 3o
7290201, 5808, 1 1t w0 143b=00,2,0b002,1,0F+01,1,0E=02,5,0k=03, FOon 3y
B2,9E=03,72,5t=08,2,5t=03,2.,88=038,2,5t=038,2,5E0%,2,5t=03,2,0t=03, FOub k1

92 hE=03,2,50L=03,2,60=U3,/2,5E=03,2,6t=03,2,5t=03,2,6tm03,1,/t=04, F LD 3y

AG BE=0%,1 8w, 2,5E=01,5,0E=02,1,3E+01,5,0b=01,2,5Fe03,3,8L=01, FOuUD (1Y)

ao B2, OE 0], b, RE=02,1,5t=01,1,5t201,2,5tm=01,3,5k=00,1,0F=02,3,1F=04, F 00N 4y
C2.,9E=03,0,2ta03,2.,5t=08,)2.%F=03,2,5E=03,7 . HE=04,2,5tand,?,9E=03, FOUn de

L2 SE=N3,2,5E=03,2,5t-03,2,% =03/ FOID ds

GATA ZMpk/ FOuD da

1,3 =002,2,0E 02,9, Cbw02) 1 0E=0U,s2,7TEw08,1,2b=02,2,7F=ni2s2,0F=02, FOUN 4y

45 41 UE=02, 24Nt =028, 0b=02s 1,002, 0kl ubeBl 2 S0, ,3k=02, FOUD un
S, 0E=02,7,0kw02,1 ,0E=02)R, 0E=03,8,0Fa06,5,0Fw0b,1,0€«03,2,7E=013, FOun ay

FC L BE~0, 1,2k =U3, 1y OE=03,A,TE=03, 1 JUE=02¢85,9E=02,5,0t=05,5, JE«04, Fnunb ub
$O,0E=03,d,5C=02,5,Ut =02,2.,0E=12,3,0E=07,H4, JE=04,1,0F=05,5,0t=06, FOND ay

42 5E=U3,7,5E%03,2.5b=N2,10F=0h,1,0E=02,1,"t=02,5,0b=ust 2E=04, FOiIn S0

50 1,004,272 ,5t=03,1,5t=03,1,0E=0%,6,0f=03,2,0t«02,1,2t=n2,4,0E=014, FOND S1
PS5 UE=06h,6,0b=VU,9,0beU0,9,0E=0b,5,0E=00,9,0E206,5,0k=n6,5,0k=00b, F o S¢

5, 0E=0h, S, 0E=06sHe0E=00,5,0E=06,5,0E=06,5,0E=06,5,0Ew06,5,0k=06, ¥ 00D 55
P2.5E=02,5,0E=0U,2,5E=uls5,0E003,5,0Ew03,5,0t=03,5,0E=03,3,8E=02, Fun Sa
$2,2E"02,6,2E=0U,5,0b=04,3,0E=04,5,0E=02,)2,0E=02,5,CE=02,8,0t=03, FOub 5%

55 49.,0E=06,5,0b06,5,UE=00,5,0E204,5,0E=006,2,0E=06,5,0E=06/5,0E=06, FiUD Se

+5,0E=0h,5,0E~0645,0tm006)540E=06/ FOub 97
JF (JJ.EQ.1) TERMZPERA F DUD 1]
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. SURKNUTINE FOUD

60

65

70

75

80

8%

90

95

100

108

110

25

30

40

60 TDOSE(J)BTDUSE(J)+00USE(L,J)

10

TIn/l6 (R 3

IF(JJ b0, 3VTERMRPERC
TE(JJ,t 0 2)THRMRPERT
Ly 8 Ja1,8
TOUSE(IY=0 0

TF{NEN 0)6U T0O S0
TR&NGZY,

N 10 121 ,NSOR
MO=LIST(1,1)

LA E WA IID]
LLSLISTI(I,JU)
CNCLZU,.0
ARGUESTA (M) ) ATM

IFCARGH GT,20,) GO TO 25
CHCLEN(TI*PECLOCL)/CFS/DLAEXP (=ARGU) 1100,

CUNTINHE

TF(JJ b0 1) CONLCL)SCUNC(TI™1100,
DECAY=ZO,h98/14 424 ,+xTAU(MD)

ARGUEDE( AY*LRUW

1F (ARGU,GT1,20,) ARGU=ZZ2Y,

FIN 4,9¢414

LEAFERFRACHATRANS/YIELD* (1 ,EXP(=ARGU))/(DECAY230,)

ARGL=TAD (I} =P *8T 606,

IF(aRLY GT,20,) ARGIE20,

ROUGTESUIL(MTIA (1, =EXP(=ARG1))I/Z(TAU(MD)In240,2730,)

PLONSCONL (T ) *TRRTGR (LEAF4KDDT)
PCMIE(MCI* I RRIGA(LEAF+RUOT)
IF (M Ft,1) PCHiNs(CONC(T)

IF(H,En,1) PLMISCNCE
ARGUSTAUIMO) «HOLD
ARGLI=TAU(MO) #HLIY

IF (ARGU,GT,b0,) ARLUSEU,
TF(AFGY ,6T,60,) AHGEISBU,

IF(NGGT, 2)60 TO 30
FCMIZPCNI*t XP(wARLY)
FCONEBPCHt #F XP(wARGU)
G T1yo40

TF(NLEQ IIFLUNI(UL*PCONYA2ACHINC(T) I #ZMLR(MT )} sEXP (=ARR()
TR(NGEN,3) FUNIZ(QIAPUNLSH2ACNC LI AZMLR(MT)*EXP(=ARGT)
JEANGER N)FLONS(NIAPLUNSQUACUNCIT) I #ZMET(MT ) #E XP (=ARGL)
IF(NGEN,U) FOCNIB(UI*PINLI+WURCNCEIAIMET(MT)AEXP(=ARGY)

TFAINGEN, 3, ANDMULER,Y)
TR INLEN, B AND MU EW,1)
TF(NLEQ,U,ANDMU,EQ,T)
JRUNGED U ANDMULERLT)

GO Ty 4dn

DO 60 Jzt,7
IF(I,EN, 1) ALD(J) =0,
IF(I.EN, 1) ANh(J)=0,

DUSECT,2)=DFLCLL,J)*FCNIACONSUM

FACT=TERMaPR(C
FCTI=1ERARTP2C

POUL (1,J)s0FLALL,J)*FLUNRFACT/1000,
POLI=DFL(LL s J)RFCUNRAFCTIRTEMG/TTIG/1000,
ALD(J)ZALD(J)+PUOL(1,d)

ANDCJI)=AMD(J)+POLL

CUNTINUE

FCUN2(0,0028xCUNC(I)/0,28)%(3R,460,)
PCNIR(0,0028ACNCY1/0,2R)*(38,460,)
FCUNZ(0,0041%xCUNC(])/0,82)%(2R, +50,)
FCN1m(0,0041#CNC1/0,32)%(268,+50,)

10718778

FHpp
Fogn
[ABUM
Fuh
[Y1E
L]
Fon
Foun
FOu
F O
0D
[ AI8]
fOuD
FOuD
Fin
Fon
D
FOoh
FOON
FOuD
FOOD
F0)
Foun
FLOD
FOOD
FOHOD
O
[ ZAINIe]
FOUD
Foun
Fuun
FOOD
FOonp
FOnn
Foon
Finn
F D
FOGD
FOOD
Fun
FUHD
FOLD
Fun
FiYaD
F LD
Funy
FOOn
FOub
FOn
FODD
FOouL
FuD
Faun
FUDD
FUOUn
FOOD
FOUd

15, 16,089

1vu

10¢
109
t10a
104
106
107
10b
109
1tv
1
11e
113
114
115

PaGt
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SUBROUTINE FUUD 76/70 nP1sy

115 CALL PLOP(PUNIL, o)
IF(LCT,GT,0)CALL PERDUS(TYPE, TDUSE,DNSE)
S0 CUNTINUE
RETURN
END

FIN 4,5¢d14

{0/7th/78

FOOn
FOon
£ O
Foun
FOUD

1%, 16,043

116
11y
11s
11y
120

PAGE
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tb-a

SURRNOUYTINE

10

4\
25
30
3s
iy
dy
50

55

PErD

10

15

110
115
120
130

-1
65

90
B0
10
94

us Tallo uPIs1

SUHRNYTINE PERDUS(SPECLE, THOSF , BIISE)

CIAMON D2V PLCFO,NSUR LT, RECO(200),LTST(200,4),LCT,L2Z

+ SPaP

COMMIIN/EL ERENZTELEMCIOU)

FTo a,5+404

10/23/78

b LN, KT

COMNONZSOKCE/Z/12€500),IMASS(300) ,METAC300), MLIBA,NLIRT, NLIBC,NLIBI
DINENSTON SPECIE(8), TDOSE(B)Y,DNSF(2V0,B),PATHIR,3),8FT(12),41(7,8,
HP0) 207, 8,20),A3(T7,8,20),130V(7,8,20),1IMET(7,8,20),MA08(7,8)

DIMENSTON BI1(T,8,20),82(7,8,20),83(7,48,20)

CUONMIINZTRANS /70 TLW
LIMENSTON DUS(B,100,8)

DATA SET/ZIML,1HE, 1H3, 1HE, LHY , 1HE, THT, 168, 119, 1HO, 1H , 1HX/

FURMAT (1 MO, "PATHNAY
¢VER TUTAL BUCY
+ GI=LLI'")
FORMAT(1HO, 'PATHWAY
DATA BLAK/' '/
FURMAT(1HU, YAbE GRLUUP
FORMAT{1M0, At LRDUP
FURMAT(§HO, ' » * x
FURMAT(IHO, YAGE LRUUP
+RODY THYROTID
IF(LZL6T,0) GU T1) S0
DI} 65 Jei,7

Ll 66 Kgi,8
NADS(Jsr) 81

CIINTIHUE

Ny 70 Jst,7

DIY B0 Kzl ,8

Dy Qv 1=1,20

AL (J,F,1)RHL AR

a2(Jak, TYSHLAK
AZ(J, K, TI8HLAR

19T (J sk, 1 IBHBLAK
H1(JsK, 1) aBLAK

HE2(JoK, T)SHLAN
HY(J, K, 1)l AR
IMET(J,k,1)zHt AK
COUNTINUE

CunTINUE

CUNTINUF

TR(KIT, Fiad40) gy T 300
TF(KIT P, 300600 TO 300
TR(RIT ER,T0)GH T 200
IF(KTIT et 506t Tu 300
TF(KIT, EN,20) LU T 300
TF(KRIT, FL.T0) LI TU 200
LizL/+]

PATH(L Z2,1)=8PFCIE())
RPATHELZ,2)=0ELTEL2)
FATHLLZ, 8)55PECIE(S)
Dol 29 JEl N8R
LISt (J, 1)

ERERWARNTD

Ty = JTrRASHIMNN)/ i

THYROLID

TUTAL
SKIN

SKIN

BobLY?*)

BubDY

KIONEY

THYROID?Y)
TUTAL HOpY?'Y)

ISOTUPE CONTRIBUTIUN =

KIONEY

FIFN &(F ASNSTMO)=THUNXRTOQ)/ZL0
Jutsbrz o ssicni¥=JHnaluo=1TRA &0

HLUINF

LUNG

BONF

*

t IVER

L1
LUNG

*?)
TOTAL
GleLLIY)

PERDNY
PERDIIS
PERNDS
FERDOS
PERDUS
PERDIS
PERDUS
PERDOUS
CHANGE L
CHANGE
PERDOS
BNL 01

PENRDUS
PERDUIS
PERDUS
PERDUS
PEROLUS
PERDUS
PERDNS
PERDUS
Pt RDOS
PERDOS
PERDNOS
PERDOS
PERULGS
PERDOIS
PERDUS
PERDUS
PERDOS
PERDOS
PERDUS
PERDVS
PEXDUS
PERDUS
PERDUS
PERDUS
PERDUS
PERDUS
PEKDNS
PERDUS
PERDOIS
PERDUS
PERDUS
PERDOIS
PERDOS
PERDUIS
PERDIS
PERDUS
PERDUS
PERDLIS
PERNOS
PERDMGS
PERDOS
PERDUS
(HANBE Y
CHANGE {
CHANGE T

15.20,55%

PAGE



ev-a

SpkONTI~ME PERDNDS T6/10 [REARS] FIN 4,5¢414 1u/23/78 13,20,33% PAGE 2

LR CIMOUN GT GO AND TIEN B 0) JTEN & 10 CHANGE § 16

1F (THUN BN U Al TTEN, bV, 0 TTEN & 11 CHANGLE ] 19

(1] TFCIHUN, B, 0) THUN = 1) CHANGE ) eu
TFOLUNTT b0 ) JUNKET & 10 (HANGE Y 21

Cl1aSE L CTHuUn) CHANGE 1 2e¢

(esSET(1FLa) CHANGE L 25

C385ETETUNIT) CHANGE Y 24

6Y L 36 Jgs1.8 PERDDS 97
PISILL,dedJIRT01,94x0FS*DUISE (Y, J0) CHANGE 1 25

LEMADS (| 2,Jdd) CHANGE ] 26

1FQL.GT 20)60TU0 30 CHANGE L 44
TF(TONSE(JII L T, 1=l 0)60TO 30 CHANGE § 2b

70 PERSNUISE(J» JJ)/TDOSE(III*10D, PERDNIS [Y"]
TF(PER LT )LIITIE 30 CHANGE 1 29

TTENRINT(PERZLO,) PERDUIS be

TUNTTSINT (PER) =] TENKTY PERDUIS [X]

IFCTIFN EN,0)ITENS]L PERDNS by

74 IF(IUNTT B 0 TUNLITELO FPERDOS 3]
ALILZ,JJ L)ESETLITEN) PERDIIS bt

A(LZeJJ L ISSET(TUNLET) PERDUS 67
AZ(LZ,JJ,L)RSET(12) PERDUS 6b
ISOTALZ,JJ)L)STELEM(MT) PERDUS (%]

Hy Ki(LZ,JJ,L)8C1 CHAMGE 1 30
KetLZ,Jyoldsle CHANGE Y 3

B3(LL,JJ,L)BC3 CHANGE 1 3¢

IMETILZ ,JJ,LISMETA(MO) CHANGE 1 55
NAT'S(LZ,JJVSNADS(L Z2,JU )+ PERDODS 8)

Hs c CHANGE L 3a
30 LONTINUE PERDUS 83

20 (OMTINMUE FERDOS Ay

KE TURN PERDUS [+

C * x INDIVINDUAL PERCENTAGE PERDNIS Bo

990 200 CONTINUE PERDUS 7
210 FOKMAT(IHO,544,8(4X,A2,1X,4A1,1X,3A1)) PERDUS 8b

22U FURMAT(IH ,12X,B(4X,A2,1X,4A1,1X,341)) PERDOIS By

PRINT 120 PEROUS XY

IF(RIT,EQ,10) PRINT 10 PERDOS 91

95 IF(KIT,EQ,T0) PRINT 1% PERDUS 9¢
iy 2uo ke, L2 PERDUS XY

LUHBNADSIR, 1) FPERDOS 94

vt 250 J8R1,A PERDUS 9%
TEANADSIK,J8),GTLw)LUWaNaANS(K,.J8) PERDUS 90

100 250 ChnTInNyE PERDUS 97
TH(LUW, 6T, 20)L1ws20 CHANGE L 35

FRINT 210, (PATH(K P L), KLET,3), (ISUT (R, J,1),81(K,J,1),82(K,J,1),83( PEROUS 9H

tRpd 1) TMETIR, J, 1) AL(K,Jel),82(0,0,1),A8(K,J,1),J%1,8) PERDUS 9y

DO 260 KJE2, L UNW PERDOIS 100

105 PRINT 220, €C180T R J, kY, BI(K,J,KJ),8B2(K,J,KJ),B3(K,J,KJ),IMET(K,J, PERDUS 101
TRV P A (R pJoh) s 821, Ty RI) P AT (K, S KT),uBL,8) PERDUS 10¢e

2600 (OMTINUE PERDOS 103

UL CHINTImMbE FERD(IS 104

IF (PP G, 0, YRE TURN CHANGE 1 386

t1o PRINT SS9y CHANGE 1 37
S99 FUeMAT (1ML, 32X, "TABLE 4,112t /24X, 'LTVUID EFFLUENT DNOSE PARAMETERS CHANGEL b
$V//5TX, PACL) yMREM/HR PER ULT/MLY /16X, 'RADIONUCLINE Y 6%, ' TUTAL BUDY CHANGE! iy

+1,0X, PCRITICAL IRGANYY) CHANGE 1 q0

IR JUCTEN R WPRFR TR CHANGE 41



http://lFdllNlT.EU.il

€v-a

118

120

125

13%

140

150

158

168

SUBRIIYTINE PERD

510

5095
03

500

Sa7

320
300
s510
LLYY
390
595

550

Jno
Jaq

1S T6/76 uPTE| FIN u,84014

MOIELT1ST(J, 1)

MYs T (M)
NOSY & pHS(Y1,Jd,4) ¢ DUSL2,J,4)
(DS s o,

Lty S10 Jdse,n

D1ISP? & (S (L,d,Jdd) + DUSIR,J,d0)

1P (BUS2, LY, LHiIS) LDUD & DUdR

LUNTINUE

PRINT S09,JELEM{MT), THASS (MO, META (M), DHSTL,CONS
FUNMAT(IH 318X, A2, 164,A81,9X%,1PER,2,9X,FH8,2)
O T e

PRINY SHo6

FOMATY (/777777747777 77)

PRINT 507, (FPATH(2,rL), KL®1,3),DILwW

FURMAT(2x,3A4, " DILUTIUN IN ADDITION TuU THAT Flik FIgHB',FS5,. 1)

ST

& IRRIGATEL FLUDS AND PUD,
FURNMAT(IH ,12X%X,2(4Xx, A2, 1X,401,1X,341))
CONTINUE

FUKMAT(IH 12X, 7(4x,a2,1x04A08,1X,321))
FURMAT (N HU, *ADULTY)

FUNMAT(1HO, 'TEENAGEK )
FURMAT (11O, *LHILD")

PRINT 120

TF(KIT,ER,20) PHRINT 130
IF(RIT,EN,50) PRIMT 110

TP (RTTLEN,30)PRINT 130

TFCKIT, EQ,00) PRINT 115

D 340 ke, L2

[F(RLED, LIPRINT 380U

TFLRGEV,2)PRINT 390

IF (R B, 3) PRINT 395

L IwaNADS (K, 1)

DO 350 JSsl,7

TR (NADS (R pJS) GT.LUNILUWBNADS (K, J8)
CONTINIIE

TF(LOW, (T ,20)L0wR20

Ol o0 KJsl,L(in

10/7258/78

CHANGE )
ChHANGE
CHANGF
CHANGE L
CHANGE §
CHANGE]
CHANGE |
CHANGE
CHANGE )
CHANGE |
CHANGE
CHANGE )
LHANGE
CHANGE ]
CHANGE )
CHANGE §
PERDUS
PERDUS
PERDUS
PERDOIS
PERDUIS
PERDUS
PERNDNOS
PERDUS
PERD(IS
PERDDS
PERDUS
PERDUS
PERDOIS
PERDUS
PERDUS
PERDUS
PERDUS
PELRDUS
PERDOS
PEKRDUS
CHANGE
PERDUS

IF(RIT,EU,30) PRINT 310, (180T(K,JpkJ)oBLIK,J,nJ),B2(X,J,KJ))RI(K,J PEKDOS

FoRT) G IMETUR G U, RI)pALIK,J,KTY,A2(K,J,KJ),AB(K,J,K]),JI=m1,7)

PERDUIS

TF (KIT,EW,20) PRINT 310, (1SOT(K,J,KJ),B1(K,J,KJI),B2(X,J,KJ),R3(K,J PERLUS

Q,hJ),IHFT(K,J,KJ)’AI(K;J'KJ)"Z(KgJ,KJ),A}(K,J;KJ),JI?,B)
TF(RIT B, S50)PRINT 320, LISOT(K,JoKRJ),BI(K,J,KJI),B2(K,J,KJ),83(K,J
oI IMETIR U RIS AL (R, R) A2(K, d,hJ)PAS(K,J,"T), 83,4)

PERDOS
PERDUS
PERDUS

IFCKIT FO,40) PRIMNT 320, €1S0T(K,J,hJ) 81 (R, J,KJ),B2(K,J,KJ),83(K,J PERDOS

FoRI) P IMETIR I, KI) P AL (R I, KI) A2 (K ) g AB(K,J,KI),Jm],2)

CHNTINUIE
CONTINDE
RE TUkN
Enu

PERDUS
PERDUS
PERDUS
PERDODS
PERDUS

18,200,338

ue

t1)
t14
115
16
117
tis
119
120
121
12¢
128
124
12%

58
126
127
126
129
130
131
13¢
135
134
135
130
157
138

PAGE
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vy=a

SURKNOUTINE PLDP Te/ 16 NnPTxy FIN 4,5+414 fu/18/77H  15,10,0H% PAGE 1

1 SURROUTINE PLUP(NUSE ) N) PLUP ¢
INTEGERTELEM PL P 3

LOGICALMETA PLIIP q
CHMMON/ZSHIRUEZEZU300) , ITMASS(300Y ) METACS00)  NUIBAGNLIBT,MLIBC,NLTHT  FLUK b

5 COMMUN/ZFLEMEN/TELEM{T0G) PLOP [}
CUMMUN Q(200) pPL,LFS,NSUR LY, RECU(200),L1IST(200,4),LCT,LT +»CONKIT PLLP [

+ ,POP PLOP b

DIMENSTOM DUSE (200,8)»CUBEAD(200,8) PLIP Y

10 FORMAT()HE1,20%,'% & 4 COSTHENEFIT ANALYSIS « » ') PLUP 10

10 11 FURMAT(IHO, " NUCLIVE RELEASE M ANSREM NOSE e e PLUP 11
PoMANSRFM PER CUN[E ') PLUP 1¢

12 FUORMAT(fd , 13X, Cl/7YR | TUTAL wUDY 1 THYROID 1 TOTAL BOD wNL ot te

+yY | THYRIIID %) BANLOL 158

13 FORMAT(IH ,1d,A2,14,A1," I ',1PEB,2,' | ',E8,2,' | '.t8,2, phLog 14

15 4! | L X | Yy EH, 20! 1Y) srL0y 1%
14 FURMAT(fH0,%  TUTAL',20X,1PEB,2,5X,E8,¢2) PLUP 17

TR(N BN, 6,00 N EW,TIG0 10O 1S PLULP 16

IF(NLEQ,5)6UL 11 20 PLOP 1Y

IF(NLER,3) i TO 100 PLUP 2V

20 IF(N,EN,4) GO TU 9 pLOP 21
15 DO 30 Jsi,rH0R PLULP 2¢
CUBEAD(J,1)3CUREAD(J 1) +DUSE(J,N=3) PLUP 2
CUREAL(J,2)2CUBEAD(J,2) +DUSE(J,N=2) PLUP L)

30 CUNTINUE PLLP Ie)

25 RFETUKN FLUP L)
20 DU 4u JrIpNSUK PLUP 4
COREAD(J,1)ECOREADC(J, 1) +DUSFE(J,2) PLUP 2b

CUBEAD(J, 2)RCUBEAD (J,2) +DUSE(J,2) PLUP 2y

40 COMTTINUE Pl UP 3y

30 RETURN Pl P 31
50 D 60 Jsl,200 PLup 3¢

CuKEAD(J,1)80, PLOUP 3y

CHHEAD(J,2)80, Pt uP 34

60 CUNTINUE PlLOR 35

35 TUKS0, ) PLOP LY
Thlso,u PLUP 87

RETURN PLUP b

100 PHINY 1o PLOP 1y

PRINT 11 Pl 4y

40 PRINT 92 PLOP ai
DY 119 J=1,N80R PLUP 4e

LL=LIST(J,1) PLOP us

Iks1Z2¢L1) PLUP uu
CIHZCOREAD(J,1Y/70UC)) PLOUP ay

4s CLT=CUREALCI L 2)70(d) PLUR 4o
PHINT 13,1, JELEMCIK), IMASS(LLY/METACLL),G(J),COBEADCJ,1),CUBEAD(J PLLUP 4y

+,2),CIR,CIT PlLUP ubd
TUNSTURSCUBEAD(J,1) PLUP ay
TOT=TTeCUBEAL(J,2) PLOP S

S0 110 CUNTINUE PLUP 51
PRINT 14,708,707 PLOP Se

RETURN PLOP S

END PLOP Su
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Sp-a

PRUGRAM WILL HF ENTERED AT  LADTAP ( 340) SCM LEMGTH 1563606 LCM LENGTH 0

ALIICK ADUKRESS LENGTH

JELEMEN/ 100 144
/eueL lud 4
HLKGAT 80 o
LANTAP 250 1623
/SURCE/ 2073 1o1y
/NFLIRY 3703 17mhay
R DOF 23547 1300
SOURCE 2505% 704
RECIIN foirng 244
AL ARA eheiud 1000
nut 27245 3714
WH) 33161 626
qHY 34?7 usto
WATER 490525 637
ACTIVE 413my4 S13
AQUA arnl? Jzue

/TRANS/ 45351 1
DRINK 4ss42 3252
JHNRE So6td 3311
SWM S112S LY. 1-
CRITTR 57413 3213
EAT 62vP6 32nu
PAFU 6h112 1240
CEMT 71352 1°1
TRTYIUM 71473 49
FLIMWD 71533 1743
FLHIL 73476 7410
PERDHSY 1o3toe 40unt
pLOP 143579 3533

/ECL Co/ 1a71v0 28

JHB 10/ 147163 134
HYNTRYR 147307 1
coMline 147310 a4
FiF 147354 20
FECMSKs 147374 uq
FLTIMz 17034 154
FLTOYT=Z 14701 314
FMTAPS 150179 172
FORSYS= 150517 556
FURLTL =S 151278 in
GETHIT= 1515813 43
[NCriMz 151356 '+14
INPLa 151635 175
KINERS 152030 'LY)
KNAKE RS 152517 454
nyTCe 153173 171
NUTCHMa 153364 203
GUTUER= 153567 14
ALDL - 153603 77
ExP 153702 100
Sysalus 154002 1

Sy8=1387 154003 (T}
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[4 LOAD
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154079

M A

10
2211

LOADER VFRSION 1,0
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LM)’ TEST DECK FUR LTUUIN BFFLHENT T/8 IN FRESH WATER

DISCHAKRGE=Z2 ,00E+9) CFS

SLILKC

FRESHWATER SITE
TECH SPEC NUCLIDES

NO RECONCENTRATIUN UF NUCLIDES

NUCL INE
1h
15t
2uLR
25NN
26HF
26FE
27Ln
27Ln
302N
J0ZN
37kH
3ese
3R
3oy
oy
4o/lR
4R
4i1hK
deMo
dUri
o uduk
Luraa
YR
S0SN
SOSN
515K
5168
S52TF
S27TF
SPTF
S21F
521F
531
531
SaCs
55(9
S&LS
Sehka
STLA
S8LF
SHLF
SHCE
SOPR
93INP

F TERM MULTIPLIERSY 00E«00Q

SHUREL IMNE o eeme

(MREM/HRY/(PLT/ 1n22)
SKIN TUTAL BOUDY
Ve

flel) |
1.3uf-urnu.

RECON
J.0Uk 40U

* % % ADULY DUSE FACTORS *» » x
INGFSTINN DOSE FACTUKRS
(MREM/PCT INTAKE)
CURIE/YEAR RUNE LIVER TOTAL BODY IHYRUTD KIpiNkY LUNG
3 1,00L+00 U, 1 BUF=07 1 ,3ub=07 1,3UEw07 1,3dbe07],34k=07
i2 1400F400 1,93Ee0d 1,21F =05 7,07ke06 0, Ve "
St f.ut+00 0, 0, 2ebbb=09 1,59Ew09 S, 87E=10 3,53E=09
54 1,00E+00 0, 4,57€E=06 R, 73E=07 0, 1.36k=06 0,
55 1OUF$00 b,20E=086 2,79 =05 7,33k« 0, O, 3.23L=05
59 1.0UE+00 G, 34E=06 1,035E=ub 3,92E=06 0, 0 2.,86E=06
58 {,0Uuk400 u, T,46E=07 1,6T7L=06 0, 0, 0,
60 1.0U0E+00 0, 2.15E=06 4,72E=006 0. 0, Oo
6S 1,00E+00 4, bSE=06 1,5%4E=05 6,97L~00 0, 1.03E=05 0,
09M 1 ,0UE+0v0 1,70L=07 4, 09E=u? 3,73E«0R 0, 2. 4BEe07 O,
Re 1.00E¢00 0, 2, 11E=0% 9,84t=06 0, [ 2,
89 1,0UE+)10 3,09E=04 0, B,t85E=0h 0, O 0e
91 1.,00E400 7,b1E=03% 0, 1. 86E=03 0, 0. 0,
99 1, 00E400 9,68E=09 0, 2.58E=10 0, 0, ",
91 1, 00F400 1,43k=07 O, 3, 7Ht=UY 0, Ve Oe
95 LoNOF+00 3,04E=0K 9 ToL=0Y b,01L=09 0, 1,5ub=(8 0,
97 1.N0E400 §,6Rkm09 3, 39E=1] 1,50k=10 0, S,1rPt=10 v,
95 L H0E400 b,23F=uf 3 uoFe=0Y §,36E=09 0, 3,43t =09 0,
90t uyuksnn U, 4,31=06 b, 20t=07 0, 9,77t=06 0,
103 1,00F¢00 ) BSEwTen, T.98%c=0Hen, T.07t=07=0,
106 100400 2,75E=0het, 3 U4hL=0 =0, Se32t=06=0,
TI0M  1,000400 1,80E=07 { URE=0T B, B0t=0B=y, 2.9tk =0 7m0,
1134 1.Cnkeng=p, 1,19 =06 1,02k=T=0, 3.50t=06m0,
123 1LU0E+90 3,11k=0)S S, 10E«07 T,60b=07 U ,3BE=Q7=(, -0,
120 1,00 410 B, 46F =05 | ,0BEw)D 2,41k=0b 4,92F=07=0, =0,
124 100400 2,81 =06 S, 30F=08 |, 11ta06 6, 79E=0%9=(, cs18k=0p
1¢S5 1,008400 2,23E=06 2,400%08 4, URt=07 1,9RFe09ey, 2,33kw0u
125M 1, N0E+00 2,0RE=06 Q 73807 3 99t/ A,0TE=07 §,00t=05=0,
127 {1 ,00E+00 6,7THE=(QE 2,37k=006 8,26k=07 1,73E=00 2,7%k=0%=0,
129 1 ,00E400 1,15 =05 4,30F=06 ],82F=06 3,95F=06 4,80b=05=,,
131M 1,006%00 1,74dE«)b 4, 47F =7 7,06E=07 1,34F=0b R, SBE=0b=(,
132 TLOUE+00 2,588 =09 1|, AUt =6 |,53k=06 {But=006 1,51t =Dben,
131 1L00E+00 U, 1nFe)hn S 96«06 J,4lk=nb 1, 95Fn(3 1,02E=050,
133 1,00E+00 1,U3k=0n 2, U4BFedb 7,5Tbw07 4,7TE=04 4,33k =0b=y,
134 1.,00E400 b,efk=yS 1 ,dbbeNd | ,21E=yl=y, U, B0t =05 1,99k =08
136 1.004)0 6,51F=06 P,S7F=(S ) H5Eeub=0, LUk =05 1,96L=06
137 1, 00E400 7,95b=05 t,09F=04 7,15E=0%=0, 3.,71E=0% §,23b«0S
140 1,008+400 2,03 =05 P,55F=08 1,34k=06=0, B.bHE=0Y9 1,UbE=08
140 1U0EY00 2,50E=09 ), 2b6FauY 3,54t =]lt>n, -0, =i},
141 1,006400 9,37k «09 6 ,3U4E=N9 T, 18t =10=y, 2,9UE w09,
143 1,006+00 1,65t=09 | ,22t=006 1,3%=lueQ, S.38kwt0=0,
144 100E400 4,89k=07 2,04F=(07 2,62L=yl8=0, 1.21L=07=0,
143 1,006+400 9,21E=09 3,70t=09 4,57t=10=0, 2.13£=09=0,
239 1,00E400 1,20E=09 1,18E=10 b,46k=114=0y | 3465E=10=0,

2 1 TE=(5=0,

b,60t=07 2,tb0k=10
1,00E=0S 6, R0F=(9
1,07t 05«0,

d,4tke0%S 9, uQF =09
1,95tE=05 R,20F=N9
4,0PE=0S 2,00E=08
9,70k =06 U, AUE=09
2,U9E=05 3, U40F=09
4, 16b=0h 7 ,20E=t0
4 ,QUE=DS A,N0F=13
1,02b=0ldep,

{,ult=0d 2, 60F=12
T.76E=0% 2, 7uf =11
3,05benh 5, H0Fw9
1,09b=04 A, U0E=09
JAUE=05 A 00E=N9
9,99t =yn 2,20Fw0q
P ibF =05 4,20Fa09
1, 78E=00 |  BQE =09
6,N1E=05 2,10Fel8
2,5hF =05 ?2.,60F=t?
6,35t=05 6,U06Fayt
2 ,UIE=05 1, UuVFwib
7,95k «05 1, ,S0Ee08
1,97k <05 3,50E=09
1,07E=05 4, 8uF=11
P.,2TE=05 1,50F=12
5.,79F =05 9,00F=10
B, U0E=0% 9,90F =09
T, 71E=05 2,00b=09
1,570=06 3,40 =09
2. 1RE=(0 4, ,S50F =09
2.5 =06 1,4d(0E=~08
2,927k=00 1,7vE=08
2 Atk=0n 4, 90E=yY
4, 18E=05 2,40t=09
9,25E=u5 1,70k=08
2., U2E=0% 6,P0E=10
4,50E=05 2,50kw09
1.,65E=04 3,70E=10
U.th-OS-O.

2,40E=~0% 1,10E=09

O,
2,208=10
S RIE®LY
0.

B 00E=U9
T.00E=09
1,70E=u8
4 huk=(9
2.,90E=09
6,30E=10
5,n0t=13
0,

2.°0E=12
S UlE=11
S.00E=uQ
5.50E=09
S, 10f=09
1,90t =09
J,6LE=UY
f.50b=09
1 ., +0k=uB
2,3uk=12

-0,
S,ulk=09
1,40E=0R
3, 10F=009
3,50k=11
t.10k=12
T.70k=10
B, Unk=00Q
170k =y9
2.BNE=0Q
3. 70F=00
1., 20E=0R
1,50t =0k
4,20F=)9
2.10E=09
1508 =0H
S.50E=10
2ePNt=0Y
3,2vE=10

-0.
9,.50E=10

1,0UF U0
1o (0EY00
1o00UF+0U
100t 00
1, 00F+00
100F+00
14U0UE+GO
1,00E+00
100400
1,06E+400
1.008400
1.00F+00
totib+00
1 00F¢00
1,00F400
1,00b¢00
1,00FE+00
1LO0F+00
f.00t400
100F 40y
1,00E+00
1,0(keno
100F 40y
1,00F400
1,00e400
1,00E¢00
1,00E400
1,.00F40y
1,N0F400
1l VE+DD
140LF+00
1,00F400
1.O00E+00
1.,00E400
1oO0F$0Y
1008400
1.0uE¢00
.00k +0U
1,00€+400
1,00E400
1,00E+00
1.00E+400
1.006¢00



* " * TEENAGER DOSE FACTHRS * . *

INGESTION DISE FALTOKS SHOREL INE
(FREM/PCT INTARE) (MREM/HR) Z(PLT/MAaaQ)
NUCLINE  CURILE/ZYS AR BUkE LIVER TOTAL BODY  THYRHID KIDNEY LUNG (T=Ll ] SKIN  TUTAL KuDY KECON

ith s 1, 00F 400 0, 1,06F=07 1,06ke07 1,06E=07 {,34b=07 1,.06E=07 1, ,0ht=07
27tn  SA 1,00E+90 v, 9,9¢t=y7 2.20t=006 0, 0, 0, 1,314E=09
2rLn 60 1.00E400 0, 2,76E=06 H,30Fe00 0, (U (' $,318=05
38R 89 1,OUE+00 4,60E=04 0, 1.32b=05% ¢, (128 0, 4,99E=05
ISP 99 100F+00 1,04b=07 0, 2.57t=04% 0, Ve Uy 2,0k w0l
lay 90 1,00B+00 3,80E=~0K 0 8,87t=10 0, 0, 3,75E=05 1,09t -04
39y 91 1,00E400 1,95E=07 0, S,23H=09 0, 0 0, 7.5%E=05
40ZRrR 95 1,00E400 3,728 |, 2Ut=pl B,b6E=09 0, 1.5t et 0, 2.6HE=0S
41N 9§ 1.0V0E+00 7,24F=07 4 36F=09 2,46t=09 0, 31,43b=09 0o, 1,78k =05
a4k 103 1,00E¢00 2,57L=07 0, 1,06E=07 0, T.07k=0? 0, 1 A5t =05
dukty 106A 1,008+00 d4,00E=006 0, S.08«07 0, S.32k=06 ¢, 1,R1E=04
SUSM 123 1,0VE+00 G ,3PE=0S 7 ,22F=uT 1,0Rteyb S, TuE=nT=p, U Hh,31F=0S
SPIF 125M  1,00k+N0 3,B3E«06h | 37Feto S5,0RE=07 |, 0HE=06 1,09E=05 ¢, 1,078 =05
S21F 1e2M 1,00E+00 1,66E«05 6,15L=06 2.01t=0b S,30k=006 4, H0kenS 0, Y, RNE=0Y
52TE 137 1.00E400 3,55t =06 2,20k« 2,10E=06 2,36F=b ],5RE=0% ¢, H, nE=nS
S31 131 1,00F400 S,57k~06 7 B7telhio 4,00b=06 2,27F=03 1,02E=05 0, 1,U9E=06
S31 133 1.00L400 2,03E=06 3 4dbeGo 1,06E=06 6,25E=04 4,33E=006 0, 2.50E=ab
55C8 134 1,00E+00 B,05L=05 {,9UF=04 9,06t=05 0, U,80k=05 2,35F=05 2,24L=00
55Cs 137 1,00E+00 1,07E=Qd | 4UL=0d S,05E=05 ¢, 3,71E=05 1,91F=05 |,92E=06
Sera 1490 1,000400 2,83t=05 3, 48te08 1,82E=006 0, B,68E=09 ¢2,33Fep8 4, 10k=p6
S7LA 140 1.00b¢00 3,48E~09 1,728=09 4,55t=10 0, =0, 0, 9,48k =05
SHCF 141 1.00E400 1,26E=08 R Got=09 9,77E=10 0, 2 IUE=09 0, 2,29E=05
SACE 144 1,00E+00 7,22E=07 2,96k=07 3,HB8E=08 0, {elb=07 0, 1,70t=04

* * " CHILD LOSE FACTOKRS * * .

INGESTION DOSE FACTOIKRS SHUREL INE e
(MREM/PLL INTAKE) (MKEM/HR)/(PCL1/MRe?)

oNUCLINE  CURIE/YRAR HUNE LIVER TiITAL BHUY  THYRUOID RIDNEY LUNG Ll=Ll] SKIN TUTAL HLDY RECON
_L 1K 3 1,00E+00 O, P ,03E=07 2,03k=07 2.,03E=07 1.3¢kw07 2,03E=07 2,03t=07
co ertn %8 1.06E+00 0, t,85k=06 S.58L=06 0, O 0. 1, 10E=05

2701 &0 1,00E¢00 U, S,17E=06 1,55k=05 0, 0. 0, 2. 86b=05

3SR B9 1,00Fe00 Y, 8KE=03 0, 3,45k«05 0, Oa 0, 5,15k=08

IRGR 99 Lotk 0 t,72F=02 0, d,30kt=03 0, U 0, 7,29k =04

3oy 9n 1.008400 G, 21F=08 0, 1.13k=09 0, O 0. 1,20b=u4

lgy 91 1,006400 S,bSE~07 0, l.56tke0d 0, [N 0, 7.776=05

agZw 95 1.006400 1,04E=07 2,02Fk=08 2,20E=y8 0, 1.5k =08 0, 2.,50k=05

d4INR 95 {4QUE+0N 1 ,95E=~08 A 32t=09 6,11L=09 0, 3, 43t-09 0, 1,00L=09

4uk 103 1.00k+00 6,78E=0T7 0, 2.74E=0T 0, T.07E~07 0, 1,78E=05

quky 106 1.00L400 1,19E=0% 0, 1.4bE=00 0, 5.32t=006 0, 1 HoE=0d

5084 123 1,000L¢00 1,31E=0d ) 6UE=G6 3,22E~06 1,73F=0b=0, 0y 6, 50805

52TF 125M 1,00E+00 1,14FE=0% 3, 09E=006 1,52b=06 3,20F=06 1,09L=05 0, 1t.10beaS

S2TF 129M 1 ,00k+00 4,95E=05 |, ,38F«05 7,65t=0b {,58E«05 d,80E=05 0, 5,96E=05

SeT1F 132 1,00F400 1,02E=05 4, 50b=0b S,02b=06 6,62FE=n6 |,58k=05 0, 7,89t =05

531 134 1,00 ¢00 1,638=05 1,670~0% 1,26E=05 S,83E=03 {,0PE=0% 0, 1,43c=~006

31 133 L UbE00 H,9KE=06 7,38F=0b 2,90ke06 1,78E=03 U,35E=06 0, 2,99t =06

S5¢S 134 1,00F+00 2,24k=0d 3 TTE=04 B,02E=05 0, U, 80E=05 4,19E=05 2, 0lE=06

55(8 137 1,00E400 3,12k=04 3 02Fedd 4,50E=05 0, 3.71k=0% 3,54Ew05 | W4Eevb

Seba 149 1,008400 B,26t=0S 7,75%t=08 4,85t=06 0, B,68Ek=09 4,32E%08 4,21E=vb

57La 140 1.00E400 1,01E=0R 3 S2E=y9 1,19E=09 0, 0, 0, 1,00E=04

S8CE 141 1,006400 3,76E=08 | BBE=0B 2,80E=09 0, 2.9Ut =09 0, 2,36t=05

SHCE 144 1,00E400 2,14E=06 6,70E=07 1,14E=07 0, 1.21E=07 0, 1,74E=04

‘ ] * " INFANT DUSE FACTURS * * *




NUCL INE

1t
2710
270N
Jusn
SHSR
39y
3oy
4ozn
41NR
Gurly
dakdl
508N
Sete
LYals
$21F
531
531
5508
S¢Cs
S6KA
STLA
SPLE
SH8CE

CURLE/YERR

3 1, UE¢00
54 1,00E+00
h 1,00k+00
H9 1,00E+00
90 1,008 400
90 1., 00E¢90
91 1,00F400
9q 1,008400
Q8 1,008400
103 f,00E+00
106 1.,008400
123 1, O00E+0D
1258 1, 00E¢00
1294 t,00t+00
132 1,00E400
1314 1,NOE+0Q
133 1,008¢00
134 1,N0E+00
137 1,00E¢00
1490 1., 00E+00
tan 1,00E+400
141 1N0ES0Q
144 1,00E¢400

RUNE

0,

[0

0-

2.Y93% =03
2,51E=07
8,97c=08
1,25 =0h
2.11E=07
3, 89E=18
1,41E=06
2,54k =yS
2.79t=04
2,43F=0%
1.05t=04
f.13k=05
3 UPE~0S
1,26k=45
4,5H8E=04d
Q‘.SSh-OU
‘Q7UE'0“
2.12E=08
8,00k=y8
4 U9 =006

TOTAL NUMBER IN SUURCE TERM 18

6v-a

INGESTION DUISE FACTHRS

(MKEM/PCT TNTAKE)

LIVER fierag wroy
3, uTe=07 3, uTt=u7?
J T8E=00 9,.26bL=00
1,07E=09 2,56E=05
0, B, 42t =05
. 6,40t =03
N eJdit =09
. 3,33t =08
5,32F=08 3,78t-08
1,75k=08 },038E=08
o, 4,85€=07
0, 3. 12E=00
4,33E=06 6. H8ht=Ub

2C D

R 19F=N6 3,20b=0b H,00E=06 §,00t=05
F,01F =05 1,060E=05 3,95€Em0S 4,B0k=05
1,05E=0h 9,76E=06 1,56F=0b 1, ,%8E=05
U, NTE=05 2,8KE=05 1,31E=02 1,02E=05
| HUE=0Y S,98E=06 U4,35E=03 4,33k«006
R, PUb=04d 6,97E=05 0, 4, 80E=0%
T.31b=04 4,20E=05 ¢, 3.71E=0%
1,79E=07 8,99t=06 0. H,68L=09
8,37E=09 2,16E«09 0, -0,
4,91E=08 S,75E=09 0, 2.9Ut=0Y
1,77€«006 2,42E=07 0, 1,21Le07
44 TOTAL RELEASE I8 4,4000E+01

THYROID KIDNEY
3.076«07 1,3ut=07
0, (e
[V O,

0. 0.
0. 0,
0' 0.
0, [T
(S 1.54k=08
Ue 3,03t =09
0, Tt =07
0 Se.52t=06

UQBSE'Ob'Ou

LUNG (SIS
d,07te07 3 07t en7
0, 9,7% ~yb
o, 2. hut=0S
0, 5.48E«05
0, 2,43t =04
0, 1,296 =04
n, H,727t =05
0, 2,3hE~05
0, 1,40b=05
0, 1,76t=0h
0. 1,97t=04
U b,91E«05
0, 1,17t«0%
04 6,33E=0%
0, 8,08t =05
v, 1,53% 0o
Gy 3,27€=06
9,u2E=08 1,96E=06
R,BlE=0bS 1 ,R9E=06
1,07E=07 4, 43E=0b
0. 1;0“&‘0“
0, 2,3RE«05
0, 1,85E=04

SKIN

SHUREL | N} ecmesmenen
(MREM/HR) /(LT /Max2)

TOTAL BODY

RECON



* * *  AS LW AS HEASUNABLY ACHIEVABIE * »
ADULTY DS E S

DUSE..(MREM PER YELAR INTAKE)

PATHWAY SKIN HONF LIVRR TOTAL Sy THYRLTD KTDNEY L UML Glel L]

FIsH 2,27k +00 2elPt+03 f.U5Le038 4,26k +01 S.06b+02 7.50t401 3,06L403

DRIMNKING J unbe02 LebGF4N] 8,73k+01 A, 9H8E+01 1.0°401 1,258401 6.,99E+01

SHOREL INE 8,01E+00 6,49E+00 6 UF+( 0 6,U%+00 6,49t +00 6,49 +00 6,U%t 00 I CIX ]

TOTAL 8,01E+00 2.30E¢04 2e14E+03 1.54E403 1,39F¢02 3.23k+02 9,38E+01 3474E03

USAGE (KG/YR,HR/YR) DILUTIUN TIME (HR) SHOREWIDTH FACTUREY,0

FISH 21,0 1,0 24,00

ORINKING 730,0 1,0 12,00

SHOREL INE 12,0 1,0 =(),00

L] * « ISDTOPE CUNTRIBUTION » * *

PATHWAY SKIN BONE LIVER TOTAL BOCY FTHYRUTD KIDNEY LUNG Gl=LL]

FISH P 32 95% P 32 63% P 5¢ 87% SN 123 % IN kS X FE 5% 5% [ 32 b6%
SR 90 1% 7N 6% 1% IN b5 1% SN 126 ux TE 126M 1% CS 134  49% N 95 19X

8N 126 1% RB  bo 2% rRB  Ho 1% TE 12T 1% TE 127 0% €S 136 5% SN 123 6%
C8 134 16X S”H 9o ux TE 129M 4% TE 1294 7% C8 137 38% SN 126 2%

CS 136 2% CS 134 19X TF 132 1% Te 132 1%

€S 137 12% €S 136 ex I 131 73% CS 134 3o6%

cy 137 11% 1 133 8% €S 136 10X

CS 137 2bX%
DRINKING P 32 2% P 32 2% SR 90 87X I 131 &4x IN &5 '8 3 FE 55 1oy P 32 1%
SR &9 3x MmN Sy 1% S 134 5% I 133 t4x MO 99 3X 5B 125 77% PE 59 1%
= SR 90 89X FE 5% (33 cS 137 3% PU 106 2% Cs 134 5% c 60 2%
1 FE 59 2% Ch 113M 11X cs 137 ux SK A9 2%
& IN 653X TE 1P5M  ux% Sk 90 5%
B He 5% TE 127M 11X Y 90 5%
TE 129M 1% TE 129H 19% Y 91 ux
1 13 1% TE 131M 2% IR 9% 1%
€S 134 36% Te 132 5% IR 97 3%
CS 136 6% I 131 3% ND 95 1%
€S 137 27% I 133 1% KU 103 1%
€S 134 19% RU 106 30X
€S 136 5% AL 110v 3%
CS 137 14% ch 113 1%
SN 123 k¥
SN 126 1%
S 124 4%
8B 125 1%
TE 127M X
TE 129% 3%
SHOREL INE MN 54 tX MNOOS8 1%
Cu &0 27% €O 60 28%
AG 110M  ay AG 110M 4%

v 123 6 SN 1276 34%
SN 126 31X SH 125 3x
Sk 125 ex cs 134 9%

C8 134 BX Cs 137 3%
Cs 137 12%




16-a

RADIONUCLIDE

H

p

CR
MN
FE
FE
(o))
co
N
N
RH
SR

cs
BA
LA
CE
CE
CE
PR

TABLE 4,11e2

LIGUID EFFLUENT DUSE PARAMEIERS

3
32
51
54
55
59
S8
60
65
69M
X
89
90
90
91
9s
97
95
99

103
1ve
110M
113M
123
126
124
125
128M
127M
129M
t31M
132
131
133
IRY]
136
137
140
f4o0
141
143
144
143
239

ACL),MREM/RK PER LICT /ML

TOTAL BUDY

1.1dtb+01
1,71t 406
1otk 4y0
9,uTE+02
2,86E¢03
1.25b403
3, 86L¢02
9,58E 402
3,39k +04
5,55E+01%8
4,62 404
1.36E403
2.89t+0S
3. uHE=0?
.37t =0)
S5.99t=01
B, U0E=03
9,59t +01
7.55t +vt
8,4TE+00
3.738401
7,808 ¢00
5.7dk+01}
9.,5ut+03
1.75E+04
9,45E401
LI LE XA}
3,70k 402
8,55t +u2
1.86E403
4,33k 402
1.30E4903
3. A4k 02
S.uS5t+1}
589 +05
B.55E+04
3, 4BE 405
1.,21k¢02
3.59%. =02
b, URE=(2
H,93k (3
2.24t400
b, 31E=02
S,TYUE=03

CRITICAL VRGAN

1,14F+01)
B u1E407
3,.60F402
1.,45F+04
1,04E404
1,04F 404
5,04k403
B 1b6F¢03
TLU9F¢0u
3, 706404
9,91E+04
4,79F+04
1,18F+¢006
1,228 +04
1,10F¢04
2,75E+03
S,05%E403
1 ,UBF+06
9,19k +02
2,29FE+03
1,918 404
5,35E+03
i, ,U4F+0u
4, 5HF 405
6,15F+0%
6,7TE+03
2,0U0F+04
J,12F 404
2 R0F+0U
9,91k +04d
S, 15F+0U
b,55FE+04
2,20F 408
3, 43FE+04
7,218 405
1,196 +0%
S,31F 405
3, 77F403
9,93F+03
2,05E+403
3,02E+403
1,41E+04
5,56E+03
e,15€+03



DRINKING

¢5-a

DILUTION IN ADDITION TU THAT FUR FlShs

1,0




. ADDENDUM

Setpoint Calculations

The radiological effluent Technical Specifications require alarm/trip setpoints for
radiation monitors and flow measurement devices for each effluent line. Setpoint values are
to be calculated to assure that alarm and trip actions occur prior to exceeding the limits
of 10 CFR 20 at the release point to the unrestricted area. The calculated alarm and trip
action setpoints to be specified in the ODCM for each radiocactive liquid effluent line monitor
and flow measurement device must satisfy the following equation:

fip <

-

where:

C = the effluent concentration 1limit (Specification 3.11.1) implementing 10 CFR 20 for
the site, in uCi/ml

¢ = the setpoint, in uCi/ml, of the radioactivity monitor measuring the radioactivity
concentration in the effluent line prior to dilution and subsequent release; the
setpoint, which is proportional to the volumetric flow of the effluent 1ine and
inversely proportional to the volumetric flow of the dilution stream plus the
effluent stream, represents a value which, if exceeded, would result in concentra-
tions exceeding the limits of 10 CFR 20 in the unrestricted area

f = the flow setpoint as measured at the radiation monitor location, in volume per unit
time, but in the same units as F, below

F = the dilution water flow setpoint as measured prior to the release point, in volume
per unit time.

[Note that if no_dilution is provided, ¢ < C. Also, note that when (F) is large compared
to (f), then F+f = F.]

The equation is satisfied when the following alarm/trip setpoints are provided for each
effluent 1ine in the ODCM:

f 5_%5- (in ml/sec; for example).

F 5_%—- {in ml/sec; for example).
CF oo i

c <7 (in uCi/m1; for example).

Some plants may be operated using a fixed value for one or more of these three variables,
¢, forF.

Example 1

By using a constant capacity radwaste system discharge pump (on the undiluted stream) the
value of (f) is fixed; therefore, the setpoints to be given in the ODCM are:




f = ml/sec (fixed)

F > mi/sec = cf/C

c= xF uCi/ml < CF/f

If C = 3x1078 uCi/ml, f = 4000 mi/sec and F > 4x10° m1/sec, the radiation monitor setpoint
is calculated as follows:

¢ < CF/f

= —8 -
(32880 F o 7.5x10712F ,Ci/ml.

If F is measured at some value in excess of the limiting value (the limiting value
is 4x10% ml/sec in this example), then c may be established proportionately. If
F = 8x10% ml/sec, the alarm setpoint is:

7.5x10712F (uCi/ml per ml/sec){ml/sec)

O
i

n

7.5x10712(8x106) = 6x107> uCi/m1.
In this case, the alarm setpoint for the radicactive liquid effluent 1ine monitor can be
established at 6x107°> uCi/ml, proyided that an automatic isolation/control trip action occurs
to satisfy the condition:

c/F < 7x5x10712 yCi/ml per ml/sec.

Example 2

By using a constant capacity dilution pump (on the dilution stream prior to a mixing
box), the value of (F) is fixed; therefore, the setpoints to be given in the ODCM are:

f < ml/sec = CF/c
F = ml/sec (fixed)
c = x(1/f)uCi/ml < CF/f

If C = 3x1078 yCi/ml, F = 4x10° ml/sec and f < 4000 ml/sec, the radiation monitor setpoint
is calculated as follows:

¢ < CF/f

= -8 6
(3210 7 X 8x10%) - g.12(1/%) uCifm,

If f is measured at some value less than the Timiting value (the limiting value is 4000 m1/sec
in this example), then c may be established proportionately. If f = 1000 ml/sec, the alarm
setpoint is:

Le}
n

0.12(1/f) (uCi/sec)(sec/ml1)
$ﬁ%%;= 1.2x107% uCi/ml.

1

AA-2




In this case, the alarm setpoint for the radioactive liquid effluent line monitor can be
established at 1.2x107% uCi/ml, provided that an automatic isolation/control trip action
occurs to satisfy the condition:

cf > 0.12 pCi/sec.
Value of ¢

A detailed description of the method to be used to obtain the value of {c) should be
provided in the ODCM. Since (c) is dependent on the radionuclide distribution, yields,
calibration and the monitor's parameters, each of these variables should be considered and
the fixed or adjustable setpoint method of determination described in the ODCM for each
effluent monitor. This may be accomplished by tabulation. Changes to the ODCM shall be
provided in the SEMIANNUAL RADIOACTIVE EFFLUENT RELEASE REPORT,

AA-3






