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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 limits, 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" 

NURE6-0103 - "Standard Technical Specifications for Babcock and Wilcox Pressurized Water 

Reactors" 
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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 limiting conditions for operation 

necessary for complying with the Conmission'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 

Reactors" (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) 

2 



TABLE 1.1 

SUMMARY OF APPLICABLE SECTIONS IN THE STANDARD TECHNICAL SPECIFICATIONS 
CONSIDERED IN THIS MANUAL 

PLANT 
TYPE 

Standard Technical Specification 
SECTION TABLE BASES 

or Model Technical Specification in NUREG-0472 (Ref. 2) or NUREG-0473 (Ref. 3) 
~ ~ ~ ~ TITLE 

SECTION 
REFERENCE 
IN THIS 
MANUAL 

PWR BWR 1.0 Yes No Definitions 

PWR BWR 3/4.3.3.8 Yes Yes Radioactive Liquid Effluent Instrumentation 

PWR BWR 3/4.3.3.9 Yes Yes Radioactive Gaseous Effluent Instrumentation 

PWR BWR 3/4.11.1.1 Yes Yes Liquid Effluents, Concentration 

PWR BWR 3/4.11.1.2 No Yes Liquid Effluents, Dose 

PWR BWR 3/4.11.1.3 No Yes Liquid Effluents, Liquid Waste Treatment 

PWR BWR 3/4.11.1.4 No Yes Liquid Effluents, Liquid Holdup Tanks 

PWR BWR 3/4.11.2.1 Yes Yes Gaseous Effluents, Dose Rate 

PWR BWR 3/4.11.2.2 No Yes Dose, Noble Gases 

PWR BWR 3/4.11.2.3 No Yes Dose Radioiodines, Radioactive Material in Particulate Form 

and Radionuclides Other than Noble Gases 

PWR BWR 3/4.11.2.4 No Yes Gaseous Effluents, Gaseous Waste Treatment 

PWR BWR 3/4.11.2.5 No Yes Gaseous Effluents, Dose 

PWR BWR 3/4.11.2.6A No Yes Explosive Gas Mixtures (Systems designed to withstand a hydrogen explosion) 

PWR BWR 3/4.11.2.6B No Yes Explosive Gas Mixtures (Systems not designed to withstand a hydrogen explosi 

PWR 3/4.11.2.7 No Yes Gaseous Effluents, Gas Storage Tanks 

BWR 3/4.11.2.7 No Yes Gaseous Effluents, Main Condenser 

BWR 3/4.11.3.8 No Yes Gaseous Effluents, Mark I or II Containment (Optional) 

PWR BWR 3/4.11.3.1 No Yes Solid Radioactive Waste 

PWR BWR 3/4.12.1 Yes Yes Monitoring Program 

PWR BWR 3/4.12.2 No Yes Land Use Census 

PWR BWR Fig. 3.11-1 No No Unrestricted Area Boundary for Liquid Effluents 

PWR BWR Fig. 5.1-1 No No Unrestricted Area Boundary for Gaseous Effluents 
PWR BWR 6.9 No No Reporting Requirements 

on) 

2.0 

4.1 

5.1 

4.2 

4.3 

4.5 

4.4 

5.2 

5.3 

5.3 

5.4 

3.8 

5.5 

5.5 

5.6 

5.6 

3.0 

3.0 

4.3, 5.3 

4.3, 5.3 

2.0 

2.0 
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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-0Q17 - "Calculation of Releases of Radioactive Materials in Gaseous and Liquid 

Effluents from Pressurized Water Reactors (PWR-GALE Code)," April 1976 

(Ref. 11) 

NUREG-0016 - "Calculation of Releases of Radioactive Materials in Gaseous and Liquid 

Effluents from Boiling Water Reactors (BWR-GALE Code) " Aril 1976 (Ref. 12) 

NUREG-0324 - "XOQDOQ, Program for the Meteorological Evaluation of Roucine Effluent 

Releases at Nuclear 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 Gjides, and oosa calculation 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 Off:ite Dose Calculation Manual. 

Based on the findings of the Environmental and Safety Hearings, the Commission may 

impose certain additional or alternative limiting conditions for operation based on values 

that are more restrictive than those 'letermined using this manual or provided in the Standard 

Technical Specifications. In such cases, the limiting co.".di-i.ions will be base'J on the decision 

of the Atomic Safety and Licensing Board rather than the limiting values determined by this 

manual or included in the Standard Technical Specifications. 

4 



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 radioactive 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. 

f^INTENANCE 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 radioactive 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 licensee 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. 
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For purposes of implementation, the definition of UNRESTRICTED AREA has been expanded 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 boundary 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 area3 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 5.1-1) 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 ilazard 

Summary for tha facility. The UNRESTRICTED AREAS, established at or beyond these boundaries, 

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 radioactive 

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 radioactive effluents other than noble gases (radioiodines and particu­

lates) and for radioactive materials released in liquid effluents. Liquid releases are 

further subdivided into batch and continuous releases. Gaseous releases 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 (̂ aseous 

effluents. Further discussion is provided in Sections 3.3, 4.2 and 5.2 of this manual. 

RADIOACTIVE WASTE MANAGEMENT SYSTEMS are defined as all process and control equipment 

provided to reduce the amount or concentration of radioactive materials (in any form) 

relee,sed 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. Tiie 

Standard Technical Specifications have adopted nomenclature for systems and components which 

are in common use in the industry. In preparing proposed Technical Specifications, the 

system and component names may be changed to correspond to 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 considered to be radioactive waste 

management system components and, therefore, are not within the scope of this manual. 

This Figure is to be included in proposed Technical Specifications. 
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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 licensee 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 LCDs, these 

allocations from shared treatment systems are to be added to the releases specifically attrib­

uted to each unit to obtain the total releases per unit. 

It is preferred that discharge lines 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 controlled 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). 
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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 "siort" ^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 

rata, such as is experienced in normal ventilation system effluents at nuclear power plants. 

Determination of doses due to long-term releases should use the historical annual average 

relative concentration Cx/Q) based on meteorological data sunmarized, 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, PUR containment ventings and purges, BWR 

drywell purges (See Standard Technical Specification 3.11.3.8), BWR mechanical 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 durai,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 should be summarized 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 locatsd on fresh water bodies which are used as sources 

of water for drinking v.'ater supply systems, are required to make a special report concern­

ing the impact on the water supply system due to liquid 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 
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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 liquid 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 plant operator is responsible 

for providing apiironrrate 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 impaci is sep-.rately 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 PROCESS CONTROL PRO'^RAM 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 Pr(OGRAM fcr NRC review and approval prior to implementation. The PROCESS 

CONTROL PROGRAM 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 PROGRAM 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 RADIOACTIVE EFFLUENT RELEASE REPORT. 

3.6 OFFSITE DOSE CALCULATION MANUAL (ODCM) 

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 radioactive liquid 

and gaseous effluent release point in maintained, auditable records, determined in accordance 

with the OFFSITE DOSE CALCULATION MANUAL (ODCM). The ODCM shall contain the methodology and 

parameters to be used in the calculation of offsite doses due to radioactive liquid and gaseous 

effluents pursuant to Specifications 3.11.1.2, 3.11.2.2 and 3.11.2.3, and the established 

limits 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 

ODCM shall be provided in the SEMIANNUAL RADIOACTIVE EFFLUENT RELEASE REPORT. 

3.7 IDENTIFICATION OF RADIONUCLIDES IN EFFLUENTS 

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 
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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 lieu 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 limitations 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 limits 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 limit 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 limited 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 cycle 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 in 
support of these operations, and the reuse of recovered non-uranium special nuclear and 
by-product materials from the cycle." 

The following general guidelines 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. 

11 



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 to ensure that the 
limits of Specification 3.11.1.1 are not exceeded. The setpoints shall be determined in 
accordance 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 liquid effluent 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 list includes instrumentation such as radio­

activity monitoring and sampling devices, automatic control devices, and essential flow and 

level devices which are components of the monitoring channels. The list 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 (i.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 

recommended in Regulatory Guide 4.15 (Ref. 20). 

1.1.1 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 limit 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 instantaneous concentration limits of 10 CFR Part 20, Appendix B, Table II, 

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 3.1-1. 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 to the releas 

point to permit termination of radioactive releases prior to exceeding the instantaneous 

concentration limits 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 isolation of the release will not permit a release exceeding these 

limits. If the stream is diluted by non-radioactive 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 instrumenta­

tion with indication in the main control room. The minimum or actual instantaneous in-plant 

dilution 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 multiple release points 

with common or shared in-plant dilution, variability of dilution flow and principal radio­

nuclide composition, and the time lag between alarm/trip action and final isolation of the 

radioactive effluent. 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** should 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: 

This Figure is to be included in proposed Technical Specifications. 

See footnote on page 12. 
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"The concentration of radioactive material released from the site to unrestricted 
areas (see Figure 3.11-1)* shall be limited to the concentrations specified in 
10 CFR Part 20, Appendix B, Table II, Column 2 for radionuclides other than noble 
gases and 2 x 1 0 ^ yCi/ml total activity concentration for all dissolved or 
entrained noble gases." 

The concentration limits provided in 10 CFR Part 20, Appendix B, Table IT, Column 2, 

do not include an MPC for noble gases dissolved or entrained in liquid effluents. An MPC 

of 2 X 10""* ̂ Ci/ml has been established, based on the assumption that xenon-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 lO'" yCi/ml shall be used 

for a rnixture 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 4.11-1. 

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 volume; 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 i,ype 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 giveri 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. All of these pathways should be considered in 

the calculation unless demonstrated not to be present. For many plant sites, the dose calcu­

lations 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 inclusion 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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m 
The dose contributions for the total time period z At should be determined by 

;i=l ^ 
calculation at least once per 31 cays and a cumulative 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 liquid 

effluents released to unrestricted areas using the following expression: 

m 
D̂  = z [A.^ z^ At^ C., F,] 

where: 

T = the cumulative dose commitment to the total body or any organ, T , from the 
m 

liquid effluents for the total time period z At., in mrem. 
l=^ ^ 

At = the length of the iith time period over which C. and F are averaged for 

all liquid releases, in hours. 

C. = the average concentration of radionuclide, i, in undiluted liquid effluent 

during time period At from any liquid release, in yCi/ml. 

a 
IT = the site related ingestion dose commitment factor to the total body 

or any organ x for each identified principal gamma and beta emitter 

listed in Table 4.11-1,* in mrem-ml per hr-vCi. 

F = the near field average dilution factor for C during any liquid 

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 C is the composite undiluted concentration of radioactive material in liquid 

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. All dilution 

factors beyond the sample point(s) are to be included in the F and A. terms. 

The term F 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 liquid release concentrations for each reactor. The value of the term F 

should be determined as: 

See footnote on page 12, 
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P _ liquid radioactive waste flow per unit 
I discharge structure exit flow per unit x applicable factor 

The liquid radioactive waste flow is the maximum flow from all continuous and batch 

radioactive effluent releases specified in Table 4.11-1, from all liquid radioactive 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 F 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 dilution 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 v-alue of this applicable factor is to be included in the blank 

provided for the term F . The actual dilution factor value is dependent 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 A. for each nuclide, i, which embodies the dose factors, pathway transfer factors 
IT 

(e.g., 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 radionuclide will be used from Table E-11 of Regulatory Guide 1.109 (Ref. 6 ) ; thus the 

list should contain critical organ dose factors for various organs. The dose factor may be 

written: 

A. = k (U /D + U^BF. + U,BI.)DF. 
IT 0 w w F 1 1 1 1 

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 yCi/ml. 

k = units conversion factor, i.14x10^ = 10^ pCi/pCi x 10-^ml/kg i 8760 hr/yr. 
0 

U = 730 kg/yr, adult water consumption (fresh water site only). 

Up = 21 kg/yr, adult fish consumption (all sites). 

UT = 5 kg/yr, adult invertebrate consumption (salt water site only). 

BF. = Bioaccumulation factor for nuclide, i, in fish (fresh or salt water site, as 
'' applicable), pCi/kg per pCi/1, from Table A-1 of Regulatory Guide 1.109 (Ref. 4). 

BI. = Bioaccumulation factor fcr nuclide, i, in invertebrates (salt water only), pCi/kg 
^ per pCi/1, from Table A-1 of Regulatory Guide 1.109 (Ref. 4 ) . 

DF. = Dose conversion factor for nuclide, i, for adults in pre-selected organ, T , in 
mrem /pCi , from Table E-11 of Regulatory Guide 1.109 (Ref. 4 ) . 
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D^ = 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 oni^). 

Inserting the usage factors of Regulatory Guide 1.109 (Ref. 6) as appropriate into the 

equation gives the following expressions: 

For Fresh Water sites: A. = 1.14x10^(730/0 + 21BF.)DF. 
IT W 1 1 

For Salt Water sites: A. = 1 .14xlO^(21BF. + 5BI.)DF. 
IT * 1 1 ' 1 

As noted, all the factors required to calculate the values of A. should be contained in 
1 'L 

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.il.l.2, 3.11.1.3, 3.11.2.2, 3.11.2.3, 3.11.2.4 an 

3.11.3.1 require that action be taken when the Specification 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 radioactive materials in 

liquid 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 Section 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* list liquid-

containinc tanks outside containment that are to be analyzed periodically to verify tnat i.he 

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 liners, 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 product 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. 
** 

"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. 

17 



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 limit 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 yCi/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 limits 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 lowest 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 limit for a temporary tank may be calculated by the above method, but should be limited 

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 radioactive 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 normai treatment is inoperable. 

See footnote on page 13. 
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This Specification requires maintenance and use of the liquid 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 

liquid radioactive waste management system components that will reduce those radioactive 

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 Section 4.3 of this manual. 
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CHAPTER 5 

GASEOUS EFFLUENTS 

5.1 INSTRUMENTATION 

Standard Technical Specification 3.3.3.9 requires that: 

"The radioactive 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 limits 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 list of the radioactive gaseous effluent monitoring instru-

mentatiDn needed to comply with the requirements of General Design Criteria (GDC) 60, 63, 

and 64 of Appendix A to 10 CFR Part CO. 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 list uses common nomenclature 

for the effluent streams; however, the names may be revised as necessary, to conform with a 

particular plant's nomenclature. The list 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 drawing or sketch, showing stream intersections, instrumentation and 

control features. Duplicate instrumentation (i.e., instruments that measure different sensor 

parameters or ranges) shoiJld be listed separately in Tables 3.3-12* and 4.3-12.* 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 

recommended in Regulatory Guide 4.15 (Ref. 20). 

5.1.1 Setpoint Deterniination co be Provided in the ODCM 

The alarm/trip setpoinb 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 limit 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, provided that the manual or 

procedural response to the alarm represents a safe margin of assurance that the instantaneous 

gaseous release limit 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 

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 maintained indicating the actual 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 limits 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 

unrestricted area, as defined by Figure 5.1-1.** The bases for each setpoint should 

consider the type of release at the monitor's location, e.g., long-term releases using 

the long-term atmospheric dispersion conditions or, if applicable (see Section 3.3 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 setpoints for each 

release point should be based on the radioactive noble gases in gaseous effluents. It is not 

considered to 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. In 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, the 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 provicie the instrument 

surveillance requirements, such as calibration, source checking, functional testing, and 

channel checking. 

5.2 DOSE LIMIT FOR IMPLEMENTING 10 CFR PART 20 

In preparing proposed Technical Specifications, Figure 5.1-1** should consist of a map 

of the site area showing the exclusion boundary, as defined in 10 CFR 100.3(a) (Ref. 15) 

and the unrestricted area boundary, as defined in 10 CFR 20.3(a)(17) (Ref. 14). Suidelines 

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.** 

See footnote on page 20. 

*This Figure is to be included in ciroposed Technical Specifications. 



5.2.1 Implementation of 10 CFR Part 20 - Airborne Releases 

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

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

d. Tne dose rate limit for noble gases shall be < 500 rarera/yr to the total 
body and < 3000 mrem/yr to the skin, and 

b. The dose rate limit for all radioiodines and for all radioactive materials 
in particulate form and radionuclides other than noble gases with half 
lives greater than 8 days shall be < 1500 mrem/yr to any organ." 

The ODCM should provide the mathenatical relatioiishios used to ii.plement 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 expected that the alter­
native method will include the same general features considered below. 

a. Release rate limit for noble gases: 

? [V. Q.^ + K. (iT/^^ Q.y)j < 500 mrem/yr, and 

I KL^ (I7Q)s + 1.1 B.) Q.^ + (L. + 1.1 M.)(C^7Q)v ^iv^^ ^ ^°°° '"''em/yr 

where the terms are jefined below. 

b. Release rate limit for all radionuclides and radioactive materials in particu­
late form and radionuclides other than noble gases: 

s Pi i\ Qis •*" "̂ v ^iv^ " ''̂ °° mrem/yr 

where: 

K. = The total body dose factor due to gamma emissions for each identified 
noble gas radionucl.ide, in mrem/yr per vCi/m^. 

Is = The skin dose factor due to beta emissions for each identified noble 
gas radionuclide, in mrem/yr per pCi/m^. 

M. = The air dose factor due to gamma emissions for each identified noble 
gas radionuclide, in mrad/yr per yCi/m^ (unit conversion constant 
of 1.1 mrera/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/m^ and for food and ground plane 

pathways, in m^(mrem/yr per vCi/sec). The dose factors are based on 
the critical individual organ 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 yCi/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 yCi/sec. 

** See footnote on page 21 
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^is ^ ^̂ ^ release rate of radionuclides, i,.in gaseous effluents from free­
standing stack, in uCi/sec Cper unit, unless otherwise specified.) 

Q^^ = The release rate of radionuclides, i, in gaseous effluent from all vent 
releases, in yCi/sec (per unit, unless otherwise specifiedl. 

( X T 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. 

(x7Q)y = sec/m^. 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 
the dose to an individual at the controlling location due to all vent 
releases: 

W = sec/m^, for the inhalation pathway. The location is the 
V unrestricted area boundary in the sector. 

W = meters"^, 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: 

W = sec/m^, for the inhalation pathway. The location is the 
s unrestricted area boundary in the sector. 

W = meters'2, for the food and ground plane pathways. The location 
s is 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/m^). (3) All 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 V^. B^ 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 K., L., and M. 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 

10^ to convert picocuries'i to microcuries'^ as used in the above equations. A tabulation 

of these factors should be included in the ODCM. 
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The B. and V^ 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, 

B. can be expressed as: 

„ _ K vvv ^jk '^l^ ^a ^i^ ,mrad/yr^ 
i - r, m u ^Ci/sec> 

Where: 
I = 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. 

r, = the distance from the release point to the receptor location, in meters. 

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

f.. = the joint frequency of occurrence of the jth wind speed class and kth 
J'̂  stability class (dimensionless). 

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

E = the energy assigned to the jith energy group, in Mev. 

V = the energy absorption coefficient in air for photon energy E , in 
meters "1. ^ 

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

K = 260 mrad(radians)(m^) (transformation) ,16sectgrsw,.-fi Ci,,-, .r- -.m sec, 
• seclMevHCi) (̂2n radians'(^° JJ^THS-I^XIO^ —) 

2.1x10"* mrad (m3)(transformation)/yr(Mev)(iiCi). 

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

V. = 1.1 li yyy ^^kNi^'a ^i I re-uyT^T (mrem/yr, 
1 r^ 4i^ Uj i-̂  °-' ^Ci/sec^ 

where: 

Vj = the tissue energy absorption coefficient for photons of energy E , in 
' cm^/gm. *• 

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

1.1 - 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, p., 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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path'jay inedia and the dosiRietry 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 P. may be calculated using the PARTS computer program 

given in Appendix D of this manual for the inhalation 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 P. values for inclusion in the ODCM. 

The values of P. are independent of vent and stack release elevation. In the case of 

tritium, Ix/Q) is the W parameter for the food (milk) 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 P- (food) for tritium is 2.4x10^ mrem/yr per vCi/m'.) If 

the controlling locations for i/eiic and stack releases are different, 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: 

P. (inhalation)(^^ Q + [P^.(food) + P^(ground plane)] (D/Q)Q (mrem/yr) 

and for t r i t i u m , i s : 

P. (inhalation)(;7a)Q + P^(food)u7i7)Q = 3.0 x lO^I^TOlQ (mrem/yr) 

5.2.1.1 Calculation of P- (Inhalation) 

p. = K'(BR) DFÂ  (mrem/yr per pCi/m^ 

where: 

K' = a constant of unit conversion, 10^ pCi/uCi. 

BR = the breathing rate of the infant age group, in m^/yr. 

DFA. = the maximum organ inhalation dose factor for the infant age group for 
^ the ith radionuclide, in mrem/pCi. The total body is considered as an 

organ in the selection of DFA.. 

The age group considered is the infant group. The infant's breathing rate is taken 

as 1400 m^/yr from Table E-5 of Regulatory Guide 1.109 (Ref. 5 ) . The inhalation dose factors 

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

mrem/pCi. 

Resolution of the units yields: 

P. (inhalation) = 1.4x10^ DFA^ 
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5.2.1.2 Calculation of P̂. (Ground Plane) 

P. = K'K"DFG. (l-e''^i*)/x. (m^-mrem/yr per yCi/sec) 

Where: 

K' = a constant of unit conversion, 10^ pCi/yCi. 

K" = a constant of unit conversion, 8760 hr/year. 

X. = the decay constant for the ith radionuclide, sec~i. 

t = the exposure period, 3.15x10^ sec (1 year). 

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

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, 
DFG., 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: 

P̂. (Ground) = 8.76x10^ DFG. (l-e"'*'i*)/X̂ ., 

5.2.1.3 Calculation of P̂. (Food) 

f^F^UaD^ X t 
''i " ^''^ Y (x +x ) ""m °'''-i ^^ •'̂ ^ (m2.mrem/yr per yCi/sec) 

where: 

K' = a constant of unit conversion, 10^ pCi/yCi. 

Qp = the cow's consumption rate, in kg/day (wet weight). 

U = the infant's milk consumption rate, in liters/yr. 

Y = the agricultural productivity by unit area, in kg/m^ 

F^ = the stable element transfer coefficients, in days/liter. 

r = fraction of deposited activity retained on cow's feed grass. 

DEL. = the maximum organ ingestion dose factor for the ith radionuclide, in 
mrem/pCi. 

X. = the decay constant for the ith radionuclide, in sec~i. 

X = the decay constant for removal of activity on leaf and plant surfaces 
by weathering, 5.73x10"^ sec'i (corresponding to a 14 day half-time). 

t^ = 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 cqyer. 
The captured material is removed from the vegetation (grass) by both radiological decay 
and weathering processes. 

The values of Qp, U^ , and Y 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 t, 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 radioiodines 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, F̂ ,̂ and Table E-14 provides the ingestion dose factors, DFL., for the infant's 
organs. The organ with the maximum value of DFL. is to be used. 

Resolution of the units yields: 

p. (food) = 2.4x101° r - ^ DFL. le'^iVj (m2-mrem/yr per viCi/sec) 
T ^i+\ 1 

for all radionuclides, except tritium. 

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

P. = K'K'"F O^U,„DFL. I0.75(0.5/H)J (mrem/yr per jiCi/m^) 
1 m r ap 1 

where: 

K'" = a constant of unit conversion, 10^ gm/kg. 

ri = absolute humidity of the atmosphere, in gm/m^. 

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 F̂ ^ and DFL̂ -
for tritium are 1.0x10"^ day/liter and 3.08x10"^ mrem per pCi, respectively. Assuming an 
average absolute humidity of 8 grams/meter^, the resolution of units yields: 

P. (food) = 2.4x103 mrem/yr per yCi/m^ 

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). 

*See 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 limited 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.g., beaches and visitor 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, radioactive 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. During 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 implement 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: 

3.17 X 10"8^ [M. [(57Q)yQiy + (5^vqiv3 + [B^Q^s + b.q.^]J i 5 mrad, and 

During any calendar quarter, for beta radiation: 

% '>̂  Oj % 

3.17 X 10"8y N. KFHlyQiy + (xTq^yq^v + (xT^s^is ^ ^'^s^'is^ llOmrad,and 

b. During any calendar year, for gamma radiation: 

3.17 X 10-81 [M. [(^JCD^Q^y + {I/n)y%^} + EB̂ Q̂ -s + b^qis^J llO mrad, and 

During any calendar year, for beta radiation: 

3.17 X 10-8^ N. [(^^yQ^y + (^yqiv + (xTQlgQis + HTq^sq^sl 1.20 mrad 

where: 

M- = The air dose factor due to gamma emmissions for each identified noble gas 
^ radionculide, in mrad/yr per pCi/m^. 

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

(xTO^y = sec/m^. 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). 

= sec/m^. For vent 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). 
(x/q 

(x7^5 = sec/m^. For free-standing stack releases. The highest calcu-
lated annual average relative concentration for areas at or beyond the 
unrestricted area boundary for long term releases (greater than 500 hrs/ 
year). 

(x/q)^ = sec/m^. 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 500 hrs/year). 

q. = The average release of noble gas radionuclides in gaseous effluents, i, 
for short term releases (equal to or less than 500 hrs/year) from the 
free-standing stack, in pCi. Releases shall be cumulative over the calen­
dar quarter or year as appropriate. 

q. = The average release of noble gas radionuclides in gaseous effluents, i, for 
short term releases (equal to or less than 500 hrs/year) from all vents, 
in yCi. Releases shall be cumulative over the calendar quarter or year as 
appropriate. 

'\j 

Q-jj = 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 yCi. Release shall be cumulative over the calendar 
quarter or year as appropriate. 

Q^y = 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 vCi/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 )iCi/sec. 

3.17 X 10 8 = The inverse of the number of seconds in a year. 

The dose to an individual from radioiodines, radioactive 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)* should be 
determined by the following expressions: 

a. During any calendar quarter: 
f\j ^ f\j ^ 

3.17 X 10"8[ R. [W^Q.g + w^q^^ + W^Q.̂  + w^q^.^] ±7.5 mrem, and 

*See footnote on page 21 

29 



b. During any calendar year: 
'V. Oj 0/ '\̂  

3.17 X 10-8^ R. [WjQ.^ + w^q.j + W^Q.^ + w^q.^] ^ 15 mrem 

where: 

0^ = The releases of radionuclides, 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 yCi. Releases 
shall be cumulative over the calendar quarter or year as appropriate. 

f\j 

q- = The releases 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 yCi. 
Releases shall be cumulative over the calendar quarter or year as 
appropriate. 

W = The dispersion 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/m^. 

W = (UJl^) for the food and ground plane pathways in meters"^. 
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/m^. 

w = (D/q) for the food and ground plane pathway in meters'^. 

3.17 X 10*8 = The inverse of the number of seconds in a year. . 

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

For the direction sectors with existing pathways within 5 miles from the unit, use 

the values of R̂  for these pathways. If no real pathway exists within 5 miles from 

the center of the building complex, use the cow-milk R. assuming that this pathway 

exists at the 4.5 to 5.0 mile distance in the worst sector. If the R̂ . for an 

existing pathway within 5 miles is less than a cow-milk R. at 4.5 to 5.0 miles, then 
use the value of the cow-milk R̂  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 R̂  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/m^). (3) All 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 ts to be evaluated at the location 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 allowable release values 

due to gamma radiation. 

The radioiodine and particulate Specification 3.11.2.3 is applicable to the location 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 M^ and N- 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'i. 

The factor, B., is defined in Section 5.2.1 of this manual. The corresponding short-

term factor, b. is computed following the same procedure replacing the meteorological variables, 

j, k, and a, 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 R. 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^LD/Q], R|IX/QJ. R ^ [ D / Q ] . R'J'ID/Q] and R^CD/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 R. 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 (xTOl- The R̂  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, RJLX/Q] 

R-[x/Q] = K'(BR), (DFA.)^ (mrem/yr per yCi/m^) 
1 a i d 

where: 

(C" ° a constant of un i t conversion, lO^pCi/yCi. 

31 



(BR)g = the breathing rate of the receptor of age group (a), in m'^/yr. 

(DFA^)g = 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 (DFA.),. 

1 a 

The breathing rates (BR)g 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 (m'^/yr) 

Infant 1400 
Child 3700 
Teen 8000 
Adult 8000 

Inhalation dose factors (DFA.), for the various age groups are given in Tables E-7 
1 a 

through E-10 of Regulatory Guide 1.109 (Ref. 6). 

5.3.1.2 Ground Plane Pathway Factor, R^ [D/Q] 

R^[D/Q] = K'K"(SF)DFG.[(l-e'^i*)/X.] (m^-mrem/yr per pCi/sec) 

where: 

K' = a constant of unit conversion, 10 pCi/yCi. 

K" = a constant of unit conversion, 8760 hr/year. 

X. = the decay constant for the ith radionuclide, sec' . 
o 

t = the exposure time, 4.73x10 sec (15 years). 

DFG. = the ground plane dose conversion factor for the i th radionuclide (mrem/hr 
1 2 

per pCi/m ) . 

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 DFĜ  values is presented in Table E-6 of Regulatory Guide 1.109 

(Ref. 6) . 

5.3.1.3 Grass-Cow-Milk Pathway Factor, R̂  [D/Qj 

R5[D/Q] =K' ^ - ^ ^Jr)mi,), 
1 w 

r V s . n-fpf3)e-^i^h 
Yp \ 

^-x . t , 

2 
(m -mrem/yr per yCi/sec) 
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where: 

K' = a constant of unit conversion, 10 pCi/yCi . 

Qp = the cow's consumption rate, in kg/day (wet weight). 

U = the receptor's milk consumption rate for age (a), in liters/yr. 

Y = the agricultural productivity by unit area of pasture feed grass, in 
P kg/m2. 

Y = the agricultural productivity by unit area of stored feed, in kg/m^. 

F = the stable element transfer coefficients, in days/liter. 

r = fraction of deposited activity retained on cow's feed grass. 

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

X. = the decay constant for the ith radionuclide, in sec" . 

X = the decay constant for removal of activity on leaf and plant surfaces 
by weathering, 5.73 x 10"^ sec"^ (corresponding to a 14 day half-life). 

t^ = the transport time from past"re to cow, to milk, to receptor, in sec. 

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

f = fraction of the year that the cow is on pasture (dimensionless). 

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

SPECIAL NOTE: The above equation is applicable in the case that the milk animal is a goat. 

Milk cattle are considered to be fed from two potential sources, pasture grass and stored 

feeds. Following the development in Regulatory Guide 1.109 (Ref. 6 ) , the values of f and f 

will be considered unity, in lieu of site specific information provided in the annual land 

census report by the licensee. 

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

Guide 1.109 (Ref. 6). In the case that the milk animal is a goat, rather than a cow, refer 

to Regulatory Guide 1.109 for the appropriate parameter values. 

Parameter Value 

r (dimensionless) 

F^ (days/liter) 

U „ (liters/yr) 
ap 

(DFL^.)g (mrem/pCi) 

Yp (kg/m^) 

Yj (kg/m2) 

t- (seconds) 

t. (seconds) 

Qp(kg/day) 50 

) 

- Infant 

- Child 

- Teen 

- Adult 

i) 

1.0 for radioiodine 

0.2 for particulates 

Each stable element 

330 
330 
400 
310 
Each radionuclide 

0.7 
2.0 
1.73 X 10^ (2 days) 

7.78 X 10^ (90 days) 

Tabl 

E-11 

e (Ref. 6) 

E-15 

E-15 

E-1 
E-5 
E-5 
E-5 
E-5 
to E-14 

E-15 

E-15 

E-15 

E-15 

E-3 
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The concentration of tritium in milk is based on the airborne concentration rather than 
r 

the deposition. Therefore, the RV is based on Ix/Q]: 

RJLX/Q] = K'K'"F^QpUgp(DFL.)g [0.75(0.5/H)] (mrem/yr per yCi/m^) 

where: 

K'" = a constant of unit conversion, 10 gm/kg. 
3 

H = absolute humidity of the atmosphere, in gm/m . 

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 values are given above. The value of H may be considered as 8 grams/ 

meter , 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: 

R' 
Qr(U,J 

iJiD/Q] = K' 4 : ^ F^(r)(DFL.)3 -f^ + — - £ - | 
1 w 

2 
(m -mrem/yr per pCi/sec) 

f„f. (l-f„fJe"N^h 

P 

^-x^.t , 

where: 

F„ = the stable element transfer coef f ic ients, in days/kg. 

U = the receptor's meat consumption rate for age (a ) , in kg/yr. 

t - = the transport time from pasture to receptor, in sec. 

tu = the transport time from crop f i e l d to receptor, in sec. 

Tabulated below are the appropriate parameter values and their reference to Regula­

tory Guide 1.109 (Ref. 6) . 

Parameter 

r (dimensionless) 

F^ (days/kg) 

U,„ (kg/yr) - Infant 

- Child 

- Teen 

- Adult 

(DFL.) (mran/pCi) 

Yp (kg/m2) 

Value 

1.0 for radioiodine 

0.2 for particulates 

Each stable element 

0 

41 

65 

110 

Each radionuclide 

0.7 

Tabl 

E-11 

e (Ref. 6) 

E-15 

E-15 

E-1 

E-5 

E-5 

E-5 

E-5 

to E-14 

E-15 
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Parameter Value Table (Ref. 6) 

E 

E 

E 

E 

-15 

-15 

-15 

-3 

Yg (kg/m^) 2.0 

t^ (seconds) 1.73 X la^ (20 days) 

t̂  (seconds) 7.78 X 10^ (90 days) 

Qp (kg/day) 5Q 

The concentration of tritium in meat is based on its airborne concentration rather than 

the deposition. Therefore, the R^ is based on L:x/Ql: 

R'J[X/QJ = K'K'"F^QpUgp(DFL.)g [0.75(0.5/H)J (mrem/yr per yCi/m^) 

where all terms are defined above and Section 5.3.1.3 of this manual. 

5.3.1.5 Vegetation Pathway Factor, RVED/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: 

R-LD/Q] = K' .. (r) (DFL.)^ a L a g 

2 
(m -mrem/yr per yCi/sec) 

where: 

K' = a constant of unit conversion, 10 pCi/yCi. 

Ug = the consumption rate of fresh leafy vegetation by the receptor in age 
group (a), in kg/yr. 

c 
U = the consumption rate of stored vegetation by the receptor in age group (a), 

in kg/yr. 

f. = the fraction of the annual intake of fresh leafy vegetation grown locally. 

f = the fraction of the annual intake of stored vegetation grown locally. 

t. = the average time between harvest of leafy vegetation and its consumption, 
in seconds. 

t. = the average time between harvest of stored vegetation and its consumption, 
in seconds. 

Y = the vegetation areal density, in kg/m^. 

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). 

35 



Parameter Value Table (Ref. 6) 

r (dimensionless) 

(DFL.)g (mrem/pCi) 

Ug (kg/yr) - Infant 

- Child 

- Teen 

- Adult 

Ug (kg/yr) - Infant 

- Child 

- Teen 

- Adult 

f, (dimensionless) 

f (dimensionless) 

t. (seconds) 

t. (seconds) 

Y„ (kg/m^) 

1.0 for radioiodines E-1 

0.2 for particulates E-1 

Each radionuclide E-11 to E-14 

0 E-5 

26 E-5 

42 E-5 

64 E-5 

0 E-5 

520 E-5 

630 E-5 

520 E-5 

site specific (default = 1.0) 

site specific (default = 0.76) (see Ref. 6, page 28) 

8.6 X 10^ (1 day) E-15 

5.18 X 10^ (60 days) E-15 

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]: 

Ri[x/Q] = K'K'" Û f|_ + U^fg (DFL.)^ [0.75(0.5/H)] (mrem/yr per yCi/m^). 

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 R. 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 radioactive 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 licensee should calculate the expected dose 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 

radioactive 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 is provided to ensure 

that the concentrations of potentially explosive gases contained in the system are maintained 

outside the explosive envelope for hydrogen and OĴ ygen (i.e., less than 4% H„ by volume or 

less than 4% 0. by volume). The alternate Specification 3,11.2.66 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 (i.e., 2% H^ and/or Op). 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 limited 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 limit should consider the following expression; 

YQ ^ 500 mrem (3.15 x 10^ sec/year) 

"̂̂  ~106 yCi/Ci IiK^(x7^oBA (inrem-sec/yCi-yr) 

where: 

IQ^T " The sum quantity of all noBle gas nuclides (1) 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 yCi/m^. (See Section 5.2.1 of 
this manual.) 

(x/Q)nBA ^ ^̂ ^ relative concentration at the exclusion area boundary used for 
evaluation of design basis accidents for ground release conditions, in 
sec/m^. 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 requires 

that the gross radioactivity in noble gases removed from the waste gas system by means ef 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 

provide 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 limits 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 limit 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 radioactivity in noble gases removed from the 

main condenser by means of steam jet air ejectors (or other devices) and as measured prior to 

entering the treatment, adsorption and delay systems at BWR plants shall be limited 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 limits 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 limit, in yCi/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 have 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, yCi/sec, 
at the main condenser 

Isotope 

Xe-140 

Kr-90 

Xe-139 

Kr-89 

Xe-137 

Xe-138 

Xe-135m 

Kr-87 

Kr-83m 

Kr-88 

Kr-85m 

Xe-135 

Xe-133m 

Xe-133 

Xe-131m 

Kr-85 

Approx. 
Half-Li fe 

13.7 s 

33 s 

41.0 s 

3.2 m 

3.8 m 

14.0 m 

15.6 m 

76 m 

1.86 hr 

2.8 hr 

4.4 hr 

9.2 hr 

2.3 d 

5.27 d 

11.9 d 

10.76 y 

evacuation systi 
0 Decay 

1.1 X IQS 

9.8 X 10^ 

9.8 X 105 

4.6 X 10= 

5.3 X IQS 

3.1 X 105 

9.1 X 10"* 

7.0 X 10"* 

1.2 X 10"* 

7.0 X 10"* 

1.1 X lO"* 

7.7 X 10"* 

1.0 X 103 

2.9 X 10"* 

5.2 X IQi 

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. 

c. Activity release into the system continues for one hour following the 

accident at the Technical Specification limit unless positive means (such 

as automatic isolation) are provided to limit the releases from this source. 

d. Radioiodines and activation gases may be ignored. 

e. No deposition during downwind transport occurs. 

f. The total radioactive inventory (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 two hours. A fractional release of the particulate inventory on 

the charcoal beds 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 1s 6 scfm for three shell main condensers. 
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3. The relative concentration, (x/Q)[,g^, 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 limit, in yCi/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 limit, in yCi/sec, based on a 5 rem consequence criteria, a reevaluation of the 

specified limit is not required. Guidance on the radiation monitoring instrumentation is given 

in Regulatory Guide 1.97 (Ref. 25). 

5.6.3 PWR 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 radioiodine-131 via the flash tank vent can be made by calcu­

lating from a measured concentration in the secondary water by the following equation: 

^ytRsGB^fFT^l-S^FTv) 

The release rate of radioiodine-131, y, from the steam generator 
flash tank vent, in laCi/sec. 

The concentration of radioiodine-131, y, in the secondary coolant water 
averaged over not more than one week, in yCi/ml. 

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

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. 

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. 

•See footnote on page 20. 
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APPENDIX A 

RATAFR CODE FOR PRESSURIZED WATER REACTORS 

Input Cards and Sample Calculation 

1. 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. 

b. 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. 

c. CARD 3: Mass of Coolant in Primary System 

Enter in spaces (73-80) the mass of coolant (10 lbs) in the primary system at 

operating temperature and pressure. 

d. CARD 4: Primary System Letdown Rate 

Enter in spaces (73-80) the average letdown rate (gpm) from the primary system to 

the purification demineralizers. 

e. 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. 

f. CARD 6: Hydrological Travel Time 

Enter in spaces (73-80) the travel time (days) it takes for the liquid waste of a 

failed tank to reach the nearest potable water supply or nearest surface water in 

an unrestricted area. 

g. 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). 

h. 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 (17-40) 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. If 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 ^ 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 

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, 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) 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 8-16. 

Explanation of Parameters used in Filling out CARDS 8-16 

a. Liquid Waste Flow Rates and Activities 

(1) 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. 

(2) 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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Tank Factors 

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 All Nuclides 

Waste Drain Stream 0.02 

Shim Bleed Stream 0.02 
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1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
U . 
15. 
16. 

CARD 
CARD 
CARD 
CARD 
CARD 
CARD 
CARD 
CARD 
CARD 
C4R0 
CARD 
CARD 
CARD 
CARD 
CARD 
CARD 

I 
2 
3 
4 
5 

6 
7 
8 
9 
10 
11 
12 
13 
I't 
15 
16 

NAME NAME OF REACTOR SAMPLE CASE PWR 4/7B TYPE » PWR 
POHTH THERMAL POWER LEVEL (MEGAWATTS) 3391. 
PCVOL MASS OF PRIMARY COOLANT (THOUSANDS LBSJ 561. 
LETDWN PRIMARY SYSTEM LETDOWN RATE (GPM» 75. 
CBFLR LETDOWN CATION DEMINERALIZER FLOW (GPM» 7.5 
HYTRTM HYDROLOGICAL TRAVEL TIME (DAYS) 1. 
HYDF HYDROLOGICAL DILUTION FACTOR 1000. 

SHIMBLEEC RATE 16200. GPD 
EQUIPMENT DRAINS INPUT 810. GPD AT 1.0 
TANK NAME CONDENSATE HOLDUP TANK VOLUME 250000. 
IS TANK IN SYSTEM A BOTTOMS TANK 0 IF NO 1 IF YES 
DFI= l.0E03DFCS= 1.0E05DFO= 1.0E05 
DIRTY WASTES INPUT 1375. GPD AT .075 PCA 
TANK NAME WASTE HOLDUP TANK VOLUME 250000. 
IS TANK IN SYSTEM A BOTTOMS TANK 0. IF NO 1 IF YES 
DFI= 1.0E03DFCS= l.0E0ADFO= 1.0E04 

I 
CTV 



SAMPLE CASE PWR 4/78 
THERMAL POWER LEVEL (MEGAWATTS) 
PLANT CAPACITY FACTn-^ 
MASS OF PRIMARY COOLANT (THOUSANDS LBS) 
PERCENT FUEL WITH CLADDING DEFECTS 
PRIMARY SYSTEM LETDOWN RATE (GPM) 
LETDOWN CATIUN DEMINERALIZER FLOW (GPM) 
HYOROLOGICAl TRAVEL TIME (DAYS) 
HYDflOLOGICAL DILUTION FACTOR 
SHIMBLEED RATE GPD 
EQUIPMLNT DRAINS INPUT GPD 
DIRTY WASTES INPUT GPD 

FAILED TANK PARAMETERS 

FAILED TANK VOLUME 
CONDENSATE HOLDUP 250000. 
WASTE HOLDUP 250000. 

I 

PWR 
3391.0000 

0.80 
561.0000 

1.0000 
75.00CO 
7.5000 

1.00 
1000. 

1.62E+04 
8.10E+02 
l.38Et03 

TANK FACTORS 
I CS OTHERS 

l.OOE+03 1.00E4-05 l.00E»05 
l.OOEi-OS l.OOE-t-OA 1.00E«04 



SAMPLE CASE PWR 4/78 
NAME OF TANK FAILED: 
VOLUME OF TANK FAILED: 

LIQUID TANK FAILURE 
CONDENSATE HOLDUP 

200000. GAL. (80t OF TANK CAPACITY) 
HYDROLOGICAL TRAVEL TIME (DAYS)! 
HYDROLOGICAL DILUTION FACTOR: 

1,00 
1000. 

NUCLIDE HALF-LIFE 
(DAYS) 

CORROSION AND ACTIVATION 
H 3 4.49E+03 

FISSION PRODUCTS 
1131 e.05E+00 
1133 8.75t-01 

ALL OTHERS 
TOTAL 
EXCEPT TRITIUM 

PRIMARY 
COOLANT 
COAC. 
(UCI/ML) 
PRODUCTS 
1.00E*C0 

2.18C+U0 
3.08E+C0 
6.38E«-C0 

I.16E+01 

10CrR20 
LIMITS 
(UCI/ML) 

3.00E-03 

3.00E-07 
l.OOE-06 

FAILED 
TANK 
CONC. 

(UCI/ML) 

l.OOE+00 

2.00E-04 
4.70E-05 
2.40E-05 

2.70E-04 

CRITICAL 
RECEPTOR 
CONC. 
(UCI/ML) 

l.OOE-03 

1.80E-07 
2.10E-08 
3.10E-09 

2.00E-07 

FRACTION 
10CFR20 

0.3300 

0.6000 
0.0210 
0.0003 

0.6200 

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 3.3E-01 CURIES. 

I 
CO 



SAMPLE CASE PWR 4/78 
NAME OF TANK TAILED: 
VOLUME OF TANK FAILED: 

LIQUID TANK FAILURE 
WASTE HOLDUP 
200000. GAL. (80? OF TANK CAPACITY) 

HYDROLOGICAL TRAVEL TIME (DAYS): 
HYDROLO'-.ICAL DILUTION FACTOR: 

NUCLIDE HALF-LIFE 
(DAYS) 

CORROSION AND ACTIVATION 
H 3 4.49E+03 

FISSION PRODUCTS 
1131 8.05E+00 

ALL OTHERS 
TOTAL 
EXCEPT TRITIUM 

PRIMARY 
COOLANT 
CONC. 
(UCI/ML) 
PRODUCTS 
l.OOE+CO 

2.18E*CO 
9.46L-*C0 

1.16E+01 

10CFR20 
LIMITS 
(UCI/ML) 

3.00E-03 

3.00E-07 

I.00 
1000. 

FAILED 
TANK 
CONC. 

(UCI/ML) 

7.40E-02 

1.30E-05 
6.70E-06 

2.00E-05 

CRITICAL 
RECEPTOR 
CONC. 
(UCI/ML) 

7.40E-05 

1.20E-08 
3.60E-09 

1.60E-08 

FRACTION 
10CFR20 

0.0250 

0.0400 
O.OOll 

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-01 CURIES. 

> 
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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. 

Enter in spaces (73-80) the total steam flow rate from the reactor (10 Ibs/hr) 

c. CARD 3: Total Steam Flow Rate (SAR/ER) 

Enter in spaces (73-80) the total steam 

d. CARD 4: Mass of Coolant in Reactor Vessel (SAR/ER) 

Enter in spaces (73-80) the mass of water in the reactor vessel (10 lbs). 

e. CARD 5: Cleanup Demineralizer Flow (SAR/ER) 

Enter in spaces (73-80) the primary c 

coolant cleanup system demineralizers 

Enter in spaces (73-80) the primary coolant flow rate (10 Ibs/hr) through the reactor 

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 liquid 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 liquid waste in the failed tank (80% of design capacity). 
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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. If 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. Essentially, 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 inlet 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 volume (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 fol1ows: 

(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. 

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 activities 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) TFs are categorized by radionuclides. 

Halogens 

Cs, Rb 

Other Nuclides 

Note: TF of 1 is assumed for tritium. 

(2) 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 any. 

(3) 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). 

(4) 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 va>ues 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 All 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 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
15 
17 

NAME 
POHTH 
GTO 
WLIQ 
GDE 
REGENT 
FFCDM 
HYTRTM 
HYDF 

NAME OF 
THERMAL 
TOTAL ST 
MASS OF 
CLPAN-UP 
CONDENSA 
FRACTION 
riYDROLOG 
HYDROLOG 
HIGH PUR 
TANK NAM 
IS TANK 
OFI= l.C 
RbGENEKA 
TANK NAM 
IS TANK 
DFI= 5.0 

REACTOR SAMPLE CASE BWR */78 TYPE * 
POWER LEVEL (MEGAWATTS) 
EAM FLOW (MILLION LBS/HR) 
WATER IN REACTOR VESSEL (MILLION LBS) 
DEMINERALIZER FLOW (MILLION LBS/HR) 

TE DEMINERALIZER REGENERATION TIME (DAYS) 
FEED WATER THROUGH CONDENSATE DEMIN 
ICAL TRAVEL TIME (DAYS) 
ICAL DILUTION FACTOR 
ITY WASTE INPUT 27800 
E WASTE COLLECTION 
IN SYSTEM A BOTTOMS TANK 0 IF NO 
E-OOOFCS= l.OE-OODFO = l.OE-00 
TION SOLTNS INPUT 2550. GPD 
E CONCENTRATOR WASTE TANK VOLUME 5000. 
IN SYSTEM A BOTTOMS TANK 0 IF NO 1 IF YES 
E-02DFCS= 5.0E-02DFO = 5.0E-02 

GPD AT .164 PCA 
TANK VOLUME 30000. 

1 IF YES 

BWR 
3440. 
14.166 
0.S88 
0.135 
36.75 
1. 
2.0 
200000. 

GAL 

GAL 



SAMPLE CASE BWR 4/78 
THERMAL POWER LEVEL (MEGAWATTS) 
PLANT CAPACITY FACTOR 
TOTAL STEAM FLOW (MILLION LBS/HR) 
^ASS OF WATER IN REACTOR VESSEL (MILLION LBS) 
OFF-GAS RELEASE RAT£(UC/SEC) 
FISSION PRODUCT CARRY-OVER FRACTION 
HALOGEN CARRY-OVER FRACTION 
CLEAN-UP DEMINcRALIZFR FLOW (MILLION LBS/HR) 
CONDENSATE DLMINERALIZLR REGENERATION TIME (DAYS) 
FRACTION FEEO WATER TH-iOUGH CONDENSATE DEMTN 
HYOROLUGICAL TRAVEL TIME (DAYS) 
HYDROLOGICAL niLUTKN FACTOR 
HIGH (JURITY WASTE INPUT GPD 
REGEMbRATIOJ SOLTNS INPU GPD 

FAILED TANK PARAMETERS 

FAILt'o TANK 
WASTE COLLECTION 
CONCENTRATOR WASTE 

VOLUME 
30000. 
5000. 

BWR 
3440.0000 

0.80 
14.1660 
0.5880 

350000. 
O.OOIO 
0.0200 
0.1350 

36.7500 
1.0000 
2.00 

2CO00O. 
2.7RE*04 
2.55F+03 

TANK FACTORS 
I CS OTHERS 

l.OOE+00 l.OOE+00 l.OOE+00 
5.00E-02 5.00E-02 5.00E-02 



SAMPLE CASE BWR 4/78 LIQUID TANK FAILURE 
NAME OF TANK FAILED: WASTE COLLECTION 
VOLUME OF TANK FAILED: 24000. GAL. (80J OF TANK CAPACITY) 
HYDROLOGICAL TRAVEL TIME (DAYS): 
HYDROLOGICAL CILUTION FACTOR: 

PRIMARY 
COOLANT 

NUCLIDE HALF-LIFE CONC. 
(DAYS) (UCI/ML) 

CORROSION AND ACTIVATION PRODUCTS 

FISSION PRODUCTS 
i n i 8.05E+00 2.8'.E-C2 
1133 8.75E-01 1.07E-CI 

ALL OTHERS l.aiE+OO 
TOTAL 
EXCEPT TRITIUM 1.95E+C0 

10CFR20 
LIMITS 
(UCI/ML) 

3.00E-07 
l.OOE-06 

2.00 
200000. 

FAILED 
TANK 
CONC. 

(UCI/ML) 

4.50E-03 
1.3OE-02 
4.90E-02 

6.60E-02 

CRITICAL 
RECEPTOR 
CONC. 
(UCI/ML) 

1.90E-08 
1.30C-08 
3.30E-08 

6.50E-08 

FRACTION 
10CFR20 

0.0630 
0.0130 
o.oooe 

0.0770 

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

THE MAXIMUM QUANTITY OF CORROSION AND FISSION PRODUCTS (EXCLUDING TRITIUM) IN THE TANK \S 1.5E«01 CURIES. 

00 
I 
00 



SAMPLE CASE BwR 4/78 LIQUID TANK FAILURE 
NAfE OF TANK FAILED: CONCENTRATOR WASTE 
VOLUME OF TANK FAILED: 4000. GAL. (80t OF TANK CAPAC 
hYCROLCGICAL TRAVEL TIME (DAYS): 2.00 
HYDROLOGICAL CILUTION FACTOR: 200000. 

CD 
I 

NUCLIDE 

CORROSION 
P 32 

CR 51 
M.N 54 
FE 55 
CO 58 
CO 60 
ZN 65 

H A L F - L I F E 
(DAYS) 

AND ACTIVATION 
1 . 4 3 E + 0 1 
2 . 7 8 6 + 0 1 
3 . 0 3 6 + 0 2 
9 . 5 0 6 + 0 2 
7 . 1 3 E + 0 1 
1 . 9 2 6 + 0 3 
2 . 4 b E + 0 2 

F ISSION PRODUCTS 
SR 89 
SR 90 
Y to 
Y 91 

MO 99 
RU1L3 
RU1C6 
r E l 2 9 M 

1131 
CSl 34 
CSl 37 
B4140 
L4140 
CE141 
PR143 
C E l ' i 4 
ALL OTHERS 
TOTAL 

5 . 2 0 6 + 0 1 
1 . 0 3 6 + 0 4 
2 . 6 7 6 + 0 3 
5 . 8 8 6 + 0 1 
2 . 7 9 6 + 0 0 
3 . 1 6 6 + 0 1 
3 . 6 7 6 + 0 2 
3 . 4 0 6 + 0 1 
8 . 0 5 6 + 0 0 
7 . 4 9 6 + 0 2 
l . l O b + 0 4 
1 . 2 8 L + 0 I 
1 . 6 7 6 + 0 0 
3 . 2 4 6 + 0 1 
1 . 3 7 6 + 0 1 
2 . 8 4 6 + 0 2 

EXCEPT TRIT IUM 

PRIMARY 
COOLANT 
CONC. 
( U C I / M L ) 
PRODUCTS 
I . 5 6 L - r 4 
4 . 9 1 6 - 0 3 
5 . 9 0 E - C 5 
9 . 8 3 6 - 0 4 
1 . 9 7 6 - 0 4 
3 . 9 3 6 - 0 4 
1 . 9 7 6 - C 4 

S . 7 3 e - C 4 
3 . 4 4 6 - 0 5 
C O 
2 . 2 9 6 - 0 4 
1 . 1 3 6 - 0 2 
1 . 1 5 6 - 0 4 
1 . 7 2 6 - 0 5 
2 . 2 9 6 - C 4 
? . 8 4 6 - 0 2 
1 . 7 2 6 - 0 4 
4 . 0 2 6 - 0 4 
2 . 2 9 E - 0 J 
0 . 0 
1 . 7 2 6 - 0 4 
2 . 2 9 6 - 0 4 
1 . 7 2 6 - 0 5 
1 . 9 0 6 + 0 0 

1 .956 + 00 

10CFR20 
L I M I T S 
( U C I / M L ) 

2 . 0 0 E - 0 5 
2 . 0 0 E - 0 3 
l . O O E - 0 4 
8 . 0 0 E - 0 4 
9 . 0 0 E - 0 5 
3 . 0 0 6 - 0 5 
l . O O E - 0 4 

3 . 0 0 E - 0 6 
3 . 0 0 E - 0 7 
2 . 0 0 6 - 0 5 
3 . 0 0 6 - 0 5 
4 . 0 0 E - 0 5 
8 . 0 0 E - 0 5 
l . O O E - 0 5 
2 . 0 0 E - 0 5 
3 . 0 0 E - 0 7 
9 . 0 0 6 - 0 6 
2 . g O E - 0 5 
2 . 0 0 E - 0 5 
2 . 0 0 6 - 0 5 
9 . 0 0 6 - 0 5 
5 . 0 0 6 - 0 5 
l . O O E - 0 5 

FAILED 
TANK 
CONC. 

( U C I / M L ) 

2 . 0 0 6 - 0 2 
9 . 5 0 6 - 0 1 
2 . 3 0 6 T 0 2 

3 . 9 0 6 - 0 1 
6 . 0 0 6 - 0 2 
1 . 6 0 E - 0 1 
7 . 4 O E - 0 2 

1 . 6 0 E - 0 1 
1 . 4 0 6 - 0 2 
1 . 4 0 E - 0 2 
l . l O E - 0 1 
1 . 8 0 6 - 0 2 
2 . 7 C E - 0 2 
6 . 7 n E - 0 3 
5 . 0 0 E - 0 2 
2 . 2 C E + 0 1 
3 . e 0 E - 0 2 
9 . 1 0 F - 0 2 
2 . 0 0 6 - 0 1 
2 . 3 0 E - 0 1 
4 . 0 0 6 - 0 2 
2 . 4 0 6 - 0 2 
6 . 5 0 E - 0 3 
2 . 5 0 6 - 0 1 

2 . 5 0 E + 0 1 

CRIT ICAL 
RECEPTOR 
CONC. 
( U C I / M L ) 

8 . 9 0 E - 0 a 
4 . 5 0 E - 0 6 
l . l O E - 0 7 
2 . 0 0 E - 0 6 
2 . 9 0 E - 0 7 
8 . 0 0 E - 0 7 
3 . 7 0 E - 0 7 

7 . 6 0 E - 0 7 
7 . 1 0 E - 0 8 
4 . 2 0 E - 0 8 
5 . 2 0 E - 0 7 
5 . 6 0 6 - 0 8 
1 . 3 n E - 0 7 
3 . 3 0 E - 0 8 
2 . 4 0 E - 0 7 
9 . 4 0 6 - 0 5 
1 . 9 0 6 - 0 7 
4 . 6 0 F - 0 7 
8 . 9 0 6 - 0 7 
5 . 0 0 E - 0 7 
1 . 9 0 E - 0 7 
l . l O E - 0 7 
3 . 3 0 E - 0 8 
2 . 9 0 E - 0 7 

I . l O E - 0 4 

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

THE MAXIMUM QUANTITY OF CORROSION AND FISSION PRODUCTS (EXCLUDING TRIT 

) 

FRACTION 
10CFR20 

0.0045 
0.0023 
O.OOll 
0.0025 
0.0032 
0.0270 
0.0037 

0.2500 
0.2400 
0.0021 
0.0170 
0.0014 
0.0017 
0.0033 
0.0120 

310.0000 
0.0210 
0.0230 
0.0440 
0.0250 
0.0021 
0.0021 
0.0033 
0.0046 

310.0000 

THE TANK IS 1.2E+00 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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RATAF CODE FOR CALCULATING CONSEQUENCES OF RADIOACTIVE LIQUID 
TANK FAILURES. MODIFIED 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. 

I N T E G L 

RCAL»4 
COMMOrj 
COf'MCN 
COMMO J 
COMMO'i 
COMHOi 

1 
COVMCÎ I 

1 I AC r , 
CQA'ML'. 

1 p r w . b 
2 n a s i s 
C C M M M 

CCMMU.J 
COMMGJ 
CIMENS 

IRI JV(t' 
C I V 6 N S 
DI.'IFNS 
D I M F M S 
DI M L Mb 
DATA f 
HCONC 
PWCONC 

R*2 N 
LETD 

/LABC 
/MATR 
/FL6X 
/PRDC 
/EO/X 
B(800 
/FLUX 
IFP.I 
/LUT/ 
UP.'JiJP 
(I C ) , 
/ M P C / 
/cONP 
/CON 
ION P 
00) 
ION 
ION 
ION 
ION 
WR/ 
CONTA 
CUNT 

AMt( 
W4,L 
L/ 6 
ly/A 
/FLU 
bS/ 
ZPRO 
),D( 
N/T( 
inr, 
\IICL 
,PLU 
TCON 
f-pcr 
/PrtC 
H/HC 
CONC 

3) ,EL 
6TDWN 
LE,ST 
(25C0 
X( I D 

MP'^0 
( 3 0 0 ) 
fiOO) 
20) ,P 
N J N . I 
(.IOC) 
X J , " S 
ST.TU 
A d , Ai-' 
0 MC (H 
UNC(8 
(•3C,T) 

E(99),STA(2),L0C,N0NC,K0 
,MCH3,MQH3,MCCFP,M0CFP 
A 
),L0C(2 50O),NONO(800),KO(800) 
,fMN,MOUT,INDEX,CXN,AXN,ERR,NOBLNDfMZERO 
S , P R A T E ( B ) , N n P R n S ( 8 ) , N Z P R O S ( 8 , 2 0 ) , P R ( 8 0 0 ) 
, X Z H ( e 0 0 ) , X T 6 M P ( 8 0 0 ) , X N F W ( 1 0 , 8 0 0 ) , 

O W 6 R ( I O I , T O C A P ( 8 0 0 ) , F I S S ( 1 0 0 ) , D I S ( 8 0 0 ) , I L I T E , 
NPT 
, T I T L f c ( 2 0 l , Q ( R 0 0 ) , F G ( 8 0 r ) , C U T O F F ( 7 ) , 
T A R , A L P H A N ( 1 0 0 ) , S P O N F ( 1 0 0 ) , A B U N D ( 5 0 0 ) , 
NIT 
P C ( 8 0 0 ) , W M P C ( 8 0 0 ) 
UU) 
00 ) 
,DwCaNC(8JO) ,CWCONC(800) fCMCONC(800) , 

KCI1NC(8r3) ,PER( 800) 
« C 0 N ( 3 0 0 ) , F R 4 C ( a O O ) 
PTAnK(6) ,DWTA J K ( 6 ) , C r t T A N K ( 6 ) , R G T A N K ( 6 ) 
J R D 3 6 ( 1 4 ) , W 0 R D 2 4 ( 6 ) , R E A C T R ( 7 ) 
PWR' / , ev> '? / ' RWRV 
INS P.OMARY COULANr CONCENTRATIONS FOR BWR'S. 
AINS PRIMARY COOLANT CONCENTRATIONS FOR PWR'S. 

READ NUCLEAR DATA AND 
CALL NUOATA(NLIOE) 

CONSTRUCT TRANSITION MATRIX 

00 20 I=2,ITnT 
NnNn( 1 )=,vtnNO( i)+NnNO( i-i) 
KD(I )='KD( I)+NON0( I-l) 

30 CUNTINUc 
IN06X=0 
QXN=0.CG1 
AXN=-ALDG(lJXN) 
TCDNST=86400. 
TRG=0.0 
TD=0.0 
TC=0.C 
R6GnNT=0.0 
HYTRTK=G.O 
MYDF=0.0 
DWFLR=C.O 
RGWFR=0.0 
EVAPS = 1.0. 
6VAP0=1.0 
EVAPC=1.0 
EVAP'<=1.0 

on 40 j=i,8on 

00000080 

00000190 
00000200 
00000210 
00000220 
00000230 
00000240 
00000250 
00000260 
OC000270 
00000280 
00008120 

00000570 
00000580 

00000590 
00000610 
00000620 
0C000630 
00000640 

00000680 
00000730 
00003640 
00000740 

00000840 
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40 

PCONC(J)=0.0 
DWCONC(J)»0.0 
RINV(J)=0.0 
CWCONC(J)=0.0. 
CMCONC(J)=0.0 
TKCONC(J)=0.0 
PWCON(Jl=0.0 
FRAC(JI=0.C 
PER(J1=0.0 
XZH(JI=C.O 
CONTIMUE 

READ DESCRIPTION OF REACTOR AND RADWASTE TREATMENT PLANT 

700 

4446 

PRINT 9026 
READ 9010,REACTR,TYPE 
PRINT 9010,RFACTR,TYPE 
READ 90ll,W0RD56,P0Wl 
PRINT 9011,wnR056,PQWl 
PF=0.80 
PRINT 9027 
IF(TYPE.EO.BWR) GO TO 50 
READ DATA FOR PWR NSSS PARAMETERS AND TANK 
READ 9022,W0''0'J6,PCVOL 
PRINT 9022,wnRD56,PCVOL 
FAIL0ll = 1.0 
FAILLA=0.12 
F41LRA=F4ILDn/FAILEA 
PRINT 902C,FAILDB 
READ 9022,WURD56,LETDWN 
PRINT 9022,wnRUb6,LETDWN 
READ 9022,WURU;J6,CGFLR 
PRINT 9022,wnRD56,CBFLR 
READ 9085,WUPD56,HYTRTM 
PRINT 9085,rinRD55,HYTRTM 
READ 9090,WO>'Db6,HYDF 
PRINT 9090,wnRD56,HYDF 
•READ 9013,WU''024,SbLDR 
PRINT 9025,W0RD24,S'1LDR 
CWA=1.C 
READ 9013,W0RD24,EDFLR,EDA 
PRINT 90?5,wnRD24,LOFLR 
READ 9C2J, SnT4NK,SHlKSZ 
READ 908b,K6VttTS 
IF (KEVBTS.60.1) EVAPS=0.02 
RFAD 9014,UHCW,OFCSCW,DFCW 
READ 9C13,W3''D24,0WFLR,DWA 
IF (OWFLR.EC.0.3)00 TO 4446 
PRINT 9025,wnRD24,CWFLR 
COMTIJU6 
R6AD 9023,DWTANK,DWTKSZ 
READ 9036,K6VQTD 
IF (K6VBTD.60.1I6VAPD=0.02 
READ 9014,OFIDW,DFCSDW,DFDW 
K=l 
PRINT 9045 
PRINT 9016 
IF (SIITKSZ.60.0.0)00 TO 45 
PRINT 902 4,SRTANK,S8TKSZ,DFICW,DFCSCH.OFCW 
GO TO 46 

PARAMETERS 

00000880 
00000890 
00000900 

00000910 
00000920 
00000930 
00000940 
00000950 
00000970 
00000980 
00000990 
OOOOIOOO 
OOOOIOIO 
C0001020 
00001030 
00001040 

00001050 
00001060 

00001520 
00001560 



o 

125. 45 K=2 
126. 46 CONTINUE 
127. IF (DWTKSZ.EO.0.0)00 TO 47 
128. PRINT 9024,DWTANK,DWTKSZ,DFIDW,DFCSDW,DFDW 
129. 47 CONTINUE 
130. C 
131. C CONVERSION OF UNITS 
132. C 
133. DFRG=1.0 
134. DFIRG=1.0 
135. DFCSRG=1.0 
136. GO TO 240 
137. C 
138. C READ DATA FOR BWR NSSS PARAMETERS AND TANK PARAMETERS 
139. C 
140. 50 READ 9022,W0RD56,STMFR 
141. PKINT 9022,WOR056,STMFR 
142. READ 9022,W0R056,PCVOL 
143. PRINT 9022,wnRD56,PCVOL 
144. OGDB=J50CO0. 
145. PRINT 9052,OGDB 
146. 0GEA=60000. 
147. nGRTIU=OGDfl/nGEA 
148. FP6F=0.001 
149. HEF=0.020 
150. PRINT 9030,FPEF,HEF 
151. RFAD 9022,W0RD56,LETDWN 
152. PRINT 9022,.<nRD56,LETDWN 
153. READ 9022,W0RD56,REGENT 

I 154. PRINT 9C22,wnRD56,REGENT 
••̂  155. READ 9022,WQRD56,FrCDM 

156. PRINT 902?,wnRD5t),FFCDM 
157. READ 9085,k»U'»D56,HYTRTM 
158. PRINT 9085,wnRD56,hYTRTM 
159. READ 9070,W0'?056,HYUF 
160. PRINT 9090,WnR056,HYDF 
1 6 1 . K= l 
1 6 2 . READ 9013,WORD24,CWFLR,CWA 
1 6 3 . READ 9023,CWTA,NK,CWTKSZ 
1 6 4 . READ 9Crt6,K6VBTC 
1 6 5 . IF ( K 6 V H T C . t O . l ) t V A P C = 0 . 0 1 
166. ReAD 9C14,0FICW,0FCSCW,DFCW 
167. IF (CWTKSZ.6n.0.)GC TO 52 
168. PRINT 9025,wnRD24,CWFLR 
169. GO TO 54 
170. 52 K=2 
171. 54 C0NTINU6 
172. READ 9013,WORD24,RGWFR 
173. RFAD 9023,HGTANK,RGTKSZ 
174. READ 9C86,K6VbTR 
175. IF (K6VRTR.EO.l)EVAPR=0.05 
176. READ 9014,DFIRG,DFCSRG,0FRG 
177. IF (RCTKSZ.60.0.0) GO TO 56 
178. PRINT 9025,wnRD24,RGWFR 
179. 56 CONTINUE 
180. PRINT 9045 
181. PRINT 9016 
182. IF (ChTKSZ.60.0.0)00 TO 58 
1 8 3 ^ PRINT 9024,CWTANK,CWTKSZ,DFICW,DFCSCH,DFCW 
1 8 < ^ ^ 58 CONTI M€ 
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185. IF (RGTKSZ.EO.O.O)GO TO 60 
186. PRINT 9024,RGTANK,RGTKSZ,DFIRG,DFCSRG,DFRG 
187. 60 CONTINUE 
188. 77 DO 78 I=1,IT0T 
189. B(I)=0.0 
190. 78 CONTINUE 
191. C 00003290 
192. DFIDW=1.0 
193. DFCSDW=1.0 
194. DFUW=1.0 
195. 240 CONTINUE 00004850 
196. C 00004860 
197. C CALCULATE PRIMARY COOLANT CONCENTRATIONS FOR PHRS 
198. C 00004880 
199. IF(TYPE.EQ.BWR)GQ TO 251 
20C. AFPTES=0.0 
201. DO 242 I=1,IT0T 
2C2. 242 PCONC(I) = PWCONC( I) 
2^3. PliwA = POWl 
204. PCV0A=PCVnL*lE3 
2C5. LETOWA=LETDWN*500.53 
206. SBLDA = StlLDR*.3476 
?C7. CBFLA=CBFLK*500.53 
208. C CHECK TO SEE IF PRIMARY PLANT PARAMETERS ARE WITHIN SPECIFIED 
209. C RANGES 
210. IF(ABS(POWA-3400).GT.400.1)GO TO 243 
211. IF(ABS(PCVOA-5.5E5).GT.0.5001E5)GO TO 243 
212. IF(ABSILETOW4-3.7E4).GT.0.5001E4)GO TO 243 

o 213. IF(ABS(S8LDA-625.).GT.375.1)GO TO 243 
214. IF(ABS(CUFLA-3750.).GT.i750.1)G0 TO 243 
215. GO TO 247 
216. C CALCULATE PwR PRIMARY COOLANT ADJUSTMENT FACTORS 
217. 243 AFPTES=1.0 
218. RH4L2=(LETD*(4*0.9+G.l»SnLOAl/PCVOA 
219. RCSR02=(L6TDWA*0.5+0.t)*(SBLDA+CBFLA*0.9))/PCV0A 
2 20. RCFP2=(LETDW4*0.9+C.1*(SBLDA+CBFLA*0.9))/PCVOA 
2 2 1 . RK2=161.76«PnwA/'>CV0A 
222. DO 246 J=l,ITOT 
223. IF(PCONC(J).EQ.O.O) GO TO 246 
224. NZ=NUCL(J)/lO000 
225. DL=DIS(J)*36"0. 
226. IF (NZ.LO.l) GO TO 246 
227. IF(NZ.FQ.53.nR.NZ.eQ.35)GO TO 244 
228. IF(NZ.EC.37.nR.NZ.t(J.55)G0 TO 245 
2 2 9. PCONC(J)=PC1JNC(J)*RK2*(0.0612+DL)/(RCFP2*DL) 
230. GO TO 246 
231. 244 PCONC(J)=PCONC(J)*RK2*(0.0606+DL)/(RHAL2+DL) 
232. GO TO 246 
233. 245 PCONC(J)=PCUNC(J)*RK2*(0.0371+DL)/(RCSRB2+DL) 
234. 246 C0NTINU6 
235. 247 PCVOL=PCVOL*1000.•0.7/62.4 
236. DO 279 I=1,IT0T 
237. IF (PCONCd ).EQ.0.0)G0 TO 279 
238. rAILl=FAILRA 
239. IF ( I.L6.ILIT6)FAIL1 = 1.0 
240. PCONCIn=PC0NC(I)/(0IS(I)*1.62B3E13)*FAILl 
241. 279 CONTINUE 
242. C 00005480 
243. GO TO 400 
244. C 

cn 



245. 
246. 
247. 
248. 
249. 
25C. 
251. 
252. 
253. 
254. 
255. 
256. 
257. 
?53. 
259. 
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261. 
262. 
263. 
264. 
265. 
266. 
267. 
268. 
269. 
27C. 
271. 
272. 
273. 
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277. 
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279. 
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282. 
283. 
284. 
285. 
286. 
287. 
288. 
289. 
290. 
291. 
292. 
293. 
294. 
295. 
296. 
297. 
293. 
299. 
JCC. 
iOl. 
3C2. 

C 
251 

C 

2251 

C 

C 
252 

253 

254 
255 
256 

2255 

C 
C 

257 

258 

CONTINUE 
CALCULATE BWR PRIMARY COOLANT CONCENTRATIONS 
00 2251 I=1,IT0T 
PC0NC(I)=8C0NC(II 
POWA=POW1 
PCV0A=PCV0L*1E6 
LETDWA=LETDWN*1E6 
STMFA=STMFR#1E6 
FFCDA=FFCDM 
CHCCK TO SEE IF PLANT PARAMETERS ARE WITHIN SPECIFIED RANGES 
IF(AbS(HQWA-3400I.GT.400.1)00 TO 252 
IF(ABS(PCVOA-3.8E6).GT.0.4001E5)GO TO 252 
IF{ABS(LETDW^-1.3E5).GT.0.200lE5)G0 TO 252 
IF(ABi.(STMFA-1.5E7).GT.0.2001F7)GO TO 252 
IF(ABS(FFCDA-0.9).GT.0.1001)GO TO 252 
on TO 256 
CALCULATE BlvR ADJUSTMENT FACTORS 
RhAL2=(LFTDHA»0. ' ;+FFCOA*STMrA*0 .010) /PCVOA 
RCSRB2=(LETUWA*0.5+FFC04*STMFA*5E-4)/PCVOA 
RCFP2=(LETDk.A*0.9+FFCDA*STMFA*9E-4)/PCVOA 
RK2=lll.76*knKA/PCVIIA 
DO 255 J=1,ITGT 
IF(PCCNC(J).?a.0.0) GO TO 255 
NZ=NUCL(J)/10000 
DL=DIS(J)*36n0 
IF (NZ.EO.l) GO TO 255 
IF (NZ.EU.5i.OR.NZ.EQ.35)GO TO 253 
IF (NZ.EQ.37.0R.NZ.EQ.55)G0 TO 254 

^ 274. PCaNC(J)=PCONC(J)*RK2«(0.3434+DL)/(RCFP2+DLI 
O^ 275. CO TO 25b 

PCONC(J) = PCUNC(J I•RK2* to.1908+DL)/tRCSRB2*DL) 
GO TO 2 5 5 
P C O N C ( J ) = P C O N C ( J ) * R K 2 * ( 0 . 1 9 0 8 + D L ) / ( R C S R B 2 + O L ) 
CONTIi^Ufc 
PCVOL = PCVOL*1000000./62.4 
LETDWfl = LETUWN*2aOO. 00003340 
STMFR=STMFR*2851. 00003350 
DO 2255 J=1,IT0T 
0GRTI1=0GRTI0 
IF (J.LE.ILITE)GGRTI1=1.0 
IF(PCfNC(J).GT.0.0)PC0NC«J)=PCONCtJ)/(DISIJ>*1.62a3El3»*OGRTIl 
CONTINUE 
IFtREGENT.GT.0.01 GO TO 257 
GO TO 400 

00005120 
COMPUTE REMOVAL CONSTANT FOR CONDENSATE DEMINERALIZER IN BWR 
CC0DM=0.9*STMFR*FP£r/(PCVQL*7.48*60.)»FFCDM 
CSt!DM=C.5*STMFR*rPEF/(PCV0L*7.48*60.)*FFCDM 
00 258 I=1,IT0T 
NZ=NUCL(I)/10000 
PR(I)=CCBDM 
IF(NZ-Ee.53.nR.NZ.EQ.35IPR(I)=CCBDM*HtF/FPEF 
IF(NZ.EC.37.nR.NZ.E0.55)PR(I)=CSBDH 
XZllJ = f'CCNC( n*PP(I )*PCV0L*0.02832 
B( I)=XZHJ 
XZH( I )=XZhJ*n640i). 
CD-JTlfJUL 

3C3. XZERO(I)=0. 
30^^^ C CALCULATE INVENTORIES ON BWR CONDENSATE RESINS 00005130 



306. 
307. 
308. 
309. 
310. 
311. 
312. 
313. 
314. 
315. 
316. 
317. 
319. 
319. 
120. 
321. 
i22. 
J 2 3 . 
324. 
325. 
326. 
327. 
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349. 
350. 
351. 
352. 
353. 
354. 
355. 
356. 
357. 
359. 
359. 
360. 
361. 
362. 
363. 
364. 

400 

410 
420 

290 T(1)-REGENT 
CALL SOLVE 
00 295 I=1,IT0T 

295 RINVII)=XTEMPtII 

I THIS PORTION OF PROGRAM CALCULATES FAILED TANK CONCENTRATIONS 

CONTINUE 
R G H F R M = R G H F R * 3 7 8 5 . / 1 E 6 
DO 410 I=1,IT0T 
D(I1=-DIS(I ) 
DO 430 J=1,IT0T 
NZ=NUCLtJ)/10000 
IF(NZ.EC.36.nR.NZ.EQ.54) GO TO 430 
IF (TYPt .EU.PWKIGO TO 425 
cwcoNL ( J ) =pcn r iu ( J ) * C W A 
IF ( N Z . E i J . l ) Ck,Cl)NC( J )=PCONC(J) 
I F (RGWFR.EU.O.OIGC TO 430 
R I J V t J ) = R I N V ( J ) / ( R F G E N T * R G W F R M ) 
IF ( N Z . C Q . U R I N V ( J ) = P C O N C ( J ) 
GO TO 4 JO 

4 2 5 DFCVCS=10. 
I F ( N Z . E G . 1 ) D F C V C S = 1 . 0 
I F t N Z . t U . 3 7 . n R . N Z . E 0 . 5 5 l DFCVCS=2. 
CWCONCtJ I=PCnNC(J)*(CWA*SBLDR/DFCVCS+EDA*EDFLR)/(SBLOR+EDFLR) 
DWCONC(J)=PCnNC(J)•OWA 

430 CONTINUE 

CALCULATE RADIOACTIVITY AFTER COLLECTION AT A CONSTANT RATE 
IF (TYPE.EQ.BWRJGO TO 432 
IF ( S B L C R . G T . 0 . 0 ) T C = S B T K S Z * 0 . B / ( ( S B L D R * E D F L R ) * E V A P S ) 
GO TO 434 

432 CONTINUF 
IF (CHFLR.CT.O.O)TC=CWTKSZ*0.8/(CWFLR*EVAPCJ 

434 CONTINUE 
IF (0WFLR.GT.0.0ITD=DWTKSZ*0.8/t0WFLR«EVAP0) 
IF (RCWFR.GT.O.O)TRG=(RGTKSZ*0.8-11900.*EVAPR)/(RGWFR*2.*EVAPRJ 
IF (TRG.LT.O.Ol TRG=0. 

CALL COLLECT(TC*86400.,CWC0NCiILITEtITnTl 
CALL COLLECT!TU*36400.,DWC0NCtILITE,IT0T) 

440 IF (REGENT.LF.0.0)GO TO 450 
CALL ST0RAG(TRG*a6400.fRINV,ILITE,IT0T) 

450 DO 500 1=1,ITQT 
NZ=NUCL(I)/100U0 
IF (NZ.FQ.l) GO TO 500 
IF (NZ.E0.35.0R.NZ.E0.53)GO TO 460 
IF tNZ.EO.i7.0R.NZ.Etl.55)GO TO 470 

CHEMICAL TREATMEi-lT FOR OTHER CATIONS 

CWCONC(n=CV.CONC( I )/DFCW 
DWCONC(I)=DHCONC(I)/DFDW 
RINV (1)=RINV (D/DFRG 
GO TO 500 

CHEMICAL TREATMENT FOR ANIONS 

460 CWCONCt n=CWCOI'JC( I )/DFICW 
DWCONC!I)=DWCONC(I)/DFIDW 
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365. 
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379. 
380. 
381. 
382. 
383. 
384. 
385. 
386. 
387. 
388. 
389. 
3 90. 
391. 
392. 
J93. 
394. 
395. 
396. 
397. 
19a. 
399, 
400. 
4'-l. 
402. 
403. 
4C4. 
405. 
'fC6. 
407. 
409. 
409. 
410. 
411. 
412. 
413. 
414. 
415. 
416. 
417. 
418. 
419. 
420. 
421. 
422. 
423. 
4 2 4 ^ 

C 

c 
c 

470 

500 
C 

C 

502 
503 

507 

508 

. 
509 

510 

511 
512 

535 

540 

545 
550 

k 

RINV (II^RINV (II/DFIRG 
GO TO 500 

CHEMICAL TREATMENT FOR RB AND CS 

CWCONCII)=CWCONC(I )/DFCSCW 
DWCONC!Il=DWCONC(I)/DFCSDW 
RINV !I)=RINV II)/DFCSRG 
CONTINUE 

STS=SbTKSZ*0.8 
DTS=DWTKSZ»0.8 
CTS=CWTKSZ*0.8 
RTS=RGTKSZ*0.8 

IFIREGENT.LT.O.OODGO TO 503 
CO 502 1=1,1TQT 
C'MCUNC! I l=RINV(II 
CONTINUE 
CONTINUE 
IF IK.E0.2) GO TO 508 
CTKSZ=STS 
IF (TYPE.EO.BWR) CTKSZ=CTS 
DO 507 I=1,IT0T 
TKCnNC!I)=CWCGNC!I) 
GO T(J 512 
DAN=1.6 
IF(TYPE.EQ.BWR)GO TO 510 
CTKSZ=DTS 
DO 509 I=1,IT0T 
TKCONC(I)=DWCONC(I) 
GO TO bl2 
KATH=4.7 
CTKSZ=RTS 
00 511 I=1,IT0T 
TKCnMC( I)=CMC0NC(I) 
CONTINUE 
DO 540 l=l,ITOT 
NZ=NucL(I)/inooo 
IF(NZ.E0.36.nR.NZ.E0.54) GO TO 54 
DISI=DIS(n*1.6283E13 
TKCONC( I)=TKCO,MC(I )*DISI 
IF (TKCONC(n.GT.O.O) GO TO 535 
pwcnN(i)=o.u 
GO TO 540 
V=DIS(I)*HYTRTM*86400. 
IF (V.GT.75.) V=75. 
PWCON(n = (TKCONC( I )/HYDF ) *EXP(-V) 
CONTINUE 
DO 545 I=1,1T0T 
FRAC( I l=PWCaN(I l/WMPCd) 
SAPRIM=0.0 
STANK=0.0 
SCRECN=0.0 
SFRACT=0.0 
PAPRIM=0.0 
PTA,NK = 0.0 
PCRECN=0.0 
PFRACT=0.0 
MCH3=TKC0NC(3)/FRAC(31 
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# MQH3=MCH3*CTKSZ*3785./1.0E6 
426. IF (MtH3.GT.5000.) MQH3=5000. 
427. IF (TYPE.EO.BWRI GO TO 553 
428. IF (K.EO.l) PRINT 9076,REACTR,SBTANK,STS.HYTRTH.HYDF 
429. IF (K.EQ.2) PRINT 9076,REACTR,DWTANK,DTS,HYTRTH,HYDF 
430. GO TO 555 
431. 553 CONTINUE 
432. IF (K.EQ.l) PRINT 9076.REACTR.CWTANK,CTS,HYTRTM,HYOF 
4 U . IF (K.EQ.2) PRINT 9076 .REACTR,RGTANK.RTS.HYTRTM.HYDF 
434. 555 CONTINUE 
435. PRINT 9077 
436. PRINT 9081 
437. KOUNTR^l 00010170 
438. I1=ILITE+IACT+1 00010180 
439. L=l 00010190 
440. DO 580 I=1,IT0T 
441. IF ( I.EO. IDPRINT 9082 
t42. NZ=NUCL(n/lOOOO 00010220 
443. IF (NZ.EQ.)6.0R.NZ.EQ.54)GO TO 580 
4 4 4 . D I S I = U I S ( n * l . 6 2 8 3 E + 1 3 0 0 0 1 0 2 5 0 
4 4 5 . A P R I M = P C O r j C ( n * D I S I 0 0 0 1 0 2 6 0 
4 4 6 . WMPC1=WMPC(I) 
447. TANK=rKCnNC(I) 
448. CRECN=PWCnM(I) 
449. FRACT=FRAC(I) 
450. NUCLI=NUCL(n 00010350 
451. L = L-H 
452. IF(NZ.EQ.l) GO TO 560 
453. SAPRIM=SAPRIM+APRIM 00010470 

7* 454. STANK=STANK+TANK 
vo 4 5 5 . SCRECN=SCRECN+CRECN 

456. SFKACT=SFRACT+FRACT 
457. 560 IF (FRACT.LT.0.001) GO TO 580 
458. IF (HOD(KOUNTR.50).NE.O) GO 'TO 570 
459. PRINT 9084. REACTR 
460. PRINT 9077 
461. 570 CALL NCAH(NUCL(I).NAME) 
462. THALF=8.0225F-6/DIS(I) 000106S0 
463. ISUB=2 
464. IF (TANK.GT.l.) ISUB=1 
4 6 5 . D I V = 1 & . * * ( I N T ( A L U G 1 0 ( T A N K ) ) - I S U B ) 
'•»66. TA'JKl = A I N T ( T A N K / D I V t 0 . 5 ) * 0 I V 
<i67. ISUH = 2 
4 6 8 . I F ( C k E C N . C T . 1 . 0 ) I S U B = l 
4 6 9 . D I V = l C . » * ( I i ' J T ( A L U G 1 0 ( C R E C N ) ) - I S U B ) 
470. CRECN1=AINT(CRECN/CIV+0.5)*DIV 
471. ISUB=2 
472. IF (FRACT.GI.l.OI ISUB=1 
4 73. CIV=10.**(INT(ALOG10(FRACT))-ISUB) 
4 74. FRACTl=AINT(rRACT/CIV+0.5)*0IV 
475. ISUBT=1 
476. PRINT 9078, NAME,THALF,APRIM.WMPCl,TANKl,CRECN1,FRACTI 
477. KQUNTR=KOUNTR+l 00010700 
478. IF(NZ.EQ.l) GO TO 580 
479. PAPRIH=PAPRIM+APRIM 00010720 
480. PTANK=PTANK+TANK 
401. PCRECN=PCRECN+CRECN 
482. PrKACT=PFRACT*FRACT 
483. 580 CONTINUE 
484. PAPRIM^SAPRIM-PAPRIM 00010830 



485. PTANK=STANK-PTANK 
486. PCRECN=SCRECN-PCRECN 
487. PFRACT=SFRACT-PFRACT 
488. MCCFP=SrANK/SFRACT 
4 89. MQCFP=MCCFP*CTKSZ*3785./1.0E6 
490. IF (MQCFP.GT.15.) MQCFP=15. 
491. ISU6P=2 
492. IF (PTANK.GT.1.0) ISUBP=1 
493. DIV=lU.**(INT!AL0G10!PTANK))-ISUBP) 
494. PTANK=AINT!PTANK/DIV+0.5I*DIV 
495. ISUHP=2 
496. IF (PCRtCN.GT.1.0) ISUBP=1 
497. DIV=1C.**(INT(ALOG10(PCRECN))-ISUBP) 
49 3. PCRECN=AINr(PCRECN/0IV+C.5)*DIV 
490. IF (PFRACT.CO.0.0) GO TO 585 
500. ISUDP=2 
501. IF (PFRACT.GT.l.OI ISUHP=1 
5C2. D'IV=10.*«( INTIALOGIOIPFRACT) )-ISUBP) 
50 3. PFRACT=AINT|PFRACT/DIV+0.5)*DIV 
504. 585 ISU3S=1 
505. IF ISTANK.LT.1.0) ISUUS=2 
506. DIV=10.**!INTlALOG10 I STANK))-1 SUBS) 
50 7. STANK=AINT(STANK/DIV+0.6)*DIV 
508, ISURS=1 
509. IF (SCRECN.LT.1.0) ISUUS=2 
51C. DIV-10.**(INTIALQGIOISCRECN))-ISUBS) 
511. SCRFCN=AINT(SCRECN/DIV+0.5)*DIV 
512. ISUHS==l 
513. IF (SFRACT.LT.1.0) ISUBS=2 
514. DIV=10.**(INT(ALOG10(SFRACTI)-ISUBS) 
5 1 5 . SFRACT = A INT(SFRAi ,T /D IV + O . S ) * D I V 
016. PRINT 9079, PAPRIM, PTANK,PCRECN,PFRACT 
517. PRINT 9C80, SAPR HI,S I ANK,SrkECN,SFRACT 
518. PRINT 9100, MUHJ.M'JCFP 
519. IF(TYPE.EQ.BWR)GO TO 600 
520. IF(K.tQ.2.OR.DwTKSZ.EO.0.0)GO TO 30 
521. GO TO 610 
522. 600 CONTINUE 
523. IF(K.bQ.2.0R.RGTKSZ.Etl.0.0)G0 TO 30 
524. 610 K=K*l 
525. GO TO 503 
526. C 00005630 
527. C FORMATS FORMATS FORMATS 00005640 
52 8. C 00005650 
529. 9010 F0RMAT(32X,7A4,16X,A4) 00005760 
530. 9011 F0RMAT(16X,13A4,A3,F9.4) 00005770 
531. 9012 F0RMAr(16X,14A4,F8.4) 00005780 
532. 9013 FORMAT(16X,6A4,1X,F8.0,7X,F5.3) 
533. 9014 FnRMAT(20X,F9.0,2(5X,F8.0)) 
534. 9016 F0RMAI('0',7OX,'TANK FACTORS'/34X,'FAILED TANK',13X,'VOLUME',6X, 
535. 1 'I',9X,'CS',7X,'OTHERS') 
536. 9022 FORMAT(16X,14A4,F8.4) 00005890 
537. 9023 FORMAT(^6X,6^4,14X,^9.0) 
538. 9024 F0RMAT(3GX,6A4,3X,t-9.0,2X,3(lPE9.2,lX)) 
'>39. 9025 FORMAT( 16X,6A4,' GPO • ,28X , 1PE8 .2 ) 
540. 9026 FORMAT(IHl) 00006010 
541. 9027 F0RMAT(16X,'PLANI CAPAClTY FACTOR',T75,'0.80') 00006020 
542. 9028 FORMAT(16X,'PERCENT FUEL WITH CLADDING DEFECTS',T75,F6.4 ) 00006030 
543. 9030 F0K"Ar(16X,'FISSION PRODUCT CARRY-OVER FRACTION',T75,F6.4/16X, 00006060 
5 4 ^ ^ I'HALUGfcN CAKRY-OVER FR ACT I ON' , T75, F6.4) 00006070 



5 ^ P 904S FORMAT!/,15X,'FAILED TANK PARAMETERS') 
5 « . 9052 FORMAT!16X,'OFF-GAS RELEASE RATE(UC/SEC)•,28X,F8.0) 
547. 9076 FORMAT (IHl,20X,7A4,• LIQUID TANK FAILURE'/IH ,21X,'NAME OF TANK F 
548. lAlLED: •,6A4/1H ,2lX,'VOLUME OF TANK FAILED: ',F9.0,' GAL. (80 
549. 23! OF TANK CAoAC ITY)'/IH ,2IX,'HYDROLOGICAL TRAVEL TIME (DAYS): 
550. 3',F8.2/1H ,21X,'HYCROLOGICAL DILUTION FACTOR: ',F8.0) 
551. 9077 FORMAT (IHO,78X,'PRIMARY',22X,'FA ILEO',7X,'CR ITICAL•/29X,'COOLANT• 
t>52. 1,7X, ' 1CCFR20' ,9X,'T4NK' , 8X,'RECEPTOR' ,6X , • FRACT I ON'/4X,' NUCL IDE' , 
5 53. 24X,'HALF-LIFP' ,5X. 'CONG. ' , 9X , ' L IMI TS • , lOX , ' C O N C ,7X,'CONC. ' ,9X, 
554. 3'10CFR20'/15X,'(DAYS)',2X,416X,'(UCI/ML)•)) 
555. 9078 FORMAT !4X,A2,I 3,A 1,4X,1PE9.2,4!5X,lPfc9.2),3X,0PF12.4) 
556. 9079 FORMAT I4X,'ALL OTHERS',14X,1PE9.2,19X,1PE9.2,5X,1PE9.2,3X,0PF12.4 
557. II 
555. 9080 FORMAT (4X,'TOTAL'/4X,'EXCEPT TRITlUM' , lOX,IPEO.2,19X,1PE9.2,5X,IP 
559. 1E9.2,3X,0PF1?.4) 
560. 9081 FORMAT (4X,'CORROSION AND ACTIVATION PRODUCTS') 
561. 9082 FORMAT IIHO,4X,•HSSI ON PRODUCTS') 
562. 9084 FORMAT ( UU ,'OX ,7A4,• LIQUID TANK FAILURE (CONTINUED)') 
563. 9085 FORMATII6X,14A4,F8.2) 
564. 9086 FORMAT (79X,U) 
565. 9090 FORMATI16X,14A4,F8.0) 
566. 9100 FORMAT (lH0,3X,'rH: MAXIMUM'QUANTITY OF TRITIUM IN THE TANK IS »,1 
567. IPE7.1,' CURIES.'/IHO,3X,'THE MAXIMUM QUANTITY OF CORROSION AND FIS 
568. 2SI0N PRODUCTS (EXCLUDING TRITIUM) IN THE TANK IS ',1PE7.1,' CURIES 
569. 3.') 
57C. END 00006230 
571. BLOCK DATA 
b72. COMMON /CONb/BCONC(800) 
573. COMMCN/C0NP/PWC0NC(800) 
574. DATA BCCNC/2*0,0.0l,33*0, 
b75. 1 9E-3,13*0,2E-4,53*0,5E-3,4*0,6E-5,0.0,5E-2,3*0, 
576. 11E-3,3#0,3E-5,0.0,2E-4,2«0,4E-4,7*0,1E-6,0.0,3E-4,2*0,3E-2,4*0, 
577. 22E-4,3*0,2e-3,98*0,3E-4,64*0,7E-3,63*0,3E-3,4*0,5E-3,2*0,3E-3, ' 
5 78. 319*0,5E-3,lE-4,3»0,6n-6,5«0,'4E-3,0.0,4E-5,3*0,lE-2,6E-3,4*0,4E-3, 
5 79. 411*0,7E-6,0.f^,7E-6,6*0,5E-6,5«C,4E-3,2*n,2E-3,2E-2,8*0,9E-2,7*0, 
580. 52E-5, l*0,RE-2,6*0,2E-3,4»0,3E-6.21*0,lE-6,104*0,4E-.5,13*0,ie-4, 
5 31. 60.0,5e-3,5*0,lE-5,3E-2,4*0,2E-2,5*0,7E-2,2*0,3Er-5,2*0,2E-2,9*0, 
582. 72E-5,3*C,7e-5,4*0, lE-2,4*0,lE-2,3*0,4E-4,4*0,lE-2,0.0.3E-5.3*0, 
5 33. 86E-3,5£-3,7*'i,3E-5,4E-5,2*0,3E-6,10*0,3E-6,81*0/ 
584. DATA PV.C0NC/? *0 , 1 . C, 1 01 * 0 , 
585. 1 1.9F-3,4*0,3.1E-4,5*0,l.6E-3,3*0,lE-3,0.0..016, 
5 36. l2*0,2E-3,ie5*0,1.2C-3,6 3*0,4.8£-3,4*0,2.6E-3.2*0,3E-4,6*0,8.51>5, 
537. 28*0,.2,4*0,3.5£-4.3*0,Ic-5,0.0.1.2E-6.3*0,6.5E-4,3.6E-4,6.4E-5,9*000010680 
5 3 8. 3,3.4E-5,11*0,6E-5,C., •3C-5,15*0,.084,.048,16*0,4 .5E-5,4.5E-5,14*0, 00010690 
58 9. 41E-5,0.0,lE-5.ir3*C,2.9E-5,8*0.2.8E-4,8.5E-4,10*0,I.4E-3,1.6E-3, 
59 0. 58*0,2.1E-3,3*0,2. 5E-3,1. IE-3,.2 7,5*0,.027..1.4*0,.38,5*0,.047,2*0, 
591. 6.025,2*0,.19,0*0,.313,3*0,.018,.016,12*0,2.2C-4,1.5E-4,5*0,7E-5, 
592. 712*0,4£-5,5L-5,2*0,J.3E-5,3.3E-5,91*0/ 
593. END 
t>94. SUBRGuriNE SOLVE 00010990 
595. C0MM0N/EC/XZ'^R0(80C), XZH(800),XTEMP(800),XNEW(10,800), 00011000 
596. 1 6(8001,0(800) 00011010 
5 9 7. CGMMGN/FLEX/FLUX(10),MMN,MOUT,INDEX,OXN,AXN,ERR,NOBLND.MZERO 00011020 
59R. CQMMON/PROCSS/ MPROS.PRATE(8),NOPRnS(B).NZPROS(8,20),PR(800) 00011030 

599. C0MM0N/FLUXN/T(20) ,PnwCR(I 0),TOCAP(800 I,F I SS(100),DIS(800),ILITE, 00011040 
600. 1 lACT.IFP,ITOT.NON.INPT 00011050 
601. COMMON/OUT/iMUCL(80C),TITLE(20),Q(800),FG(800),CUTOFF(7), 00011060 
602. I POW,iiURNUP,FLUXB,MST4R,ALPHAN(100).SPONF( 100),ABUNO(500), 00011070 
6f^3. 2 BASIS(IO) .TCU.JST.TUNir 00011080 
6C4. 00 10 I=l.ITnT 00011090 



605. D(I)=-DIS«I) 00011100 
606. 10 XTEMP(II=0.0 00011110 
607. DELT=T(1)*TC0NST 00011120 
608. CALL DECAY!1,DELT,IT0T) 00011130 
609. CALL T£RM(DELT,1,ILITE,IT0T) 00011140 
610. CALL EflUILd, ITOT) 00011150 
611. DO 30 1=1,ITOT 00011160 
612. 30 XTEMP!I)=XNEWI1,I) 00011170 
613. RETURN 00011180 
614. END 00011190 
61b. SUBROUTINE TERM!T,M,ILITE,ITOT) 00011200 
616. C 00011210 
617. C TERM ADDS ONE TERM TO EACH ELEMENT OF THE SOLUTION VECTOR 00011220 
618. C CSUMIJ) IS THE CURRENT APPROXIMATION TO XNEWIM.J) 00011230 
619. C CIMOIJ) IS THE VECTOR CONTA INING THE LAST TERM ADDED TO EACH 00011240 
620. C ELEMENT OF CSUM(J) 00011250 
621. C CIMN(J) IS THE VECTOR CONTAINING 1/TON TIMES THE NEW TERM TO BE 00011260 
622. C ADDED TO CSUM(J) 00011270 
623. C CIMN(J) IS GENERATED FROM CIMOIJ) BY A RECURSION RELATION: 00011280 
624. C CIMN(J)= SUM OVER L OF (AP(J,L)*CIKO(L)) 00011290 
625. C API I,J) IS THE REDUCED TRANSITION MATRIX FOR THE LONG-LIVED 00011300 
626. C NUCLII.'ES 00011310 
627. C 00011320 
628. LOGICAL*! LONG 00011330 
629. INTEGER*2 L0C,N0N0,KD 00011340 
630. INTEGER*2 LQCP(2500) 00011350 
631. INTEGER*2 NONP(800) 00011360 
632. INTEGLR*2 N U , N Q U , N Q U E U E 00011370 

633. REAL*3 BATE,BATM 00011380 
634. REAL*8 CIMN(800),CSUM(800),CIMNI 00011390 
635. DIMENSION AP(2500),CIMB(800),CIMO(800) 00011400 
636. DIMENSION OUP(bO) 00011410 
637. COMMON/SERIES/ XP(800),XPAR(800),LONG(800) 00011420 
638. COMMON/FLEX/FLUX(IC).MMN.MOUT.INDEX,QXN.AXN,ERR,NOBLNDtMZERO 00011430 
6 39. COMMON/EQ/XZFRO(8 00),XZH(800),XTEMP(800),XNEW(10,800)t 00011440 
640. 1 B(800),D(aOO( 00011450 
641. COHMOIJ/MATRIX/A(25C0),LOC(2500),NONO(800),KD(800) 00011460 
642. COMMON/DEBUGG/AP 00011470 
64 3. COMMON/TERMO/DD(100),CXP(100),QUEUE(50),NQU(50),NQUEUE(50),NQ(800)00011480 
644. NUL=0 00011490 
645. NN=0 00011500 
646. C FIRST CONSTRUCT REDUCED TRANSITION MATRIX FOR LONG-LIVED ISOTOPES 00011510 
647. DO 220 L=1,ITQT 00011520 
648. IF(.NOT.LONG(LI• GO TO 210 00011530 
649. NUM=NQN0(L) 00011540 
650. IF(M.GT.MMN.OR.M.EG.MZERO) NUM=KD(L) 00011550 
651. CIMB(L)=B(L) 00011560 
652. IF(NUM.LE.NUL) GO TO 210 00011570 
653. NS=NN+1 00011580 
654. N=NUL 00011590 
655. NL=NUM-NUL 00011600 
656. DO 200 N1=1,NL 00011610 
657. N=N+1 00011620 
658. J=LOC(N) 00011630 
6b9. DJ=-0(J) 00011640 
660. C 00011650 
661. C THIS IS A TEST TO SEE IF ONE OF THE ASSYMPTOTIC SOLUTIONS APPLIESOOOl1660 
662. C 00011670 
6^^ IF(.NOT.LONG( J) ) GC TO 10 00011680 
^ B NN=NN4l 00011690 



^ ^ 
b^m 
667. 
668. 
669. 
670. 
671. 
672. 
673. 
fa74. 
675. 
676. 
677. 
678. 
679. 
680. 
681. 
632. 
683. 
684. 
685. 
686. 
687. 
688. 
689. 
69C. 
691. 
692. 

O 693. 
^ 694. 
CO 695. 

696. 
697. 
699. 
699. 
700. 
/CI. 
702. 
703. 
7C4. 
7C5. 
706. 
707. 
708. 
709. 
71C. 
711. 
712. 
713. 
714. 
715. 
716. 
717. 
719. 
719. 
720. 
721. 
722. 
723. 
/24. 

C 
C 
c 
c 
10 

20 

30 

40 

C 
C 

9000 

50 

C 

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

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

NSAVE=0 
0UE=A(N)/0J 
0RU=1.0 
CIMB(L)=CIM3(L)+UUE*B(J) 
NQ(L)^0 
NC(J)=L 
NUX=NCNO(Jl 
IF(M.Gr.MMN.OR.M.EO.MZERO) NUX=KD(J) 
NUF = J 
IFIJ.bT.l) NUF=NON0!J-l) 
NX=NUX-NUF 
IF(NX.LT.l) GO TO 190 
K=NUF 
00 180 KK=1,NX 
K = K +1 
J1=LCC(K) 
CJ=-C(Jl) 
KP=J 
IF(Jl.EC.NQ(KP)) GO TO 180 
KP=NQ(KP) 
IFIKP.NE.O) GO TO 30 
AKDJC=CUE*A(K)/DJ 
IF(.NOT.LONG(Jl)) GO TO 160 
TRM=1.0-XP(J1) 
IF(TRM.LT.1.0£-6) GO TO 120 

NC(J1)=J 
1 = 1 
KP = J1 
DD(Il=-C(KP) 
CXP(I)=XP(KP) 
KP=NO(KP) 
IF(KP.EQ.O) GO TO 50 
1 = 1 + 1 
IF(I.LE.IOO) GO TO 40 
IF OUEUE OF SHORT-LIVED NUCLIDES EXCEEDS 100 ISOTOPES, TERMINATE 
CHAI.g AND WRITE MESSAGE 
PRINT 9000, M,L,J1,J,AKDJ0 
F O R M A T C I T O O LONG A QUEUE HAS BEEN FORMED IN TERM • ,415,E12.5) 
GO TO 190 
BATM=0.DO 
IM-I-1 
DO 110 1=2,IM 
DL = DD( I) 
XPL = OXP( I ) 
BATE=O.DO 
11=1-1 
D R VONOY FORM OF BATEMAN EQUATIONS ~ ORNL-TM-361 
DO 100 KB=1,I1 
XPJ=UXP(K9) 
IF(XPL+XPJ.LT.ERR) GO TO 100 
DK=DD(KE) 
PK0D=(DL/DK-1.0) 
DKR=PROD 

00011700 
00011710 
00011720 
00011730 
00011740 
00011750 
00011760 
00011770 
00011780 
00011790 
00011800 
OOC11810 
00011820 
00011830 
00011840 
00011850 
00011060 
00011870 
00011880 
C0011890 
00011900 
00011910 
00011920 
00011930 
00011940 
00011950 
00011960 
00011970 
00011980 
00011990 
00012000 
00012010 
00012020 
00012030 
00012040 
00012050 
00012060 
00012070 
00012080 
00012090 
00012100 
00012110 
00012120 
00012130 
00012140 
00012150 
00012160 
00012170 
00012180 
00012190 
00012200 
00012210 
00012220 
00012230 
00012240 
00012250 
00012260 
00012270 
00012280 
00012290 



725. IF! ABS!PR0D).GT.l.E-4) GO TO 60 00012300 
726. C USE THIS FORM FOR TWO NEARLY EQUAL HALF-LIVES 00012310 
727. PROO=T*OK*XPJ*1l.O-0.b*(DL-DJ)*T) 00012320 
728. GO TO 70 00012330 
729. 60 PROO=(XPJ-XPL)/PROD 00012340 
73C. PR01=XPJ/0KR 00012350 
731. 70 PI=1.0 00012360 
732. S1=2./(DK*T) 00012370 
733. DO 90 JK=1,11 00012380 
734. IF(JK.EG.KB) GO TO 90 00012390 
735. S=1.0-CK/CD(JK) 00012400 
736. IF( ABS(S).GT.l.E-4) GO TO 80 00012410 
737. IF(ABS(OKR).GT.l.CE-4) PR00=PR01 00012420 
738. S=S1 00012430 
739. 80 PI=PI*S 00012440 
740. IF(ABS!PI ).GT.1.E25) GO TO 100 00012450 
741. 90 CO. J T I N U E 00012460 
742. B'ATE = BATE + PROD/PI 00012470 
743. 100 CONTINUE 00012480 
744. C IF SUMMATION IS NEGATIVE, SET EQUAL TO ZERO AND PRINT MESSAGE 00012490 
745. IF(RATE.LT.O.UO) PRINT 9001, L,IM,BATE,BATM 00012500 
746. 9001 FORMAT!'IHAir IS NEGATIVE IN TERM. THERE ARE MORE THAN TWO SHORT-LOOO12510 
747. IIVED gUCLIDIS IN A CHAIN WITH NEARLY EQUAL DIAGONAL ELEMENTS'/ 00012520 
748. 2' L. IMiPATEti^ATM = ' , 215,1P2E12.5) 00012530 
749. IF(HATe.LT.J.DO) B A T L = O . D O 00012540 
750. BATM=bATM+BATE 00012550 
751. 110 CO'JTINUL 00012560 
752. DRA=AKDjg*DJ*(TRM-BATM)/TRM 00012570 

<-) 751. GO T U 130 00012580 
' 7b4. 120 CRA=AKDJ0*AMAXl(ORH,O.O)*DJ 00012590 
I]^ 755. 130 IFINS.GT.NNI GO TO 150 00012600 

/b6. DO 140 LJ=JS,NN 00012610 
757. IF(L0CP(LJ).NE.J1) GO TO 140 00012620 
758. AP(LJ)=AP(LJI+DRA 00012630 
759. GO TO lao 00012640 
760. 140 COIM T P I U E 00012650 
761. 150 NN=NN+1 00012660 
762. AP(NNI=DRA 00012670 
763. LQCP(NN)=J1 00012680 
764. GO TO 180 00012690 
?65. 160 IF(AKDJQ.LE.1.0E-06) GO TO 180 00012700 
?66. IF(NSAVe.GE.50) GO TO 180 00012710 
/67. 170 NSAVE^NSAVE+1 00012720 
768. NQUEUL(NSAVE)=J1 00012730 
l'69. QUEUE(NSAVe) = AKOJQ 00C12740 
?7C. NQU(NSAVEt=J 00012750 
/7l. CUi)!NSAVE)=DRO-l./(DJ*T) 00012760 
112. 180 CONTINUE 00C12770 
/73. 190 |F(NSWC.LE.O) GO TO 200 00012780 
n 4 . J=JQULULINSAVE) 00012790 
?75. QUE=0UEUE(NS4VE) 00012800 

776. NQ(JI=NUU(NS&V£) 00012810 
777. DRB = OUH(NSAV'^l OOGI2820 
773. CIMaiL)=CIMU(L)+QUE*B(J)*AMAXl{DRB,0.0) 00012830 
779. NSAVE=NSAVE-1 00C12840 
780. GO TO 20 00012850 
781. 200 CONTINUE 00012860 
78i,^ 210 NUL = Nt,NO(L) 00012870 

NCJP(L)=NN 00012880 
220 CONTI .u: 00012890 
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7a^M 
78 7 ^ 
788. 
7Pq. 
790. 
791, 
792, 
793. 
794. 
795. 
796. 
797. 
799. 
799. 
800. 
8C1. 
802. 
8C3. 
804. 
805. 
8C6. 
80 7. 
R09. 
809. 
810. 
nil. 
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816. 
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C13. 
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R4i, 
344. 

C 
c 
c 

2 30 
240 

250 

C 

9002 

C 

260 

270 

280 
290 

300 
310 

320 

FIND NORM OF MATRIX AND ESTIMATE ERROR AS 
AND LUUS, OPTIMAL CONTROL OF ENGINEERING 
FIND THE MINIMUM OF THE MAXIMUM 
ASUM =0.0 
ASUKJ=0.0 
NUL=1 
DO 250 1=1,ITOT 
IF(.NLT.LONG(I)) GC TO 250 
DI=-D(I)*T 
AJ = DI 
NUM=NCNP(1) 
IF(NUL.GT.NUM) GO TO 240 
DO 230 N=NUL,NUM 
AJ=AJ+AP(N) 
AI=DH-DI 
IFIAI.GT.ASU" 1 ASUM =AI 
IF(AJ.GT.ASUMJ) ASUMJ=AJ 
flUL=NCNP(I)+l 
IF(AbUMJ.LT.ASUM) ASUM=ASUMJ 

DESCRIBEC 
PROCESSES 

ROW SUM AND 

IN LAPIDUS 
BLAISOELL 1967 

THE MAXIMUM COLUMN 

USE ASUM TO DECIDE HOW MANY TERMS ARE REQUIRED AND 
NLARGE=3.5*ASUM +5. 

XLARGE=NLa'<G'" 

00012900 
00012910 

SUM00012920 

ESTIMATE ERROR 

00012930 
00012940 
00012950 
00012960 
00012970 
00012980 
00012990 
00013000 
00013010 
00013020 
00013030 
00013040 
00013050 
00013060 
00013070 
00013080 
00013090 
00013100 
00013110 

ERRI=£XP(ASUM )*(ASUH *2.71828/XLARGE)**NLARGE/SORT(6,2832*XLARGE)00013120 
IF(ERrU.GT.l.E-3) PRINT 9002, 
FORMATI'OMAXIMUM ERROR GT 0.001, 

1 ' NL4RGE = '16) 
NEXT GENERATE MATRIX EXPONENTIAL 
DO 260 1=1,ITOT 
C S U M ( I I = X T : M P ( I ) 
CIMN( I )=XTEMP(I ) 
CONTlNUc 
FRH3=0.C01*EPR 
DO 3 10 NT=1.NLARGE 
DO 2 70 I = 1.1 TOT 
CIM0( ll=CIMN(I) 
CONTINUE 
TON=T/NT 
NUL=l 
DO 300 1=1,ITOT 
IF(.NC1T,L0NG( I)) GO TO 300 
NUM=,JUNP(I) 
CIMNl^O.O 
IF(Nr.eC.ll CIMNI=CIM3(I) 
IKNUL.GT.NUM) GO TO 290 
DO 280 rj = NUL,NUM 
J = LnCP(N') 
CIMNI=CIMNI+AP!NI*CIMO(J) 
CIMNI=CIMNH-n(|)*CIMO(I) 
CIMNI=TnN»ClMNI 
IF(n42S(CIMNn.LT.ERR3) CIMNI=«0 
CIMN( n=CIMNl 
CSUMI I) = CSUM(l)+CIMNI 
NUL=NONP(ll+l 
CONTINUE 
DO 320 1=1.ITOT 
IF(CSUM!| I.LT.ERR) C S U M ! I ) = 0.0 
IF!LONG!I)l XN£W!M.n=CSUM!I) 
CONTINUF 
RETURN 
END 

ERRl.ASU^ 
='F10.6, 

SOLUTION 

.00 

'. 
.NLARGE 

TRACE = 'FIO.4, 
00013130 
00013140 
00013150 
00013160 
00013170 
00013180 
00013190 
00013200 
00013210 
00013220 
00013230 
00013240 
00013250 
00013260 
00013270 
00013280 
00013290 
00013300 
00013310 
00013320 
00013330 
00013340 
00013350 
00013360 
00013370 
00013380 
00013390 
00013400 
000I34I0 
00013420 
00013430 
00013440 
00013450 
00013460 
00013470 
00CI3480 
00013490 



845. SUBROUTINE DFCAV(M,T,I TOT) 00013500 
846. C DECAY TREATS SHORT-LIVED ISOTOPES AT BEGINNING OF CHAINS USING 00013510 
347. C BATEMAN EQUATIONS 00013520 
848. LOGICAL*! LONG 00013530 
849. REAL*8 BATE 00013540 
850. INTEGER*2 L0C,N0N0,KD 00013550 
651. INTEG£R*2 Nu,NUU,NCUEUE 00013560 
852. C0MM0N/DEBUGG/AP(2500) 00013570 
353. COMMON/SERIES/ XP(800),XPAR(800),L0NG(800) 00013580 
8 54. COMMON/FLEX/FLUX!10),MMN,MOUT,INDEX,QXN,AXN,ERR,NOBLND.MZERO 00013590 
855. COMMON/,-C/XZFRU(800).XZH(800).XTEMP(800).XNEW(10,800), 00013600 
856. 1 13(800) .D( 800) 00013610 
H57. C0MMGN/VAT'<IX/A(25C0) , LOG ( 2 500 ).NONO( 8 00),KD( 800) 0001362 0 
358. COMM01/TERMD/DD(1OC).OXP(100),QUEUE(50),NCU(50),NQUEUE!50),NQ{800)000 13630 
859. DO 10 1 = 1,ITOT 00013640 
360. XPAR(I)=C..) 00013650 
r!ol. LONG( I ) = .FALSE. 00013660 
862. XPI=0.0 00013670 
861. DT=D(I)»T 00013680 
b64. IF(DT.LT,-b0. I G O T O 10 00013690 
865. IF(AHS(DT).LF.AXN) LONG(I)=.TRUE. 00013700 
466. XPI=EXP(DT) 00013710 

867. 10 XP(I)=XPI 00013720 
868. NUL=1 00013730 
869. DO 160 L=1.IT0T 00013740 
870. XT£M=O.C 00013750 
371. DL=-D(L) 00013760 
872. NUM=NONJ(L) 00013770 

O 371. IF(M.GT.MMN.nR.M.EQ.MZERO) NUM=K0(LI 00013780 
,L C74. IF(NUM.LT.NUL) GO TO 150 00013790 
<?> 375. DO 14C N = NUL.NUH 00013800 

876. J=LOCIN) 00013810 
877. DJ=-D(J) 00013820 
978. IF(LQNG(J)I GO TO 140 000I1P30 
879. C us: THIS FORM FOR TWO NEARLY EQUAL HALF-LIVES 00013840 
330. IF(AQS(DL/OJ-1.0).LE.1.0E-5) XTEM=XTEM+XTEMP(J)*A(.N)*XP(Jl*T 00013850 
881. IF(ABS(0L/DJ-1.Q).GT.l.OE-51 00013960 
982. 1 XTEM=XT£M+XTEMP(J)*A(N)*(XP(J)-XP(L))/(DL-DJ» 00013870 
981. QUE=A(N)/DJ 00013880 
884. NO(L)=0 00013890 

985. NQ(J)=L 00013900 
986. NS4V£=0 00013910 
807. 20 NUX=NON0(J) 00013920 
888. IF(M.GT.MMN.nR.M.EQ.MZERO) NUX=KD(J) 00013910 
889. NUF=1 00013940 
S9C. IF(J.CT.l) NUF=N0N0(J-1)+1 00013950 
391. IF(NUF.CT.NUX) GO TO 130 00013960 
892. DO 120 K = NUF.iMUX 00013970 
991. J1=L0C(K) 00013980 
394. IF(LONG(JU) GO TO 120 00013990 

895. KP=J 00014000 
896. 30 IF(Jl.EQ.NQ(KP)) GO TO 120 00014010 
397, KP=NQ(KP) 00014020 
998. IFIKP.NE.O) GO TO 30 00014030 
899. CJ=-D(Jl) 00014040 
900. AK0JU=A(K)/0J*QUE 00014050 
901. IF(AKDJQ.LE.1.0E-06) GO TO 120 00014060 
902. NQ(J1)=J 00014070 
903. 1=1 00014080 
9 0 4 ^ ^ KP = J1 00014090 



905. 
906. 
907. 
908. 
909. 
91C. 
911. 
912. 
913. 
914. 
915. 
916. 
917. 
918. 
919. 
92 0. 
921. 
922. 
)23. 
924. 
925. 
92 6. 
927. 
928. 
929. 
9 30. 
931. 
932. 

O 'J33. 
' 934. 
«-J . 915. 

936. 
917. 
938. 
939. 
940. 
941. 
942. 
941. 
944. 
945. 
9^6. 
947. 
948. 
949. 
950. 
951. 
952. 
953. 
954. 
95b. 
956. 
957. 
958. 
9b9. 
960. 
961. 
962. 
96 3. 
964. 

40 

9000 

50 

C 

60 

70 

C 

80 

90 

100 

9001 

110 

120 
130 

140 

150 

160 

D0(I)=-0(KP) 00014100 
DXP{ I)«XP(KP) 00014110 
KP=N0(KP) 00014120 
IF(KP.EQ.O) GO TO 50 00014130 
1=1+1 00014140 
IF(I.LE.ICO) GO TO 40 00014150 
PRINT 9000. M.L.Jl.J.AKDJQ 00014160 
FORMATI•l'.4I5.E12.5) 00014170 
GO TC 130 00014180 
BATE=0.U0 00014190 
11=1-1 00014200 
XPL=XP(L) 00014210 
D R VONOY FORM OF BATEMAN EQUATIONS — ORNL-TM-361 00014220 
00 100 KB=l,Il 00014230 
XPJ=DXP(KB) 00014240 
IFIXPL+XPJ.LT.ERR) GO TO 100 00014250 
DK=D0(KP) O0C1426O 
PT?OD=(DL/DK-1.0) 00014270 
DKR=PRCD 00014280 
IF( Aas(PROD).GT.l.E-4) GO TO 60 00014290 
PR0D=T*CK*XPJ*(1.0-0.5*(DL-DJ)*T) 00014300 
GO TO 70 00014310 
PROD=(XPJ-XPL)/PROD 00014320 
PRai=XPJ/DKR 00014330 
Pl=1.0 00014340 
S1=2./(CK*T) 00014350 
DO 90 JK=1.I1 00014360 
IF(JK.Ca.KB) GO TO 90 00014370 
S=l.0-CK/CD(JK) 00014380 
IF( AbS(S).GT.l.E-4l GO TO 80 00014390 
USE THIS FORM FOR TWO NEARLY EQUAL HALF-LIVES 00014400 
IF(ABS(DKR).GT.1.0E-4) PR00=PR01 00014410 
S=S1 00014420 
P|=PI*S 00014430 
IF(AUS(PI).GT.1.E25) GO TO 100 00014440 
CONTINUE 00014450 
BATE=BAIE+PRnD/PI 00014460 
CONTINUE 00014470 
IF(BATE.LT.O.DO) PRINT 9001. L,I,BATE,XTEM,XTEMP!Jl),AKDJO 00014480 
FORMATC L,I,BATE,XTEM,XTEMP(J1),AKDJ0 = ' ,215,IP4E12.5) 00014490 
IF(BATE.LT.O.DO) BATE=O.D0 00014500 
XTEM=XTEM+XTEMP!J1)*AKDJQ*BATE 00014510 
IFINSAVt.Gb.'iO) GO TO 120 00014520 
NSAVE=NSAVE+1 00014530 
NQUEUEINSAVE)=J1 00014540 
QU£UE(NSAVE)=AKDJO 00014550 
NOUINSAVEI=J 00014560 
CONTINUE 00014570 
IFINS4VE.LE.0) GO TO 140 00014580 
J=NOUEUE(nSAVE) 00014590 
CUE=CU£UE(NS4VE) 00014600 
N0( J)=N(.U(NSAVE) 00014610 
NS4VE=NSAVf-l 00014620 
GO TO 20 00014630 
CONTINUE 00014640 
IF(LCNG(L)I XPAR(L)=XTEM/XP(L) 00014650 
NUL = N0N0(LH-1 00014660 
IF(.NIJT.LONG(L)) XNEW(M,L)=XTEM+XTEMP(L)*XP(L) 00014670 
CONTINUE 00014680 
DO 170 1=1,ITOT 00014690 



965. IF(L0NG(1)) XTEMP!I)=XTEMP(I)+XPAR{I) 
966. IFI.NOT.LONGd)) XTEMP(I) = 0.0 
967. 170 CONTINUE 
968. RETURN 
969. END 
970. SUBROUTINE EOUIL(M,ITOT) 
971. C 
972. C EQUIL PUTS SHORT-LIVED DAUGHTERS IN EQUILIBRIUM WITH PARENTS 
973. C EQUIL USES GAUSS-SEICEL ITERATION TO GENERATE STEADY STATE 
974. C CONCENTRATIONS 
975. C 
976. LOGICAL*! LONG 
977. INTEGER*2 LOC,.NONO,KD 
97 8. COMMOvl/EG/XZFRO(800) , XZH( 800 ), XTEMP( 800 ), XNEW(10, 800) , 
979. 1 d(800),C(800) 
900. C0MM0N/MATRIX/A(25C0).LOG(2500).NON0{800),KD(800) 
98 1. COMMOM/FLFX/FLUXIK),MMN,MOUT,INDEX,QXN.AXN,ERR,NOBLND.MZERO 
982. CtlMMUN/SERILS/ XP ( 000 ), XPAR ! 800 ),LONG! 800) 
983. DO 10 1=1,ITOT 
984, XPAR(I)=0.a 
985, IF(.N0T.LONG(I)) GC TO 10 
936, XTEMPI l)=XT£MP!I)*XP!I) 
98 7. XPAR!I)=AMAX1(XNEW(M,I)-XTEMP(I),0.0) 
988. 10 CONTIJUE 
989. ITLR=1 
990. 20 N=0 
991. BIG=0.0 
992. DO 60 1=1.ITOT 

O 99 3. NUM=NONO(I)-N 
^ 994. DI=-D!I) 
00 995. |F(LONG(II) GO TO 50 

996. XNW=B(I) 
997. IF(M.GT.MMN.nR.M.EQ.MZERO) NUM=KD(I)-N 
998. iriNUM.EQ.O) GO TC 31 
999. CO 30 K=1,NUM 
1000. N = N+! 
1001. J=LOC!N) 
1002. CJ=-D(J) 
IC03. XJ=XPAR(J) 
1004. IF(LONG(J)) XJ=XJ+XTEMP(J)/(1.0-DJ/DI) 
l'-05. XNW=XNW + A!N)*XJ 
1 '06. 30 CONTINUE 
1007. 31 XNw=XNW/DI 
1008. IF!XJW.LT.l.OE-50) GO TO 40 
1C09. ARG=ABS( (XN*.-XPAR(I) )/XNW) 
lOlC. IF(AKG.GT.BIG) 6IG=ARG 
1011. 40 XPAR(I)=XNW 
1012. 50 N=NON^(I) 
1:13. 60 CONTINUE 
1:14. IFIBIG.LT.QXN ) GOTO 70 
K'l5. ITER=ITER+1 
K.16. IFdTER.LT.lOO) GO TO 20 
1017. PRINT 9C00 
1018. STOP 
n i 9 . 70 DO 80 1 = 1,ITOT 
1020. IFI.NOT.LONGd)) XNEW ! M. I )=XNEW( M, I )+XPAR( I) 
1021. 80 CONTINUE 
1J22. RETURN 
n 2 3 w 9000 FORMATC GAUSS SEICEL ITERATION DID NOT CONVERGE IN EQUIL') 
1 0 2 ^ ^ END 

00014700 
00014710 
00014720 
00014730 
00014740 
00014750 
00014760 
00014770 
00014780 
00014790 
00014800 
00014810 
00014820 
00014830 
00014840 
00014850 
00014860 
00014870 
00014880 
00014890 
00014900 
00014910 
00014920 
00014930 
00014940 
00014950 
00014960 
0C014970 
00014980 
00014990 
00015000 
00015010 
00015020 
00015030 
00015040 
00015050 
00015060 
00015070 
00015080 
00015090 
Onr15100 
00015110 
00C15120 
00015130 
00015140 
00015150 
00015160 
00C15170 
00015180 
00C15190 
00015200 
00015210 
00015220 
00015230 
00015240 
00015250 
00015260 
00CI5270 
00015280 
00015290 



o 

1 0 2 1 ^ SUBROUTINE NUDATA( NL IBE) 00015300 
T026. C NUOATA VERSION TO HANDLE THREE TYPES OF NUCLEAR DATA LIBRARIES 00015310 
1027. C HAS POINTER. NLIBE. = 1 FOR HTGR 00015320 
1028. C = 2 FOR LIGHT WATER REACTOR 00015330 
1029. C = 3 FOR LMFBR 00015340 
133C. C = 4 FOR MSBR 00015350 
1C31. INTEGER*2 LOG.NONO.KD 00015360 
1-32. INTEGER*2 ELF 199),ST A!2) 0C015370 
1033, INTEGER*2 KAP! 800),MMAX!800) 00015380 
1C34. INTEGER*2 NAMEI3) 00015390 
1C35. CIMENSICN COEFFI 7.800).NPROD!7.800),CAPT(6), 00015400 
1C36. 1 NUCAL(6).NS0RS(5) . YIELD!5,500),TYLDI5) 00015410 
1 J 3 7 . DIMENSION Y ! 5 ) 00015420 
1038. DIMENSION SKIP(20) 00C15430 
1019. DIMENSION MS''S(20I 00015440 
1040. COMMOg/LABEL/ELE.STA 00015450 
lu41. CGMMON/FLEX/FLUXIIC).MMN,MOUT.INDEX,QXN,AXN,ERR,NOBLND.MZERO 00015460 
n 4 2 . CTIMMU J/EQ/XZrRO(80C) , XZH ( 800) . XTEMP( 800) .XNEW(10,8001, OOO 15470 
1943. 1 d(flOO),0(300) 00015480 
1C44, CGMMON/MPC/MPCTAa,AMPC(800),WMPC(800) 00015490 
lij4b. C0MMUN/rLUXN/T(2:),POWER(10),TDCAP(800),riSS(100),DIS( 800),ILITE, COO 15500 
1046. 1 lACT.IFP,ITOT.NON.INPT 00015510 
ir47. COMMON/CUT/MUCLOOC I .TITLE (20) .Q( 800 ) . FG( 800 ) ,CUT0FF(7) , 00015520 
1048. 1 POW,BURNUP.FLUXii.MSTAR,ALPHAtJ(100).SPnNF! 100).ABUND(500). 00015530 
1049. 2 BASISdO) .ICONST.TUNIT 00015540 
I ObC. COMMON/MATRIX/4(2 500),L(^C(2 500 ).NONO(800 ) ,KD(800) 00015550 
1>.51. EQUIVALENCE CCZFRO (1 ) ,K AP d ) ), (XZFRO( 401 ) ,MMAX( 1) I , 00015560 
1 52. 1 ( XZH( n,COrFF(I,l)),(XNEW(1,401),NPRODd,11 I 00015570 
l'Jb3. EQUIVALENCE (Al.ULAM) 00015580 

^ lo54. DATA NUCAL/-20030.-10J00.10.11.-10.-9/ 00015590 
10 55. DATA MSRS/92?330.922350,902320,922330,942390,922330,922350,942410,00015600 
1-56. 1 927130,942390,942410,922350,942400,922380,942390*922330.00015610 
1057. 2 922350.902320.922380,942390/ 00015620 
lObS. C 00015630 
K 5 9 . C PROGRAM TO COMPUTE A MATRIX (TRANSITION MATRIX) FROM NUCLEAR DATA 00015640 
1J 6 0 . C 00015650 
1061. READ 9011, (TITLE(I),1=1,18),NLIBE 00015660 
U 6 2 . C IF(NLIBE.LT.O) PROGRAM WILL READ TAPE IN CASDAR FORMAT 00015670 
1-63. IGWC=0 00015680 
1064. IFINLIBE.GT.O) GO TO 10 00015690 
1065. IGWC=1 00015700 
1^66. NLI3E=-NLIEE 00015710 
1067. PRINT 9000 00015720 
lr68. 9000 FORMAT(!H0,'WILL READ TAPE GENERATED BY CASDAR') 00015730 
1C69, 10 M=4-NLinE 00015740 
1070. 20 READ 9001, THERM,RES,FAST,ERR,NMO.NDAV.NYR.MPCTAB,INPT.IR 00015750 
1C71. PRINT 9005, NMO,NDAY,NYR 00015760 
1072. PRINT 9006 00015770 
n 7 3 . PRINT 9007 00015780 
1:74, PRINT 9008 00015790 
1075, PRINT 9C09 00015800 
U 7 6 , PRINT 9010 00015810 

1077. PRINT 9013 00015820 
1078. PRINT 9014 00015B30 
U 7 9 . C 00015840 
1050. C THERM = RATIO OF THERMAL FLUX TO TOTAL FLUX 00015850 
1C81. C RES = RATIO OF RESONANCE FLUX TO TOTAL FLUX 00015860 
1.82. C FAST = RATIO OF FAST FLUX TO TOTAL FLUX 00015870 
K P l . C ERR = TRUNCATION ERROR LIMIT 00015880 
1084. C 00015890 



1085. 
1086. 
1087. 
1088. 
1089. 
1390. 
1091. 
K 9 2 . 
1093. 
1C94. 
1095. 
1096-
1097, 
1098, 
1.''99, 
HOC, 
1101. 
1IC2. 
1103. 
1104. 
1105. 
1106. 
1107. 
1108. 
1109. 

inc. 
III!. 
1112. 
1113. 
1114. 
1115. 
1116. 
1117. 
1118. 
1119. 
1120, 
1121, 
1122. 
1123. 
1124. 
1125. 
1126. 
1127. 
1128. 
1129. 
1110. 
1131. 
1132. 
1133. 
1134. 
1135. 
1136. 
1137. 
1138. 
1139. 
114C. 
1141. 
1142. 
1 I 4 i ^ 
1 1 4 ^ 

C 

c 

30 

40 
50 

60 

70 
80 

90 

100 
110 
120 

130 

c 
C 
140 

C 
C 
C 

C 
C 

READ DATA FOR LIGHT ELEMENTS 

K=5*(NLIBE-1) 
DO 30 Kl=1.5 
K2=K+K1 
NS0RS(K1)=MSRS(K2) 
PRINT 9018. THER 
1=0 
NUTAPE=0 
1 = 1 + 1 
READ(8,9034,EN0=26 
1Q(I),FG(I),ARUN0(I 
IF(IGWC.GT.O) GO 
DO 60 N=!,NLIBE 
RE40(8,9035) SIGTH 

1 FFNP, 
GO TO 90 
D'O 80 N = !,NLIBE 
READ(t),g040) SIGTH 
1 FFNP, 
IFINl.EC.O) GO TO 
DO 100 N=1,N1 
READ(8,9036) SKIP 
IF(IT.EQ.O) GO TO 
M = 0 
CALL HALF(A1,IUI 
NUCLI=NUCL( I) 
IF INUCLI.EO.0) GO 
CALL NCAHINUCLI,NA 
IF(MOD(1-1,501 .EQ 
IF(MOD(1-1,50) ,£Q 
SIGTH=TH£RM*SIGTH 
RITH=RES*RITH 
SIGMEV=FAST*SIGMEV 
SIGNA=S1GTH*FNA+RI 
SIGNP=SIGTH*FNP+RI 
FNG=!.G-FNA-FNP 
IF!FNG.LT.l.0E-4)F 
FING=1.0-FIN4-FINP 
IF(FI„lG.LT.1.0E-4) 
FN2N=1.0-FFNA-FFNP 
IF(FN2N.LT.1.0£-4I 
SIGNG=SIGTH«FNG+RI 
SIGN2N=SIGMEV*FN2N 
PRINT 9033, NAM 

1 FNG 
TEST RADIOACTIVITY 

M,RES.FAST.(NS0RSIK),K»1.5)>NLIBE 

01NUCL(I),DLAM,IU,FB1,FP,FP1,FT,FA.FSF, 
),WMPCd),AMPC(I) 
TO 70 

,FNG!,FNA,FNP,RITH,FINA.FINP,SIGMEV,FN2Nl,FFNA, 
IT 

.FNG1,FNA,FNP,RITH,FINA,FINP,SIGMEV.FN2NI,FFNA, 
IT 

no 

50 

TO 260 
ME) 
. 0) PRINT 9012, (TITLE (NI,N=l.ie' 
. 01 PRINT 9016 

TH*FINA+SIGMEV*FFNA 
TH*FINP+SIGMEV*FFNP 

NG = 0. 

FING=0. 

FN2N=0. 
TH*FING 

E, DLAM.FBl.FP.FPl.FT.FA.SIGNG. 
1,SIGN2N,FN2N1,SIGNA,SIGNP,Q(I),FGII),ABUND{I) 

IFIAl.LE.ERR) GO TO 180 
ABETA=1.0 

TEST POSITRON EMISSION 

IFIFP .LT. ERR) GO TO 150 
M = M+1 
COEFF(M,I)=FP*A1 
NPROD(M,I)=NnCLI-10000 
AEETA=AB£TA-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 
00016120 
00016130 
00016140 
00016150 
00016160 
00016170 
00016180 
00016190 
00016200 
00016210 
00016220 
00016230 
00016240 
00016250 
00016260 
00016270 
00016280 
00016290 
00016300 
00016310 
00016320 
00016330 
00016340 
00016350 
00016360 
00016370 
000163BO 
00016390 
00016400 
00016410 
00016420 
00016430 
00016440 
00016450 
00016460 
00016470 
00016480 
00016490 



1145. 
1146. 
1147. 
1148. 
1149. 
I15C. 
1151. 
1152. 
1153. 
1154. 
1155. 
1156. 
1157. 
1158. 
1159. 
1160. 
1161. 
1162. 
1163. 
1164. 
1165. 
1166. 
1167. 
1168. 
1169. 
1170. 
1171. 
1172. 
1173. 
1174. 
1175. 
1176. 
1177. 
1178. 
1179. 
1190. 
1181. 
1182. 
1183. 
1184. 
1185. 
Ilf6. 
1187. 
1183. 
1189. 
1190. 
1191. 
1192. 
1193. 
1194. 
1195. 
1196. 
1197. 
1193. 
1199. 
12CC. 
1201. 
1202. 
12C3. 
1204. 

150 

160 

170 

180 

190 

200 

IF(FP1 .LT. ERR) GO TO 150 
M=M+1 
C0EFF(M,I)=FP1*C0EFF(M-1,I) 
NPR0D(M,I)=NPR0D(M-1,I)+l 
C0EFF(H-1,I)=C0EFFIH-1,I)-C0EFF(M,I) 

TEST ISOMERIC TRANSITION 

IFIFT .LT.ERR) GO TO 160 
M=M+1 
COEFF(M,I)=FT*A1 
NPROD(M.I)=NnCLI 
ABETA=ABETA-FT 

TEST ALPHA EMISSION 

IF(FA .LT. 
M = M+1 
COEFFIM 
NPROD(M 
M=M+1 
COEFF(M 
NPROD(M 

1) 
1) 

I) 

n 

ERR) GO 

=FA*A1 

TO 

=NUCLI-2C040 

=COEFF(M-
=20040 

ABETA=ABETA-FA 

•1,1 

TEST NECATRON EMISSION 

170 

IFIABETA.LT.l.E-4) GO TO 180 
M=M+1 
CO£FF(M,I)=A9ETA*A1 
NPROD(M.I)=NUCLI+1COOO 

TEST NEGATSON EMISSION TO EXCITED STATE OF PRODUCT NUCLIDE 

IF(FB! .LT. FRRIGQ TO 180 
M = Mtl 
COEFF (M. I) = F''!*C0EFF(M-1.I ) 
NPROD(M.I)=NPRUD(M-1,I)+! 
COEFF(M-1,I)=COEFF(M-1,I)-COEFF(M,I) 

COMPUTE NEUTRON CAPTURE CROSS SECTIONS IN THREE REGIONS 

K A P ( I ) = M 
DO 190 K I = 1 , 6 
C A P T ( K I ) = 0 . 0 
CAPT(1)=SIGNA 
CAPT(2)=SIGNP 
C A P T C . I = S I G N G * F N G 1 

C 4 P T ( 3 ) = S I G N G - C A P T ( 4 ) 
C A P T ( 6 ) = S I G N ? N * F N 2 N 1 

C A P T ( 3 ) = S I G N 2 N - C A P T ( 6 ) 

TOCAPII)=O.C 
TOTAL NEUTRON CROSS SECTION FOR NUCLIDEdl 
DO 220 K=l.6 
CAPKI=CAPT(K) 
IF(C4PKI.LT.ERR) GO TO 220 
M = M+1 
NPKnD(M.I)=NUCLI+NUCAL(K) 
CCJEFFIM.I )=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 
00016940 
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 



o 

1205. TOCAP(I) = TOCAPd)+CAPKI 00017100 
1206. IF(K.NE.l) GO TO 210 00017110 
1207. M=M+1 00017120 
1208. C0EFF(M,1)=C0EFF(M-1,I) 00017130 
1209. NPR0D(M,I)=20040 00017140 
1210. 210 IF(K.NE.2) GO TO 220 00017150 
1211. M=M+1 00017160 
1212. COEFF(M,I)=CnEFF(M-l, I) 00017170 
1213. NPROU(M,I)=10010 00017180 
1214. 220 CONTINUE 00017190 
1215. 230 IF(MQD(NUCLI, lO.EO.O) GO TO 250 00017200 
1216. DO 240 K=1,M 00017210 
1217. 240 NPROO(K,I)=NPROD(K,I)-1 00017220 
1218. 250 MM4X(I) =M 00017230 
1219. IF(M.GT.7) PRINT 9039, M 00017240 
1220. DIS(I)=A1 00017250 
I2?l. GO TO 40 00017260 
1222. 260 aiTE = I-l 00017270 
1223. IACT=0 00017280 
1224. C 00017290 
1225. C READ DATA ON ACTINIDES 00017300 
1226. C 00017310 
1227. 270 RE4D(8,9034,FND=45C)NUCLd),DLAM,lU,FBI,FP.FPl.FT,FA.FSF. 00017320 
1229. 1Q(I),FG(I),DUMMY,WMPC(I),AMPC(I) 00017330 
1229. DO 280 N=l,NLIBE 00017340 
1230. RE AD(8,9037) SIGNG.RING.FNGl.SIGF.RIF,SIGFF.SIGN2N.FN2N1,SIGN3N.ITOOO17350 
1231. 280 CONTINUt 00017360 
1232. IFINl.EU.O) GO TO 300 00017370 
1233. DO 290 N=1,N1 00017380 

I 1234. 290 READ(8,9036) SKIP 00017390 
Po 1235. 300 IFdT .£0. 0) GO TC 270 00017400 

1236. 310 M=0 00017410 
1237. NUCLI=NUCL(I) 00017420 
1238. IF(NUCLI.EQ.O) GO TO 450 00017430 
1239. DO 320 K=l,5 00017440 
1240. IF(NUCLI.EQ.NSORS(K)) NSORS(K)=I 00017450 
1241. 320 CONTINUE 00017460 
1242. CALL HALF(A1,IU) 00017470 
1243. CALL NOAH(NUCLI,NAME) 00017480 
1244. SIGNG=THERM*SIGNG+RCS*RING 00017490 
1245. SIGF =rHE'^M*SIGF +RES*RIF +FAST*SIGFF 00017500 
1246. SIGN2N = SIGNI2N*FAST 00017510 

1247. S I G N 3 N = S I G N 3 N * F A S T 0C0I7520 
124R, IF(M0DdACT,53).E0.0) PRINT 9012, (TITLE (NI.N«1.18) 00017530 
1249. 330 IF(M0D(IACT,5Q).E0.0) PRINT 9024 00C17540 
1250. PRINT 9026, NAME, DLAM,FBI,FP.FPl,FT,FA.FSF.SIGNG,00017550 
1251. 1 FNG1,SIGF,SIGN2N,SIGN3N,0(I),FG(I) 00017560 
1252. 340 IACT=IACT+1 00017570 
1253. C 00017580 
1254. C TEST RADIOACTIVITY 00017590 
1255. C 00017600 
1256. IFIAl,LT.ERR) GO TO 380 00017610 
12b7. ABETA=1.0 00017620 
1258. C TEST POSITRON EMISSION 00017630 
1259. IFIFP .LT. cRR) GO TO 350 00017640 
1260. ABETA=A6ETA-FP 00017650 
1261. M=M+1 00017660 
1262. COEFF(M,I)=FP*A1 00017670 
1263. NPRUDIM.I)=NUCL|-1COOO 00017680 
1 2 y ^ C POSITRON EMISSION TO EXCITED STATE 00017690 m 



1 2 l ^ F I F I F P l .LT . ERRIGO TO 350 00017700 
1266. M=M+l 00017710 
1267. COEFFIM.I)=FP1*C0EFF!M-1,I) 00017720 
1268. NPR0D(M.I)=NPR0D(M-1,I)+l 00017730 
1269. C0EFF(M-1.I)=C0EFFIM-1.I)-C0EFF(M,I) 00017740 
127C. C ISOMERIC TRANSITION 00017750 
1271. 350 IFIFT ,LT,ER'')GO TC 360 00017760 
1272. M=M+1 00017770 
1273. COEFFIM,II=FT*A1 00017780 
1274. NPRODIM,I)=NUCLl 00C17790 
1275. ABETA=ABET4-FT 00017800 
1276. C ALPHA EMISSION 00017810 
1277. 360 IF(FA .LT.ERRIGO TO 370 00017820 
1278. M=M+1 00017830 
1279. CO£FF(M,I)=FA*A1 00017840 
1230. NPRODIM,I)=NUCLI-20040 00017850 
1281. M=M+1 00017860 
1292. COFFFIM.I)=Cn£FF!M-l, I) 00017870 
1283. NPRODIM.I) = 20040 00017880 
1284. ABETA=AHETA-FA 00017990 
1285. C PETA LEC4Y 00017900 
1286. 370 IF(ABETA,LT,1.E-4) GO TO 380 00017910 
1287. M=M+1 00017920 
1289. COEFF(M.I)=ABETA*A1 00017930 
1289. NPRODIM,I)=NUCLI+1C00G 00017940 
1290. IFIFEl .LT. FRRJGO TO 380 00017950 
1291. M=M+1 00017960 
1292. CaEFF(M,l)=Cn£FF(M-l,II*FB1 00017970 

O 1293. C0EFF(M-1,I)=COrFriM-l,I)-COEFF(M.I) 00017980 
jî  1294. NPR0D(M,I)=NPR0D(M-1, I)+l 00017990 
CO 1295. C 00018000 

1296. C NEUTRON CAPTURE CROSS SECTIONS 00018010 
1297. C 00018020 
1298. 380 KAP(II=M 00018030 
1299. DO 390 K=l,6 00018040 
13CC. 390 CAPTIK )=0.0 00018050 
1101. CAPT!2)=SIGNG»FNG1 00018060 
1102. CAPTd)=SIGNG-CAPT12) 00018070 
13C3. CAPTI4)=SIGN2N*FN2M 00018080 
1104. CAPT(3)=SIGN2N-CAPTI4) 00018090 
1305. 400 FISS( IACT) = SIGF 00018100 
13C6. TOCAP(I)=0.0 00018110 
1107. DO 41u K=1.4 00018120 
1108. CAPKI=CAPT(K) 00018130 
1309. IF(CAPKI.LT.FKR) GO TO 410 00018140 
1110. M=M+1 00018150 
1311. TOCAPd)=TOCAPII)+CAPKI 00018160 
1112. COEFFIM.I)=C4PKI 00018170 
1313. NPRODIM.I) = NUCLI+NUCAL(K+2) 00018180 
1114. 410 CONTINUE 00018190 
1115. TOCAPI 1)=T0CAP( I)+FISS(lACT) 00018200 
1316. C N-3N CROSS SFCTIGN 00018210 
1317. A17=SIGN1N 00018220 
1318. IF(A17.LT.ERR ) GO TO 420 00018230 
1319. M=M+1 00018240 
1120. COEFFIM ,|)= A17 00018250 
1121. NPRODIM .1)= NUCLI-20 00018260 
1122. TCCAPd )=TOC4Pd)+A17 00018270 
1323. 420 IF(MOD(NUCLI.lOl.EC.OI GO TO 440 00018280 
1124. 00 430 K=1,M 00018290 



I 

ro 

325. 
326. 
327. 
328. 
329. 
330. 
331. 
332. 
133. 
334. 
115. 
336. 
337. 
338. 
339. 
340. 
341. 
142. 
343. 
144. 
145. 
346. 
147. 
348. 
349. 
150. 
551. 
Ib2. 
353. 
354. 
355. 
156. 
157. 
359. 
159. 
160. 
361. 
162. 
363. 
164. 
165. 
166. 
367. 
368. 
369. 
170. 
371. 
372. 
373. 
174. 
375. 
376. 
377. 
378. 
179. 
180. 
381. 
182. 
3SJ 

430 
440 

450 

460 

c 
c 

470 

480 

490 
500 
510 

520 

530 

540 

NPR0D(K.I)=NPR00(K.I)-l 
MMAX(I)=M 
IF(M.GT.7) PRINT 9039, M 
SPONF(IACT)=FSF*Al*6.02 3e2 3 
ALPHAN(IACT)=FA*A1*6.023E13*Q!I)**3.65 
DIS( I ) = A1 
1 = 1 + 1 
GO TO 270 
IL=0 
DO 4 60 K=l,5 
TYLD(K)=0.0 

READ DATA FUR FISSION PRODUCTS 

R E A D ( 8 . 9 0 3 4 . F N D = 690)NUCL( I ) .DLAM. ' IU . FBI . F P . F P l .FT . F A . F S F , 
I Q d ) , F G ( I l , D U M M Y , W M P C ( I l , A M P C ( I ) 

DO 480 N = l , N L I B E 
RE AD I 8.9038) SIGNG .RING.FNGl,Y.IT 
IF(N1,EQ,0) GO TO 500 
DO 493 N=1.N1 
REAI)(8,9036) SKIP 
IFI IT ,E0. 0) GO TO 470 
>' = 0 

CALL HALFIAl.lU) 
NUCLI=NUCL( I) 
IF(NUCLI.Eg.O) GO TO 690 
CALL HOAHINUCLI.NAME) 
ir(MnC(IL,50).EQ. 0) PRINT 9012. (TITLE (N).N=1.18) 
SIGNG=THERM*SIGNG+RES*RING 
IF(NLIBE.Eg.3) GO TO 540 
IF(MOO( IL .50).EQ.0) PRINT 9019 
PRINT 9021, NAME. OLAM.FBI,FP,FP1.FT.SIGNG, 

1 FNGl.Y.Od ).FG( I ) 
GO TO 550 
IF(MOD(IL.5U).EQ.O) PRINT 9020 
PRINT 9022. NAME . DLAM.FB1.FP.FPl,FT.SIGNG.FNGl. 
1 Y(2).Y(4),Y(5),Qd),FG( I) 

TEST RADIOACTIVITY 

550 

560 

570 

IFIAl. 
AB£TA= 
POSITS 
A3 = FP 
IF(43. 
A3tTA= 
AP1=A3 
AP=A3-
IFIAP. 
M = Mtl 
COEFF( 
NPPOD( 
IFIAPl 
M = M+1 
COEFF! 
NPRODI 
ISOMER 
IFIFT 
M=,<' + 1 
C O t F F I 

LT.ERR) GO TO 600 
1.0 
CN EMISSION 

LT.ERR) GO TO 570 
ABETA-A3 
• FPl 
API 
LT.ERR) GO TO 560 

M,I)=AP*A1 
M,l)=NUCLI-10000 
.LT.ERR) GO TO 570 

M, I ) = AP1*A1 
M,l )=NUCLI-9999 
IC TRANSITION 
.LT. ERR) GO TO 580 

M.l ) = FT*A1 

00018300 
00018310 
00018320 
00018330 
00018340 
00018350 
00018360 
00018370 
00018380 
00018390 
00018400 
00018410 
00018420 
00018430 
00018440 
00018450 
00018460 
00018470 
00018400 
00018490 
00018500 
00018510 
00018520 
00018530 
00018540 
00018550 
00018560 
00018570 
00018580 
00018590 
00018600 
00018610 
00018620 
00018630 
00018640 
00018650 
00018660 
00018670 
00018680 
00018690 
00018700 
00018710 
00018720 
00018730 
00018740 
00018750 
00018760 
00018770 
00018780 
00010790 
00018800 
00018810 
00018820 
00018830 
00018840 
00018850 
00018860 
00018870 
00018880 
00018890 



m 

I 
ro 
tn 

13 
1396. 
1 1R7. 
1388. 
1 189. 
1 190. 
1391. 
1192. 
1193. 
1094. 
1195. 
1396. 
1 197. 
1398. 
1 199. 
1400. 
1401. 
1402. 
1403. 
1404. 
1405. 
1406. 
14C7. 
14 C 3 . 
1409. 
mio. 
1411. 
1412. 
1413. 
1414. 
1415. 
1416. 
1417. 
1413. 
1419. 
1420. 
1421. 
1422. 
1423. 
1424. 
1425. 
1426. 
1427. 
1423. 
1429. 
1430. 
1431. 
1432. 
1433. 
1434. 
1435. 
1436. 
1437. 
14 3 8. 
14 39. 
144C. 
1441. 
1442. 
1443, 
1444. 

580 

590 

600 

610 

620 
630 

640 
650 

660 

670 

680 

690 

700 

NPRODIM,!)=NUCLI 
ABETA=ABETA-FT 
NEGATRCN EMISSION 
IFIABETA.LT,!.OE-4) GO TO 600 
A2=FB! 
AS!=AeET4«A2 
AB = A [ iETA-ABl 
IF(Ab.LT.l.£-4) GO TO 590 
M=M+1 
COfcFFIM.I)=AB*A! 
NPROD(M,I)=NUCLI+!COOO 
IFIABl.LT.I.E-6) GC TO 600 
M = M+l 
COEFFIM,I)=AR1*A1 
NPRODIM.I)=NUCLI+1C00! 

NEUTRON CAPTURE CROSS SECTIONS FOR FISSION PRODUCTS USING THREE 
REGION APPRGXIMATICN 

KAPII)=M 
CO 610 K = l ,6 
CAPT(K)=0.0 
CAPT(2)=SIGNG*FNG1 
CAPT( 1)=SIGNG-CAPT(2) 
TOCAPII)=O.J 
DO 620 K=l,2 
CAPKI=CAPTIK) 
IFICAPKI.LT.ERR) GO TO 620 
M = M+! 
TOCAPII|=TOCAP!I)+CAPKI 
COEFFIM,I)=C»PKI 
NPi<OD(M,I )=NUCLI+NUCAL!K+2) 
CONT I MC 
IFIMUCINUCLI.!0).EC.O) GO TO 650 
CO 640 K=l,M 
NPROUlK.I )=rinRGD(K,I )-l 
IL = I L d 
CO 660 J=l,b 
YJ=YIJ)*0.010 
TYLDIJ)=TYLC(J)+YJ 
YItLUIJ,IL)=YJ 
IFINLIHE.E(J.1.0R.NLIBE.EQ.4I GO TO 680 
IFINLIBE.FU.3) Y I FLD I 1. IL)=YJ 
YIELDI3,IL)=YJ 
MMAX!I)=M 
IFIM.GT.7) PRINT 9039. M 
CIS! I ) = A! 
1 = 1 + 1 
GO TO 470 
IFP=IL 

ALL DATA ON NUCLIDES HAS BEEN READ, BEGIN TO COMPUTE MATRIX COEFF 

IT0T=I-1 

FIND PRODUCT NUCLIDES FOR REACTIONS OF LIGHT ELEMENTS 

NON = 0 
00 70C K=1,IT0T 
NON0(K)=O 

00018900 
00018910 
00018920 
00018930 
00018940 
00018950 
00018960 
00018970 
00018980 
00018990 
00019000 
00019010 
00019020 
00019030 
00019040 
00019050 
00019060 
00019070 
00019080 
00019090 
00019100 
00019110 
00019120 
00019130 
00019140 
00019150 
00019160 
00019170 
00019180 
00019190 
00019200 
00019210 
00019220 
00019210 
00019240 
00019250 
00019260 
00019270 
00019280 
00019290 
00019100 
00C19310 
00019320 
00019130 
00019340 
00019350 
00019360 
00019370 
00019380 
00019390 
00019400 
00019410 
00019420 
00019430 
00019440 
00019450 
00019460 
00019470 
00019480 
00019490 



1445. IFdLITE.LT.l ) GO TO 760 00019500 
.446. 00 750 1=1,ILITE 00019510 
1447. NUCLI=NUCL(I) 00019520 
1448. CO 720 J=l.ILITE 00019530 
1449. KMAX=KAPIJ) 00019540 
1450. IFIKMAX.LT.i) GO TO 720 00019550 
1451. DO 710 M=1,KMAX 00019560 
1452. IFINUCLI.N£.NPRODIM.J)) GO TO 710 00019570 
1453. NOJ0(I)=NnNOII)+l 00019580 
1454. NON=NUNtl 00019590 
1455. IF(NQN.aT.2500) PRINT 9041. NON.NUCLd) 00019600 
lt56. AINON)=C0EFF(M,J) 00019610 
1457. JT=J 00019620 
1458. LOC!NUN)=JT 00019630 
1459. 710 COiNTIrJUC 00019640 
1460. 720 CONTINUE 00019650 
1'.61. KDd)=NONOd) 00019660 
1«.62. DD 74U J = l,ILITE 00019670 
1461. Kl=KAH(J)+l 00U19680 
1H64. KMAX=MMAX(J) 00019690 
1465. IFIKMAX.LT.Kl) GO TO 740 00019700 
1'.66. 00 7 10 M = K1,KMAX 00019710 
1467. IFINUCLI.NE.NPRODIM,J)) GO TO 730 00019720 
l',68. NONOI I )=NaNu( I ) + l 00019730 
1469. N a v = Nf;N + l 00019740 
1470. IFCUIN.07.25^0) PRINT 9041, NON.NUCLd) 00019750 
1471. A(NriN)=CQFFFIM, J) 00019760 
1472. JT=J 00019770 

'y' 1471. LOC(NCN)=JT 00019780 
^ 1474. 730 CONTINUt 00019790 

147b. 740 COiTlNUE 00019300 
1476. 750 CONTINUE 00019810 
1477. C 00019820 
1'.79. C NON ZERO MATRIX ELEMENTS FOR THE ACTINIDES 00019830 
1479. C 00019840 
1430. 760 IFdACT.LT.l) GO TO 820 00019850 
1481. in=ILITE+l 00019860 
1482. I1=ILITE+IACT 00019870 
1483. CO 810 1=10,11 00019880 
1484. NUCLI=NUCLII) 00019890 
1485. DO 780 J=I0,I1 00019900 
1486. MAX=KAPIJ) 00019910 
l'.e7. IFIMAX.LT.n GO TO 780 00019920 
1483. 00 770 M=1,M4X 00019930 
1489. IFINUCLI.NE.NPRODIM,J)) GO TO 770 00019940 
1490. NQNO(I)=NONO(I)+l 00019950 
1491. N0J=NUJ+1 00019960 
1492. IFINOJ.OT.2500) PRINT 9041, NON,NUCL(I) 00019970 
1491. AINnN)=C0EFFIM,Jl 00019980 
1494. JT=J 00019990 
1493. LOC(NON)=JT 00020000 
1496. 770 CONTirJUE 00020010 
1497. 780 CONTINUE 00020020 
1493. KDd)=N0NOd) 00020030 
1499. CO 800 J=I0,I1 00020040 
IbOC. M1=KAP(J)+1 00020050 
I'-Cl. M2^MMAX(J) 00020060 
1502. IF(M2.LT.M1) GO TO 800 00020070 
Ibd. CO 790 l' = tM,f'2 ' 00020080 

IFINUCLI.Nfc.NPRODIM,J) ) GO TO 790 00020090 rjg 



î .̂ 
1506. 
1507. 
Ib03. 
1509. 
1510. 
1511. 
Ibl2. 
1513. 
lDl4. 
ISID. 
l^lb. 
1517. 
1518. 
Ibl9. 
102C. 
Ib21. 
Ib22. 
1521. 
Ib24. 
l'>25. 
1526. 
1527. 
152 9. 
152 9. 
IblO. 
1 b 3 1. 
Ib32. 
1533. 
Ib34-
1-^35. 
1 J 3 6 . 
Ib37. 
15 3 8. 
1539. 
154^. 
Ib4l. 
Ib42. 
1543. 
Ib44, 
1545. 
1546. 
Ib47. 
1548. 
Ib49. 
1550. 
•551. 
Ib52. 
1551. 
Ib54. 
1555. 
1556. 
Ibb7. 
1553. 
Ib5g. 
156^. 
1561. 
1.62. 
1 b 6 1. 
l->6'.. 

790 
800 
810 

C 
C 
C 
820 

830 
840 

850 
860 

870 

N O N O I I ) = N O N 0 ( I ) + l 
NON=NON+1 
IF(N0N.GT.2500) PRINT 9041. NON.NUCLd) 
A(M0N1=C0EFFIM,J) 
JT = J 
L0L(N0N)=JT 
CONTINUE 
CONTINUE 
CONTINU,. 

MATRIX ELEMENTS FOR FISSION PRODUCTS 

IFIIFP.LT.l) GO TC 900 
IM=ILITE+IACT 
I0=IM+1 
IFIITLT.LT.IO) GO TO 900 
DO P80 1=10,ITOT 
NUCLI=NUCL(1) 
I2 = f'AX0( 10,1-10) 
I3=M1N0IITOT.I+IO) 
DO 840 J=I2,I3 
KM4X=KAP(J) 
IFIKMAX.LT.I) GO TO 840 
DO 810 M=1,KMAX 
IFINUCLI.NE.NPRODIM.J)) GO TO 830 
NONOI1)=NnNu(ll+l 
N()N = NrN+l 
IF(tJON.Or.2bOO) PRINT 9041. NON.NUCLd) 
A(NnN)=CQCFF(M,J) 
JT = J 
LOC(NON)=JT 
CO JTINUE 
CONTINUE 
KD(I)=NON0(I) 
00 8 6>j J=I2,I3 
K1=KAP(J)+l 
KMAX=MMAX!J) 
IFIKMAX.LT.Kl) GO TO 860 
DO 850 M=K1,KMAX 
IFINUCLI.rJc.NPRODIM,J)) GO TO 850 
NO jOin=NONul I) + l 
NO l = N(,N + l 
IF(rjLN.GT.2bO0) PRINT 9041. NON.NUCLd) 
A(NONI=COFFF(M.J) 
JT = J 
L n C ( N O N ) = J T 
CONTINUE 
CONTINUE 
IFdACT.LT.l) GO TO 880 
DO 370 K=l.b 
IL=I-IM 
IFIYIELDIK.IL).LT.ERR) GO TO 870 
N0N=NCN+1 
IFINUM.GT.2500) PRINT 9041, NON.NUCLd) 
NO J0( I)=NONO( I) + l 
KK=NSO^S(K) 
LaC(NLN)=KK 
Kr=KK-ILITf 
A('iON)=YIFLCIK. IL)*FISS!KF) 
CO IT INUf 

00020100 
00020110 
00020120 
00020130 
00020140 
00020150 
00020160 
00020170 
00020180 
00020190 
00020200 
00020210 
00020220 
00020230 
00020240 
00020250 
00020260 
00020270 
00020280 
00020290 
00020100 
00020310 
00020320 
00020330 
00020140 
00020150 
00020360 
00020370 
00020380 
00020390 
00020400 
00020410 
00020420 
00020430 
00020440 
00020450 
00020460 
00120470 
00020480 
00020490 
00020500 
00020510 
00020520 
00020530 
00020540 
00020550 
00020560 
00020570 
00020580 
00020590 
00020600 
00020610 
C0020620 
00020630 
00020640 
00020650 
00020660 
00020670 
00020680 
C0020690 



I 
ro 
Ob 

565. 
566. 
567. 
568. 
b69. 
570. 
b71. 
b72. 
573. 
574. 
b7b. 
576. 
b77. 
79. 

b79, 
b3C. 
581. 
bR2. 
531. 
bS4. 
585. 
586. 
•J3 7 . 

08 8. 
b89. 
590. 
591. 
b92. 
591. 
594. 
595. 
596. 
597. 
598. 
b99. 
600. 
601. 
bC2. 
603. 
6''4. 
605. 
606. 
o0 7. 
6ii3. 
609. 
610. 
611. 
612. 
611. 
Ol4. 
61b. 
616. 
617. 
619. 
619, 
(.20. 
621. 
o22. 
621. 

CONTINUE 
IFIIFP.LE.O) GO TO 900 
IFINLI6E.NE.3) GO TO 890 
PRINT 
GO TO 
PRINT 

9027. 
900 
9030, 

TYLD!2),TYLD!4).TYLD(5) 

ITYLDII),1=1,5) 

ALL MATRIX ELEMENTS ARE NOW COMPUTED 
BEGIN TRANSIENT SOLUTION 

TEMPORARILY WRITE CUT MATRIX ELEMENTS 

900 .EQ. 
9029 

IFdR 
PRINT 
N = 0 
DO 910 1=1,ITOT 
NUM=NON0!I) 
IFINUM.LE.O) 
N1=N+NUM 
N = N+1 
PRINT 9028, 
N = N1 
CONTINUE 
RETURN 
STOP 

0) RETURN 

GO TC 910 

I ,DIS I I ) , T 0 C A P ! I ) , ! A ( K ) . L 0 C ( K ) . K » N . N U 

880 CONTINUE 00020700 
00020710 
00020720 
00020730 
00020740 

890 PRINT 9030, ITYLDII),1=1,5) 00020750 
00020760 
00020770 
00020780 
00020790 
00020800 
00020310 
00020020 
00020830 
00020840 
00020850 
00020H60 
00020870 
00020880 
00020890 
00020900 
00020910 
00020920 

910 CONTINUE 00020930 
00020940 

920 STOP 00020950 
; 00020960 
; FORMATS FORMATS FORMATS FORMATS 00020970 
0 00020980 
9001 F0RMATI4F10.5,6I2) 00020990 
9002 FORMAT!I6,F5.3,I1,5F3.3,E5.2,F3.3. 13X,E5.2.F3.3.2E5.200021000 

1 ,F4,3,F3.3.F6,4) 00021010 
900 3 F0RMATd6,F5.3,!l,3X,4F3,3,2E5.2,F3.3,5E5.2,F4.3.F3.3) 00021020 
9004 FORMAT(16,F5. 1,I 1,5F3.3.2E5v2.F3.3.4E5.2.F3.3,F4.3.F3.3.2E5.2) 00021030 
9005 FORMATdHl,43X,'NUCLEAR TRANSMUTATION DATA REVISED ',12,'/',12,'00021040 

1/',I2,/,'0NUCL = NUCLIDE = 10000 * ATOMIC NO + 10 * MASS NO • ISOM00021050 
2ERIC STATE (0 OR I ) ' ,lOX.'DLAM = DECAY CONSTANT ( 1/SEC ) . ' . / . • FB. 00021060 
3FP, FA, FT = FRACTIONAL DtCAY BY BETA. POSITRON (OR ELECTRON CAPTU0002I070 
4 R E ) , ALPHA, INTERNAL TRANSITION. FB = 1 - FP - FA - FT'./.' FBI.00021080 
5 FPl, FNGl, rN2Nl = FRACTION OF BETA, POSITRON, N-GAMMA, N-2N TRAN00021090 
6SITinNS TO L X C I T E D STATE OF PRODUCT NUCLIDE',/,' SIGTH, SIGNG, SIG00021100 
7F, SIGfJA, SIGNP = TME,<MAL CROSS SECTIONS (BARNS) FOR ABSORPTION, N0002I110 
8-GAMMA, FISSION, N-4LPHA, N-PROTON.') 00021120 

9006 FORMAT!' SIGNG = SIGTH * II - FNA - F N P ) . SIGNA = SIGTH • FNA. 00021130 
ISIGtIP = SIGTH * tNP. FNA, FNP = FRACTION THERMAL N-ALPHA, N-PROT000021140 
2N.',/,' RITH, RING, RIF, RINA, RINP = RFSUNANCE INTEGRAL FOR AflSOR00021150 
3PTI0N, N-GAM"A, FISSION, N-ALPHA, N-PROTON,',/,' RING = RITH * 100021160 
41 - FIN4 - FINP). RINA = RITH * FINA. RINP = RITH * FINP. FINA, FOO021170 
5INP = FRACTION RESONANCE N-ALPHA, N-PROTOM.',/,' SIGMEV, SIGFF, SI00021180 
6GN2N, SIGN4F, SIGNPF = FAST CROSS SICTIONS IBARNS) FOR ABSORPTION,00021190 
7FISSI0N, N-2N, N-ALPHA, N-PROTCN.',/,' SIGN2N = SIGMEV * d - FFO00212O0 
BNA - FFNP). SIGNAF = SIGMEV * FFNA. SIGNPF = SIGMEV * FFNP. FFN00021210 
9A, FFNP = FRACTION FAST N-4LPHA, N-P.') 00021220 

9007 FORMAT!' Y23, Y25, Y02, Y28, Y49 = FISSION YIELD IPCRCENT) FROM 2300021230 
13-U, 235-U, 232-TH, 218-U, 239- PU.',/,' Q = HFAT PFR DISINTEGRAT100021240 
2CN, FG = FRACTION OF HFAT IN GAMMAS OF ENERGY GREATER THAN 0,2 ME00021250 
3V.',/,'0 EFF'^CTIVE CROSS SECTIONS FOR A VOLUME AVERAGED THERMAL IL00021260 
4T 0.876 EV) FLUX ARE AS FOLLOWS.',/,' N-GAMMA - SIGNG * THERM00021270 
5 • RING * RES.',/,' FISSION - SIGF * THERM + RIF * RES + SIGF00021280 
6F * FAST.',10X,•THfRM = 1/V CORRECTION FOR THFRMAL SPECTRUM AND Tt00021290 



^ 6 ^ ^ 
7MPERATURE.',/,' N-2N - SIGN2N * FAST.',36X.'RES = RATIO 00021300 
80F RESONANCE FLUX PER LETHARGY UNIT TO THERMAL FLUX.') 00021310 

1627. 9008 FORMATC N-ALPHA - SIGNA • THERM + RINA • RES + SIGNAF * FAST00021320 
1628. l.',7X,'FAST = 1.45 « RATIO OF FAST IGT 1.0 MEVI TO THERMAL FLUX "00021330 
1629. 2/' N-PROTON - SIGNP * THERM + RINP * RES + SIGNPF * FAST.') 00021340 
1630. 9009 F0RMAT!1H0,59X,'REFERENCES',/,' HALF LIVES, DECAY SCHEMES, AND 00021350 
1631. ITHERMAL POWER',/,' C M LEDERER, J M HOLLANDER, AND I PERLMAN "TAB00021360 
1632. 2LE OF ISOTOPES - SIXTH EDITION" JOHN WILEY AND SONS, INC 11967)',00021370 
1633. 3/,' 6 S DZHELEPOV AND L K PEKER "DECAY SCHEMES OF RADIOACTIVE NUC00021380 
1634. 4LEI'' PERGAMMCN PRESS 11961)',/,' D T GOLDMAN AND JAMES R ROSSER '00021390 
1635. 5'CHART OF THF NUCLIDES" NINTH EDITION GENERAL ELECTRIC CO IJULY 00021400 
1636. 61966)',/,' i. D ARNOLD "PROGRAM SPECTRA" APPENDIX A OF ORNL-3576 00021410 
1637. 7IAPRIL 1964)') 00021420 
1638. 9010 FORMAT!' CROSS SECTIONS AND FLUX SPECTRA',/,' B E PRINCE "NEUT00021430 
1619. IRON REACTION RATES IN THE MSRE SPECTRUM" ORNL-4119, PP 79-83 IJUL00021440 
164C. 2Y 1967)',/,' B E PRINCE "NEUTRON ENERGY SPECTRA IN MSRE AND MSBR'00021450 
1641. 3' ORNL-4191, PP bO-58 IDEC 1967)',/,' M 0 GOLOBERG ET AL " NEUTRON00C21460 
1642. 4 ClOSS SECTIONS" DNL-325, SECCND ED, SUPP NO 2 IMAY 1964 - AUG 1900021470 
1641. 566) ALSO EARLIER EDITIONS',/,' H T KERR, UNPUBLISHED ERC COMPILAT 100C21480 
1644. 60N IFEB I9t.8)',/,' M K DRAKE " A COMPILATION OF RESONANCE INTEGRAL00021490 
1645. 7 S " NUCLEONICS, VOL 24, NU 8, PP 108-111 !AUG 1966)',/,' BNWL STAF00021500 
1646. 8F "INVESTIGATION CF N-2N CROSS SECTIONS" BNWC-g8, PP 44-98 IJUNE00C21510 
1647. 9 19651') 00021520 
1643. 9011 F0R"ATd8A4,I3) 00021530 
1649. 9012 FGRMATI1H1,20X,18A4) 00021540 
1650. 9013 FORMATC H ALTER AND C E WEBER "PRODUCTION OF H AND HE IN METALS 00021550 
1651. IDURING REACTOR IRRADIATION" J NUCL MATLS, VOL 16, PP 68-73 (1965)00021560 
1652. 2',/,' L L BENNETT "RECOMMENDED FISSION PRODUCT CHAINS FOR USE IN 00C21570 

O 1653. 3REACTUR EVALUATION STUDIES" QRNL-TM-1658 ISEPT 1966)') 00021580 
^ 1654. 9014 FORMAT!' FISSION PRODUCT YIELDS',/,' M E MEEK AND B F RIDER, ''00021590 
vo 1655. ISUMMARY OF FISSION PRODUCT YIELDS FOR U-235, U-238, PU-239, AND PU00021600 

1656. 2-241 Al THt.-<WAL, FISSION SPECTRUM AND'/' 14 MEV NEUTRON ENERG100021610 
lh57. 3ES" APED-5318-A(REV.),(QCT, 1968)'/' S KATCOFF " FISSION PROOUCT00021620 
1658. 4YI£LCS FROM NEUTRON INDUCtD -F1SSION" NUCLEONICS, VOL 18, NO 11, 00021630 
1659. 5IN0V 1960)'/" N D CUDEY " REVIEW OF LOW-MASS ATOM PRODUCTION IN F0OC21640 
1660. 6AST REACTORS'' ANL-7434,(APRIL 1968) ") 00021650 
1661. 9015 FORM4T(1H0.20X,'LIGHT ELEMENTS, MATERIALS OF CONSTRUCTION, AND ACT00021660 
1662. IIVATIUN PRODUCTS ',/,'0 NUCL DLAM FBI FP FPl FT F00021670 
1661. 24 SIGTH FNGl FNA FNP RITH FINA FINP SIGMEV FN2N100021680 
1664. 3 FFNA FFNP (J FG') 00021690 
1665. 9016 FORMATdH0,20X,'LIGHT ELEMENTS, MATERIALS OF CONSTRUCTION, AND ACT00021700 
1666. IIVATION PRODUCTS ',/,'0 NUCL DLAM FBI FP FPl FT F00021710 
1667. 24 SIGNG FNGl SIGN2N FN2N1. SIGNA SIGNP Q FG ABU00021720 
1668. 3NDANCE') 00021730 
1669. 9017 FORMATIIH ,A2,I 3,A 1,1PE9.2,0P5F6.3 , 1PE9.2,0P3F6.3,1PE9.2,0P2F6.3, 00021740 
1670. 11PE9.2,0P4F6.3,0PF5.2 ) 00021750 
1671. 9018 rORMATIlHO,10X,'THERM= 'FIO.5,5X,'RES= •F10.5.5X,•FAST= 'F10.5, 00021760 
1672. 1//,IX,'NEUTRON SOURCE= '51110,5X),5X,'NLIBE= '13) 00021770 
1673. 9019 FORMATI1HO,36X,'FISSION PRODUCTS',/,'0 NUCL DLAM FBI FP 00021780 
1674. I FPl FT SIGNG ', • FNGl Y23 Y25 Y02 Y00021790 
1675. 228 Y49 0 FG") 00021800 
1676. 9020 FORMAT!1HO,36X,"FISSION PRODUCTS',/,'0 NUCL DLAM FBI FP 00021810 
1677. 1 FPl FT SIGNG FNGl Y25 Y28 Y49 Q FG') 00021820 
1673. 9021 FORMATIIH ,A2,I 3,41,1PE9.2,0P4F6.3, 1PE9.2,0PF6.3,1P5E9.2. 00021830 
1679. 10P2F6.3) 00021840 
1660. 9022 FGRMATIIH ,A2,13,Al,1PE9.2,0P4F6.3,1P£9.2,0PF6.3.1P3E9.2,0P2F6.3I 00021850 
1681. 9023 F0RMATIIH0,32X, 'ACTINIDES AND THEIR DAUGHTERS",// 00021860 
1602. 1" NUCL DLAM FBI FP FPl FT FA FSF E+6 SIGNG R00021870 
1683. 2ING FNGl SIGF RIF SIGFF SIGN2N SIGN3N Q FG')0C021880 
lo84. 9024 FORMAIIIHO,12X, 'ACTINIDES AND THEIR DAUGHTERS',// 00021890 



1685. 
i686. 
1687. 
1688. 
1689. 
1690. 
1691. 
1692. 
1693. 
1694. 
1695. 
1696. 
1697. 
1698. 
1699. 
170C. 
1701. 
1702. 
1703. 
1704. 
1705. 
1706. 
1707. 
1708. 
1709. 
1710. 
1711. 
1712. 
1713. 
1714. 
1715. 
1716. 
1717. 
1718. 
1719. 
1720. 
1721. 
1722. 
1723. 
1724. 
1725. 
1726. 
1727. 
1728. 
1729. 
1730. 
1731. 
1732. 
1733. 
1734. 
1735. 
1736. 
1737. 
1738. 
1739. 
1740. 
1741. 
1742. 

9025 

9026 

9027 
9028 

9029 

9030 

9031 
9032 

9033 

9034 
9035 
9036 
9037 
9038 
9039 
9040 
9041 

10 

20 

10 

20 

1743. 
I74i 

1' NUCL DLAM 
2NG21 SIGF SI 
FORMATIIH .A2.I3.A 
1 0PF6,3.F5,2 
FORMATIIH .A2.I3.A 
1 0PF7.3,F5.2 
FORMAT!'OSUM OF YI 
FORMATII5,2X,1PE10 
1 3X,I5))) 
FQRMATCINOII-ZERO 
1" I DISH) 
2J A d , J ) 

FORMATI64H0SIIM OF 
1 ,lP5r9,2) 
FORMATI5I10) 
FORMAT!16,F5.3,11, 
1,F6.4) 
F'ORMATIIH ,A?,I3,A 

1 1 P 2 E 9 . 2 , 0 P 2 F 
F O R M A T I I 7 , F 9 . 3 , I 1 , 
F 0 R M A T ! 7 X , F 9 . 2 , 3 r 5 
F0RMATI20A4) 
F Q R M A T ! 7 X , 2 F 9 , 2 , F 5 
F O R M A T I 7 X , 2 F 9 , 2 , F 5 
FORMAT!"0 WARNING 
FORMAT! 7 X , F 9 . 2 , 
FORMATCO NUN HAS 
END 
SUBROUTINE COLLECT 
COMMON/EQ/XZFROIOO 
1 biaOOI,D!800 
DIMENSION C«AST£I8 
IFITMB.LT.l) RETUR 
DO 10 1=1,ITOT 
B!I)=CWASTE(I ) 
XT£MP(I)=0,0 
CALL DECAY(1,THB,I 
CALL TERMITHB.l.O, 
CALL EGUILI1,IT0TI 
DO 20 1=1,ITOT 
CWASTEI I)=XNEWI 1,1 
RETURN 
END 
SUBROUTINE STORAGI 
COMMON/EQ/XZFROI30 
1 B(000),D(800 
DIMENSION CWASTEI I 
IF(TMB.LT.l) RETU 
OELT=TMB 
DO 10 1=1,1101 
B(I)=0.0 
XTEMPI I ) = CWASTEd) 
CALL DECAYI1,DELT, 
CALL TERM!T^9,1,IL 
CALL EQUILIl,ITOT) 
CO 20 1=1,1101 
CWASTEII)=XNrwil,I 
RETURN 
END 
PROGRAM BLOCK DATA 

FBI FP FPl FT FA FSF E+6 SIGNG 
GN2N SIGN3N Q FG'I 
1,1PE9.2,0P5F6.3.6PF6.1.1P2E9.2,0PF6.3.1P5E9.2, 
) 
1,1PE9.2,0P5F6.3,6PF9.1.1PE9.2.0PF6.3.1P3E9.2, 
) 
ELDS OF ALL FISSION PRODUCTS =",15X,IP3E9.2) 
3,3X,E10.3,5I2X,E10.3,3X,I5)/!30X,5!2X.E10.3. 

MATRIX ELEMENTS AND THEIR LOCATIONS'/ 
CAPd) Ad,J) J Ad,J) 

J Ad,J) J Ad,J) J ') 
YIELDS OF ALL FISSION PRODUCTS 

5F3.3,E5.2,3F3.3,E5.2,2F3.3,E5.2,3F3.3,F4.3,F3. 

1,1P£9.2,0P5F6.3,1P£9.2,0PF6.3,1PE9.2.0PF6.3. 
6.3,F7.3) 
5F5.3,lPE9.2,0P2F5.3,F7.3.2E6.O) 
.3,F9.2,2F5.3,F9.2,3F5.3, 5X.ll) 

.1,4F9.2,F4.3,F9.2,I1) 

.3,5F9.2, 4X,I1) 
, MOUT OF RANGE IN NUOATA, =• 15) 
3F3.6,F4.2,2Fl.l,F9.2,3F5.3.5X,in 
EXCEEDED 2500, EQUAL TO '216) 

(TMB,CWASTE,ILITE,ITOT) 
C), XZH(800),XTEMP(800),XNEW(10,800), 
) 
CO) 
N 

TOT) 
ITOT) 

)/TMB 

TMB,CWASTE.ILITE.ITOT) 
0) , XZH(800),XTEMP(800).XNEWd0.800). 
) 
TOT) 
RN 

ITOT) 
ITE,ITOT) 

F00021900 
00021910 
00021920 
00021930 
00021940 
00021950 
00021960 
00021970 
00021980 
00021990 
00022000 
00022010 
00022020 
00022030 
00022040 
300022050 
00022060 
00022070 
00022080 
00022090 
00022100 
00022110 
00022120 
00022130 
00022140 
00022150 
00022160 
00022170 
00022180 
00022190 
00022200 
00022210 
00022220 
00022230 
00022240 
00022250 
00022260 
00022270 
00022280 
00022290 
00022300 
00022310 
00022320 
00022330 
00022340 
00022350 
00022360 
00022370 
00022380 
00022390 
00022400 
00022410 
00C22420 
00022430 
00022440 
00022450 
00022460 
00022470 
00022480 
00022490 

http://5X.ll


ITt^W BLOCK DATA 00022500 
17<.6. INTEGER»2 ELE (99) , ST A{ 21 00022510 
I?'.?. COMMOiM/LABEL/ ELt.STA 00022520 
ITtS. DATA ELF/' H','HE','LI•,'BE'i' B«,« C'l' N',« 0',' F",'NE','NA't'800022530 
1749. IG','AL'.'SI',' P',« S't'CL'i'AR',' «'i'CA* ,'SC»,'TI•,• Vi'CR',•MN00022540 
1750. 2','FE','C0','NI','CU«,'ZN','GA',•GE','AS', ' SE','BR•,'KR','RB't'SR'00022550 
1751. 3,' Y','ZR'.•NB'.'KC,'TC','RU','RH«,'PD'.'AG't'CD','IN','SN','SB',00022560 
17b2. <.'TE',' I','XF<,«CS','8A»,'LA*,'CE','PR','NO','PM','SM','EU','GO','00022570 
1753. -STB'.'uY'.'HO'.'ER'.'TM'f'YB'.'LU't'HF'.'TA',' W','RE','OS','IR',•P00022 580 
17 54. 6T','AU','HG','XL','Prf','BI•,'PO','AT','RN' ,'FR','RA','AC','TH*,'PA00022590 
1755. 7',' U','NP','PU','AM','CM','BK'.'CF'.'ES'/ 00022600 
1736. DATA STA/' ','f </ 00022610 
1757. END 00022620 
175S. SUBROUTINE HALFIA.I) 00022630 
1759. C SUBROUTINE HALF CONVERTS HALF-LIFE TO DECAY CONSTANT (1/SECI 00022640 
1760. OIMENSIQtJ C(91 00022650 
1761. DATA C/6.9il5E-01,l.1552E-02,I.9254E-04,8.0226E-06,2.1965E-08,0.0,00022660 
1762. 1 2.19o5E-ll,2.1065E-14,2.1965E-17/ 00022670 
1763. IF(A.Gr.O.O) GU TC 10 00022680 
1764. IF(I.:Q.6) GO TO 20 00022690 
W 6 5 . A = 9.99 00022700 
1766. RETURN 00022710 
1767. 10 A=C(II/A 00022720 
176R. RETURN 00022730 
1769. 20 A=a.0 00022740 
177C. RETURN 00022750 
1771. END 00022760 

o 1772. SUBROUTINE NOAHINUCLI,NAH£I 00022770 
CO 1773. C SUBROUTINE NOAH CONVERTS SIX DIGIT IDENTIFIER TO ALPHAMERIC SYM80L00022780 
'-' W 7 4 . INTEGrR*2 NAME(3) 00022790 

1775. INTEGER«2 ELE(991,ST A(2) 00022800 
1776. COfMGN/LAHEL/ ELE,STA 00022810 
W 7 7 . IS=MOD(NUCLI,10)+1 00022820 
1778. NZ =NUCLI/nCO0 00022830 
1779. MW = NUCLI/10-NZ -I'lOOO 00022840 
1780. NAMF(l)=ELC(NZ) 00022850 
17bl. NAME(2)=^'W 00022860 
1782. NAflE(3l = STA(ISI 00022870 
1783. RETURN 00022880 
1784. 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 radioactive 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 listing, 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. factors of 
'^ IT 

Section 4.3.1 of this manual. Listed below are the routines which have been modified, 

the changes are indicated by the 'CHANGE T 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. 
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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/m^) 
F 5.2 YL 6-10 Yield of leafy vegetables for human consumption 

(default value = 2.0 Kg/m2) 
F 5.2 YV 11-15 Yield of produce other than 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/m^ 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 plant airborne release 
and site location (meters"^) (Optional Use For 
Reference & Information Only) 

3 II lAGE 1 Identification of Controlling Age Group (1 is Infant, 
2 is Child, 3 is Teen and 4 is Adult) 

II lORG 2 Identification of Controlling Organ (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) 
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HHUCHAM L*l>TAP 7b/?6 IIPT«1 

115 U (LT.Fu.O) PKINT 26 
IF (LT.GT.O) PKINT 27 
I K J S b . E U . l ) CALL KtDDFlIf'HNl ) 
JSHs,r8H42 
CALL PlflP(l'U3t,«) 

120 CALL SIIIJWCEIUML) 
IFClT.FQ.Ol CALL AU Af. A ( F ACCF , F ACCI, F A C C A ) 
I K L T . G T . U ) CALL ALAPA (bACCF , SACC 1, 3ACCA ) 
lF(LT,F(g,0) CALL WHY (F ACCF , 1, 1) 
IFtLT.tQ.O) CALL WHY{FA(,CF,1,2) 

125 IF(LT.trj.O) CALL i>iHV(FACCI,2,l) 
IF(LT.trj.u) CALL l«HY(FALri,2,2) 
IF(LI.GT.O) CALL I'lHYOALCF,!,!) 
IF(LT.GT.O) CALL HHY(SACCF,l,2) 
IF(LT.GT.U) CALL HHY(SACCl,2,t) 

130 IF(LT.GT.O) CALL WHY(8ACCI,2,2) 
CALL WATFH 
CALL ACTIVE 
CALL FUOIILI 
IF(LT.EO.O) CALL WHO(FACCF,FACCI,FACCA) 

135 IFCLT.RT.O) CALL HMUCSACCF,SACCI,SACCA) 
CALL PLLiP(DOS£,}) 
GU TO 22 

500 STOP 
END 

I 
en 

F I N <l ,54<ll« l 0 / m / 7 » l i . l b . O f * ! PAGE 3 

LAUTAP 

LADTAP 
L«U?AP 
LADTAP 

LAUT4P 
LAHTUP 
LADTAP 
LADTAP 
LADTAP 

LAUTAP 
LADTAP 
LAUIAP 

LAUTAP 
LADTAP 
LADTAP 
LAUTAP 
LAUTAP 
LAUTAP 
LADTAP 
LAUTAP 

LAUTAP 
LADTAP 
LADTAP 
LADTAP 
LAUTAP 

11 / 

1 lb 
ll*/ 
120 
121 
lit: 
l?3 
1214 

l/'b 
12b 
12V 
l?e 
12V 
130 
131 
13<; 

133 
13« 
13b 
13b 
13V 
13b 
13V 
110 
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HEUDF 7 b / 7 b n P T « 1 FIN a,S4'41« m / 1 « / / 

4 

4 

10 
11 
12 
13 
1 < i 
IS 
lb 
17 
le 
1" 
20 
21 
22 
23 
2u 

• * Rt 

3"? 

4 

«u 

«5 

• * Rt 

09 

50 

55 

»» RE 

59 

60 

65 

SUHRIIUTl'i 
Cut'HUN/sii 
Cl)f'MllN/EL 
tllMMiiM D( 

,PijP 
CU'^Hii.-J/DF 
E F F C 3 0 0 , « 
DIMfcNSIiiM 
FUPMATIIH 
F l iRMAT( / , 
FllRMAT ( 2 * 
FliWMAT ( ' 
FUî MAT ( ' 
FOWMATT' 
FdRMAT{IX 
FORMAT(10 
FIJWMATI ' 
FUW'IAT ItH 
FURMAT( ' 
FLIHMAI ( l U 
FORMAT(I 
FIIRMATC ' 
FlIRMATt IX 
AU ADUI.T 
READ ( 1 0 , 
KsO 
K8K41 
R t A O d O . l 
) , F X . S t K , l 
TAII(K ) x i A 
I F ( U ( « ) ) 
R E A D d O , I 
READ(10 ,1 
Rt A t ) ( 1 0 , 2 
GLITU 39 
N L I b A = K - l 

AU U E ' I A U 

R E M ) ( 1 0 , \ 
K»K41 
R t A U ( 1 0 , l 
I F C I Z C K ) ) 
R t A O d O . l 
R t A D d O , l 
GOTO a9 
N L I B T s K - I 

AD CMll.D 
RtAUC10,1 
K S K 4 1 

READ(10 ,1 
I F C I Z C K ) ) 
R t A D ( 1 0 , 1 
R E A D d O , 1 
GUTU 59 
MLIBCsK-1 
K B K - 1 

t R tDDFClPKNl ) 
l ' C t / l Z l 3 0 O ) , l M A S S ( 3 0 0 ) , M t 1 A ( 3 0 0 ) , N L I b A , N L l H T , N L I B C , N L l H l 
t^ -FN/ IELtMClOO) 
2 o O ) , P L , C F 3 , N S U R , L T » R E C l U 2 0 0 ) , L l a T C 2 0 0 , « ) , L C T , L Z , L n N , K I T 

L I B / U F 
) 

L S ( 2 0 
1) 
/) 
, 1 9 A « , 
C H I L D 
A D U L T 
TfcENA 

, 2 1 3 , A 
t H . O ) 

ADULT 
, A 2 , 1 « 

TttNA 
, A 2 , I U 

INF AN 
OtiSE 

, 9 E B . 2 
UllSF F 
I 2 ) L S 

L C J O O , 7 ) , D F A ( 3 0 0 , 7 ) , E X G ( 3 0 0 , 2 ) , T A U ( J O O ) , t X S ( J 0 0 . 2 ) , 

) 

A2) 
ous t FACTORS') 
Dust FACTUR8' ) 

GFR UUSfc FACTORS') 
l , 5 E H . O ) 

HEADING GOFS HEHE' ) 
. A l , l P 1 2 t 9 , 2 , / , 5 6 X , l P 7 t 9 , 2 , / , 1 0 X , l P 8 E t O , 2 ) 
GtH HEADING GCIES HERE' ) 
, A l , l P 7 f c 9 , 2 , / , n x , l P 7 E 9 . 2 ) 
T DOSE FACTORS') 
FACTOR LIBRARY CONTAINS',I«,• ENTRIFS') 
) 
ACTOR LIBRARY 

b)IZ(K),lHASS(K),META(K),TAU(K)«EXC(K,2),EXS(K,2),bXG(K,l 
) 
ll(K)«ibOO. 
'(S,<l5,a0 
7 ) ( D F L ( K , J ) , J a i , 7 ) 
7 ) C D F A C K , J ) , J « 1 , 7 ) 
a ) C E F F C K , J ) , J i l , B ) 

tR DUSEFACTOR LIBRARY 
2 ) L S 

b ) l Z ( K ) , I M A 8 3 l K ) , M E T A C K ) 
5 5 , 5 5 , 5 0 
7 ) l O F L ( K , J ) , j 8 l , 7 ) 
7 ) C n F A C K , J ) , J » l , 7 ) 

DUSE FACTOR LIBRARY 
2 ) L S 

b ) l Z ( K ) , I M A S S ( K ) , H E T A ( K ) 
b 5 , 6 5 , 6 0 
7 ) ( D F L C K , J ) , J » 1 , 7 ) 
7 ) C D F A C K , J ) , J « 1 , 7 ) 

WFUIIF 
RFDIiF 
WFDOF 
KfcUDF 
Pt UDF 
KtUOF 
RtUDF 
HNLOl 
HtOOF 
HfcUDF 
BNLO I 
hFUDF 
HtUDF 
KfcDDF 
HFUOF 
RtUHF 
R F D D F 

REDDF 
RtUUF 
RFUDF 
HtODK 
KFDDF 
K'FOUF 
REDDF 
RFUDF 
REUDF 
RFUDF 
RFUDF 
RtUDF 
RFUDF 
RFDI'F 
WEUOF 
RtlMiF 
RFDOF 
KEDDF 
FtUDF 
HfcUDF 
HFDIIF 
RFUDF 
RFUDF 
R F D D F 

RtUDF 
RFDDF 
REUDF 
kfcUDF 
RFDIiF 
RFUDF 
RtDPF 
RtUDF 
REUDF 
RtDOF 
RFDDF 
RtUDF 
RtUDF 
RtUDF 
REOUF 
RtUDF 



SUBHMUTINt RtDOF 7 6 / 7 6 r iPT«l FTN ti,S4«l« I 0 / | M / 7 r t IS.tb.OM* PAf.t 2 

RtAUClO,I2)LS 
bb KBK4I 

60 RtADClO,lh)lZ(K),IMAS8(K),META(K) 
IF CIZCK))bH,hB,b7 

67 READdO,17)(DFL(K,J),J*I,7) 
PFADdO,17){DFA(K,J),Jsl,7) 
('0 TO bb 

65 68 NLIBIsH-1 
IF (IPR'JT.GT.O)GOTU 1000 

C** PRINT OUT ADULT OUSE FACTUHS 
PRINT 10 
PRINT II 

70 PRINT la 
PRINT IH 
DU 70 Ksl.NLlBA 
KKBIZ(K) ' 

70 PRINT 19. IZCK),ItLtMCKK),lMAS8(K),METACK),TAU(K),(EXG(K,J),JBl,2) 
75 l,(EXSCK,j),Jsi,2),CDFL(K,J),J»l,7),CDFA(R,J),jBj,7),CEFFCK,J),J«l, 

2fl) 
K1»NLIHA41 

C»« PRINT OUT TEENAGER DOSE FACTORS 
PRINT 10 

60 PRINT II 
PRINT l«i 
PRINT ?0 
[>0 HO K s K l . N L I B T 
K h = I Z ( K ) 

85 80 PRINT 2 l , I Z ( K ) , l t L E M ( K K ) , l M A 8 S ( K ) , M E T A ( K ) , ( 0 F L ( * , J ) i J » l , 7 ) , ( 0 F A C K , 
1J),J31,7) 

f KISNLIHT41 
00 C** PRINT OUT CHILD OUSE FACTUHS 

PRINT lo 
90 PRINT II 

PRINT 13 
PRINT 20 
DO 90 K S K I , , N L 1 H C 
KK5IZC") 

95 90 PRINT ?|,lZCK),IELfM(KK),IMA88(K),META(K),C0FL(K,J),jBl,7),(0FA(K, 
1J),J»I,7) 
Kl=NLIHC4l 

C** PRINT OUT INFANT 0U8E FACTORS 
PRINT 10 

100 PRINT II 
PRINT 22 
PRINT 20 
DO 100 K s M . N L I B l 
K K « U ( K ) 

105 100 PRINT 2 l , I Z ( K ) , I E L E M C K K ) , l M A S S ( K ) , M E T A C K ) , { U F L ( K , J ) , J | i l . 7 ) , l D F A C K , 
C J ) , J « 1 , 7 ) 

PRINT 2 3 , N L I 8 C 
1000 RETURN 

END 

RFDDF 

R t U D F 
REDUF 
WkDDF 

WtDI F 
RFDUF 
Rt UDF 
REUDF 
REUDF 
REDDF 

R t D D F 
R t U D F 
RFU^F 
R t U U F 
R t U D F 
R t U D F 
RFDDF 
KFDDF 

RtDOF 
RFDDF 
R t D D F 
RFDDF 
R t U D F 
RFUDF 
K E U O F 

REUDF 
REUDF 
R t U D F 

R t U U F 
RFUDF 

R t U D F 
RFUDF 
RFDDF 
R t D D F 
HEDDF 
R t U D F 
RFDDF 
RFuDF 
RFUDF 
R t U l ' F 
R t U D F 
RFuUF 
R E U U F 

R t D D F 
R t U D F 
R t U D F 
R F I D F 

R t D D F 
REDDF 

RFUDF 
REUOF 
REDOF 

m 
bt: 
b i 

b î 

hb 
bb 

bV 
bb 
hV 

70 
7 1 
Td 
7 i 
7«. 
7<s 
7b 
11 
7b 
7V 

» 0 
H I 
Hd 
« 3 
H« 

H5 
Oo 
HV 
Mb 

HV 

9 0 
V I 

Vd 
V i 
VU 

9 i 
V6 
9V 
9b 
9V 

1 0 0 
1 0 1 

l o < r 
l O i 
10<J 
l O S 
l O b 
lOV 
1 0 b 
lOV 

n o 
111 
\it 



SUHHllUTINt 80URCF 7 b / 7 h 0PT«1 F IN « . 5 4 U i a 1 0 / 1 H / 7 M 1 5 , l O , 0 H > PAGt 

I SUI'RiOITI'ifc SOURCtCUML) SHIIRLt t 
COfM IN U ( 2 0 0 ) , P L , L F ( , , N S O W , L T , R E C O C 2 0 0 ) , L I S T ( 2 0 0 , U ) , L C T , L / .CON,KIT SiiuRlt b 

4 ,PUP SOURd b 
C U f M l i N / l F L U > / U F L ( 3 0 0 , 7 ) , r F A ( 3 0 0 , 7 ) , E X G ( J U O , 2 ) , T A U ( 5 0 0 ) , E X 3 ( 3 0 0 , 2 ) , bOnHLt V 

5 4eFF ( 3 0 0 , ( 1 ) se'Ui<i;E b 
COI M O N / s n R C E / l Z ( 3 0 0 ) , l M A S S ( 3 0 0 ) , M E r A ( 3 U 0 ) , N L I B A , N L I B T , N L I B C , N L I B I bOURCE V 
r o » ' M O N / E L F ' ^ t N / J E L t f ' d 0 0 ) SOURLt 10 
DI'-ENSIOM I i ' " ( 5 ) , N u M d 2 ) , I S O R C 2 0 ) l if 'Lol / 
DATA N i i i . / ' ' , ' 0 ' , ' I ' , ' 2 ' , ' 3 ' , ' a ' , ' 5 ' , ' 6 ' , ' 7 ' , ' « ' , ' 9 " , ' M ' / bOUWLF \t 

10 11 FORMAKet 1 0 , 0 ) SOUPLt lA 
12 FORMAT ( ? x , 194<i ,A2) HrjLOl b 
13 FOKMATC' GRItF ' , A 2 , 5 A 1 , 1 P E 1 0 . 2 ) SOIHLE IS 
21 F O R M A T ( 2 X , A 2 , 5 A l , l X , F 1 0 . n ) SHURLt 11> 
22 FORMATdH . I « , A 2 , I U , A 1 , 1 X , 1 P I 2 F 9 . 2 ) bOURLt 1 / 

15 23 F o R M A T d h o , ' T O T A L NUMBLR I N S O U R C E TERM I S ' , I « , S X , U O T A L R F L L A S E souRCt ib 

4lS ' , l P t l O . « ) bOUPCt IV 
30 FORMATdH ,'NUCLIDE CURIt/YEAR BONt LIVER TOTAL BODY THYR S H U P C F 2 U 

40ID KID^E* LUNG GI-LLI SKIN TOTAL BUUY RECUN') SOURCE 21 

31 FuuMATf iH.i.^1 V, ' iMl.i-qi iriKj DOSE F A C 1 0 R S _ _ _ _ _ _ bOURCt ^e 

20 4 SHORELINE ') SOURLt ?i 

35 FORMATdH ,«SX, ' (MREM/PLI INT AKt ) ' , 22X ,'( MRtM/HR) / (PC I/M*»2 )') SOUl^Ct 2l 

32 FiiHMAI dHl,30X,'» * • TEENACJEH DUSE F A C T U R S * * *') S"UHCt 2S 

33 F0RMAI(1H0,30X,'* * * CHILD DOSt FALIURS * * •') SOURLt 2o 
Ji) FURMAT(|H0,30X,•• * * INFANT OUSE FACTURS * * *') SOuRCt ei 

25 3b FoRMATdHO,iOX,•* « * ADULT DOSE FACTORS * * •') bOURCF 2b 
READ 1?,I!>0R SOURIF 2V 
PRINT I2,ISUR bOURLt 30 
1»0 bOURCt 31 

V IJIBO. SOURCE l i 
"^ 30 75 I « I 4 1 auiiRl-t li 

RtAU 2 1 , 1 A , 1 M , Q Q SliywUt <H 
IF ( g i j ) i u l , l o l , 7 b SmiRLt JS 

76 K s - 1 SIJURLF 3b 
MASSso bOURLt 3^ 

35 METsNU"'( t ) SiiURCt 3b 
DO 90 J j e l , 5 bOURl t 3V 
J s h - . I J SOURLt l u 
IF ( I " C J ) . E r j . N U M C l ) ) G O T U <>0 SouRCF « I 
IF ( I M C J ) , N F , N U M d 2 ) ) C 0 T 0 78 SHURCt «« 

40 MtTsNUMCI2) SOURCE 11 
GOTO 90 SOUHUK 'i« 

78 KSK41 SOilRLF I S 
DO HO L e 2 , 11 SOURLt <lb 

BO IF (NllMfl ) ,EU .1MCJ) )G(1T0 85 SOURCF « / 
as PRINT 1 3 , I A , I M , 0 0 SOURLF Ub 

I s l - t SOURCE «V 
GUTO 7S SOURLF Su 

H5 MASS=M'SS4(L-2)*10,**K SOuRLt Si 
90 CODTlNl't SOURLt S<: 

50 C * * F I N D Z OF N U C L I D E SOURCE Si 
DO 91 lK=l,inO SUDHCF S" 

91 I F ( I t L E M C I K ) . E 0 , I A ) 6 0 T 0 92 SOURCE 5S 
PRINT I 3 , 1 A , I M , 0 U SOURCF Sb 
l B l - 1 SOURCE 5 / 

55 GUTU 75 SOURCF 5b 
C*<» F INE NUCI IDE IN ApULMtJlHt^l^RY SOURCE SV 

92 MU <>5 LLBl ,ML IBA SdURpt , ^V 



SUHKIIUTINE SdUHCt 7 b / 7 b l i P T « l FTN «,S4m<4 

bO 

65 

70 

75 

80 

85 

90 

95 

100 

105 

no 

95 

96 
C » * F IND 

K l 

97 

98 

IF ( I Z d L l . M E . I K j G U T U 95 
IF ( P ' A S S d D . N E . M A S S j G O T O 95 
I K M t l A C L D . N E . M E D U O T U 95 
GOTO 9b 

CUNTlNUt 
I«I-I 
PRINT 13,IA,1M,U0 
GOTO 75 
LIs<;Td,) )=LL 

NUCLint IN TEENAUER L I B P A R Y 
NL1MA41 

00 97 LL=Kl,NLieT 
lFriZ(LL).''it.lK)i;OTU 97 
IF(IMASS(LL).NE.MAS8)GUTU 97 
IF (MtTA(LL),NE,MET)GOTU 97 
GOTO 9H 
cuMr iNUE 
L l S T d , ? ) s l I S T C I . n 
GOTO 90 
L I S T d , ? 1 = L L 
D F L ( L L , S ) = D F L ( L J S T C I . 1 ) . 5 ) 
O F A ( l L , S ) » l ) F A ( l I S T ( I , 1 ) . 5 ) 

Ci»« FINU NUCLIDE IN CHILD DOSE FACTOR LIBRAHY 
99 K | s N L I H T 4 l 

00 lOb L L = K ) , N L I B C 

IF ( I Z ( L L ) . N t . I K ) G U T U lOb 
I F n M A S S ( L L ) . N E . H A S S ) 6 U T n 106 
I F ( M t T A ( L L ) , N E . H E T ) G O T U 106 
GOTO 1 0 7 
CUNT I HUE 
L I S T d , 3 ) * L I S T ( I , 2 ) 
GOTO I OH 
L I 5 I d , 3 ) = l L 
D F I ( L L , S ) = D F L ( L I 8 T ( I , 1 ) , 5 ) 
D F A C L l , S ) « D F A C L I S T C I , l ) , 5 ) 
c o m i N i i f 

C « * F INU NULLI i 'E IN INFANT OUSE FACTOH LIUHAHY 
K | a N L l n r 4 | 
l>0 n o L L s K l . N L I H I 
I F ( I Z ( L L ' . ^ t . I K ) G U TO 110 
I F d ' ' A S S ( L L ) . N E . M A S S ) U O TU U O 
I F ( M E T A ( L L ) . N t . M E T ) G O TO 110 
GU TO l i s 
CONTINUE 

L I S l ( I , a ) B L I S t C I , 3 ) 
GU TO 120 
1 I S T d . u l B L L 
DFI ( l L , S ) » l > F L ( L l S T ( i , l ) , 5 ) 
1 ' F A C L L , 5 ) « D F * ( L 1 S I ( 1 , 1 ) , 5 ) 
CO^'TINl l t 
nTs lJT4gi j 
QCI ) = UO*UML 
GUTU 75 
N S O R a l - 1 

C»* PRINT OUT SOURCE TERM 
C*«CALCULArES ANY RECOHCENTHATION OF RADIONUCLIDES 

CALL RECON 

10b 

107 

108 

no 

115 

120 

101 

0/IH//M 

SOURLF 
SOURCE 

SOURCE 
SOURCE 
SOURCF 

SOURCE 
SOURCE 
SOURCE 
SOURCE 

SOURCE 
bOURCF 
SOURCE 
SOURCF 
SOURCF 

SOURLt 
SOURCE 
SOURCF 
SOUi^CE 
SOU«CE 
SOURCE 
SlJURCt 
SOURCE 
SOURCE 

Soui<CE 
SOUi-CE 
SOUI'CE 
SOURCE 
SOURLt 

SOURCE 
SOURCE 
SOURCE 

SOUPCF 
SOURCF 

SOURCE 
SOURLt 
SOURCE 
SOURCE 

S'HIRLF: 

SOURCE 
SOURCE 
SOiiwCt 
SOURCE 
SOURLt 
SOURCE 
SOURCF 
SmiHCt 
SOURCE 

SOURCE 
SOUWLE 
SOUt-CF 
SOURCE 
SOURCE 
SOURCE 
SOURCE 
SOURCE 
SOURCE 
SOURCE 

15,lb.0H» 

bl 

Mli 

b3 
bU 

6S 
bb 
hV 
bb 
bV 

70 
71 
7c: 
7i 
7u 

75 
7b 
7/ 
7b 
7V 
HO 

HI 
H<; 

Hi 
Hu 

HS 
Ho 
«V 
Hb 
HV 

90 
9] 
9,; 

"1 
Vlt 

VS 
Vt) 
9V 
9h 

9V 

loo 
10 1 
loe 
ICi 
1 On 

loS 
lOb 

loV 
1 Oh 

IliV 

1 10 

111 
l U 
113 
11" 
115 
lib 

11V 

PAi;t 



^ B H O U T l N t SOURCE 7b/Tb OPTil 
FTN U , 5 4 « l « I I I / 1 H / 7 H l S . l o . O H > *'AGE 

115 P R I N T 3b 

P R I N T 31 

PRINT 5S 
PRINT 30 
UU loS l=l,NSUR 

120 LL»LlST(i,n 
IKSIZ(LL) 

105 PRINT 22.IK,ItLEM(lK),IMAS3CLL)»MeTACLL)»0Cn»(DFL(LL,J)rJ»l,7), 
4F»(.(LL,n,FXG(LL.2),RtC0(I) 
DU 210 Jls2,« 

J25 lF(JT,Efl.a) PRINT 3« 
1F(JT.E0.3) PRINT 33 
1F(JT.EIJ.2) PRINT J2 
PRINT 31 
PRINT 35 

130 PRINT 30 
DO 200 I=1,NSUR 
LL=LISI(I,1) 
IK«I/(LL) 
LAeLlSTCI.JT) 

135 IFCLA.FQ.LL) GO TO 200 
PRINT 22,IK,lELEMCIK),IMAS8(LL)»METACLL)»0(n,(DFL(LA,J),J»l, 7) 

200 CONTINUE 
210 CONTINUE 

C)T»UT*UML 
J«0 PRINT 2J,N80R»0T 

RETURN 
END 

III/1H/7M 

SOURCE 
SOLJPLF 

SOUWCt 
SOUMLk 

souwrt 
SilU^Ct 
SOUDCt 
SOURCE 
SOURCF 
SOURCt 
SOURCE 
SOURCt 
SOURCE 
SOURCE 
SOURCF 
SOURCE 
SOURCE 
SOURCE 
SiHjRlf 
SOUWCt 
SOURCE 
SOURCE 
SOURCE 
SOURCE 
SOURCE 
SOURCE 
SOURCE 

SOURLt 

lS.lo.OH> 

lib 

nv 
120 
121 
1̂ «: 
123 
12« 
125 
12b 
12V 
12b 
12V 
130 
131 
IJ<: 
133 
13'» 
13S 
1 4b 
13V 
13b 
13V 
lUO 
l"! 
lid 
1«3 
lUU 
1«5 

http://lS.lo.OH
http://lS.lo.OH


SUBROUTINE HEClJN 7b/7b 0P1»1 FTN «,54«l« 10/lH/7« 15.lb.OR* PAGE 

I SURROUTINE RFCON RtCON ^ 
COMMON U(2nu),PL,CF3,NSUR,LT,HtCi.)(20o)»LlSr(?00,a),LCT,LZ ,CON,KIT RtCUN > 

4 ,POP RFCON U 
CLI^'MON/DFHB/DFLC30 0 , 7 ) , D F A ( 3 0 n , 7 ) , t x G ( 3 0 0 , , ; ) , T AU( 300 ) , EX3( 300 , 2 ) , RFCON S 

5 4 F F F ( 4 0 0 , H ) RFCON 6 
r O M M O N / S O R C t / l Z ( 3 0 0 ) , l M A S S ( 3 0 0 ) , M E T A ( 3 0 0 ) , N L I B A , N L T B T , N L I B C , N H 8 I RtCON I 
PEAL MKKF RECON b 

10 F O R M A T d 1 0 , S F 1 0 . 2 ) RECON V 
15 FOWMATdHO,'NO RFCONCENIRATION UF NUCLIDES ' ) RtCON 10 

10 lb FuRMATdHO,'RECONCENTRATIUN'-- M A K E - U P « ' , lPt8,2,5X,'CYCLE TlMfcs', RtCON II 
4E8.2,' H R ' . S X . ' V D L UF P0NU»',Ee.2,• FT**3',/,20X,'TURNOVER RATEa', RECON U 
4FS.2,' /HR',SX,'CUliLANT FLOwx•,£8,2, ' CFS') RECON 13 

17 FORMATCIHO, 'RECI^NCFNTRATIUN— CYCLE TIME»',FJ 0,2,' MR',5X,'RECYC RtCON |« 
4LE FRACTIONS',FIO.2) RFCON IS 

15 RtAU(S,|0)M,MAKE,CT,VOL,TR.RF RtCON lb 
IF(M.EO.0)»RITE(b,15) R F C O N IV 
IF(M.ED,1 )»iRnE(b, 16)MAKE,CT»V0L,TR,CFS RtCON if 
IF(M.tU.2)*RIlE(6,17)CT,RF hFCON IV 
IF(M.tiJ.O)GU TO 100 RFCON 2o 

20 IF(M-|)20,20,30 RtCON 21 
20 DO 50 Js),iVSiiR RFCON Zd 

MOSLISTCJ.I) RFCON 2i 
ARGUaTAU(M.I)«CT RtCON eu 
IF(ARGU.GT.100.)ARGU«100, RtCON 2S 

25 50 RtCU(J)tl./(l.-CCCFS-MAKE)«£XP(-AHGU))/(CF84VUL*TR/3600,)) RFCON 2b 
RtTURN RECON 2V 

JO TuTCsPL*3bS.25*2«./CT RtCON Zb 
Ns|4lNT(T0TC) RFCON 2V 
DO 60 Jel,NSOR RtCON 30 

30 M0XL1ST(J,1) RECON 51 
AR(,UsrAU(MO)*CT RtCON id 
IF (ARGU.Gl .inu,)ARGUHOO, RtCON Ji 
Sit iN = RF«t XPC-ARGU) RECON 31 
TESTsTOTr«AL0GC8Ttw) RtCON 35 

35 IFCTtST.LT..11,51)00 TO UO RECON 3b 
STFwsSTFi»**N RFCON J? 
GO TO 60 RtCON 3b 

«0 STEi"=1.0E-05 RECON 3V 
60 RECO(J)=d.-STEN)/(l,-(RF*EXP("ARGU))) R F C O N « O 

«0 RtTURN RECOM «1 
too DU 70 Jsl,NSOK RECON U2 
70 RECO(J)«l. KtCoN «i 

RETURN RECON UU 
END RECON «5 



1HUUTINE ALARA 76/7b 0P1»1 M M a.fiUto 10/1(I/7H 15.16.UH* PAf.t 

10 

15 

20 

25 

30 

35 

40 

«5 

50 

55 

SUflROUTINE ALARA CACCF,ACCI,ACCA) 
COMMON fJ(200),PL,LFS,N8UR,LT,RFC()C200)»LI8TC200,a),LCT,LZ ,CON,KIT 

• ,POP 
DIMENSION ACCF(100),ACCI C100), ACCA(loo J 
DIMENSION LUCA C3) 

PRINTS HEADINGS FUR THE APPENDIX I INDIVIDUAL 
DOSE TABLES AND THE SELECTED LOCATION DOSE 
TABLE8-ALSU CALLS SUBROUTINE OUT WITH 
THE LORRECI USAGE PARAMETERS FOR A 
PARTICULAR AGf GROUP 

10 
( 

20 
25 
to 

50 

bO 
70 
80 
90 
IbO 

100 

no 
130 
140 

ISO 

FURMAT(|Hl,35X,'• * 
* *') 

FORMATCIH ,55X,'MREM PER YEAR') 
FORMATClHI ) 
FORM*T( 1M0, 'PATHt^AY 
VER TOTAL RUDY THYROID 

G I - L L I ' ) 
FORMATd MO, 1 7X, ' - . 

* AS LOW AS REASONABLY ACHIEVABLE * 

S K I N fiONE L I 
KIDNEY LUNG 

4__(MREf PER YtAR I N T A K E ) . 
F 0 R M A T ( 1 H O , 2 0 X , ' A D U L 
F o P r t A T d H 0 , 2 0 X , 'C H I L 
F O P M A T d H 0 , 2 0 X , ' T E E N 
F u R M A T d H 0 , 2 0 X , ' I N F A 
FURMATdHO, 'LOCATION IS 

.OUSE 
•) 

T D O S E S ' ) 
0 D O S E S ' ) 
A C E R D O S E S 
N T D O S E S ' ) 
• , 3 A « ) 

') 

• ' ) 

120 

FORMAT { n o , 7 E 1 0 , 0 ) 
F O » M A H 7 E 1 0 , 0 ) 
F(iRMAT(tH|,}5x,'* * * SELECTED LOCATION • * 
FORMAT(I10,3F10.0,3A«) 
CONsl,0 
KKBO 
CONlINUE 
DATA TDF,TDC,TPA,TDw,T08,TOSW,TOB/0,0,0,0,0,0,510,,0,0»0,0,0.0/ 
DATA CHF,CHC,CHA,CRi«,CHS,LHSW,CHH/b,9,0,0,0,0,5lO.,lU,,0.0,0.0/ 
IF(LT.GT.O) CHCsl.7 
DATA TAF,T*C,TAA,TAW,TAS,TASW,TA8/lb,,0,0,0.0,5lO,,67,,0,0,0.0/ 
IFCLI.GT.O) TAC»3.e 
DATA F1US,CRUS,ALUS,WUSE,SHU,3WU,BU3E/21.,0.,0.,730.,12,,0.,0./ 

IFCLT.RT.0)CRU8=5.0 
IFCKK.EO.O)READ 100,N,SiNF,OILU,SHO,UWD,T,"H/ 
IFCKK.UT.O) READ 110,N,UILU,T,SwF,(LOCACJ),jBl,J) 
IF C'i,EQ.0)GO TU 120 
READ llo.F Iua,CRUS,ALUS,WUSE,SHU,S«iU,8U8E 
READ 110,T»F,TAC,TAA,TAW,TAS,TASW,TAB 
READ 110,CHF,CHC,CHA ,CHW,CHS,CHSW,CH8 
READ llo,TDF,TDC,TnA,TD»<,TD8»TDSW,TDB 
CUNTINIIf 
IF(0ILU.EO.0.)GO TO 200 
IFCKK.GT.O) PRINT 130 
IFCKK.EU.OIPHINT 10 
IFCKK.GT.nSHDBOILU 
SWDsSHD 

A L A R A 
A L A !•' A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
Al A R A 
Al A R A 
A L A R A 
A L A R A 
AL A R A 
A L A R A 
A I. A R A 
A L A R A 
AL A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A i ' A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
AL A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
Al A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 

t 
3 
a 
5 
b 
V 
b 
V 
10 
11 
12 
13 
It 
IS 
lb 
IV 
Ib 
IV 
20 
21-
it 
23 
214 
2S 
it) 
27 
2b 
2V 
30 
31 
32 
33 
3« 
35 
3b 
37 
3b 
3'', 
to 

ui 
'J 2 
" 3 

«S 
4b 
17 
«h 
UV 
50 
SI 
52 
53 
SU 
55 
Sb 
5V 
5b 

http://15.16.UH*
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60 

65 

70 

75 

80 

85 

90 

95 

HUILsOnjI 
IF(KK.GT. 
IF (KK.GT. 
IF(KK.GT. 

PRINT bn 

PRINT 50 

D U w D i D l L U 
1) PRINT IbOiLUCA 
1 ) T O B T 

R R I N I 5 0 
PRINT an 
CALL U U T d 

4 D H D , S H D , S K 
IFCKK.GT.U 
I F C K K . G T . l 
IF(KK.E0.C1 
PRINT PO 
D Lt t kl T C (\ PRINT 50 
PRINT «0 
CALL OilTC 

- - . R 

l , A C C F , A C C I , A C C A , T , F I U S , C R U S , A L U S , M U S E , S H U , S w U , n u S E , D I L U , 
W D , B O I L , S W F , K K , N , T D ) 
O . A N D . L C r . G T . O ) P R l N T 130 
1) PRINT 160,LUCA 
O.AND.LCT .GT .O)PRINT 10 

CALL OilTCi 
4SH0,Swn,Rr 

IFCKK.GT.C 
I F ( K K , ( i T . l 
I F C K K . E U . 
PRINT 70 
PRINT SO 
P a l M T un 

2 , A C C F , A C C I , A C C A , T , T A F , T A C , T A A , T A W , T A S , T A S W , T A B , 0 I L U , D W D , 
D I L , S w F , K K , N , I D ) 
O .AND.LCT.GT .O)PRlNT 130 
1) PRINT 160,LUCA 
O.AND.LCT.GT.OJPRINT 10 

PRINT UO 
CALL OUT( 

4SHU,SwD,Hl 
IFCIDW.EQ, 
T F ( K K . G T , I 
J F ( K K . G T . 
TF ( K K . F r j . 
PRINT 90 
PRINT 50 
PRINT UO 

m m CALL 
4SHD,SwD,H 

1U5 KKBKK42 
GO TO ISO 

200 CONTINUE 
RETURN 

END 

(3,ACCF,ACCI,ACCA,T,CHF,CHC»CHA,CMW,CHS,CH8W,CH8,DlLU»DwD, 

HUIL,SWF,KK,N,ID) 
Q.O,.UR.LT.GT.OJ GO TO 1U5 
.O.AND.LCT.GT.O)PRlNT 130 
.1) PRINT lbO,LOCA 

.O.ANO.LCT.GT.O)PRINT 10 

tt,ACCF,ACCI,ACCA,T,TOF,TOC,TDA,TDM,TDS,TDSw,TOB,DILU,OwO, 

0IL,8WF,KK,N,T0) 

A L A R A 

A L A R A 
A L * R * 
A L A R A 
A L A R A 

A L A R A 
A L A R A 
A L A R A 
A L A R A 

A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 

A L A R A 

A L 4 R A 
A L A R A 
Al A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
Al A R A 
A L A R A 
Al ARA 
A L A R A 
A L A R A 
A L A R A 
Aj.ARA 

A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 
A L A R A 

SV 
bO 
bl 

b2 
bi 
bU 

bS 
hb 

bV 
bb 
bV 

70 
71 
72 
73 
7<4 
7S 

7b 
7V 
7b 
7V 
PO 
HI 
H2 
Hi 
8U 

es 
Hb 
HV 
H« 
HR 

90 
91 
92 
93 
9U 
9S 
9b 

97 
9b 



OUT 7b/76 flPTil FTN U,"14114 10/1H/7H 

SUHROOTINt OUI(K0P,4CCF,ACC1,ACCA,T,F1US,CRUS,ALUS,WIISE,3HU,SWU,HU 
4SE,UTLU,ll»iD,SHD,SwU,HUIL,!)»F,KK,N,TU) 
COMMON o(2ii0),PL,CFS,NSUR,LT,RELO(2O0)»LIST(200,u),LCT,LZ .CON.KIT 

4 ,POP 
DIMENSION h ( 3 ) , X ( 5 ) , Y ( 3 ) , Z { 3 ) , H ( 3 ) , F D U S E ( b ) , C O O S F ( 8 ) , A D U S E ( 8 ) , S D U S 

l E ( H ) , S I ' . D O ( H ) , B D O S t ( B ) , IDOSt ( H ) , A ( 3 ) , H ( 3 ) , C ( 3 ) , "OOSF (M) 
DIMENSION A C C F d 0 0 ) , A C C l C l 0 0 ) , A C C A d 0 O ) , I H ) S E C 2 0 0 , R 1 

CONTROLS THE CALLING OF THE C A L C U L A T I O N A L SUBROUTINES wITH THE 
APPROPRIATE USAGE PARAMETERS FOR THE PARTICULAR AGE CROUP 

40 

6 

7 

OAT 
DAT 
DAT 
DAT 
DAT 
DAT 
DAT 
DAT 
FOW 
FOR 
T2 = 
T3S 
L/s 
KIT 
CAL 
PRI 
CAL 
1F( 
CAL 
IF( 
CAL 
IF( 
CAL 
PRI 
GEO 
CAL 
IF( 
(,E0 
CAL 
IF ( 
DU 
TDO 

lt(J 
PRI 

0 FUR 
4) 

0 FOR 
PRI 
PRI 
IF( 
IF( 
IF( 
IF( 
IFC 

A Y / ' T U 
A X / ' I N 
A Z / ' A L 
A C / 'HO 
A H/ 'DR 
A H / ' f I 
A A / ' S H 
A 8 / 'SW 
MAT( |H 
M A T d H 
T 4 2 U , 
T D 4 I 2 . 
0 
»0 

L ArniAC 
NT I f ) , * 
L ADllA( 
CRUS.GT 
L ADuA( 
AIUS.GT 
L DRUK 
L T . E n . O 
L SHORt 
NT 20 ,A 
M i l . 
L SWIM( 
S' -U.GT. 
IM = 2 . 
L S>NIM( 
anSE.GT 
40 J = l , 

lSF (J )sF 
) 
NT 20 ,Y 
MATdrtO 
l O X , ' S H 
MA I ( I H 
NT bi ) ,S 
NT 70 , *> 
CRUS.GT 
ALUS.GT 
WUSE.GT 
S H U . G I . 
3WU.GT, 

TA'.'L 
VE','RTt 
GA', 'E 
At','ING 
IN','KiN 
SM',' 
OR','ELI 
IM','MIN 
,3AU,15X 
,3AU,lPe 

H<,'HATE 
', 
', 

G', 
', 

N', 
G', 
,1P7E15.2 
E15.2) 

-,D1I U,F 
,(FUOSt( 
x,niLU,c 
.0.0) PR 
z.niLu.A 
.0.0) PR 
(DvU,13, 
) PRINT 
(A,SWF,8 
,SDUSt 

H,S«iO,T, 
0 . 0 ) PRI 

I U S , T 2 , F 0 o S t , K O P , A C C F ) 
J ) , J = 2 , H ) 
RUS, I 2 , L D 0 S t , K O P , A C C n 
INT 1 0 , x , ( C D O S F ( J J , J B 2 , 8 ) 
L 0 S » I 2 , A D U 8 t , K O P , A C C A ) 
INT 1 0 , Z , ( A D O S E ( J ) , J a 2 , a ) 
wUSE,wnuSE,KOP) 
10,H,(WU(13E(J),J»2,8) 
H0,T,SHU,SDOSE) 

SwU,GtOM,SwDO) 
NT 20,H,Swnu 

r,flUSE,GE0M,HDU3E) 
INT 20,C,HDUSE 

C H O I L . T 
.0.) PRI 
H 
DUSE(J)4C0UStCJ)4ADUSE(J)4SDa3E(J)4W00St(J)4SWDO(J)4BDO3 

,TDOSt 
,12X,'US 
oRtwlDTH 
,3AU,7X, 
nF 
,FIU8, D 
.0.) PRI 
.0.) PRI 
.0..ANO. 
0,0) PHI 
0.0) PRI 

AGE (KG/YR.HR/YR) 
FACTURS',F3.1) 

Fb.l,10X,F10.1,3X,F10.2) 

DILUTION TIMECHR 

ILU,T2 
NT 70,X,CRUS,DILU,T2 
NT 70,Z,ALU3,UILU,T2 
LT.EO.P) PRINT 70,H,wU3t,0W0,T5 
NT 70,A,3HU,3HD,T 
NT 70,B,SWU,SWD,T 

OUT 
OUI 
our 
OUT 
our 
OUT 
OUT 
ij.lT 

OUT 
OUT 
our 
OUT 
OUT 
OUT 
UUT 
UUI 
OUT 
UUI 
OUT 
OUT 
OUT 
HNLOl 
UUT 
UUT 
UUT 
OUI 
OUT 
UUT 
OUT 
OUT 
oul 
OUT 
OUT 
001 
OUT 
OUT 
UUT 
UUT 
OUT 
UUT 
UUT 
OUT 
OUT 
OUT 
OUT 
OUT 
UUT 
UUT 
UUT 
OUT 
OUT 
OUT 
UUT 
UUT 
UUT 
UUT 
UUT 
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IF(BUSE.GT.O.O) PRINT 70,C,8USF,8DIL,T 
KITBIO 

60 80 CONTINUE 
IF(LCT,GT,0)CALL PER0DS(W,T0O3E»D0SE) 
RETURN 
END 

OUT 
UUT 
UUI 
UUT 
UUT 
UUT 

SV 
bO 
bl 
h,; 
63 
64 

o 
I 
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I 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

SUBROUTINE «H0(ACCF,ACCI,ACCA) 
CO'-MON' (J(200),PL,CFS,NSOR,LT,RFCO(200),LISTC200,U),LCT,LZ ,LON,KIT 

4 ,POP 
DIMENSION ExT(H),EXl{e),TDOSE(H),IYPE(3),AC3),8C3),C(3),D(3),W(3), 

CxC3),Z(3),ACCFdOO),ACCI(100),ACCAdOO) 

CONTRIILS THE CALLING OF THE CALCULATIUNAL SUBROUTINES FOR THE 
PRIFARY AND SECONDARY BIOTA DOSES 

70 
20 
60 
10 
30 
40 
50 

80 

DATA 
DATA 
DATA 
DATA 
HIO 

DATA 
DATA 
DAT A 
UA1 A 
DATA 
DATA 
DATA 
FORM 
FORM 
FORM 
FORM 
FORM 
FORM 

FORM 
CU'IB 
PHIN 
PRlN 
READ 
IF (U 
KITa 
LZso 
PRIN 
PRIN 
PRIN 
CALL 
CALL 
CALL 
TEXT 
TUTS 

PRIM 
CALL 
CAl L 
CALL 
TEXT 
TUTS 
PRIN 
CALL 
CALL 
TUT 
PHIN 
CALL 

CS*F/2,0/ 
RAT,RAC,HER0N,UUCK/b.,t4,,ll,,5,/ 
RATMAS,RACMA3,MEHMAS,DUCMAS/1000.,12000,,4600,,1000,/ 
R«TUSt ,RACU5t,HEHUSt,DuCUSt/100,,200,,600,,100,/ 
TA TYPtS 

' / 
•/ 
•/ 
•/ 
•/ 

R A T E ' / 

' / 

A / ' M U S K ' , ' R A T ' , 
B / ' R A C C , 'UON ' , 
C / ' U E R U ' , ' N ' , 
D / " D U C K ' , ' ' , 
w / ' F I S H ' , ' ' , 
X / ' I N V E ' , ' R T E B ' , 
Z / ' A L G A ' . ' t ' , 

A T d H O , • 
A T d H , 3 A U , l P 3 t l 5 . 2 ) 
A T C U I L U T i n N a ' , 1 P E 1 0 , 2 , lOX, ' TRANSI T 
A T d H l , ' * • * DOSE TO BIOTA 
A T ( | H 0 , 2 O X , ' M H A D S PER YEAH") 
ATdHO,19X,'INTERNAL EXTERNAL 
AT(HtlU,0) 
1. 
T 10 
T 30 
50,DILU,T 
ILU.EU.O.JGU TO 100 
0 

TIMt«',E10.2,' HR') 
• « »' ) 

TOTAL') 

T 7u 
T bO 
T «0 
CRIT 
SHoR 
Sf'IM 

3FXT( 
TtXT4 
T 20, 
CRIT 
SHOP 
S'-P' 

stXT( 
TEXT4 
I 20, 
CRIT 
S«IM 

FXI(2 
T 20, 
EATC 

UTLU.T 

TR(w,DILU,T,TDOSt,ACLF) 
t( TYPE, CS''F,DlLU,T,U3flO., EXT) 
(lYPt,DlLU,T,H/bO.,l.,EXI) 
2)4FXI(2) 
TDOSEd) 
w.lDUStd ), TEX I, TOT 
riJ(X,DILU,T,TDOSE,ACCI) 
t(lYPt,L5i^F,0ILU,T,8760,,EXT) 
(1VRE,DiLU,I,B7eO,,l.,EXI) 

2)4EXI(2) 
TUoSEd) 
X.TUUSEd ),TEXT,TOT 
T R ( Z , D 1 L U , T , T D 0 3 E , A C C A ) 
(TYPE,DILUfT,8760.,1.,EXI) 
)4TDUSt(l) 
Z,TDuStCl),EXIC2),T0T 
A , R A T , R A T M A 3 , R A T U S E , D I L U , T , T D 0 3 E , A C C A ) 

I 0 / I H / 7 H 

WHll 

T "HO 
WHO 

, WHO 
WIIU 
hHU 
wHU 
wHU 
WHO 
WHO 

i«HO 
WHU 
WHO 

WHO 
WHO 

WHO 
WHO 
MHO 
WHO 

WMU 
WHU 
hHU 
WHO 

) WHO 
WHO 
WHO 
WHO 

WHO 

wHU 

WHO 
WHO 

wHU 
WHO 
wHU 
wHU 
WHO 

wHU 
wHU 
wHU 
f'HO 
WHO 

WHO 
WHO 
wHO 
WHO 
wHO 

WHO 
WHO 
WHU 
WHO 
WHU 
WHU 
WHO 
WHO 
WHU 
wHU 

WHO 

IS,lb.OH* 

t 
3 
14 

5 
b 

V 
b 
V 

10 

11 
U 
13 
14 
IS 
lb 
U 
lb 

IV 
20 
21 
22 
2i 
24 
2S 
io 
2V 
2h 
2V 

30 

31 
It 
33 
34 
5S 
3b 
3V 
3b 
3V 
40 
41 
Ut 
4 3 

an 
US 
UO 
ai 
4b 
4V 

So 
51 
•it 
5i 
S4 

55 
5b 

5V 
5b 

PAGE 
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TAlL S H o R t ( T Y P E , L S W F , D I L U , T , 2 9 2 2 . , E X T ) 
CALL S ^ I M ( i Y P t , u i L U , T , 2 V 2 2 . , l . , t X I ) 

60 T E X T s E X T ( 2 ) 4 E X I C 2 ) 
T0TsTt«T4TULiSt ( 1 ) 
PRINT 2 0 , A , T D O S t d ) , T t X T , T O T 
CALL tAT ( l ) ,RAC,RACMAS,RACUSE,D ILU ,T ,TDU3E ,ACCI ) 
CAl L SHo-lt ( TYPF,rSwF,DILU,T,2191,,EXT) 

65 ToT = FXT(2)4Ti)OSE d ) 
PRINT 2i),H,TDUSt(l),tXT(2),TOT 
CALL tAT(L,HtRON,MERMAS,HtRuSt,DILU,T,TDOSE,ACCF) 
CALL SHoRF f lYPt,CSwF,DlLU,T,2922,,EXT) 
CALL SwlM(TYPE,DlLU,T,2920,,2,,tXI) 

70 TEXTstXT(21+EXI(2) 
TnTsTtXT4TD0St(1) 
PRINT 20,C. IDOStd),TtXT,TOT 
LAIL tAT(D,DUCK,UUCMA3,DUCU3e,0ILU,T,TD08E,ACCA) 
CALL SHORE( IYPF,CSwF,UlLU,T,43B3,,EXT) 

75 TtXTsFXT(2)4ExI(2)*3./2. 
TUTsTEXT4TD03tCl) 
PRINT 20,U,TDUSE(l),TEXT,TOT 
KITS70 
IF(LCT,GT.O) CALL PERDOSCA,TOOSE,OUSE) 

80 GO TO 80 
100 CONTINUE 

RETURN 
END 

in/iH/7H 

who 
, HO 
WHO 
WHO 

WHO 
WHO 
WHO 
WHO 

WHU 
«H0 
WHO 

WHO 
WHO 
WHO 
WHU 
WHO 
WHO 
wHu 
WHO 
WHO 
WHO 
WHO 
WHO 
WHU 
WHO 
WHU 

15,lb.OH* 

S14 

bo 
bl 
bi; 
b> 
bU 
bS 
bb 
bV 
bb 
bV 
7(; 
71 
Tt 
73 
74 
7S 
7(j 

7V 
7b 
7V 
HO 
Hi 
Ht 
H3 
H4 
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SUHROUTINt W H Y ( A C C , 1 , N ) 
COMMiiN/pOPUL/PFRA,PERT,PERC,U3 
COMMON O C 2 0 0 ) , P L , C F S , N S U R , L T , R F C n ( 2 0 0 ) , L I 3 T ( 2 0 0 , 4 ) , L C T , L Z 

^ ,POP 
,CON,KIT 

DIMENSION ACC(100),X(3),w(3),CATH(20),OlLU(20),T(20),TDOSE(8),DUSE 
•C200,8),A(3),M(3),C(3),lYPEC3),CnNC(200) 
DIMENSION D(3),PU(7) 

CONTROLS THE CALCULATION OF THE SPORT 
AND COMMtRCIAL FISH AND INVERTEBRATE 
POPULATION noSES-ACTUAL CALCULATIONS 
DONE MY SUBR0U1INES PAFO AND CENT 

15 
20 

DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
FURMA 
FORMA 

4 TOTA 
30 FORMA 

4..... 

60 FURMA 
4 TIME 

61 FORMA 
64 FORMA 

4 * 
bS FORMA 

4*') 
66 FORMA 
67 FORMA 
68 F O R M A 
69 F O R M A 

4HELUW 
70 FURMA 
71 FORMA 
75 FORMA 

41PEH. 
P(AMT 
AUSEC 
TUSt ( 
CUSt( 
CO^ 3| 
Lhao 
IF (N. 
1F(N. 
IF(I. 
IF(I. 
IF(I. 
I K I . 
IF(N, 
IFCN. 
Jal 

X/' INVE','R ',' 
w/'FISH',' ',' 
A/'AUOL','T ',' 
B/'TEEN','ACER',' 
C/'CHIL','D ',' 
U/'TOTA','L ',' 
TCIH ,6A4,1PHE10.2) 
T d H O , 'PATHWAY 
L H O U Y THYROID 
TdH0,34X, '-

•/ 
'/ 
'/ 
'/ 
'/ 
•/ 

AGE GROUP 
KIDNEY LUNG 

') 

USAGE RONE 
GI-LLI') 

. — --DOSE (MAN-RFM)' 

LIVER 

TCIHO,' DILUTION CATCH TIME(HRI-INCLUDES FOOD PROCESSING 
OF ',|PtH.2,' HR',5X,'POPULATIONS',Efl,2) 
T(|H ,S3X,'MAN-RtM') 
ldHl,35x,'* « * INVEHTfHHATF CUNSUMPTIUN POPULATION DOStS 
* *') 
TdHl,3SX,'* * * FISH CONSUMPIUIN POPULATION DOSES * • 

TCIHO,'__ 
I d H O , ' „ 
T d H O , '_ 

. ,SPllRTETSH HARVEST — 
COMMFRCIAL HARVEST. 
NEPA DOSES ^ 

•TUATL NEPA DOSE MUST INCLUDE 
CATCH ONLY' ) 

) 

.') 
TC|H0,'NoTF-
ARF FOR COMMERCIAL 

T(flE10.2) 
TClH ,1P8F10.2) 
TCll'O, 'AVERAL-t INDIVIDUAL CONSUMPTION CKU/YR) 
2,5X,'TttNa',EH.2,SX, ' C H I L 0 B ' , E H . 2 ) 
,Aii, Ui,CU)aAMT/CAU*P£RA4TU»PERT4CU*P£RC) 
PFO,AU)sPFU*PERA*AU 
PEO,TU)BPf u*PtRT<*TU 
P£r',Cil)BPEO*PERC*CU 
00 0. 

EM.I) NNsl 
EQ.2) NNa? 
E'J.l.AND,LT.EfJ,0) HARVa44,0E406 
EiJ.?,»Nn,LI.E(J.O) HARV82,30E406 
EO.l.AND.LI.GT.O) MARV86,58E408 
EO,2,AND,LT,GT,0) HAHV84,10E408 
E0,1) FPTal6B, 
£0,2) ,FffT»2UP,j 

SPORT CATCH, DOSES 

ADULTai, 

wHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
wHY 
«HY 
WHY 
WHY 
WHY 
WHY 
WHY 
wHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
^HY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 

WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WM 



SUBROUTINE WHY 76/7b 0PT«1 FTN 4,5*414 10/1H/7H 15.lb.OH* PAGE 

60 Rt»U 70,CATH(J),DILU(J)»T(J) 
T(J)sT(J)4FPT 

60 Jsj4l 
MaJ-1 
IF(DILU(M).EQ.O.) GO TO 85 
GLI T'l 80 

85 MSM-l 
65 IF(M.E().0) GO TO 100 

IFd.Ell.DPRINT 65 
1F(I.EQ.2)PRINT 64 
PRINT hi 
IF (N.Efl.l)PRINT66 

70 IF CN.t0.2)PRlNT 67 
PRINT 30 
PRINT 20 
GO TO (21,22),I 
GO TO 100 

75 21 AU=6.9 

TU=S.2 
DO 17 J8l,3 

17 TYPt(J)BW(J) 
LU=2.2 

80 GO Til Hb 
22 AUal. 

TUao.TS 
CUaO.33 

^ DO lb Js1,3 
I 85 16 T Y P E ( J ) B X ( J ) 

O r.O TO Hb 
86 AHTaO. 

IF(N.tn.l) NLs| 
IFCN.ED,2) NLa2 

90 Do «7 lN8l,M 
87 AMlaAMT4CATHdN) 

IFCN.E'J.I )PtO=PCAMT,AU,TU,CU) 
IF (N.E'),2)PtCiaP0P 

88 LZso 
95 KITsO 

USFsAUSE(PEO,AU) 
CALL L E N T ( T , C A T H , U I L U , M , C U N C , A M T , M A R V , N L ) 
CALL P A F D ( T TPE,ACC.CONC,l,liSE,TDOSE,NN,LM) 
PRINT m,TYPE,*,USE,(TDUSECjK),JKsl,7) 

100 00 89 ,l8l,7 
69 PD(J)sTDOSt(J) 

SU"suSt 
U S F s T U S t ( P t O , T U ) 
CAl L P4Fn(TYPt ,ACC,CONC,2 ,USE,TUOSE,NN,LM) 

105 PRINT I S , T Y P E , B , U S E , ( T D U 8 t ( J K ) , J K 8 l , 7 ) 
DO 91 J s ) , 7 

91 P D ( J ) a P D ( J ) 4 T 0 n S E ( J ) 
SU"isSU"4USt 
USt=CUSE(PEO,CU) 

n o CALL P«FDCTYPt ,ACC,C0NC,5 ,USE,TD0SE,NN,LM) 
PRINT 1 5 , T Y P E , C , U 8 E , C T 0 0 S f c ( J K ) , J K 8 l , 7 ) 
DO 92 j B l , 7 

92 P 0 C J ) 8 P n ( J ) 4 T U 0 8 E ( J ) 
SUMrSUM+USE 

10/1H/7H 

wHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
wHY 
WHY 
wHY 
WHY 
WHY 
WHY 
WHY 
wHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 

15.lb,OH* 

SV 
bU 
bl 

b2 
bi 
b4 
bS 
bb 
b? 
bb 
6V 

70 
71 
72 
73 
74 
7S 
7ta 
7l 

7b 
7V 
HO 
HI 
Hi 
H3 
HU 
HS 
hb 

HV 
Hb 
HV 
Vu 
91 
ft 
9i 
9U 
9S 
vb 
9/ 
9B 
9V 

101) 

101 
lOi! 

lOi 
104 

los 
1 Ob 
lOV 
lOb 
lOV 
110 
111 
lie 
113 
114 
115 
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115 PRINT 1S,TYPF,D,SUM,(PUCJ),J81,7) 
IF (LD.GT.0)1.0 TO 100 
PRINI bO,FPT,PFO 
DO 90 Jsl," 

90 PRINT 7l,UILUCJ),CATHCJ),T(J) 
j20 PRINT 7S,AU,TU,CU 

KITs30 
IF(LCT.RT.O)CALL PERDOSCw,TOOSE,DOSE) 
IFCN.EfO.DGO TO 100 
LMslO 

125 

130 

too 

NLsl 
PRINT 
PRINT 
PRINT 
PRINT 

bR 
b9 
30 
20 

PEOsPCAMTi 
GO TO 88 
CONTINUE 
RETURN 
END 

DETAILS 

r A U i P T U I 

DIAGNOSIS 

>CU 

OF 

1 0 / 1 H / 7 H 

WHY 

WHY 
WHY 
WHY 
WHY 
WHY 
wWY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 
wHY 
WHY 
WHY 
WHY 
WHY 
WHY 
WHY 

IS.lb.OH* 

1 lb 
11 / 
1 lb 
liv 
12o 
121 
122 
12i 
124 

12S 
12b 
12/ 
12b 
12V 
130 
131 
13d 
133 
134 
135 

CARD NR, SEVERITY 

75 , AN IF STATEMENT MAY 8E MORE EFFICIENT THAN A 2 OR 5 BRANCH COMPUTED GO TO 31ATEMENT, 
74 I THERE IS NO PATH TO THIS STATEMENT, 

a 
I 
ro 



SUHKIIUTINE WATER 76/7h 0PT8I FTN 4,54414 10/tH/7H 15,lb.OH* PA(.t 

I 
PO 
ro 

10 

15 

20 

25 

30 

35 

<IU 

45 

50 

55 

sun ROUTINE WATER 

COMMON lJ(200),PL/CF3,NSOR,LT,RtC()C200),LiSTC?00,u),LCT.LZ ,CON,KIT 
4 ,PUP 
CUMMON/P0PUL/PtRA,PERT,PEHC,US 
COMMON/snRCE/IZ(300),IMASS(300),META(300),NLI8A,NLI8T,NLIBC,NLIBI 
DlMtNSToK- TUIISF(8),A(3),H(3),CC3),0(1),TRI(3) 
DIMENSION TYPE(3) 
DIrfENSIO*' PU(B),CUM(8),£(3) 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
U A T A 

'/ 
'/ 
•/ 
'/ 
•/ 

AGE GROUP LIVER USAGE «ONF 
M O N E Y LUNG GI-LLI') 

* POPULATION WATER CONSUMPTIOM DOSES * 

•DOSE (^AN-REM). 

TRI/'WATE' ,'H 
D/' IOTA','L 
E/'CUMU'.'L Tn','TAL 
A/'AUIiL','T ', 
tf/'TtFfi' , 'AGtR', 

C/'CHIL','D ', 
TYPt/'DRiN','KING',' 

10 F O R M A T d H ,bAU,lP6E10.2) 
20 FORMATdHO, 'PATHWAY 

4 TOTAL ROUY THYPUIU 
30 FORMATClHI,3SX,'* * 

4 *') 
35 FO"MAT(|H0,34X,'-----

4 — -' ) 
5 0 P I l O M A T f l H O r ' - _ .. , , , . 

+ . ' ) 
55 FOKIIATCIHO,'PUPULATIONa',lPEH,2,5x,'DILUTIONa',E8.?,5X,'TRANSIT TI 

4HE=',Fb.2,' MR (INCLUDING 2U HR FOR TRtATfEN^ FACILITY)') 
60 FORMATfbf10,0) 
65 FORMAT(|HU,'_____ HYDROSPHERE TRITIUM noaF_.. -_'T 

66 fORMAI ClHO,'--—CUMULATIVE TOTAL-----') 
80 FORMATdHO,'AVERAGE INDIVIDUAL CONSUMPTION ( L / Y R ) ADULTa ' , 

+ l P F » . 2 , 5 X , d t E N » ' , E 8 , 2 , 5 X , ' C H l L O a ' , £ 8 , 2 ) 
DATA A l l / 3 7 0 , / 
DATA T l l / 2 6 0 , / 
DATA C U / 2 b O , / 
AURE(P, A I I ) B P * P E R A * A U 

T U R t ( P , T U ) = P * P E H T * T U 
CUSt (P ,CD)3P*PERC*CU 
CO''ialOOO. 
Do Sb , U « 1 , 8 

56 CII"(JM)»0.0 
EURaO.O 
PRINT 30 

40 RtAD bO,P,DILU,T,GAL,6US 
PRINT So 
I F ( P . t f ) , O . . A N U , G U 3 . G T . O . ) PaGAL/GuS 
I K D I L U , t i J , 0 ) G O TO 100 
PRINT 35 
PRINT 20 
DO 41 .lMa2,8 

41 PD(JM)80.0 
T5T42U. 
USE8AU3E(P,AU) 
KlTsO 
LZaO 
CALL ORlNK(0ILU,T,USEiTDOSE,l) 
PRINT 10,TYPE,A,U8E,(TOOSE{JK),JKB2,e) 
00 42 JMB2,« 

wA 
wA 
WA 
wA 
w A 
wA 
wA 
WA 
WA 
wA 
wA 
wA 
w A 
WA 
wA 
wA 
w A 
WA 
KA 

wA 
w A 
w A 
wA 
W A 
wA 
wA 
wA 
WA 
MA 
wA 
w A 
wA 
wA 
wA 
wA 
wA 
wA 
wA 
wA 
wA 
wA 
WA 
wA 
wA 

MA 
WA 
WA 
wA 
WA 
WA 
wA 
wA 
wA 
wA 
wA 
wA 
NA 

IFR 
I t R 
TtR 
Ttw 
I f R 
TtR 
TFR 
lER 
TER 
TFR 
TER 
TFR 
I t R 
IFR 
TtR 
T E K 

TER 
lEw 
TER 
1EK 
TFR 
TER 
TER 
TER 
TtR 
TER 
TtR 
TFR 
TfR 
TER 
TFR 
I t K 
lER 
IFR 
I t R 
TFR 
TFR 
IFR 
IFR 
lER 
TFK 
TER 
TER 
TER 
I f R 
I t R 
TtR 
TFR 
I t R 
TER 
lER 
TER 
I t R 
TFR 
TER 
TER 
TER 

t 
i 
14 

s 
b 
V 
b 
V 

10 
It 
It 
13 
14 
IS 
lb 
IV 
tb 
IV 
20 
21 
?t 
23 
24 
2S 
2b 
2/ 
2b 
2V 
30 
31 
3<; 
33 
34 

5S 
3b 
3V 
3b 
3V, 
40 
41 
42 
4J 
44 
4S 
4b 
Ul 

4b 
4*, 

So 
SI 
'Sii 
Si 
54 
SS 
Sb 
5/ 
5b 



(UHHOUTiNt ACTIVE 7h/7h (iPTal FTN 4,54414 1 0 / 1 H / 7 H 1 5 . l b . 0 8 * F'Af.E 

1 S U H R O U T I U E ACIIVF ACTIVE 2 
ru'^MON i J ( 2 0 0 ) , P L , L F S , N S U P , L T , R F C i ) ( 2 0 0 ) , H 3 T ( 2 0 o , U ) , L f T , L Z ,CON,KIT AC I I vF i 

4 ,PUP ACIIVt 4 
lUMENSIOM S ( 3 ) , S W ( 3 ) , 0 ( 3 ) , A ( 3 ) , B ( 3 ) . C { 3 ) , T R U S E C 8 ) ACTIVE S 

5 DIMENSION L O C A ( 3 ) ACTIVE b 
DATA S/'SHOI.','tLIN','t '/ ACIIVF V 
DATA S'/'S-IM','MING',' '/ ACTIvF b 
DATA U/'H04I ' , ' INI, ',' '/ ACIIvt' V 
DATA A/'TOTA','L PO','PUL '/ ACIIvF 10 

10 80 FORMATdHO,'LOCATION- ',3A4) ACIIVF 11 
15 F O W M A K I H O , ' D U U T I O N s ' , £ 8 . 2 , l O X , ' T R A N S I T T I M E S ' , FH . 2, ' H R ' , 1 0 X , ' S W ACTIVE \t 

4 F 8 > , F 3 . 1 ) ACTIi^F li 
10 F O R M A T d H , b A u , l P 7 E 1 5 , 2 ) HNLOl 10 
16 FORMATdHl,35X,'* * * RtCRFATION POPULATION nOSFS * * ACIIVE 15 

15 4*') ACTIVE lb 
20 FURMATCIHO,'PATHWAY AGf GROUP USAbF SKIN ACTIVE IV 

4 TOTAL RUDY THYROID') ACTIVE lb 
30 FORMMCl'll,'* * * POPULATION D03tS * * *') ALTIvF IV 
40 F O R M A I d H r"H<f' , .. _ . PI ISF f MAN-RF MT , , < t A C T T v E 20 

20 50 F O R M A T d H O , ' , ACTIVF 21 
4,. „ , . . , _ „ • - • ' T ACTIVE Be 

60 FORMATdHO,'DILUTIONS',£8,2,lOX,'TRANSIT TIMEa',£8,2,' HR") ACTIVE 23 
70 FORMATC4E10,0,3A4) ACTIVE 24 
75 FORMAT(3E10,0,3A4) ACTIVE 2S 

25 PRiNi lb ACTlwt 2b 
CO^'alOOO. ACTIVE 2/ 
JLslO ACTIVE 2b 

o 100 READ 70,9HU,DILU,T,SWF,tLUCA(J),j8l,3) ACTIVE 2V 
fjj PRINT so ACTIVE 30 
CO 30 IF(DILU.tU.O.)GO TU 110 ACTIVE 31 

LZso ACTIVE it 
PRINT 40 ACIIVt 53 
KITso. ACIIVt 34 
PRINT 20 ACIIVE 35 

35 LAIL 3HORt(S,SwF,UlLU,T,3H(l,TDOSt) ACIIvt Jb 
PRINT 10#3,A,SHU,(TUn8tCJ),j8l,l) ACIIVt il 
PRINT HO.LOCA ACTIVE 3b 
PRINT IS,I)ILU,T,SWF ACTlVt 3V 
hITsUO AC1TVF 40 

40 IF(JL.LT.O)GO TO 100 ACIIvt 41 
IF(Ln.GT,0)CALL P£ROOS(w,TDOSF,DOSE) ACIIvF at 
JLs-IO ACTIVF 43 
GO ro 100 AC l i v e 44 

n o RtAD 75,SWII,DILU,T,(L0CACJ),J«1,3) ACTIvF 4S 
45 PRINT SO ACTIvf 46 

IF rDILU,tU.0.)GO TO 120 ACIIvt' 47 
LZsO ACTIVE 4b 
KITso, ACTIVE 4V 
PRINT 40 ACTli'F SO 

50 PRINT ?o ACTIVE SI 
GtOMsl. ACTIVE S«: 
CALL S w l " i c S w , 0 I L U , T , S W U , G t O M , T D O S E ) ACTIVE S3 
PRINT 10,SW,A,SWU,(TOOSt(J),Jal,3) ACTIvF S4 
PRINT H0,LOCA ACTIVE SS 

55 PRINT bO,UlLU,T ACTIVE 5b 
KITa40 ACTIVE 5V 
IF(JL.GT.0)GO TO 110 ACTIVE 5b 



w * r F h 7 6 / r h i lPT« l FTN u , 5 + ( ( l « 

U2 M | ; ( JM)sp i ) ( JM) + TOi iSE(JM) 

57 Cl) ' - ' ( . IM)rCUM(JM) + Tt)(JSE(JM) 
TU33li3fc 
nstsTuSECPf rii) 
r*lL Ui^riMulLD.TjUSF, tt)(18E,2) 
PKINT 10,1YPe,H,U8et(TUUSE(JKJ,JK«2,8) 
nu Hi JMs^,« 

03 PD(JM)Bp()(JM) + TOOSE(JM) 
[)0 58 JM = 2,(J 

«»8 ClJ''(JM)sCUM(jH) + TDOSE(JM) 
TUSaTuP+MSE 
U3EaCUSE(P,CU) 
CALL 0PrM(l)ILU,T,USE,TC)0SE,3) 
PHIMT l(l,TYPF,C,USt»(TDUSt(JK),jK«2f8) 
1)1) ^ti jnzi,6 

1*1* PU(JH)apn(JM)tTUnsE(JM) 
I'd 5'' JMs2»a 

Sfl CU'nJM)BCM"(JM)*TOOSE(JM) 
TUSsTUStUSE 
EU?=FU3+TUS 
PHTNT 10,1YPE,0»TUS,(PD(JM),JM»2,8) 
KITS20 
PWINT S5.P.UILL',T 
PRINT HO#AII .TU,CU 
IFtLCr.GT.O) L*LL PERDH8(TyPE,TU08E,0USE) 
(HI Tl' ao 

100 Cl)^TI^UE 
IF(PU(2).t,T.0.0) PWINT 66 
IF(Pn(?).UT.U.O) PHINT 20 
IFCvn(2).GI.0.0) PRINT 10,TYPE,E,EUS,(CUM{JM),JM«2,8) 
PHlfJT 65 
PHINT ?0 
USfc»?.2 
1)11 7i> Isl,NSn« 
M=LI8I(I,n 
IF(M.EQ.n C*LL T H T I U M ( U < M ) , P 0 P , H 3 B , H 3 T ) 
IFCM.EO.DPHINT 10,TBI»0,USE.M3B,H3T,H3B,H3B,H3B,H39,HiB 

70 CONTINUE 
PETUHN 
END 

10/IH/7H 15.lh.0fli PAGE 2 

nA 1 
wAI 
wAl 

WA 1 
wS 1 

MA 1 
N A I 

M A 1 

WAl 
»A1 
nA1 
M A I 

-<A1 
A l 1 
h A l 
xAl 
MAI 
h« 1 
wA 1 
MAI 
N A 1 
ttA' 
M A ' 

W A : 

M A I 

M A ' 

M A ' 

nA' 
hA ' 
nA ' 
nA' 
wA ' 

nA' 
nA ' 
AA 

MA 

nA' 
n i ' 
nA' 

nA' 
MA 

I'FH 

tl-K 
M 

IF-K 
f f tv 
lew 
rhw 
If-w 
rffci 
f^K 
t t K 
rEk 
IFk 
r tw 
(FW 
rew 
l f .k 
IFW 
I f w 
ri-M 
IFK 
rEw 
r t H 
rf-w 
[FK 
rfcw 
I f w 
IFH 
tEH 
lEK 
IFH 
r f k 
lEk 
IFK 
lEH 
ri-H 
IfcK 
I t w 
FEK 
lEK 
TEH 

SV 

hO 
61 
h i ! 
h i 
bU 
o5 
6 6 
6'/ 
6b 
hV 
7U 
71 
Tt 
7 i 
Tl* 

75 
7b 
77 
7b 
7V 
t<0 
H I 
K,; 
b i 
«H 
B5 
Mb 

6 7 
Hb 
8>< 
9 0 

•Jl 
9 < 

« i 
1(1 

9 5 
9 b 
91 

9ti 
9V 

• 

http://15.lh.0fli


S l J l ^ T l N F A C I I V f 7 h / 7 6 n P T » l ^f^i " . S + O l t 

I K L C T . r . T . O l C A L L PEHDU3(i*» TDHSE . O U S t ) 
J L * 1 0 

60 r,i) I I I n o 
120 MfcAl) 7 5 , H U 3 t » D I L U , T , ( L O C A ( J ) , J i l , 3 ) 

P H I N I SO 
I K U I L H . E U . O . J G U TO 130 
LZ = 0 

65 K I T s O . 
GEiiMe2.0 
P K I N T an 
PHINT 20 

70 

PHINT g() 
CALL S w i M ( 0 , D I L U » T , B U 8 t » G E l l M , T 0 U 3 E ) 
PHINT l O , 0 , A , H U S E , ( T O U 8 E ( J ) , J » l i 3 ) 
t i l t T >iT u A _ I i\r k PHINT HO»L(.)CA 
PHINT hn,OILU,T 

C 
C 

75 GU Tl) 120 
130 CONTINUE 

RETURN 
END 

I 
ro 

11) /1M /;« Ib.OMi 

A C l I V F 
A C U V F 

A c n v t 
A C T I V F 
ACIIvF. 
A C T I V f 
A C 1 I V F 
A C T I V E 
A C I I V t 
A C T I V E 
A C T I V E 
A C T I V F 
A C T I V E 

A C T I V E 
ACT IVE 
A C T I v F 
A C T I V E 
A C T I V E 
A C T I V E 
A C T I V E 
A C T I V E 

59 
6(1 
61 
hii 

bi 
oi* 

65 
66 
6 7 
hb 

hV 
70 
71 
7«: 
7i 
7« 
75 
76 
77 
78 
• " » 



SUHHdUTlNE A(JUA 7 f , / 7 h MHT«1 U N / l . S t / J H 1 0 / I M / 7 H 1 5 . 1 6 , n » » PACE 

I SUHHUUTirjE AllUA (CR l TH, U l L U , USF , T , TUflSt , J J , ACC ) 
C n ' ' M i | N > ( ) f L i y / U F L ( 3 0 0 , 7 ) , D F A ( 3 0 0 , 7 ) , E X ( . ( 3 0 0 , 2 ) , T A t j ( 3 o O ) , E X S { 3 0 0 , 2 ) , 

• E F F ( ^ 0 0 , H ) 
CU^'MiiN u r 2 o o ) , P L , C F 3 , N S U P , L T , H E C O ( 2 0 0 ) , L 1 8 T ( 2 0 0 , « ) , L C T , L Z , C O N , K I T 

5 + ,Pl)P 
C L i n M ( ' N / 8 ( l H C t / H ( 3 O 0 ) , I M A S S ( 3 O 0 ) , M t T A ( 3 0 0 ) , N L I B A , N L 1 8 T , N L I 8 C , N L I B I 
DI i^ENSI i iN A C C ( 1 0 0 ) , T D 0 8 t C 6 ) , O O S E ( 2 0 0 , 8 ) , C K n ( < ( 3 ) 
1)11 8 J : ) , 8 

8 T D H S F ( J 1 « 0 . 0 
10 

T l ) l i S F ( J ) « 0 . 0 
I F ( U S f . f U . 0 , ) G O TO 50 
1)0 111 T s l . N S H H 
n i i s t ( i , i ) = i ) , 
L L = L I 3 T ( I , J J ) 
L H s L T S T d , 1 ) 

15 M U a l Z d M) 
AH(,U=TAU(L^l)*T 

f 
Gl) Tl) 30 

20 20 F A f T a o . O 
30 1)1) «0 J«?,8 

La.l-I 

O 
I 

IF (AHGU.GT.20.)G() TO 20 
FArT=1119.*u(l)*R£C0(I)/CF8/0ILU*£XP(-ARGU)*USE*ACC(Mn)/C0N 
Gl) Tl) 3n 

25 10 CONTINUE 
IF(LCT.G 

50 CONTINUE 
PETUHN 

t'03E(I,J)aDFL(LL,L)*FACI 
TUnSF (J)aTli03E(J)+l)03£(I,J) 
CONTINUE 
IF(LCT.GT,0) CALL PERDOS(CRITR,TD0SE,0O3E) 
CilNTlNUP 

en END 

1 0 / 1 M / 7 H 

A N O A 
, AHUA 

AOllA 
T AQUA 

AUUA 
AWUA 

AIJUA 
AQUA 
AQUA 
AiJUA 
ADUA 

CHANGEl 
AUUA 
AQUA 
AOUA 
AQUA 
A Q U A 
AQUA 
AQUA 
AQUA 
AQUA 
AQUA 
AQUA 
AQUA 
AQUA 
AQUA 
AfJUA 
AQUA 
AQUA 

15.16 

i 
i 
1 
5 
6 
7 
b 
if 

10 
11 
V£ 
1 
13 
lu 
15 
16 
17 
16 
19 
20 

21 
2< 
2i 

e" 
25 
26 
2 7 
2b 
29 



UHlNK 7 h / 7 h OPT«| F IN U.S+dlM U l / l b / 7 M 

SlliiHnUTlML i )WlNK( l jw i ) ,T .USE,TnnRt , j j ) D W I N K 
ClK'HllN Q ( 2 0 0 ) , P L » L F S , N 3 u H , L T , H t C f J ( 2 0 0 ) , L 1 8 T ( 2 0 0 , « ) , L C T , U Z »C I )N ,MT liRl>M 

• ,PilP UPIN'^ 
C l i " M i i N / s i ) w r E / I Z ( 3 0 0 ) , I M A S S ( 3 0 U ) , M E T A ( 3 0 0 ) , N L I U A , N L I B T , N L l B C , N L I 0 I DHpM 
C i i n M n N / i ) F L l M / u F L ( 3 0 0 , 7 ) , O F A ( 3 0 0 , 7 ) , E x G ( 3 0 0 , 2 ) , T A U ( 5 0 0 ) » t X 3 ( i n o , 2 ) , U H I ' J K 

• E F F ( 3 0 0 , H ) UWIQK 
Cn'<MMM/1 PANS/DILh CHA^G^ 
(il'-EiSTllN TlH)8E(H),UO8t(20O,H),TYPE(3) OklMK 
DATA IrPf./'URIN',»KINU', ' '/ QHINK 
UILn a l)WO CHA'JUE 
no 8 J=l,b DKINK 

8 TUaSE(J)sn,0 UHINK 
IF(USE.fQ.O.IGO TO 50 U H I N K 
IF(LT.GT.U) GO TO 50 URINK 
00 10 I = 1 , N S U H DRINK 
D O S E d , l) = ll. CHANGF 
LL=LIST(I,JJ) U91'M 
LMrLTST(I,l) U K I N K 
N O = U ( L M ) DRIMK 
ARGUaT AU(L'*)*T UW]NK 
IF(ARGli,GI,20.) GO TO 20 DRINK 
FACTalll9.*U(l)*HEC0(I)/CF8/0WD*EXP(-AHGU)«U8E/C0N DRINK 
GU TO 3U DRINK 

20 FACTaO.O DRINK 
30 IMJ UO J a 2 , f l DRINK 

LaJ-1 DRINK 
l>03E(l,J)anFL(LL,L)*FACr DRINK 

UO TDIiSE(J)aTDUSfc(J)+DUSE(l,J) DRINK 
10 CONTINUE DRINK 

IF (LCT.GT.O) CALL PERDOSITVPE,T0U8E,DU8E) D R I N K 
IF(CUN.GT,10.)CALU PLUP(DU8E.7) DRINK 

50 CONTINUE DRINK 
RETURN DRINK 
END DRINK 



NE SHORE 7 6 / 7 6 OPT»| FIN ( i . s + a i a 1 0 / 1 H / 7 H 

SUHROUTINfc HHoRfc(TYRE,SWF,DILU,T,USE,TDUSfc) SHORE 
tiMMON u ( £ ! i O j ) , P L » C F 3 , N 3 0 H , L T , R F C O ( 2 0 0 ) , L 1 3 T ( 2 0 0 , « ) , L C I . L Z , L i l N , K I T StiiiRfc 

+ ,RUP SHORfc 
CO''MON/|iFLtH/DFL(300,7),DFA(500»7),£xG(30 0,2),TAu(300),FXS(30 0,2), SHoRfc 

+ fFF(3U0,M SHoRt 
C O H M O N / S O R C E / I Z ( 3 0 0 ) , I M A 8 S ( 3 0 0 ) , M E T A ( 3 0 0 ) , N L I H A , N L I B T , N L 1 B C - , N H B I SHORfc 
niMENSIoQ T Y P E ( 3 ) , 1 0 0 3 6 ( 8 ) , O O S E 1 2 0 0 , 8 ) SHORE 
DO H J s ) , H SHORE 

8 TDOSe { J ) s o . f ) SHORE 
IF f U S E . E Q . i l . )S0 Til 50 SHURfc 
DO in Tal .NSOR SHuRt 
L H s L l S T ( l , 1 ) SHORE 
MUalZ(LM) SHORE 
ARGU=TAl l (LM)*RL*f l760. SHORfc 
IF (APGIl .Gl . 1 0 0 . JARGUalOo SHOSfc 
TPaTAU(LM)*r SHORE 
IF ( T P . G T . l U U l T P a l O O SHORE 
F A C T = l l 0 ' l 0 0 . « l . 6 9 3 / T A U ( L M ) / 2 a , ) * 0 ( I ) « H E C O ( n / C F 8 / 0 l L U « E X P ( » 1 P ) * 8 t » F SHoi^E 

C * ( 1 . - E X P ( - A R G U ) ) * U 3 E / C I 1 N SHiJRfc 
DO 20 J a l . H C H A N G E 
I F ( J . G T . 2 ) G U T U 15 CHAMGE 
0 O S f c ( I , J ) 8 F A C I * E X G ( L M , J ) SHORE 
TPOSE ( J ) « T I ) O S E C J ) t D 0 3 E ( I , J ) CHA '̂GF 
GOTO 20 LHA\GF 

15 n o S E ( I , J ) a n u S E ( I , 2 ) CHANGE 
20 CONTINUE CHA iGfc 
10 CONTINUE SHORfc 

IKUSE.i;r.lOOO.,ANO,CON.UT,10,) GO TO 50 SHORE 
IF(LCT.GT.O)CALL PEH0U8tTYPE,TDU8E,0OS£) SHORE 

50 CONTINUE SHORE 
OU «0 J»3,8,l SHURfc 

«0 TDn8E(J)»T008E(2) SHORfc 

IF(CON.GT.lU..AN0.U8e,6T,0.)CALL PU0P(U0SE,5) SHORE 
RETURN SHORE 
END 



yUHHIlUTlNt SwIM 7 h / 7 h n P T i l F I N / l .S + 'MU 1 « / I H / 7 H I S . I 6 . 0 « » RAGfc 

1 SUHRMUTl'jfc S * l M ( T Y P E , D l L i J , T , U S F , G E O H , luuSE) 
CO'- 'MON' ( j ( < > i i O ) , P L » C F 3 , N S O R , L T , R F C O ( 2 0 0 ) , L l S T { ? 0 0 , U ) , L C T , L Z 

* , r o P 
C o ' i M l . i N / I . . F L l M / D F L ( 3 0 0 , 7 ) , D F A ( 3 0 0 , 7 ) , E X G ( 3 0 0 , ? l , T A U ( 3 0 n ) , E X S ( 3 0 0 , 2 1 , 

5 • E F F ( i ' ) ) , H ) 
r o M M i i N / S i i R C E / I Z ( 3 0 0 ) , I M A S S ( 3 0 0 ) , M E T A ( 3 0 0 ) r N L I 8 A , N L T H T , N L I B C , N L I t t I 
DI HENS 11 IN T D O 3 f c ( « ) , D n 3 E ( 2 0 0 , 8 ) 
UO 8 J s i , h 

8 TDOSfc( , l )»0.0 
10 IF (USfc .kU.O. )UI1 TO 50 

I F ( D U I ' . F . Q . 0 . ) G O 10 50 
DO 10 l a U f i S O R 
L M s L I S T d , 1 ) 
• • • o a U d M ) 

15 ARGU3rAU(LM)*T 
IF(ARGll . lW . 2 0 . ) U O TO 20 
F A C I a l 1 | T . » Q ( 1 ) * R E C 0 ( I ) / C F 8 / D U U * E X P ( - A R G U ) / C E 0 M « U S £ / C 0 N 
GO TO 30 

20 FACT30.0 
20 30 DUSE{ U n a E X S d M , l ) * K A C I 

n O S E ( l , ^ ) = f c X S ( L H , 2 ) * F A C T 
no 15 j s i . H 

15 Dl l .SEH. ,J )a i ) | lS fcCI ,2 ) 
TUOSf (1 ) = TOiiSf ( l ) + D O S f c ( I , I ) 

25 10 TDiiSF ( t ' l a l O O S t ( 2 ) t O O S E ( l , 2 ) 
I F ( lNT(GfcO^' ) .EQ,2) GO TO 50 
I F ( l l - S F . l , T , 1 0 9 0 . , A N D . C O N . L l , 1 0 , ) GO TO 50 
I K L C T . r . 1 . 0 ) CALL P tHUOS(TYPE,T0O3E ,00S£ ) 

o I F ( C O N . i ; T . 1 0 . ) C A L L P L 0 P ( 0 O S e , 5 ) 
^ 30 50 CONTINUE 
to DU «0 J n i , « , 1 

ao T D n 3 E ( J ) » T 0 U 3 E ( 2 ) 
RETURN 
END 

1 (1 / 1 H / 7 H 

S w l « 
,C0N,KIT b i M 

ill LI* 

( 3 0 0 , 2 1 , S*IH 
Snl« 

C,NLIttI S».IM 
SnIM 
Swih 
SWIM 
SWIM 

S^NM 
S»IM 
SMIH 
SWIM 
S M I M 

SnlM 
SnlM 

SnIM 
SnJM 
S*I1 
SnIH 

CHANGEl 
CHA^JGE 1 
SnlM 

S**!" 
SilM 

SMIH 
SWIM 

SnH 
Snl'l 
SWIM 
SWIM 
SWIM 

SWIM 

IS.16.0«» 

i. 

> 
4 
5 
6 

1 

b 
V 
10 
11 
ic 
13 
!<J 

15 
lb 
17 
lb 
19 
2u 
21 
It. 
11 
\ i 

?i 
21 
?5 
26 
?.l 

2b 
29 
50 
31 
32 
33 



-"'»H0UT1NE C H i r i " 7»-/7h 0PT«1 FTfl ' I .S + 'Jl'l 1 0 / 1 H / / H 1 5 . l 6 . J « t RAGE 

1 SUCROUTINE L R n T R ( C R I 1 H , P 1 L U , T , T D O S E ,ACC) C R I H R ,i 
CO '̂MON Q ( r ? i ) J ) , P L , C F S , N . S U R , L T , R F C O ( 2 0 0 ) , L I 3 T ( 2 U 0 , U ) , L C T , L Z ,CON,K IT CRIT IR J 

• ,POP CPITTR 1 
C U N M O N / S i l R l k / I Z ( 3 l ) 0 ) , I M A S S ( 3 0 0 ) , M F T A ( 3 0 0 ) , . < i L I B A , N L I B T , N L l M C , N L l B I CR IT IR 5 

5 C O H M O N / n t - L I I ) / O F L ( 3 0 0 , 7 ) , O F A ( 3 0 0 , 7 ) , E X G ( 3 0 0 , 2 ) , T A U ( 3 0 0 ) , E X S ( 3 0 0 , 2 ) , CR IT IR a 
+ f F F ( 3 0 0 , H ) CRITTR 7 

n iHF i 'S I i 'N T i i o s F ( f l ) , A C C ( 1 0 0 ) , C R I T R ( 3 ) , 0 0 8 F ( 2 ' ) 0 , f l ) CRITTR h 
I'll b J r l ,M C^l r I" 9 

8 TU08fc(Jiso.o CRl 1 H lu 
10 DO 10 lal.NSOR LRITIR 11 

t McLISTd, 1) CRI I IR li; 
M0=1Z(I H) LRITIR li 
4RGUsTAU(l.>')*T CRITIR 1" 
IF (ARGll.GI .ilO. )G0 TU 9 CRITIR 15 

15 FACTa21.•ud)*RtC0(I)/CFS/0ILU«EXP(-AHGU)*EFF(LM,2) CRITIR lo 
GO TO 11 CRITTR 1/ 

9 f ACTso.O CRITTR lb 
11 DOSfc(I,l)»FACT*ACC(FiO) CRITTR T9 
10 TDOSf ( I )eT0llSE(l)'fDOSE(I,l) CRITTR 2u 

20 IF(LCT.GT.O) CALL PEH008(CRITR,TDOSE,DOSE) CRITIR 21 
RETURN CRITTR it 
END CRITTR 2i 

I 

o 



JrtHliUTINE EA1 7 6 / 7 6 (IPTal U N « . 5 * « l « ) ( ) / l « / 7 b I S . l b . O H S PAGE 

1 SUHRilUTlNf EAT ( B I U T , R A D , M A 3 S , C I I N S , 0 I L U , I ,TnOSt ,ACC1 
r 11''"I in ( ! ( , ; u o ) , P L , C F S , N S U R , L T , R E C O ( 2 0 0 ) . L l S T ( ? * ) O , ' 4 ) , L C T , L / ,CON,KIT 

+ ,PoP 
Cll^'^ON/nf L l t ) / D F L ( 3 0 0 , 7 ) , D F A ( 3 0 0 , 7 ) , E X G ( 3 0 0 , 2 ) , T A I l ( 3 0 0 ) , E X 3 ( 3 0 0 , 2 ) , 

5 + F F K i o i ' , H ) 
C U ' i M O N / s O R r f c / I Z ( 3 0 0 ) , I M A S 3 ( 3 0 0 ) , M E T A ( 3 0 0 ) , N L I B A , N L I B T , N L I B C , N L I B I 
REAL MASS 
nif'fcfiSION H i n T ( < 4 ) , 8 T A N ( 9 ) , A C C ( 1 0 0 ) , T D U 8 E ( 8 ) , D U S E ( 2 0 0 , 8 ) 
DATA 3TAN/0,,l.U,2.,5.,5.,7.,10.,20.,30./ 

10 T U O S t m a O . O 
TOnSElt'laO.O 
no 1" Jo2,« 
IF(RAO.LE.l.U)GO TO 50 
J0T=J-1 

15 PTa(STAN(JUT)+STAN(J))/2. 
.IfcHiJ + l 
TP3(5TAN(J)+STAN(JEB))/2, 
I F T R O O . C f . P T . A N D . H A O . L T . T P J G O TO 50 

10 CUMTINUF 
20 50 L=J-1 

DO 2" lal.NsnR 
M O = L T S T d , l ) 
HT=IZ(H0) 
ARf,UaIAll(MO)*T 

25 IF(ARGU.GT.UO.)GU TO 9 
IF(fcfF(>.'0,fl).fcQ.O.) GO 10 9 
f ACTa2.WhkMi7«Qd)*RECO(I)/CFS/OILU*EXP(-AKUU)«CON8/MASS/EFKMl),b) 

+*DFL(MO,i)*FFF(MO,L) 
GO TO M 

30 9 FACTaO.O 
8 CONTINUE 

nOSt(I,l)aFACT*ACC(MT) 
20 TDOSE(11sTDU3E(l)+Dll8£(1,1) 

IF(LCT.GT.O)CALL PERDOS(HlOT,TDOSE,DOSE) 
35 100 CONTINUE 

RETURN 
END 

) 0 / 1« / 7 b 

EAT 
T EAT 

EAT 
, EAT 

EAT 
EAT 
fcAT 
EAT 
EAT 
EAT 
fcAT 

t«T 
fcAT 
fcAI 
EAT 
EAT 
fcAI 
EAT 
EAT 
fcAT 
EAT 
fcAI 
fcAT 
fcAI 
EAT 
EAT 

1) E A T 
fcAT 
EAT 
fcAT 
fcAT 
EAT 
fcAT 
fcAT 
EAT 
fcAT 
EAT 

1 5 . 1 6 . O H S 

t 
i 
It 
5 
6 
V 
b 
9 
lu 
1 1 
\i 
13 
lu 
15 
Ih 
1 1 
lb 
19 
2 0 
21 
2<L 
23 
?a 
/»5 
2h 
?i 
2h 
29 
30 
51 
3«! 
Ji 
3" 
35 
36 
37 
3b 
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SUHHOUriNfc PAFI) 7 h / 7 h OPTal E TN U.S + «1'J 1 0 / 1 M / 7 H 15.1b.U«.> PAot 

1 SUHROU.TTNE P AE P ( T YPfc , A{ C , L O N C , J J , USE , T DOSh , NN , L M ) HMO i 
C l | l ' N O N / S O H r t / 1 7 ( 3 0 0 ) , l H A S S ( 3 0 0 ) , H L T A ( 3 l M ) ) , N L I H A , N L I t U , N L l H C , N L n i t I'AED J 
COMMON Q ( 2 0 0 ) , P L » C F S , N S O R , L T , R E C O ( 2 0 0 ) , L I S T ( 2 0 0 , « ) , L C T , L Z , C O N , K I T PAFD « 

+ ,POP RAFI) 5 
5 C O H M O N / i , F L I H / | i F L ( 3 0 0 , 7 ) , r > F A ( 3 0 0 , 7 ) , E X G ( 3 0 0 , 2 ) , T A U ( 3 0 0 ) , E X 8 ( 3 0 0 , 2 ) , RAEn b 

• f E F ( 3 0 0 , b ) PAEU I 
DIMENSIOM T Y P E ( 3 ) , A C C ( 1 0 0 ) , C O N C ( 2 0 0 ) RAEI) 6 
l ) l ' "EfSION O O S E ( 2 0 0 , « ) , T D ( ) S E ( H ) RAFn 9 
no 50 KJ=1,NSUR PAFI) 10 

10 PLafclST ( K J , 1 ) PAFI) 11 
L L a L I S T ( K J , J J ) PAEO \ i. 
M U = W ( N L l PAED l i 
F A C T S C O N C ( K J ) * A C C ( M U ) / C U N * 1 1 0 0 , PAEO in 
[>U 60 J a l , 7 PAFI) 15 

15 I F ( K J . E u . l ) I D O S t ( J ) = 0 , PAED lb 
D O S E l K J , J ) a E A C T * 0 F L ( L L , J ) * U S E PAFD IV 

60 TDI ISE(J) = T l i O S t ( J ) t l ) O S E ( K J , J ) PAED lb 
50 CONIINUF PAED 19 

I E ( L H . f c Q . O . A N D . N N . E U . n C A L L P L 0 P ( D 0 S E , 6 ) RAFD 2u 
20 I F ( L H . F Q . 0 . A N D , N N . E U . 2 ) C A L L P L 0 P ( D 0 S E , 6 ) PAFO 21 

I F ( L C I . G T . O ) C A L L PERD0SCTYPE,T00SE,a03E) PAFD 2<: 
RETURN PAFD 2 i 
END PAFO 21 

a 
I 

CO 

ro 



8UHH0UTINE LENT 7 h / / 6 l l P I a l F I N ( ( .5*«1'< I ( i / 1M /7M 1 5 . 1 6 . 0 H 1 RAGE 

I SOHROUTINfc CENT(T ,CATH,D ILU,J ,CONC,AMT,HARV,N) CE^T t 
CON'ION Q ( 2 o O ) , P L , C F b , N S U R , L T , R F C O ( 2 0 0 ) , L I S T ( 2 0 0 , ' 4 ) , L C T , L Z ,CON,KIT CENT i 

• , P O P C F N I 14 

C O M M O N / s n R C E / l Z ( 3 0 P ) , I M A S 8 ( 3 0 0 ) , M E T A ( 3 0 0 ) , N L l H A , N L I B T , N L I B C , N L I H I LE.4T 5 
5 C O ^ • H O H / l ) ^ L l H / U F L ( 3 0 0 , 7 ) , D F A ( 3 0 0 , 7 ) , E X G ( 3 0 0 , ^ ) , T A U ( 3 0 0 ) , E X S ( 3 0 0 , ^ ) , CE.4T 6 

+ E F F ( 3 0 0 , H ) CENT / 
nit.'Ef'ST0H r . A T M ( 2 0 1 , D I L U ( 2 0 ) , T ( 2 0 ) , C O N C ( 2 0 : ) ) CENT b 
DO 21' " a l , J CENT 9 
DO UO KKBl ,N80R LENT lo 

10 IF ( K . E f l . l )CONC(KK)«0 .0 CENT 11 
LMaLIST(KK,1) CENT \i 
HoaIZ(LMl CENT li 
ARi;u*TAU(LH)*T(K) CtNT lU 
IF(ARGU.GT.20.)GO TU ao CfcNT 15 

15 1F(N.£'),2) CnNC(KK)«C0NC(KK)+CATH(K)*U(KK)*H£CO(KK)/CFS/DILU(K)* CENT lb 
+EXP(-ARGU)/HAHV CENT IV 
IF(N.EQ,l)CONC(KK)«CONClKR)+CATH(K)oO(KK)»RECO(KK)/CFS/DILU(K)*EXP CENT lb 

•(-ARGU)/AMT CENT 19 
40 CONTINUE CENT 20 

20 20 CONTINUE CENT 21 
RETURN CENT It 
END CENT 2i 

o 
I 
U) 
CO 
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SUBROUTINE TRTIUM 7 6 / 7 6 o p T a l FIN ' l , 5 + 'Jia l i l / | H / 7 b 1 5 . l 6 . 0 b » PAGE 1 

10 

15 

SUi'RI'UIINE T R I I U ^ ^ ( C I Y R , P , M 3 H , H 5 T ) 
COMMON Q ( 2 0 0 ) , P L f C F 3 , N S O R , L T , H F C O ( 2 0 0 ) , L I S T ( 2 O 0 , « ) , L C T , L Z ,CON,K IT 

• ,POP 
COMmiN/POPUL/PERA,PfcRT,PERC,US 
C O ' M O N / t i E L I U / u F L ( 3 0 0 , 7 ) , D E A ( 3 0 0 , 7 ) , £ x G ( 3 0 0 , 2 ) , T A U ( 3 0 0 ) , E X 3 ( 3 0 0 , 2 ) , 

• E F F ( 5 0 0 , H ) 
DATA HY()RO/2,7E + 1 9 / 
DATA CONSUM/800./ 
ARGU8TAU(1)*PL*H760. 
IF(ARGU.GT.«0.lARGUauo. 

H3CON3CIYR«l,0E+12*(l.-EXP(-AHGU))/(TAU(l)*8760,*HYDRO) 
H3haH3CON*CON3UM*DFL(l»3)/CON«U3 
H3T»H3CON«CONSUM«OFL(1»'<)/CON*U3 
RETURN 
END 

TRT lOM 

T R I T U M 
T R T I U M 

T R T l U M 
TRI lUM 
T R T I U M 
T R T I U M 

T R I l U M 
T R T I U M 

T R T I U M 
T R T I U M 
T R T I U M 
T R T I U M 
T R T I U M 

T P T I U M 

2 
3 
<4 

5 
b 

7 
6 
V 
10 

11 
Ic! 

13 
1<4 
15 
16 

o 
I 
CO 
-p. 



JSUHHIIUTINE FLOOD 7 h / / 6 OPTal FTN U .^ t ' l l ' J l i l / l b / 7 b I S . l n . O b J PAGfc 

1 SUHROUTll'E El ODD E I OOD i 
CO''MON 0 ( 2 0 0 ) , P L . C F S . N l i O R , L I , H E C O ( 2 0 0 ) , L I S T ( 2 0 0 , « ) , L C T , l . Z ,CON,KIT ELoMD 3 

• ,PUP FLOOD U 
L0M.'1i lN/P0PllL/PEHA,PtRT,PFHC,US El 000 5 

5 REAL IRRIG El ODD 6 
DIMENSION T Y P f c ( 3 ) , A ( 3 ) , B ( 3 ) , C ( 3 ) , T D O S E ( e ) FLOOD V 
DINENSUiN D ( 3 ) , V f c G ( 3 ) , L V ( 3 ) , M L K ( 3 ) , M E T ( 3 ) , A A L D ( 7 ) , A A N D ( 7 ) , T A L D ( 7 ) , ELOiU) b 

• T A M ) ( 7 ) , C A L D ( 7 ) , C A N U ( 7 ) FLOOD 9 
DlHfcNSlfiM O I L U ( 2 0 ) , T ( 2 0 ) , P R O D ( 2 0 ) , C O N C ( 2 0 0 ) ELUHD 10 

10 n U E N S I U N G U l H i ( 7 ) , B A D ( 7 ) El ODD 11 
DATA D / d O T A ' , ' L ' , ' ' / ELOOD U 
DATA T Y P E / ' I R R P , ' FOO',»D •/ FLOOD li 
DATA V F G / ' V E G E ' , ' T A T P , ' O N •/ ELOOO la 
DATA LV/'LEAF','Y Vfc','t»E '/ FLOOD 15 

15 DATA M|K/'M(LK',' ',' •/ FLOOD 16 
DATA MET/'MfcAT',' ',' •/ FLOOD IV 
DATA A/iAUUL', 'T ' , ' '/ FLOOD lb 
DATA U / d t E N ' , 'AGER', ' '/ ELUOU 1V 
DATA C / T H I L ' . ' D ',' '/ ELOOD 20 

20 10 FORMAT(tHl,35X,'• * * IRRIGATED FOOD PATHWAY * * *') ELO'UJ 21 
MO EORMATriH0,22X,'BONE llVfcR TOTAL BODY iMYRDID ELOOD 2i 

L - KlUNfcY LUNG GI-ILI') ELOOD ?i 
«1 FORMATf iHil. iq<f t ___IND1V1DUAL E UlOD 2'* 

• DOSESlMRfcM P E R YE A R I N T A K E •\ _ M FLOOD 25 
25 ^2 F o P M A T d N o , 16X, ' POPULATION DOStS(MAN.REM) FLOOD ?6 

• '1 FLOOD 2V 
<45 FliPMATdiio, 15X,'NOTE- INDIVIDUAL DOSES CALCULATED WITH OILUTIONa", ELOOD ?h 

+tPE8.2,' AND TRANSIT 1iMEa',F8.2,' HHS.') FLOOD 29 
50 F(lPMAI(2I 1 ii,hEUI.O) FLOOD 3o 

30 60 F o R M A I d H , 5Att,lP7f 15.2) FLOOD 31 
"P HO FORMAT ((<E 10.2) ELOOD Sii 
CO ea F 0 R M A T d 7 X , 1 R 5 E 1 0 . 2 ) E I O O D 3i 
"^ 85 FORMAT d M O , d N D E X FUR FOOD PATHWAY DOES NOT EXIST') FLOOD 3u 

90 FORMAT d H U , ' 1, » % ALARA DfiSFS $ » *') FLOOD 35 
35 91 FlIRMAIdHO,'* * « NEPA DOSES * * *') ELOOD 36 

96 FORMAT d H 0 , 3 A « , 5 X , 'IRRIGAlIilN RA TEs ' , 1 Rfc» . 2 , ' L/M**2/M0N ' , 5 X , ' Y IE L ELOOD 3V 
+ 113',tHfce.2, ' KG/M««2',5X,'GROWING P E R I U D B ' , fcB . 2, ' DAYS'»/,17X, FLOOD 3h 
• d O I A L 50 M U t GR0wa',Eb.2, ' KG/YR ' , 5X , ' TO^AI CROP IRwIGA T UiNs • , fcfl FLOOD 39 
• .2,/,/,l7X,' D I L U d O N HARVEST TRANSIT TIME') FLOOD UO 

«0 97 FIIPrtATdHO, ' I N D I V I D U A L C O N S U M P T I O N R A T E S AUULTai , 1PEb.2. ' I^G', EIOMD Ul 
• SX,'TEFN3',EH.2,5X,'CHlLDBi,E8.2,5X,'FOOD PROCESS TIMF"',EH.2, ' HR ELOOD Id 
••') FLOOD U3 

9H F O R M A T d H ,'POPULATION LONSUMPTION RATES ADULTS',JPE8.2,' KG', dOOO UU 
• 5x,•TfctNs',EH.2,5x,'CHILDa',E8.2,5X,'FOOD PROCESS TIMEe',E8,2,• HR ELOOD U5 

«5 •••') ELOOD Ub 
100 READ 50,N,KZ,IRRIG,YIELD,GROW,TFMG ELUilD uv 

TTIGaO.O ElOHU Ub 
lEIN.EQ.O) GO TO 200 FLOOD U9 
IF(K/.GT.0)READ 80,ACON,TCON,CCON,*C,TCCC,HOLD,HLOl ElOOD So 

So Jal ELOOD SI 
lOa READ 8n,0ILU(J),PH0U(J),T(J) FLOOD 52 

MaJ-l FLOOD Si 
IF(DILU(J),E(J.O,) GO TO 105 FLOOD 5U 
JaJ+1 FLOOD 55 

55 (50 TO lot FLOOD 56 
105 Cl^NTlNUE PLPOD ,5V 

jMaT(l) Ft-MOD i^b 



SUBROUTINE FLOOD 76/76 0PT«1 FIN U.5+«ltt 

60 

65 

70 

75 

80 

o 

CO 85 

90 

95 

100 

105 

110 

UL8DlLii( 1 ) 
D|i 107 ,I=1,M 

IF(DlLlUJ).Ll.DL) DL»UILU(J) 
107 IE(DILU(J).LT.DL) TM»T(J) 

('HINT to 
DO 106 J3 1,M 

106 TTTGsTTl';-fPROn{J) 
IF(K/.GI.0)UO TO 160 
GO TO d20,130,l«0,150)»N 

PRINT H5 
RETURN 

120 *C=190. 
TC«2'J0. 
CLe2O0. 
ACONC520. 
TCONa(,3o. 
CCONS520. 
HLDlBl/iaO. 
HOLDa^ilo. 
GO TO IbO 

130 ALB30. 
TLe2'>. 
CCBIO. 
ACONabU, 
K O N a U ? , 
CCONB26. 
HULDaSO. 
HLUla2«. 
GO TO 160 

140 ACallO. 
TCB2O0. 
CC3170. 
ACONsSlO. 
TLONSUOO. 
CCONB330. 
H0LD=«6. 
HLDlaUb, 

GO TO 160 
150 ACa9S. 

TCa59. 
CCa37. 
AL0N31lo, 
TCOWBbS. 
CC0N3«), 

HUl D = UHO. 
HLDlsUHO. 

160 CUNTINIIf 
IF(N.EU.l) PRINT b0,VEG 
IF(N.tQ.?) PRINT 60,LV 
IF(N.EQ.3) PRINT 60,MLK 
IF(N,EQ.U) PRINT 60,MET 
1F(N.GT.«) PRINT 85 
P3TFMG/(AC*PERAtTC«PERT*CC*PERC) 
TPBrTIG/(AC*PERA+TC«PERT*CC*PEBC) 
lF(P.GT.POP)PaPOP 
KITaO 
LZ>0 

10/lH/?h 

dUOl) 

ELOOD 
El OOD 
FLOOD 
El OilD 
FLOOD 
El OOO 

El OOD 
ELOOD 
ELUOD 
FLOOD 
FLOOD 
ELOOD 
FLOOD 
FLOOD 
E LOOO 
FLOOD 
FLOOD 
EL 01 ID 
FLOOD 
ELOOD 
F LOOD 
Fd-IOD 
FLiion 
FLOOD 
FLOOD 
FLOOD 
Fi onii 
ELUOD 
E LOOO 
FLOOD 
FLOOD 

ELOOD 
FLOOD 
FLOOD 
FLOOD 
FLOOD 

ELOMD 
FLOOD 
ELOiiD 
FLOOD 
FLOOD 
FLOOD 
El OOD 
FLLJiiD 
FLOOD 
FLOOD 
FLOOU 
FLOOD 
FLOOD 
FLOilD 
ELOOD 
FLOOD 
FLOOD 
ELOOD 
FLOOD 
FLOOO 

15.l6.yHi 

59 
hO 

61 
6,; 
hi 
hU 
hS 
hb 

6 1 
6b 
69 
70 
71 
li 
7i 
7U 

75 
7b 
77 
7b 
79 
Ho 
PI 
fit; 

Hi 
Fu 
65 
Hb 

HV 
Hb 
69 

90 
91 

9<! 
9i 
Ru 

95 
9b 

9^ 
Rh 
99 
100 
10 1 

l(l<r 

lOi 
lOU 
105 
lOb 
lliV 

10b 
109 

no 
11 I 

Wi 
H i 
llu 
115 

PAGE 



SUBROUTINE FLOOD 7 b / 7 6 0PT«1 FTN / | ,S»U1U 1 0 / 1 H / 7 H 1 5 . l h . n H » RAGE 

115 LALL C E N T I T , P R O D , D U O , M , C O N C , A M I , T F M G , 2 ) 
CALL EOolMTYPfc,CONC,HuLD,HLDl,ACON, IRRIG,YlELO,GROW,TFMG,T d G , T H 

+ , A C , T D O S E , A A L D , A A N D , N , ) , P , T M , D L ) 
PRINT Ul 
P R I N T U 0 

120 PRINT h O . A , ( T D 0 S E ( J ) , J = 1 , 7 ) 
CALL F n o l U T Y P f c , L O N C , H 0 L D , H L 0 1 , T C 0 N , I R H l G , Y i L L 0 , G R U w , T F H G , T T I G , T P 

• , T C , T D O S E , T A I D , T A N D , N , 2 , P , T H , D L ) 
PRINT 6 0 , H , ( T l i O S E ( , I ) , J a l , 7 ) 
CALL F O O D ( T Y P E , C O N G , H U L D , H L D 1 » C C 0 N , I H H I C , Y I E L 0 , G R U W , T F M 0 , T T I G , T P 

125 +,CC,T0OSfc,CAL0,CAND,N,3.P,TM,DL) 
PRINT ho,L,dD08E(J),JBl,7) 
PRINT «3»DL,TM 
PRINT l>? 
PRINT 91 

IJO PRINT «0 
PRINT 60,A,(AAI^D(JM),JMal,7) 
PRINT hO,H,(TAND(JM),JMal,7) 
PRINT bO,C, lCAND(JM),JMal,7) 
DO 165 JMal,7 

135 165 GOO0tJM)aAAND(JM)+TAND(JM)+CAND(JM) 
PRINT 6P,D,lGU0D(JM),JM8l,7) 
PRINT 90 
PRINT an 
PRINT 6n,A,(AALD(JM),JMS1,7) 

140 PHINT 60,B, (TALD(J*l),JMal,7) 
PRINT 60,C, (CAll)(JM),JMat ,7) 

DO 166 JM3l,7 

166 HAniJMlaAAj D(JM)+TALD(JM)+CALD(JM) 

PRINT 60,D, IHAD(JM),JM»1,7) 

145 PRINT 9^,TYPE, IRRIG,YIELD,GROW,TFMCTTIG 
a DO 170 jal,M 
ij 170 PHINT Bo,U)ILU(J),PROO(J),T(J) 
•^ PRINT 97,ACON,TCON,CCON,HLOl 

PHINT 9p,AC,TCCC,NOLO 
150 KITB30 

I F ( L C T . G T . O ) CALL PERD08(TYPE,TDOSE,OOSt) 
GO TO 100 

200 CONTINUE 
RETURN 

155 END 

CAHO NR. SEVERITY 0E7A1L3 DIAGNOSIS OF PROBLEM 

1()/1H/7H 

ELOOU 
ELOOD 

EKIOU 

FLOOD 
FLOOD 
FLOOD 
EIOOD 
FLOOD 
El OOD 

FI 01 lU 
ELOOD 
FLOOD 
FLOOD 
FLOOD 

FLOOD 
FLOOD 

FLOOD 
FLOOD 
ELOOD 
FLOOD 
ELUOD 
FLOOD 
FLOOD 
ELOOO 
FLOOD 
FLOOD 

Fl OOD 

ELOOO 
ELOOD 
ELUiiD 
EL OOD 

ELUOD 
FLOOD 

FLOOD 
FLOOD 
FLOOD 
FLOOD 
ELUOD 
FLOOD 
FLOOD 
FLOOD 

15.lh.nH» 

1 16 

nv 
lib 
119 
l?li 
1<'1 
12c; 

123 
12a 
125 
12b 
12/ 
12b 
129 
150 
1 U 
lid 
ISi 
liu 
135 
1 Sh 
liV 
13b 
139 
luo 
l " l 
lid 
lUi 
I'la 

l'i5 
1 Ub 

11/ 
I'-lb 
IU9 
150 
151 
15<: 
15i 
I5u 
155 
156 

67 I THERE 13 NO PATH TO THIS STATEMENT. 



SUBROUTINE FOOD 7 h / 7 h O P I a l F IN « . 5 f « 1 4 1 0 / 1 H / 7 H 1 5 . 1 6 . 0 8 * PAGE 

CO 
03 

10 

15 

20 

25 

30 

35 

40 

4 5 

50 

5 5 

SUIIH0UTI' 'E FOOD(TYPfc,C0NC,H0L 
• T F M G , T T 1 G , T P , C , i n i i 9 E , A L D , A N D , 

COMMON I J ( 2 ' ) 0 ) , I ' L » C P S , N S O R , L T , 
+ ,POP 

r i i M M i i M / u i i D l i i / D i r u A . o t u l . P c u r . n 

0 3 , H . i i E . 
0 3 , 1 . 5 E . 
0 3 , 1 . b E . 
0 3 , H , 0 E . 
0 2 , 3 . I E -
0 1 , 1 . 5 E . 
0 2 , 2 . 9 f c . 
0 3 , a . H k . 
« 5 , u . 4 E . 
(11,1 . 5 E . 
O 2 . e . 0 E 
0 4 , 2 . n E. 
0 1 / 

D,HLD1,CUNSIIM, I R R I G , Y r F L 
N , J J , P , T M , D L ) 
R F C l l ( 2 0 0 ) , L l S r ( 2 0 0 , 4 ) , L r 

0 0 , 7 ) , E x G ( 3 0 0 , 2 ) , I A U ( 3 0 0 

0 ) , M E T A ( 3 0 0 ) , N L I B A , M L I B I 

3 ) , T D O S E ( b ) , D O S F ( 2 0 0 , e ) , 

, 7 M L K { 1 0 0 ) 
5 o . / 

0 , G R O W , 

T , L ^ , C O N , K I T 

) , E X S ( 3 ( I 0 , 2 ) , 

, N L I B C , N L I B I 

P 0 O L ( 2 0 0 , 8 ) 

0 4 , 3 . I E 
0 3 , 4 . O F 
0 2 , 3 , I E 
' J 3 , i.Ofc 
0 2 , 6 . n f c 
0 i , ' 4 , n E 
0 3 , 2 . ' I E 
0 3 , 5 . ( t 
0 3 , 4 , 0 E 
U3 ,4 .0 f c 
0 0 , 2 . HE 
0 4 , l . U f c 

• 0 2 , 7 . 7 E . 
" 0 S , 4 . p f . 
• ' J 2 , 2 . J E -
•1)2, 1 ,3fc 
• 0 4 , 4 . b E > 
• 0 3 , 1 . 7 E -
• « 2 , a . 0 f c -
• 0 3 , ' I . H E " 
• 0 3 , ' 4 . ' J E . 
" 0 3 , 8 . I E -
• 0 2 , 2 . 0 f c . 
. o 5 , ? . o e . 

0 ^ , 1 
Or", 1 
0 3 < ? 
0 0 , 2 
0 5 . 3 
o ? , s 
0 3 , 5 
0 3 , 3 
0 3 , "4 
0 3 , 2 
0 2 . 5 
MU,2 

. h E . ( r 2 

. H E - 0 1 

. U E - i ) } 

.Ofc 0 1 

. "E-O^^ 

. i f c - 0 ' 4 

. ? f c -0 3 

. h E - 0 3 

. O E - O l 

.hE- i -H 

. 4 t - 0 2 

. O E - 0 4 

. 2 E - 0 1 , 

. H f c - o U , 

. l f c - 0 3 , 

. 2 E - l ' l , 

. 3 E - 0 1 , 

. i f c + 0 1 , 

. 0 f c - o 2 , 

. 5 k - 0 3 , 

. 6 E - 0 3 , 

. 3 E + 0 1 , 

. S f c - O l , 

. 5 E - ( 1 3 , 

5 . 5 
t . 5 E 
S.Ufc 
4 . 0 E 
1.7E 
5 . o t -
1 . 0 E + 
2 . S f c . 
2 . 5 E -
S . O t -
3.5E 
2 . S E -

, 7 . 5 
0 4 , \ . \ i i 
C 5 , 1 . 3 E . 
n i , ? . S f c . 
' ) 2 , 2 . h E . 
0 0 , 1 . S E -
Ol , 1 .OE-
0 5 , 2 . S t -
fl3,2.ht-
0 1 , 2 . S E . 
0 0 , 1 . O E -
1 4 , 2 . S f c . 

, 1 . h , 
0 ( i . S . " k - 0 1 , 
0 ^ , 2 . S E - 0 4 , 
0 4 . 1 , l i f - O l , 
OS,1.7E-04, 
0 1 . 3 . O E - O l , 
0 ? , S . 0 k - 0 3 , 
(I 3 . 2 . 0 E - o 3 , 
0 3 , 1 . ^E -O ' t , 
0 5 . i . b f c - O l , 
0 2 . 3 . l E - 0 4 , 
o y , ? . S E - 0 3 , 

0 d , 2 . 7 f c . 
0 2 , 5 . O f c -
0 3 . S . O E -
0 3 , 1 . 4 E -
0 2 , 3 . 0 E -
O h , 1 . O E -
« 3 , h . 0 F -
0 h , 5 . 0 E . 
0 h , 5 . 0 E . 
0 3 . 5 . 0 E . 
0 4 , 5 . O E -
0 4 , 5 . O E . 
0 6 / 

OS, l . ^ f c . 
0 0 , 1 . o E -
0 6 , 5 . 0 E . 
0 2 , 3 . 9 E . 
0 2 , H . J f c . 
0 ^ , 1 . I f . 
0 3 , 2 . n E . 
0 6 , 5 , 0 E -
0 6 , 5 . 0 E -
0 3 , 5 . O f c . 
0 2 , 2 . 0 E . 
0 6 , 2 . 0 E . 

0 2 , ? . ? F 
0 ' l , 2 . S E 
0 h , 1 . a £ 
0 2 , 5 . n E 
O 'J . l .OE 
02 ,5 .Ofc 
U 2 , 1 . 2 E 
0 6 , 5 . 0 t 
0 6 , 5 . 0 E 
0 3 , 5 . 0 E 
0 2 , 5 . C E 
0 6 , 5 . 0 E 

.112.2.OE-

.11?, 1 ,Hfc. 

. f i 3 . 2 . ; ' f c -
• 0 5 , 5 . Jfc-
- n S . S . o t -
• 0 2 , l . 2 f c -
. n 2 , 4 . o E -
. 0 6 , 5 . O f c . 
. 0 6 , 5 . 0 k -
• 0 3 , 3 . H E -
• 0 2 , f l . 0 f c -
• 0 6 , 5 . O f c -

0 2 , 
OP, 
0 5 , 
OU, 
0 6 , 
0 4 , 
OU, 

0 6 , 
0 6 , 
0 2 , 
0 3 , 
0 6 , 

ElUiD 
FOOD 
FOUD 
Foon 
FOOD 
FOOD 
FOOD 
FOOD 
FOOD 
EOOD 
FOOD 
FOOD 
FOOD 
f OOD 
FOOD 
FOOD 
EOOD 
FOOD 
FOOD 
FOOD 
FIX ID 
Ffjon 
F OOD 

Eoon 

FOUD 
FOOD 
FOOD 
FOOD 
FOOD 
FOUD 
EnUD 
FOOD 
FOOD 
FOOD 
FOOD 
FOOD 
FOOD 
FOOD 
FOOD 
FnoD 
FOOD 
Fill ID 
FOOD 
EOOD 
FOOD 
FOOD 
FOOD 
FOOD 
FOon 
f OOD 
FOOD 
FOOD 
F JOD 
FOOD 
FOUD 
FOOD 
FOOD 

d 

3 
4 
5 
6 
/ 
b 
9 
10 
11 

li 
lu 
15 
16 
17 
lb 
19 
20 
21 
2d 
2t> 
?u 
25 
2b 
2/ 
ib 
29 
30 
31 
Id 

3U 
35 
3b 
ii 
ib 
39 
40 
41 
Ucr 
Ui 
40 
45 
Ub 
4/ 
Ub 
U9 
SO 
Si 
5i 
Si 
5u 
S5 
56 
5/ 
l5B 

file:///./ii


SUBROUTINE FOOD 7h/76 0PT«1 FTN 4,5+414 10/1H/7H 15.lb.0H* P A G E 

60 

65 

70 

75 

80 

85 

o 
CO 90 

95 

100 

105 

110 

25 

30 

IF (JJ.E().311ERMBPERC 
IF (JJ.t o.2nERR»PERT 
Do b Jal ,8 
TDOSE(.Ma0.0 
IE (N.t'i.o)GO TO 50 
TRANSal. 
DO 10 ltl,NSOR 
MO = L I S T d , 1) 
MT = l/(Mf|) 
LL=LIS1(I,JJ) 
CNClaO.n 
AR(,OBTA||(MI|)*TM 

IF(AWGU,GI.20.) GO TO 25 
CNCla[J(I)*PfcLOd)/CFS/DL«EXP(-ARGU)*110II. 
CONTINUE 
IE (JJ.ED. 1 ) ClliJLd)aCONC(I)*nOO, 
OECA)ao.h93/lu,f2u,*TAU(MO) 
ARGIIsDEl AY*GROW 
I F ( A R G U . G 1 . 2 0 . ) ARGUa20. 
L E A F B F R A C * T R A N S / Y I £ L D * d . - E X P ( - A R G U ) ) / ( 0 f c C A Y * 3 0 . ) 
ARG1 = 1 A | i ( M I I ) * P L * H 7 6 6 . 
IF (ARUl .GT.e 'O. ) A R G l a 2 0 . 
R O O T s S O ) L ( M T ) i « d . - E X P ( - A R G l ) ) / ( T A U ( M O ) * 2 4 0 . * 7 3 0 , ) 
PL0N = LONL( I ) * IRRIG '» (LEAF* ROOT) 
P C N l r L N L l * l K R I G « ( L E A F + R O O T ) 
I F ( M i ' . T D . l ) PC' iNaLONCd) 
IF (flM.f Q. 1 ) PCMlaCNCl 
ARGUBTAn(l'tO) OHOLD 
ARGl = TAtl (MO)*HLDl 
I F ( A R G U . G T . b O . ) ARGUBbO, 
I F ( A E G l . G T . b O . ) ARGlBbU. 
I F ( N . & T . 2 ) G U TO 30 
FCNlaPCMl*E XP(-ARG1) 
FCONrPCo' *E XP(-ARGU) 
GO To UO 
I F ( N . F D . 5 ) E L O N 3 l U l * P C O N + Q 2 * r O N C ( I ) ) «7MLh(Ml ) Ê X P ( - ARnil 1 
I F ( N . t Q . 3 ) E C N l s ( Q l « P C N U i J 2 * C N r i ) * Z M I K ( M T ) * E X P ( - A R G I ) 
I F ( N . t Q . 0 ) F L O N r ( Q 3 * P C O N t Q 4 * C O N C ( I ) ) ' / M f c I ( M T ) t E X P ( - A R G U ) 
IF(N.EII.U) FCN|B(W3«PCN1+U4«CNC1)*ZMET(MT)«EXP(-ARG1) 
IF (N.EII.3.AN0.MU.EQ.1 ) 
IF(N.ED.5.AND.MO.ED,1) 
IF(N.EQ.ii.AND.MU.EQ.l) 
IF(N.ED.u.AND.MU.EQ.l) 
GO To un 

40 

FCON8(0.0 0«;8*CONC(I)/0.28)*(3B.+60.) 
FCNla(0.0028*CNC1/0.2H)*(38.+hO.) 
FCONa(0.0041*CUNC(I)/0.32)*(2H,+50.) 
FCNl«(O.OOai*CNCl/0.32)*(28,+50.) 

60 
10 

DO bO Jal ,7 
I F d . E D . l ) ALI)(J)ao. 
I F d . E u . l ) AMI(J)a0. 
l)OStd,J)3DFL(lL,J)«FCNl*C0NSUM 
FAC |aTERM*P*C 
FCTlalFRi-'*TR*C 
POOLd.J)=DFL(LL,J)*FCON*FACT/100 0. 
POL13DFL(LL,J)*FCON*FtTl*TFMG/TTIG/1000, 
ALO(J)aALD(J)+PUOL(I,J) 
AND(J)aA''D(J)+POLl 
TDOSE(J)«TD03t(J)+OOSfc(I,J) 

CONTINUE 

EIIOÎ  
FOOD 
EOOD 
FOOD 
FOOD 
FOOu 
FOiiD 
EHUD 
EUliD 
Fimi) 
EOiil) 

FOOD 
EOOD 
FOOD 
Foon 
EOOD 
EOOD 
FOllD 
FOOD 
FOUD 
EOOD 
FOOD 
FOOD 
FOOD 
FOOD 
EOOD 
EOOD 

FOOD 
EOOD 
FOOD 
FOUD 
FOOD 
FOOD 
FOOD 
FOOD 
FOliD 
FOOD 
FOOD 
EOOD 
FOOD 
FOOD 
FOOD 
FOOD 
FOOD 
FOOD 
FlinO 
FOOD 
FOOD 
FOOD 
EOOD 
FOOD 
FOOD 
FOOD 
FOOD 
F OOD 
FOOD 

FOOD 

S9 
CO 
61 
hi; 
63 
64 
hS 
bb 
h / 

bb 
69 
70 
71 
7d 
7i 
74 
75 
76 
7V 
76 
79 
HO 
HI 
He 
H> 
h4 
H5 
Hb 
HV 
Hb 
HV 
90 
91 

•id 
9i 
9U 
95 
9b 
9/ 
9b 
99 
100 
101 
10«! 

lOi 
lOU 
105 
106 
lOV 
10b 
109 
do 
111 
112 
113 
114 

115 

http://15.lb.0H*


SUBROUTINE FOOD 76/76 OPT.I FTN 4.5f4l4 lo/tM/7H 15.lb.OH* PAGE 

115 CALL P10P(P00L,6) 
IF(LCT.GT.O)CALU HER0U3(TYPE,T005E,DOSE) 

50 CONTINUE 
RETURN 
END 

4.5+414 10/tM/7H 

FOOD 
FOOD 
FOOD 
FOUD 
FOOD 

15.Ib.OH* 

116 
11/ 
lib 
119 
120 

o 
I 

o 



SUHHOUTINI RERDub 7 h / / h i l P T . l E T N U . ^ . U I U . 0 / 2 3 / 7 H U . ^ . . . 3 3 . PAGE 

1 SIIHRiillTlf-E P E R D i i S ( S P E r i t , n o i S E , D i . b E ) . , T O t u n n « t 
rilliMON 14(200) ,P I . C E b , N b O R , L T , R E C O ( 2 n u ) , L I S I ( ? 0 0 , U ) , L C T , L Z .C l iN ,K IT PERDOS i 

5 tOMn!!N/SotcE%Z^l^50ol!lMASS(300),MkTA(300),NLIBA,NLIHT,NLl8r,NLIBl PERDUS 9 
OIHENSION SPtCIE(i).TDOSfc(H),OOSE(200,H),PATH(H.J),8FTd2).A (7,8, R E R D S 0 

+^0).A2r7,b,2o),A3(7,H,^0).ISOT(7,b,?0),IMET(7,B,201,NADS(7,«1 PERD S U 

niMfcMblOil ( I l ( 7 , b . i ? 0 ) , b ^ l 7 , b , 2 0 ) , b 3 ( 7 , b , 2 0 ) r M . . , c , w 
CO,.H,1N/THANS/UIL- ^ ^ J ^ ^ ^ ^ 

, „ DIMENSION . .OS(8 ,10U,H) CHANGEl lU 

^ OATA S e T / ) H l , l H 2 , l H 3 , l H U , U i S , l H 6 , l H 7 , l H « , l H 9 , l H 0 , l H ,1HX/ , " ^ l ^mm ! i 
, 0 ElO^MATdHO, 'PATHWAY S M N BONF , „ ^ r ^ p l ^ ^ 3 ^ 

•VFR TOTAL hOCY THYROID KIDNEY LUNG PERDOS l b 

l / F o R M A T d ^ o ' J p A T H W A V BODY') Pf ^ j ' - ' ^ l<^ 

,10 H,iMATdHo!'AGt'GRODP TOTAL BoDY ^ . J ^ ^ ^ ' " ; : : ' IIZ);' 11 
l i s EORHArdHO. 'AGE GR.IUP SKiN TOTAL HODY') PFHOS ? , 

p „ 120 F I O M A K I H O , ' * * • ISOTOPE CONTRIHUTIUN • . * ' ) PEROUS ^d 
FORMMdHO; .AGE GROUP HONE I IVER . / " ^ ^ ^ ' l ! " 

.bOl.Y THYROID KIDNEY LUNG G l - L L l ' ) P R 8 2U 
I F ( L Z . G T 0 ) GO TO 5 0 ;^^ll'^l f^ 

O DO 65 J . 1 , 7 PfcRUOS ai 
^ 2S DO 66 K«1,H PERDOS 2b 
1Z Ob NAUS(J ,K )»1 u f o n r i s P9 

bS (ONTlnuE ;iZ^l i, 
DO 70 J. ,7 J, 
I'll bll K l l , H UFROOS 32 

50 D„ 90 1.1,20 ^^^^''1 li 
A l ( J , K , d . H l A K PtRDUS 33 
A 2 ( J . K , I ) = H L A K lll^'^l ] l 
A3(J,K.n.BLAK lll^l'l II 
1 S 0 T ( J , K , 1 ) . H L A K PtRD 8 5b 

35 H , ( J , K , 1 ) . H L A K l l l l f l'^ 
H 2 ( J , K , d = H L A K l l l l ' - ' l ' 
H 5 ( J , K , n a H l A K ^ ^ ^ ; ^ 3 i 
l M t I ( J , K , l ) a H L A K ^ ^ ' ^ ^ S « 

9 0 CONTINUE PtHnoS "d 
00 HO C O M T I N I I F PERDOS 43 

70 CONTIMIF ptHDuS UU 
V ) I F ( K I T . F Q . U O ) GO V< 5 0 0 ^ t R D IS u 

i E ( K I I . P Q . 5 0 ) G l . TU 3 0 0 ^^M J8 « ^ 
I F L K I I . f D . l o l G O TO 200 PtRD S 46 

us I F ( K I T . E Q . S O ) G O 1,1 iOO ^ f « U S "' 
I F ( K I T . E N . 2 0 ) GO TO 500 PtR S Uh 
i F ( K i T . f u . 7 o , GO TO 200 F^«;;;;s «;; 

P A T H ( i % , l ) = b P E C I f c ( n ^^^ ' ; [ ;S 51 
so P A T H ( L / , 2 ) = b d L I t ( 2 ) P^RD S S2 

. A T H ( L 7 , 5 ) = b P E C I E ( i ) ^ ^ " S ^^^ 
1 0 1 2 0 j . i . N s o R iiiiwi :̂̂  

" ^ ' f ' : ; ' ' ^ P R D u l 5b 
Sc, ,M , „ . = , ^ A b b ( M O ) / l l O CHANGE S 

1 (FN a ( I A S b ( " l l ) - I H U N * 1 0 0 ) / 1 0 CHANGE! 6 
I , , - , ] (= 1 !/• , M M , 1 - l H l J ' i d O O - n i - K . ) 0 CHASGEl 17 



INi 

SI lhROi lT I r . ' t PERDOS 7 h / 7 ' 5 OP I s 1 FTN 4 , S + 41U 1 0 / 2 5 / 7 H 1 5 . 2 0 . 4 5 4 PAGE 

I F ( I H U N . G T . O . A N U . l l E N . H J . O ) H E N a t o CHANGEl l b 
IF ( I H U N . E Q . O . A I I D . I l E N . t U . O ) I T F N « 11 C H A N G t l 19 

BO IF ( I H I I N . t l j . O ) IHUN I 11 CHANGEl 2 0 
IF d U N I T . E Q . O ) I I I N J T a I n CHANGEl 21 
C. l a S E I d i l U N ) CHANGEl id 
t 2 s S E T d r t ( i ) CHANGEl 2 i 
r 5 B 6 E 1 d l l N I T ) CHANGEl 2u 

fab DO 50 . I J s l . H PERDOS 57 
I ' l ' S l L / : . J , J J ) = 1 0 1 . 9 u * C E S * n o S E ( J , J J l CHANGEl ?S 
L B N A D S l l i . J J ) CHANGE 1 2b 
I F ( L . G T , 2 0 ) G O I O 50 CHANGEl 27 
IF ( T l i i l S f ( J J ) . l T . 1 . E - 1 0 ) G O T O 30 CHANGEl 2b 

70 RERBDOSE I J , J J ) / T D l i b t ( J J ) * 1 0 0 . PfcROOS 6 0 
I E ( P f R . l 1 . 1 . ) G 0 T 0 50 CHANGEl 2 9 
I T E N B l N T ( P E K / 1 0 . ) PERDOS 6 2 
I D N I T B I N T ( P f c R ) - l T k N * 1 0 PfcRDOS 6 3 
I F d T E N . E u . O l I T E N S l l PERDOS bu 

7S l F d l l N l T . E U . i l ) l U N l T B l f l PERDOS bS 
* l ( L Z , J J , L ) B S E T d T E n ) ) PERDOS bb 
A 2 ( L / , J J , L ) = S E T d ( I N l T ) PEROUS 6 7 
A 5 ( L Z , J J , L ) a S E T d 2 ) PERDOS 6b 
I S I I T I L Z , J J , L ) a I E L f c M ( M T ) PEROUS 6 9 

HO H I ( L Z . J J . D B C l CHANGEl 30 
H 2 ( L Z , J J , L ) » C 2 CHANGEl 3 1 
h 3 ( L Z , J J , L ) B r 3 CHANGEl 3 2 
I M f T ( L 7 , J J . L ) B M t T A ( M O ) CHANGEl S i 
N A f . S ( L Z , J J ) s N A D S ( l 7 , J J ) + 1 PERDOS b l 

H5 C CHANGEl 5U 
30 CONTINUE PfcRDUS 6 3 
2 0 CONTINUE PERDOS HU 

RETURN PERDOS 65 
C * * I N D I V i n U A L PERCENTAGt PERDOS Hb 

90 2 0 0 CONTINUE PERDOS HV 
2 1 0 E O R M A T ( l H 0 , 3 A 4 , « l 4 » , A 2 , l X , 4 A ! , l X , i A l ) ) PERDOS Hb 
220 FORMATdH ,12x,8C4X,A2,lX,4Al,1X,3A1)) PERDOS b9 

PRINT 120 PEROUS 90 

IFIKIT.EQ.IO) PRINT 10 PERDOS 91 

95 IF(KIT,eQ,70) PRINT IS PERDOS 92 

DO 2U0 |.al,LZ PERDUS 93 

LOw«^iADS'K, 1 ) PERDOS 9u 

I'll 2S0 JSal ,H REROUS 95 

IF(NA()S(K, JS).GT.L0w)LOWaNAnS(K,JS) PERDUS 9b 

IOO 250 CONTINUE PERDUS 97 

IF(LOw,GT.20)LOw«2o CHANGEl 35 

PRINT 210, (RATH(K,i'L),KLal . 5 ) , dSOTlK, J, 1 ),bUK, J, I ),H2(K, J, 1 ),B3( PERDOS 9b 

+K,J,l),IMkT(K,J,l),Al(K,J,l),A2(K,J,l),Ai(K,J,l),J»l,8) PERDOS 99 

DO 2bO K , l a p , l o w PERDOS 100 
\n<-, P U N T P 2 0 , ( I S O K E , J , K J ) , H 1 ( K , J , K J ) , B 2 ( K , J , K J ) , M 3 ( K , J , K J ) , l M f c T ( K , J , PERDUS 101 

+ !• J 1 , A 1 0 > , J , K J ) , A 2 ( K , J , K J ) , A 3 ( K , J , K J ) , J B 1 , H ) PEROUS l O d 
PbO ( O M T I N U E PERDUS l O i 
2 U 0 CI l l 'T lNl iE PEROOS lOU 

I F ( P O P , G f c . O , I R E TURN CHANGEl 3b 
l l o PPTNT S 9 9 CHANGEl 57 

• ,99 F I I K M A T d H l , 3 2 X , ' TAHLfc U . 1 1 - ? • / P U X , ' L ( Q U I D EFFLUENT DOSE PARAMETERS CHANGEl 5b 
• ' / / i 7 X . • A d ) , M R E h / H R HfcK U C I / M L ' / 1 6 X , ' R A D I O N U C L I D E ' , 6 X , ' T O T A L HUDY CHANGEl 5 9 
• ' . S X , ' C R l r i C A L O R G A N ' / ) CHANGEl 40 

I'M S O i J a l . M l i l i R CHANGEl 4 1 

http://lFdllNlT.EU.il


SUHRi iuTINE PERli i ib 7 6 / 7 6 i i P T a l F I N U.S + U l u 1 0 / 2 5 / 7 B 1 4 . 2 0 . 3 3 * PAGE 

1 1 5 M i = L l S T ( J , 1 ) 
MT = I / ( M ( | ) 
lO iS l a | H i b ( l , J , U ) • l i O b l 2 , J , U ) 
r i i i i S a 0 . 
Dli S l O J J a p , " 

1 2 0 DOS? « D i S d . J . J J ) + I ) i l b f 2 , J , J J ) 
IF (D I13P .GT . C l ' O b ) c m i b s | i i iS2 

S 1 0 LONl IN I IE 
P R I N T Scib, I tLEMCMT ) , I N A b S l MID , M F T A (MO) ,1)1181 , r D O S 

SOS F O K M A T d H , ) H X , A 2 , 1 U , A I , 9 X , l P E H . 2 , 9 X , E b . 2 ) 
I P S S05 L l i u T I n i l F 

P W I N T Sob 

bOb FOOHAK///////////////) 
PRINT So7,lRArH(2,KL), KLB1,3),D1LW 

507 FilPMAT (2X, 4A4, ' DILUTION IN ADDITION To THAI FIIK FI3HB',Fb.l) 
130 STOP 

C « » IRRIGATEU EOOOb AND Pol). 
520 FORMATdH ,12X,2(UX,A2,1X,UA1,1X,3A1)) 
300 CIINTINHF 

510 FllHMATdH , 12X,7(UX,A2, 1X,UA1 , IX.SAl)) 
155 5H0 EORMATCIHO,'ADULT') 

590 FiiHMAK IHO,'TEENAGER') 
59S FORMATdHO, 'LHILD' ) 

PRINT 120 
lE(Kn.ED.2") PRINT 150 

CO lUO lF(hn.E".50) PRINT 110 
IE (KIT.FD.5U)PRIN1 150 
IF (KIT.ED,UO) PRINT lis 
no 5U0 KBl.L/ 
IE (K.ED.dPRlNT 5H0 

1U5 IFIK.E0.2)PRINT 390 
IF(K.fclj.3) PRINT 39S 
I OKaNAI>S(K, I ) 
DO 550 J.SBl,7 
IE (NAI)S(K,Jb).GT.L0w)L0W«NAt)3(K, JS) 

iSo 550 CONTINUE 
IF(Li)w.GT.?0)LOwa2o 
DO 5oo KjBl.LUw 
IF(KI T.ED,30) PRINT 310,(1 SOT(K,J,KJ),b1(K,J,KJ),82(K,J,KJ),83(K,J 

+.KJ),IMFTlK,J,hJ),Al(K,J,KI),A2(K,J,Kj),A3(K,J,KJ),J.l,7) 
ISS IF(KIT.FN.20) PRINl 510,(I SOT(K,J,KJ),b1 l K,J,KJ),82(K,J,KJ),R3(K,J 

•,KJ),IHFT(K,J,KJ),AllK,J,KJ),A2(K,J,Kj),A3(K,J,KJ),jB2,e) 
IF(KIT.EN.50)PRINT 320, d S O T (K , J , K J ) , HI (K,J,KJ),H2(K,J,KJ),B3(K,J 

+ ,Kj),lMtT(K,J,KJ),Al(K,J,KJ),A2(K,J,KJ),A3(K,J,KJ),J,ll,4) 
IF(KIT.Fl).UO) PRIM) 320,dSllT(K,J,KJ),Hl(K,J,KJ),b2(K,J,KJ),H3(K,J 

16 0 +.KJ),IHFTlK,J,KJ),At(K,J,KJ),A2(K,J,Kj),A5(K,J,KJ),J«l,2) 
3hO CONTINIIF 
4U(, ( iiUTlNIIF 

RE TURN 
E N U 

^ 

10/25/7B 

CHANGE 1 
CHANGE 1 
CHANGE 1 
CHANGE I 
CHANGEl 
CHANGEl 
CHANGtl 
CHANGEl 
CHANGEl 
CHANGEl 
CHANGEl 
CHANGfcl 
CHANGtl 
CHANGEl 
CHANGE 1 
CHANGfcl 
PERDUS 
PERDOS 
PfcRDUS 
PERDUS 
REROOS 
PERDUS 
PERDOS 
PERDOS 
PERDOS 
PEROOS 
PERDOS 
PEROOS 
PtRDOS 
PERDUS 
PERDUS 
PERDUS 
PERDUS 
PfcRDUS 
PERDOS 
PERDUS 
CHANGEl 
PERDUS 

J PERDOS 
PERDOS 

J PERDOS 
PERDOS 
PFRDOS 
PERDUS 

J PERDUS 
PERDUS 
PERDUS 
PEROUS 
PEROOS 
PEROUS 

I 4.20.33* 

U2 
U3 
UU 
US 
Ub 
4 7 

Ub 
'19 
SO 
51 
52 
S4 
SU 
SS 
56 
S7 
loo 
lOV 
10b 
109 
110 
111 
1 12 

113 
liu 
115 
116 
117 
lib 
119 
120 
121 
122 
123 
124 
125 
Sb 

126 
127 
126 
1P9 
150 
151 
152 
15i 
15U 
155 
156 
157 
15b 



SUHROUTiNt PLUP 7 6 / 7 6 O P T B I E T N U.S+41U 1 0 / 1 H / 7 H 1 5 . 1 h . 0 H » PAGE 

1 SOMROUTpiE PLOP(DLlSE , N ) 
iNTEi .E l 'U LEM 
LOGK ALMF 1 A 
COMMON/siiRl t / I Z l 5 O O ) , l M A S 8 ( 3 0 i ) ) , M E T A ( 3 0 0 ) , N L I H A , N L I H T , N L I H C , N L T H I 

5 Ciii'M(iN/f LEMt^ / l E l EMdOO) 
COMMON O ( 2 ( I O ) , P L , L F S , N S U R , L T , R F C O ( 2 0 O ) , H S T ( 2 0 0 , U ) , L C T , L Z , C O N , K I T 

+ ,POP 
DlMFh'SiiiN DOSE ( 2 O 0 , H ) , C O H E A D ( 2 0 0 , « ) 

10 F O R M A T d H l , 2 0 X , ' * * * COST-HfcNEFIT ANALYSIS * * * ' ) 
10 11 F o R M A I ( | H o , ' NUCLIDE RELEASE M A N - P F M nnsF 

+ MAN-RFM PER CURIE ' ) 
12 FORMATdH , 1 3 X , ' I C l / Y R I TOTAL BODY I THYROID I TOTAL BOO 

+Y I THYROID 1 ' ) 
13 FORMATdH , I 4 , A 2 , I 4 , A 1 , ' I ' , 1 P E 8 , 2 , ' I ' , £ 8 . 2 , ' I ' , £ 8 , 2 

15 + ' I ' , E b . 2 , ' I ' , £ 8 . 2 , ' I ' ) 
14 FORMATdHO, ' T U 1 A L ' , 2 0 X , 1 P E 8 . 2 , 5 X , E 8 . 2 ) 

IF ( N . f c ' j . 6 . 0 R , N . E ( 4 . 7 ) G O TO 15 
I F ( N . E ' 4 . S ) G 0 10 20 
I F ( N . E I J . 5 ) GO TO 100 

20 IE (N. fc lJ .4) GO TU 50 
15 DO 50 Jal . i^bOR 

C O D f c A D l J , 1 ) a C O B f c A D ( J , l ) + D 0 S E ( J , N - 3 ) 
C U H E A D ( J , 2 ) = C O H t A D ( J , 2 ) + 0 U S E ( J , N - 2 ) 

30 C04TINUE 
25 RETURN 

20 DO 40 Ja l ,NbOK 
r i l H E A D ( j , l ) B C i m £ A 0 ( J , l ) + D O S F ( J , 2 ) 

0 CoHfcADf J , 2 ) i : C 0 B f c A 0 ( J , 2 ) + 0 U 3 £ ( J , 2 ) 
1 40 CONTINUE 
:^ 30 RETURN 

50 Do bO J a l , 2 0 0 
C o H f c A D ( J , l ) B 0 , 
C O H E A D ( J , 2 ) » 0 . 

60 C O N T I N U E 
35 TllHsO.O 

T 0 T a 0 . u 
RtTUFN 

loo PRINT 10 

PRINT 11 

40 PRIM 12 
DO 110 J=1,N80R 
LL=LIST(J,1) 
IKalZdl ) 
CIHsCOKfAU(J,1)/W(J) 

45 ClTarOHfcAU(J,2)/D(J) 
PRINT 1j,IK,lELEHdK),IM*SS(LL),META(LL)»0{J)»COBEAO(J,l),CUBEAD(J 
+,2),riH,ClT 
TUH3T0H+CUriEAD(J,l) 
10TaT0T+CuHEAD(J,2) 

50 110 CUNIINUE 
PRINT 14,T08,T0T 
RETURN 

END 

10/1H/7H 

PL IIP 

PL OP 
PLOP 
FLOP 
PLOP 

T PI OP 
PLOP 

PLOP 
PLOP 

- PLOP 
PLOP 

0 liNLOl 

bNLOl 
tjNLOl 
HdOl 
PLOP 
PI oP 
PLOP 
PLOP 
PLOP 
PLOP 
PLOP 
PLOP 
PLOP 
PLOP 
PLOP 

PLOP 
PLOP 
PI OP 

PI OP 
PLOP 

PLOP 
PI LIP 
PLOP 
PLOP 

PI OP 
PLOP 
PLOP 

PL IIP 
PLOP 
PLOP 
PLOP 
PLOP 
PLOP 
PLOP 

J PLOP 
PI UP 
PLOP 
PLUP 
PI UP 
PI OP 
PLOP 

PLOP 

15.lh.0H* 

d 
3 
4 
5 
6 

/ 
b 
9 
10 
1 1 
\C 
\d 
li 
14 
15 
17 
lb 
19 
20 
21 
2d 
2i 
pu 
25 
26 
2/ 
Ph 
29 
30 
31 

32 
3J 
34 

35 
36 
5/ 
3b 
39 

UO 
Ul 

42 
"3 
UU 

US 
Ub 
"1 
Ub 
«9 
50 
51 

Sd 
53 
5u 

http://15.lh.0H*


^ B N C U R E 2 L O A D M A P LOADER V E R S I O N 1 . 0 1 0 / 1 H / 7 H 1 5 . 1 7 . 4 9 PAGt 1 

PROGRAM W I L L MF ENTERED AT L A D T ' P ( 3 4 0 ) 8CM LENGTH 1 5 6 3 6 6 LCH LENGTH 0 

P L U C K 

/ E L E M E N / 

/POBllL/ 
H L K D A T 
L A H I A P 

/SURCE/ 
/DELIM/ 

RE O D F 
SOURCE 
RECON 
ALAR* 
PUT 
WHO 

^HY 
WATER 
ACTIVE 
AQUA 

/THAN3/ 
DRINK 

SHORE 
SwIM 

CRITTR 
EAT 
PAFD 

CE^ I 

TRTIUM 
FLOijD 
FOOD 
PERDOS 
PLUP 
/ECL.C./ 
/|JH,I(),/ 

IJHNIRYB 
CllMjOB 

EOF 
F E C M S K B 
F L T I N a 
FLTinjTa 
F M r A P B 

F 0 R S Y S 8 

F O R O I L B 

GfcTE d a 
INCilMa 
INPLa 
K O O E R B 

K M A K E Ra 

oUTCa 
OLITC0M3 

GUToERa 
ALOG 
EXP 
S Y S A I u a 

S Y S a l S T 

A D D R E S S 

100 
puu 
PSO 
250 

2073 
3703 

23SJ7 
250S5 
26001 
2hP45 
27245 
33161 
314007 
40525 
4 1 3 h U 
4?ii77 
4S3'4 1 

45342 
50614 
5 0 1 2 5 

5 7 4 1 3 

6Pb?6 
661 12 
713S2 
71U73 
715 5 3 
734/6 

105106 
143575 
I u 7 1 5 0 
1 4 7 1 S 5 

1 4 7 3 0 ? 
14 7 3 1 0 
IU7554 
147374 
147435 
147bll 
1S01P5 
150S17 
151275 
151313 
15t3Sb 
151655 
15P030 
152S17 
155173 
153364 
153567 
153603 
153702 
154002 
154003 

LENGTH 

1 UU 

4 

0 
1623 
16 10 

1 7hUU 
130 b 
724 
244 

1 0 0 0 

3 7 1 4 

t.2b 
451b 
637 
513 

5242 
1 

3252 
3311 
326b 
3213 
3264 

3240 
121 
UO 

1743 
7410 

40467 
3353 

23 
134 

1 
44 
20 
Ul 

IS4 
314 
372 
556 
lb 
43 

257 
173 
467 
454 
171 
203 
14 
77 

100 
1 

62 



X
 z 

D
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LAD^ TEST DE(K FOR LIGUIO EFFLUENT T/S IN FRESH WATER 

DISrMAKr,Ea2.00E + 0l CFS SOURCE TERM MULIIPLItRal,0OF+O0 

FRflHWATER SITE 
TECH SPEC NUCLIDES 

NO RECONCFNTRATION OF NUCLIDES 

« ADULT DOSE FACTORS * 

a 

C U R I E / Y E A R 

3 
J2 
5 1 
5 4 
5 5 
5 9 
5 8 
6 0 
6 5 
b9M 
Hb 
8 9 

9 0 

9 0 
91 

9 5 
9 7 
9 5 
9 " 

1 0 3 
1 Oh 
1 10M 

1 13M 
1 2 5 
1 2 b 
12U 

1 2 5 
12SM 
127M 
1 2 9 M 

I 3 1 M 

1 3 ? 
131 
1 3 5 
1 3 4 
1 5 6 
1 3 7 

1 4 0 
l u o 
1 4 1 
1 4 3 
14'4 

1 4 3 
2 3 9 

. O O t + 0 0 

. O O E + 0 0 
, o o t + o 0 
. O O E + M O 

. O o F + 0 0 

. I) 0 E + 0 0 

. 0 Ofc+ 1)0 

. o o f c + o o 

. O O E + 0 0 
l . O O E + o O 

. O O E + 0 0 

. 0 0 E + )0 
1 . O O E + 0 0 

. O O E + 0 0 

. O O E + 0 0 
, 0 0 E + 0 0 

. n o E + 0 0 

.oofc+oo 

.OOE+OO 

.OOE+OO 

. O O t + 0 0 

. i i oc + oo 

RUNE 
0 . 
1 . 9 3 E - 0 4 

0 . 
0 . 
6 , 2 0 E - 0 6 
4 . 3 4 E - S ) h 

0 . 
0 . 
4 . b 5 E - 0 6 
1 . 7 0 f c - 0 7 

0 . 
3 . 0 9 t - 0 4 

7 . 6 l f c . 0 3 
9 . 6 5 f c - 0 9 

1 . 4 1 t - 0 7 
3 , 0 4 t - O H 
1 . 6 H t - 0 9 

6 . 2 5 F - 0 9 

0 . 
I . H 5 E - 0 7 
2 . 7 S E - O h 
1 . h . ' E - 0 7 

, r i i E + o o - ( i . 
.oo fc+oo 
. O 0 E + 10 
.OOfc+OO 
.nofc+00 
. O O E + 0 0 
.OOfc+OO 
. O o f c + o o 
.OOE + 0 0 
.OOfc+OO 
. f l o f c + 0 0 
.OOfc+OO 
.OOE + 'iO 
. ( i f l E + ) 0 
. O O E + 0 0 
.dOfc+OO 

. u o E + 0 0 

.OOfc+OO 

. O O t + 0 0 

. O O E + 0 0 

. O O E + 0 0 
I . O O E + 0 0 

3 . 1 I E - 0 5 
H . u b f - 0 5 
2 . H l f c - 0 h 

2 . 2 3 E - 0 6 
2 . ' j H t - 0 h 

b . 7 H E - 0 6 
l . l S f c - o S 
I . 7 U E . 0 6 
2 . S 4 E - O S 
4 , I h f - O h 

1 . U 5 F , - 0 h 

6 , 2 2 t - 0 5 
b . 5 1 F - 0 6 

7 . 9 > . f c - o 5 
2 . 0 5 L - 0 5 
2 . 5 o f c - o 9 

9 . 3 7 f c - 0 9 
1 . 6 5 E - 0 9 
4 . 8 9 E . 0 7 
9 . 2 1 E - 0 9 
1 . 2 0 E - 0 9 

I N G E S T I O N DO 
(MRfcM/PcI 

L I V E R TOTAL BODY 
1 

1 
0 
4 
2 
I 
7 
2 
I 
4 
2 

0 
0 
0 
0 
9 

3 
3 
4 

. 0 

•0 

1 
3 
s 
t 
5 
2 
9 

2 
4 
H 

1 
S 

<? 
1 
? 

1 
? 
1 
b 

1 
2 
5 
1 

, 5 u f - 0 7 

2 1 E - 0 5 

| 5 7 E - 0 6 
, 7 O E - 0 5 
, 0 3 E - 0 5 

J 6 f - 0 7 
. 1 5 f - 0 6 
, 5 4 E - 0 5 
, 0 9 E - 0 7 

l l f - 0 5 

, 7 6 t - 0 9 

, 5 9 E - 1 0 
, U b F - 0 9 

, 3 l E - f l 6 

, ' I H f - 0 7 
, l 9 t - 0 6 
, l b E - 0 7 
, b H E - ) 6 
, 3 o E - O H 
, 4 o E * 0 H 

7 3 F - 0 7 
3 7 E - 0 6 
3 0 F - 0 6 
4 7 F - 0 7 
hut- - O b 
9 b E - O b 
U H F - O b 

4 b E - 0 4 
S 7 F - f 5 
0 9 F - 0 4 
5 S E - 0 H 
2 6 F - 0 9 

3 4 E - 0 9 
2 2 f c - 0 6 
0 4 r - 0 7 
7 0 E - 0 9 

1 8 E - 1 0 

1 . 3 4 E -
7 . 4 7fc 
2 . 6 6 t 
H . 7 3 E 
7 . 3 3 E 
3 . 9 2 E 
1 . 6 7 t 
4 . 7 2 t 
6 . 9 7 t 
3 . 7 3 E 
9 . b 4 E 
8 . H 5 E 
1 . H 6 E 
2 . 5 H k 
3 . / H E 
6 . 6 l t 
1 . 5 6 t 
1 .36 fc 
8 . 2 0 E 
7 . 9 H f c 
3 . 4 H t 

H . 8 0 E 

1 . 0 2 t -
7 . 6 0 f c -
2 . 4 l t 
l . l l t 
4 . 4 H E 
3 . 5 9 t -
b.2bE 
1 . 6 2 E -
7 . 0 h t -
l . S i t -
3 . u l t -
7 . 5 7 f c -
1 . 2 1 E -
1 . H 5 E -
7 . 1 5 E -
1 . 5 4 f c . 

3 . 5 u f c -
7 . 1 8 E " 
1 . 3 5 E . 
2 . 6 2 f c -
4 . 5 7 E . 
6 . 4 , 6 1 ^ . 

• 0 7 
>06 
• 0 9 
• 0 7 
• 0 6 
• 0 6 
• 0 6 
• 0 6 
• 0 6 
.OH 

• 0 6 
• 0 6 

• 0 3 
• 1 0 
• 0 9 
• 0 9 

•10 
• 0 9 
. 0 7 

?F F A T T / i R S 

I N T A K E ) 
I H Y R O I D K l f j N E Y LUNG 

1 . 
0 . 

1 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 

0 . 
0 . 
0 . 
0 . 
0 . 

• o H - 0 . 
• 0 7 - 0 . 
. O H -

• 0 7-
• 0 7 
• 0 6 
• Ob 
- 0 7 
• 0 ? 
• o7 
•Ob 
•0 7 
• 0 6 
• 0 6 

• 0 7 4 . 

• 0 4 - 0 . 
• o 5 - n . 
• o s - o . 
• 0 6 - 0 . 

• 1 0 - 0 . 
• l O -• 0 . 
• 1 0 - 0 . 
• U « - 0 . 
• 1 0 - 0 . 

•U," • 9 + 

3 4 E 

5 9 E 

3HE 
92E 
79E 
OPF 
07E 
7 3 E 
9 5 E 
34F 

HoE 
9 5 F 

7 7 E 

1 

•07 l . 3 4 E . 0 7 d . 3 4 E . 
0 . 0 , 

• 0 7 

• 0 9 5 . 8 7 E - 1 0 3 . 5 3 E - 0 9 
1 . 3 6 E - 0 6 0 . 

0 . 3 . 2 3 E -• 0 5 
0 . 2 . 8 6 E - 0 6 
0 . 0 . 
0 . 0 . 
1 . 0 3 E - 0 5 0 . 
2 . 4 H E - 0 7 0 . 

0 . 9 -
0 . 0 . 
0 . 0 . 
0 . 0 , 

0 . 0 . 
l , 5 u E - 0 H 0 . 

5 . 1 2 t - 1 0 0 . 
3 . 4 3 E - 0 9 0 . 
9 , 7 7 E - 0 b 0 . 

7 . 0 7 E - n 7 - 0 . 
5 . 3 2 t - 0 6 - 0 . 
2 . 9 1 E - 0 7 - 0 . 
3 . 5 O E - O 6 - 0 . 

• 0 7 - t . - 0 . 
- 0 7 - 0 . - 0 , 
- 0 9 - 0 . e . l 8 E -• 0 6 
• 0 9 - 0 . 2 . 3 3 E - 0 4 
- 0 7 l . O o t - 0 5 - 0 . 
- 0 6 2 . 7 S t - 0 S - 0 . 
• 0 6 4 . 8 0 t - 0 5 - v , . 
• 0 6 H , 5 H t - 0 6 - C . 
• 0 6 1 . 5 H E - n S - 0 . 

• 0 3 1 . 0 ? E - O S - 0 . 
• 0 4 4 . 3 3 f c - 0 h - 0 . 

4 . H 0 E - 0 5 1 . 5 9 t - 0 5 
1 . 4 - 5 E - 0 S 1 . 9 6 E -• 0 6 
3 . 7 l t - 0 S 1 . 2 3 E - 0 5 
e . h H f c - 0 9 1 . 4 6 E " 

- 0 . - 0 . 
2 . 9 4 E - 0 9 - 0 . 
5 . 3 H f c - 1 0 - f l . 
1 . 2 l f c - 0 7 - 0 . 
2 . 1 3 f c - 0 9 - 0 . 

, , , , 3 , < > b E - 1 . 0 . o . , 

• 0 8 

r , T - L I 1 
1 . 3 ' ^ ^ - 0 ^ 
P . 1 7 E - 0 5 -
6 . 6 9 k - o 7 
1 . u o E - o S 

SHORfcLUfc 
M R E M / H R ) / ( P C I / ' * * 2 

S K I N 
• 0 . 
• 0 . 

P . O O f c - 1 0 
6 . H 0 F - ( 9 

1 . o ' ' E - O S - o . 

3 . 4 ( i E - o S 
1 . 5 t E - 0 S 
4 , o 2 E - 0 S 
9 , 7 0 E - 0 6 
2 . 4 9 k - 0 5 
4 , l h f c - 0 h 

4 , O U k - 0 5 

9 . U 0 F - i i 9 
H . 2 0 F - 0 9 
P . 0 0 f - 0 8 
U . h o E - 0 9 
j . U o F - 0 9 

7 . 2 0 E - t o 
h , S 0 E - 1 3 

l , 0 ? t - O 4 « 0 . 
1 . 0 2 E - 0 4 

7 , 7 h E - 0 5 
3 . 0 5 F - I I 5 
l . O S k - o u 

2 . 1 0 f c - 0 5 
9 . 9 9 t - 0 b 

2 . 1 h f - o 5 

1 . 7 H E - 0 ' I 
6 . 0 ' i E - o S 

2 . S h f - 0 5 
6 , 3 5 t - O S 
2 .u5 fc -nS 
7 . 9 S E - 1 I 5 
1 . 9 7 E . O S 
1 . 0 7 E - 0 5 
2 . 2 7 E - 0 5 
5 . 7 9 E - 0 5 
B . U O f - O S 
7 . 7 1 E - 0 5 
1 . S 7 L - 0 6 
2 . l H E - 0 b 
2 . S 9 t - 0 6 
2 , 9 ? E - P n 
2 . H f c - 0 h 
U . l H E - O S 

9 . 2 S t - 0 5 
2 . U 2 E - 0 5 
u . 5 b E - 0 5 
1 . 6 5 E - 0 4 

2 . h o E - 1 2 
? . 7 o E - l 1 
S , H O F - 0 9 
h . 4 0 E - 0 9 
h , O O E - 0 9 
P . P O F - 0 9 
4 . 2 0 E - 0 9 
1 . H O f - 0 9 

2 . ) 0 E - f b 

? . h O E - l 2 
b . U b E - O b -
l , 0 0 E - 0 H 

1 . S O f c - O B 
3 . S 0 E - 0 9 

4 . H 0 F - 1 1 
1 . 5 0 E - 1 2 
9 , 0 O F - 1 0 
9 , 9 o F - 0 9 
2 . O O E - 0 9 
3 . ' 4 0 E - 0 9 
u . S o f - 0 9 

l . U O E - O H 
1 . hll'Uti 
4 . 9 o f c . 0 9 
2 . U 0 f c - 0 9 

1 . 7 0 f c - i ) H 
6 . 2 0 E - 1 0 
2 . 5 0 t - o 9 

3 , 7 0 f c - 1 0 
4 . o 3 t - 0 5 - 0 . 
2 . 4 0 E - 0 5 l . l O E - 0 9 

ruTAL HUDY 
0 . 

0 . 
2 . 2 o t - 1 0 
5 . H 0 t « 0 9 

0 . 
b . O O E - 0 9 
7 . 0 M E - f t 9 
1 . 7 0 t - 0 H 
U . 0 O t - ( 9 
2 . 9 O E - 0 9 

6 . 3 0 t - 1 0 

5 . 6 0 E - 1 3 

0 . 
2 . P 0 E - 1 2 

2 . 4 0 t - l 1 
5 . 0 1 1 E - 0 9 

5 . S 0 f c - 0 9 
5 . 1 0 f - i i 9 

1 , 9 0 E - 0 9 
3 . 6 1 E - 0 9 
1 . 5 0 t - o 9 
l . h O f c - o f l 

2 . 5 o t - 1 2 
• 0 . 

9 . O O E - 0 9 
1 . 5 0 t - r H 
3 . l P E - 0 9 

3 . S 0 f c - l l 
l . l o E - 1 2 
7 . 7 0 E - 1 0 
b . U O F - n P 
1 . / | ' L - J 9 
2 . B n E - 0 9 

3 . / O F - 0 9 
l . P O f c - o M 
1 . S O F - 0 6 
4 . 2 0 E - J 9 
2 . 1 0 E - 0 9 
1 . 5 0 f c - U H 
5 , 5 0 f c - 1 0 
2 . 2 o f c - 0 9 

3 .2oE- l f l 
• 0 . 

9 . 5 0 t - 1 0 



* « « lEENAGlR Dii-̂ E FACTORS * » 

NUCLinF 
IH 

27(0 
27LO 
383R 
3HS0 
J9y 
39Y 
40ZP 
41NB 
44mi 

4 M K 11 
50SN 
521F 
52TF 
52TE 
531 
531 
55CS 
55CS 
56eA 
57LA 
5HCF 
5HCE 

I 
-1̂  
CO 

3NUCIIDE 
IH 

27Cr) 
27CO 
3HbR 
3H!.,B 
JOY 
39Y 
40ZR 
41NH 
4UR0 
44R0 
SdSN 
52TF 
52TF 
52TF 
531 
531 
55CS 
55C"5 
56bA 
57LA 
56CE 
58CE 

CUP 

5 
5H 
60 
89 
9 0 
9 0 
91 
95 
95 
103 
106 
123 
12SM 
129M 
13P 
131 
133 
134 
137 
140 
140 
141 
144 

CUR 
3 

5H 
6 0 
89 
90 
90 
91 
95 
95 
103 
106 
123 
125M 
129H 
13? 
131 
133 
134 
137 
140 
140 
141 
144 

lE/YF 
1.00 
1.0 0 
1.0 0 
1 . ') 0 
I . 'I 0 
1.00 
1.0 0 
1.00 
1.00 
1.00 
1.00 
l.OO 
1.0 0 
1 .00 
1.00 
1.00 
1 .00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

AR 

E +00 

E + 00 
fc + 00 
E + 00 
E t" 0 
E + 0 0 
fc + 00 
fc + 00 
E + 00 
fc+00 
E + 0 0 
E + 0 0 
t + 00 
fc+00 
E + 00 
E + 0 0 
fc + 00 
E + 00 
fc + 00 
fc + 00 
t + 00 
£ + 00 
£ + 00 

HONE 
0 . 
0 . 
0 . 

U . 6 0 f c . 
1 . 0 ' U . 
3 . 5 i ' E -
1 . 9 6 E . 
3 . 7 P E . 
7 .2UE-
2 . 3 7 t . 
4.0(.fc-
U.3Hfc-
3.e5fc-
1 .66E-
5.5Sfc-
5.57fc^ 
2 . 0 3 E -
H.OSfc. 
1 .07E-
2 . H 3 t -
3 . 4 e E -
1 .26E-
7 . 2 2 E -

LIvfcR 
l .OhF 
9 . 9 2 E 
2 . 7 6 E 

04 0 . 
OP 0 , 
OH 0 , 

07 0 . 
Ob 1.241 
0 9 U . 3 b F 

TOTA 
• 0 7 1 . 
• 0 7 2 . 
• 0 6 6 . 

1. 
2 . 
8 . 
5 . 
8 . 

0 7 0 . 

0 6 0 . 
0 5 7 . 2 2 E 
0 6 1 . 3 7 F 

0 5 6 . 1 5 L 
0 6 2.22t 
0 6 7 . H 7 F 
0 6 3 . 4 U E 
OS 1 , 9 U E 
04 1 . 4 4 E 
05 3.48E 
09 1.72fc 
OH H,4bE 

07 2 . 9 b t 

- 0 8 
- 0 9 2 . 

1 . 
5 . 

' 0 7 1 . 

' 0 0 5 . 
• 0 6 2 . 
• 0 6 2 . 
•Ob U . 
•Ob 1 . 
•OU 9 , 

• 0 4 5 . 
•OH 1 . 
• 0 9 4 , 
• 0 9 9 . 

• 0 7 3 . 

INGE 
( 

L Hf 
OhE-
2bE 
3 0 F -
3 2 t -
5 7 E -
H7E 
2 3 E -
6 6 t 
46fc 
Ohfc 
0 5fc 
OHf 
OBfc 
6l fc 

lo t 
6 9 t 
06E 
06E 
U5fc 
H2t 
55E 
7')E 
H3fc 

^ S T I n N DOSf F A f - T l I R S SHORE! INF , , . . ,, 

(MRfcM/PCl INTAKE) ( H R E M / H R ) / ( P C I / M « * 2 ) 
•|DY THYROID KlDNfcY LUNG M - L I I SKIN TOTAL HODY 
- 0 7 1 , 0 6 E - 0 7 1 . 3 4 E - 0 7 l .Obfc-07 1 , o h E - 0 7 
- 0 6 0 . 0 . 0 . 1 . 5 ' i E - 0 5 

10 0 . 
0 9 0 , 
1)9 0 . 
0 9 0 . 
0 7 ( 1 , 
07 0 . 
06 5 . 7 b E - i ) / 
07 l . O H E - 0 6 
0 ' " ' " ' — ' 
0 
0 
0 

0 . 
0 
0 

u 
II 
0 

1 
0 
0 
0 . 

kfcCiiN 

: - 0 7 

5 . 3 1 t - 0 5 
U . 9 9 E - 0 5 

0 . P . P O F - 0 4 

3 . 7 5 E - 0 5 l . i i 9 t - 0 4 
0 . 7 . 5 3 E - 0 5 

I . j u t - u f 0 , 2 . 6 b f c - o 5 
3 . 4 3 f c - 0 9 0 . 1 . 7 H E - 0 5 
7 . 0 7 f c - 0 ? 0 , l . H S E - 0 5 
S . 3 P f c - 0 b 0 . l , H l f c - 0 4 

• 0 . 0 . 6 . 3 1 F - 0 5 
1 . 0 9 f c - 0 5 0 . l , 0 7 f - o 5 
• H o f c - 0 5 0 . 5 . H O E - 0 5 

H . 0 ' ) E - o 5 

0 . 0 . 
1 . 5 U E - 0 H 0 . 
1 /I -1 t . l iCJ A 

C H I L D D O S E F A C T O R S 

I E / Y E A R 
1 . O O E + 0 0 
1.OOfc+OO 
1 . O O E + 0 0 
1 . O O E + 0 0 
1.oofc+oo 
1.OOE +00 
1 . O O E + 0 0 
1.OOE +J0 
1 . 0 01 + 0 0 
1.OOE + OO 
1 .OOt + 00 
I.OOfc+OO 
1 . O O E + O O 
1 . O O t + 0 0 
1.OOE +00 
1 .OOE +00 
1 .Oil fc + 00 
1 . O O E + 0 0 
1.OOfc + OO 
1.OOt + 00 
1 .OOE + OO 
1,OOE + OO 
1 , O O E + 0 0 

HONE 
0. 
0. 

( ' . 
1.5Ht-
l.7?E-
4.21E-
S.bSfc. 
1.04E-
1.95fc. 
6.7HE-
1.19fc. 
1.31E-
I.IUE-
4.9SE-
1.02E-
1.63E-
5,9Hk. 
2.2UE' 
3.12t-
8.26t-
l.Olfc' 
3.76fc. 
2.14E-

0 5 

L I V E R 
2.03E 
l.bSt 
5.17E 
0. 

0 2 0 . 
OH 0 . 
07 0 , 
07 2. 'J2E-
OH H .32E ' 
07 0 , 
05 0 , 
OU ! , 6 4 E ' 
OS 3.09fc' 
05 1 .38F . 
OS U,SoE 

05 l . h 7 E ' 
06 7 , 5 H f ' 
0« 3 . 7 7 E ' 
04 3,ii2E' 
05 7 . P 5 t ' 
OH 3 . 5 2 E ' 
OH 1 ,8«E ' 
06 6 , 7 0 E ' 

IOTA 
•07 2 . 
• 0 6 5 . 

• 0 6 1 . 

3 . 
4 . 
1. 
1 

• 0 8 2 . 

• 0 9 6 . 

2 
1. 

• 0 6 3 . 
• 0 6 1 . 

. I N G E S T I O N DOSE F A C T l l R S . , , . _ RHORF I I N F , 

(HRfcM/Pci INTAKE) (MREM/HR)/(PCI/M*«2) 
iL DODY THYROID KIDNEY LUNG M-LI I SKIN TOTAL BODY RECON 
,03E-07 2.03E-07 1.34E-07 2.03E-07 2.03E-07 
,5Ht-06 0, 0. 0. l,10E-05 
,5St-05 0. 0. 0. 2.Hht-05 

•05 1 . 

0 6 2 . 
'OU 6 . 
i 0 4 4 
•08 4 . 
•09 1 , 
•08 2 . 
•07 1 . 

0 3 f c - 0 
5 H t 
5St 
9 5 f c - 0 

3 b t - 0 
13fc-0 
56E 
dOE 
l i t 
74fc 
4Hfc 
22t 
5 2 t 
6 5 t 
4Pfc 
26fc 
9 Ofc 
02 
50 

8 0 

0 

0 
0 . 
0 . 
0 . 
( I . 

1.5'4E-OH 0 . 
3 . 4 3 t - 0 9 0 . 
7 . 0 7 k - 0 7 0 . 

V- V. 5 . i 2 E - 0 6 0 . 
06 1 . 7 3 E - 0 b - 0 . 0 , 

-06 3 . 2 0 F - 0 6 1 .09fc-05 0 , 
-06 1 . 5 8 E - 0 5 4 . H 0 E - 0 5 0 . 
- 06 6 . 6 2 E - 0 6 1 . 5 8 t - 0 5 0 . 
-05 5 .43 fc .o3 1.0?fc-0S 0 . 
- 0 6 1 . 7 8 E - 0 3 U . 3 3 E - O 6 0 . 
• 0 5 0 . 4 . 8 0 E - 0 5 4 , 1 < 

0 . 
0 . 

5 0 . 
5 0 . 
9 0 . 

0 8 0 . 
08 0 . 
0 9 0 . 
0 7 0 . 
0 6 0 

: E - 0 5 0 . 
.J fc -05 0 , 
8 5 E - 0 6 0 . 
19E-09 0 . 
" - £ - 0 9 0 . 
14fc-07 0 . 

4 . 8 0 E - 0 5 4 , 1 9 E ' 
3 . 7 l t - 0 5 3 .54E ' 
8 . 6 P E - 0 9 4.32E^ 

- 0 . 0 . 
2 . 9 4 f c - 0 9 0 . 
1 . 2 1 E - 0 7 0 . 

M - L I I SKI 
2 . 0 3 E - 0 7 
1 , 1 0 E - 0 5 
2 . H h t - 0 5 
5 . l 5 t - 0 5 
P . 2 9 E - 0 4 
1 . 2 0 E - 0 4 
7 . 7 7 E - 0 5 
2 . S O t - 0 5 
1 , 4 U f c - 0 5 

1 , 7 f i f c - 0 5 
l . H 5 f c - 0 U 

6 . 5 0 t - 0 5 
1 . t 0 f c - i i 5 
5 . 9 h f c - o 5 
7 . H 9 E - 0 5 
I . u 3 i : - 0 6 
2 . 9 9 E - 0 6 

0 5 2 . 0 1 5 - 0 6 

0 5 1 . M 4 E - 0 6 
0 6 4 . 2 1 E - 0 6 

1 , O O E - 0 4 
2 . 3 b E - 0 5 
1 . 7 4 E - 0 4 

I N F A N T OOSE FACTORS 



NUCLP'f 
)> 

27(.H 
?7r.n 
3(<.S« 

ioy 
J«Y 

bnSN 
St-u 
b?H 
b?lF 
b31 
531 
bbrs 
5?CS 
5bH4 
57L4 
bPLE 
5HCE 

cue 

bH 
hO 
H<> 
90 
90 
91 
9S 
9S 

103 
106 
1^3 
l^SM 
1^9M 
132 
131 
133 
13" 
137 
lao 
lan 
t«l 

IE/re 

.I'O 

.00 

.00 

.f'O 

."0 

.oc 

.no 

.00 

.00 

.00 
,00 
.00 
,00 
.00 
.00 
.no 
.00 
.no 
.00 
.00 
.00 
.00 
.00 

Moo 
E + 00 
t + ')0 
t + 0 0 
f + 0 0 
E + oo 
^ + 00 
E + oo 
fc + OO 
t + 0 0 
f + 0 0 
E + oo 
e + oo 
e+oo 
E + oo 
E + oo 

E + o o 
E + oo 
E + oo 
e + o o 
E + oo 
E + oo 
E + oo 

MllMf 

0 . 
0 . 
0 . 
2 . 9 3fc. 

2 . b l E . 
M . 9 7 t > 
1 . 2 S E -
^ . 11 k • 
3 . » * 9 E . 
l . u i E -
d . b U E . 
2 . 7 9 E . 
2 . < i 3 e . 
l . O b t . 
2 . 1 3 E -
3 . « ^ E -
l . a b f c -
u.bHE< 
b . 5 3 E -
1 . 7 U E -
2 . 1 2 E -
B.OOE-
« . « 9 t . 

3 , o 7 E 
3 . 7 « E 
1 . 0 7E 
I ' . 

0 . 
n . 
b . 3 2 f -
1 . 7 b E 
< ' . 
0 . 
t . 3 i E 
X . I9E 
i . b l ^ 
1 . O b E 
" . 0 7 E 
l . H u t 

7 . 3 1 E 
1 . 7 b E 
H . 3 7 E 
' 4 , 9 1 t 
1 . 7 7 E 

i N G t S I l D N OIISF F A n i l k . S . 

r n T « l H( tlY I H y R O I D K I D N E Y 

.Si'l/WfcLlin. 

•07 i.i)n 
•00 V.dftt 
•Ob <».b6e 

b.UOt 

3 . 3 3 t -
•OH 3.7HE 
•OB J . 0 3 E 

t . H S E 
3 . 1 2 E 
h . « h t 
i . ^ ' i E -
1 .60E 

Ob 9 . 7 6 t -
Ob g.it^i-

b . b P E -
Ot 6 . 9 7 E 
OH U. iJOt-
07 B.99fc-
09 a . l b E 

S.7Sfc-

•Ob 
• 06 
•Ob 

- 0 5 

07 
06 0 . 
Ob 0 . 
Ob 0 . 
03 0 . 

lUNG 
i . 0 7 t - 0 7 1 .Jut . -07 3 . 0 7 E - 0 7 

09 
OH 
08 

0 . 
0 . 
0 . 

08 0 . 
07 0 . 
0 6 0 . 

0 . 
0 , 
0 . 
0 . 
0 . 
0 . 
l .bUE-OH 
J . U 3 I - - 0 9 
7 . 0 7 E - 0 / 
b . i ? t - O b 

06 « . 5 3 E - 0 6 - 0 . 

-OH 
-Ob i . « 2 t -

Ob H . O O E - O b t . O O t - O b 
05 3.95,E-ob U.80E-Ob 
06 1 . 5 b e - C b l . b 8 E - 0 b 
05 1 . 3 t E - 0 « ! 1 .0< 'e -0b 
06 « , 3 5 E - 0 3 « . 3 3 f c - 0 b 
05 0 . < i . 8 0 E - 0 b 
Ob 0 . 
Ob 0 . 
09 0 . - 0 . 
09 0 . a . 9 U t - 0 9 
07 0 . 1.2Jfc»07 

0 , 
0 . 
0 . 
0 . 
0 . 
n . 
0 . 
0 . 
0 . 
u . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
9 ,uaE-0b 1 .96E-06 

3 . 7 l E - 0 b 8 , 6 1 E - 0 b 1.H9E-06 
B.b8E-09 l , 0 7 E - 0 7 « . « 3 E - 0 6 

0 . 1.0«E-0tt 
0 . ? . 3 « £ - 0 5 
0 , l , a 5 E - 0 « 

( M ^ ( K M / H H ) / ( ^ • t I / M • « ^ ) 
r , l - l L I SKIN TOTAL HtiDY hECON 

3 . o 7 e - o 7 
9 . 7 ' n - 0 6 
?.6 '4t -0b 
5 . a 8 t - o 5 

i . ? 9 e - o « 
H . ? 7 E - o 5 
2 . 3 H E - O b 
1 . a o t - 0 5 
1 . 7 6 t - o b 
1 . 9 7 t - 0 U 
b . 9 1 E - 0 5 
l . l 7 t - o S 
6 . 3 5 E - 0 b 
tt.0(H-05 
l . ' i 3 t » n b 
3 . ? 7 E - 0 6 

TOTAL NUMBtH IN 8UUWCE TERM IS 44 TOTAL RELEASE IS «.aoO0E+Ol 

a 
I 



* * * AS L d N AS HEASHNABLY A t H I F V A B I E « • * 

A D U L T D II S E 8 

.UUSt (MHEM PEH YtAH I M A K E ) . 

PATHWAY 
FISH 
DHIMt. I K G 
SHORELINE 
TOTAL 

FISH 
O R I N K T N G 

SHORELINE 

SKIN 

8.01E+00 
8.01E+00 

USAGE {KC/YR,HH/YR) 
21.0 

730.0 
12.0 

HONF 

<i.i7E + 0U 
3.U6E+02 
b.«9£+00 
2.30E+0« 

LIV'H KlIAL .MIDY 
2.1?fc+03 l,«bL+03 
l.65F+fl 8.73t+01 
b.49F+00 b,49t+00 
2.1aE+03 1.51E+03 

DILUTION TIMfc(HK) 
1.0 
1.0 
1.0 

?«.00 

u.oo 
-0.00 

THyPIHI) KlDNtV I U^l. G I - l L l 
« . < ? 6 M 0 l 3 . 0 6 t + o 2 7 . b o t + 01 3 . b 6 t + o3 
rt.98E + 01 1.0?t-+01 l . ? i t + 01 b . 9 9 t + 01 
b . « 9 t + 0 0 6 . 4 9 t + 0 0 6 . « 9 t + 0 0 6.«9fc+00 
1 . 3 9 f + 0 2 3 . 2 3 t + 0 2 9 . 3 8 E + 0 1 3 . 7 4 E + 0 3 

SHOREwlDTH FACTOMel.O 

ISOTOPE CONTRIBUTION 

PATHWAY 

FISH 

SKIN 

DRINKING 

I 

tn 

p 
SR 
SN 

P 
SR 
SR 

32 
90 
126 

32 
89 
90 

BONE 

9bX 
IX 
IX 

2X 
3X 

e9X 

p 
7N 
PB 

cs 
cs 
cs 

p 
MN 
FE 
FE 
ZN 
HB 
TE 
I 
CS 
CS 
cs 

LIVER 

32 
65 
86 
13« 
136 
137 

S? 
bu 
bb 
59 
65 
86 
129M 
131 
134 
136 
137 

b5X 
IX 
2X 
IbX 
2X 
1?X 

2X 
IX 
6X 
2X 
5X 

sx 
IX 
IX 

36X 
6X 

27X 

TOTAL 

P 
ZN 
PH 
SH 

cs 
cs 
Cb 

SH 

cs 
CS 

32 
6b 
86 
9i) 
134 
136 
137 

90 
134 
137 

BdCY 

57X 
IX 
IX 
4X 
t9X 
2X 

1 IX 

87X 
5X 
3X 

SM 
SN 
TF 
TE 
TF 
I 
I 

I 
I 

IHYHUIU 

l^* 
126 
127M 
129M 
132 
131 
133 

131 
133 

iX 

ux 
IX 
4X 
IX 

73X 

fix 

64X 
14X 

ZN 
TE 
TE 
TE 
Tt 
CS 
Ch 
CS 

/N 
Mil 
PU 
C\) 
TE 
TF 
TF 
Tt 
Tt 
I 
I 
r& 
cs 
CS 

M O N E Y 

65 
12SM 

1?7M 
129M 

132 
134 
136 
15/ 

65 
99 

106 
n 3 M 
IPSM 
1,'7M 
129M 
151H 

1S2 
151 
153 
134 
136 
137 

7X 
IX 
4X 
7X 
IX 

3bX 
10X 
2ttX 

4X 
iX 
2X 
IX 
tx 

IIX 
19X 
2X 
bX 
3X 
U 

19X 
bX 

14X 

LUNG 

Ft bb bX 
CS 134 49X 
CS 136 5X 
CS 137 38X 

GI-LLI 

FE bb lox 
88 125 77X 
C3 134 bX 
CS 137 4X 

P 
KB 

32 
9b 

SN 123 
SN 126 

P 
Ft 
CO 
SH 
SH 
Y 
Y 
7H 
ZR 
•w8 

32 
b9 
60 
89 
90 
90 
91 
9b 
97 
95 

66X 
19X 
6X 
2X 

HU 103 
Hi) 106 
AU 1lOM 
CD 113" 
SN 123 
SN 1?6 
SB 124 
SB 125 
It 127M 
Tt 1 2 9 M 

IX 
IX 
2X 
2X 
5X 
bX 
4X 
IX 
3X 
IX 
IX 

lox 
3X 
IX 
3X 
IX 
4X 
IX 

tx 
3X 

SHORELINE MN 
CO 
AG 
SN 
S>N 
SB 
CS 
CS 

54 
60 
llOM 

123 
126 
125 
134 
137 

IX 
27X 
4X 
6X 

3IX 
2X 
8X 
12X 

"N 
rti 
AG 
SN 
SH 
CS 
CS 

b4 
60 

llOM 

1?6 
l?b 
134 
137 

IX 
28X 
4X 

34X 
3X 
9X 
13X 



TABLE 4.11-2 

LIUUIO EFFLUfNT OUSE PAHAMElEHS 

RADIONULLIDE 
A ( 1 ) , H H E M / H R PEH n C I / M L 

T O t A t miDY C R I T I F A L ilfJGAN 

O 
I 
tn 

H 
P 
CR 
MN 
FE 
FE 
CO 
CO 
ZN 
ZN 
RH 
SR 
SH 
Y 
Y 
ZR 
ZR 
NH 
MO 
RU 
RU 
AG 
CD 
SN 
SN 
SH 
SB 
TE 
It 
TE 
TE 
TE 
1 
I 
CS 
CS 

cs 
BA 
LA 
CE 
CE 
CE 
PH 
NP 

3 
32 
bl 
54 
bb 
59 
58 
60 

65 
69M 
86 
89 
90 
90 
91 
95 
97 
95 
99 
103 
1 06 
llOM 
1 13M 
125 
126 
124 
125 
125M 
127M 
129M 
131M 

132 
131 
133 
134 
136 
137 
140 
140 
141 
143 
144 
145 
219 

1.14F+01 
l,7lt+06 
1.46F+00 
9.07t+0? 
2.i6t+fl3 
1.2St+o3 
3.Jbt+02 
9.b8t+02 
3.39t+04 
b.bbE+01 
4.62t+04 
1.36t+03 
2.8<Jfc+05 
3.0HE-0? 
b.37t-0l 
b.99t-0l 
8.U0E-03 
9.b9t+01 
7.b5f+1)1 
8.47E+00 
3.73E+01 
7.80t +00 
b.74t+01 
b.5ot+03 
1.7bE+04 
9.4bE+01 
3.64E+01 
3.7OF+02 
«.bSt+o2 
1.8bF+03 
4.i3F+02 
1.3<'E + 03 
3.'54t + 02 
b.ubt+ol 
b.K9tt(|t, 

8.b5E+04 

3.U8E+05 
1.2lt+02 

3.59E-02 
6.0Ht-02 
8.93F.-03 
2.24t+00 
b.31E-02 
5.79E-0J 

1 
4 

5 
6 
2 

.t4F+01 
,41t+07 
,»-8F+n2 
,4bF+04 
,04t+04 
,OHF+no 

,04t+03 
,16F+(r3 
,49F+04 
,70E+04 
,91F+04 
,75F+n4 
,18f+06 
,?2fc+04 
lOF+04 

7bE+03 
6bt+03 
U8F+06 
19F+02 
29F. + n3 
,91f+04 
3bt+03 
,4«F+04 
58f +0b 
,lbF+05 
.77E+03 
,00f+04 
.12f+04 
,8bF+04 
, 9 1 F + 0 4 
,15f+04 
,5bF+04 

.2nF+05 
,u3F+04 
,?1F+0b 
r-»t+05 
31F+05 
77F+03 
93F+03 
,05E+03 
02E+03 
,4IE+04 

56E+03 
15E+03 
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Setpoint Calculations 

ADDENDUM 

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 radioactive liquid effluent line monitor 

and flow measurement device must satisfy the following equation: 

^ < C F+f -^ 

where: 

C = the effluent concentration limit (Specification 3.11.1) implementing 10 CFR 20 for 
the site, in yCi/ml 

c = 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 line 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 ^ 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 line in the ODCM: 

PF 

f £ - ^ (in ml/sec; for example). 

cf F <̂  p— (in ml/sec; for example). 

CF c 1 :p- (in yCi/ml; for example). 

Some plants may be operated using a fixed value for one or more of these three variables, 

c, f or F. 

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: 

AA-1 



f " ml/sec (fixed) 

F > ml/sec = cf/C 

c = xF pCi/ml <_ CF/f 

I f C = 3xl0"8 yCi/ml, f = 4000 jnl/sec and F > 4x10^ ml/sec, the radiation monitor setpoint 

is calculated as fol lows: 

c < CF/f 

^ ^ ^ W ^ = 7.5X10-12F pCi/ml. 

I f F is measured at some value in excess of the l imi t ing value (the l imi t ing value 

is 4x10^ ml/sec in this example), then c may be established proportionately. I f 

F = 8x10^ ml/sec, the alarm setpoint i s : 

c = 7.5xlO"i2F (yCi/ml per ml/sec)(ml/sec) 

= 7.5xl0' i2(8xl06) = 6xl0"5 pCi/ml. 

In this case, the alarm setpoint for the radioactive l iqu id eff luent l ine monitor can be 

established at 6x10"^ uCi/ml, provided that an automatic isolat ion/control t r i p action occurs 

to sat isfy the condit ion: 

c/F < 7x5x1O'l2 pCi/ml per ml/sec. 

Example 2 

By using a constant capacity d i lu t ion pump (on the d i lu t ion stream prior to a mixing 

box), the value of (F) is f i xed ; therefore, the setpoints to be given in the ODCM are: 

f < _ _ ^ ml/sec = CF/c 

F = _ ^ ml/sec (fixed) 

c = _x ( l / f )uC i /m l <_CF/f 

I f C = 3xl0"8 nCi/ml, F = 4x10^ ml/sec and f < 4000 ml/sec, the radiation monitor setpoint 

is calculated as fol lows: 

c 1 CF/f 

= ( 3 x l 0 : i ^ ) M x l 0 ! l , 0 ^ 2 ( l / f ) uCi/ml. 

If f is measured at some value less than the limiting value (the limiting value is 4000 ml/sec 

in this example), then c may be established proportionately. If f = 1000 ml/sec, the alarm 

setpoint is: 

c " 0.12(l/f)(uCi/sec)(sec/ml) 

= ?n?m= 1.2x10"'* uCi/ml. 
Tum 
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In this case, the alarm setpoint for the radioactive liquid effluent line monitor can be 

established at 1.2x10"'* pCi/ml, provided that an automatic isolation/control trip action 

occurs to satisfy the condition: 

cf > 0.12 pCi/sec. 

Value of c 

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 




