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Duane Arnold

1.0 SUMMARY 

In compliance with Appendix I to 10 CFR 50 a cost-benefit analysis 

has been performed on the liquid and gaseous radwaste systems at the 

Duane Arnold Energy Center. The analysis of the liquid systems is con

tained in Section 2; that for the gas systems in Section 3.  

For the liquid systems it has been shown that: 

1) The Base Case equipment (that originally installed) results in 

releases which meet all of the requirements of Paragraph II A of Appendix I.  

2) Not only are there no additional augments of reasonably demonstrated 

technology which could be added to the system with a favorable cost-benefit 

ratio, but there are some components already installed which are not cost

beneficial.  

3) A truly cost-beneficial configuration fails to provide releases 

low enough to permit meeting all of the requirements of Paragraph II A 

of Appendix I.  

4) The Compliance Case (see Figure 2-3), which represents the 

configuration now being used at the plant, meets all the requirements 

of Paragraph II A of Appendix I.  

Similarly for the gaseous system it has been shown that: 

1) The Base Case equipment (that presently installed) results in 

releases which meet all of the requirements of Paragraphs II B & C of 

Appendix I. This Base Case is used to demonstrate compliance with 

Appendix I.  

2) Not only are there no additional augments of reasonably demonstrated 

technology which could be added to the system with a favorable cost-benefit.  

ratio, but there are some components already installed which are not cost

beneficial.  

3) A-truly cost-beneficial configuration fails but just barely 

to provide releases low enough to permit meeting all of the requirements 

of Paragraphs II B & C of Appendix I.

May, 1976



Duane Arnold May, 1976 
1.0 page two 

Since it has been demonstrated that for both the liquid and gaseous 

radwaste systems of DAEC: 

1) the individual dose requirements of Appendix I are met; 

2) there are no additional augments of reasonably demonstrated 

technology which could be added to the systems to provide 

additional population dose reductions at costs less than 

$1,000/man-rem; 

therefore the design of the radwaste systems at Duane Arnold meets the 

As Low As Reasonably Achievable (ALARA) requirements of Appendix I to 

10 CFR Part 50.
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measure and until establishment and adoption of better values 

(or other appropriate criteria), the values $1000 per total body 

man-rem and $1000 per man-thyroid-rem (or such lesser values as 

may be demonstrated to be suitable in a particular case) shall be 

used in this cost-benefit analysis." 

This Section 2.0 and the subsequent Section 3.0 are provided 

to show whether Duane Arnold does indeed meet the requirements of Para

graphs II A, B, and C of Appendix I as well as those of Paragraph IL D, 

that is, to show that there are no augments of (reasonably demonstrated 

technology) which can be added to the system and result in a favorable 

cost-benefit ratio.  

In carrying out the calculations described herein use has been 

made, to the greatest extent possible, of the Regulatory Guides which 

the NRC Staff has issued to provide guidance in the implementation of 

Appendix I. Except where specifically noted the equations, methods, 

and suggested parameters of these guides have been used throughout.  

Specifically the Regulatory Guides which were used in the development 

of this section (and Section 3.0) are: 

1.109 Calculation of Annual Average Doses to Man 

from Routine Releases of Reactor Effluents 

for the Purpose of Implementing Appendix I 

Issue Date: March, 1976 

1.CC Calculation of Releases of Radioactive Materials 

in Liquid and Gaseous Effluents from BWR 

Issue Date: Reissued as Reg Guide 1.112 in April, 1976 

1.110. Cost-Benefit Analysis for Radwaste Systems for 

Light-Water-Cooled Nuclear Power Reactors 

Issue Date: March, 1976 

1.111 Methods of Estimating Atmospheric Transport 

and Dispersion of Gaseous Effluents in Routine 

Releases from Light Water Reactors 

Issue Date: March, 1976.
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2..0 LIQUID RADWASTE SYSTEMS 

2.1 Introduction 

On April 30, 1975 the Nuclear Regulatory Commission issued its 

Final Opinion in the matter of the Rule Making Hearings (r14-50-2) on 

"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." This 

opinion provides in part that: 

"The Applicant shall provide reasonable assurance that the 

following design objectives will be met.  

IIA. "The calculated annual total quantity of all radioactive material 

above background to be released from each light-water-cooled 

nuclear power reactor to unrestricted areas will not result in an 

estimated annual dose or dose commitment from liquid effluents for 

any individual in an unrestricted area from all pathways of exposure 

in excess of 3 millirems to the total body or 10 millirems to any 

organ.  

B.. "The calculated annual total quantity of all radioactive material 

above background to be released from each light-water-cooled nuclear 

power reactor to the atmosphere will not result in an estimated annual 

.air dose from gaseous effluents at any location near ground level 

which could be occupied by individuals in unrestricted areas in excess 

of. 10 millirads for gamma radiation or 20 millirads for beta radiation.  

2. "Notwithstanding the guidance of paragraph B: 

(a) The Commission may specify, as guidance on design bbjectives, 

a lower quantity of radioactive material above background to be 

released to the atmosphere if it appears that the use of the 

1 

Here and elsewhere in the Appendix background means radioactive materials 
in the environment and in the effluents from light-water-cooled power 

reactors not generated in, or attributable to, the reactors of which 

specific account is required in determining design objectives.

May, 1976
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design objectives in paragraph B.1 is likely to result in an 

estimated annual external dose from gaseous effluents to any 

individual in an unrestricted area in excess of 5 millirems to 

the total body; and 

(b) "Design objectives based upon a higher quantity of radioactive 

material above background to be released to the atmosphere than 

the quantity specified in paragraph B.1 will be deemed to meet 

the requirements for keeping levels of radioactive material in 

gaseous effluents as low as practicable if the applicant provides 

reasonable assurance that the proposed higher quantity will not 

result in an estimated annual external dose from gaseous effluents 

to any individual in unrestricted areas in excess of 5 millirems 

to the total body or 15 millirems to the skin.  

C. "The calculated annual total quantity of all radioactive iodine and 

radioactive material in particulate form above background to be 

released from each light-water-cooled nuclear power reactor in 

effluents to the atmosphere will not result in an estimated annual 

dose or dose commitment from such radioactive iodine and radioactive 

material in particulate form for any individual in an unrestricted 

area from all pathways of exposure in excess of 15 millirems to any 

organ.  

D. "In addition to the provisions of paragraphs A, B, and C above, the 

applicant shall include in the radwaste system all items of reasonably 

demonstrated technology that, when added to the system sequentially 

and in order of diminishing cost-benefit return, can for a faVorable 

cost-benefit ratio effect reductions in dose to the population rea

sonably expected to be within 50 miles of the reactor. As an interim
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2.2 Description of Base Case Equipment 

The waste systems which have been used at Duane Arnold have 

been described in some detail in the Safety Analysis Report and in the 

Final Environmental Statement. For an orderly presentation of this 

discussion, however, a brief and simplified description of the waste 

treatment systems which have been used for handling the liquid wastes 

from Duane Arnold is included herein.  

Liquid wastes from any BWR come from a variety of sources which 

have a considerable disparity in chemical and radio-chemical composition 

and concentration. Normally these wastes are collected and treated 

separately. The liquid wastes fall into the following categories: 

1) High Purity 
2) Low Purity 
3) Chemical 
4) Detergent.  

High-puxrity wastes generally have low solids content, low 

cohductivity' and. variable radioactivity. They come from equipment 

drain sumps and from the backwash and resin transfer water used to change 

out the condensate demineralizers. Liquid wastes collected 

in the turbine building equipment drains may sometimes be included with 

the high-purity waste stream; more frequently they are returned directly 

to the main condenser hotwell. Reuse of processed high-purity waste is 

highly desirable.  

Low-purity wastes have moderate conductivity and solids content.  

They come from.building floor sumps and are generally high-purity wastes 

which have become contaminated by dirt, grease, etc. When processed 

this stream may or may not be reused depending on the water balance 

in the plant and the quality of the product.  

The chemical wastes, which come from 

laboratory drains, contain higher solids, and relatively higher radio

activity, should be segregated from the other waste streams, although 

they have sometimes been combined with the low-purity wastes For treat

ment. If treated separately it is likely that the product would be 

discarded rather than reused.
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Detergent wastes come from the laundry (if provided) and from 

personnel and equipment decontamination. They are very low in radio

activity content and the detergent content makes their processing 

difficult.  

The liquid radwaste system installed at Duane Arnold is shown in a 

very simplified schematic way in Figure 2-1. The High Purity (low 

conductivity) waste is collected in a 10,000-gal Waste Collection Tank.  

This waste receives one stage of mixed bed ion exchange and it is 

reused to the greatest extent possible, normally more than 99%.  

The Low Purity (high conductivity) waste is collected in another 

10,000-gal Collection Tank. This waste is also purified by one stage of 

ion exchange. It too is reused to the greatest extent possible.  

The chemical waste is collected in a 4000-gal tank and has been 

evaporated in a 2-gpm evaporator. The evaporator has been giving trouble 

so as one of the alternates (see Section 2.3) the effect of treating 

this waste by ion exchange is shown.  

There is no on-site laundry.
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2.3 Description of Alternative Systems Considered 

In order to carry out the sequential cost-benefit analysis 

required by paragraph II D of Appendix I, it is necessary to consider 

additions (or subtractions) to the Base Case systems. The liquid 

treatment alternates which were considered in this study are listed 

in Table. 2-1.
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2.4 Source Terms 

The liquid emission source terms for the 

Base Case, and for all of the alternatives considered were calculated 

using the BWR-GALE code and the parameters outlined in Reg Guide 1.CC.  

The detailed inputs for each of these cases and the resulting source 

term. outputs are described in this section.  

2.4.1 Basic Inputs to GALE Code 

There are certain fundamental input terms which describe the subject 

reactor, which are common to all cases, and which are specific to the 

particular reactor. These common input terms for Duane Arnold are 

given in Table 2-2.  

2.4.2 'Base Case Input Terms and Resulting Releases 

The input terms required to describe the Base Case liquid radwaste 

treatments (outlined in Section 2.2) are shown in Table 2-3. The resulting 

liquid releases by isotope are shown in Table 2-4.  

2.4.3, Inputs of Alternative Cases and Resulting Releases 

Similarly the input terms required to describe each alternate 

case are shown in Table 2-5. For the alternates the resulting source 

terms represent the differences between the Base Case release and the 

release of the alternate. Thus in the case of an additional augment,, 

the difference will be positive, representing a reduction in release. In 

the case of the elimination of an augment, the difference will be negative, 

representing an increase in release. These differences for the alternate 

cases described in Table 2-1 are shown in Table 2-6.
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2.4.4 Inputs for Cost-Beneficial Case 

The indicated cost-beneficial equipment for the various waste systems 

is shown in Paragraph 2.9.2. Since the cost-beneficial case involves the 

removal of some equipment pieces which were included in the base case, it 

is necessary to run the individual doses for the cost-beneficial case 

to determine whether or not the cost-beneficial case is able to meet the 

requirements of Paragraph II A of Appendix I. The cost-beneficial case is 

shown on Figure 2-2. The GALE inputs for this cost-beneficial case are 

shown in Table 2-7 and the resulting liquid releases are shown in Table 2-8.  

2.4.5 Compliance Case 

As indicated in Section 2.9.3 it was necessary to set up a Compliance 

Case which is intermediate between the Base Case and .the Cost-Beneficial Case.  

The GALE inputs for this case are shown in Table 2-9 and the resulting liquid 

releases in Table 2-10. This Compliance Case represents the configuration 

which is actually being used at Duane Arnold today. The calculations were 

made as though the chemical waste were a separate stream. It actually is 

combined with the Low Purity Waste for treatment.
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2.5 Environmental Inputs 

In order to convert the releases described in Section 2-4 into either 

individual or population doses it is necessary to develop a considerable 

amount of information which describes the pathways at and near the site 

by which radioactivity released in liquid effluents might make its way back 

to individuals. In this section there are described the parameters which 

were used in making dose calculations to individuals and to populations.  

Extensive use has been made of the paramieters outlined in Reg Guide 1.109, 

but these have been supplemented, particularly in the case of population 

doses, with site specific information. In the calculation of population 

doses considerable reliance has been placed on the selection of clearly 

conservative assumptions.  

2.5.1 Characteristics of Individuals and Populations 

In the calculation of doses to individuals and 
populations exposed 

to liquid discharges from Duane Arnold, the usage 
factors given in Reg 

Guide 1.109 have been assumed. These usage factor values are given in 

Table 2-11.
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2.5.2 Mixing Ratios 

For all calculations, the mixing ratios used to determine concentrations 

of isotopes at the point of exposure have been conservatively estimated.  

For calculations of doses to individuals, the mixing ratio was assumed 

to be 0.2 (at edge of initial mixing zone) for all pathways except 

potable water, for which a mixing ratio of 0.1 was used.  

For all population dose pathways the 4000 gpm cooling tower blowdown 

was assumed to be fully mixed with the average flow of the Cedar River 

(3065 cfs) giving a mixing ratio of 0.003.  

2.5.3 Water Use 

The major downstream water use of the Cedar River is at the City 

of Cedar Rapids Smiles from the site. The City does not, except under 

most unusual circumstances, take river water directly for domestic use.  

The Cedar Rapids water supply comes from shallow wells near the river.  

It-was assumed that one half the recharge water for these wells comes from 

the river. No credit was taken for removal of radionuclides by the soil 

between the river and the well. Neither was credit taken for removal of 

radioactivity by the water treatment plant. Thus the resulting calculated 

population dose is quite conservative. The total 1980 population at risk 

was taken as 150,000, something in excess of the City's population, to allow 

for other minor uses along the banks of the river and for the export 

outside the City of soft drinks from a bottling plant in Cedar Rapids.  

2.5.4 Recreation 

The very conservative assumption was made that twice the population 

of Cedar Rapids, 200,000 people, spent RG 1.109 hours along, on, and in the 

Cedar River.
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2.5.5 Aquatic Foods 

The Cedar River is not productive of Aquatic foods. There are no 

shellfish to speak of and only about 7,500 lb/year (3,500 kg/year) of 

fish are taken.  

2.5.6 Other Pathways 

No other pathways which would be likely to produce 10% of the dose 

calculated by those pathways described above were identified for the 

liquid discharges for Duane Arnold.
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2.6 Individual Doses 

Individual doses for the various Cases described in Section 2.4 are 

discussed in this Section.  

2.6.1 With Base Case 

The liquid releases described in Paragraph 2.4.2 were combined 

with the parameters outlined in Paragraph 2.5.1 and the individual doses 

were calculated using the methods outlined in RG 1.109. These results are 

summarized in Table 2-12. It can be seen that these meet the requirements 

of Paragraph II A of Appendix 1.  

2.6.2 With Cost-Beneficial Case 

The liquid releases described in Paragraph 2.4.4 were treated in a 

similar manner and the results are summarized in Table 2-13. It can be 

seen that the doses which result from the Cost-Beneficial Base Case liquid 

releases do not meet the requirements of Paragraph II A of Appendix I.  

2.6.3 With Compliance Case 

The liquid releases described in Paragraph 2.4.5 were also treated in a 

similar manner and the results are summarized in Table 2-14. It can be seen 

that the doses which result from the Compliance Case liquid releases meet all 

the requirements of Paragraph II A of Appendix I.
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2.7 Population Doses 

Five liquid pathways have been evaluated in determining population 

doses from liquid discharges. They are: 

a) consumption of potable water 

b) consumption of fresh water fish; 

c) exposure from shoreline residues; 

d) swimming; 

e) boating.  

The second of these isi dependent not on population but rather on the 

fish catches outlined in Paragraph 2.5.5. The first.and the last three are 

dependent on water use and recreational pressure as outlined in Paragraphs 

2.5.3 & 2.5.4. Population doses have been evaluated for the Base Case 

described in Section 2.2 and the change in population dose for each 
of 

the.alternatives described in Section 2.3 have also been calculated.  

2.7.1 Base Case 

The population doses resulting from the liquid releases from the 
Base 

Case described in Section 2.2 and Paragraph 2.4.2 are shown in Table 2-15.  

It is clear from the very small total shown in that table that the Base 
Case 

treatments have undoubtedly already gone beyond the point of cost-effective

ness. This point will be examined in more detail in section 2.9.  

2.7.2 Change in Population Doses for Alternates Considered 

Although there appears to be an almost a priori case that the liquid 

augments already added to Duane Arnold have gone beyond the point of cost 

effectiveness, to prove the point conclusively and to respond fully to the 

requirements of Paragraph II D of Appendix I requires that a 
series of 

augments (or subments) be hypothetically applied to the Base Case 
and a 

cost-benefit analysis be performed on these changes. To this end the
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alternates described in Section 2.3 were developed, the changes in the 

liquid releases were determined (see Paragraph 2.4.3), and the changes in 

population dose resulting therefrom were calculated. The results of these 

calculations are shown in Table 2-16.  

2.7.3 Compliance Case 

The population doses resulting from the liquid releases from the 

Compliance Case (See Paragraphs 2.4.5 and 2.9.3) are shown in Table 2-17.
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2.8 Cost Changes Associated with Alternates 

2.8.1 Methodology 

For each of the alternate cases listed in Table 2-1 estimates have 

been made of the capital and operating costs associated with the described 

change. The capital costs have been annualized 
and added to the annual 

operating costs to arrive at a total annual cost. For additional augments 

the resulting costs are additional costs to be compared to the savings 
in 

environmental cost which result from population dose reductions. For the 

instances in which an equipment sequence is removed (either actually or 

hypothetically), the resulting costs are cost savings to 
be compared to 

increases in environmental cost which result from 
environmental dose increases.  

In either case the test is whether or not the quotient of 

annual cost in dollars 

annual. change in dose in man-rem 

in greater than $1000.  

To the greatest extent possible the cost estimates used herein are based 

on Regulatory Guide 1.110. Only where necessary (and where indicated) 

have other sources of cost data and other methods of cost estimating been 

used.  

2.8.2 Cost of Alternates 

The resulting cost increases (or savings) for the alternate cases 

listed in Table 2-1 are shown in Table 2-18. A detailed backup for these 

values is given in Appendix A. This appendix also includes the backup for 

gaseous alternates (see paragraph 3.8.2).
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2.9 Cost-Benefit Ratios 

By combining the costs associated with the various alternates considered 

(given in Section 2.8) with the changes in population doses (given in 

Section 2.7) one obtains the cost per man-rem change in dose for each.  

2.9.1 Alternate Cases 

The cost-benefit ratios for the alternate cases listed in Table 2-1 

are shown in Table 2-19. It can be seen that there is no additional augment 

which is justified by cost-benefit and, indeed, some of the equipment pieces 

which have been included in the design are not cost-beneficial.  

'2.9.2 Indicated Cost-Beneficial Configuration 

Base solely on the criterion of cost-benefit the 
liquid radwaste 

systems for Duane Arnold should have been those indicated in Table 2-20..  

This cost beneficial system is shown schematically on Figure 2-2.. Cost

beneficiality is a necessary condition for selection of radwaste 
equipment, 

but lack of same is .not a sufficient condition for 
the removal of equipment.  

It must also be shown that, were the non-beneficial equipment removed, the 

resulting individual doses would still meet the requirements of Paragraph 11 A 

of Appendix I. To make this determination a new set of GALE inputs and 

resulting liquid releases were prepared (See Paragraph 2.4.4).  

2.9.3 Compliance Case 

As indicated in Paragraph 2.6.2 the Cost-Beneficial Case 
fails to meet 

the requirements of Paragraph II A of Appendix I. Therefore the configuration 

outlined in Figure 2-3 was established as the case by which compliance 
with 

Appendix I is shown. This configuration also happens to be that which 
is 

prevently in use at Duane Arnold.
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2.10 Appendix I Compliance 

For the Compliance Case equipment, discussed in sections 2.4.5 and 

Figure 2-3 it has been shown herein that: 

1) the individual dose requirements of Paragraph II A of Appendix I 

are met; 

2) there are no additional augments of reasonably demonstrated 

technology which could be added to the systems to provide 

additional population dose reductions at costs less than 

$1,000/man-rem.  

.Therefore, the design of the liquid radwaste system at Duane Arnold 

meets the As Low As Reasonably Achievable (ALARA) requirements of 

Appendix:-I to 10 CFR Part 50.
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3.0 Gaseous Radwaste Systems 

3.1 Introduction 

The requirements of Appendix I to 10 CFR Part 50 were outlined in 

Section 2.1; likewise the Regulatory Guides which were used to make the 

necessary calculations were described. These comments, which were directed 

toward the liquid radwaste systems, apply equally to the gaseous systems.  

3.2 Description of Base Case Equipment 

The waste systems used at Duane Arnold have been described in some 

detail in the Safety Analysis Report and in the Final Environmental Statement.  

For an orderly presentation of this discussion, however, a brief and simplified 

description of the base case waste treatment systems used for handling the 

gaseous wastes from Duane Arnold is included herein.  

The major gaseous waste stream from BWR as they were originally designed, 

as Duane Arnold was, is the exhaust froim the steam jet air ejector which 

removes non-condensibles from the condenser. It was this stream, which 

discharged up to 0.1 curie/sec of noble gas activity, which led to the 

pressure to reduce emissions from light water reactors and resulted in the 

promulgation by the then AEC of proposed changes to 10 CFR Part 50 (Appendix I) 

the effect of which is to limit total body doses from LWR to individuals in 

unrestricted areas to about 5 mremn/year. All BWR today are being designed 

to provide considerably further treatment for this air ejector off-gas.  

At Duane Arnold the air ejector off gas is now put through a catalytic 

recombiner (to convert the contained hydrogen to water), condenser, drier, 

and then through massive beds of charcoal which serve to hold up.the noble 

gases, krypton and xenon, for periods of from hours to days allowing all of 

the shorter lived noble gases to decay prior to release to the atmosphere.  

This also effectively removes the iodine isotopes from this stream.  

In addition to releases of radioactivity from the condenser off gas 

all MWR can be expected to experience small releases from the following 

sources:

May, 1976
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1) with the discharge from the turbinet gland seal system, 

2) from leaks of steam or water into the reactor building 

ventilation system, 

3) from leaks of liquid and particularly of steam into the 

turbine building ventilation system, 

4) from leakage into the radwaste building ventilation system, and 

5) with the discharge of the mechanical vacuum pump system which 

is used for the removal of non-condensibles from the main 

condenser during startups before steam is available with which 

to operate the steam jet air ejector.  

The systems used for handling gaseous waste at Duane Arnold are shown 

schematically in Figure 3-1. This system is the Base Case used for this 

cost-benefit analysis.  

3.3 Description of Alternative Systems Considered 

In order to carry out the sequential cost-benefit analysis required 

by paragraph II D of Appendix I, it is necessary to consider additions 

(or subtractions) to the Base Case systems. The gaseous treatment alternates 

which were considered in this study are listed in Table 3-1.  

3.4 Source Terms 

The gaseous emission source terms for the Base Case and for all of the 

alternatives considered were calculated using the BWR -GALE code and the 

parameters outlined in Reg Guide 1.CC. The detailed inputs for each of these 

cases and theresulting source term outputs are described in this section.  

3.4.1 Basic Inputs to GALE Code 

There are certain fundamental input terms which describe the subject 

reactor and which are common to all cases and which are specific to the 

particular reactor. These common input terms for Duane 'Arnold were given 

in Table 2.2 for liquid releases and are also used for gaseous releases.
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3.4.2 Base Case Input Terms and Resulting Releases 

The input terms required to describe the Base Case gaseous radwaste 

treatments (outlined in paragraph 3.2) are shown in Table 3-2. The resulting 

gaseous releases by isotope for the Base Case are shown in Table 3-3. Note 

that there are two gaseous release points and that it is necessary to 

specify the release terms for each.  

3.4.3 Inputs of Alternative Cases and Resulting Releases 

Similarly the input terms required to describe each alternate case are 

shown in Table 3-4. For the alternates the resulting source terms represent 

the differences between the Base Case release and the release of the alternate.  

Thus in the case of additional augments, the difference will be positive, 

representing a reduction in release. In the case of the elimination of an 

augment, the difference will be negative, representing an increase in release.  

These differences for the alternate cases described in Table 3-1 are shown 

in Table 3-5.  

3.4.4 Inputs for Cost-Beneficial Base 

The indicated cost-beneficial equipment for the various waste systems 

is shown in Paragraph 3.9.2. Since the cost-beneficial case would involve 

the removal of some equipment pieces which were included in the base 

case, it is necessary to run the individual doses for the cost-beneficial 

case to determine whether it meets the requirements of Paragraphs II B & C 

of Appendix I. The cost-beneficial case is shown schematically on Figure 3-2.  

The GALE inputs for this cost-beneficial case are shown in Table 3-6 and 

the resulting gaseous releases are shown in Table 3-7.
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3.5 Environmental Inputs 

In order to convert the releases described in Section 3.4 into 

either individual or population doses it is necessary to develop a 

considerable amount of information which describes the pathways at and 

near the site by which radioactivity released in gaseous effluents might 

make its way back to individuals. In this section there are described the 

parameters which were used in making dose calculations to individuals and 

to populations. Extensive use has been made of the parameters outlined in 

Reg Guide 1.109, but these have been supplemented, particularly in the case 

of population doses, with site specific information. In the calculation 

of population doses considerable reliance has been placed on the selection 

of clearly conservative assumptions.  

3.5.1 Characteristics of Maximum Individual 

In the calculation of doses to individuals maximumly exposed to the 

gaseous discharges from Duane Arnold the usage factors given in Table A-2 

of Re- Guide 1.109 have been assumed. Doses to individuals have been 

calculated at three points: 

a) Residence 1610 meters NNW 

b) Residence 2650 meters WNW (real cow) 

c) Residence 3000 meters NE (real cow) 

3.5.2 Atmospheric Dispersion 

One of the most important factors governing potential doses to 

individuals and to populations from the release of gaseous radionuclides 

from nuclear reactors is the atmospheric dispersion available at the site.
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The meteorology of the site has been studied in detail as discussed in 

Chapter 2 of the Environmental Report. These ietecorological data have 

been evaluated using the techniques outlined in Regulatory Guide 1.111.  

The resulting values of dispersion (X/Q in sec/m3 ), depleted dispersion 

m3 
2 

(X/Q' in sec/m ), and specific deposition (d in /i ) are shown in 

Table 3-8 for releases from the stack and in Table 3-9 for releases from the 

building. It is necessary to treat these two release sources 

separately since the former is elevated release whereas the latter is 

essentially a ground release. In both cases data are given for the 

grazing season .as well as the annual averages.  

As explained in Paragraph 3.5.4 the agricultural yields of the two 

counties nearest the site were used to characterize the entire 50-mile 

area. Since the assumption was made that these crops were grown evenly 

over the entire area, it was then possible to areal-average the 

meteorological parameters and arrive at a single set of values which 

characterizes the entire 7854 square miles within 50 miles of the site.  

The determination of this set of values is shown on Table 3-10.
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3.5.3 Population Data 

Current and future population data have been discussed previously 

in the Environmental Report (See Section 2). However, to have the data 

used available for review in this section there are presented in Table 3-11 

two sets of population data. They are data provided by the Applicant for 

the years 1980 and 2010. The data are in each case given by sector and 

distance.  

In making the population doses discussed herein the following age 

distribution was assumed: 

Adult 66% 

Teen 14% 

Children 20%.  

3.5.4 Agricultural Products 

The area within 50 miles of Duane Arnold produces a large amount of a 

variety of foods. Crop data given in the Environmental Report for Linn & 

Benton Counties were used to determine yields per square mile. These same 

yields were then ascribed to the entire 7854 square miles within 50 miles 

of the site. Milk production was obtained from the number of dairy cattle 

for the entire area. Vegetables and fruits were classified as follows: 

a) Leafy Grown in open, exterior surface eater 

b) Exposed Grown in open, exterior surface not eaten 

c) Root Grown under the surface.  

The crop data obtained are summarized in Table 3-12,. This table 

also includes for convenience all of the other
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input parameters used in making the population dose calculations. These 

are: 

a) crop yield kg/m 2 

b) deposition modifier 

c) food preparation modifier 

d) time between harvest and consumption 

e) meteorological dispersion factors.  

The deposition and food preparation modifiers are not included in Reg 

Guide 1.109. They were obtained from the HERMES report* and are believed 

by the Applicant to be appropriate for use.  

Note that the population dose calculations have been based on crops, 

not on population. In every instance the crop yield is sufficient to 

feed many more people than actually live in the 50-mile area. Technically 

in making the cost-benefit analysis pursuant to Paragraph II D of 

Appendix I, it is necessary only to consider the dose to actual inhabitants 

of the 50-mile area. The Applicant believes, however, that the project 

should account for the entire population dose produced within the fifty 

miles, whether or not the food consumption takes place within that area.  

Therefore the population doses from the food paths are considerably 

overstated, at least in a technical Appendix I sense.  

3.5.5 Other Pathways 

No other pathways which might increase the calculated population 

doses by as much as 10% were found.  

*HEDL-TME-71-168, HERMES--Digital Computer Code for Estimating Regional 
Radiological Effects from the Nuclear Power Industry, J E Fletcher, et 
atl, December 1971.
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3.6 Individual Doses 

Individual doses for the various Cases described in Section 3.4 are 

discussed in this Section.  

3.6.1 With Base Case 

The gaseous releases described in Paragraph 3.4.2 were combined with 

the parameters outlined.in Paragraph 3.5.1 and the individual doses were 

calculated using the methods of Reg Guide 1.109. The results of those 

calculations are summarized in Table 3-13. It can be seen that the Base 

Case gaseous releases meet all of the requirements of Paragraphs II B & C 

of Appendix I.  

3.6.2 With Cost-Beneficial Case 

The gaseous releases described in Paragraph 3.4.4 were treated in a 

similar manner and the results are sumarized in Table 3-14. It can be 

seen that the doses which result from the case meet the requirements 

of Paragraphs II B and C of Appendix I although the infant doses via 

milk push the limit closely. This implies that all of the non-cost be

neficial equipment already included in Duane Arnold could be dispensed 

with. However, the equipment is already in place and it has been decided 

to continue using it notwithstanding its non-essentiality. Therefore, 

to demonstrate compliance with Appendix I the Base Case is used.
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3.7 Population Doses 

Three major food pathways: 

a) fruits & vegetables 

b) milk 

c) meat 

and three population-oriented pathways: 

a) noble gas immension 

b) ground plane deposition 

c) inhalation 

have been evaluated in determing population doses from gaseous discharges.  

The first three depend on the crop production described in Paragraph 3.5.4, 

the last three on the populations described in Paragraph 3.5.3. Population 

doses have been calculated for the Base Case described in Section 3.2 and 

the changes in population dose for each of the alternatives described in 

Section 3.3 have also been calculated.  

3.7.1 Base Case 

The population doses resulting from the gaseous releases from the 

Base Case described in Section 3.2 and Paragraph 3.4.2 are shown in Table 

3-45. - It appears from the total' shown in that table-that the Base Case 

treatments may have already passed the point of cost-effectiveness.  

This point will be examined in more detail in section 3.9.  

3.7.2 Change in Population Doses for Alternates Considered 

Although there appears to be a reasonable chance that the gaseous 

augments already included in Duane Arnold may have passed the point of cost 

effectiveness, to prove the point conclusively and to respond fully to the 

requirements of Paragraph II D of Appendix I requires that a series of 

augments (or subments) be hypothetically applied to the Base Case and a



Duane Arnold lay, 1976 

page ten 

cosL-benefit analysis be performed on these changes. To thC s and the 

alternates described in Section 3.3 were developed, the changt-es in the 

gaseous releases were determined (see Paragraph 3.4.3), and the changes in 

population dose resulting therefrom were calculated. The results of these 

calculations are shown in Table 3-16,
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3.8 Cost Changes Associated with Alternates 

3.8.1 Methodology 

For each of the alternate cases listed in Table 3-1 estimates have 

been made of the capital and operating costs associated with the described 

change. The capital costs have been annualized and added to the annual 

operating costs to arrive at a total annual cost. For additional augments 

the resulting costs are additional costs to be compared to the savings in 

environmental cost which result from population dose reductions. For the 

instances in which an equipment sequence is removed (either actually or 

hypothetically), the resulting costs are cost savings to be compared to 

increases in environmental cost which result from environmental dose increases.  

In either case the test is whether or not the quotient of 

annual cost in dollars 
annual change in dose in man-rem 

is greater than $1000.  

To the greatest extent possible the cost estimates used herein are 

based on Regulatory Guide 1.3.10. Only where necessary (and where indicated) 

have other sources of cost data and other methods of cost estimating been 

used.  

3.8.2 Cost of Alternates 

The resulting cost increases (or savings) for the alternate cases listed 

in Table 3-1 are shown in Table 3-17. A detailed backup for these values 

is given in Appendix A.
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3.9 Cost Benefit Ratios 

By cobining the costs associated with the various alternates 

considni-ed (given in Section 3.8) with the changes in population doses 

(given in Section 3.7) one obtains the cost per man-rem change in dose 

for each.  

3.9.1 Alternate Cases 

The cost-benefit ratios for the alternate cases listed in Table 3-1 

are shown in Table 3-18. The values given are based on the population 

values. It can be seen that there is no additional augment which is justified 

by cost-benefit and, indeed, there are two augments which have been included 

in the design which are not cost-beneficial.  

3.9.2 Indicated Cost-Beneficial Configuration 

Based solely on the criterion of cost-benefit the gaseous radwaste 

systems for Duane Arnold should be those shown in Table 3-19. As in

dicated earlier even though this system is cost-beneficial, and it does 

just meet the individual dose requirements, it has been decided to use 

the Base Case for demonstrating compliance with Appendix I.
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3.10 Appendix I Compliance 

For the Base Case equipment, discussed in sections 3.2 and 3.9 and 

shown schematically on Figure 3-1 it has been shown herein that: 

1) the individual dose requirements of Paragraphs II B & C are met; 

2) there are no additional augments of reasonably demonstrated 

technology which could be added to the systems to provide 

additional population dose reductions at costs less than 

$1,000/man-rem.  

Therefore the design of the gaseous radwaste system at Duane Arnold meets 

the As Low As Reasonably Achievable (ALARA) requirements of Appendix I to 

10 CFR Part 50.
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Liquid Waste Treatment Schematic-Compliance Case
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Table 2-1 

Liquid Treatment Alternates

Run Designationa Waste System 
Affected

Description of Alternate

Alternates to Base Case

High Purity 

Low Purity 

Chemical Waste 
"f of

Add Cation Bed 
Discard without treatment 

Add Cation Bed 
Discard without treatment 

Remove Evaporator (discard w/o treatment) 
Use mixed bed ion ex vice evaporator

a Corresponds to identifying number on GALE code inputs 
and outputs as well as on LIP inputs and outputs.

A-2 
A-3 

B-2 
B-3 

C-1 
C-2

May, 1976
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Table 2-2 

GALE Input Terms CommonIto All Cases 

Entry 
Item

33-60 DUANE ARNOLD

73-80 

73-80 

73-80 

73-80 

73-80 

73-80 

73-80 

73-80 

73-80 

73-80 

73-80

7.147

0.289 

0.07 

0 

1.0 

4

7.147 

9.64E-03 

0.029 

0.5

Reactor Name

Iaximum Thermal Power 

Steam Flow 

Mass Reactor Water 

Cleanup Flow 

Cond Demin Regeneration Time 

Fraction Feedwater to Demin 

Effective Dilution Flow 

Gland Seal Steam Flow 

Mass Steam in Reactor 

Gland Seal Holdup Time 

Holdup Time before AOG

mwt 

106 lb/hour 

106 lb 

106 lb/hour 

days 

3 
.10 gpm 

3 

10 lb/hour 

106 lb 

hr 

hr

Card 
No.

Spaces
Units

1 

2 

3 

4 

5 

6 

7 

8 

21 

22 

23 

24

May, 1976
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Table 2-3 

GALE Input Terms for Base CA-is-Liguids

Card 
No. Spaces Entry Item Units

9 18-41 
42-49 
57-61 

10 21-28 
34-41 
47-54 

11 29-33 
48-53 

72-77 

12 18-41 
42-49 
57-61 

13 21-28 
34-41 
47-54 

j4 29-33 
48-53 
72-77 

15 18-41 
42-49 
57-61 

16 21-28 
34-41 
47-54 

17 29-33 
48-53 
72-77 

18 73-80 

19 21-28 
34-41 
47-54 

20 29-33 
48-53 
72-77 

36 73-80

HIGH PURITY WASTE 

2.49E+041 
0.14 .  

IE+02 
1E+01 
1E+02 

0.16 
0.03 
0.01 

LOW PURITY ASTE 
5700 
0.13

IE+02 
2E 00' 
1E+02

0.7 
0.03 
0.1 

CHEMICAL WASTE 

0.02 

1E+03 
1E+04 
IE+04 

.2.7 
0.6 

1 

0 J

i 1 
1f 

0 

0

Waste Stream 
Volume 
Fraction PCA 

I dP 
Cs dF 
Other dF 

Collection Time 
Process Time 
Fraction Discharged 

Waste Stream 
Volume 
Fraction PCA 

I dF 
Cs dF 
Other dF 

Collection Time 
Process Time 
Fraction Discharged 

Waste Stream 
Volume 
Fraction PCA 

1 dF 
Cs dF 
Other dF 

Collection Time 
Process Time 
Fraction Discharged 

volume

I dF 
Cs dF 
Other dF 

Collection Time 
Process Time 
Fraction Discharged 

No On-site Laundry

gal/day

days 
days 

gal/day

days 
days 

gal/day

days 
days

gal/day

days 
days

May, 1976

)
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TARLE 2-L 

LIQUIO RELEASES -- BASE CASE 
(CURI2S/YEA-)

ISOTOPE 

H----3 
[NA--24 
P---32 
CR--51 
r-N--54 
N N- -5;5 
FE--55 
FE--59 
CO--58 
cO--60 
NI--65 
CU--64 
ZN--65 
7 N-69M 
7N--69 

BRE'--83 

pB--39 
RB- -89 0 
S R--89 1 SR--90 
SR--91 
SR--92 
Y--91M 
Y---91 
Y---92 
Y---93 
ZF--95 
NB--95 
N8--98 
00--99 
T C -99 M 
TC-10 1 
TC-104

ISOTOPE RELEASERELEASE 

2.0 0E+01 
1 .50E-02 
4.70E-04 
1 .20E-02 
1.402-04 
2.90E-02 
2.40E-03 
7 .20E-05 
4.80E-04 
9.60E-04 
I .70E-04 
4.8 0E-02.  
4.80E-04 
3 . 30E-03 
3.10E-03 
1.90E-03 
3 .60E-04 
1.30E-03 
2.40E-04 
1.40E-05 
5.70E-03 
6.1.0;-03 
3.30c-03 
1.20E-04 
9.20c-03 
5.90E-03 
1.70P-05 
i .70E-05 
6.10--04 
L.40E-03 
2.40 E-02 
7.70E-04 
1.40E-03

RU-133 
RU-105 
RH1 03M 
RH105M 
RH-105 
TE129M 
TE-129 
TE131M 
TE-131 
TE-132 
I--131 
I--132 
I--133 
!--134 
I--135 
CS-134 
CS-136 
CS-137 
CS-138 
9AI37M 
R A-139 
BA-140 
BA-141 
LIA-142 
LA-140 
LA-141 
LA-142 
CE-141 
CE-143 
PR-143 
W--187 
NP-2 39 
CTHERS

4.80E-05 
1 .8307-03 
4.50E-05 
1.80CE-03 
2.70E-04 
9 .60E-05 
5 .50E-05 
2.002-04 
3 .60E-05 
2.26S-05 
1 .30C-02 
1.80E-02 
4.10E-02 
1 .30E-02 
2.70E-02 
2.70E-03 
1.70E-3 
6.30E-03 
1.50E-02 
5 .902-03 
3.300-03 
9. 50E04 
1.805~3 -04 
2.202-05 3I j 10 E0 3 

9 .90E-04 

1 .90E-03 
7.60E-05 
6.10E-05 
9.60E-05 
5.80E-04 
1 .50E-02 
6.70E-05
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Table 2-5 

GALE Input Terms for Alternate

Run 
Designation

A-2 

A-3

B-2 

B-3

C- I 

C-2

Card Changes Required 

Card No. Lines Entry
Purpose

Add cation bed ahead of mixed bed 
on 

high purity waste 

Discard high purity waste w/o treatment 

Add cation bed ahead of mixed bed 
on 

low purity waste 

Discard low purity waste w/o treatment 

Remove evaporator from chemical waste 

Treat chemical waste through mixed 
bed

10 

10 

11 

13 

13 

14

16 

16

21-28 
34-41 
47-54 

21-28 
34-41 

47-54 
72-77 

21-28 
34-41 
47-54 

21-28 
34-41 
47-54 
72-77 

21-28 
34-41 
47-54 

21-28 
34-41 
47-54

1E+02 
1E+02 
I+03

1 
1 

1 

1 I 

1 
1 

1E+02 
2E 00 
1E+02
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REDUCTIONS IN LIQUI)RELE73ES FPGM ALTERINATE TREATMENTS 
(CURI[ES/YEAR)

ISOTOPE 

4--24 
.P---32 
C---51 
MN--54 
MN--56 
FE--55 
FE--59 
CO--58 
CO--60 
NI--63 
NI--65 
CU--64 
ZN--65 
ZN,4 -69M 
ZN -- 69 
BR--83 
BR -- 8 4 
R9--89 
SR--89 
SR--90 
SR--91 
SR--92 
Y---90 
Y--91M 
Y---91 
Y---92 
Y---93 
ZR--95 
ZR--97 
NB-95M 
NB--95 
NR-97M 
N.I--97 
N--98 
MO--99 
TC -9 9M 
TC-101 
TC-104 
RU-103 
RU-105

CASE A-2 

3. 02E-03 
7.88E-05 
1.92E-03 
2. 33E-05 
8.60E-03 
3.97E-04 
1. 19E-05 
7.94E-05 
1.59E-04 
0.  
5. 13E-05 
9.81E-03 
7.95E-05 
6.6tE-04 
5.49E-04 
0.  
0.  
1.95E-04 
4.01E-05 
2.33E-05 
1.22P-03 
1.78E-03 
0.  
6. 35E- 04 
i.72E-05 
2.14E-03 
1.24E-03 
2 . 73E-06 
0.  
0.  
2.78E-06 
0.  
0.  
2. L07E-04 
7.64E-04 
5.50E-03 
2.66E-04 
4.94x-04 
7.93E-09 
4.71E-04

CASE A-3 

-3.35E+01 
-8.76S-01 
-2.20E+01 
-2. 65E~01 
-9.55E+01 
-4.41E+00 
-1.32E-01 
-8.82E-01 
-1.77E+00 
-4.42E-03 
-5.70E-01 
-1.09E+02 
-8.83E-01 
-7.34E+00 
-6.10E+00 
-6.26E+00 
-1.41E+00 
-2. 17E-01 
-4.44E-01 
-2.65E-02 
-1.36E+01 
-1.98E+01 
-7.45-04 
-7. 06E+00 
-1.91E-O1 
-2. 38E+01 
-1.38E+0 i 
-3.09E-02 
-1.90F-02 
-1.24E-05 
-3.09P-02 
-1.82E-02 
-1.43E-02 
-2.30 E+00 
-8.49E+00 
-6.11E+01 
-2.96E+ 00 
-5.49 +E00 
-8.81E-02 
-5.23E4+00

CASE A-2 A:O CATION 6ED AHEAD OF MIXED 3:0 ON HIGH PURITY WASTE 
CASE A-3 OISCARD HIGH PURITY WASTE WITHOUT TREATMENT 
CASE R-2 A:D CATION 3ED AHEAO OF MIXED 3:0 ON LOW PURITY WASTE 

NOTF -- N4EGATIVE VALUES REPRESENT INCREASE0 REL2ASES

0
CASE 0-2 

4.37E-03 
1.66E-04 
4.18E-03 
5.07E 05 
6.42E-03 
8.44E---04 
2.52E-05 
1.68'E-04 
3.37E-04 
0.  
3.82E-05 
i.51E-02 
1.68E-04 
i.04E-03 
1.07E-03 
0.  
0.  
5.17E-04 
8.52:-05 
8.29E-06 
1.74E-03 
1.36E-03 
0.  
1.06E-03 
4.30E-05 
2.58E-03 
1. 79 E-03 
9.64E-06 
0.  
0.  
9.66E-06 
0.  
0.  
1.05E-04 
1. 52E-0 3 
6.99E-03 
1.30E-04 
2.40 E-04 
1.672-05 
4.71E-04

JU I'c .- N U LU
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TAOLE 2-6 PAGE 2 OF 4

R!E)UCTIONS IN LIOUIO RELEASES FROM ALTERNATE TPEATMENTS 
(CURIES/YEAR)

ISOTOPE 

RU-106 
RH103M 
RH105.M 
RH-105 
RH - 10 6 
AG 110 a 
AG-1it 
TE i29M 
TE-129 
TE 131.4 
TE-131 
TE-132 
I--131 
I--132 
I--133 
I--134 
I--135 
CS-134 
CS-136 
CS-137 
CS-138 
PA 13 7M 
PA -139 
BA-140 
BA-141 
BA -142 
LA-140 
LA -1411 
LA-142 
CE-ti .  
CE-143 
CE -144 
PR-143 
PR-144 
NO-147 
W--1,37 
N P -239 

TOTAL

CASE A-2 

0.  
6.35E-0f 
4.73E-04 
2.75E-05 
0.  
a.  
a.  
1.58E-05 
7.59E-06 
3.64E-05 
6.31E-06 
3. 84E-06 
0.  
a..  
0.  
0.  
0.  
1.19:-04 
7.87E-05 
2.73E-04 
2.29E-03 
2. 6JE-04 
9.81E-04 
1. 57E-0+ 
6. 17E-05 
1.282-05 
7.00E-06 
1.61E-014 
6.28E-04 
1.23E-05 
1.109-05 
0.  
1.58E-05 
0.  
0.  
1.07E-04 
2.65E-03 

4.892-02

CASE A-3 

-1.32E-02 
-7.062-02 
-5. 25E+00 
-3.05E-01 
-1.32E-02 
-4.41E-03 
-5.74E-04 
-1.76E-01 
-8.43E-02 
-4.05E-01 
-7.01E-02 
-4.27E-02 
-2.34E+01 
-6.015E+01 
-8.55E+01 
-4.30E+01 
-6.92E+01 
-1.32E-01 
-8.73E-02 
-3.09E-01 
-2.54E+00 
-2.89E-01 
-1.09E+01 
-1.75E+00 
-6.86E-01 
-8.61E-02 
-7.78E-02 
-1.79E+00 
-6.98E+DG 
-1.37E-01 
-1.22E-01 
-1.32E-02 
-1.76E-01 
-1.32E-02 
-1..31E-02 
-1.19E+00 
-2.95E+01 

-8.05e+02

CASE A-2 490 CATIOti 3ED AHEAD OF MIXED 0ED 
CASE 4-3 DISCARD HIGH PURITY WASTE WITHOUT 
CASE 8-2 A00 CATION rED AHEAD OF MIXEO 3E0

ONI HIGH PURITY WASTE 
TR EAT M E NT 
ON LOW PURITY WASTE

NOTE -- OEGATIVE VALUES .?EPRESENT INCiEASEo RELEASES

CASE P-2 

0.  
1.'67E-05 
4.72:-04 
1. 11E-04 
0.  
0.  
0.  
3.35E-05 
2.14E-05 
6.70E-05 
1.21E-05 
7.71E-06 
0.  
0.  
a.  
0.  
0.  
1.33E-03 
8.97E-04 
3.22E-03 
6.09E-03 
3.01E-03 
5.562-04 
3. 30E-04 
3.00Ec-05 
3.76E-06 
4.732-05 
1.41E-04 
3.69E-04 

2.68E-05 
2.05E-05 
0.  
3.35E-05 
0.  
0.  
1.90E-04 
5.22E-03 

7.55E-02



*Jug~': '~-:NuLJ

T!RLE 2-6 PAGE 3 OF 4

?D.:UCTIONS IN LIOUID RELEASES FRCM ALTERNATE TnEATMENTS 
(CURIES/YEAR)

ISOTOPE 

NA--24 
P---32 
CR--51 
MN--54 
MN--56 
FE--55 
FE--59 
00--58 
CO--60 
'I --- 63 

NI--65 
CU--64 
ZN--65 
ZN-69M 
ZN--69 
BR--83 

RB--89 
SR--89 
Sy--90 
SR--91 
SR--92 
Y---90 
Y--91M 
Y---91 
Y---92 
Y---93 
Z--95 
ZR--97 

N8--95 
NB9-97M 1 
NB--97 

MO--99 
TC-99M 
TC-101 
TC-104 
RU -10 3 
RU-105

CASE B-3 

-5.41E+00 
-1 . 84E-01 
-4.63E+00 
-5.62E-02 
-7.12rE+00 
-9.37E-01 
-2.80a-02 
-1.87E-01 
-3.75E-01 
-9.38E-04 
-4.24E-02 
-1.68+01 
-1.87E-01 
-1.15E+00 
-1, 192+00 
-4. 50E-01 
-6.872-02 
-1. 012-02 
-9.39E-02 
-5.62E-03 
-1.93z-+00 
-1.51E+00 
-5.23E-04 
-1.184+00 
-4. 77E-02 
-2.87E+00 
-1. 99E+DO 
-6.53E-03 
-3. 16E-03 

0.  
-6.55E-03 
-3.03E-03 
-3.23E-03 
-1. 17E-01 
-1.69E+00 
-7.76E-+00 
-1.44E-01 
-2.67E-01 
-1.86E-02 
-5.23E-01

CASE C-1 

-2.12E-02 
-2.762-03 
-7.23E-02 
-9.08E-04 
-7.67E-04 
-i.52E-02 
-4.42E-0+ 
-2.98E-03 
-6.07E-03 
-1.66E-05, 
-4.43E-06 
-5.46E-02 
-3.02r-03 
-4.13E-03 
-4.44E-03 
-3.74E-05 
-4.90E-12 
-4.012-21 
-1.49E-03 
-9.12E-05 
-4.30E-03 
-1.95E-04 
-3.57E-05 
-2.73-03 
-9.48E-D4 
-1.70E-03 
-4.79E-03 
-1.04E-04 
-1.93E-05 

0.  
-1.06E-04 
-1.85E-05 
-1.90E-05 
-7.02E-09 
-1. 88 E-02 
-2.46E-02 
-1.3SE-21 
-2.10E-17 

-2.9 0E-04

CASE 3-3 
CASE C-1 
CASE C-2

OISCARD LOW PURITY WASTE WITHOUT TREATNENT 
P2EmOVE EVAPORATOR FPO.M CHEM WASTE 
MIXED 9ED IONEX ON CHEMICAL WASTE

NOTE -- NEGATI/E VALUES REPRESENT INC2EASEQ PELEASES

CASE C-2 

-2.10 E -04 
-2.73E-05 
-7.16c-04 
-8.992-06 
-7.592-06 
-1.50E-04 
-4.33E-06 
-2.95E-05 
-6-01E-05 

0.  
-4.39E-08 
-5.40E-04 
-2.99E-05 
-4.092-05 
-4.49E-05 
-3.37E-07 
-4.42E-14 
-2.00E-21 
-1.48E-05 
-9.03E-07 
-4.26E-05 
-1.93 E-06 

0.  
-2.75E-05 
-9.382-06 
-1.68E-05 
-4.74E-05 
-1.03E-06 

0.  
0.  

-1.05E -0 
0.  
0.  

-6.95E-11 
-1.86E-04 
-2.43E-04 
-1.35E-23 
-2.03E-19 
-2.91E-06 
-2.77E-06

tj (.1 / u I If I C)
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TABLE 2-6 PAGE 4 OF 4

EUJ'CTIONS IN LIOUID REL'ASES FROM ALTERNATE TREAfMENTS 
(CURIES/YEAR)

ISOTOPE 

RU-106 
RH103M 
RH 10 5M 
RH-105 
RPH-106 
AG110 1 
AG-110 
TE129 M 
TE-129 
T E 131 : 
T -131 
TE-132 
I--131 
I--132 
I--133 
I--134 
I--135 
CS-134 
CS-136 
CS-137 
CS-13 3 
BA137M 
BA-139 
BA-140 
BA-141 
BA -142 
LA-140 
LA -141i 
LA-142 
CE-141 
CE -143 
CE-144 
PR- 143 
PR-144 
NO-147 
W--187 
NP-239 

TOTAL

CASE B-3 

-2. 31E-03 
-1.86E-0? 
-5.23E-01 
-1.23E-01 
-2.81E-03 
-9.37E-04 
-1. 22E-04 
-3.72E-02 
-2.38E-02 
-7.44E-02 
-1.35E-02 
-8.56E-03 
-4.87E+00 
-4.26E+00 
-1.49E+01 
-2.45 004-00 
-8.45E+00 
-2.67P-02 
-1.74E-02 
-6.24E-02 
-1. 18E-01 
-5. 83E-02 
-6.17iE-01 
-3.57E-01 
-3.33E-02 
-4.187;-03 
-5.26E-02 
-1.57E-01 
-4.10E-01 
-2.98E-02 
-2. 23E-02 
-2.81E-03 
-3.7?E-02 
-2.81E-03 
-2.74E-03 
-2.1lE-01 
-5.79E+00 

-1.03E*02

CASE C-1 

-4.95E-05 
-2.94E-04 
-2.81E-04 
-1.53E-03 
-4.9:E-05 
-1.65E-05 
0.  
-5.84E-04 
-3.74E-04 
-5.50E-04 
-1.03E-04 
-1.0 1.E~04 
-6.*91E2-02 
-3.95E-04 
-8.22E-02 
-2.15E-07 
-1.04E-02 
-4.55E-04 
-2.73E-04 
-1 .0 6E-03 
-1.11iE-11 
-9.95E-04 
-2.72E-06 
-5.46E-03 
-2.63E-13 
0.  

-3.0OE-03 
-6.19E-05 
-3.49E-05 
-4.8tE-04 
-1.80E-04 
-4.95P-05 
-5.75E-04 
-4. 95E-05 
-4.44 E- 05 
-1.31E-03 
-6.06E-02 

-4.90E-01

CASE 3-3 DISCARD LOW PURITY WASTE WITHOUT TREATMENT 
CASE C-1 REMOVE EVAPORATOR FPCM CHEM WASTE 
CASE C-2 MIX D 0ED IONEX ON CHEMICAL WASTE 

NOTE -- iNEGATIVE VALUES REPRES2NT INCRASE0 RELEASES

CASE C-? 

0.  
-2.91E-06 
-2.78E-06 
-1.52E-05 

0.  
0.  
0.  

-5.78E-06 
-3.70E-06 
-5.44E-05 
-9.90E-07 
-1.00E-06 
-6.23E-04 
-3.65E-06 
-7.41E-04 
-1.93E-09 
-9.36E-05 
-2.28 E-04 
-1.365-04 
-5.32'-04 
-5.53E-12 
-4.97E-04 
-2.69E-08 
-5.40E-05 
-2.602E-20.  
0.  

-2.97E-05 
-6.13 E-07 
-3.48 E-08 
-4.76c-06 
-1. 78 E-06 
0.  

-5.69E-06 
0.  
0.  

-1.30E-05 
-6.00E-04 

-5.07E-03

UUM;,:n P ',!utu L
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Table 2-7 

GALE Input Terms for Cost-Beneficial Case
Liquids

Card 
No. Spaces Entry I tem Units

9 18-41 
42-49 
57-61 

10 21-28 
34-41 
47-54 

11 29-33 
48-53 
72-77

12 18-41 
42-49 
57-61 

13 21-28 
34-41 
47-54 

29-33 
48-53 
72-77 

15 18-41 
42-49 
57-61 

16 21-28 

34-41 
47-54 

17 29-33 
43-53 
72-77 

18 73-80 

19 21-28 
34-41 
47-54 

20 29-33 
48-53 
72-77 

36 73-80

HIGH PURITY WASTE 
2.49E+04] 

0.14 

1E+02 
1E+01 
1E+02

0.16 
0.03 
0.01 ]

LO) PURITY WASTE 
5700 
0.13 

1 
1 
1 

0.7 
0.03 
0.1, 

CHEMICAL WASTE 
600 
0.02 

111 

2.7 
0.6 

1 

0

Waste Stream 
Volume 
Fraction PCA 

I dF 
Cs dF 
Other dF 

Collection Time 
Process Time 
Fraction Discharged 

Waste Stream 
Volume 
Fraction PCA 

I dF 
Cs dF 
Other dF 

Collection Time 
Process Time 
Fraction Discharged 

Waste Stream 
Volume 
Fraction PCA

gal/day .

days 
days 

gal/day

days 
days 

gal/day

I dF 
Cs dF 
Other dF

Collection Time 
Process Time 
Fraction Discharged

I volume

I

1 
1 
1 

0

0 
0 

0

I I dF 
Cs dF 
Other dF 

Collection Time 
Process Time 
Fraction Discharged 

No On-site Laundry

days 
days

gal/day

days 
days



TAOLE 2-8 

LIQUIO RELEASES -- COST-BENEFICIAL CASE 
(CURIU S/YEAR)

ISOTOPE 

H ---- 3 
N A -- 2 4 
P--- 32 
CR--51 
MN -- 54 
MN--55 
FE--55 
FE--59 
CO--58 
CO--60 
NI--63 
NI--65 
CU--64 
ZN--65 
Z N -69M 
ZN--69 
BR--83 
9R--84 

RS--89 

SR--9 0 

SR--90 SR--91 SR--9 2 
Y---99 
y --91M 

Y---91 Y --- 92 Y --- 93 ZRP--95 
ZR,--97 
N 8--95 
N B-97M , 
NS--97 
NR--93 
O--99 

TC-99M 
TC-i I 
TC-104 
RU-103

ISOTOPE RELEASERELEASE 

2.00E+01 
5.70E-01 
2.20=-02 
5.50E-01 
6.70=-03 
7.3 0E-01 
1. .10 E-01 
3.30E-03 
2.202-02 
4 .40E-02 
1.10E-04 
4.40E-03 
1.8 0+00 
2.20E-02 
1.20E-01 
1.30E-01 
4.60=-02 
7.10E-03 
1 .30E-03 
1. 10E-02 
6.70E-04 
2. 00E-01 
1.60E-01 
8.90E-05 
1.20E-01 
5.80E-03 
3.0 0E-01 
2.1 0E-01 
7.70E-04 
3.40E-04 
7.8 0E-04 
3.20E-04 
3.40 -04 
1 .20E-02 
1.90p-01 
5.20E-01 
1 .50E-02 
2.80E-02 
2.20E-03

RU-105 
RU-106 
P. H 10 3M 
RH105M 
RH-105 
RH-106 
A G110M 
AG-li0 
TE129M 
TE-129 
TE131M 
TE-131 
TE-132 
I--131 
I--132 
I--133 
I--134 
I--135 
CS-134 
CS-136 
CS-137 
CS-138 
FAi37M 
9A-139 
FiA-140 
iA -141 
8A-142 

LA-140 
LA-141 
LA-142 
CE- 141 
CE-143 
CE-144 
PR-143 
PR -144 
ND-147 
W--137 
NP-239 
OTHERS

5.40 E-02 
3.30E-04 
2 .20 E-03 
5.40E-02 
1 .40E-02 
3.30E-04 
1.10E-04 
1.40E-05 
4.40E-03 
2.80E-03 
3.10E-03 
1.50 -03 
9.80 -04 
5. 70 -01 
4.40E-01 
1. 60E+00 
2.502-01 
8 .70-01 
3.40E-03 
2.20E-03 
3.10E-03 
1.50E-02 
7.50!-03 
0.4aE-02 

4.30E-02 
3 .502-03 
4.30E-04 
8.40E-03 
i.60c-02 
4.20E-0'2 
3.50E-03 
2.50E-03 
3.30E-04 
4.40E-03 
3.30E-04 
3.202E-04 
2.302-02 
5.50-01 
9.542-07
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Table 2-9 

GALE Input Terms for Compliance Case--Liquids

Card 
o. Spaces 

9 13-41 
42-49 
57-161 

10 21-28 
34-41 

47-54 

11 29-33 
43-53 
72-77 

12 18-411 

42-49 
57-61 

13 21-28 
34-41 
47-54 

29-33 
48-53 
72-77.  

15 13-41 
42-49 
57-61 

16 21-28 
34-41 
47-54 

17 29-33 
48-53 
72-77 

18 18-41' 
73-80

19

20

21-28 
34-411 
47-54 

29-33 
4&-53 
72-77 

73-80

Entry 

HIGH PURITY WASTE 
2. 49E+04 
0.14 

1E+02 

1E+01 
1E+02 

0.16 
0.03 
0.01 

LO PURITY WASTE 2 

0.13 

IE+02 
2E 00 
1E+02 

0.7 
0.03 
0.1 

CHEMICAL WASTE 
600 
0.02 

1E+02 
2E 00 
1E+02 

2.7 
0.6.  

REGENERANT WASTE 
0 

1 
1 
1 

0 
0 
0 

0

I ten 

Waste Streai 
Volumte 
Fraction PCA 

I dc .  
Cs dF 
Other dF 

Collection Timae 
Process Time .  
Fraction Dischargecd 

Waste Stream 
Volume .  
Fraction 1CA 

I dF 
Cs dF 
Other dIF 

Collection Time 

..Process Time 
Fraction Discharged 

Vaste Stream 

Fraction PCA

I CE 
Cs dF 
Other ci?

Collection Time 
Process Timae 
Fraction Discharged 

Waste Stream 
volum a

I dO 
Cs cI 
Other dF

Collection ime 
Process Tim-te 
Fraction Discharg;ed 

No On-site Laut dry

Units 

gal/day

days 
days 

gal/da y 

days 
days 

gal/day

days 
days 

gal/day

days 
days

May, 1976
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TABLE 2-10 

LIQUIO RELEASES -- COMPLIANCE CASE 
(CURz'IES/Y EAP)

ISOTOPE RELEASE ISOTOE RELEASE

H---- 3 
N A.--2-1 
P---32! 
CR--51 
MN--54 
MN--5 6 
FE-- 55 
FE--59 
CO--583 
CO--60 
NI--65 
CU--64 
ZN--5 Z N -- 6 5j~.  
ZN-69M t 
ZN--69 
BR--83 
81R--34 
Re--89 
SR--89 
SP--90 
SR--91 
SR--92 
Y--911 

Y -- 1.  
Y---92 
y---93 
ZR--95 
NB--95 
NB--98 
'10--99 
TC-99M l 
TC-1-01 
TC-104

2.0 0E+01 
1 .50E-02 
5.10P-04 
1 .30E-02 
1.60E-04 
2 .90E-02 
2.6 0E-03 
7.80E-05 
5.2 E-04 
1.10E-03 
1 .70E-04 
4.9 0E-02 
5.30E-04 
3.309-03 
3.2 0E-03 
1.90E-03 
3.6 0E-04 
1 .30E-03 
2 .70E-04 
1 .60E-05 
5.709-03 
6.00E-03 
3.30E-03 
1 .30E-04 
9.10E-03 
5.90-E-03 
1.80E-05 
1.8 0E-05 
6.002-04 
4.70E-03 
2.40E-02 
7.60 E-04 
1.40E-03

PU-103 
RU-105 
RH10 3M 
RHi05M 
RH-105 
TE129M 
TE-129 
TE131M 
TE-131 
TE-132 
I--131 
I--132 
I--133 
I--134 
I--135 
CS-134 
CS-136 
CS-137 
CS-138 
9A137M 
BA-139 
eA-140 
9A-141 
SA-142 
LA-140 
LA-141 
LA-142 
CE-141 
C E-143 
PR-143 
W--187 
NP -239 
OTHERS

oi cIrA

r .1

5.20E-05 
1.30--03 
4.90E-05 
I 30E-03 
2.90E-04 
1 .0 0E-04 
6.209E-05 
2.107-04 
3.709-05 
2.40E-05 
1. 40E-02 
1.80E-02 
4 .20E-02 
1 .20E-02 
2.70E-02 
3.00E-03 
2..00c-03 
7.10E-03 
I 50E-02 
6 .60E-03 
2.90E-03 
1.0 0E-03 
1 .80E-04 
2.20E-O 
I .- 0E-04 
5.30-04 
1.90E-03 
3 .30E-05 
6.30E-05 
1 .00 E-04 
5 .90E-04 
1 .60E-02 
7 .20E-G5

-oU - ': - L4' 1:MU La -
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Table 2-11 

Consumption Rates and Occupation Times 

Used to Calculate Doses from Liquid Effluents

Pathway 

To M 

Potable Water 

Fresh Water Fish 

River Shoreline 
Swimming 
Boating

Units Adults 

aximum Individual

liter/yr 
kg/yr 
hr/yr 
hr/yr 
hr/yr

730 
21.  
12.  
52.  
52.

Teenagers

510 
16.  

67 .  
52.  
52.

To Population

Potable Water 

Fresh Water Fish 

River Shoreline 
Swimming 
Boating

May, 1976

Children 

510 
6.9 

14.  
29.  
29.

Infants 

510 
0.  
0.  
0.  
0.

liter/yr 
kg/yr 
hr/yr 
hr/yr 
hr/yr

370 
6.9 

8.3 
9.0 
9.0

260 
5.2 

47 

50.  
50.

260 
2.2 

8.5 
9.0, 
9.0

260 
0.  
0.  
0.  
0.
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MAXIMUM INDIVIDUAL 00SES FROM EXPOSU 0 LIQUIO RELEASES (MRE1)

PA"THWAY/AGE GROUP 

4JULTS 
POTABLE WATER 
FRESH WATF: FISH 
RIVEr' SHORELINE DEPOSITS 
SWIMMr-ING 
9BOAT IJG 

TOTAL AOULTS 

TEENAGERS 
POTAOLE WATER.  
FRESH WA E FISH 
RIVER SHOr-LINE JEPOSITS 
S W I H H I N G 
9 OAT I N G 

TOTAL T.%NAGERS 

CHILDRFN 
POTABLE WATER 
FRFSH WATER FISH 
RIVER SHO2ELINE DFPOSITS 
SWI MiING 
tOATIN.G 

TOTAL CH IILDREN1 

INFANTS 
POTAFRLE WATER 

TOTAL INFANTS

BONE 

4.38E-03 
5. 29E+00 
8.39E-04 
8 5 4E -04 
4. 27E-04 

4 0 3 0 - 0 3l 

4*03E-03 
4. 21E+00 
4.68 E - 0.3 

* 54E-04 
4* 2 7 E -04 
4 * 22E+00 

1.06E-02 
2.40E+00 
9*792-04 
4. 76 -04 
2.38E-04 
2.4164+00 

2 14E-02 
2 14E-02

LIVER, 

1.79E-02 
19.49E+00 
8,396-04 
8 54E -04 
4 27E-04 
1.51E+00,

1 .1bE-02 
1.412+00 
4 ,68E-03 
8.54E-04 
4 27E-04 
1 .143E.+00 

2.30E-02 
1.13E + 00 
9. 79E-04 
I4.76F-04 
2 38E-04 
1.15F+00 

4. 26E-02 
4 . 26E--02

RASE CASE 

THYROID 

6.16E-02 
2.59E-U01 
8.392-04 
8.54E-04 
£4. 27E-04 
3.23E-01 

4 69 E-0 
2.37>-01 
4.66.E-03 
8,*54E2- 4 
4.*27 2-0 4 
2.9J0E-01 

1.09E-01.  
2. 56E-01 
Ci,*7 9E-04 1 

2.37E-01 
3. 67E-1 0V 

2.51E-01 
2.51C-01

KIDNEY 

1.43E-02 
4. 18E-01 
8 39k-0 4 
8 , 54E-0 4 
4,27E-04 
4.34E-01 

1.00E-02 
3.19E-01 
4. 68E-03 
8.5 4E-0 4 
4.27E-04 
3,35E-01 

1.00E-02 
1. 37E-01 
9 7 9 E- 0 4 
4.76E-04 
2.*38E-04 
1. 49E-01 

1.00E-02 
1.00E-02

LUNG 

i .22E-02 
1. 3bE-0 I 
8 , 39E- 04 
8 .54F - 0 4 
4 . 27E-04 
1 .51E-01 

7.62E-03 
1 , 55E-0 1 
4.68E-03 
8 , 54E-04 

4,27E-04 

1 .69E-01 

1 .43E-02 
1.20E-01 
9. 79E-04 
4. 76E-04 
2.38E-04 
1 .36E-01 

2. 25E- 02 
2.25E-02

GI-LLI 

1.35E-02 
5.97E-01 
3.39E-04 
8.54E-04 
4.27E-04 
6.13F-01

7.53E-03 
4.53E-01 
4.68E-03 
8.54E-04 
4.27E-0.  
4.66E-01 

1.37E-02 
1. .95E-01 
9.79E-0 4 
4.766-04 
2.38F-04 
2.10E-E01 

2.04E-02 
2.04E-02

SKIN 

0.  
0.  

9.diE-04 
1.16E-03 
5. 78E-04 
2 .72E-03 

0.  
0.  5. 48 E -03 
1. 16F-03 

5. 75E 
-04 

722E -0 3 

0.  
09 
1.14E-03 
6. 456-0 4 
3 22E-04 
2. 11E-03 

0* 
0*

TOTAL BODY 

1.63E-02 
1.04E+00.  
8 .39E-04 
8.54E-04 
4 2 7E-01 
1.06E+00 

8.95E-03 
6.17E-01 
468E-03 
8,54 F04 
4.2 7E-04 
6 32 F-0 1 

1 52E-02 
2.45E-01 
9.79E-04 
4 .76E-04 
2 38E-0 £4 
2.62E-01 

2 21F-02 
2. 21E-02

TALE 2
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XIMUM INDIVIDUAL DOSES FRON EXPOSURE T QUID RELEASES (MREM)

COST-BENEFICIAL CASE

PATHWA Y/AGE GROUP 90N F

ADUL TS 
POTA OLE WAT  
FRESH WATER, FISH 
RIVER SHOcELIN DEPOSITS 

S 0 A Tr I NI G 
BOATING 

TOTAL ADULTS 

* TEENAGERS 
POTA3LE 'd~rERp 

R L'SH WATER FISH 
RIVER SHORELIN- DEPOSITS 
SWIMMING 
00ATING 

TOTAL TEENAGER 

CHILDREN.  
POTABLE WATER 

VIh ATER FISH 
R SO ELINE HOEPOSITS 

S W I MillI N G 
i OAT I 1 G 

TOTAL CHILOREN

INFA NTS 
FOTA FL A T ER 

TOTAL ItIFANTS

6. 38E-02 
2. 15+0? 
8 . 89E-03 
2. 29E-02 
1. 1SE-02 
2. 15E+02 

5.79E-02 
1. 64E+02 
4 9 6 E- 02 
2.29E-02 
1. 15E-02 
1.64E402 

1. 21E-01 
7. 15E+ o 

1.28E-02 
6.40E-03 
7 . 17E + 01 

2. 18E-01 
2.18E-01

LI V ER

It. 28E-02 
1 , 55 E +0 t 
8* 89F*03 
2.29E-02 
1. 15E-02 
1. 56E+01 

3. 11E-02 

S 96 E 
2.*29E-02? 
1. 15E-02 
1 .23E+01 h 

5.07E-02 
5-.94-+00 
1 * 04E 0 2 
1.28E-02 
6. 40E-03 
6 02E+00 

9 ,31E-02 
9. 31E-02

THYROI )

2.17E+00 
1. 09E+01 

8 .89E-03 
2.29E-02 
1 15'E-02 
1. 31E+01 

1. 76E+00 

9.99E+00 
4.96E-02 
2 . 29F-02 
1,15E-02 
1 18 E+01 

4.22E+00 
1. 0 8 +0 1 
1 0 4E-0 2 
1. 28E-02 
6 40E-03 

1. 50E+01 

1 5 0 E + 0 1 
1.02E+01 
1.02E+01

KICNEY

2 . 814E-02 
9. 28E-0 1 

8.89E-03 
2. 29E-02 
1. 15E-02 
1. 00E+00 

1.98E-02 
7.07E-01 
4 .96E-02 
2 29E-02 
1 15E-02 
8. 1 1E-U 1 

I .98E-02 

3. 05E-0 1 
1.0 4-02 
1.2?8E-02 
6.00E-03 
3.542-01 

i .98 E -0 2
1.98E-02 3.43E-02

LUNG

2. 92E-02 
3 73E-01 
8 89E-0 3 

2.29E-02 _ 

1.15E-02 

4.50QE-01l 

1 .89E-02 
3 .53E-01 
4.96E-02 
2.29E-02 
1 15E-02 
4 56 E - 0 1 

2.57E-02 
2 .2 0E -0 1 

10 E E-02 
1.28E-02 
6.40E-03 
2 .75E-01

GI-LLI

6.25E-02 

2.63E+01 
8.89 F-03 

2.29E-02 
1 15E-02 

2.64E+01 

3.82E-02 
2.00E+-01 3 . 96 2 F- 0 2 4. 96E -0 2 
2.29E-02 
1. 15E-02 
2. 01E+01 

4.42E-02 

1* 42 -02 

1.282-02 
6.4 OE-0 3 
8. 69E+00 0 

.12E -0 2
5.12E-02 0.

SKIN

0.  
0.  

1.052-02 
3.1.02-02 
1.55E-02 
5.70E-02 

0.  
0.  
5.85E-0? 
3. 10E-02 

1.55E-02 
1. 05E-01 

0.  

0 .  
1.222-02 
1.73F-02 
8.64E-03 
3.81E-02

TCTAL BODY 

3.30E-02 

9.63E+00 
8. 89E-03 
2 29E-02 
1. 15F-02 
9 71E+0 0 

2 .3 4E-02 
7.13E+00 
4 . 96E-0 2 
2.?9E-02 
1. 1SE-02 

7.24E+-00 

4.19E-02 

3.08E-000 
1. 04E-02 1. 2.8E- 0 2 
6. 40E-03 
3. 15E+00 

6.49E-02 
6.49E-02

TA3LE 2-13

06/01/7

3 . 43E - 02 0 .



DUA!c, AiRNOLD
0 F/01/76

TA3LE 2-14 MAXIMUM INDIVIDUAL DOSES FON EXPOSURE TO LIOUID RELEASES (MREM) 

COMPLIANCE CASE

PATHWAY/A G RO ijp

A OUL TS 
POTA*BLE WATR F 
FRESH W'ATER, FI-H 
RI'e:& HORELIN. DEPOSITS 
SWIMIN'lMG 
JO AT ING 

TOTAL ADULTS 

TENAGE RS 
POTAILE WATER 
FRESH WATE FISH 
RIVE;' SHORELINE DEPOSITS 
SWIMMIIN.G 
P0ATING  

TOTAL TEENACGS 

CH IL OR EN 
P TA'LE WAT ER 
FRE-SH WATFR FISH 
RIVER SHORELI.N OPOSITS 
SW IMMI NG 
DATItG 

TOTAL CHILDREN

INFANTS 
POTARLE WATER 

TOTAL. INFANTS

8 ONE

4.191E-03 
5.77E+00) 
9,45E-04 
8.57E-0a4 

4 .?28 E- 04 
5.78Eia00 

4. 52E-03 4 5 52 c 0 0 4.59E+00 
-5,28E-03 
8 . 57E-04 
4.28E-04 
4. 60E+00 

1. 19E-02 
2.64E+00 
1.10E-03 
4.78E-04 
2.39E-04 

2. 6SE+00 

2.40E-02 
2 0 E - 02

LIVER

1.816E-02 
1.66E+00 
9.45E-04 
8 57E-04 

4.28E-04 
I.68E +00

1 .24E-02 
1. 58E+00 

5 .282-03 
8.57E-04 
4 28E-04 
1 60E+00 

2 . 42F-02 
1 .26E+00 
1. 10E-03 

4.78E-04 
4 7 89 E - 0)4 2.39E-014 
1 .29E+00 

4 53E-02 
4,53E-02

THY D 1 D 

6.54E-02 
2.75E2-01 
9.45E-04 2 7 5 7E -04 
94 5 E -04 8.57E-01+ 
4.26E-01+ 

3. 43E-01 

5.0E-02 

2.51E-01 
5. 2 8E - a 3 
6.57E-04 
4.281-04 
3.a8E- 01 

1 .16E-0 1 
2. 7?E-0 0 
1.10E-03 
4.76E-04 
2.39E-04 
3.90E-0 1

2.69E-01 
2.69E-01

KIONEY

1.46E-02 
4.7 0E-0 1 
9.452-04 
8. 57E-04 
4. 26E-04 

4.87E-01 

1.026-02 
3.58E-01 
5 . 28E-03 
8 . 57E-04 
4.28E-04 
3.75.E-01 

1 . 02E-02 
i.54F-01 
1 .10E-0 3 
4, 78E-04 
2.39E-04 
1 .66E-01 

1, 02E-02 
1.02E-02

LUNG

I. * 33E-02 
1 .53E-01 
9.45E-04 
8.57E-04 
4 . 28E-04 
1. 69E-01 

7.72E-03 
1.73E-01 
5.28E-03 
8 57E-04 
4, 28E-0 4 
1 .87E-01, 

i .45E-02 
1.34E-01 
I .10F-03 
4 ,78E-04 
2 . 39E-04 
1.50E-01 

2 28E-02 
2 .28E-02

GI-LLI

1.36E-02 
6.46 E - 0 1 
9.45E-04 
8.57E-04 
4.28F-04 
6.62E-01 

7.60F-03 
's.90E-01 
5.28E-03 
8.57E-04 
4.28E-04 
5. 0 E-0 1 

1.38E-02? 
2.11E-01 
1.10E-03 
4.78E-04 
2.39E-04 
2.27E-01 

2.05E-02 
2.052-02

SKIN

0.  
0.  
1. 11E-03 
1.16E-03 
5.80E-04 
2 .85E -03 

0.  
0.  
6.17E-03 
1 . 16E -03 
5.80E-04 
7.91E-03 

0.  
0.  
1.29E-03 
6.46F-04 
3 . 23E -04 
2.26E-03

0.  
0.

TCTAL ODY 

1.67E-02 
f i 6E+00 

8). 45E-04 

8. 572E-0 4 
4.28E-04 
1 18E+00 

9. 21E-03 
6. 87E-01 
5. 28E-03 
8 . 57E-0 4 
4. 28E-04 
7. 03E-01 

1 55E-02 
2 .73F-0 1 
1 . 10E-03 
S.78E-04 

2.39E-04 
2. 90-01 

2.24E-02 
2 . 2 4 E -02



POPULATIONl DOSES FR0M LI'OUI) -ELEASES

BASE CASE

1980 POPULATION

P "THWA Y 

POTA;LE A.XTR  
FR'ESH WPATR FISH 
PIVE SHO.RELINE DEPOSITS 
SWI MN G 
B OATING

TOTAL

THYROIO 
A N - R E M" / YR 

9.99E-02 
2 .50E -0 4 
2.89E-03 
3 . 63E- 05 
1 .8a2E -05

1.0'3E-01

TOTAL 600Y 
A -RE M/Y 

6.77E-02 
2.26E-03 
2. 39E-0 3 
3.63 E-0 5 
1.82E-5 

7. 29E-02?

TOTAL 
MA N-R z-M/YR 

1.63E-01 
2.51E-03 
5.77E-03 
7.27E-05 
3.63E-05

1.76E-01

2010 POPULATION

PAT H A Y

POTA3LE ,ATER 
F :ESH WAT2P FTSH 
RIVE SHO LtIE DEPOSITS 
SWI1 1NG 
B0AT ING

THYRCID 
A N -: E t / 'TP 
1.53E-01 
2.50E-04 
4.47E-03 
5.75E-05 
2 .72E-05

TOTAL CODY 
Ml " N -2M / Y Z 

1.04-E-01I 
2.25E-61 
4.47 -03 
5. 45-5 5 
2.72E-05

TOTAL 
mN - EM/ Y 

2.572-01 
2.51E-03 
8.95E-G3 
1.09E-04 
5-45E-05

1.58E-01 1. 11E-01

R504ERT R505ERU

TOT4L

TAPLE: 2-15



Duane Arnold

Table 

Population Dose Reductions from Liquid Alternates

Description

High Purity Waste 

Add cation bed 
Discard without treatment 

Low Purity Waste 

Add cation bed 
Discard without treatment 

Chemical Waste 

Remove evaporator (discard w/o treatment) 
Use mixed bed ionex vice evaporator

Thyroid 
MIR/year 

2.31E-04 
-8.61E+01 

1.43E-03 
-1.79E+01 

-2.54E-01 
-2.48E-03

Total Body 
man-rem/yr 

1.13E-03 
-5.08E 00 

9.88E-03 
-1.05E 00 

-1.67E-02 
-1.62E-03

Total 
man-rem/yr 

1. 36E-03 
-9.12E+01 

1. 13E-02 
-1.90E+01 

-2.71E-01 
-4. lOE-03

Note: negative values are increases in dose.

R538EH5 
5/18/76 
15.13.33

Case

A-2 
A-3 

B-2 
B-3 

C-1 
C-2

May, 1976



0 A! A ̂: -/ 7LD

T<BLE 2-17 PODULATION DO)SES FPOM LIOUIJ PELEASES

COMPLIANCE CASE

1980 POPULATICM

PATHW 4 Y 

POTA3LE WATER 
PRESH4 WAT-R FISH 
RIVJE SHORELINE DEPOSITS 
S W~ I 'l I -.\4 G 
SI IT iNG 

THYROIO 
MA aN - R E ,M / Y P 

1. 03E-01 
2.69E-04 
3.25 -03 
3 .64E- 05 
i.82E- 0

TOTAL 9ODY 
MA N-REM/Y 

6.94 2-02 
2.53E-03 
3.25E-03 
3.64E-05 
1.82E-05

TOTAL 
MtAAN-RE M/YR 

1.73E-01 
2.30;-03 
6.50E-03 
7.29E-05 
3.64;-05

1. 07E-01 7.534-02 1 .a2 -01

2010 0OPULA.TION

PATHWAY 

POTABLE WATE  
FRESH WATER FISH 
RIVJE SHORELINE DEPOSITS 
SWIMMIN G 
RO A TIN N

TOTAL

THYROID 
MA-EM/YR 

1.59-01 
2 .6qE-04 
5.c4E-03 
5.46E-05 
2.73E-05

1.6 4 E-01

TOTAL 00Y 
HA N -k EM/ YR 

2.53E-03 
5. 0 E- 03 
5.46E-05 
2.73E-05

I .14E-01

TOTAL 
NA N-IEM/ YP 

2.652-01 
2.8 3 E -03 
1.012-02 
1.09E-04 
5.46E-05 

2 .78E-01

R703E40 R704E4F

TOTAL

06/01/76



Duane Arnold

Table 2-18 

Annual Cost of Liquid Alternates

Case 
Designation Description 8Cost, .$/yeara

High Purity Waste 

Add cation bed.  

Discard without treatment 

Low Purity Waste 

Add cation bed 

Discard without treatment

Chemical Waste 

Remove evaporator (discard w/o treatment) 

Use mixed bed ionex vice evaporation

Note: values in ( ) are cost savings

a See Appendix A for details on cost estimating

A-2 

A-3 

B-2 

B-3

C-1 

C-2

45,600 

(45,600) 

89,200 

(89,200)

(>50,000) 

(30,400)

May, 1976
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Cost-Benefit

Table 

Ratios

2-19 

for Alternate Cases

.Annual A Doses 
from Base from Prey Case 
man-rem man-rem

Annualt6 Costs 
from Base from Prey Case 
man-rem man-rem

Cost-Benefit Ratios 
from Base from Prey Case 
$/man-rem $/man-rem

High Purity Waste 

A-2 Add cation bed 

A-3 Discard w/o treatmt 

Low Purity Waste 

B-2 Add cation bed 

B-3 Discard w/o treatmt 

Chemical Waste 

C-1 Remove evaporator 

C-2 Use mixed bed

1.36E-03 

-9.12E+0lc 

1. 13E-02 

-1.90E+01

-2.71E-01 

-4. 1OE-03

From Table 2-16 

From Table 2-18 

Negative changes are increases in dose 

Negative costs are decreases in costs

Case Purpose

45,600 

-457600d 

89,200 

-89,200

3.3E+06 

5.OE+02 

7.9E+06 

4.7E+03

> 1.8E+05 

7.4E+06

->50,000 

-30,400

a 

b 

c 

d

May, 1



Duane Arnold

Table 2-20 

Cost-Beneficial Radwaste System

Waste System

High Purity 

Low Purity 

Miscellaneous Chemical

Cost-Beneficial Treatment 

One mixed bed ion exchanger.  

Discard without treatment 

Discard without treatment

May, 1976



May, 1976Duane Arnold
Figure 3-1 

Gaseous Waste Schematic-Base Casea

from Main 
Condenser

to Stack 

Recombiner Condenser Drier Charcoal 
74 tons

from Turbine 
Gland Seals 

1.7-minute Holdup

SJAE

to Stack GLAND 
SEALS

from Main 
Condenser

to Stack MECHANICAL 

VACUUM PUMP

from Reactor 
Bldg

from Drywell 

HEPA Charcoal 

from Radwaste 
Bldg

to Vent RADWASTE 
BUILDING

from Turbine 
Bldg

to Vent TURBINE 
4- BUILDING

a The Base Case is the Compliance Case

to Vent REACTOR 
BUILDING

DRYWELL
to Vent

-



Figure 3-2 

Gaseous Waste Schematic-Cost-Beneficial Case

from Main 
Co ndens or

to Stack 

Recombiner Condens r Drier Charcoal 
6S tons 
31/

from Turbine 
Gland Seals 

1.7-minute

SJAE

to Stack GLAND 

SEALS

from Main 
Condensor

to Stack MECHANICAl 

VACUUM PUMP

from Reactor 
Bldg

from Drywell

to Vent REACTOR 

BUILDING

to Vent
DRYWELL

HEPA Charcoal

from Radwaste to Vent 

Bldg

from Turbine 
Bldg to Vent

RADWASTE 
BUILDING 

TURBINE 
BUILDING

May, 1976Duane Arnold
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Table 3-1 

Gaseous Treatment Alternates

Run Designationa

D-1 
D-2 

E-1 
E-2 
E-3 

F-2 
F-3 

G-1 
G-2 
G-3 

H-1 
H-3 

1-1 
1-2

Waste System 
Affected 

Gland Seal 
It It

Steam Jet Air Ejector 
of 

to 

Drywell 
It 

Turbine Bldg 
"I 

"o 

Reactor (Aux) Bldg 
It

Radwaste Bldg 
i"

Description of Alternate.  

Double holdup time 
Add charcoal & HEPA 

Operate at OF dewpoint 
Add 2 more beds 
Subtract 2 beds 

Remove charcoal 
Remove HEPA & charcoal 

Add HEPA 
Add HEPA & charcoal 
Add clean steam 2 1/2 valves 

Add HEPA 
Add HEPA & charcoal

Add charcoal 
Remove HEPA

May, 1976



Duane Arnold

Table 3-2 

GALE Input Terms for Base Case-Gases

Card Spaces Entry 
No.  

21 73-80 7.147 

22 73-80 9.64E-03 

23 73-80 0.029 

24 73-80 0.5 

25 43-45 yes 

52-54 yes 

26 43-45 Blank 

52-54 Blank 
68-70 Blank 

27 73-80 1 

28 73-80 0 

43-45 Blank 

52-54 Blank 
30 43-45 Blank 

52-54 yes 

31 80 1 

32 73-80 18.5 

33 73-80 330 

34 73-80 2 

35 73-80 74

Item Units 

103 lb/hr 

106 lb/hr 

hour 

hour

gland seal steam 

mass steam in reactor 

gland seal holdup time 

SJAE holdup 

Drywell vented through charcoal 

Drywell vented through HEPA 

turbine, no charcoal 
no HEPA 

no clean steam 

no HEPA or charcoal on gland seal 

charcoal delay on SJAE 

no charcoal Reactor Bldg 
no HEPA 

no charcoa adwaste Bldg 
HEPA 

charcoal delay system 

Kr coef 

Xe coef 

No. of cond shells 

mass of charcoal
103 lb

May, 1976
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TABLE 3-3 

CSES Rou EL ASES -- ASE CASE 

RELEASE FROM1

STACK

1 .0l5:+01 

0.  
0.  
0.  
0.  

0.  
0.  
0.  
4 .90+0 1 
2 .34E+-03 
1 .40E+0-2 
1 .56+ 02 

1 .65z-+ C 

6.40=-+02 
0.  

0.  
0.  
4.80E+-01 
3.5031+01 
1.24E+04 
1. 80+0n1 
5.103+02 
7 . 0+2 1 5.1 +2 4 5 0. 3 1~ 

5.20E-02 
8. P 0-02 

1. 00-0 5 
2.003-06 
1.00O -05 

1.10 - 5

PLANT VENT 

0.  
?. 505+01 
1 .34E-02 
3.93E-03 
1.05-03 
1 .25E-03 
1.30=--02 
2 .2 4 - 3 
0.  
7. 40E+0j1 
0.  
1.36 E + 02 
2. 36E 4-2 
0.  

3*0 5 l 3-*1 

S.02E-04 
0.  
0.  
3 .92+02 
7.42E+-02 
7 43E+0-2 

0.  
1.41E+03 
4 .27-0 1 
1.693+00 
14.39E-0 3 
3.58E-14 
6 .25Y-03 
1 .14 -6 2 
7.27a-04

TOTAL

2.103+01 

9.50 +00 
2. 50 4+1 
1..34 E -02 

1 .24-03 1.3-02 
12.2'z-03 

21. 4- +02 
2 .142:= +0 3 
1 .40 E+ 02 
2 .92c + 02 
1.89.92+03 
6.40-=+02 
6.10E-03 
2.303-05 
5.053-04 

4.803+01 
3.503+01 
1.2834+04 
7.6034+02 

25 E 5+03 
7.30E+02 
2.00-+03 
4.793-01 
1.78+00 
14.39E-03 

3 .59-04e 
6.25E-03 

1. 143-02 
7.27E-04

ISOTOPE 

H----3 

CR--14 

FE--59 
CO--53 
CO--i0 
ZN--65 
K R.- 8 3 M 
KR -85 I 
K?--85 
K R--87 

KR--89 

SR--90 
7 R--95 
S-3-124 
X E 131 m 
X E 133M 
XE-133 
x :-: 13 5 "1 
X E-135 
X E-137 
X1-133, 
.I--131 

I--133 
CS-1 34 
CS-136 
CS-1 37 
3A-140 

C -141



Duane Arnold Table 3-4 May, 1976 

GALE Inuts for Alternates Considered 

Card Changes Required 
RsnaPurposeCard No. Lines Entry 

D-1 Double Gland Seal Holdup Time 23 73-80 0.058 

D-2 Add Charcoal (& HEPA) filter to 27 73-80 0.1 

Gland Seal Exhaust 

E-1 Operate SJAE AOG at OF Dew Point 32 73-80 25 
EI33 73-80 440 

E-2 Add Two more Charcoal Beds to AOG 35 73-80 80 

E-3 Subtract two Charcoal Beds from 35 73-80 68 

AOG 

F-2 Remove Charcoal from Drywell 25 43-45 Blank 

F-3 Remove Both HEPA & Charcoal from 25 43-45 Blank 

Drywell 
52-54 Blank 

G-1 Add HEPA to Turbine Bldg Vent 26 52-54 Yes 

G-2 Add HEPA & Charcoal to Turb 26 43-45 Yes 

Bldg Vent 52-54 Yes 

G-3 Add Clean Steam to Valves 26 68-70 Yes 

H-1 Add HEPA to Reactor (Aux) Bldg 29 52-54 Yes 

H-3 Add HEPA & Charcoal to Reactor 29 43-45 Yes 

Bldg 
52-54 Yes 

I-1 Add Charcoal to Radwaste Bldg 30 43-45 Yes 

1-2 Remove HEPA from Radwaste Bldg 30 52-54 Blank



JU.\:1- d I)L')

PAGE 1 OF CTAB"LZ .'-5

-D ;UCT ION-S INI C C cu C ZLEASES <SIJLTING F IC ALI NATE T-,E IT-NTS 

(CURI5/Y EAP) 

STACK

CASE 0-1 

1.0024+00 
0.  

0.  

? . 0;J, E + 0?'2 
0.  
0..  
0.  
2 .0 E+ G 2 

2.10E+-02 
53.00E+-01 
0.  
G.  

h .53E2+ 02

CASE 0-2 

u 
0.  

0.  
0.  
0.  
0.  
0*.  
0.  
0.  

0.  
0.  
1.98E-02 
7.92E-J2 

9.902-02

CASE E-1 

2.2 0 +011 

6.002+00 
1.19& +03 

* 1 

1.10 +01 
2.50E+01 
C.40E+03 
0.  
7.  
'* 

0.  
0.  

7.11E+103

CASE E-2 

1.0 0E+02 

5.00E+'02 
0 

3.0 0+00 
1.002+01 
1. 3 0 +0 3 
G.  

C.  
0.  

0.  

2.3321+03

CASE -3 

-1.8GE+0i 
-6.0024+02 
-5.002 +'00 

-. 00 E+ 02 
* 

-6*00E+00 

-1.30E-01 
-2.00'+0 3 

0.  
0* 
.  

0.  

0* 

-3').2 ttE .+03

DCUDLE GLAND SEAL HOLDUP TIK'2 
ADD HEPAP ANrD CHAROCAL TO GLAND SE AL EXHAUST

OPERATE SJAE AOG AT OF DEW FUIN'IT 

AC0 T 0 MORE CHARCGAL ?EDS TO AOG 
REMOlVE TWO CHAr.OAL PEOS FCM AOG

NOTE -- NEGATIVE VALUES zERESENT INCREASED RELEASES

ISOTCP7 

KR-- 3M 
KR-8 5M 

KR-- 3 
K4 -- 59 
x : 13111 
XE 13 3 l
XE-1 33 
XE 135M 
XE -137 
XE-13S 
I--131 

1--13 -l

TOTAL

CASE 
CASE 
CASE 
CASE

0-1 
0-2 
E-1 
E-2
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TA9L: 3-5 PAGE 2 OF r

1UCTIONS IN GASOUS G LAS L AS ESliLTINhG FJ! ALTE NATE. T EATiN'TS 
(CU KS/Y Es?) 

PLANT VIENT

CASE 0-2ISOT O PE 

CR--51 

FE--59 
CO--58 
CO-069, 

K -- 5 M 
KR-35M 

s4--87a 
SR--9 0 Si-- 90' 
Z ..-- 95 
S .- 1 24 
XE-1 33 
XE1 3 5 
XE- 135 
XE- 136 
I--131 
I--133 
CS-i 34 

CS-1 35 
CS-137 

CE -141 

TOTAL

CASE E- 1

0.  
0.  
0.  
0.  

C.  

0.  
0.  
0.  
0.  
C.  
0.  
O.  
O.  

0.  
0.  
2.  

D.  

0.  
0.  
U.  
0.  

0.

CASE P-2

C.  
0.  
0.  
C.  
C.  
o.  
0.  
G.  

0.  
C.  
0.  
0.  
C.  
0.  
G.  
0.  
0.  
0.  
0.  
0.  
G.  
0.  
0.  

0.

CASE E-3

0.  
0.  

0.  0.
0.  

0.  G.  0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  

a.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  

0.

.n 
0.  
0.  

0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  

0.  
0.  
U.  

0.  
0.  
0.  
0.  
0.  
0.  

0.  
0.  

a.

O0,U-LE GLAND SEAL HOLOUP TIME 
ADD HEPA AND CHARCOAL TO GLAND SEAL 
OPERATE SJAE AOG AT OF DEW POINT 
AO0 TWO MORCP CHARCOIL 9EOS To ADG 
REMCVE Two CHA -:COAL R;:EDS FROM AOG

NCTE -- NEGATIVE VALUES REPRESENT TNCRASED RELEASES

CASE C- I

0.  
0.  
0.  
e.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
0.  
C.  
0.  
0.  
).  

0.  

0.  

0j.  

0.  

0.
G.

CASE 
CASE 
CASE 
CASE 
CASE

0-1 
0-2 

C-1i 

E-3

EXHAUST
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TA9L: 3-5 PAGE 3 O* 6

REQUCTIONS I GASE0US R.L)AES OESULTING FROMl ALT3PNATE TREATMEN' 
(CU 1E S /Y A) 

ST A CK

CASE F-9

0.  
G.  
0.  

C.  
0.  0.  

C..  
c 
0.  0.  C.  

C.

CASE F-3

G.  
0.  
0.  
G.  
0.  
0.  
0.  
0.  
0.  
0.  
G.  
0.  
a.  

C.

CASE G-1

O.  
0.  
0.  
0.  
0.  

0.  
a.  
G.  
0.  

0.  
O.  

O.  

C.

CASE G-2

C.  
C.  
0.  

C.  

0.  G.  
C.  
a.  
G.  

0.  
0.  

0.

CAS; G-3

G.  
0.  
0.  
O.  
(O.  
C.  
0.  
0.  
0.  
0.  
a.  
0.  
0.  

O.

REmOV CHARCOAL FRCM DRY WELL VENT 
REmOVE HEPA AND CHARCOAL FROM ORY WELL V'ENT 
AD HEPA TO TU.RBINE aUILOING VENT 
ADD HEPA AND CHARCOAL TO TURINE BUILJING VENT 
ADD CLEAN STEAM TO VALVES

NOTE -- NEGATIVE VALUES REPRESENT INCREASED RELEASES

ISOTOPE 

K~-R 3 

X E13 1M 
X E -1 33 
XE -13.  

XE- 1337 

K--131 
X--133 

TO T f.L

CASE 
CASE 
CASE 
CASE 
CASE

F-2 

F-3 
G-1 
G-2 
GT-3

*)U. A:: A: I pI GLO 0
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TABLE 3-5 PAGE 4 OF 6

L; REUCTIO1S I N GAsCUS RELEASES EULTING F 0OM I-LTERNATF TEZT MENTS 

(CUI ES/Y EAR) 

PLANT VENT

ISOTOPE 

C-- 51 
CO -- 5 3 
F2--59 
CO--5S 
CO--50 
N,--65 

KR-- 87 

SR.- -8 9 0 59--390 
7R--95 
S$-124 
X -33 
X 135M 
XE -135 
X 38 
I -31 
I--i33 
CS-134 
CS-136 
CS-137 
9A -140 
CE -141 

TOTAL

CASE F-2 

0o.  
C.  

0.  
0.  
0.  
0.  
0.  
0.  
0 .  
C, 
0.  
0.  

0.  
0.  

0.  
-1 .53E-0 

0.  
r.  
0.  

0.  
0.  

-7.652-01

CASE F-3 

-2.97E-04 
-2.97E-03 
-3.9-S-04 
-5.94E-04 

-. 93 4E - 0 4 
-9.90---03 

-1.93E -3 3 

0.  a.  
0* 0.  

-8.91E-05 
-4.95E-06 
-3.96E-34 
-1.93c-04 

0. * 
0*.  
O.' 

U.  

-1.53E-01 
-6.12E-01 

-2 .97E-04 
-5.45E-03 
-3.95-04 
-9.90 E-05 

-7.92E-01

CASE G-1 

1.29E -0? 
5.94LE-04 
4.952 -CL.  
5.94E -0'4 
1.98E-23 
1.98E-04 1.9 

0.  

0* 5.94 E-03 1 .93E-05 9.90E -05 2.97E-04 
0.  
0*.  
0,.  
0.  
0.  
0.  
2.972-04 
2 .95E -05 

5 .94 E-04 
1.09E-02 

3.55E-02

CASE G-? 

1 .29E-02 
5.,94E-0l4 
5.9c3E-04 

5 . 9'4 E5--0 3 

1.98 E-0 4 

0.  
0.  

1.98E-05 
4.90E-05 

2. 97 E - 0 

0.  
0.  
O.  
1 .71E-01 
6.84E-01 
2.97E-04 
4 .952-05 

5.94E-04 
1.092-02 

t .91E-1

CASE F-2
CASE 
CASE 
CASE 
CASE

F-3 
G-1 
G -2 
G-3

REMOVE CHARCOAL FROM.i ORY WELL V N MT
REN!CVF HEPA AND CHA.RCOAL FRON ORY WELL lENT 
ADD HEPA TO TURBINE BUILOING VENT 
AUD HEPA AuD CHARCOAL TO TUR3IN BUILDING VENT 

ADO CLEAN STEAM TO VALVES

NOTE -- NEGATIVE VALU S RE R-'ESENT INCREASED RELEAS S

CASE G-3 

1.04~ -02 

4.80 E-04 
4.00S-04 
4.80E-04 
1.60E-03 
1.60E-04 

5.40 E+01 
1.04;+ 2 
1.8 4 c+02 
4.80E-53 

8.203 0 

2 .4 0 E-04 
2.00 E+0? 
5.20E2+02 

5. 00+02 
1.1124+03 

1 .52E-01 
6.10E-01 
2.40E-04 
4.00 F-05 
4.80E-04 
8.8CE-03 
4.30E-04 

2.57E+03



DAGE 5 OF 6

REQUCTTOS IN G'S7CUS RELASES RSULTING FROM ALTRNATE TREATmENT 
(CUI/ Y AS A ) 

STAtK

CASE H-1

C.  
0.  
0.  
0.  
0 

0.  
0.  
0.  
0.  
0.  
0.  
0.  

0.  

U.

CASE H-3

U.  

0.  
0.  
O.  

0.  

G.  
0.  
0.  
0.  a.  
a.  

0.

CASE I-i

c.  

G.  
L.  

C.  
G.  

0.  
U.  

0.  

C.  
O.  

U.

CASE 1-2

0.  
G.  
0.  
0.  
0.  
0.  
a.  
0.  
0.  
a.  
0.  
G.  
0.  

0.

CASE H-1 
CASE H-3 
CASE I-i 
CASE i-2

AOD HEPA TO REACTOR (AUX) FOUILDING 
AD HEPA AND CHARCOAL TO REACTOR (AUX) 
ADO CHARCOAL TC RADWASTE 
REH1OVE HEPA FROM RADWASTE

NOTE -- NEGATIVE VALUES DFEPRESENT INCREASED RELEASFS

ISCTOPE 

K R-8 L4 
K-8 51 
KR-- 87 
KR--88 
KD--89 
X E13 11 
X,133M 
XE-133 
XE 13 7; 
XE-137 
XE- 1 3 3 
I--131, 
1--133 

TOTAL

UILDING

TAB4':tL E 3-2-5
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TABtLJ 3-5 PAGE 6 OF b

R)UCTICNS I:N GAS:OUS PELEASES RESULTING FROM ALTER'NATE TREATMEMTS 
(CURIES/Y EAR) 

PLANT VENT

ISOTOPE 

C0--51 
MN-- L 

CE--59 

CO--58 
ZN4--65 

KR--87 

SR--89 9 S--90 

S3-124 
XE -133 
XE135 
XE-13' 
XE-133 
I--131 
I--i33 
CS-134 
CS-13r, 
CS-137 
-BA-14 f 
CE-141 

TOTAL

CASE H-1.  

2.97-04 
2.97E-03 
3 .96E-0i 
5.94E-04 
9 .90E-C 
1.983E-0.3 
0.  
0.  
0.  
8 .91E-05 
2 .95E-06 
3.96E-04'
1 .98-04 

0.  
0.  
0.  
C.  
0.  
3 .9E-03 
2 .97E-04 
5 .45E-03 
3 .96E-04 
9 .902-05 

2 .702-02

CASE H-3 

2.972-04 
2.cJ7E-03 
3 .96E-094 
5 94E-04 

1.9"2-03 
0.  
U.  

0.  
8 .912-05 
4. 95E-06 
3.96E-04 
1*9E-04 
0.  
3.  
0.  
0.  
1.532-01 
6.12E-01 
3. 9-E-0 3 
2.97!- 04 
5. 45E-03 
3.96P-04 
9. 90-5 

7.922-01

CASE I-1 

0.  
0.  
0.  
0.  
U.  

0.  
U.  

0.  
0.  
0.  

0.  
C.  
0.  
U.  
L.50E-02 
1.62E-01 
0.  

0. .  
U.  

0.  
0. .  

2.07E-01

CASE H-1 
CASE H-3 
CASE I-1 
CASE 1-2

ADD PEPA TO RPEACTOR (AUX) BUILDING 
ADD HEPA AND CHARCOAL TO REACTOR (AUX) 
ADO CHARCOAL TO R-OASTE 
REMiOV2 HEPA FRUM RAOWASTE

NOTE -- NEGATIVE VALUES REPRESENT I NCREASED RELEASES

CASE 1-2 

-8.912-03 
-2.97E-02 
-1.46E-02 
-4.45E-03 
-8.912-02 
-1.49E-03 

0.  
0.  
0.  

-4.452-04 
-2.97E-04 

-4.95E-05 
0.  
0.  
0.  
0.  

0.  
0.  

-4.45c-03 
-4.45E~04 
-8.9125-03 
-q.90E-05 
-2.572-03 

-1.66E-01
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Table 3-6 

GALE Input Terms forCost-Beneficial Case--Gases

Card 
No.

Spaces Entry

21 73-80 

22 73-80 

23 73-80 

24 73-80 

25 43-45 
52-54 

26 43-45 
52-54 
68-70 

27 73-80 

73-80 

43-45 
52-54 

30 43-45 
52-54 

31 80 

32 73-80 

33 73-80 

34 73-80 

35 73-80

7.147 

9.64E-03 

0.029 

0.5 

yes 
yes 

Blank 
Blank 
Blank 

1 

0 

Blank 
Blank 

Blank 
Blank 

1 

18.5 

330 

2 

68

Units 

103 lb/hr 

106 lb/hr 

hour 

hour

Item 

gland seal steam 

mass steam in reactor 

gland seal holdup time 

SJAE holdup 

Drywell vented through charcoal 

Drywell vented through HEPA 

turbine, no charcoal 
no HEPA 
no clean steam 

no HEPA on charcoal on gland seal 

charcoal delay on SJAE 

no charcoal Reactor Bldg 
no HEPA

no charcoal Radwaste Bldg 
no HEPA 

charcoal delay system 

Kr coef 

Xe coef 

No. of cond shells 

mass of charcoal
103 lb
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T'BLE 3-7 

GASEPUS RELEASES -- COST-RENEFICIAL CASE.  
(CURIES/YEAR) 

PELEASE FROM

STACK

9.50E+03 

5.  

3.  
S0* 

6.70E+17 
2 .94+3 
1.46+02 
I .62+02 
2.25+23 
5.40E+02 
0.  

0*.  

5.202+01 

144E+4 
1 .802+GL1 
5.10 E+02 
7.80E+02 
S .90E+i2 
5.20E-02? 
3.802-02? 
3. 00E-0T 
2.005-36 
1.00F-05 
1 .102-35 
U*.

PLANT VENT 

1*.052+01l 
G..  

2.50E+01 
2.23E-,2 
3 .36E-0 
1. 59 -2 
5.71E-03 
S.72E-0 1 

0 .  

.1 .36E+i2 
2.36E+02 
0.  

6.54E-C3 
3.25E-G4 
5.54E-014 
5.52E-0C4 

0.  
0.  
:3.92E+02 

7.42C+02 
7.43E+02 

.  

1. 41E+D3 
4*27E-01 
1. 69E + 
8.34E-0D3 
8 .03E-..2 

1 .52 -02 
1.15E-02 
3.30E-03

TOTAL

2. 10E2+01 

2.50 +01 

2.23 -0? 
3. 36 -;2 
1 .59 -02 
5.71t-03 
1.02>-1 
3. 72E-0 3 
6 . 7 0E -1-0 1 
3.02E+3 

1.124E32 
2 98_+02 

2. 4943 7 
- .40 +02 

. 245-03 

5.54E-04 

5.52E-04 
5.20E+031 

4.80-+Ol 
1 . 4)3 c+0 

7.602+02 

1 .25-E+03 
7 .3 C 3 
2.00-+03 

4. 79E-01 
1 . 73 A --3 0 

8.84E-03 
8 0 5E- 4 
1.52c-02 
1 15-3 
3.30E-03

ISOTOPE 

A -- 41 
CzR- -5 i 
'4N -- 5 4 
e4q-5Lq.  

C0--0 

ZIN--S5 
KR-33M 
KRZ-85 M R--SM 

KR--37 

KR--39 

ZR--5 
SSt3 -12 4 

XE 131M 
XE 133M 
XE -133 
XE13 5M 
XE-135 
XE -137 
XE-138 
I--i31 
1--133 
CS-136 

CS-137 
-140 

CE-141



Duane Arnold Atmospheric Dispers: 

iERIC DISPERSION FACTORS rOR-DUANE ARNOLD A

IN 
OIPFCTICN 

SECTOR 
N 

NE 

FNE 

* 75 

SE 
557 
S 

1;w 
WSW 

W 
4" N .4 

wN W 
N NW 

I N 
DIoECTION 

SECTOR 
N 

ENE 

E5 

557 
S 

SW 

V NW V4w 

TN.  

DIPFCTION 
SECTOR 

N 

'F 

SE SE S 

5s !

RUN TYPE- X/0 

12 L13 
1b09 241) 

4.35E-07 3.097-07 
3.23E-07 1.15E-07 
2.05F-07 9.707-08 
1.04E-07 1.50F-07 
2.45F-07 1.3AF-07 
1,117-07 7.58F-08 
2.11F-07 9.26E-08 
2.18-07 7.82E-08 
1.25E-07 5.96E-08 
5.MaE-08 5.43E-08 
3.03E-08 5.63E-08 
3.29E-0A 6.54E-08 
4,q44-nA 7.41E-08 
7.007-08 1.17F-07 
1.56F-07 2.497-07 
3.55E-07 2.59F-07

SEC/43 
12 

402? 
1.AE-07 
4.47-08 
6.75E-08 

7. 15F-08 
9B.07-08 
7. 0?E-08 

5,01F-08 
:3.*78F-08 
3.547-08 
4.147-08 

.4.*24E-08 
4.53E-08 
C'.*78 -08 

.1?AE- 07 
1.317-07

RUN TYPE- OEPLETED X/Q SEC/M3

1 60 
4.28F-07 

3.17E-07 
2.02F-07 
1.02?-07 
2.40F-07 
1. 1SE-07 
2 0F-07 
157-07 

2.* 42-08 

A. 2E-0A 

S - 0

2413 
2.96E-07 
1 .09E-07 
9. 31E-08 
I1.4:3F-07 

I8.3E-08 

7 . 47F-08 
5.71F-08 
S.24E-08 
5*47E-08 
6 . 3 1F-0)6 
7.12E-08 
1 2 12F-07 
2.36F-07 
2 . '4 0E- 0 7

40?2 
I . 7F-07 
B.Q5F-08 

6.37-08 

A.*A E-08 
.1 -08 

4.797-08 
3 .f..7-08 
3.42F-08 
3.5E-08 
4.04F-08 

*? 771-08 
1.217 -07 
I .?4F-07

RUN TYPE- DEPOSITION 0/0 M-2

I 60c) 
3. 18E-08 
2.707-0A8 
1,.0A8-0A 
9,31E-09 
1.2SF-0O 

1.06E-0A 
4.6E-,00 

.34E-09 
4.417-09 
1 -1, Ano

2413 
6.59C-09 
4.54.-09 
3. 15E-09 
2.07E-09 
2. 80E-09 
2.07E-09 

2.12F-09 

3.?3r.-09 
1.23E-04 
1.55E-09 
) 1:),-no

40?? 
2.07:-09 
1.575-09 

.07E-09 
6. 07- 10 
8.41-10 
7,0E-1 0 

7.347-10 
4,A9 7-10 
4 .7 Q7- 10 

4 .537-10 
5.57F-10 
A.ASr-10

3631 
9.,787-10 
7.47E-10 
4.85E-10 
2.77E-10 
3.817-10 
*3.227-10 

S.ol21. 0 

2.47-10 
2 40E-10 2.3)4E-10 
2 ,E-10 
3.987a-10n

5631 
1.07E-07 
6.72E-08 
4,977-0R 
4.P17-OR 
5.11E-OR 

.1 6/7-00 
3.A7F-0O 
3.27E-0A 
2.527E-0 
2. -6F-0A 
2.97E-08 

42.93E0RA 

7.137-OR 
77,-08

3.1 
5631 

1 13E-07 
7 , 16F-08 
5.12E-0A 
4.46E-0 
5.61E-08 
4.17E-0A 
3.797-08 
3.49E-00 
2. f .RE-0 
2.S IE-0R 
3.16E-0p 
3.14E-0R 
4.77E-08 
5.29E-0A 
7.64E-0A 
A.21E-08

DIST 
L4. 1 

7240 
1.21E-0 
5,69E-0 
3.A8F-0 
3.31E-0 
4 . 14F-0 
3.30F-0 
2,95F-0 
2.79F-0 
2.74-0 
2.65F-0 
2.37E-0 
2.46F-0 

.357-0 
4.23E-0 
6. 55-0 
6.02E-0

-.Factors for Stack 

STACK 

(7ETErS) ,

12067 241 
7 6.25E-0 A 1.0 
A. 4.15E-08 1.35 
A 3.26E-08 1.04 
A 2.07E-08 7.32 
8 2.08-08 7.3 
8 2.3?E-OR 8.4( 
8 2.51E-08 8.Q 
8 2.76E-08 1.00 
8 1,94E-08 7.14 
a 2.1SE-08 730 
s 2.07E-08 7.11 
8 2.09E-08 7.01 
8 1.48E-08 4 
8 3.OOE-08 9.51 
8 3.93E-08 1.2 
'l S.72E-0a 1.7

SFASON-GRAZING

35 
F-08 

F-08 
F-09 
F-09 
E-09 
F-09 
F-08 
E-09 
.7-09 
.- 09 
47-09 E-09 
E-n9 
F-09 

3F-08 
87-08

DISTANCE (METERS)

7240 
1.*147-07 
5.327-OR 

3.60E F-08 
3.117-OR 

3.09E-09 
2.777-na 
2.59E-08 
2.56E-08 
2.46E-08 

307E-08 
3.91 E-0 8 
6.0-08 

5.657-OR

12067 
5.67E-n 
3.76E-08 
2.92E-08 

1.947-08 

2. 15E-08 
2.35E-08 
2.56E-08 
1.827-08 

1.97E-OR 
1.90E-08 
1.90E-08 
1.335-08 
2.*66E-08 
:3.*497-0;8 
5.007-O6

DISTANCE (METEPS)

7240 
6.02E-10 
4.60F-10 
2.97F-10 
1.69E-10 
2.30F-10 
1.95E-10 
2,957-10 
3.,58F,- 10 
2.27F-10 

1.44F-10 

1.797-10 
2.47F-10

12067
2.39E-10 
1,68E-10 
1.38E-10 
5.55F-11 
7.60E-11 
0.52F- 11 

5.127-11 
2s 1E-11 

5.68E-1 
1*23E-10

24135 
1.677-08 
1 .127-06 

8.30F-09 
6.53F-09 
6.64F-09 
7.407-09 
a . 13F-09j 
9. 09F-09 
6.*667--09 

6.32-09 

4, 16F- 9 
7.60F-09 
9.80E7-09 

1.-37E-08 

24135 

6.47F-11 
4,327-I I 
4.0-l 1 

1.287- 1 

174F-1 
1.53F- 1 
2.21 1-i I 
2.71F-I I 
1 .7?F-l I 

1.17F-1\ 
1.09r-11 
1.067-11 
1.227-11 

3.b2E-1 I

40225 
R.0AE-08 

7.23E-09 
5 .48E-09 
4.15E-09 
4*16E-09 
4 P.6E-09 
S.10E-09 
5.83E-09 
4.19E-09 
4.03E-09 
3097E-09 
3.65E-09 
2.58E-09 
5.02E-09 
6.467-09 
9.25E-09 

40225 
8..03F.-09 5. 0E-09 
3. 1E-09 

3.53709 
3*4 E-09 

39 C 3. 6477-09 4 . 4 c - o9 

3.4 -09 
3.14E-09 
2.17E-09 

4.46E-09 
6.067--09

40225 
3,19E-11 
2.08E-1 1 

1,. 72-1 
6.067-12 

7.87E-12 
7,24E-12 
9.q3E-12 
5 .21E-1 1 
7,43E-12 

4 .6712 

4 .81 E-12 
5.17E-12 
1 .49E-11

Voioba I VA.) Tible 3-8
REQ-DX-1 3' 

5b315 
7.19F-09 
4.84F-09 
3.b6E-09 
2.84,F-09 
2.65F -09 
3.34E-09 
3.49E-09 
4.02F-09 
2.90E-09 
2.7!E-09 
2.69E-09 
2.60E-09 
1.72E-09 
3.34F-09 
4.287-09 
6. 14E-09 

56315 
4.91E-09 
3.34E-09 

2 . 26E-09 
2.31E-09 

2.99E-09 

:3.45.F-09 

2.67E-09 
2.17E-09 
2.24C-09 

2.02E-09 
1.40E-09 

3.517-09 

56315 
2.06E-11 
1.33E-11 
4.0-12 

5. 04E-12 
4.74F -12 
6.35C-12 

3.05E-12 
3.02E-12 
3.2E-12 
3.26F-12 
8.37E-12

7?405 

5.30E-09 
3.581-*09 
2.70E-09 
2.13F-09 
2.14E-09 
2.52E-09 
2 . 627-0C 3s.03E-09 
2. 19-09 2. 03-0 9 

2.00E-09 
1.9?E-09 1*.26E-09 
2.45E-09 
3.14E-09 
4.52E-09 

72405 
3.307-0; 
2. 317 -09 
1.53?-C9 
1 5 .L3- .  
1. E -09 

2.1F-0% 
2. 7-09 

2 .3 2 E 1. 027-CS 
1 * 001-09 

2.*327-0;

72405 

1.37F-11 

8*:5 E -12 6.19E-12 
2.27-12 

4 1 .7E-i2 

2.1 3E-l 

2.31S-12~ 
2..317-12 
5,1>E-12



Duane Arnold

AT" 

T m 

qSE CT 0 R 

EN 
N E 
\FF 

SE 
5F 

S w 
w S" 

7N 

IN 

NE 
ENF 

SEF 
5 

.1 S .  

N N 

I N 
DIPFCTION 

N 

tE 
F 

FSr 
SF.  
5SF 

S, 

, IN

iab .  
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TC DISPERSION FACTORS FOR-DUANE APNOLD 

RUN TYPE- X/O SEC/M.3

1609 
2.q9E-07 

I~ .c OF -n7 

* I SF-07 
1 OF _ 307 
SE52-07 

?.04E-07 
., E 0 

4 *04F.-09 

2. 16F-0O9 
2 * OR-OR 
I, 31F-(); 
* A4E-OR 
I 1 ?-n7 

22?4E-07

2413 
2.*78E-0 7 
9 .84E-06 
8.54c-(3R 
1 .40F-07 
I .S]E-07 
I .07F-07 
1:,23F.-07 
1 .05F-037 
7.*16 F-O8 
6.66F-Oa 
6.74E-08 
7 .51rF-08 
9.49F-06 
1 .41F-07 
2.*33E-0J7 
2.4(3E-07

14A07 

6.91 F-08 
6.10(3F-O8 
6.6;AF-nR 

9,.39F-08 
7.45E-08 
6.Q4F-(3R 
4.71F-08 
4.35E _O0 
4 .75F-08 
4.75F-OR 
5.A4F-_(08 
9 . F7F _08 
1 . 1 7 F-0n7 
1 *1 QF-07

RUN TYPE- DEPLETED X/0 SEC/M3

I 4F-07 

2. F -0;; 

1 .OSE-07 

I. IOF -07 
? 1* 7 -OR

24123 
2 .6 7';- 07 
9.41lE-08 
a . 1 7 F -08 

1 .34F.-07 
I.45E-07 
.02(3E -07 

1. 1AE-07 

6 .92E-08 
6 .46F-08 
6.5SF-08 
7. 34E-08 
9. 1 4F-08l 
1 . 35F-07 
?2 3E-07 
2.30CE-07

40'? 
I- .1 F 07 

S. OAF-OS0 

6.12 _?F-O 
S , 6F -OO 
P.AI F-OR 
7 . CI4F-08 

4 .40E-OR 
4 .1 ';E08 
4 . :;?C-OR0 
4.v~nF 08 
5.311F 08 
9 * 7?F-OR 
I . I F-07 

I.?F-07

RUN TYPE- DEPOSITION 0/0 M-2

160q 
2.?OE-08 
1 A.~3F-nA 
1 .74E-ns 
7 . 1 7iF-(O 
7 .4E-09 
. 33E-0 

P .5F -OR1 

7 F- 3F -09 

1.8SF-O9 
2 .06E -09 
-a n- no --

2413 
5 .59F-09 
3.47E-09 
2.526.-0 
1 .78E-09 
2. 7E-01 

2.36F-09 
3 65F-09 
4 33 F-0C9 
2. 30F-09 

1.55F-09 
1.56E-09 
2.01E-09

4022 
1.A-09 

I P24F-09 
.44F-10 

5,2F-10 

7. nF-10 1. .31?F-0 9 
1 q1F-09 

6 .2 F-I C 

6.13 A-) 0 
5.97r-Il 0 
7.44F-10

sA31 
8.52E-10 
5 .96E-10 

4.02E-10 
6.19E-10 
4 *oO F -1 0 

4.A7E-1 0 
6.11E-10 
3.22E-10 
3.)7F-10 

3. ;)2E- 1C 

4.0 I-lo

5631 
9 .47E-On 
6. oOF-OP 
4. 71E-GA 
3. QOF-0R 
5.40EO 

4.49E0OR 
4 .4 CE-OA 
3.n9ES-Oq 
2. 77E-08 
3.?JF0Os 
3 .I OF-OSA 

5. 1 F-OP 
6 *40E - Oa 
6. A5EF-OA

1 .01E-037 

4.1 3E-09 
5. 75E-09 
5.AIE-OA 
4. ROE-OA 
4 .70E0OR 
3. 28 F. ~0 

3.47E-OA 
3, 34E-0R 
5.40E- OA 
5.7qF-OR 
6.AQF-(3R 
7,29F-OR

'53- 13 Lo1- )r L

j Factors for Stack Ne G'b

DISTANC774FTERS)

7240 
1.*04E.-07 
5. O2F-OR 
3,64E-08 
3.*04F>-08 

4.OGF-OS 
:3.*54F-098 
3.69F-08R 
3,20F-08 
2 * 8F-OR 
2,54F-08 

?.53F-08 
3.7 1F-098 
4.42E-08k 
5.7 IF(3R 
5.2 6E-038

12067 
SI*OSE-08 
3.44E-(3A 
2 8qEF-08 
1 .84E-3R 

2,*46E-08 
2.49E-08 
3. 04E- (38 
I 959F-08 
1 .95E.-08 
I .79F.-AB 
1 .70F-08 

2 .58E-038 

3. 17E-08 
4 .26E-OA

DISTANCE (METERS)

7240 
S *64E-OP 

4, 6SF-OR 
23.40F-OR 
2. 56E OA 
3,91 F-OS 
3 . 7SFO 
3.2SF-OR 
3.4 iF-OA 
2 *9SF- OR 
2 .64E-08 
2.*34 F-08 
2.3 IF-OF 
:3 32 F-C A 

t5 2?2F-08 
4.*90 F-OR

12?067 

3.09SE-08 

I 7 F-OR 
1 5F-OR 

2.24EF-OR 
2.27E-08 
2- 76E-08 
1 .83E-08 

1.*74E-0; 
1.59E-O9 
1 .48E-OR 
I1. 35E-O8 
2 .231E-08 
2,.77E-08 
3.66E-08

2413'5 

1.*09F-(38 
9.*083F-039 
6.42F-09 
6.90F-n9 
8. 44F-09 
8.3?F-3g 
1 .04F-(38 
6 .92F-039 

5 .73F-039 
I5.3 3F-((9 
4, 76F-639 
7.79F-0 
9,73F-039 
1 .29F-08 

24135 
1 .31F-08 
9 .03F-09 
7. 26E-09 
5. 70F-09 
6 . ItE-OS 
7.*22E-0)9 
7 .34F-69 

*9.16F (39 
6.29F-09 
5.45F-09 

*4.90F-039 
4.40F-09 
3 ,99E-09 
S.*99 F-0S 
7.*64F-039 
9.*7SF-09

DISTANCE (METEPS)

724.0 
.28E- 10 

2.47F-10 
) .46F-10 
?.42F1 C 
?.82E-10 

3.90F-10 
4.87F-10 
2.7-3F-10 
2.09F-10 
?.01r-10 
i .94F-10 
2.44F-10

12067 
2.07E-10 
1.36E-10 
i .22E-11 
6.74E-1 I 
7.88E-I I 
9). 46F -11 
1 2?7E-1 1 

6.63E-11 
9,20F-I I 

6 .63F- 1 

6.34E-1 I 
7.65E-11 1 .44E-10 C

24135 
5.52F-11 

1 1F 1 1 

1.33EF1 I 1 .77F-i 1 2 .??F-1 2. 71-1 1 3.55F-n I 1 .93F- 1I 1.44 F-Il1 
1 .38F-1 I 
1 .33F-1 1 
1 .60F-1 I 
3.R1F-1 1

40225 
B.*39E-09 
S. 8OE-09 
4. 77E-09 
3.61E-09 
3.bSE-39 
4.6qE-09 
4 .59E-(39 
5.81EF-O9 
3,*92E-09 
3.*47E-09 
3 .07E-09 
2.81EF-09 
2.5 OE-09 
4. CCE-09 
5,04E-09 
6.61 F-OS 

4022S 
6. I8F-09 
4 . 33E-039 
3.32E-09 
3,*04EF-09 
3.31E-09 
3,73EF-09 
* 3. 90E.- 09 
4.qGES-OS 
3 .55E-09 
2,*80E-09 
2.52E-09 
2 . I19E-09 
2.*01EF-09 
2.71E-09 
,3., EF-09 
4.27E-09 

40229 
2.168E-i II 
1 .b68F-I1 
1.53E-11 
5 ,?0F-12 
7 .95E-12 

I , 04E-l1I 
I .21E.-1 I 
I .51E-I 

8 .21E-12 
6. 17E-12 
5 ,57E-12 
5.51E-2 
6.siE-12 
I .52E-1 I

SFASON-ANNUALC.K

'.11

v
REO-DX?2 3YR 

56315 
S.S6F-O9 
3 .86E-0 9 

3. V/F-09 
2.*46F-09 
2 *6 IF-og 
3. IGE-09 
3.09E-09 
3.9'4 F-09 
2 .67F-09 
2 .32F-09 
2.*04E-09 
1 .86F-09 
1 .63E-09 
2.61E-09 
3.31F-09 
4. 35E-09 

56315 
3.7SF-Oc) 
2.65F-0) 
1 .96F-09 
1 .99F-09 
2. 17F-09 
2. 38F09 
2 .55F-09 
3.2;EO 
2 .40F-09 
1 .79E-09 
1.62F-09 
1 .37E-09 
I .?7F09 

I .:bqE-09 
2. 04E-09 
2 .46F-09 

56315 
1.*7?E-l11 
1,.07E-11I 
8. 71F- 12 
5.5IF.-12 
5.1 j3F:-12 

6.s0E-l 2 
7 .61F-12 
9.30FE-12 
4 . iS F -12 
3,92F-12 

3.39F-12 

3,92F-12 
8.*55F-1 2

4. 06E-C9 
2.954E-09 
2 . 33EF-09) 
I .A4C- 09 
1 C)5E.-09 
2. 37F-09 
2 . 29E-093 
2.93F-09 
1 ,9CE-09 
I 70E-09 
1 .49E-09 
I . 3c5-09 

I . 1 BE-09 
1 .R;E-09 
2.4 1E-09 
3. 17E-09 

72405 

21. 52fE '- 0 c 
I . 82F-03 

I .4 3E-09 
I . 57 E -00 

2 *3) E -09 
1 .76E-09 
I .27E-0 9 

1.06F-OCS 
1 . 3'E-09; 
1.*62E-09 

1I. I14E- II 
7. 14E-12 

cI . 4 1 E -12 
2 . 53F- 12 
S6E- 12 
46 64F 12 
S ;* F E12 

6 .c. 3F.- 1? 
3.41lF-12 
2. 7>E-12 
2 , s3F- 12 
2 . 32PE- 12 
2 . 09 -1 2 
S .22E-I 2 
r. ~- ' -
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old Atmospheric Dispersion

TC DISPERSION FACTORS FOR-DUANE AQNOLD 

RUN TYPE- X/0 SFC/P3

1609 
2.19F-06 
1.53F-06 
A.P4F-n7 
AJ.2cE-07 
1 .20E-06 
6,97F-07 
1 ,09-06 
1 1 3E-A6 
6.36E-07 
4.73F-07 
3.40E-07 
L.A4E-07 
.04F-07 

6.60F-07 
1 .02E-06 
2.27E-06

2413 
2.39E-06 
6.1 OF-07 
4.88E-07 
1. 12C-06 
7.96E-07 
4.07E-07 
4.81F-07 
3.4AF-07 
2 .92F-07 
3.68E-07 
4.bcF-07 
4.09E-07 
6 .24E-07 
A.50E-07 
1,99F-06 
2.48E-06

402P 
1.06F-06 
4.01F-07 
3.3qP-07 
4.0 )E-07 
4.?F-07 
3. 29F-07 
2.PF-07 
1 .70;7-07 
1.46F-07 
2.01F-07 
2.S2F-07 
2. 1 4F-07 
3.?qF-07 
5.93E-07 
9.40F-07 
1 .07F-06

5631 
7.29F-07 
4. 13F.-07 
3.4F-07 
?.7E-07 

2.70F-07 
1.5E-07 
1. 0E-07 
I .02F.-07 
9.25E-0R 
I .35E-07 
2.27E-07 
I .70E-07 
6976E-07 
3.64E-07 
5.52E-07 
6.42E-07

RUN TYPE- DEPLETED x/O SEC/Mi3

609 
2.05£-n6, 
1 .44F-06 
A.32E-n7 
5,0E-07 

A * iF-(A7 
A.nPF-07 

.02£-06 S 

5 . 9' F- 0 5.93£-07 
4.41E-07 
3. 19F-A07 
3.3F-07 
6.? F - A 7 

4.76F-07 

? .16EF-0 6

I A.0-A 

74 

?D. L 7 -n 

4 ..* 7F-r 

P.A1E-09 
2.53E-0A 
4 ' 22£-ASi 

7 1, F; - 0l j 

1, 74E - 0R 

1 .4CE-08 
1.* 51F-0O 
1.73E-OA 

I- I" -

2413 
2.30E-06 
5.82F-07 
4.62F-07 
1 .06E-06 
7 .SE-07 
3.81F-07 
4.52F-07 
3.27F-07 
2. 78F-07 
3. 53E-0'7 
4 . 42E-0 7 
3 .OF-07 
S.* E-07 
S. 06P-0 7 
1.9?E-06 
2.*40CE-0 6

4022 
1.n?-06 
4.71F-07 
3.20r-07 
4.AAF-07 
4.17F-A7 
2.96E-07 
2.q6r-07 
2 .OAF-O07 

.AGO-07 
1. 3l -07 
1qPE-07 

2.71F-07 
2.0 3E-07 
3.13 -07 

I .04F-06

RUN TYPE- DEPOSITION 0/0 M-2 

2413 n?? 
8.27i-09 2.?4£-09 
5.23F-09 1,51F-09 
3.50F-09 9.93F-10 
?.90E-09 7.'1F-10 
3.11£-09 9,14r-10 
3.OOE-09 9.35F-10 
4.?0E-0y 1,AV-09 
4.24E-09 r.?4r-09 
2.62£-09 7.FS-10 
2.21£-09 6.7K-10 
2.36E-09 7.2017-10 
2.23E-09 6.62-10 
2.60F-09 7.(3F-10 

l :e no ncC..o l

OTodate 15-.@ 
Factors fc,- R 

VFM A

page i oi 4 
eactor Bldg Vent 

cTOR RUJILDING SFASON-GRAZING

DISTANCE( HETE PS)

7240 
9.9.E-07 
3,67F-07 
2.56E-07 
2.1 SF-07 
1.85E-07 
1.28F-07 

7.59E-08 
9.40F-08 
1.79F-07 
1,78F-07 
1.64F-07 
4.ASF-07 
3.43F-07 
5.14F-07 
4.67F-07

12067 
3.S7E-07 
?.79F-07 
2.09F-07 
1* 19E-07 
7,81E-08 
6.20E-AR 
6.53E-n8 
6.29E-0A 
5*84E-08 
1.42E-07 
2.49E-07 
3.29E-07 
2.23F-07 
2.29E-07 
2.54E-07 
3.49E-07

24135 
1,14F-07 
8.36F-8  
6.23F-nS 
3.70F-O8 
2.39F-08 
1.85F-S 
1.96F-08 
1.91F-08 
1.81F-An8 
4.27F-08 
7.80F-08 
1 .05F-07 
7.23F-08 
6.78F-08 
7.45F-O 
1.02F-07

40225 
5.73F-08 
4.23E-08 
3.13E-0 
1.91E-08 
1.23E-08 
9.36E-09 
100E-08 
9.79E-09 
9.42E-09 
2. 17E-08 
4,05E-08 
5.46E-08 
3.83E-08 
3,40E-08 
3.73E-08 
5.10E-08

REO-07-3 3YR 

56315 
3.78E-08 
2.81E-08 
2.U8E-08 
1.27F-08 
8.17E-09 
6,18F-09 
6.59F-09 
6 .946F-O 
6.25F-09 
1.44E-0S 
2.71E-08 
3.67E-08 
2.67E-08 
2.25F-08 
2.46E-08 
3.36E-08

DISTANCE (METEPS)

5631 
7.01E-07 
3.99E-07 
3.?AE-07 
2.;2E-07 
2.43F-07 
1.66E-07 
I .??E-07 
9.48E-OR 
Aq.74E-0A 
I .,E-07 
2.19F-07 
I .A2E-07 
6.12E-07 
3.47F-07 
5.?8E-07 
6.23E-07

7240 
7.52F-07 
3.51F-07 
2.4SF-07 
2.02F-07 
1.65F-07 
1 .13E-07 
8.66E-0S 
7, 02F-08 
8. 82F-08 
1 .71E-07 
1 .71F-07 
I .57E-07 
4.49F-07 
3.2CF-07 
4.54E-07 
4.49F-07

12067 
2.64E-07 
1.94E-07 
I 33E-n7 
9.44E-0A 

6,34E-08 
4.49E-A 
5.16E-0A 
5.04E-08 
5,05E-09 
1.07E-07 
2.01E-07 
2.62E-07 
1.91E-07 
I .48E-07 
1.63E-07 
2. 10E-07

DISTANCE (METERS)yZ

C631 
1.09E-09 
7. 1 7E- 10 
4 .98E- I 
3 .R0E- 10 
4.64E-1 0 
4. 52E- 10 
.25F- 10 

5 .66-10 A 
3. 54E-1 A 
3. 34£-I A 

3.06E-10 
4 . q 5E - 10 
t, car-i I

7240 
1I IF-09 
4.A6£-10 
3.1SF-10 
2.51F-10 
2.06F-l 0 
2.32F-10 
3.12F-I0 
3.42F-10 
2.13E-10 
.8F- 10 

2.02E-10 
1.84F-10 
3.43-10 
1 . tzr- In

12067 
4,54E-10 
2.75E-10 
1.73£-10 
1.15E-10 
1.14E-10 
I . 12 E - 10 
1.55V-10 
1.63I-10 
1.11-10 
1.43F-10 
1,70F-10.  
1:45E-10 
1.53E-10 
1.A2F-10

24135 
6.62F-08 
4.97F-08 
3.34F-08 
2.S4F-A8 

15*1F-AS 
1.35F-08 
1.33F-08 1,36F-08 
1,*38£-A8S 
2.78F-08 
5.48F-08 
7.22F-08 
5.43F-08 
3.70F-08 
4.05F-08 
5. 12F-08 

24135 
9.82F-11 
6.01F-11 
3.67E-1 I 
2.79£-I 
2.77F-I 1 
2.44F-) 1 
3.64F-1 1 
3.81 F-1 I 
2.98E-~l11 
3.46F-I I 
4.52F-11 
3.70£-11 
4.1SF-I1 
3.84F-1 I

40225 
2.80E-08 
2. 1?E-08 
1.41E-0S 
I 1 E-08 
7.34E-09 
4.93E-09 
5.82E-09 
5.81E-09 
6.21E-09 
I .19E-08 
2.40E-0 
3,17F-08 
2.43E-08 
I 156F-08 
1 .7 1E-08 
2. 15E-08

S40225 
3.63E-Il 
2.22E-I I 
1.33E- 11 
1.05E- II 
S1,05E- I 
9.04E-12 
1 .3AE-l I 
1 .46E-11 
.16£-ll 

1.30£-l11 
1.71E-11 
1.39F-11 
1.59E-I l 
I .42E-1 1

56315 
1.61E-08 
1.22E-08 
8.14E-09 
6.39-09 
4.23E-09 
2.83F-09 
3. 34E-09 
3 .34E-09 
3.64E-09 
6.86F-09 
1.39E-08 
1.zs4F-08 
1 .42F-08 
8.99F-n9 

9.78E-09 
1.24E-OS

56-'3315 
1.84F-b11 
1*13£-I I 
6.77E- 12 
5 . 44 E*-12 
5; ,6F-1l2 

. 4.62F-1c 
7.21F-12 
7. 65F-12 
6.26£-12 
6 .6E-12 
8.85F-12 
7* 1F- 12 
8,33F-12 
7 . 18 E-12

PLT 

72405 
2.78F-08 
2.07E-08 
1.53F-08 
9.44E-09 
6.03E-09 
4.53E-09 
4.83E-09 
4.73.-09 
4* s9 : -09 
1 .0E-03 
2.01E-08 
2.74E-08 
1. 92E-O 
1.65E-08 
1.80E-08 
2,47E-08 

72405 
1.05E-08 
8. 08E-09 
5.39E-09 
4. ?4E-09 
2 .. 0 -09 
1 .86 -09 
2. 20F-04 
2. 19E-09 
2.43E-09 
4. 54E-09 
9.28E-09 
1.23E-08 
9.4 SE-09 
5.93E- 190 
6.44E-O9 
8.14E-09

72405 
1. 14E-1 
6.97E-12 
4.1F.-12 

23 * 4- I P 

3.32F-12 2. 45E-1I.  

4,44E-12 4.71E-12 3.3?E-12 5.32:.-12 
4..34£-EL1 
5.00E-I2 
4. 45E-12
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AT RTC DISPERSION FACTOPS FOR-DUANE APNOLD 

RIJN TYPE- X/O SEC/3
)I; F CT TON 
,FCTr , 

N 
NNF 
NE 

F 

F 
SF.  

S N 
N 5 ' 

T N 

IPFCTTON 
F C T OP 

N IN 4 

NE 
FNF 

ESE 

5.  
S 
1;S 

SW 

Sw 

wNW 
N4 

I IPFCTTION 

F S 

SF s : 

w 55,4 SE N S.  

.w ld.9-

1609 
I .74F-06 
1 .1 6F-06 
7.A4F-07 
5.44E-n7 

9.79E-07 
1 .?7E-06 
I .40F-06 
7.47F-07 
5.05E-07 
4.09E-07 
3.40E-n7 
4.7EF-07 
7.461-07 
9,.c4E-07 
1.77E-06

2413 
2. 1?F-06 
5.33E-07 
4.99F-07 
I .02E-06 
8.77F-07 
5.60F-07 
7,06F-07 
4.84E-07 
3.80E-07 
3.l95F-07 
5.07E-07 
4 . 47E-07 
6 .-1 7E-07 
8.58E-07 
I 62F-06 
2 . 24E-06,

RUN TYPE- DEPLETED x/O SEC/M3 *

1600 
1.62o-06 
1 .08E-06 
7.36E-07 
5.12E-07 
1.20F-06 
9.03F-0 7 

-3.27E-()7 1 *15E-07 *,77E-07 

3.16E-07 
4.43E-07 

.55RG-07 
P .99-E-07 
I .67E-06

2413 
2.04F-06 
5.08E-07 
4. 36E-07 
9.56 E-07 
8.26E-07 
522F-07 
6.60F-07 
4.51E-07 
3.59F-07 
3.76E-07 
4.83F-07 
4.24E-07 
5.85F-07 
8. 04:E-07 
1.54F-06 
2.16E-06

40'2 
8.R2F-07 
3.q3F-07 

:OE-07 

3.4nF-07 

2.04F-07 
1 .A'GE-07 
1 .87F-07 
2.q7F-07 
1 .Q7F-0 7 
2.78F-07 
4.71F-07 
6. 3F-07 
9.01E-07

RU4 TYPE- DEPOSITION 0/0 1-2

1600 
4. F-00 

I.,O0F-0A 

2. 7 F - 0 
4 .c1F-08 
.47 F -0 

73 *7 &: -C 0 .  
A ( 1 F -08) 

I.76E-OA 
.F76-08 

1 .36F-0A 
1.71E-0A 
a riA

2411 
7.50E-09 
4.30F-09 
3.116-09 
P.5sF-09 
3.43E-09 
4. 1F-09 
5.70F-09 
5.93E-09 
3.40E-09 
2. 496-09 
3.226-09 2 * 7 3 F-O9 

3.07E-09 
4.7AF-09

402?2 
2.03F-09 
I .P7F- 09 
A.PAR-10 
7.085-10 

7.,5F-09 
1 .RF-9 

S175F-09 
1,017F-O9 
H.0 IF-OS 
5.036-10 
9.APF-10 
8.16F-10 
8 , 9 F- 10 
1 .40r-09

5631 
9 .7F-10 
6. 00F-1 
4.q2F-10 
3.51E-10 

2AE- 10 
6,*59E-In 
7.13E-1n 
a* .olE-o 
4 . 6SF-10 
3.73[-lF 1 
4 ,;FE-1 n 
3.78E-10 
5. A0E-1 0 
6..12E-o1 0

q631 
S.93E-07 
3.27E-07 
2.00E-07 
2.?qE-07 
2.35E-07 
1 .A1F-07 
1I1E-07 
1.17F-07 
1 .02E-07 
1 .19F-07 
1 .A6F-07 
1.40E-07 
4.27E-07 
2.76F-07 
3.91E-07 
5.29E-07

40?2 
9.19E-07 
4.1 2F-07 
3 .(6 7- 07 
4. 171-07 
4,.RA F-07 
3.00E-07 
3.OPE-07 
2.21F-07 
I 17-07 
I .AF-07 
?.7?F-07 
2 1 I1F-07 
2.Q6r-07 
5.1 OF-07 
7.25F-07 
9.34F-07

VUOIhfACTOR BUILDING

DISTAt

5631 
6.20E-07 
3,41E-07 
3.02E-07 
2 .14E-07 
2.67E-07 
2. 1OE-07 
1.74E-07 
1.28E-07 
1,10E-07 
1 .?6F-07 
1.98E-07 
1.91E-07 
4.A7E-07 
2.96E-07 
4.16E-07 
5.49E-07

SFASON-ANNUAL REO-DX-4 3YR

iFTERS)

7240 
7.44F-07 
3.OOF-07 
29?SF-07 
1.73E-07 
1.81F-07 
1.41F-07 
1.21F-07 
9.27F-08 
1.04E-07 
1 .49F-07 
I .48F-07 
I .32F-07 
3.29E-07 
2.60F-07 
3.72F-07 
3.92F-07

12067 
3 . 1 7E-07 
2.21E-07 
I .75E-07 
8,95F-08 
7 .42F-0A 
6.I8E-08 
7.09E-OR 
6.31F-08 
5.63F-0A 
1.09E-07 
1,64F-07 
2,04E-07 
1.46E-07 
1.58E-07 
1.77E-07 
2.68E-07

DISTANCE (METERS)

7240 
6. I 'F-07 
2.86F-07 
2. 14E-07 
1.60F-07 
1 .57F-07 
1 19F-07 
1. 11E-07 
A.36F-0 
9.50F-08 
I .41F-07 
1.39E-07 
1 .23E-07 

2.36F-07 
3.23F-07 
3.75E-07

12067 
2.13E-07 
1.52E-07 
I 10E-07 
6,94F-0A 
5,87E-08 
4.23E-nR 
5,38E-08 
4,78E-08 
4,69E-08 
8,09E-08 
1 .34E-07 
1,60E-07 
1 22E-07 
1.01F-07 
1 .13E-07 
1.60E-07

24135 
5.33F-08 
3.8AE-08 
2.76E-08 
I .3F-08 
1.54F-08 
1.05F-08 
1.35F-08 
1.22F-O8 
1.241-068 
2.07F-08 
3.60F-068 
4.34F-118 
3 .40F-08 
2.49F-08 
2.78F-08 
3.88F-08

DISTANCE (METERS)

7240 
9.99F-10 
4.12F-10 
2.89F-10 
2*30E-10 
3.38E-10 
4. 1 3F- 10 
4.24 r7-10 
4 . 85F- 10 
2.8SF- 10 
2*29F-10 
2.76F- 10 
2.27E-10 
3,47F-10 
4.31F-10

12067 
4.09E-10 
2. 32F- 10 
1 .60E-10 
1 .06E-10 
1 .30F-10 
1 .62E-10 
2 . I 3E-10 
2.20E-10 
1.38E-10 
1.43E-10 
I .63E-10 
1.31E-10 
1.406E-10 
1 .93E-10

24135 
8.71F-) I 
5.04F-1 I 
3.33F-i I 
2.53F-I I 
3.11F-I I 
3.46F-1 1 
4.91F-I 1 
5,0 1F-1 1 
3.53F-I I 
3.36F- 1 1 
4.04E-i11 
3. 14F-I I 
3.98F-1 1 
4 . 03F- 1 1

24135 
9.29F-08 
6.62F-08 
5.2?E-08 
2.73F-08 
2.23F-08 
1.ROF-08 
2.06F-08 
1.84F-08 
I .68F-08 
3.23F-08 
5.21F-n8 
6.40F-08 
4.62F-08 
4.61E-08 
5.16F-08 
7.77F-08

40229 
4*6AE-08 
3.34E-09 
2.62E-08 
1.40E-08 
1 *I4E-08 
8.9BE-09 
I .03E-08 
9.27E-09 
8.57E-09 
1 .63E-08 
2.6AE-08 
3.31E-08 
2.42E-08 
2.30E-08 
2.57E-08 
3.87E-08 

40225 
2.25E-os 
1.65E-08 
1*16E-08 
7.9?E-09 
6.64E-09 
4.43E-09 
5.77E-09 
5.21E-09 
5.44E-09 
6.8SE-09 
1.57E-08 
1.89F-08 
1.51E-08 
1.04E-08 
1. 17E-08 
1.62E-08 

40225 
3.22E-11 
I *86E-1 1 
1.23E-11 
9.51E-12 
1. 17r-L l 
I .26E-11 
1.84E-ll 
1.896-1 I 
1.36E-1l 
1.25F-11 
1.5 E-1 1 
I1.1 E-1 I 

35EF- 11 
1 .48E-1 I

I N

56315 
3.07E-08 
2.1E-0A
1. 74E-08 
9.28E-O9 
7.54E-09 
5.H7E-09 
6.73E-09 
6 . 04F-09 
5. 61F-09 
I .08E-08 
1 .7AE-08 
2.21E-OR 
1.b2E-08 
1.51E-08 
1.69E-06 
2.54E-08 

Sb315 
1.29F-08 
9.49F-09 
6.71E-09 
4.56F-09 
3,81F-09 
2.52F-09 
3.28E-09 
2.96F-09 
3.1SF-09 
5.08F-O9 
9.07E-09 
1.10E-08 
8.78E-09 
5.97 E -09 
6 .67E-09 
9.30E-09 

56315 
1 .b4E- 11 
9 , 47 rE-12 
6.22E-12 
4 .*92 E -12 
6 *087- 12 
6. 52E-12 
9.57E-12 
9. 4E- 12 
7.24E-12 
6 .5F- 12 
7.806-12 
6. 07E-1 2 
7.0F- 12 
7.53E-12

I S- L T 

72405 
2.25E-08 
1 .63E-08 
1.23E-08 
6.8SE-09 
5.54F-09 
4 . 27 E - 0 
4 . 87E - 09 
4.37E-09 
4.03E-09 
7 .9 1E- 0 
I .32E-08 
1.64E-08 
1 .20E-08 
I.10 F -0 
1 .23E-08 
1 .;6E-08 

72405 
8.48E-09 
6, 27E-09 
4.44E-09 
3 . 02 E-09 
2.51E-09 
I .65E-09 
2.13E-09 
1 .93F-09 
2.OSE-09 
3.34E-09 
6.01E-09 
7.31E-09 
5. '-4E-09 
3.91E-09 
4.37E-09 
6.1 OE-09

72405 
1.01E-11 
S.aF-I? 

3 31E-12 
3.72E-12 
4. 03E-1 2 
5.9S-12 
6.06E-12 
4.41E-12 
3 1 9"#E- 12 
4.77.-12 
3.69E-12 
4 .2 12 
4. 67E-12
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Direction Distance

N 

NNE 

NE

ENE 

E

1-5 
5-10 

10-20 
20-30 
30-40 
40-50 

Total 

1-5 
5-10 

10-20 
20-30 
30-40 
40-50 

Total 

1-5 
5-10 

10-20 
20-30 
30-40 
40-50 

Total 

1-5 
5-10 

10-20 
20-30 
30-40 
40-50 

Total 

1-5 
5-10 

10-20 
20-30 
30-40 
40-50 

Total

Sector 
Fraction 

0.01 
0.03 
0.12 
0.20 
0.28 
0.36 

0.01 
0.03 
0.12 
0.20 
0.28 
0.36 

0.01 
0.03 
0.12 
0.20 
0.28 
0.36 

0.01 
0.03 
0.02 
0.20 
0.28 
0.36 

0.01 
0.03 
0.12 
0.20 
0.28 
0.36

Stack 
X/Q Specific Deposition 

sec/m3 I/m2

1. 65E-07 
6.25E-08 
2.OIE-08 
1.08E-08 
7.19E-09 
5.30E-09 
1. 20E-08 

9.47E-08 
4. 15E-08, 
1.35E-08 
7.23E-09 
4.84E-09 
3.58E-09 
7.90E-09 

6.75E-08 
3.26E-08 
1.04E-08 
5.48E-09 
3.66E-09 
2.70E-09 
5.99E-09 

7.15E-08 
2.07E-08 
7.32E-09 
4. 15E-09 
2.84E-09 
2. 13E-09 
4.61E-09 

9.06E-08 
2.08E-08 
7.33E-09 
4.16E-09 
2.85E-09 
3. 14E-09 
4.81E-09

2.07E-09 
2. 39E-10 
6.47E-11 
3. 19E-11 
2.06E-11 
1. 37E-11 
5. 27E-11 

1.57E-09 
1.68E-10 
4.32E-11 
2.08E-11 
1.33E-11 
8.88E-12 
3.70E-11 

1.03E-09 
1.38E- 10 
4.02E-11 
1. 72E-11 
9. 89E-12 
6.19E-12 
2.77E-11 

6.07E-10 
5.55E-11 
1. 28E-1 l 
6.06E-12 
4.05E-12 
2. 90E- 12 
1.27E-i l 

8.41E-10 
7.60E-11 
1. 74E-11 
7. 87E-12 
5.04E-12 
3. 55E-12 
1.70E- Il

X/Q 
sec/m3 

1.06E-06 
3.87E-07 
1. 14E-07 
5.73E-08 
3.78E-08 
2.78E-08 
6.79E-08 

4.91E-07 
2.79E-07 
8.36E-08 
4. 23E-08 
2.81E-08 
2.07E-08 
4.71E-08 

3.35E-07 
2.09E-07 
6.23E-08 
3. 13E-08 
2.08E-08 
1.53E-08 
3.47E-08 

4.9IE-07 
1. 19E-07 
3.70E-08 
1.91E-08 
1.27E-08 
9.44E-09 
2.37E-08 

4.82E-07 
7.81E-08 
2.39E-08 
1.23E-08 
8. 17E-09 
6.03E-09 
1.69E-08

Vent 
Specific Depositio 

1/m
2 

2.24E-09 
4.54E-10 
9.82E-11 
3.63E-11 
1.84E-11 
1.14E 11 
6.43E-11

1.53E-09 
2.75E-10 
6.01E-11 
2. 22E-11 
1. 13E-I1 
6.97E-12 
4.09E-11 

9.93E-10 
1.73E-10 
3.62E-11 
1.33E-Il 
6.77E-12 
4.19E-12 
2.55E-11 

7.91E-10 
1. 15E-10 
2.79E-11 
1.05E-11 
5.44E-12 
3.32E-12 
1.95E-11 

9.34E-10 
1.14E-10 
2.77E-11 
1.05E-11 
5.46E-12 
3.34E-12 
2.09E-11
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Direction Distance

ESE 

SE 

SSE

S

SSW

1-5 
5-10 

10-20 
20-30 
30-40 
40-50 

Total 

1-5 
5-10 

10-20 
20-30 
30-40 
40-50 

Total 

1-5 
5-10 

10-20 
20-30 
30-40 
40-50 

Total 

1-5 
5-10 

10-20 
20-30 
30-40 
40-50 

Total 

1-5 
5-10 

10-20 
20-30 
30-40 
40-50 

Total

Sector 
Fraction 

0.01 
0.03 
0.12 
0.20 
0.28 
0.36 

0.01 
0.03 
0.12 
0.20 
0.28 
0.36 

0.01 
0.03 
0.12 
0.20 
0.28 
0.36 

0.01 
0.03 
0.12 
0.20 
0.28 
0.36 

0.01 
0.03 
0.02 
0.20 
0.28 
0.36

X/Q 
sec/m3 

7.02E-08 
2.32E-08 
8.46E-09 
4.86E-09 
3.34E-09 
2.52E-09 
5. 23E-09 

5.80E-08 
2.51E-08 
8.93E-09 
5. 10E-09 
3.49E-09 
2.62E-09 
5.43E-09 

5.06E-08 
2.76E-08 
1.00E-08 
5.83E-09 
4.02E-09 
3.03E-09 
5.92E-09 

3.78E-08 
1.94E-08 
7. 14E-09 
4. 19E-09 
2.90E-09 
2. 19E-09 
4.26E-09 

3.58E-08 
2. 15E-08 
7.30E-09 
4.03E-09 
2.73E-09 
2.03E-09 
4. 18E-09

S tack 
Specific Deposition 

1/rn 2 

7.08E-10 
6.52E-11 
1.53E-11 
7.24E-12 
4.74E-12 
3.26E-12 
1.48E-11 

1.02E-09 
9.74E-11 
2.21E-11.  
9.93E-12 
6.35E-12 
4.47E-12 
2.11E-11 

1.20E-09 
1.20E-10 
2.71E-11 
1.21E-11 
7.64E-12 
5.38E-12 
2.53E-11 

7.34E-10 
7.67E-11 
1.72E-11 
7.40E-12 
4.50E-12 
3.19E-12 
1.56E-11 

4.89E-10 
5.24E-11 
1.17E-11 
5.40E-12 
3.65E-12 
2.63E-12 
1.09E-11

3.  
6.  
1 
9 
6 
4 
1 

2 
6 
1 
1 
6 
4 
1 

1 
6 
1 
9 
6 
4 
1 

1 
5 
1 
9 
6 
4 
1 

2 
1 
4 
2 
1 
1 
2

Vent 
X/Q Specific Depositi 

sec/m 3  1/m2 

29E-07 9.35E-10 
20E-08 1.12E-10 

.85E-08 2.44E-11 

.36E-09 9.04E-12 

.18E-09 4.62E-12 

.53E-09 2.85E-12 

.26E-08 1.98E-11 

.22E-07 1.16E-09 

.53E-08 1.55E-10 

.96E-08 3.64E-11 

.OOE-08 1.38E-11 

.59E-09 7.21E-12 

.83E-09 4.44E-12 

.21E-08 2.70E-11 

.70E-07 1.24E-09 

.29E-08 1.63E-10 

.91E-08 3.84E-11 

.79E-09 1.46E-11 

.46E-09 7.65E-12 

.73E-09 4.71E-12 

.13E-08 2.87E-11 

.46E-07 7.68E-10 

.84E-08 1.11E-10 

.81E-08 2.98E-11 

.42E-09 1.16E-11 

.25E-09 6.26E-12 

.59E-09 3.82E-12 

.07E-08 2.00E-11 

.01E-07 6.57E-10 

.42E-07 1.43E-10 

.27E-08 3.46E-11 

.17E-08 1.30E-11 

.44E-08 6.68E-12 

.06E-08 4.07E-12

.36E-08 2.09E-11
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Table 3-10 

Determination of Meteorological Parameters 

for All Food Pathways (Crazing Season Values)

page 3 of 3

Direction Distance 

SW 1-5 
5-10 

10-20 
20-30 
30-40 
40-50 

Total 

WSW 1-5 
5-10 

10-20 
20-30 
30-40 
40-50 

Total 

W 1-5 
5-10 
10-20 
20-30 
30-40 
40-50 

Total 

WNW 1-5 
5-10 
10-20 
20-30 
30-40 
40-50 

Total 

NW 1-5 
5-10 

10-20 
20-30 
30-40 
40-50 

Total 

NNW 1-5 
5-10 

10-20 
20-30 
30-40 
40-50 

Total

Sector 
Fraction 

0.01 
0.03 
0.12 
0.20 
0.25 
0.36 

0.01 
0.03 
0.12 
0.20 
0.28 
0.36 

0.01 
0.03 
0.12 
0.20 
0.28 
0.36 

0.01 
0.03 
0.12 
0.20 
0.28 
0.36 

0.01 
0.03 
0.12 
0.20 
0.28 
0.36 

0.01 
0.03 
0.12 
0.20 
0.28 
0.36

Stack_ 
X/Q Specific Deposition 

sec/m 3 1/r2

4.14E-08 
2.07E-08 
7. 1IE-09 
3.97E-09 
2.69E-09 
2.00E-09 
4. 16E-09 

4. 24E-08 
2.09E-08 
7.OIE-09 
3.85E-09 
2.60E-09 
1. 92E-09 
4.08E-09 

4.53E-08 
1. 48E-08 
4.78E-09 
2.58E-09 
1.72E-09 
1.26E-09 
2.92E-09 

8.78E-08 
3.OOE-08 
9.51E-09 
5.02E-09 
3. 34E-09 
2.45E-09 
5.74E-09 

1.28E-07 
3.93E-08 
1. 23E-08 
6.46E-09 
4.28E-09 
3. 14E-09 
7.56E-09 

1.31E-07 
5.72E-08 
1.78E-08 
9.25E-09 
6.14E-09 
4.52E-09 
1.04E-08

4.79E-10 
5.12E-11 
1.09E-11 
4.65E-12 
3.02E-12 
2. 18E-12 
1.02E-11 

4.53E-10 
4.81E-11 
1.06E-11 
4.81E-12 
3.24E-12 
2.31E-12 
9.96E-12 

5.57E-10 
5.68E-11 
1. 22E-11 
5. 17E-12 
3. 26E-12 
2.31E-12 
1. 15E-11 

8.46E-10 
1. 23E-10 
3.62E-11 
1.49E-11 
8.37E-12 
5. 12E-12 
2.37E-11 

1.11E-09 
1.70E-10 
5. 17E-11 
2. 16E-11 
1.23E-11 
7.50E-12 
3.29E-11 

1. 17E-09 
2.44E-10 
7.64E-11 
3.01E-11 
1.62E-11 
9.75E-12 
4.23E-11

Vent 
* X/Q Specific Depositic 

sec/n
3 1/m 2

2.82E-07 
2.49E-07 
7.80E-08 
4.05E-08 
2.71E-08 
2.01E-08 
4. 26E-08 

2. 14E-07 
3.29E-07 
1.05E-07 
5.46E-08 
3.67E-08 
2.74E-08 
5.57E-08 

3.28E-07 
2.23E-07 
7.23E-08 
3.83E-08 
2.57E-08 
1.92E-08 
4.04E-08 

5.93E-07 
2.29E-07 
6.78E-08 
3.40E-08 
2.25E-08 
1.65E-08 
4.00E-08 

9.40E-07 
2.54E-07 
7.45E-08 
3.73E-08 
2.46E-08 
1.80E-08 
4.68E-08 

1.07E-06 
3.49E-07 
1.02E-07 
5. 1OE-08 
3.36E-08 
2.47E-08 
6.19E-08

7.20E-10 
1.70E-10 
4.52E-11 
1.71E-11 
8.85E-12 
5. 32E-12 
2.55E-11 

6.62E-10 
1.45E-10 
3.70E-11 
1. 39E-11 
7. 19E-12 
4. 34E-12 
2. 18E-11 

7.53E-10 
1.53E-10 
4. 18E-1I 
1.59E-11 
8. 33E-12 
5.OOE-12 
2.44E-11 

1.06E-09 
1.82E-10 
3.84E-11 
1.42E-11 
7. 18E-12 
4.45E-12 
2.71E-11 

1.15E-09 
2.30E-10 
4.84E-11 
1.78E-11 
9.05E-12 
5.60E-12 
3.23E-1l 

1.48E-09 
3.37E-10 
6.95E-11 
2.55E-11 
1. 30E-11 
8.04E-12 
4.49E -11

5.94E-09 2.28E-11 3.43E-08 2.90E-11Overall Total
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Table 3-11 page 1 of 4 

1980 Population 

MILES FROM PLANT SITE 

DIRECTION 0-1 1-2.- 2-3 3-4 4-5 5-10 

N 0 5 38 61 55 2017 

NNE 0 17 33 49 44 326 

NE 0 17 33 44 44 317 

ENE 0 17 38 55 55 734 

E 0 22 72 44 73 492 

ESE 0 17 30 61 100 11077 

SE 0 55 76 85 126 43896 

SSE 0 28 114 30 102 33118 

S 0 22 22 38 18 1681 

SSW 0 11 268 204 22 1015 

SW 3 11 22 28 28 343 

wSw 4 16 16 22 106 317 

w 3 22 33 47 386 524 

%NW 1 22 22 28 45 317 

NW 5 6 38 28 23 327 

985 

NNW 2 0 1 22 28 

TOTALS 18 285 858 846 1253 97486 

CUMULATIVE 18 303 1161 2007 3260 100749 

TOTALS
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Table 3-11 (cont) 
page 2 of 4 

MILES FROM PLANT SITE 

DIRECTION 10-20 20-30 30-40 40-50 TOTALS 

N 1395 3072 2052 12412 21109 

NNE 1626 2438 7050 6454 18037 

NE 1856 1803 4375 7613 16104 

ENE 3510 2257 6822 7929 21418 

3320 6338 3469 4519 18348 

ESE 15801 3115 8026 4870 43097 

SE 49755 7113 13602 7599 122308 

SSE 19340 3563 47239 5475 109009 

s 2 495 3605 4451 5729 18061 

SSW 1228 2509 5046 4398 14700 

SW 1528 3259 3090 3068 11380 

WSW 1205 4060 2523 5900 14169 

882 2064 1957 5724 11641 

WNW 5417 2002 5244 14274 27371 

NW 1944 3804 26935. 91937 125046 

NNW 1670 7390 3902 13982 27980 

TOTALS 112971 58392 145783 201882 619778 

CUMULATIVE.2137
2 0 272113 417896 619778 619778 

TOTALS
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Table 3-11 (cont) 
page 3 of 4 

MILES FROM PLANT SITE 

DIRECTION 0-1 1-2 2-3 3-4 4-5 5-10 

N 0 5 55 90 80 2625 

NNE 0 25 50 70 65 450 

NE 0 25 50 65 65 450 

ENE 0 25 55 80 .. 80 1040 

E 0 -. 30 105 65 135 880 

ESE 0 25 80 160 265 32500 

SE 0 80 200 250 300 77605 

SSE 0 40 255 80 300 69600 

S 0 30 30 55 30 6500 

SSW 0 15 400 295 30 1465 

SW 5 15 30 40 40 480 

WSW 5 20 20 30 180 450 

W 5 30 50 80 650 735 

WNW 5 30 30 40 90 450 

NW 5 10 55 40 35 455 

NNW 5 0 5 30 40 1410 

TOTALS 30 405 1470 1470 2385 197095 

CUMULATIVE 30 435 1905 3375 5760 202855 

TOTALS



May, 1976
Duane Arnold

Table 3-11 (cont)
page 4 of 4

MILES FROM PLANT SITE

DIRECTION 10-20 20-30

6464 

4437 

2410 

4214 

6018 

6599 

7180 

6549 

5918 

5103 

4288 

3328 

2368 

2791 

3214 

4839

75720 

471463

30-40

4740 

6048 

7355 

7071 

6788 

20352 

33916 

24759 

15603 

9593 

3584 

3205 

2826 

13670 

24514 

1462.7

198651.  

670114

N 

NNE 

NE 

ENE 

E 

ESE 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW

TOTALS 

CUMULA
TIVE 
TOTALS

1536 

2562 

3588 

6356 

9124 

39905 

70686 

37721 

4756 

3243 

1730 

2363 

2996 

2512 

2028 

1782

192888 

395743

40-50

9280 

9119 

8958 

8179 

7400 

7404 

7408 

7027 

6646 

4947 

3248 

4803 

6358 

49028 

91698 

50489

281992 

952106

TOTALS

24875 

22826 

22966 

27100 

30545 

107290 

197625 

146331 

39568 

25091 

13460 

14404 

16098 

68646 

122054 

73227

952106 

952106
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) Table 3-12 

Input Parameters for Gaseous Food Pathways 

(for all food grown within 50 miles) 

Parameter Exposed Vegetables- Milk Meat Fresh Vegetablesa 

corn and grain 

Total yield kg/yr 4.7E+09 4.4E+03 3.IE+07 

.li/yr 4.8E+08 

Specific yield kg/m2 0.55 2.0 

Absorption modifier 0.5 1.0 1.0 1.0 

Preparation modifier 0 .4b 1.0 1.0 0.4 

Time to consumption days 14 4 20 1 

Meteorological Parameters: 

Stack X/Q sec/rm3  5.94E-09 

di I/m2  2.28E-11 

Vent X/Q sec/m 3  3.43E-08 

di 1/m2  2.90E-11 

I 
a In this predominantly rural community allowance is made for the 

total 50-mile population obtaining about 1/4 of its fruit, vegetables, 

and grain from home gardens (50 kg)--for conservatism all 
of this 

is taken as fresh although some would be preserved. 1980 total+ 

population of 620,000 was used in this calculation.  

By using this preparation modifier this corn is treated as though 

it were for direct human consumption. Actually most is used for 

animal feed and as such will show up in the meat pathway. Since 

this is calculated separately and thus may in effect be counted twice, 

this factor is used in lieu.of a transfer coefficient between feed 

and animal. Since much shorter consumption times are used than 

are actually the case, the calculation should result in a conservative 

answer.



TABLE 3-13 W 
HAXIMUM INDIVIOUAL DOSES FROM FXPOSURE TO GASOIJS RELEASES

DASE CASE --

page 1 of 5 

(MRE N)

RESIOENCE 1609 MEiFRS NNW
0 ATHWAY/AGF GROUP 

AOUL TS 

NCJL ~ 1 tI.% 10.1 UEA) 

GROUJD PLANE 0EPOSITIC fI 
INHALATION .  

$TrP) F:,U(ITS A' VECETAO3LES 
FP! SH F'I.IJITS A+J 'I 5GETAU6L.:g 

TOTAL ADULTS 

N03L E: GA~S -1 S0 (GPi 
N03 L E G' I E. S1 (f5ETA) 

rOUND0 PL A\1 POSITION 
:HALATION 

S T0 1 - F P JI TS A !,10 lFG ET A 3L z:S 
F R:S H F Ru T~ 14; J V CJGE T ALE5 

TOTAL. TL. .  

CHILDREN 
0 L 11A ;7 N 

G 0 L L AS I£M i I0N C- A 
N3L GA- fM-I ES 1 PETA 

G ) U 0, PLANE 0, POSITI u;' 
I N O L 4T AN P 

1T TAL 0CH IL G- 0 

N0 3 L E ;I,3 I' NM E S 10 1 (GA PH 11A 
N 0!,3L C (7 6A , :I HE; S; .1 N S ST A 
GkCU4 Fl 'Ar-IJ J LF P 0S I TI10 N 
I N 'A LA TI ION 

TO TAL I -,!FA NT s

830N6 

8. 42+00 
0.  

447c 4. 47.-01 

2 0 4 E - 0 1 

5.53E-02 
2* F 0 E + 00 

1. 84E+00 
0.  
4 o 4 7 E -01 

1. 81E+0 0 1 
2.B7E-01 

9. 21-032 4 - 2 30E - 0 0 

1 . 8 4 E+0 0 
0 .  

7 3 0 E 0 3 
(3. 7 0 E-0 1 
7. 62E-02 
3. 014+ 0 0 e 

1 .84 E+0 0 
0.  

9 4 1 4 E -0 1 

2. 3 0E +Q0

L IVF R 

I*84*E+00 0 
1* F34F+0 09 
4 47E-01 

2. 42E-02 
2 42-00 

19 84E+00 
*.  

4 .4 7F -01 
I .68E F-02 

2. 09E-02 
2 * 46E -0 

1.341+00 
0 .  

1 - 2 5F -0 2 
2.47E-01 
2.81F-02 
2. 57E+00k 

0.  
4.* 47E-01 
1. 51F-.02 
2. 30E+00

T1 H Y R 0 1I! U 

1.8 4E+0 C 
0 .  
4 . 4 7 F -01 

1. 13E+0 

2* 2 4 P- 0 0 
7.88E +00 

1 *8 £4 E + fl' 
0.  
4. 47E~01 
9.7?E-01 
3. 1 Ai- 0 1 

6 5 E + (J 0 

1. 84 E +00 
0.  
£4 4 7 E0 1 
1 ,3 5 E + 0 

645-01.  
4. 92 F + 0 0 

1 . 3 14 F + 009 
09.  
£4 . £4 76-0 1 
2 . 3 2CE +0 0

Doses above are based upon semi-infinite plume model for gamma dose. Use 
of the finite plume model for the stack release point increases the noble 
gas immersion gamma and total doses for each organ by 0.11 mrem/year.

KI GhEY 

1.83LF+300 

4.47E-01 

19692E-0 2 
It 5 1 E -0 2 
2. 688E-02 
2.38E:+0 0-' 

1. 84E+Q 0 
0 .  

1 . 1 56E- 2 
5.47E-0 2 

19 9F-02 
2. 37E+0 G 

1 * 4+0 0 

6.27E-013 

1.84E+ 00 04 .57-012 1.10E-032 

4 4 7 0 1 
£4 14' 0 E-0 3 

S2 9 E+ 00

LU NG 

19.84F+00 
.0 

£4. 47E-01 1.470E- 021 
13.0 -0 2 

3.77E-03 
2.34E+ 00 

1.84E+-00 2 3 4E2- 0 0 
1 8 4E2-020 

2.39E+00 

1. 842+00 0.  
1.8 E0F-0 2 

4.472-01 1. 3E-02 19 07-0 1 2 1 F + 10 0 

0.  

1. 9 72-G-a? 
2 .31EF+0 0

GI -LLI 

1 .84F+0 0 

0.  

4.47E-01 

1 4 3 E -0 1 
3.03E~02 
2. 46E+00 

1*84E+00 
0.  

4.47E-01 

3.06E-03 
1. 82E-01 

2.02E-03? 

2.29E+00 0.  
£4 It£ 7 0 01 
2.3 90E0 3 
2 *15 -0 1 

18 E 2-0 2 

123F6+0 0 

0.  
4.47E2-01 
2 .2 62E-0 3 
2 -2 9 E+ 00

SKI N 

2. 14 +00 
1,30F+00 
5. 16E-01 

0.  0.  
09 
3.96F+00 

2.14E+00 
1.30E+00 
5. 16E -01 

0* 0.  
0.  
3.96 C+ 0 0 

2 . j 46 +00 

1 . 3.9E +00 
5. 16E-0 1 
0.  

1. 30 F+0 0 
5 16 F-0 1 0.  
3. 96E+0 0

TOTAL OQ0Y 

I .4E+00 
0.  

4 £4 70E-0 1 
1904F-0 2 7.43E-02 

1.71E-n2 
2.9E+00 

1.84E+00 
0.  
4.47r-01 

1 .32E-02 
I . 312E-0?2 2. 40E+00 

1.84E+-00 
0 .  

.4 7F-01 

22E-0 3 
1 ,5 E-0 1 

1.92-02 

1 . 4E2+ 0 0 

0,.  
£*£4 7 E - 0 1 
6,5 3 E- 0 3 
2. 9F + 00

I J .~.
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TA3LE -13 

MA4XIMIU INIVIOUAL DOSE3 FtOM EXPOSURE TPB GASEOUS FELEASES

BONE

B3ASE CASE -- ESIDENCE 2G65) METPS

LIVER 

4 03E-01 

0.  1 .471-01 

6.04E-033 

2 ,- 0 24 0-0 3 2.40-03 1 * : 4~ F 9 
1. 10 1-30? 

1.13E-03 6 0 0 F

00 

4 * 47 E -03 

1 .612E-0 3 
1 19E-03 
1 d 6 E- 02 
6. 06F-03

THYROI0 iEIGN'jE Y
V41UL TS 

E 6~ I>lMERSIONj ( G.AMA 
AL' GAS I E e iT 

INS A T TS S TO A:
rSO H F 

TCON SL 1 T L G T) S MET E:~ 4~l.A Ef fYu;S 

INHALA TIO <SION' f, I M TOE FLUIT NELT ,NIOWLE GAS, (~F:O (i3T.A 
P'JW) PLPI'NF !:,;POS I TI ) 

I H ALA T I a t 
S7TOZ.Ei F'..LITF 'PND VErETAiErS 

tIE~~~~~~ TAT LCrT:IN~.~ FOG 
HFI T (MINTA th~A~ %F 

C0;-43NILK (CONT tIN FRjAG ) CoWl MJ. LK (Co " TAf.;p Fp F 
T 0T 4L T N, .,E

4. 03E-01 

0.  
1. 47E- 01 
2'. 89E-03 

6.70E-012 8 0 E -02 
i.470-01 6. 22CE-L,3 

1 . * 4 0 - 0 

1. 04-03 
6 5702-01 

4. -0 0.  
1.* 4 72 -0 1 

69 7 5 E- 0 2 
9.7 0 E- o3 

1. 5 8 E- 0 
1.0 E- 03

Doses above are based upon Semi-infinite plume model for gamma dose. Use of the finite plume model for the stack release point increases the noble gas immersion gamma and total doses for each organ by 0.0(o mrem/year.

GI-LLI 

4. 03E-0 1 
0.  

1.47E1-01 

1.0 3E-03 

1.00E-01 

16* 4 C -03 

1.47E-01 
1.19E-03 6.03E-01 

1 1 E 013 

15 0 6 1 2 0 3 

1 0 9 E -031

4.03E-01 
0.  
1.4 7E-01 

4.15 E- 0 3 

1.2 3C-0 
6.37E-0 3 

1035E-03 
1.1 2f:-02 2.202-0-3 

7.89E -0 1 4.0 3E-0 1 0.  
1.47E-01 2. 9 0[- a 3 

4.18E-03 
1.*0 4 2 -0 3 
7. 9 7F-0 4 
1.4 S--0 2

4*03E-01 

0.  1.1476-01 

2 2 7 E - n 

4 9 Q 6E.- io 

3.3 7E-01 5, 3 7 0 2 

1. 27[-01 

4. 03E-1 

1.47 -01 

7. 1-3 E 

3.70E-0 2 9. 67 E - 04 
2.26 E + 0 9 
? 6 9 F-0 3

SKIN 

4. 69F -01 
2. 84F-01 
1. 69E-01 

0.  
0.  

09 
0.  

2.84E -0 1 
1.6 9-1 0.  

0.  
0.  09 0.2 -

TOTAL BODY 

1~ 4 0 E3 -0 1 0.  
1.47E-01 

2.99E-03 

31 9 4 E-0 3 

1.03E-01 1.48E-03 

5.95E-01 4. 03E-01I 
0.  
1. 47F-0 1 

2.12 F-023 

.0 5 E0 3 

1 9 8 E -0 3 

1* 0 52E-0 2 
3. 87F- 0 3 

q

0

(MNREM)

4we

LUNG 

4.03E-01 
0*.  
1.47E-01 

.1. 7E-03 
5.712-0 3 1. 142- 0 :3 

1 1E-0~ 

1 6 63 E - 0 3 
5 7 70 E- 01 

4. 03E-01 
0 .  

1.4+72-01 
2 .1-4E-G 3 
2 .15 F-0 2 
1.44i"03 
1 *0 2 F - 0.3 9 .07E-04 

5 3'F -03 2 7 792 - 0.3 
5 6 14 C - 0 1
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TABLE 3-13 

NAX1IMUM INDIVIOUAL DOSES FROM EXPOSUR.E TO GASEOUS RELEASFS

BASE CASE -- *RESIDFENCE 2650 MFTFPS

FAC 3 OF 5

(MREM)

WNW

PATHWAY/AGE GRPOUP B00 N &

0 H 1 L D R.  
)O3LE GAS IMMllERSION! (GAMMA) 

NOALE GAS I'MErISION (BETA) 
GrOU4JN PLANE DEPOSITTON 
INHALATION 
STO RiED F5?UITS, ANO VEGETABLES 

R.ESH FkUITS tJ VEGETAB3L ES 
MEAT (CONT4MINATED FOjAGE) 
MEAT (CONTA!'iIN4TED FFEcf 
COWS MLK CONTAMIi FOR0,AGE) 
COWS MILK (CONTAMI FEEd) 

TOTAL CHiLORN  

INHF A NTS 
O3L_ GAS IMMERSION (GAAMA) 

NOL L GAS IMMERSICN (rBETA) 
GR'OUND PLANE DEPOSITION 
INHAL ATION 
COW' MILK (CONTAMIN FORAGE) 
COWS MILK (CONTAMIN FEED) 

TOTAL INFANT-.

4. 03E-01 
0.  
1. 47F-01 
1 .73E-03 
1.62E-01 
1. 77E-02 
2. 92E-03 
2.06E-03 
3.67E-02 
1. 15 E-02 
7.85E-01 

4.03E-01 
0.  
1. 47E-01 
2. 1'E-03 
7.69E-02 
2. 41E-02 
6 . 5 3 E -01

L IVER

4. 03E-01 
0 
1 .47F-0 I 
3.17E-03 
6.?7E-02 
6. 42E-03 
2.58E-03 
2.08E-03 
3. 0F-02 
1. 17E-02 
6. 7?E-0 1 

4. 03E-01 
0.  
I. 47 F -01 
3.55E-03 
7.65E-02 
2 . r9E-02 
C) . 56E-01

THYROID 

4. 03E-01 
0.  
1.47E-01 
2.72E-01 
I . 4 6 E - 1 1. 46E-01 
1.013Ef00 

1 . 13F-02 

5 5 - E + j 2 .40 E-03 
69.55SE+0 0 

4. 03E-01 
0.  
1.*47E-01 
4.*6 5EF-0 1 
1 .0 0 E + 01
1. 37E-02 
1. 18E+Of-

KI CNEY

4. 03E-01 
0.  
1. 47,--0 1 

1.5E-0i3 
1. 23E-02 

2. 59E-03 
6. 57E-04 
5. 03E-04 
1. 19E-02 
2.34 E-0 3 
5.82E-01 

4 0 3E -0 1 
0.  
1.47E-01 
1. 0FSE -03 
1.19 -02 
2. 34 E-03 
5 65-1U i

LUNG

4 .03E-C I 
0.  
1.4 7E- 01 
2.74+E-03 
2 .7 L E - 0 2 3.236E-02 
1 .69E-03 
1 .87E-03 
1 .3E-03 
7. 17E-0 7, 
6.37E-03 
6. 05F-01 I 

0,.  
1 .47F-01 
4.07E-03 
1. 55E-02 
1.36F-02 
5. 833E-0 1

GI-LLI

4 03F-01 
0.  
1. 47E-0 1 
5 .92P-01 
5 64F-02 
3.89E-03 
2.17E-03 
1 .93E-0 3 
7.9 3E-0  
5.93E- 03 
6.29E-01 

4. 0'3E-01 
0.  
1.47E-01 
5 .92E-04 
1.44E-02 
1 .23E-02 
5.77E-01

SK I N

4 69E-01 
2.8d4F-01 
1 69E-01 

0.  
0.  
0.  
0.  
0.  
0.  

0.  
9 22E -01 

4.69E-01 
2. 84E - 01 
1 69E -01 
0.  
0.  
0.  
9. ?2E -01

TOTAL 300Y 

4. 03E-01 
0.  
1. 4 7E- 01 
1 .64E-03 
4 1 9 E -0'2 
4.60 E-0 3 
2. 16E-0 3 1 .90F-03 
1 .7E.-02 
6F 7 E- 0 3 
5.28E-01

4.0 3E-01 
0.  
1. 47E-DI 
1.6 5 E-0 3 
3.42E-02 
1 .32E-02 
c .9cF-01

Doses above are based upon semi-infinite plume model for gamma dose. Use 
of the finite plune amodel for the stack release point increases the noble 
gas immersion gamma and total doses for each organ. by 0.06 mrem/year.
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TABL2 3-13

MAXIMUM INOIVIDUAL DOSES FR.Orm EXPOSCUkrE TO GASEOUS RELEASES

BASE CASE -- RES ID ENCE: 3000 METERS

PAGF 4 OF 5

(MREM)

NE

PATHNAY /AGE GUFP

A0 UL T S 
NO3LE GAS I MME-SIO -N (A MMA) 
NO L GA IMeiSI -rOi ( ? TA) 
GRtOU.J D PLANE DEPOSITION 
IH 1A L AT I 0? 
STORED FRUITS AND VEGETABLES 
FRESH FRUITS AI VhGCETA3LES 

LEAT (CONTAMINATED FORAG) 
MEA4T (C'ONTAMINJATED FEEi) 
COWS MILK (CONTAMIN FORAGJ) 
COWS MILK (CONV!T1IN FEj) 

TOTAL aDULTS 

TEEN .AG S 
[OiL GAS IMMERSION (GAMMA) 
NO3LE GAS ~ IMMSI ON ( TA) 
GROUND PLAj;E 0DPOSITI:ON 
INHA L ATI 0 w 
ST oRE) FR UITS ADi1 VEGETABLES 
F;;7SH FkU ITS A;i VEGETA L S 
MF AT (COATAMIINATED FORAGE) 
ME AT (CONTAMINTED FEEJ) 
COWS MILK ( CONTAMIN FORAGE) 
COWS MTLK (CONTAMIIN FLEU) 

TOTAL TENGPRS

0ONE

2.09E-01 
0.  
7. 95E-02 
1 * 53E-0 0 
6.65E-02 
1.45E-02 
5.69E-03 
5.062-03 
1.28E-02? 
6. 75E-0 3 
4 .01E-01 

2.09E-01 
0.  
7.95E-02 
9. 19E-0 4 
7. 43E- 02 
1. 09E-02 
1. 44 E-03 
9. 2 3E-04 
1 51E-02 
4.32E-03 
3. 96E-01

LIVER

2. 09E-01 
0.  
7.95E-02 
3. 16E-03 
1 .81F-02 
5.00E-03 
1. 81a-03 
1 .28-03 
1. 03E-02 
3. 21E-03 
3.31F-01 

2. 09E-01 
0.  
7 ,95F-02 
2. 33E-03 
2 . 8 5E -02 

*.32E-03 
1.38F -03 
9.882-04 
1 .7 4E-02 
5. 37E-03 
3. 49E-01

THYROI  

2. 09E-01 
0.  
7.95E-02 
1.14E-01 
tf.65E-02 
8.55E-0 I 
5. 17E-02 
1.00oE-03 
1 .44E+0 
1 34 E -03 
2 f 3 0 1E + 0.9 

2. 09 E-01 
0.  
7.95E-02 
9 ,85 E - 02 
6 . 67E -0 
6.59E-01 
3.56E-02 
7. 79E-04 
2. 18E 00 
2 2 1 E -0 : 

3 3 F + 0 3

K ID NEY

2. 09E-01 
0.  
7.95E-02 
2. 13E-03 
1.014E-02 
5. 96E-03 
1. 49E-03 
1.10E-03 
1.05E-02 
1.86F-03 
3.2 ?E-0 1 

2. 09E-01 
0.  
7.95E-02 
1.49E-03 
1. 26E-02 
3.91E-03 
8 8 2E -0 4 
6. 4 9 E-0 4 
1.36("E-02 
2 4 0 E-03 
3. 21.E-01

LUN G

2. 09E-0 1 
0.  
7 .95F-02 
1. 59E-03 
7.50E-03 
9.29E-04 
1 .06E-03 
1.02 E 03 
1. 53E-03 
1 .33E-03 
3.04E-01 

2 . 0 9 E - 01 
0.  
7.95E-02 
1.502-03 
1 .64E-02 
1 .23E-03 
3.29.E-04 
7.97E-04 
2.79E-03 
2.29E-03

GI-LL1

2.09E-01 
0.  
7.95E-02 
5.30E-04 
3.07E-02 
6.50E-03 
2.19E-03 
1.42E-03 
3.27E-03 
1.35E-03 
3.34E-01 

2.C9 E -01 
0.  
7.95E-02 
3 .58F-0 4 
3 .98 E -02 
4.33E-03 
i.39E-03 
9.8 7E-04 
4.%5E-03 
2.16E-03

3.E16-01 3.I2E-01

SKIN

2.43E-01 
1. 47E-01 
9.16E-02 
0.  
0.  
0.  
0.  
0.  
0.  
0.  
4.82-P-01' 

2. 43E-01 
1.47E-01 
9.16E-02 
0.  
0.  
0.  
0.  
0.  
0.  
0.  
4.82E-01

TCTAL 800Y 

?.09E-01 

7.95E-02 
1 . 55E-03 
1 .6 3F-02 
3 . r6E-0 3 
1.59E-03 
1. 22F-03 
7.0 1E-03 
2.61F-0 3 
3. 22c-0 1 

2. 09E-01 
0.  
7. 95F-02 
1. 11.E-03 
2. 03E-02 
2.84E-03 
1 11E-0 3 
8. 85E-0 4 
9 , 6FF-0 3 
3 .3?E-03 
3. 28E-01
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TABLE 3-13

MAXIMUMi INDIVIOUAL DOSES FROM EXPOSURE TO GASEOUS RELEASES

RASE CASE -- RESIDENCE

PAGE 5 OF 5

( M EM)

3000 mFTERS NE

PATHWAY/AGE GROUP BONE

CHILDREN 
NUILE GAS IlE SION (GAMMA) 
NlO.3LE GAS I-ME .- SIO (BLTA) 
GROUUD PLANE CEPCSITION 
I N H A L A TI O) N 
ST(OED FlUITS ANO VEGETABLES 
FR SH FU ITs AN \r VEGETALS 
MEAT (CONTAM.INIAT0 FO' AGE) 
HEAT (CON T A\INAT D F 0,) 

COWS HiILK (CONTANIN FORZAGE) 
COWS HILK (CONTA:Ii FEED) 

TOTAL ifHIL N 

INFA NT 
NO'LE G S i 3R IO (GA m 
NO L GA Ir & MSION ( BTA) 
GrOUNO PLANE DE0OSITIO 4 
I NHIA L A T ION 
COWS -MILK (CONTAMIN FOAGE) 
COWS MILK (CONTAHIN F7ED) 

TOTAL INFANTS

2. 092-01 
0*.  
7. 95E-0? 
8 .93E-0 + 
1. 79E-01 
1.99E-02 
2,66E-0'3 
1.72 E03 
3.61E-02 
1.03E-02 
5 ,39E-01 

2.09E-01 
0.  
7. 95E-02 
1.11E-03 
7 .57E-0? 
2.16E-02 
3.87E-01

LIVF R

2. 09E-0 
0*.  
7. 95F-02 
1. 65E-03 

5.1 3F-03 2 

2'. 0 9 E- 0 2. 19F-03 
1 .71E-03 
3.06E-02? 
1. *03F-02 
3. 962-01 

2. 092-01 
0*.  
7. 95C-02 
1. 8 4 E -03 
7 11 F - 0 2 
2.27F-02 
3. a 8f E -01

THY R1O 

2. 09 E -01 
0.  
7.'95E-02 
1 . 37E-01 
1 .36E-01 
9.90 E-01 
5. +1 E -0 2 

1**3 3 E ~ 0 0 
5. 25E-03 

2. 09E-01 
0.  
7 .95 E - 02 
2.35E-01 
1.05SE+01 
1.*1 3 2-02 
1.102 +01

K IO N E Y

2. 09P-01 
0.  
7.95E-02 
7 . 89E- 04 

1 .0* 1 E-0 2 
2 42 F -03 

S5 7C-04 
4.09E-04 
1 12E-02 
1.96E-03 
3.16E-01 

2. 09E-C I 
0.  
7 .95E-02 
5 5.5E- 04 
1 12E-02 
1, 9>.E-03 
3.02E-01

LUNG

2. 09E-01 
0.  
7.95E-02 
1.411E-03 
2.75E-02 
1 . 38E-03 
1 51-03 
1 I .3 - 03 
5 .96E-03 

S.21E-03 
3 3.33 E -0 1 

2 .09F-01 
0.  
7.9cj5E-02 
2.0U9E-03 
1.30E-02 
1. 12E-02 
3 15E-0 1

GI -LLI

2.09E-01 
0.  
7 95E-02 
3. 13E-0 4 

5.00E-2 
3 5 -03 
1.8 0? -03 
1.57E-03 

0.78E-0)3 
* .80E-03 

3.5 79-01 

2 *0 92 
0.  
7.95E-02 
3.17e-04 
1.20E-02 
9. 91E-0 
3. 11E-01

SKIN

2.43E-01 
1 t 7E -0 1 
9.16E-02 

0.  
0.  
0.  
0.  
0.  
0.  
0.  
4.82E-01 

2. L3E-01 
1i .7E-01 
9. 16E-02 
0.  
0.  
0.  
4.*82 E -0 1

TOTAL RODY 

2. 09E-01 
0.  
7. 9 E-02 
Q .62F-04 
3.E-02 

1 E - 0~ 2 *.27E-03 
1.8 02-03 
1.55E-03 
1.71E-02 
5.69E-07 
3.56E-01 

? .09E-01 
0.  
7.95F-0 2 

.6 23E-04 
3.12F-02 
1.0eE-02 
3 .31E-ol

C0F)/ 0 1./76
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TABLE 3-14

MAXIMUM INDIVIDUAL DOSES FROM FXPOSURE TO GASEOUS RFLEASES 

COST-LBENPFICIAL CASE -- RESIDENCE 1609 METEFRS NNW

PATH--WAY/Ar, rGROUP

C8JUL TS 
NO:)L A 7) T 1I-1: S TON ( GA0IMA) 
N O L2 (AS I M - TON (SrT) 
GROUND PLANE DEPOSITTON 
INHALATION 
S TO2rD FRUIT ArN, V7GETARLES 

FR f MrUITS ANM VEG: TP3LES 
InlTAL 60ULTS 

TrENAGEPS 
NO3L;: GAS TMMPSTON (GAMMA) 

O L 'AS IM M S L 7 TON (fFTA) 
R0OND PLAN[~ MODC ITTON 

I N ALAT ION 
STCY'2U FRUT-TS ANDl VGTABLtS 
Fo r %KUITS AND V'EGETA'LES 

TOT AL TE NAG >TS 

C HI L n N 
NOrLF GAS IMMFSTON (GAMMA) 
14n L2 GAS T-ME STON (RTA) 
G*ROUJN0 C'LANE DEPOSITTON 
IN H AL A T T 0 N 
STO :F FrUTITS A'NE VEGTABLES 
FHFRUITS' A4 VEGETP6L3S 

TOTAL CHILON 

T N F A'j TS 
AS I M STON (GIMMA) 

NO!L: fA S TH W SI1 N (OW:TA) 
flROUND~f PLAN2 D D'OSI1TTOu' 
I NHtL A LA 1T ION 

TOTAL INFANTS

9ON

1.91E +0 
0.  
i . 35E+00 
1.43E-02 
4.02-01 
7 .48E-u2 
3. 75E+00 

1.91E+00 
0.  
1.35E 0 -0 
7 .85 F-0 
5 , 34F -0 1 
5 .93E-02 
3.86C4-00 

1. 91E +0 C 
-0.  
1.352+00 

3 .652-03 
3 6* 79 - 0 2 1.09 E+ 00 
93.79E-02 
4 .46E+00 

£1.916+100 
1. 9 
1.35E+00 
1 . V+E -02 
3027E+00

LIVER

1 91 E + 0 0 
U.  
1.35E+00 
6.93E-02 
1.702-01 
3.51+E-02 
3.53E+00 

1.912+00 

1.35E+00 
4 .97 -02 
2.65E-01 
3.0 2E-02 
3.60E+-00 

1 .9iE+-0'a 
0.  
1 .35E+00 
3.05E-02 

3 5E-01 
73.92E-02 
3.79E+00 

1.912+00 
4.9 

1.35E+00 
2987E-02 
3. 29E +00

THYROID 

1 9 1. E +0 

0.  
1 .35E+00 
1 1 3E +00 
2.242-01 
4*24E+00 
8 .85E+00 

1.91E+00 
0,.  
1. 352 +00 
9.72E1 
3 16 E - j 
3 .27:+00 
7. 82E+00 

1,91E+00 
0.  
I .35E+00 
1 . 35C +0 0 
6.45E-01 
4 92 E +0 0.  
1.02E+01 

1. 91E+00 
0.  
1. 352+00 
2.323+00 
5.*58E+-00

KINY Y

1.91t+ 00 
0,.  
1.35E+00 
1. 73E- 62 
7 04E-02 
3.212-02 
3.382+00 

1. 91+00 
0, 
1. 35+CC 
1 21 E02 
89 53F- 02 
2 .10 E - 02 
3 . 38 + GU 

1 .91 -00 

0.  
1 35 E + 00 
6 .40 -0 3 
7.04E-02 
1.30F-02 
3. 35E+00 

1. 912E+ 00 
0.  
1. 35 F+ 00 
4.5 0* F -03 
3 .26 E + 0 0

LUNG

1.91E+00 
0.  
1 .35E+00 
8.10 E-02 
3.86E-02 
4. 91F-03 
3. 38E+00 

1.916+00 
0.  
1.35E+ 00 
7.85E-02 
4.43 E-01 
2.95E-02 
3.81E+-00 

1.91E+00 
0.  
1-35E+00 
7.09E-0? 
1, 28E-01 
6.52E-03 
3. 47T+00 

19912 *00 
0.  
1.35E+00 
1. 05F-01 
3 36E+ -00

GI-LLI

1.912+300 

i.*35E+-00 
8 .18E-03 
1.09C+00 
1 .50E-01 
4. 51E+00 

1 .9124+00 
0.  
1.35E+-00 
5.17E-03 
1.36E+00 
1.00E-01 
4.73 E+00 

1.912+00 
L.  
1.35E+00 
7.78E-03 
1. 26E+00 
6.89E-02 
4. 59E+00 

1.91F+03 
0.  
1.35E+00 
2 92E-03 
7.26F -00

SK I N

2.2?E+ j 
1 32 4-j 0 
1.57E+00 
3.  
0.  

0.  
5.11E+0 a 

2.22E+JO0 
1 .32 E +0 0 
1 57E + 33 
0.  
0.  

0. 3 2C+0.  2.222+300 
1*322+00 
1, 57E+30 

. 5 

0.  
0, 
5 .1124+00 

2.222E 00 
1.32E+00 
1.57E +0 J 
0.  
5.112+00

TOTAL D0Y 

1 .91E+00 
0* 
1.35E+00 
1.18E-02 
1. 70E-01 
2.94E-02 
3.47F 4-00 

1.91E+00 
0.  
1.35L+00 

2.067E-01 
2. 13 F-02 
3 53+00 

1.91E+00 
0.  
i.35E+00 
6.53E-03 
2,99E-01 
2.71E-02 
3. 592+00 

1.91 Ef00 
0.  
1,35E+00 
6.76c-03 
3.27k+00

Doses above are based upon semi-infinite plume model for gamma 
the noble gas immersion gamma and total doses for each organ

dose. Use of finite plume model for the stack release point increases 

by 0.24 mrem/year.

Revised 

page

(M R F M)

P,



0 
Revised 

07/05/76 

PAGE 2 OF 5

UN 11NO\JE N L

TAqLE 3-14

MAXIMUM INPIVIOUAL DOSES FZOM FXPOSURE TO GASEOUS RELEASES (MRREM)

COST-flENEFICIAL CASE -- RESIDENCE 2650 METERS WNW

PATHWAY/AG> GOUJ 

AOUL S 
flO L1 rAS IMM2R<IOnf (GAMMA) 
WL5 G"AS TMMEiSION ( TA) 
<OUND 0PL4A t :O3OSTTT O 

T-NHALATTON 
SO D FRUITS A)n VEG T-LES 

F P SH F RUT TS 801 VEGT A RLES 
['AT (COITAMiINAD An FGCE).  

cA T (CONr A 14T NAT 5 ) Tl0 
CnA,, SILK ( CONTAMIN FO-AGE) 
C OWS MILK (CON HTI1 F:ED) 

TOTAL AflULTS 

HOL 1AS TH1 l'S ION ( G IMA) 
5O AS TIMRS TOlN ( RETA) 

GROUJNDJ PLANE n rOcITI 1t 
INHAL AT ION 
C'TOR1ED FRU ITS 1ND V-; .TABLES 
Fr .1SH P RUTT7 !ND1 V G TAP.GLES 
MAT (CONAM1INATFFO RAGE) 

2EAT ( CONT 'AMN T 2Dr FED) 
CD)WS MILK (CONTAN.TN PORAGE) 
CO WS '1 ILK (r 0C,! TA MTN 6EED) 

TOTAL T5NAG 5

RON F

4 322-01 
0.  
4 26P-01.  
3 .66E-J3 
I 00 - I 
1 80E-02 
7.52E -0 

6,.502-03 
7 1 8 02 E - j 7 
:3.*912-03 
1,*0?'+00 

4. 32F-01 

4. 2 6E -01 
i .952-03 
1. 20E-01 
1 . 33-02 
2 11E-03 
1.32E-03 
2 .22F-02 
,030E-03 

1. 03E+00

LIVER

4. 32E -01 
D.  

1+.26E-01 
1.54E-02 
3.81E-02 
7.71E-03 
3,45E-03 
2.03E-03 
1 .69E-02 
6.30E-03 
9* 4 8 E-0 

4.326-01 
0.  
4.26E-01 
1.10E-02 
5.962-02 
6.*59 2-0.3 
2.57E-03 
1 .55F-03 
2. 85E-02 
1 06 E -02 
9. 78E-01

THYRO ID 

4.322-01 

3.  
4.26-01 

1+.*962-02 

53 7 E -0 1 5.376-02 
1 25,7-03 
1. 50E+00 
1 .63-03 
3.58E+00 

4.32E-01 
0.  
4 .2FF- 1 
1.96 -01 
7 1? -02 
6.836E-01 
3.71E-02 
9.67E-04 
2.26E+00 
2.C9q-03 
4.11 E+00

KIDNEY

4.326-01 
0.  
4..26F- 01.  
4.23E*03 
1 73- 02 
77 4 - 03 
2. 0 3C-03 

.1 . 47L-03 

1 . 3.?2- 02 
3 . 12-03 
9. 07E-C1 

4.,2F-01 
0.  
4. ?6E- 01 
2. 96E-03 
2.125-02 
4.62F-03 
1. 0E-03 
8.O3Ei0l 
1.71 -02 
4. 02E-03 
9 1.0 E- 01

LUNG

4.32E-01 
0.  
4 26 E - 0 1 
1. 60E-02 
1. 09E-02 
1.38E-03 
1. 48E-03 
1 . 31 E- 03 
2. 52E-03 
1.*91E-03 

.9 3 F - 01 

4.32E-01 
G.  
4 26 E -01 
1 . 55E-02 
9 .56E- 02 
6.42E-03 
1 16 E -0' 3 
1.03E-03 
4 55E-03 
3.31+E-03 
9.86E-01

GI-LLI

4. 32 E-01 
0.  
4.26=-01 
1.72 -03 
2.29E-01 
3.142-32 
8 55- 0 3 
3 .99E- 03 

5.09E-03 
2.26E-03 
1.14E+00 

4.32E-01 
0.  

4.266-01 
1 . 102-0 3 
2 . 87 E - 01 
2.12G-02 
4.71E-03 
2. 3.3E-03 
6.77E-03 
3.33c-03 
1 .1'3%+00

SKI N

5.02E-01 
2.96(-01 
4 97 F - J 1 
J.  

0.  
0.  
U.  

0.  
0.  
0.  
1.29F+J00 

5.02E-01 
2.*96E-01 
4.97E-01l 
0.  
0.  
0.  
0.  
0.  
0.  
0.  
1.292+0 0

TOTAL BODY 

4.326-01 
0.  
4. 26E-01 
3.30E-03 
3.82"-02 
6.476-03 

I1.986-03 
i.p20E -02 
4.976-03 
9.28.E-01 

t*.32E-01 
0.  
+. 26E -01 
2.292-03 
4.776-02 64 7 - - 0 3 

2.07E-03 
1.402-03 
. 48E-03 

5.*845-03 
9. 372-01

Doses above are based upon semi-infinite plume model for gamma dose. Use of the finite plume model for the stack release point increases the 
noble gas immersion gamma and total doses for each organ by 0.08 mrem/year.
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TABLE 3-14

MAXIMUM INDIVTOUAL DOSES FZOM EXPOSURE TO GASEOUS RELEASFS 

COST-9ENEFICIAL CASV3 -- RESIDENCF 2650 METERS WNW

PAGE 3 OF 5

( M RE M)

PATHWAY/AG 'rnU

CHILPOFN 
NOfL2 GAS IMMERSTON (GAMMA) 

0'! L' SAS I :R S TON (RTA) 
CrUJ4n PLANt rJO'TC.TTON 
1I 'A 4L-A T ION 
cT(OR2F) FRUITS AND V1 1TARLES 
roSH FUTT A D \1EG TrBLIS 
M-iA T (rONJTA1I NAT n F)QA GE 

EAT (LONTAMTINATFO F: E-) 
CO'S MILK '(CONITATIN -OPAGE) 
COW'S 'ITL< CONTATMN RE D) 

TOTAL CHILDR=N 

INFANTS 
CPL GAS IMM1-12ION (GAMMNA) 

NO 3L AS TiMMEM s TONJ ('FTA) 
G;OUND PLANE -D 00TTTO 

INHALATION 
r'OWS ITLK C0?' TAMTN n AG 
COWS fIILK (CONTAMIN FFE0) 

TOTAL INF.ANTS

BONE

4.32E- I 
0.  
4 26-01 
2 .003-0 
2.48E-01 
2 .?1E-02 
3. 68E-3 
2 39E-03 
S .192 -0? 
i.86E-02 
I . 21 +00 

4.32F-01 
*0.  
4.26E-01 
2. 542-03 
I. 08E*01 
3.842-02 
. 012 E+00

LIVER

4.32E*-1l 
0.  
4.26E-01 
6. 74E-0 3 
1.07E-01 
3.722-03 
3. 62E-03 
2.50E-03 
4.932-02 
1.922-02 
1.*062+300 

4.32E-01 
0.  

*.26E-01 
b.*262 -0 3 
1 . 4E -01 
4 3 12 E-0 
1 .02E+00

TH YR.OI  

0.  
4 2 J - 1 
2.722-01 
1. 462-01 
10,333+00 
5.63 -02 
S.81f-03 

4.49E *00 
6 4 0 -03 
6. 86E+00 

4.32E-01 
0.9 
4.2'bE-01 
4 66 -0 1 
i.08E+01l 
1.37E-02 
1.21 +01

KIDNEY

4.32 E0 
0.  
4. 26-01 
i. 56E-03 
1 75F -02 
2.89E-03 
7.57E-04 
5 4 8 - 01 4 
1.41E-02 
3 .3t- 03 
S.99-01 

4. 32E-1 
0.  
4. 26E-01 
1 10E- 03 
1. 4 i - 02 
3.32F-03 
8 77E- 01.

LUNG

4. 32E-01 
U.  

4. 26E-01 
1.402-02 
3.82E-02? 
1.93E-03 

. 98E-03 
1.87E-03 
8 .99E-03 
7.20E-03 
9. 32E-01 

4, 32E-01 

4.262-01 
2. 07E-02 
1,99E-02 
1.572-02 
9. 14E-01

GI-LLI

4.32E-01 
0.  
4 .26-0 q 
7.86E-04 
2.722-01 
1. 49E-02 
3.93E-C3 
2.56E-03 
9.221-03 
6.45r-03 
1.17E+00 

4.321-01 
0.  
4.26--01 
7.21F-04 
1.56E-02 
1.28E-02 
8.87E-01

SKIN

5. 02E-01 
2.96E-01 
4.97E-01 
0.  
09 
0.  
0.9 
0.  
0.  
0.  
1 .29 E +-0 0 

5 .02E- 3£ 
2 . 9 6 F-01 
4.97E-!1 
0.  
0.  

0.  
1.292+00

TOTAL BODY 

4.32F-01 
0.  
4. 26E-01 
1.732-3 
7.372-02 
6 24E -03 
3 0 4E-03 
2.283E-03 
2.24E-02 
8.52E-03 
9. 762-01 

4.322-01 
0.  
4. 262 -01 
1 72E -03 
3.802-02 
i . 49 E -0 2 
9.13E -01

Doses above are based upon semi-infinite plume model for gamma dose. Use of the finite plume model for the stack release point
increases the noble gas immersion gamma and total doses for each organ by 0.08 mrem/year.
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TABLE 3-14 

MAXIMUM INDIVIDUAL DOSES FROM EXPOSURE TO GASEOUS RELEASES (MREM) 

COST-flENEFICIAL CASE -- RESIOENCE 33003 METERS NE

PAG2E 4 OF 5

PATHWAY/AG: r-fUP

CAfULTS 
00" Lz -GAS IME 3 T) N (GAMMA) 
NflLE GAS IMM STO0 (R'ETA) 
CRO)IUND PLANK Oco'SITION 
TN:ALATIO M 
ST 1O D FRUIT S AN iJ T1ALES 
FFSH FRU ITS r11111 V: GTAHL2S 

1AT ( ON T r, INT ED f F)RA G Y 
Mr V (TCONTAM INA T E'r F r3 ) 
C1-I S TL K CON TA TN 1 fO AGE 
COWS TLK ('CONTA4TN FEFD) 

TOTAL AfULTR 

T N, A C, PE P 
NLB GAS IMm' TON IGAMMA) 
NOL. C13 1 Mmc.RST1N (9E TA) 
GROUNDJ PL4NE FYPOflITION 
ITNHALATTON 
STOFr d FRPU1TS AN4 D V/E-TABRLE S 
rZESH FRUTTS 8N) lEGTABLES 
M=AT (CONTAMIINATD FORAGE) 

Cm3 ITLK (CONTA *'r FOPAGE) 
CfO;S MTLK (CONTrHIN cEEDf) 

TOTA L TE MAGo ?

rONE

2. 2,-1 

2 19 E -0 1 
1.92--03 
9 .62E-02 
1.82E-02 
6. 36E-03 
5.332-03 
1.6E1-02 
83.50E3-03 
5.98E3-01 

2.26E -01 
U.  

2. 19E-01 
1.01E3-03 
1 .23F-0 
1.43E-02 
1.94E3-03 
1.13E03 
2.15E-02 
7. 32E-03 
6.15E-01

LIVER

2.26E-01 
U.  

2 19E-0 
7.911E-03 
3 45E -02 
7. 17E-0 3 
3.07E-03 i 
I .73E-03 
1..58E- C2 
5,.71E-03 
5.21E-01 

2.26E-01 
5.  
2.19E-0 1 
5.67E-03 
5.*4 2E*02 
6.13E-03 
2.28E-03 
1.32;-03 
2.66;-02 
9 . 5 8 E -0 3 
5. 51E-01

THYROID 

2.26E-01 
0, 
2.19E-01 
S5 1 4 -0 1 

4.65E-02 
8,55E-01 
5.17-02 
1.00E-0 3 
1.414'7+00 
I .34-03 
2.952 +00 

2.26>-01 
0.  
2.192-01 
6 695-02 
6.67E3-02 
6.59E-Gi 
3.56-E-02 
7.79Cl-04 
2.18E+00 
2.21 E-0 3 
3, 00 L + 0

K IONE Y

2.26-01 
0.  
2.19 P-C1 
2.17E-03 
1. . 53 E 02 
6. 69E3 3 
1.74t -(C3 
1 .21c 03 
S. 2 4 - 02 

2.7213-03 
4.7 uE

2.262-01 
0.  
2 .19 -01 
1 52E 03 
.1.85E-02 
4.32E.-03 
19.03E-03 
7.15E-0 4 
1 60E- u 2 
3.521E-03

LUNG

2.26SE-01 
U.  

2.19E-01 
8.E15-03 

9.09E-03 
1. 15E-03 
1.22E-03 
1.06E-03 
2. 17E-03 
1 .59E-03 
4 69E-01 

2.26E-01 
0 
2.19 E-01 
7.8 8E-03 
83. 77E-02 
5.89E-03 
9.5RE-04 
8 37 E -04 
3.95 E-03 
2. 82E-3 
5. 55E-01

GI-LLI

2.26E-01 
0.  
2. 19E-01 
8 .78E-04 
2. 14E-01 
2 .96 E -02 
7.85E-03 
3 . 57E-0 3 
4. 68E-0 3 
1.93E-0 3 
7.08E-01 

2. 26E-01 

0.  
2.1913-01 
5.67E-04 
2.68E-01 
1.9926 2 
4.29E-03 
2.06F-03 
6.15E-03 

7 94)E2-01

SKIN

2 .62E-31 
1 .54E-0 1 
2 .56E-01 
0.  
0.  
0.  
0.  
0.  
J.  

0.  
6.721- 1 

2 .62E3-31 
£i.5L4E-Ji 
2.56-01 
0.  

0.  

0.  

C. * 

0.  
6.72E3-01

TOTAL BODY 

2 . 26 E-01 
U.  

2. 192-01 
1 .73E-03 
3 . 49E -02 
6.02E-03 
2 . 73 E-03 
1. *69E-03 
1 I E -02 
4. 47E-03 
5.08E-01 

2.26E-01 
0.  
2.19-01 
1,20E3-03 

4.423 3 30 

1 8*2 -03 
1.8E -0 3 1.183E-03 

1.37F -02 
5.16E-03 
5.16SE-01

I
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TARL2 3-14

MAXIMUM INDTVIDUAL DOSES F-ROM EXPOSURE TO GASFOUS RELEASES 

COST-rENEFICIAL CASE -- ESIDEICE 3000 METFPS NE

PAGE 5 OF 5

(M P F M)

PflT~44Y/Ai~,.T G~'OuP

HOOK: I. AS~ TH.r!S~TOnj (GA MMA) MOBLET G) IM E qIO (fB0TA) 

c 0ND PLAN D ")TCIT Tr 
T IHnA TJ10 'J 

:rH .fl FUI T2 ANi VZI TALFS 

.AT (GCONTAI NS Tt-l D: F-PAG3L) 
IEAT (CONTAMI NAT I F77,) 

COW' MILK CONTAM FOPAGE) 
C24WS NTL!Y (CO"ITAMIN EED) 
T9TAL CHTLlro.\J 

I'!FANTS t I 1 0 . t A I N iIS 0 N G 1 MOELt- GAE IMMEc>STON~ (GAMMA) 
Nn t, AS I HI -I S TON (I F TA) 

Gr O~UD PLAN5 0~ O<ZITION 
Ti'jHAL AT ION 

rOe M ITL< (CONTA NT4 t7OIPA ) 
CO! 1 L< ( CON TA MIN F 0 

ITTAL IFANT c

0N r

2.26-01 
0.  

3. 03-03 
2 .60E-01 
2.41E-02 
3 372- -u 
2.032E-0.3 
5 .03-? 
i .69E-02? 
3 .03E-01 

2.262-01 
0*.  
2 19E-01.  

1 31F-0 3 
1. 50E-01 

3 .50E-U2? 
5 .85E-01

LIVER

2.2?6E-101 

2. 19E-01 
3 .47E-03 
9 .61E-02 
8.05E-03 
3.16E-03 
2 11E-03 
4 58 E -02 
1 .72E-02 
o .21E-01 

2 26E-01 

2.19E-01 
3.21E-03 
1.062-01 
3 .88E~02 
5.93E-01

T H Y -R 01 0 

2 .26E-01 

0.  

1.37-01 
1..36E-01 
9.90"-01 

1. *4 f 2-0 3 
4 33+00 
5.2 5E-0 3 
6.102+00 

2.262-01 
0.  
2.192-01 
2 .35E-01 

1.132-02 
1 E .124 +1

K I ON E Y

2.262-01 

0.  
2.*19E-1 C 
8. 042-04 

1.*5 302  
2.682-C3 
6*50E-04 
4.51" -04 

1. 32E-2 
2.90E:-03 
4.81&-0 C 

2 *2 r) F C 0 
0* 
2. 19E- L 

5 F, 6 F c 
1. 32E- 2 
2 .90G- L 3 
4.62E -Cl

LUNG

2 . 26E-01 
0.  
2. 19E-01 
7. 14 E -03 
3.17E-02 

1.602-03 
1.625-03 
1. 52 -03 

7 . 66F- 03 

5.992-03 
5.02E-01 

2 . 26E-01 
0.  
2.19E-01 
1.05E-02 
1.712-02 
1.31E-02 
4.*86E-01

GI-LLI

?2.26E-01 
U.  
2. 19E 01 
4.11-04 

2.52E-01 
1.39E-02 
3 45E-0 3 
2.172-03 
7 99E-03 

5).292-03 
7. 302-01 

2. 26 -01 

U.  
2. 19E-01 

3.82E-04 
1 . 32E-02 
1 6.04 - 0 2 
4.692-01

SKIN

2.62F-J1 
1.54E-31 
2 .56E-0 1 

0.  
0.  
0.  

0.  
1.  
0.  
0.  
6.72E-01 

2.62E-01 
1 .54E-0 1 
2 56E-01 
0.  

0.  
0.  
6,72 E-01

TOTAL 8ODY 

2.26E-01 
0.  
2.19 -01 
9 10 E-0 4 
6. 59E-02 
5.81E-03 
2.62E-03 
1. 90E-03 
2.0 5E-02 
7.23F-03 
5.50 -01 

2.26 -01 
0.  
2. 19F-01 
B.98P-04 
3.47E-02 
1.24E-02 
4.93E -01

A4\4Otr~



Duane Arnold

Table 3-15 

Base Case Population Doses from Gaseous Effluents

Population Doses

Pathway

Via Food Chains: 
Fruits & Vegetables 
Milk 
Meat 

Total Food Paths 

Via 1980 Populationa 
Noble Gas Immersion 
Ground Plane Deposition 
Inhalation 

Total Population Paths 

Total 1980 Population Dose 

Via 2020 Populationb 
Noble Gas Immersion 
Ground Plane Deposition 
Inhalation 

Total Population Paths 

Total Food Paths 

Total 2020 Population Dose

Thyroid 
MTR/year 

4.17E+01 
2.72E+01 
2.99E 00 
7.19E+01 

3.78E 00 
6.97E-01 
4.11E 00 
8.58E 00 

8.05E+01 

6.93E 00 
1.31E 00 
6.98E 00 
1.52E+01 

7.19E+01 

8.71E+01

Total Body 
man-rem/yr 

2.46E 00 
4.99E-01 
6.70E-01 
3.66E 00 

3.78E 00 
6.97E-01 
7.73E-02 
4.55E 00 

8.21E 00 

6.93E 00 
1.31E 00 
1.38E-01 

8.37E 00 

3.66E 00 

1.20E+01

Total 
man-rem/yr 

4.42E+01 
2.77E+01 
3.66E 00 
7.55E+01

7.56E 00 
1.39E 00 
4.19E 00 
1.31E+01 

8.86E+01 

1.39E+01 
2.62E 00 
7.12E 00 
2.36E+01 

7.55E+01 

9.91E+01

a See Table 3-11, pages 1 & 2 

b See Table 3-11, pages 3 & 4 

R503ERS 
5/17/76 
23.31.29

R501ERW 

5/17/76 
26.36.30

R502ERX 

5/17/76 
23.38.41

; I %

May, 1976
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Table 3-16 

Population Dose Reduction with Gaseous Alternates

Case Description

Gland Seal 

D-1 Double holdup time 
D-2 Add HEPA & charcoal 

SJAE 

E-1 Operate at OF 
E-2 Add 2 more beds 
E-3 Remove 2 beds 

Drywell 

F-2 Remove charcoal 
F-3 Remove HEPA & charcoal

G-1 
G-2 
G-3

Turbine Bldg 

Add HEPA 
Add HEPA & charcoal 
Add clean steam 

Auxiliary Bldg

H-1 Add HEPA 
H-3 Add HEPA & charcoal

Radwaste Bldg 

I-1 Add charcoal 
1-2 Remove HEPA

1980 Population 
Thyroid Total Body 
man-rem man-rem 

6.66E-03 7.06E-03 
6.37E-02 2.42E-04

1.47E 00 
5.97E-01 

-1.27E-01 

-1.44E .00 
-1.66E 00 

3.97E-02 
1.64E 00 
2.76E 00

1.49E 00 
6.04E-01 

-7.36E-01 

-3.97E-03 
-2. 27E-01 

3.99E-02 
4.43E-02 
1.36E 00

2.22E-01 2.23E-O 

1.66E 00 2.27E-01

4.01E-01 
-1.53E 00

1. 12E-03 
-1.53E 00

Food Pathways
Thyroid 
man-rem

Total Body 
man-rem

0 2.80E-03 
2.28E 00 4.64E-03

0 
0 
0

-2.24E+01 
-2. 24E+01 

1.96E-06 
2.51E+01 
2.23E+01

1.37E-06 
5.78E-07 
-6 .93E-07 

-4.56E-02 
-2.41E-01 

2.41E-02 
7.50E-02 
6.47E-02

1.02E-06 1.80E-01 
2.24E+01 2.26E-01

6.60E 00 
-5.63E-07

Negative values are Dose Increase R537EHK 
5/18/76 
15.08,07

1. 34E-02 
-3.80E-01 

R536EHI 
5/18/76 
14.41.43

Total 
man-rem 

1.65E-02 
2.35E 00 

2.96E 00 
1.20E 00 

-1.46E 00 

-2. 39E+01 
-2. 45E+01 

1.04E-01 
2.69E+0l 
2.65E+01 

6.25E-01 
2. 45E+01 

7.02E 00 
-3.44E 00 

R56 lEMH 
5/18/76 
17.25.16

May, 1976
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Table 3-17 

Cost of Alternates

Designation Purpose Annual A1 Costa

Gland Seal

Double holdup time 
Add HEPA & charcoal 

Operate at OFdewpoint 
Add 2 more beds 
Remove 2 beds 

Remove charcoal 
Remove HEPA & charcoal

Turbine Bldg

D-1 
D-2 

E-1 
E-2 
E-3 

F-2 
F-3 

G-1 
G-2 
G-3 

H-1 
H-3 

I-1 
I-2

Radwaste

Values in (

Add HEPA 
Add HEPA & charcoal 
Add clean steam 

Bldg 

Add HEPA 
Add HEPA & charcoal 

Bldg 

Add charcoal 
Remove HEPA

) are cost savings

a See Apendix A for details of cost estimating

SJAE

Drywell

6,400 
14,600

Auxiliary

155,300 
45,800 

(45,800) 

(9,300) 
(18,100) 

59,400 
120,700 
195,800 

76,200 
153,100 

18,100 
(17,300)

May, 1976



May, 1976

Cost-Benefit 

Annual A Doses

Gland Seal 
D-1 Double holdup time 
D-2 Add HEPA & charcoal

SJAE 
Operate at OF dewpont 
Add 2 more beds 
Remove 2 beds

from Base 
man-rema 

1.65E-02 
2.35E 00 

2.96E 00 
1.20E 00 

-i.46E OOC

Drywell 
F-2 Remove charcoal -2.39E+01 
F-3 Remove HEPA & charcoal-2.45E+01

Turbine Bld? 
Add HEPA 
Add HEPA & charcoal 
Add clean steam

Auxiliary Bldg 
H-1 Add HEPA 
H-3 Add HEPA & charcoal

Radwaste Bldg 

I-i Add charcoal 
1-2 Remove HEPA

1.04E-01 
2.69E+01 
2.65E+01 

6.25E-01 
2.45E+01 

7.02E 00 
-3.44E 00

Table 3-18 

Ratios for Alternate Cases

from Prey Case 
man-rem

6.OOE-01 

2.68E+0l 

2.39E+0l

AnnuallA Costs 
from Base from Prey Case 
dollarsb dollars

>5,000 
14,600 

155,300 
45,800 

-451800d 

-91300 
-18,100 

59,400 
120,700 

>150,000

76,200 
153,100

-8,800 

61, 300 

76,900

18,100 
-17,300

Cost-Benefit Ratios 
from Base from Prey Case
$/man-rem 

>3.0E+05 
6. 2E+03 

5.2E+04 
3.8E+04 
3.1E+04 

3.9E+02 
7.4E+02 

5.7E+05 
4.5E+03 

;5.7E+03

1. 2E+05 
6 .2E+03 

2.6E+03 
5.OE+03

$/man-rem

1.5E+04 

2. 2E+03 

3.2E+03

a From Table 3- 16 

b From Table 3- 17 

c Negative dose changes are increases in dose 

d Negative costs are decreases in costs

Case Purpose

E-1 
E-2 
E-3

G-1 
G-2 
G-3

io Arnold



Duane Arnold May, 1976 

Revised July, 1976

Table 3- 19 

Indicated Cost-Beneficial Treatment

Indicated Treatment

SJAE 

Gland Seal 

Drywell 

Turbine Bldg 

Auxiliary (Reactor) Bldg 

Radwaste Bldg

Operate as at present with at least 
two fewer beds 

Present design 

Present Design 

Discard without treatment- -Present Design 

Discard without treatment- -Present Design 

Remove HEPA and discard w/o treatment

System
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Appendix 10.7-A

Reactor: Duane Arnold 

INDEX Page 

Cost Estimating Methodology 10.7-Al 

Cost Multipliers and Factors 10.7-A4 

Summary of Augment Costs 10.7-A5 

DETAIL COST ESTIMATES 

Case Description 

A-2 Add demineralizer to high purity waste 10.7-A6 

A-3 Delete demineralizer from high purity waste 10.7-A9 

B-2 Add demineralizer to low purity waste 10.7-A12 

B-3 Delete demineralizer from low purity waste 10.7-A15 

C-1 Remove evaporator from chem waste 10.7-A18 

C-2 Add demineralizer to chem waste treatment 10.7-A22 

D-1 Double gland seal exhaust holdup time 10.7-A25 

D-2 Add HEPA/Charcoal to gland seal exhaust 10.7-A28 

E-1 Add OF dewpoint dryer to AOG 10.7-A30 

E-2 Add two more charcoal beds to AOG 10.7-A32 

E-3 Delete two charcoal beds from AOG 10.7-A34 

F-i Remove charcoal from Drywell purge 10.7-A36 

F-2 Remove HEPA/Charcoal from Drywell purge 10.7-A40 

G-1 Add HEPA to Turbine Bldg. vent 10.7-A44 

G-2 Add HEPA/Charcoal to Turbine Bldg vent 10.7-A48 

G-3 Add clean steam to valves larger than 2 1/2" 10.7-A53 

H-1 Add HEPA to Reactor Bldg vent 10.7-A58 

H-2 Add HEPA/Charcoal to Reactor Bldg vent 10.7-A62 

1-1 Add charcoal to Radwaste Bldg vent 10.7-A66 

1-2 Remove HEPA from Radwaste Bldg vent 10.7-A70



Cost Estimating Methodology

The methods used in estimating the cost of the augments are outlined 

in the following paragraphs.  

(1) General Bases 

The cost estimates for the augments were prepared using wherever possible 

the cost bases and data presented in NRC Regulatory Guide 1.110.* 

(2) Direct Installed Costs 

In most of the augment cases studied for this application there were 

Regulatory Guide 1.110 unit cost values which could be applied, with 

appropriate adjustments for size or capacity, to the augments considered.  

In many of the cases the unit values were used directly as outlined in 

the Regulatory Guide for the basic augment process systems. Support 

facilities such as building space, piping systems, electrical system and 

the like were then applied at approximately the same percentage or at 

the same unit costs as stated in Regulatory Guide 1.110 cases.  

In some of the augments studied the equipment sizes or capacities were 

not sufficiently close to the Regulatory Guide 1.110 typical equipment 

to use the Regulatory Guide cost numbers directly. In these cases the 

estimated costs of equipment were obtained from curves or graphs which 

were constructed by using various Regulatory Guide 1.110 equipment 

cost/capacities as specific curve points. In other cases where only 

*All references herein to "Regulatory Guide" or "Reg Guide" refer 
to the United States Nuclear Regulatory Commission Regulatory 
Guide No. 1.110 dated March 1976 titled Cost-Benefit Analysis for 
Radwaste Systems for Light-Water-Cooled Nuclear Power Reactors

10. 7-Al



one Regulatory Guide 1.110 cost value was shown, estimated costs for the 

new equipment sizes were obtained by use of an exponential cost/size 

relationship (such as the "0.6 power curve") which engineering data or 

literature indicates to be appropriate for the type of equipment under 

consideration; these curves were projected using the Regulatory Guide 1.110 

value as the base point.  

In a few cases where there was either no Regulatory Guide 1.110 data 

available or no actual construction cost data at hand the costs were 

derived in a standard estimating manner using equipment costs obtained 

from equipment manufacturers or reliable engineering literature.  

In the above cases the same approximate cost relationships of support 

facilities such as building space assignment, piping systems, electrical 

systems, etc., as were used in the Regulatory Guide were then applied 

to arrive at the total estimated direct installed cost.  

The detail estimate sheet for each case shows the cost bases used for 

estimating the cost of the case.  

(3) Operating and Maintenance Costs 

The annual operating and maintenance costs for the various augments were 

derived using Regulatory Guide 1.110 outlined costs for like equipment 

or systems. The same approximate equipment labor attention ranges were 

used as outlined in the Regulatory Guide. The amounts of the various 

maintenance materials, utilities and services were estimated using the 

augment requirements; the unit costs used for these are similar to those 

outlined in the Regulatory Guide.

10. 7-A2



(4) Cost Multipliers and Factors 

The multipliers and factors used to obtain the total capital cost of 

each augment, the annualized cost of capital and the appropriate geo

graphical labor multiplier are shown on page 10.7-A4.  

(5) Cost Presentation 

Direct cost totals are rounded to the nearest whole number; operating 

and maintenance costs are rounded to the nearest tenth. All costs are 

expressed in year 1975 dollars.
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Reactor: Duane Arnold

Cost Multipliers and Factors 

Indirect Cost Factor 

This is a one-unit site; per Regulatory Guide 1.110 

page 14 the Indirect Cost Factor is 1.75. The estimated 

installed direct cost of the augment is multiplied by 

this factor to obtain the total capital cost.  

Capital Recovery Factor 

Iowa Electric Light and Power Co. advises that the capital 

recovery factor to be used for this nuclear facility is 

17.97%.  

Labor Cost Correction Factor 

This facility is constructed in FPC Geographic Region IV 

Per Regulatory Guide 1.110 page 13 the labor correction 

factor for this area is 1.4.

10. 7-A4



Reactor: Duane Arnold

Summary of Aupment Costs 
(1975 $1000)

Au 
Ca

gment
se Description 

A-2 Add demineralizer to high purity 
waste 

A-3 Delete demineralizer from high 
purity waste 

B-2 Add demineralizer to low purity 
waste 

B-3 Delete demineralizer from low 
purity waste 

C-1 Remove evaporator from chem waste 

C-2 Add demineralizer to chem waste 
treatment 

1i Double gland seal exhaust holdup 
time 

D-2 Add HEPA/charcoal to gland seal 
exhaust 

E-1 Add 0 F dewpoint dryer to AOG 

E-2 Add two more charcoal beds to AOG 

E-3 Delete two charcoal beds from AOG 

F-1 Remove charcoal from Drywell purge 

F-2 Remove HEPA/charcoal from Drywell 
purge 

G-1 Add HEPA to Turbine Bldg. vent 

G-2 Add HEPA/Charcoal to Turbine Bldg.  
vent

Inst Total Annual Oper- Mainte- Total
D Fixed ating nance

Charge 
@17.91% 

27.7

27.7 12.9 5.0 

27.7 56.5 5.0

irect Capital 
ost Cost 

88 154 

88 154 

88 154 

88 154

145.2 

21.7

27.7 56.5

462 

69

808 

121

19 33 5.9 neg

464 

146 

146 

28 

55 

154 

285

812 

255 

255 

49 

96 

269 

499

145.9 

45.8 

45.8 

8.8 

17.2 

48.3 

89.7

(continued next page)

10. 7-A5

12.9 5.0

16.0 

3.7

5.0 

12.4 

5.0 

0.5

Annual 
Cost 

45.6 

45.6 

89.2 

89.2 

173.6 

30.4 

6.4 

14.6 

155-3 

45.8 

45.8 

9.3 

18.1 

59.4 

120.7

28 49 8.8 3.8 2.0

3.3 

neg 

neg 

0.2 

0.5 

5.9 

10.0

6.1 

neg 

neg 

0.3 

0.4 

5.2 

21.0



Reactor: Duane Arnold

Summary of Augment Costs 
(1975 $1000)

Inst 
Direct 
Cost 

Description 

Add clean steam to valves larger 551 
than 2 t

Add HEPA to Reactor Bldg. vent 201

Add HEPA/charcoal to Reactor Bldg. 3 
vent 

Add charcoal to Radwaste Bldg.  
vent 

Remove HEPA from Radwaste Bldg.  
vent

Total 
Capital 
Cost

Annual 
Fixed 
Charge 
@17.97fo

Oper- Mainte
ating nance

Total 
Annual 
Cost

964 173.2 6.6 .16.0 195.8

352 63.2 6.7 6.3

649 116.6 11.3 25.2

38 66 11.9 2.6 3.6 

42 73 13.1 3.0 1.2

76.2 

153.1 

18.1 

17.3

10. 7-A5.1

Augment 
Case

H-1 

H-2 

I-1 

1-2



ReactorDuane Arnold

TOTAL DIRECT COST ESTIMATE SHEET OF RADWASTE TREATMENT SYSTEM

FOR LIGHT-WATER-COOLED NUCLEAR REACTORS

Description of Augment delete degineralizer from high purity-waste -Jtreatment

T rru L ABOR

DIRECT COST (1975 $1000) 

rITDMT MATEIQTAL TOTAL
BASIS FOR 
COST ESTIMATE

PROCESS EQUIPMENT 5 23 28 35 ft 3, SS, ASME VIII, 
150 psi, with resin 

BUILDING ASSIGNMENT 9 5 14 

ASSOCIATED PIPING SYSTEMS 9 6 15.  

INSTRUMENTATION AND CONTROLS 4 6 10 

ELECTRICAL SERVICE neg 

SPARE PARTS 2 2

SUBTOTAL 
-- 1 P 1 .... .. 1~..S ** .

27 
8a

42
x 1.'4 labor muILiplier 3 

CONTINGENCY 4 4 8 

TOTAL DIRECT COSTS 42 46 88

*cost data per page 10.7-A7 
**for FPC Geographical Region

69* 
80

with labor factor = 1.0 
includes labor multiolier

IV per Regulatory Guide 1.110 p 13

5/76

1.  

2.

I-.  
0 

C'

3.  

4.  

5.  

6.  

7.  

8.

Case A-2



Estimated Installed Direct Costs for Process Demineralizers 

Per Regulatory Guide 1.110 Values Without Contingency

Reactor: Duane Arnold

- .-- '- -~-r~ a.:- Z4-~5=iP§E~~-

Case: A-2
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Reference: Regulatory Guide 1.110 dated 3/76 pp 64-68 
Assign same labor/equipment/supp ort-facility distribution 

as per Regulatory Guide 1.110 approximate values.  
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Reactor Duane Arnold 

ANNUAL OPERATING AND MAINTENANCE COST ESTIMATE SHEET OF RADWASTE TREATMENT

A-2 
Case

SYSTEM FOR LIGHT-WATER-COOLED NUCLEAR REACTORS

Description of Augment

COST (1975 $1000)

r4-n 4-rcctrnont

ABOR OTHER ~ TOTAL RASTS FOR COST ESTIMATE
ITM L 

OPERATING LABOR, SUPERVISION, 6 
AND OVERHEAD 6.5 7.7 x 10 gpy 

30 min/shift 

MAINTENANCE MATERIAL AND 
LABOR 5.0 allowance 

CONSUMABLES, CHEMICALS, AND 3 3 

SUPPLIES 5.0 70 ft /yr @ $75/ft 

UTILITIES AND SERVICES 

Waste Disposal 1.4 70 ft /yr @ 20/ft 

Water 

Steam 

Electricity 

Building Services 

Other 

TOTAL 0 AND M ANNUAL COST 17.9 *

*cost bases per Reg Guide 1.110 p 71 approximate values

1.  

2.

Co
3.

4.  

5.

, " n -.-

5/76 

12.9 
5.0 

17.9



Reactor Duane Arnold

TOTAL DIRECT COST ESTIMATE SHEET OF RADWASTE TREATMENT SYSTEM 

FOR LIGHT-WATER-COOLED NUCLEAR REACTORS

Description of Augment
I -. ~-. treatmenlt

LAOR

DIRECT COST (1975 $1000) 

EQI IPMENJT/MATERIALS TOTAL
BASIS FOR 
COST ESTIMATE

I TEM 

PROCESS EQUIPMENT 5 23 28 35 ft 3, SS1, ASME VIII, 
150 psi, with resin 

BUILDING ASSIGNMENT 9 5 14 

ASSOCIATED PIPING SYSTEMS 9 6 15 

INSTRUMENTATION AND CONTROLS 4 6 10 

ELECTRICAL SERVICE neg 

SPARE PARTS 2 2 

SUBTOTAL 27 42 69* with labor factor = 1.0 

k 1.4 labor multiplier** 38 - 80 includes labor multilier 

CONTINGENCY 4 4 8 

TOTAL DIRECT COSTS 42 46 88

*cost data per page 10.7-A10 
**for FPC Geographical Region IV per Regulatory Guide 1.110 p 13

1.  

2.

0

3.  

4.  

5.  

6.  

7.  

8.

delete demineralizer 1-um n..6 1us., L,-

Case A-3

5/76



Estimated Installed Direct Costs for Process Demineralizers 

Per Regulatory Guide 1.110 Values Without Contingency

Reactor: Duane Arnold Case: A-3

_______________________________ .4, ~ h~s ~ 
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T2 2 74.9 2 :3 4 $ 780 1~ 2 2 4 S 6 7221 
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Re3erence: Regulatory Guide 1.110 dated 3/76 pp 64-68 
Assign same labor/equipment/support-facility distribution 

as per Regulatory Guide 1.110 approximate values.  

10.7-A10
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Reactor Duane Arnold

ANNUAL OPERATING AND MAINTENANCE COST ESTIMATE SHEET OF RADWASTE TREATMENT

SYSTEM FOR LIGHT-WATER-COOLED NUCLEAR REACTORS

Description of Augment

ITEM

delete demineralizer from high purity waste treatment 

COST (1975 $1000)

L ABOR OTE P TOTAL RASIS FOR COST ESTIMATE

OPERATING LABOR, SUPERVISION, 6 
AND OVERHEAD 6.5 7.7 x 10 gpy 

30 min/shift 

MAINTENANCE MATERIAL AND 
LABOR 5.0 allowance 

CONSUM!ABLES, CHEMICALS, AND 3 3 
SUPPLIES 5.0 70 ft /yr @ $75/ft 

UTILITIES AND SERVICES 

Waste Disposal 1.4 70 ft /yr @ $20/ft3 

Water 

Steam 

Electricity 

Building Services 

Other 

TOTAL 0 AND M ANNUAL COST 17.9 *

*cost bases per Regulatory Guide 1.110 p 70 approximate values

1.  

2.  

3.
0 

I-.

4.  

5.

76-3a

5/76 

12.9 
5.0 

17.9

Case .-- A~-



Reactor Duane Arnold

TOTAL DIRECT COST ESTIMATE SHEET OF RADWASTE TREATMENT SYSTEM 

FOR LIGHT-WATER-COOLED NUCLEAR REACTORS

Description of Augment add demineralizer to low purity waste treatment

ITEM

DIRECT COST (1975 $1000) 

EqUI PMENT/MATERIALS TOTAL
BASIS FOR 
COST ESTIMATE

PROCESS EQUIPMENT 5 23 28 35 ft 3, 55, ASME VIII, 
150 psi, with resin 

BUILDING ASSIGNMENT 9 5 14 

ASSOCIATED PIPING SYSTEMS 9 6 15 

INSTRUMENTATION AND CONTROLS 4 6 10 

ELECTRICAL SERVICE neg 

SPARE PARTS 2 2

SUBTOTAL 
I, A 1 1"~~- li14 lqnc-**

27 42 69* 
80

with labor factor = 1.0 
includes labor multialier

CONTINGENCY 4 4 

TOTAL DIRECT COSTS 42 46 88

*cost data per page 10.7-A13 
**for FPC Geographical Region IV per Regulatory Guide 1.110 p 13

2.

C 

-I
3.  

4.  

5.  

6.  

7.  

8.

5/76

Cas e B-2

LABOR



::- i L 

...............  

-H1 

-4---.

FF 

_a_ 
9 

-7-7

-FINRLE 
S ........

FT..RESI 

Reference: Regulatory Guide 1.110 dated 3/76 pp 64-68 

As sign same labor/equipmreft/support-fac1]lity distribution 

as per Regulatory Guide 1.110 approximate values.  
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Reactor Duane Arnold 

ANNUAL OPERATING AND MAINTENANCE COST ESTIMATE SHEET OF RADWASTE TREATMENT

B-2 
Case __ -

SYSTEM FOR LIGHT-WATER-COOLED NUCLEAR REACTORS

Description of Augment _pdd aPminural izar 

,-rr. IABOR

tr- lnw ntiritv waste treatment

COST (1975 

OTHE D

$1000) 

TOTAI RASTS FOR COST ESTIMATE

OPERATING LABOR, SUPERVISION, 6 
AND OVERHEAD 3.3 1.7 x 10 gpy 

15 min/shift 

MAINTENANCE MATERIAL AND 
LABOR 5.0 allowance 

CONSUMABLES, CHEMICALS, AND 3 3 
SUPPLIES 42.0 560 ft /yr @ $75/ft 

UTILITIES AND SERVICES 3 
Waste Disposal 11.2 560 ft /yr @ $20/ft 

Water 

Steam 

Electricity 
Building Services 

Other 

TOTAL 0 AND M ANNUAL COST 61.5 *

*cost bases per Regulatory Guide 1.110 p 72 approximate values

1.  

2.  

3.  

4.

c0

5.

5/76 

61.5

7 - 1,q

fn -- s- low n-------tre --men ----------------------



Reactor Duane Arnold

TOTAL DIRECT COST ESTIMATE SHEET OF RADWASTE TREATMENT SYSTEM 

FOR LIGHT-WATER-COOLED NUCLEAR REACTORS

Description of Augment delete demineralizer from low nuritv waste treatment

ITEM LABOR

DIRECT COST (1975 $1000) 

EqUIPMENT/MATERIALS TOTAL
BASIS FOR 
COST ESTIMATE

PROCESS EQUIPMENT 5 23 28 35 ft 3, 55, ASME VIII, 

150 psi, with resin 

BUILDING ASSIGNMENT 9 5 14 

ASSOCIATED PIPING SYSTEMS 9 6 15 

INSTRUMENTATION AND CONTROLS 4 6 10 

ELECTRICAL SERVICE neg 

SPARE PARTS 2 2

SUBTOTAL 
x 1 .4 labor multiplier**

27 
38

42 69* 
80

CONTINGENCY 4 4 8 

TOTAL DIRECT COSTS 42 46 88

*cost data per page 10.7-A16 
**for FPC Geographical Region IV per Regulatory

with labor factor = 1.0 
includes labor multiDlier

Guide 1.110 p 13

1.  

2.

C 

n

3.  

4.  

5.  

6.

7.  

8.

from low nurity waste treatment

Case B-3

5/76



Estimated Installed Direct Costs for Process Demineralizers 

Per Regulatory Guide 1.110 Values Without Contingency

Reactor: Duane Arnold

=4L4 -___ __ 

L 
rL -L' 

41*. 1
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3 t5 E; 7

10 too
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Reference: Regulatory Guide 1.110 dated 3/76 pp 64-68 
Assign same labor/equipment/support-facility distribution 

as per Regulatory Guide 1.110 approximate values.

10. 7-A16

Case: B-3



Reactor Duane Arnold 

ANNUAL OPERATING AND MAINTENANCE COST ESTIMATE SHEET OF RADWASTE TREATMENT 

SYSTEM FOR LIGHT-WATER-COOLED NUCLEAR REACTORS

B-3 Case

Description of Augment delete demineralizer frnm lc~w n;tritv waste

COST (1975 $1000)

ITEM L ABOR OTHER TOTAL BASIS FOR COST ESTIMATE

OPERATING LABOR, SUPERVISION, 6 
AND OVERHEAD 3.3 1.7 x 10 gpy 

15 min/shift 

MAINTENANCE MATERIAL AND 
LABOR 5.0 allowance 

CONSUMABLES, CHEMICALS, AND 3 3 
SUPPLIES 42.0 560 ft /yr @ $75/ft 

UTILITIES AND SERVICES 3 

Waste Disposal 11.2 560 ft /yr @ $20/ft 

Water 
Steam 
Electricity 
Building Services 

Other 

TOTAL 0 AND M ANNUAL COST 61.5 *

*cost bases per Regulatory Guide 1.110 p 72 approximate values

treatment

1.  

2.  

3.  

4.

0-

5.

In)

5/76 

56.5 
5.0 

61.5



Reactor Duane Arnold

TOTAL DIRECT COST ESTIMATE SHEET OF RADWASTE TREATMENT SYSTEM

FOR LIGHT-WATER-COOLED NUCLEAR REACTORS

Description of Augment remove evaporator (5 gpm) from chem waste

ITEM

1. PROCESS EQUIPMENT

LABOR

DIRECT COST (1975 $1000) 

EOUTPMENT/MATERIALS TOTAL

Case C-1 

BASIS FOR 
COST ESTIMATE

I T I I

25 165 190

BUILDING ASSIGNMENT 45 25 70 

ASSOCIATED PIPING SYSTEMS 30 20 50 

INSTRUMENTATION AND CONTROLS 7 8 15 

ELECTRICAL SERVICE 18 12 30 

SPARE PARTS 15 15

SUBTOTAL 
x 1.4 labor multiolier**

125 
175

245 70* 
20

*cost data per page 10.7-A19 
**for FPC Geographical Region IV per Regulatory Guide 1.110 p 13

2.

0 

Jc

3.  

4.  

5.  

6.  

7.  

8.

CONTINGENCY 17 25 42 

TOTAL DIRECT COSTS 192 270 462

with labor factor = 1.0 
includes labor multiplier

5/76



Eaimated Installed Direct Costs for Pcocess Evaporators 

Per Regulator Guide 1.110 Values Without Conti-ngency 

. Reactor: Duane Arnold Case C-1.

o -'--- 
7

-~~-- ~JT~T~T- :777F ±rZLI7LiL~II 
- .---------- ~

4, ..

4..
~~~~~ 7.. 

r rr- -- 
--

2- -:
- - - -- - . 7 -

-. : 7 -L -. :--~--z c z422.zz2w4-~-.

- . -- - - -~~~~~~~ ~~~~ - -- . ---- ---- ~- t'";-'-- 

-~ ~~~~ --------- ~-.. -

-- ~ .- -

--

rfl__- ___ 7U2W~ -.- -.-.  
__ a- __-a-

~J
2 7

Z- - -F--- -a-.4- ,. -~__ ____.i

--- ~-~-- -F-

P 
I---~ ~ .1 -

---- ---- E-~ ~ ~ 
..... ... 4Z -- > .  

I QZ ...........- - -.--. A . ..7 .z 

0 -------

-7 r 

5) -Qs-Q 

I~~~-- -------~-1- -- -F.2 L... -F--

H~-- ---- ---- - a
7 __ -~-- -~4~- .7z

O== .; iiz 2 Z 7. . Z 22Z: t:.:.
R t, __

-- 

-- 

-- 

-

4-
0 -,

i43 3 4 -7 J 7-

10 JOO)

L1,.? XCP - 7 0. 1

EVAPORATOR SIZEr,_GPM 

Reference: Regulato .ry Guide 1.110 dated 3/76 pp 57-59 
Assign same labor/equipment/supportL-faci-'lity distribution 

as per Regulatory Guide 1.110 approximate values.  
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Reactor Duane Arnold 

ANNUAL OPERATING AND MAINTENANCE COST ESTIMATE SHEET OF RADWASTE TREATMENT 

SYSTEM FOR LIGHT-WATER-COOLED NUCLEAR REACTORS

Case C-1

D-esci i4nn of Au Mn* rmove evanrator (5 ~nm) from chem waste

COST (1975 $1000)

ITEM L ABOR OTHFR TOTAL BASIS FOR COST ESTIMATE

OPERATING LABOR, SUPERVISION, 
AND OVERHEAD 2.2 

MAINTENANCE MATERIAL AND 
LABOR 12.4 

CONSUMABLES, CHEMICALS, AND 
SUPPLIES 

UTILITIES AND SERVICES 

Waste Disposal 4.9 

Water 3.3 

Steam 5.6 

Electricity 

Building Services 

Other 

TOTAL 0 AND M ANNUAL COST 28.4 *

*per detail calculation sheet page 10.7-A21

1.  

2.  

3.  

4.

C

5.

5/76 
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Reactor Duane Arnold 

Case C-1 

EVAPORATOR SYSTEMS 
ESTIMATED ANNUAL OPERATING AND MAINTENANCE COSTS 
Detail Calculation Sheet 

Description of Augment remove evaporator (5 gpm) from chem waste 

I. COST BASES (per Reg Guide 1.110 dated 3/76, pp 60-63 approximate values) 

1. OPERATING LABOR, SUPERVISORY AND OVERHEAD 3 
a) chem waste volume: 600 gpd x 310 days/yr = 186 x 10 gpy 

b) Use 1 hr labor per 1000 gal waste handled (approx Reg Guide basis).  

2. MAINTENANCE MATERIAL AND LABOR 
a) Use7-1/2 % of estimated equipment cost 

3. CONSUMABLES, CHEMICALS & SUPPLIES 

4. UTILITIES & SERVICES 
a) Waste disposal: clean waste; use 100:1 feed/conc ratio 

dirty waste; use 50:1 feed/conc ratio 

disposal cost = $20/ft3 concentrate 

b) Water: Use 4 gal cooling water per lb steam used (= about 30 F rise) 
Use water cost = $0.30/1000 gal 

c) Steam: Use 10 lb steam per gal waste processed x 1.5 for 
heat losses, start-up, idling time allowances, etc.  

Use steam cost @ $2/103 lbs 

II. CALCULATIONS FOR ESTIMATE SHEET (per above bases) 

1. OPERATING LABOR, SUPERVISORY AND OVERHEAD 
b) Operating labor hours: 186 hours @ $12/hr = $ 2,232 /yr 

2. MAINTENANCE MATERIAL AND LABOR 
a) 7 1/2% x $ 165,000 $ 12,375 /yr 

3. CONSUMABLES, CHEMICALS & SUPPLIESb 

4. UTILITIES & SERVICES 
a) Waste generated @ 100:1 ratio = 1,860 gal/yr+ 7.5 = 248 ft /y 

@ $20/ft 3 disposal = $ 4,960 /yr.  

b) Cooling water @ 4 gal/lb of steam used = 4 x 2790 x 103 lb steam/yr 

= 11,160 x 103 gal water/year @ $0.30/103 gal = $ 3,348 /yr 

c) Steam = 15 x 186 x 103 gal waste/yr 

= 2790 x 103 lb steam/yr @ $2/103 lb = $ 5,580 /yr 

III. NOTES 

concentrate solidification chemicals are in item 4.  

dollars = year 1975.  

10.7-A21 5/76 
76-4k



Reactor Duane Arnold

TOTAL DIRECT COST ESTIMATE SHEET OF RADWASTE TREATMENT SYSTEM

FOR LIGHT-WATER-COOLED NUCLEAR REACTORS

Description of Augment add demineralizer (20 ft 3) to chem waste

ITEM LABOR

DIRECT COST (1975 $1000) 

EQUIPMENT/MATERIALS TOTAL
BASIS FOR 
COST ESTIMATE
3 

PROCESS EQUIPMENT 3 22 25 20 ft , 55, ASME VIII, 
150 psi, with resin 

BUILDING ASSIGNMENT 7 3 10 

ASSOCIATED PIPING SYSTEMS 6 4 10 

INSTRUMENTATION AND CONTROLS 4 4 8 

ELECTRICAL SERVICE neg 

SPARE PARTS 2 2

SUBTOTAL 
x1 4 labo~r muliplier**

20 
= 28

35 55* 
63

with labor factor = 1.0 
includes labor multiplier

CONTINGENCY 3 3 6 

TOA D COT 3l_ 38t 69e28 

TOTAL DIRECT COSTS 3138 6

*cost bases per page 10.7-A23 
**for FPC Geographical Region IV per Regulatory Guide 1.110 p 13 5/76

1.  

2.

N, 
N,

3.  

4.  

5.  

6.  

7.  

8.

Case C-2



Estimated Installed Direct Costs for Process Demineralizers 

Per Regulatory Guide 1.110 Values Without Contingency 

Reactor: Duane Arnold
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Reference: Regulatory Guide 1.110 dated 3/76 pp 64-68 
Assign same labor/equipment/support-facility distribution 

as per Regulatory Guide 1.110 approximate values.  
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Reactor Duane Arnold 

ANNUAL OPERATING AND MAINTENANCE COST ESTIMATE SHEET OF RADWASTE TREATMENT

C-2 
Case

SYSTEM FOR LIGHT-WATER-COOLED NUCLEAR REACTORS

Description of Augment n-d dminprIi 7.pr

COST (1975 $1000)

y rru OTHERD TOTAL RASTS FOR COST ESTIMATE

OPERATING LABOR, SUPERVISION, 
AND OVERHEAD 1.8 10 min/shift 

MAINTENANCE MATERIAL AND 
LABOR 5.0 allowance 

CONSUMABLES, CHEMICALS, AND 3 3 
SUPPLIES 1.5 20 ft /yr @ $75/ft 

UTILITIES AND SERVICES 

Waste Disposal o.4 20 ft /yr @ $20/ft 

Water 

Steam 

Electricity 

Building Services 

Other 

TOTAL 0 AND M ANNUAL COST 8.7 *

*cost bases per Regulatory Guide 1.110 p 71 approximate values
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Reactor Duane Arnold Case D-1
TOTAL DIRECT COST ESTIMATE SHEET OF RADWASTE TREATMENT SYSTEM 

FOR LIGHT-WATER-COOLED NUCLEAR REACTORS

Description of Augment Double gland seal holdup time

DIRECT COST (1975 $1000)

ITEM

1. PROCESS EQUIPMENT

LABOR

5.7

EOUIPMENT/MATERIALS

2.9

TOTAL

8.6

BASIS FOR 
COST ESTIMATE

replace present 8" 
holdup pipe section 
with new 12" pipe 
section

BUILDING ASSIGNMENT - use existing space

3. ASSOCIATED PIPING SYSTEMS

INSTRUMENTATION AND CONTROLS 

ELECTRICAL SERVICE 

SPARE PARTS

SUBTOTAL 
x 1.4 labor multiolier**

4.5

10.2 
14

.5

3.4

5.0

13.67 
17.4

decontamination & 
removal of Dresent pice section

with labor factor = 1.0 
in qlIudis I phar m, 1r-ial1i Pr

CONTINGENCY 1.3 0.3 1.6 

TOTAL DIRECT COSTS 15.3 3.7 19

*per detail calculation sheet page 10.7-A26 

**for FPC Geographical Region IV per Regulatory
5/76

Guide 1.110 p 13
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Reactor Duane Arnold

Case D-1

Description of Augment double gland seal exhuast holdup time* 

TOTAL DIRECT COST 
Detail Calculation Sheet 

Item Direct Installed Cost 

($ 1975) 

1. Remove present holdup Allow $5,000 for cleaning, decontamination 

pipe (90 lin 'ft 8" pipe) and preparation for torch work and removal 
of present 90 lin ft of 8" holdup pipe.  

(assign approximately $500 material, $4,500 
labor) 

2. Install new holdup 90 lin ft 12" pipe @ $8/dia inch/ft** = 

pipe, consisting of 90 ft x $96/ft $8640 
90 lin ft 12" pipe, (assign approximately $2,900 material, 
in same building space $5,700 labor) 

3. sum of the above = item 1 $ 5,000 
Case D-1 item 2 8,640 

Case D-1 = total = $13,640**

Notes: 

*present design basis: 2 minutes holdup for approximately 15 scfm 
design flow 

**cost bases per Reg Guide 1.110 p 55 approximate values.  
Labor factor = 1.0

10. 7-A2676-4d
5/76
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