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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 Seétion 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 requireménts of Paragraph IL A of Appéndix 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-
beneficiab. 4

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 shgwn 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 1. This Base Case is used to demonstrate compliance with
Appendix I. | _ |

2) Not only are there no additional augments of reasonably demonstrated
technélogy 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 enoﬁgh to permit meeting all of the requirements

"of Paragraphs II B & C of Appendix I.



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 1 are met;

2) there are no additional augments of reasonably demonstrated
technology which could be added to the systems to prbvide
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 51000 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 1T A, B, and C
that is, to show that
technology?) which can
cost-benefit ratio.
In carrying

made, to the greatest

of Appendix I as well as those of Paragraph IL D,
there are no augments of (reasonably demonstrated

be added to the system and result in a favorable

out the calculations described herein use has been

extent possible, of the Regulatory Guides which

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

Appendix L. 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 dévelopment

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 Appendlx 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 tﬁe Rule Making Hearings (RM-50-2) on
Ynumerical 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
i‘foliowing design objectives will be met. »
IIAﬁv"The calculated annual total quantity of all radiocactive material
above background1 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 afea from all pathways of exposure
iﬁ excess of 3 millirems to the total body or 10 millirems to any

organ.

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

above background to be released from each light-vater-ccoled nuclear
powér reactor to the atmosphere will not result in an estimated annual
_air dose from gaseous efiluents at any location near ground level
which could be occupied by individuals ip.unrestricted areas in excess
of 10 millirads for gamma radiation or Zd“m;llirads for_béta radiation.
2 . "Notwithstanding the guidance of paragraph B.1:

(a) The Commission may specify, as g;idance on design objectives,

a lowef-quantity of radioactive material above background to be

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

Here and elsewhere in the Appendix background means radiocactive 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.
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design objectives in paragraph B.l 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.l 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 quaﬁtity 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 skia.
"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
effiuénts‘to the atmosphere will nof result in an estiwated annueal
dosé or'dése commitment from such radioactive iodine and radiocactive
material in particulafe form for any individual.in an unrestricted
area from all pathways of exposure in excess of 15 millirems to any
organ. |
“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 retdrn, 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 preséntation 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 gnd treated
separately; The liquid wastes fall into the following categbries:

1) High Purity
2) Low Purity

3) Chemical

4) Detergent.

High-purity wastes generally have low solids content, low
éohductivi%&j”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 freguently they are returned directly
to the main condenser hotwell. Réuse of processed high-purity waste is
highly desirable. '

Low-purity wastes have moderaﬁe'conductivity and solids content.
They come from building floor sumps and are generally high—purity»wastes
which have become conﬁaminated by dirt, greasé, etc. When processed
this stream wmay 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 (ifbprovided) 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. Thié waste is also purified by one stage of
ion exchange. It too is reused to the greatest extent possible.

The chemic;l 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 I1 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 secction.

2.4.1 Basic Inputs to GALE Code

There ave 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 f£or 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 ra&waste
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 describad 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 tb meet the
requirements of Paragrapn IL A of Appendix I. The cost-beneficial case is
shown on Figure 2-2. The CGALE 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. 1t actually is

combined with the Low Purity Waste for treatment.



Duane Arnold May, 1970
page nine

2.5 ELnvironmental Inputs

In order to convert the releases described in Section 2.4 into either
individval or population doses it is necessary to develop a considerable
amount of information which desccibes the pathways at and neaxr the site
by which radioactivity released in liquid effluents might make its way back

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

o
o

were used in making dose calculations to individuals aad

cr

o popul ations.
Extensive use has been made of the pacameters outlined in Reg Guide 1.109,
but these have been supolemenbed, particularly in the cese of popul
doses, with site <pec1f1c information. In the calculation of populatioa

doses con51cer@ble reliance hns 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 iiquid 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 VWater Use

-The major downstream water use of the Cedar River is at the City
of Cedar Rapids 8miles 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 1is 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 1b/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 ianaragraph 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 TI.

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, 1t can be
seen that the doses which result from the Cost-Beneficial Base Case liquid

releases do not méép the requirements of Paragraph 11 A of Appendix I.

2.6.3 With Compliance Case

The liquid releases described in Paragraph 2.4.5 wvere also treated in a
similar manner aﬁd 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 IT A of Appendix L.
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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; '

¢) exposure from shoreline residuas;

d) swinming;

e) boating.
The second . of these ' isi dependent not on population but ratﬁer on the
fish catches outlined in Paragraph 2.5.5. The flrst and the last three are
dependent on water use and recreatlonal pressure as Outllned in Paragrapns
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 Dase
Case described in Section 2.2 and Paragraph 2.4.2 are shown in Table 2-15.
Tt is clear from the very small total shown in that table that the Base Case
treatments have uﬁdoubtedly_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
augnents 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 1L 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



Duane Arnold May, 1976
page fourteen

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 annvalized 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
_eﬁvironmental cost which result from population dose reductions. For the
instances in wﬁich an equipment sequence is removed (either actually or
hypothetically), the resulting costs are cost savings to be compared to
incréases 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 alternatetcases
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 Axnold 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 condiﬁion for selection of radwaste equipment,
but lack of same is.not a sufficient condition for the removal of equipment.
Tt wust also be shown that, were the non-beneficial equipment removed, the
resulting individual doses would still meet the requirements of Paragraph IL A
of Appendix L. To make this determination a new set of GALE inputs aad

resulting liquid releases were prepared (See Paragraph 2.4.4).

2.9.3 Compliance Case

As indicated in Paragraph 2.6.2 tha Cost-Beneficial Case fails to meet
the requirements of Paragrapn Il 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 Réasonably Achievable (ALARA) requirements of
Appendix:'I to 10 CFR Part 50.



‘Duane Arnold

May, 1976

3.0 Gaseous Radwaste Systems

3.1 Introduction

The requirements of Appendix 1 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 comnents, wnich 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 Analy91s Report and in the Firnal 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 buang Arnold is included herein.

The major gaseous waste stream from BWR as they were originally designed,
as Duane_Arnold was, is the exhaust from 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
promuloatlon by the then AEC of proposed changes to 10 CFR Part 50 (Appendik 19
the effect of which is to limit total body doses from LWR to individuals in
unrestricted areas to about 5 mrem/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 méssive beds of charcoal which serve toAhold up - the noble
gases, krypton and xenon, for periods of from hours to days allowiné 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 BWR can be expected to experience small releases from the following

sources:
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1) with the discharge from the turbine gland seal system,

2) from leaks of steam or water into the reactor buildiong
ventilation system,

3) from leaks of liquid and particularly of steam into the
turbine buildirg ventilation system,

%) 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 anélysis required
by paragraph 11 D of Appendix I, it is necessary to consider additions
(or spbtractions) to the Base Case systems. The gaseous treatment alternates

vhich 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 spacific to the
particular reactor. These common input terms for Duane ‘Atnold 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. HNote
that there are two gaseous release points and that it is necessary to

_specify the releace terms for each.

3.4.3 . Inputs of Alternative Cases and Resulting Releases

Similafly the input terms required to describe each alterrate case are
shown in Table 3-4. For the alternates the resulting source terms represent
ﬁhe 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 showh in Paragraph 3.9.2. Since the cdst—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 I1 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 Tnputs

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 siteAby WHiéh radioactivity released in gaseous effluents might
make its way back to individuals. Iun 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 Cuide 1.109, but these have been supplemented, particularly in the case
of population doses, with site specific information. In the calculation
of population doses conéiderable'reliance has been placed on the selection

of clearly conservative assuamptions.

3.5.1 Characteristics of Maximum Individual
In the calculation of doses to individuals maximumly exposed to the
gaseous diSCharges”ffom Duané Arnold the usage factors given in Table A-2
of Reg 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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Thé meteorology of the site has been studied in detail as discussed in
Chapter 2 of the Environmental Report. These meteorological 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
(X/Q' in sec/ﬁ3), and specific deposition (d in 1/m2) are shown in
Table 3-8 for releases from the staék and in Table 3-9 for releases from
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 Qell as the annual averages. )
A 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 51ng1e set of values whlch
characterizes the entire 7854 square miles within 50 miles of the site.

The determination of this set of values is shown on Table 3—16.

the
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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 preseanted in Table 3-11
two sets of pobulation 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 populatioﬁ doses discussed herein the following age

distribution was assumed:

Adult 667
Teen 147,
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:
. 2
a) crop yield kg/m
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. Technicaily
in making the cost-benefit analysis pursuant to Paragraph IL D of
Appeﬁdix 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 1 sense.

3.5.5 Other Pathways
No other pathways which might increase the calculated population

doses by as much as 107 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 L.

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 summarized in Table 3-14. It can be
seen thgt the doses which result from the case meet the requirements
of Paragfaphs 11 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 alrcady included in Duane Arnold could be dispensed
with. However, the equipment is alfeady 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 & vegétables
b) wilk
¢c) meat
and three population-ofiented pathways:
a) noble gas immension
b) ground plane deposition
¢) 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 threce 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 Pavagraph 3.4.2 are shown in Table
3:15. + 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 appedrs 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 conclusiveiy and to respond fully to the
requivements of Paragraph IL D of Appendix I requires that a series of

augments (or subments) be hypothetically applied to the Base Case and a
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cost-benefit analysis be performed on these changes. To this end the

alternates described in Section 3.3 were developed, the changes in the

o

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

Tor ecach 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 annval cost. Tor additional augments
the resulting costs ave additional costs to be compared to the savings in
environmental cost which result from population dose reductions. TFor the
instances in which an equipnent 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
o
based on Regulatory Guide 1.J10. Only where necessary (and where indicated)

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

used.

3.8.2 Cost oi 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 Apnendix A.
Pi



Duane Arnold v Hay, 1976

page twelve Revised July, 1976

3.9 Cost Benefit Ratios

By combining the costs associated with the various alternates
considered (given in Section 3.8) with the changes in populatioh 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 scen that there is no additional augment which is justified
by cost-benafit 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 IL 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-renm.
Therefore the design of the gaéeous 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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10,000 gal

Tonex
35 cu ft

2 Sample Tanks
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Figure 2-‘ ‘

Liquid Waste Treatment Schematic—Compliance Case
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from Floor — . tgiRefyc@ o LOW PURITY
Drains ' _ a - scharge WASTE

Collection Tank : ~ Tonex Sample Tank
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* Same equipment as Low Purity Waste
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Table 2-1

' ‘ Liquid Treatment Alternates

Run Designationa Waste System Description of Alternate
: ' Affected

Alternates to Base Case

A-2 High Purity " Add Cation Bed

A-3 S " Discard without treatment

B-2 i Low Purity Add Cation Bed

B-3 ' woom ' Discard without treatment

Cc-1 Chemical Waste Remove Evaporator (discard w/o treatment)
C-2 v " 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.



Duane Arnold

Card
No.

O'J\IC'\.U’I«L\L».N

" 21
22
23
24

. Spaces

33-60

73-80

- 73-80

73-80
73-60

~ 73-80
73-80 |

73-80

73-80
73-80
'73-80
© 73-80

May,

Table 2-2

GALE Input Terms Common to All Cases

Entry

.
i
DUANE ARNOLD

1658
7.147
0.289

4]
1.0
4

B

i 0.07
{

{

7147

0.029
0.5

9.64E-03

I1tem

Reactor MName

Maximua Thermal RPower
Sfeam Flow
Masé Reactor Watér
 Cleanup Flow
Cond Denin Regeneration Time
Fractidn Teedwater to Demin

Effective Dilution Flow

Gland Seal Steam Flow
Mass Steam in Reactor
Gland Seal Holdup Time
Holdup Time before AOG

1976

Units

mwi ‘
10% 1b/hour

106 1b

106 1b/hour
days '

.103 fadajul

103 1b/hour
106 1b

~ hr
hr




Card
No.

10
11
12
13
14
15
16
17
18
19

20

- Duane Arnold

Table 2-3

GALE Input Terms for Bage Case—liguids

Spaces

18-41
42-49
57-61
21-28
34-41
47-54

29-33
438-53
72-77

18-41
42-49
57-61

21-28
34-41
47-54

29-33
48-53
72-77

18-41
42-49
57-61
21-28
34-4)
47-54

- 29-33

48-53
72-77

73-80

21-28
3441
47-54

©29-33

48-53
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

0.13

1E+02

|

LOW PURITY WASTE
~ 5700 .

2E 00°

1E+02

0.7
0.03
- 0.1

i

|

J

CHEMICAL YASTE

6,00
0.02
1E+03"
1E+04
1E+04

2.7
0.6
1

0

O OO QO =~

|

Item

Waste Stream
Volume
Fraction PCA

I dF
Cs dF
Other dF

Collection Time
Process Time

Fraction Discharged

Waste Stream

Volume
Fracpion PCA

1 drF
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 Discuarged

J vo Lume

No

I dF
Cs dF
Other dF

Collection Time
Process Time
Fraction Discharged

On-site Laundry

May, 1976

Units

gal/day

days
days
gal/day

days
days

| gal/day

days
days

gal/day

days
days



ISOTOPE

He~==3
ta=-24
Pm==32
CR--51

MN==5t

MN==55
FE--55
FE--53
CG--538
CC--60
NI--65
CU==5%
ZN=-55
71-59H
7M==69
AR=--83
BR=~34

RB-=39

SR--33
SE--30
SR--31
S8~-92
Y~==913
Yy---91
Y---32
Y=~---93
7R--95
‘MB-=95
NB--53
MO=-=99
TC-994
TC-101
TC-134

TABLE 2-4

LICULID RELEASES

m

-~ BAS

(CURIES/YERR)

m

L

m

R ASE
2.C0F401
1.50E-02
4.73%-04
1.20E-02
1.405-00
2.90E~-02
2.405-03
7.20E-05

- 4.80=z-04

9.60E-004
1.70E-04

4L.30E=02.

£

.83E-04
3.30E-03

*

'-L
o
T

1
Qo
w W

.
m I
| B}
[ )

» e
(o 3NV

[ N e I o)

i

!

©

W

[ I o
rfnm
[ |
oo
V) oy

£=03

=R e}
o
11
Qo
[

*
NN NP W

*

CTW R GO N =N G- W
L ]

10705—05
1.73E-CS
601&5"0‘-&
L,L0E-03
2.1:0E~-02
7.70E-04
1e4CE~]3

IS0TORE

RU-133
RU=185
PH103M
2H105M
RH-105
TEL23M
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
RAL37H

RA~-13G

BA-149
BA-141
2A-142
LA-140
LA-141
LA=-142
CE=-141
CE-143

PR-14L3

W=-187
MpP=-239
CTHERS

4L .33E-05
1.80%-33
4.52E~35
1.30€-63
2.79E=04
3.61£-35
5.60E-05
ZOOOE—OL‘
3.60E-05
2.2035-05
1.30z~G2
4.10E-02
1.30E-02
2.707-02
2.70E~C3
1.70E-03
60305"03
1.50E-02
5.90E-03
3.00E-03
9.50%-C4
1.335~06
3105-04
5.80&-04
1.90E-G3
70606—05
6-10E"05
3.60E5~35
5.305-04
1.50E-02
he732-05

-




. Duane Arnold

Run
Designation

A-2

- C-2

Table 2-5

GALE Inpﬁt Terms for Alternate

Purpose

'Add cation bed ahead of mixed bed on

high purity waste

Discard high purity waste w/o treatment

Add cation bed aﬁeéd'qf mixed bed on
low purity waste

Discard low purity waste w/o treatment.

Remove evaporator from chemical waste

Treat chemical waste through mixed bed

May, 1976

Card Changes Required

Card No.

10

10

11
13

13

14
16

16

Lines-

21-28
34-41
47-54

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

~21-28
34-41

4754

- 72-T77

21-28
34-41

- 47-54

21-28
34-41
47-54-

Entry

1E+02

- 1E+02
1E+03
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O

e S 2 1

L Ly

nviwv

tTV v I

REJUCTIONS IMN LIGUIN RELZASES FROM ALTERMATE

[ROR - <}

TRBLE

2-6

/YEAR)

CASE A-3
~2.35E+01
~“8.76E~01
‘2-20&+01
~2.65E~91
~5.55E+01
~L.41E+QD
-1.32E-01
-8.82:5-01
-1.77E+00

S =4 L2E-(3

(CURIES

ISCTOPE CASE A=-2
MA=-=24 3.02€-03
P-==32 7.8835-05
CR=-51 . 1.98E-03
MN==54 2.33E-05
MN-=55 8.60E-03
FE-=55 3.97E-04
FZ==59 1.19E~G5
~C0--53 7.9LE-05
C0=--560 1.59E-G4
NI-=53 0.
NI-=55 5.13E-05
CU--64  9.81E-03
IN=--65" -~ 7.G5E=05S
ZN=659M . 6e61E-CL
M ==69 5.43E-04
BR~--83 0.
BR-=-84 0o
R3--89 1.95E-04
SR~-89 L.01£-25
S2--ag 2.33£-06
S2--91 1.225-03
SR--52 1.785-03
Y-~=30 0.
Y--31M - Ha35E-04
Y---91 - 1.72E-05
Y=-==92 2.14E-03
Y---33 1.245-03

_ZR-=55 2.73E-06

- ZR=--97° 0.

. NB=-95M e 4

. N8--95 2.78E-06
N3=-g7™ 8.
N3=-=37 0.
NS -=33 2.07E-Q4
'MO--93 7.H4E-04
TC-32M 5.50E-03
TC-101 2.66E-04
TC-134 L 9LE-GL
RU=-103 7.936-04A
RU=-105

N oW N

AJD CATION 3=z0

NOTE == NEGATIVE VALUES RZP=IEY

4 .T71E-QL

A0 CATIOMN &ED AHZAD OF MIXED 9%
DISCARO HIGH PURITY

WAS
AHEAQ OF

~5.70E2-01

-8.83E-01
~7.3LE+J0
~6.19€+035
~6.26E+00
~1.41E+00
-2.17E-01
~L.Lh4E-01
~2.65E=92
~1.35E+01
-1.63c2+01

 -1.039E+02

‘7.“55"84 .

~7.06Cc+03
-1.91E-01
-2.38E+01

~1.38E+31

-3.05E=02
-1.90&8=02
-1.24E-35
-3.095-02

CASE B8-2

4.37E-03
1.55c-0h
4.182-03
5.07E=CS5
6-42E‘03

- 3ebL4LE-00

2.52E=05

1.568 E"Olf

3-375“04
8.

-1.51E=02
- 1.68z~04
1.04E-03

1.07E-03
0.
0.
5.17c-04
8.52£-05
8.29E-06
1.74E=C3
e I5E-03

1 S

1.06c-03
4.30E-05
2.53E-03

- 1.79¢-03

' 9.64E-06

0.

-1.82E-32

-1.43E=-02

~2.3NE+00

~8.4CE+0D

-6.11E+01 -

-2.95c£+0]
~5.43E+(C
‘80815_02
-5.23E+00

TE WITHOU
MIXED 3%

(R A

B
T
G

oN

0.

0.

0.

1.05c~-04
1.52E~03
6.39c-03
1-3?5-04
2.40z~C4L
1.67z~05

4.71E-Ct

HIGH PURITY

TREATHMEMNT

PAG

3.82E-05

9.66E=06

Lo/ i1/ /6
£ 1 OF

TREATMENTS

WASTE

ON LOW PURRITY WASTE

NT INCREASeD RELEASES
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TagLE 2-6

SEJUCTIONS IN LIOUID RELEASES FROM ALTERNATE TPEZATMENTS
(CURIZS/YEAR) :

ISOTOPE CASE A=2 CLSE £=3 CASEZ /=2
RU-1056 0o ~1.325=02 0.
PH103M 6.35E~0A ~7.065=~02 1.67E5-05
RH135M 4o73E=-04 ~-5.25E+03 L4.T2E-GL4
PH=105 2.755-05 -3.05E=-01 1.11E-04
RH=-106 0« -1.32E=92 - 0. :
AG110M 0. ~L.u1E=03 0.
AG=110 0. ~5.7LE=0L 0.
TE129M 1.58£-05% ~1.7RE=0O1L 3.35£~05
TE=-1293 7.59E-06 ~8.43E~02 2.14E-05 "
. TE131in 3.64E=0S -4.05€E-01 - 6.73£-05
C TE=131 6.31E~06 -7.04E=02 . 1.21E-D05
TE=132 3.84E~06 -4.27E-02 7.71L5-05
I-=131 G. ~2.34E+01  GC. .
I--132 Go. ~6.05E+01 0
I--133 0. ~8.55E+01 0e
I--134 ‘0. “4.805+01 0.
I--135 0. ~6.92E+01 0. o
CS-134 1.19E-04  ~1.32E-D1 1.35E~-03
CS~-135 7.87E-65 ~5.73E-02 8.97E-04
CS-137 2.73%~-04 ~3.09E-G1 2.22E-G3
CS=133 2.293E-63 ~2.54E+00  6.03E-03
BA13TM 2.635-04 -2.89E-01 3.01E-03
PA-139 9.81E-04 -1.0GE+01 5.55E~04
BA=140 . . 1.57E=04L ~1.75E+08 3.305-04
"BA=-141 . He17E=05 ~6.86E=01 " 3.905-05
BA-142 "1.28%=0%  =8.61E-02 3.76E=05
LA=14%0 - ~ 7.00E-06 . ~=7.78E=-02 4t.73E-05
o LA-141 1.61E~G4 =1.735+09 1.412Z~-04
CLaA=~142 He23E~04 -6.93E400  3.59E-04
CE-141 1.23E-05 ~1.37E-01 - 2.68E-=05
CE-143 1.10E£-G5 -1.22E-01 2.35E~05
CCE-144 . -1.32E~02 0.
PR=143 1.53E-G5 - =1.76E=-01 - 3.35E-05
PR=1i4 0. ' © =1.32€E-02 0. :
ND =147 0. -1.31E-02 0.
W==137 1.075-04 ~1.135+00 1.905~04
NF~233 2.66E=02 ~2.05E+01 5.22E=03
TOTAL L.89E~(2  =B.05E+D2 7.55€E=02
CASZ A=-2 A0 CATIOM 3ED AHEAD GF MIXED BED OM HIGH PURITY WASTE .
CASZ 4-3 DNISCARD HIGH PURAITY WASTE WITHOUT TRIATMENT :
CASZ 8-2 AODC CATIOM SED AHEAD 0F MIXED 380 O LOW PURITY HWASTE

. o NOTE == WEGATIVE VALUES PEPRESENT INTRIASED RELZASES

ry
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SEHUCTIONS IN LINUID RELEESES FECM ALTERNATE TSZATMENTS

(CURIZS/YERR)
ISOTOPE CASE B=3 CASE C-1 CASE C=-2
NA==24 ~5.41E+00 ~2.12E=02 ~2.105~04
pe==32 ~1.84E-01 ~2.76E-03 ~2.73E-05
CR~-51 -4.635400 =7.23E-02 -7.15€=G4
MN==54 ~5.62E=02 ~9.08F-04 ~-3.99E-05
MN=~<556 ~7.12E+06 ~7.67E-04 ~7.59E-05
FE==55 -9.375-01 ~-1.52E~32 ~-1.50E=-04 -
FE--59 -2.80E-02 -4 .42E~04 =4.33E-0H
C0o==53 -1,87E-01 -2.98E~03  ~2.95E-05
CO0~--60 -3.75£-01 ~6.07E-03° =-6.31E-G5
HI--63 -g.38E~04 -1.66E-05 0. o
NI=-=65 ~=L4.24E=02 “4.43E=05 ~4.39E~C3 .
CU--64 -1.68%+01 ~5.4HE=Q2 “S.4BE=~Ch
IN==65 -1.87E-01 ~3.02E~03 -2.99E=05
IN=63M -1.165+00° =4.13€-903 ~4.G9E-05
IN=--693 -1.19E+0¢0C ~4 44E-03 ~4.40E=05
BR=-83  ~L.S50FE-01 -3.7LE-GS -2.37E=-07
CEREY.IN ~6.87E=C2 ~4,90E~12 ~h L2814
p3-=39 -4.01E-82 - -4.01E~-21 - -2.90E-21
: SR-=39 ~-9,.,39E-32 “1.49E=03 ~1.48E=05
: ‘ SP==3Q -5.62E=03 ~Q,12E-05 ~9.03E=-07
: S8==91 ~1.935+090 ~4.338-03  ~4.26E=-05
. SR=~-g2 -1.51E+06 = =1.95E=-04 -1.93E5~06
Y---90 ~5.23Z-04 -3.57E=05 0. _
Y-=31M ~1.18E8+0¢0 ~2.73E-03 ~2.755~05
Y---91 “4.77E=02 -Q.43FE=04 - =9,38E-06"
Y===92 ~2.87E+0C ~-1.76E-03 ~1.68E~05
Y-=~~53 -1.99E+00 ~4.72E-03 = =4.74E-05
ZR-=385 ~56.53E-03 ~1.04E-06 ~1.03&-06
. IR=-97  =3.16E-03 ~1.,93E€-05  O0.; =
U NB=954 . 0. 0. 7 De .
"~ N2-=95 -6.555-903 -1.056E-0 -1.05E=05
N3=-37M = =3.03E-03 ~1.85E-05. = O -
'N8=--37 . =3.23E-03 ~1.90E~05 8. - ,
'NS~-~98  ~1,17E-01 ~7.02E-09 ~-5.95E-11
MO--99  =1.69E5+00  =1.88E-02 =-1.86E-04
TC-33M  =7.76E+00 “2.LEE~D2  ~2.4L3E~04
TC-101  ~-1.44LE-01 -1.35F-21 -1.35E=-23
TC-104 -2.67E=01  =2.10E-17- =2.03E-19
RU-103 -1.36E~02  ~2.94E-G4 ~2.912-05
- RU-=105 -5.23E=31 -2.83E=-04 -  =2.77E-06
CASE 3-3 OISCARD LOW PURITY MWELSTE WITHOUT TREATMENT
CASZ C=1 REMOVE EVAPORATOR FEOM CHEM WASTES
CaSZ €-2 MIXSD BED ICNEX ON CHEMICAL WASTE
© MOTS == HEGATIVE VALUIS REPRESENT INCRIASED RELEASES
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-- N

m

3=
C-1 REMOVZ
2 MIXzD RED IONEX

" DISCARD LOW PURTTY WASTE WITHOUT
EVAPGRATOR FRCM CHEM WASTE
ON CHEMICAL WASTE

GATIVE VALUES REPRESENT INCREASSQ R

mn

L.

c

RS

TREATMENT

c

S

. REDUCTICNS IN LINUID RELSASES FEOM ALTERNATE TREATMENTS
(CURTIES/YERR)
ISOTOPZ CASE 8-~3 CASE C=-1 CASE C=2
RU=-106 -2.51E-03 ~4,95E=05 G
RH103M  ~1.8RE=-02 -2.94E-04 =2.91E-~0h
RH10S5M  ~-5.235-01 -2.81E-04 . =2.78%-C5
RH~105 ~1.23E-01 ~1.53E=03 =-1.52E-35
PH-1056  =~2.81E-03 -4.9%E-05 0.
S AG1LGH -9.37E~-04 -1.655-05 G
AG=110 -1.,22E~-04 0. 0.
TE129M ~3.72E-02 -5.84E~04  ~5.73E-05
TE-129 -2.38E-02  -3.74E-04% =-3.70%5-05
S TEL31M =7.44E-02  -5.50E-04  -5.44E-05
TE=-131" =1.35E=02 -1.00E-04 =~9,93E-¢7
TE~132 -8.562=-03 =-1.01EZ-0% =-1.G0E-06
I-=131  -4.37E+GC  =~6.94E-02  -H.23E-04
I--132 ~4.26E+00 ~3.85E-94 ~3.65E-06"
I--133 . =1.49E+01  -B8.22E-02 ~7.41E-Q4
I--134 ~2.45E+G0 -2.15E=07 =1.93E-09
I-~-135  =-8.45E+(¢C -1.04%-02 =-9,3AE~CS
CS-134 ~2.567E=02 “4.55E=04% . =2.23E-G4
. CS-136 ~1.74E=G2 -2.73E-04  ~1.36E-04
- CS=137  ~6.24E-02 =1.0AFE-03 . ~S5.32E-0%4
: . 0S=-133  =~1.18E-01 -1.11E-11  ~5.53F-12
. BA137M. - =5.83E-02 =9.95E=04 =4.97E-04%
- BA-133  =8.17£-81 -2.72E-06 -2.69E-03
BA=-140  ~3.87E£-01 “5.4HE=-03 ~5.40E=05.
BA-141 ~3.33E-02  =2.653E-13  =~2.60E-=20. °
S BA-142 ~4,185-03 . : 0. :
LA-1640 ~5.262-02 -3.03E~03 ~2.37E-85 "
LA-141 ~1.57E-01 -6.195-(5 - -6,13E-07 -
LA-142  ~-4.10E-01 ~3.4GE=-05  =3.48E-(3"
CE~-1u1 ~2.98E-02 . -4.81E-04 ~4.76E-05-
CE=~-143 -2.23E~02  ~1.83E-04 -1.78%5-0%
CE-144 =-2.381€-03 ~4.95E£-05 1 T
"PR=143 ~3.72E=02 ' ~5.75E=04% =5.695-05
PR-14Y4 -2.81E-02 ~4.95E=~QS 9.
NO=147  =2.74E-0G3  =4.4L4E=-QS 0, - :
W--187 -2.11E~01 ~1.31E=03 ~1.30E-05
NP-239 ~5.79E+08  ~6.06FE-02 =6.00E=04
TOTAL . -1.03E+02 ~4.Q90E~-01 ~5.07E~03
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Card
No.

10

11 -
12 %

13

.'II ié.

15

- 16

17

18

19

.20.

Spaces

18-41
42-49

" 57-61

21-28
34-41
47-54

29-33
48-53

72-77

18-41
4,2-49
57-61

21-28
34-41
47-5%

29-33

48-53

72f77

57-61

. 21-28

34-41

21-28
34-41

72-77

"73-80

‘18-41
- 42-49

C47-s6

29-33
- 48-53
72-77 -

-73-80

[N

47-54
©29-33
' 48-53

May, 1976
Table 2-7
GALE Input Terms for Cost-Beneficial Case—
: Liquids
Entry Ltem Units
HIGH PURLTY WASTE Waste Stream S
2.49E+04Y Volume ~ gal/day
0.1 ] _Fraction PCA
1E+02 1 aF
1E+01 Cs dF
- 1E+02 Other dF ‘ ,
7 0.16 Collection Time  days
0.03 Process Time days
- 0.01 " Fraction Discharged = =
" 'LOW PURLTY WASIE: Waste Stream } |
5700 - Volume ‘ . gal/day
- 0.13 Fraction PCA : .
2D 1 dF
1 Cs aF
I "~ Other dF 3 _
- 0.7 Collection Time days
0.03 _ Process Time ~days
B (S S Fraction Discharged - :
CHEMICAL WASTE Waste Stream o
600 - Volume o - gal/day
© 0.02 - - Fraction PCA , :
) Other dF © . -~ °
2.7 J*' " Collection Time'};lL days :
0.6 - Process Timz " days
1 ; - - Fraction Discharged - . -
0 l :’ J volume i_ gal/day
1 ' L 4F
1 Cs dF
1. Other dF
0 Collection Time days
0 Process Time days
0 ‘ Fraction Discharged
0 No On-site Laundry-



LIQUID

ISOTOPEC

He===3
NA==20
pP-==32
CR-=51

MM==54

MN-~55
- FE-=55

FE--59

C0--58

CO--561

NI=-=-63.
" NI--65

CU=-64
IN==55
ZN=633
ZN-=59
BR--83

RE--84

R3==39
SR=-83
SR=-=9§
S&=-91

SR-=32 .

Y---939

Y=-91M

. Y~==31

LY ===32
Y--=33

ZR==95
ZR--97
MB=-95

NB=Q7M .

N8==G7

- NB==-98

M0--39
TC-93#
TC-101
TC-104
RU~103

TAQLE 2-8

RELEASES -~ COST-3EMEFICIAL CASE
(CURIZS/YEAR)

Vi
m

AS

rn

i

-?'L‘

- 2.002+01

2-285"02
5.50z-01
6.705-03
7.30z-01
1.10E-01
3.38c-03
2.28e=~02
L.40c-82
1.1058-04
L 40E-03
1.80E+00
2.202~-02
1c205-01
1.302-901
4.60z=02
7.10E-03
10305-03
1.108-02
6-705"0‘#

2.00%z-01"
1.60E=01

3.90&£-05
1.20E-01
5.B0E=-03
3.00E-G1
2.10c-01

7.7TJE-04
3 40E-04

"7T-80E-0¢4
3.20E~04
J.402-04
1-205"02
5.205-01

1.50E~02

2.80E-02
20206"03

- IsSOTOPE

RU~-195
AU-1086
FH103M
RH135M
RH~135
RH=~136
- AGL13M

- AG-110

- TE123M
TE~-129
- TE131M
TE-1321

TE-132.

I--131

I--132°

I--133
I--134
I-~135
CS-134
CsS-136
£CS-137
£S-138
EA1374

BA-139
4.33E=02

CBA-140
BA-141
BA-142
LA=140
LA=-141
LA=-142
. CE-141
CCE-143

CE-144

PR-143
FR=144
ND=147
W==137

NP=-239
OTHE3S

m

RELEASE
5.40&-02
3‘305"0['}
2.28z-03
50“05"'02
1.408-02
3.3035-04
1.10E=-04
chPOE"OS
‘+.l+35-03
2.30z-03
3.10E-03
1.53==-03
9.83c~04
5.70E8-01
40“0&-01
1.53E+80
2.50%-01
8.705=01
3.40E-03
2.23E-G3
BOLGE—GS
1.50E-02
7.535-03"
s.40z=~02

3.53E-03
4.33E-0¢4
8.40&-03
1.60E-32
4 .20E-02
3.5G5-~03
250E~03
3.30E-04
b.40E-02
3.35E~-0¢4
3.23z-04

2.302-22

~01

=07

5

m m

50
Sk

L
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GALE Input Terms for Compliance Case--Liquids

Card

Yo.

10

11

S12

:lé
,17
18‘
19

20

[
2

Table 2-9

May, 1976

Spaces -

18-41

42 —.49

- 57-61

21-28
34-41
47-54

29-33

- 48-53

72-77

18-41
42-49
57-61
21-28
34-41

L b47-54

29-33
48-53

72-77
18-41
42-43
57-61

21-23

| 34-41

47-54

29-33
48-53
72-77

. 18-41°
73-80

21-28
34-417

47-54
29-23

48-53

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

- < LOW PURITY WASTE
570

- 0.13

1E+02
2E 00 -
1E+02

0.7
0.03
0.1

':<§§§§§iCAL WASTE
—.600 . S

" 0.02.
"~ 1E+02
2E 00
1E+02

2.7
0.6

REGENERANT WASTE
0 :

-

[N e NeoNo)

. " Ttem v Uniﬁs
- Vaste Stream - S
Voluaie ' -gall/day
+ Fraction PCA - .
. 1dr
Cs aF
Othar dF
_ Collection Tima days
Process fima . days

- Fraction Dischazgad

Vaste Stream B
.- Volume S gal/day ’
¥raction PCA S
L ar
Cs dF ‘
‘Other dF

" Collection Time - days
. Process Time . days -
Fraction Discharged - .

~ Waste Streem

Volume : - gal/day

© Yractioa PCA ' .
L 47 ‘
Cs dF. e

. Otkher dF -
Collection Tima days
Process Timz days
Fraction Discharged ‘
-Waste Streanm :
volume : - gal/day
1 dv
Cs df
Other ar
Collection Tine days
Process Tine days

- Fraction Discharged

No On-site Lauundry



UL

MUNU LS

LIQUIY RELEASES

ISCTOoPE

Hew==3
MA=-=204
P===32
CR==51
MN==54
MN==58
FE==55

FE-=53

C0--58

C0-=-510
NI--565
CU-=-54
IN==65
ZN~69i4
~IM==69
BR==33
2R--34

- RB=-89

SR=-89

SR--99
SR=-91
SrR--92

Y--91it

Y~--=G1.
- Y=-=q2
~ Y=--==33

ZR--95

- . NB==35

NB=-98
M0--39

TC-93M

- TC-101

TC=104

(4

e liece -

TaaLeE 2-1¢C

-~ COMPLIANCE

(CURIES/YEAR)

RELEASE

2.00E+01
1.50&-02
5.105-04
1.30E~C2
1.60E-04

2.90E~02.

2.60E-03
7.30E-05
5.202=04
1.10E-03
1.70E~0C4

“4.G05-02

5-305"04
3.3G8-03
3.20E-03

1.¢0=z=03

3.005-04

1.308~-03
20705-04
1060":"‘05
5.705-93
Fe03E~03

"3.30E~-03

1.33E~04
90105-03
1-&05"05
1.806E~05

. 6«00E-ChL

L.70£~-03
2.L0E~-02
7.60E~-04
1.40E-03

e

—

an : :wﬁf:

- A C “

4/&/ Tednes velenssd cily = 0.1/ 3

ISOVoRE

FU=103
RU~-195
RH133M
RH105M
2H-105
TE123M
TE=-129
TE131M
TE=-131
TE-132

I-=-13t1.

I--132
I--133

S I~-136

I--135

CS=134

£S=-136

- CS-137
£S-138

AAL37M
8A~13S
BA-140

RA-141 -

BA-142

La-140 .

LA=-141
LA-142
CE-141

0E-143
PR=143

W--187
NP-239

- OTHERS

rn

R

m

LEAS

5.20E-05
QOQDE"OS
1.802-93
2.30E=04
1.00E-04
5.2805-05

3.70£-05

2.40E-(5
1.43E-02
1.8306E-02
4.20E~82
1.20E-C2
2.70c~02
3.30c-03
2.09z-02

7-102-02 -

1.50E-02

5.60E-03 -

2.93E-03
1.00E-03

1.833E=-04

2.205"0"—’
1.50E~0¢4

5.80E=04
1.90E-03

3.30E~05
6.305-05
1.905-04
5-905-0’-}
1.60E~-02
7.20F=05

Ub/ul/ /b

0_// cM“f’IQ
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Pathway

Table 2-11

Consumption Rates and Occupation Times
Used to Calculate Doses from Liquid Effluents

Boating .

- Units Adults . Teenagers Childfen Infants
To Maximum Individual V o L S
Potable Water o liter/yr' - 730 - 510 . 510 510
Fresh Water Fish T . kg/yr 21. _ 6. - . 6.9 0.
River Shoreline o hr/yr 12. 67. - 14 0.
Swimming hr/yxr _ 52. : 52. .. 29. o.
Boating hr/yr 52.° - 52, 29. 0.
.. : To Populé.tion S » -
Potable Water . liter/yr . 370 260 260 260
Fresh Water Fish =~ . . kg/yxr 6.9 C5.2 0 2.2 0.
River Shoreline -~ : hr/yr 8.3 - &7. 0 8.5 0..
" Swinming ' : hr/yr 9.0 .- 50, 9.0 0.
hr/yr 9.0 .'v.50. ) 9.0



UGi'IIFG

TASLE L’. MAXIMUM INDIVIDUAL DOSES F0omM EXPOSU’O LIQUIO RELEASES (MREM)

RASE CASE

PATHHAY/AGE GROUP BONE LIVER THYROID  KIDNEY LUNG GI-LLI SKIN  TOTAL BODY
MOULTS » |
POTARLE WATER 4.38c-03 1.79€E~-02 6.16E=-02 1.43E~-CQ2 1.32E=-02 1.35E=-02 0. 1.62E-02
FRESH WATER FISH 5e29E+L0Y  1.49E+00  2.59E=01  4.18E-01 1.36E=01  5.97E-01 0. 1 0LE+DQ
RIVER SHOREZLINE DEPCSITS 8+39E~04 8.39E~0¢4 8439804 8.39L-04 8¢39E~04 83.38E~04 9.31E=04 8+38E-04"
SHIMHMING B.54LE=-0Y4 8B¢S54LE-D4 Be54E=-04 BeOLE-Q0L  B8.54F=04 BeShLE-QY 1.16F~-03 BeH4E-QDY
B0ATING L.27E-04 Le27E=04 L.27€E=04 L4,27E=04 Lo 27E-04 Le27E~0Y 5.78E-014 Le27E-04

TOTAL AQULTS 5¢30E+00 1.51E400+ 3¢23E-01 4e3LE-01~ 1,51E=01 . 6e13E=~01~ 2,72E=-D3 1.06E+00"
TEENAGERS : _ ,
PCTAQLE WATER 4.03E-03 1.18E=-02 Leb9E~-02 1.00E=-02 7+62E~03 7.53E-03 0. 8.95E~G3
FRZSH WATER Le21E+00 1418400 2.378-01 3«19E-01 1.55E~01 L53E-01 0. 6.17E~-01
RIVER SHORELINE DEPOSITS 4e68E~03 L.68E-03 LebBE-D3 L.EB8E~QC3 4 .63E=-03 L.68E~-03 S5.48E-03 L.6AE=-03
SkIMMING B8+54E~-04 8.54E-04 B.5G4E=04 8.5LE~-04 8.54E~04 BeBLE=Q4 1.16E5-03 8.54F=04
ROATING L.27E~04 Le27E=04 427504 Le27t=04 Le27E-04 Le27E~D4 5.78E~04 4.27c=04

TOTAL TZEMAGERS Le.222+09 1.43E+30 2.90c~-01 3.35E~01 1.69E~01~ 4.66E-01 7e22E~03+~ 6,32FE~-01
CHILDRZY
POTABLE 1.06E~-D2 2¢30E-02 1.09c-01 1.,00€E=02 1.43E=-02 1.37£~02 O 1.52E=-02
FRESH WATE= FISH 2+40E+0D 1.13E+00 2e56E~-01 1.37€-01 1.20E-01 1.9%E~01 0. 2eL5E~01
RIVER SHORCLINE DERQSITS S.79E=04 Q.79E=-94 S.79E=04- S.79E-0y4 9.73E~04 9., 79E~04 1.14E=03 S.79E~04
SHWIMHING : L 70E~04 L e76F~04 Les76E~04 Le7CE~04 L 76E=-04 Le7HE-04 belSE~0 L L., 76E-04
NOATING 2+38E=-04 2+ 38E~-24 2e38E~0Y 2+38E-04 2.38E~04 2.38E~04 3.22E~04 2+38E-04
TOTAL CHILOREHN 2eL41iEFQN 1.156+0¢ 3¢67E=01~ 1.4GE=Q01 1.36E~01 2+310E-01 2¢311E~03 2.62E=-01
INFANTS
POTARLE WATER P2eltE=-02 Le.206E=-0Q2 2+.51C-01 i.00E~02 2+25E=02 2.04E-02 O 2.21F~-02
TOTAL INFANHTS 2e14E~(2 2.51C-061 2+04E=-02 0. 2.21E-02

Le26E~02 1.00E-02 2.25€E-02




06/01/"

2-13‘XIHUM INDIVIDUAL DOSES FROMN EXPOSU?.E T’QUID RELEASES (MREM)

COST-BENEFICIAL CASF

PATHWAY/AGE GROUP 80NF LIVER THYROID = KICNEY LUNG GI-LLI SKIN TCTAL BOOY
ADUL TS

POTAQLE WATER 6238E=02  4428E=02 2.17E+00° 2,84E~02 2.92E=02  6.25E-02 0 3.30€E=02
: FRESH WATER FISH '2e15E402%  1.55E400 1,09E+01  9.28E-01. 3.73E-01 2.63E+01 0. Q.63E+00
é RIVER SHORELINME QFPOSITS: 8.89E-03  8.89F~03  B8.89E-03 8e89E-03 8+89E-03  8.89F<-03 1.05€=02 B+ 89E=03
: SWIHMMI MG 2e29E-02  2.29E-02  2.29E-062 2.2SE-02 2,29E-02 _ 2,29E-(2 3.10E-02  2.2QE-02
! BOATING 1.156=02 . . 1.15E=02 - 1,15t=-02 1.,15E-02 1.15€E-02 1.15E-02 1.55E-02 1+15E-02
; TOTAL ADULTS 2415E+02  1.56E+01 1.31E+01 1. 00E+GU beS0E-01 - 2.6LE+01 5.706-02  G.71E+00
] _ .
§ TEENAGERS
; FPOTAALE WATER 5¢79E=02  3.11E=02  1,76E+00  1.S8E-02  1.83E-02 3.82E-02 0. 2e34E=02
5 FRESH WATER FISH LeBLE+D2 1.22E+01 9.99E+00 7+07E~01 3.53E-01 2.00€+01 0 7.13E+00
; RIVER SHORELINE DEPOSITS “e9HE-02  4.96E-02  L,9HE-02 4 96E-02  4.95E=02  4.96E-02 5.85E=02 4.96E=02
g SHIMMING : 2+29E=02  2429E=02  2.29F-02  2.29€-02 2,29E=02 2,29E-02 3.10FE=02 2.7Q£-02
i BOATING 1.156-02 1.15E=02  1.,15E-02 1.156=02  1.15E-02 1.15E-02 1.556~02 1.18€E-02
) TOTAL TEENAGERS 1.64E+02 1.23E+01 1.18E+01 8+11E-01  4.,56E=01 2.01E+01 1.05E-01 7.2LE+00D
f CHILBREM , .
: POTAALE WATER 1.21E-01  5.07E=-02  4.22E+00 1.98E-02 2457E-02 L 42E=G2 0. 4,19E=-02
i FRESH WATEX FISH 7.15E+01  5.,94F+00 1.08E+01  3.05E-01 2.,20E-01 8.62E+00 0. 3.08E+C0
: RIVER SHORELIME ODERGSITS 1.04E-02  1.04E-02 1.04F-02 1.04E-02 1.04E-02  1.,04E=02 1.22E=~02 1.04E=02
L SHIMHMING 1428E~02 1.28F=02 1.28i-02 1.28E=-02 1.28E-02  1.28E-02 1.73E-02 1.28E-02
: BOATIMG 6.40E=03  H.LOE-03  6.40E=03  6.40E=03  6.40E~03  6.40E-03 8+64E-03  6H.4LOE=03
: TOTAL CHILDREN - 7.17€+01  6.02FE+00 1.50E+01 ° 3.54E=01  2.75E=01  3.69E+00 3.81E-02  3.15E+00
; INFANTS : _ :
! FOTABLE WATER 2.18£-01  Q,31E-D2 1.02E+01 1+98€E=02  3.43E=02 5.,12E-02 0 felLOE=02
2 TOTAL IHFANTS 2.18E-01  9.31E=02 3.43E=-02 5.12E-02 0. 6 49E=D2

1.028+01

1.98E-02
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TAALE

PATHWAY/ZAGE GROUP
AQULTS
PCOTA-ILE WATER
FREZSH HATER FIoH
RIVER SHORELIRNE
SWIMATMG
d0ATING
TOTAL ADQULTS

DEPOSITS

TEENLAGERS
POTAULE WATER
FRESH WATEX FISH
RIVeX SHORELINE
SKRIMMING
BGATING

TOTAL TEENAGERS

DEPOSITS

CHILOREN
PCGTABLE HWATER
FRESH WATER FISH®
RIVER SHORELINE OFPOSITS
SWIMMING
RCGATING :
TOTAL CHILOFEN

INFANTS
FOTARLE WATE=
TOTAL INFANTS

RONE

4,91E-G3
S.7T7E+00D
9e45E~04
B8.57E~0U
Q|2BE~0“

5.78c+00 +«

Le52E~N3.
“059E+00
45'285-03
BeS7E-04
QOZSE'OQ
*LeB0E+GD

1.,19E=-02
2464E+00
1'10E“03
Le78E~C4
2+¢39E~-0Y4
2.65E+00

2 40552
2.40E-02

COMPLIANCE

LIVER

1.86E=02
1'665+00
Q. 45E-04
5.57E=04
4 .28E=04
1'68E+00/

1.24E-02
1.58E+030
5.28E=03
8.57E~04
L.28E~)4
1.€60E+9090

2e42F~02
1.26E+00
1.10E6-03
4.,78E=24
2e3GE-04
1.29E+00

4 +%3E~02

,&053E-02

THYROID

6|5“E’02
2.75E~01
G.45E-04
8.57[’04
L+28E-04
3.43E-01

5.00E-02
20515‘01
5-265“03
BeD7E~04
Le2B8E=04
3108E-01

1.16E-01
2e72E-01
1.10e-03
be7B8E=D4
2439¢c-04

3.30€E-01-

2.69E~01
2+69E=-01

2=14 MAXIMUM INDIVIDUAL NOSES FROM EXPOSURE TO LIQUIN RELEASES (MRCEM)

CASE

KIDNEY

l1.46E-02
Le70E-01

AQ.QSE’HQ

BeB7E~04
bel2B8E-04
L.87E=-01-

1.062£~072
3058&“01
5.28E-03

§+57E=0k

4e2BE~0b
3.75E-01

1.02E~02
1.54F=01
110E-03
4e78E-014
2e3CE-04
1.66E-01

1.02&-02
1.02€6~02

LUNG

1.33E~02
1.53E~01
G.45E-04
8057E'UQ
L +23€E=-04
loegE'Ol

/72E-03
1.73E-01
5«28E=-03
8.57E=-04
Ls28E=04

1.87E-01"

- 1.45E=02
1.34E~-01
“1410F-03

478E=-04
2e39E~04
1.50E-01

2428E=02

2.28E=02

GI-LLI

1.36E~02
BalibE=~01
9.&55-04
8.97E=-(04
L.28E-04

heG2E~01:

7.60FE-03
“'QOE’Oi
5028E'03
83.57E-04
QOZBE’OQ
500“6'01

1.38E-02
2.11E-01
1.10E-03
4. 78E~-0¢4
2.33E-N4
2+27E-01

2.05E~02
2405E~02

SKIN

O
0.
1.11€=83
1.16€-03
5.80E-04
2+85E~-03

1
0.
6117E-03
1.16E~03
5.80E~0¢4

7.91E~03"

Oe
0.
1.29E-03
6146?"0“
34¢23E=04
2+26E-03

0.
0.

06/01/76

TCTAL BODY

1-67E'02

T.16E+00)

FeLSE-DY4
E.57E~0Q4
QO?SE‘OQ
1.18E+00:

9.,21E-03
6'87E'01
5.28E=03
8+57E=04"
Le28E~Q4L
7.D3E‘01

1.55E=02
2.73F-01
1.10E-02
Le78E~-04
2+38E-04
2.20E-01

ZOZQE-OZ
2.2L4E~02
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s TARLE £-15

PaTHWAY

POTARLE WATER

FRESH WATZIR FISH

2TVEZ SHORZLIME DEPOSITS
SHIH4MING

SCATING

TOTAL

.PI;TH'AQY

FOGTABLT WATER

FRESH WATER FISH
RIVER SHCReLINME D=zPQOSITS
SHIMAING

BCATIHG

TCTaL

1

SRR

m

CAS

1930 PIOPULATIGCN

THYROIU
MAN=REM/YR
5.99E-02
2.50&~04
2.89E-03
3.63F£=05
1.32E-05

m

1.03&-C1

2010 FOPULATIONM

THYRCID
MAN—-SZM/YP
1.53c-01
2.50-04
L, 47E~-Q3
5.45%~-6¢

2072E"05

1.58€E-01

POFULATIOCH DOSES FROM LINUILYD =2ZLIASES

TOTAL BOOY
MAN-REM/YR
be77E-G2
2.26E-03
2.836E£-073
3.h3E-05
1.822~65

7.29E-02

TOTAL 3CDY
MAN=REM/YR
1.042-01
L.L7E-073

RSOLERT

TCTAL
MAN=REM/YR
1.63E-01
2.51E-C3
5.77E-03
7.272=05
3.h3E~-D05

1.76E-01

TOTAL
MAN-REM/YE
2.572~-01
2.51E-03
3095’5"83
1.09z-(¢4
€E.45E-05

nt

2.63z-01

0
n
o
U
n
L
<



May, 1976

Duane Arnold | :
@ _ ovie () | ®

Population Dose Reductions from Liquid Alternates

Case Description | Thyroid Total Body © Total
: MIR/yecar man-rem/yr man-rem/yr

High Purity Waste

A-2 Add cation bed 2.31E-04 1,13E-03 1.36E-03

A-3 Discard without treatment -3.61E+01 -5.08L 00 -9.,12E+01
Low Purity Waste

B-2 Add cation bed 1.43E-03 9.88E-03 1.13E-02

B-3 Discard without treatment -1.79E+01 -1.05E 00 -1,90E+01
Chemical Waste

c-1 Remove evaporator (discard w/o treatment) A -2.54E-01 -1,67E-02 -2.71E-01

Cc-2 Use mixed bed ionex vice evaporator -2,48E-03 -1.62E-03 -4.10E-03

Note: negative values are increases in dose,

R538EHS5
5/18/76
15.13.33



nuan s LR UL

PLETHHAAY

S WATER

WATZR FISH
SHO2IZLINE DEPQOSITS

BCLTING

TOTAL

PLTHWAY

POTABLE WATER

FRESH WATER FISH

RIVER SHCRIZLIMNE DEPOSITS
SHWIMHING ' '
BOATING

TOTAL

PORPULATION

DUSES

CoMPLIAMCE CASE

1380 POPULATICM
THYLCIO
MAM=REM/YR
1.63E~01
2.69E~C4
J.258-03
3.6LE=C5
1.82E-0%

1.07E~-01

2010 POPULATION
THYRQID
MAM=SEM/YR

1.598~-01

2.HCE-04
5.04E-03
5.48E-(5%
ZOTSE’OS

Y
.

o
£
m

!

(=]
-

FrOM LIOUTLY

TOTAL 830y
MAN=2EM/YR
6.3LE~N2
2+53c~03
3.25E-93
3-614'5-05
1.82£-05

171

-52

7-53

TOTAL 802Y
MAN=REM/YR

Y
]
o
oAl
"

[
(o)
-

R753E42

FZLERSES

Ce/dL/7¢

TOTAL
MAN=RIN/YR
1.732-01
20305"03
6.50z-02
7.235-05
3.64LE-05

1.828-01

T0TAL

MAN=SEM/ZYE
2.55c=-01
2.33E-03
1.81E-02
1.09E-C4
5.45E~05
e

N
.
~
ja o)
; n
’ i
(oo ]
WA

R7G4ELF



Duane Arnold May, 1976

Table 2-18

Annual Cost of Liquid Alternates

Case
Designation Description ACost, §$/year®

High Purity Waste

A-2 Add cation bed . 45,600

A-3 Biscard without treatment (45,600)
Low Purity Waste

B-2 Add cation bed A 89,200

B-3 - Discard without treatment , (89,200)
Chemical Waste

c-1 ' Remove evaporator (discard w/o treatment) (>50,000)

Cc-2 Use mixed bed ionex vice evaporation (30,400)

‘ : Note: wvalues in ( ) are cost savings

a See Appendix A for details on cost estimating



‘e Arnold ‘ May, 19‘ T

Table 2-19

Cost-Benefit Ratios for Alternate Cases

Annual A Doses -Annuald Costs Cost-Benefit Ratios
Case Purpose from Base - from Prev Case from Base from Prev Case from Base from Prev Case
man-rem man-rem man-rem man-rem $/man-rem $/man-rem

High Purity Waste

A-2  Add cation bed 1.36E-03 45,600 : - 3.3E+06 -
A-3  Discard w/o treatmt -9,12E+01€ -45,6004 5.0E+02
Low Purity Waste
-2 Add cation bed 1.13E-02 ‘89,200 7.9E+06
-3 Discard w/o treatmt -1.90E+0l -39, 200 4,7E+03
Chemical Waste
C-1 Remove evaporator -2,71E-0l ~>50,000 > 1.8E+05
C-2  Use mixed bed ~4,10E-03 ~30, 400 7. 4E+06

a From Table 2-16
b From Table 2-18

[e]

Negative changes are increases in dose

o

Negative costs are decreases in costs



Duane Arnold

May, 1976

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



~Duane Arnold

from Main
Condenser

from Turbine
Gland Seals

from Main
Condenser

from Reactor
Bldg

from Drywell

from Radwaste

Bldg

from Turbine
Bldg

May, 1976

Figure 3-1

. a
Gaseous Waste Schematic—DBase Case

‘ tq Stack STAE
——— i —————
Recombiner Condenser Drier Charcoal
' 74 tons
PyA
r{:::::::] to Stack GLAND
SEALS
1.7-minute Holdup
1
to Stack »p CHANICAL

VACUUM PUMP

to Vent REACTOR
BUILDING
— to Vent  pywWELL

to Vent RADWASTE

— BUILDING

to Vent TURBINE

— BUILLDING

HEPA Charcoal
1 HEPA
a The Base Case is the Compliance Case



Duane Arnold May, 1976
Figure 3-2
. . Gaseous Waste Schematic—Cost-Beneficial Case
from Main . to Stack
Condensor ' - [———> SJAE
Recombiner Condensé% Drier Charcoal
68 tons
34
: Stack
from Turbine 5 ] t? ack  GLaND
[ A
Gland Seals SEALS
1.7-minute Holdup
groz Main to Stack MECHANTCAL
ondansor VACUUM PUMP
from Reactor to Vent REACTOR
Bldg .
° — BUILDING
from Drywell ) to Vent
T T : DRYWELL
HEPA Charcoal
from Radwaste : to Vent RADWASTE
Bldo ") -
° BUILDING
from Turbine
Bldg to Vent TURBINE
— BUILDING



. Duane Arnold

. . a
Run Designation

"::1"1:1 mt;rim |UU
w N w N N =

OQI‘BO
W N

n::lr.:'

1
W =

o
1
N =

May, 1976

Table 3-1

Gaseous Treatment Alternates

Waste System Description of Alternate
Affected
Gland Seal Double holdup time

u " Add charcoal & HEPA

Steam Jet Air Ejector Operate at OF dewpoint
" Add 2 more beds
v Subtract 2 beds

Drywell Remove charcoal
" Remove HEPA & charcoal

Turbine Bldg Add HEPA
" Add HEPA & charcoal
" Add clean steam 2 1/2 valves

Reactor (Aux) Bldg Add HEPA
" Add HEPA & charcoal

Radwaste Bldg Add charcoal
" Remove HEPA



. Duane Arnold

May,

Table 3-2

GALE Input Terms for Base Case—Gases

C;Z? Spaceg Entry
21 73-80 7.147
22 73-80 9.64E;03
23 73-80 0.029
24 73-80 0.5
25 43-45 ves

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

1976

Units

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

no HEPA Reactor Bldg

no charéoa%
HEPA v

adwaste Bldg
charcoal delay system
Kr coef

Xe coef

No. of cond shells

mass of charcoal

103 1ib/ar
10° 1b/hr
hour

hour

103 1b



OUA e

ISOTOPE

i

H====3
C===14
LR-=41
CR--51
MN=-=-54
FE--59
C0--53
Co0-=-50
IN==-565
KR=82M
KPp=-3854
KR==85
KR==37
KR-=83
Kk=~39
$R-~-89
SR=--90
7R-~95
S3=124L
XS131M
XEL33H4
XE-133
XZ135M
Xz-135
Xe=-137
XZ-138
I--131
I--133
CS=-134
CS-1306
CS=-137
BRA=-1 LT
Ce-141

GASEQUS RE
(C

1.05=+01
2.50=+04
0.

O

-

Qoo

o

L.coc+01
2.34E+03
1.L0E2+02
1.565+072
1.655+33
LLJz+02

O DM

(o0 B ]

LB0EZ+01
.S0E+01
«24E+C L
LB80E+TY
«10=+C2
LG0z+02
.20z-02
B.20:-302
3.00z-095
2.00=z-Ch
1.08z-05
1.10=z-05
S

N F

% G IENIRT, RSy

B

CASF
£AR)

=0

LANT VENT

1.85z+01
0.
2.50z+41
1.24E-02
3.935~433
1.058-52
1.25E-03
1.385-52
2-2“5— 3
J.
7.405+51
0.

TR i T itp By

C

.
+ +

€y o

.
[¢S NN
oy
MM
[ASIIAN]

®

i
[ ko IR i B vo ]
ol = N H R o8

T M I

* * 0
<
nN U@ o
i

OOV DO
.
oI ol

3.32£+02
7.425+32
7.4L3E4+02
Je.

1-.431E+03
t.275-01
1.6G2+890
4.3GE-02
3.585-04
he257-03
1.14E~C2
727504

TOTAL
2.102+01
9.50z+30
2.50=+41
1.34E-32
3.332-63
1.555-03
1.252-33
1.305~02
2.2L45-13
4.905+01
2.4L2Z+03
1.405+02
2.325+402

5.10c-03
2.30z-05
5.05%-344
5.02.:.-0“
L.30E+01
3.502+01
1.28E+34
7.60c+92
1.252+332
7.30E+02
2.00c+23
4.79c-01
1.782+00
‘*039".—1‘03
30595“0‘*
H.255-03
1.142-02
7.27c~04

U6/01/75



Duane Arnold

Run
Designation

Table 3-4

GALE Inputs for Alternates Considered

Purpose

I-2

Double Gland Seal Holdup Time

Add Charcoal (& HEPA) filter to
Gland Seal Exhaust’

Operate SJAE AOG at OF Dew Point

Add Two more Charcoal Beds to AOG

Subtract two Charcoal Beds from
AOQOG

Remove Charcoal from Drywell

Remove Both HEPA & Charcoal from

Drywell
Add HEPA to Turbine Bldg Vent

Add HEPA & Charcoal to Turb
Bldg Vent

Add Clean Steam to Valves
Add HEPA to Reactor (Aux) Bldg

Add HEPA & Charcoal to Reactor
Bldg

Add Charcoal to Radwaste Bldg
Remove HEPA from Radwaste Bldg

May.,

Card Changes Requifed

Card No.

23
27

32
33

35
35

25

26
26

26
29
29

30
30

Lines

73-80
73-80

73-80
73-80

73-80
73-80

43-45

43-45
52-54

52-54

43-45
52-54

68-70
52-54

43-45
52-54

43-45
52-54

Entry

0.058
0.1

25
440

80
68

Blank

Blank
Blank

Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes

Blank

1976
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ToALF %2-5 - PAGE 1 OF 6
PEOLCTIONS IM GASICUS RELEASES FESULTIMG FRCH SLTERNATE TReATHENTS
(CURIFS/YEAR) :
STpCK
ISOTCPE case O=-1 CaSz U=2 CASE &-1 CASE E=2 CasE E&-3
Kz =4 3M 1.00%+C09 Je 2.20z+01 1.30c+01 -1.802+014
K‘?"BGN‘: 0. 0. 10“65*’3"3 COUG:+Q2 "6-0054'02
Ke==37 C. G 6.60c+0C L.0OcklD -6.00c+0C
KR-=33 Co. g 1.19c+GC5 5S.C55+0°7 -6.008+32
KR ~==5873 2.096+02 (HI C. G ¢.
XZ1Z1M C. G. 1.108+01 3.00E+01 -4 .00=+30
X=Z1334 C. G 2.50E+01 1.6G62+01 -1.30E+01
Xg=133 C. 0. L oyGE+CS 1.3C%+073 ~2.03%403
Xz 1354 2 00E+0 73 Ce. G. G 0.
X.':"137 2010E+82 Go Go C». Go
Xz=135 4.00+01 Df J. Ce Ce.
I"_l-—;l c. 1o985"U2 0. G 0.
I-'“:.S‘g G 70‘325":‘2 g. G G
TOTEL L ,53E+02 e.90:=-92 7.11E+E3 2.33E403 ~3.2L4E+03
) CASE O~1 DOCURLE GLAND SZ&L HOLOUR TINME
. CASE D=2 AND HEPA AMND CHARGCCAL TO GLANA ScaL EXHAUST
CASE E-1 OPEZATE SJAZ AOG £T GF BEW FUINMT
CASE £-2 ADD TWO MGT CHARCCAL RECS 70 406
CASE ©-3 REMGVE TWO CHARTQAL 2EDS FRCH AD0

brd
i

GTE -=- NEGATIVE VALUES R3IPRESENT INCREASED RELEASES



TS LJENOLD } Ge/31/76

TaaLs 5 PARGE 2 GF 5
JEDQUCTIONS IN GASEQUS RFLEASES =ESULTING FROM ELTEXNATE TREATHINTS
(CURI=S/YE0R)

PLANT VENT

ISOTOPE CASE O~1 CA3T 0-2 CASE €£-1 CASE E=? CaSs £-3
C.::—-Sl Ce. Ge 0o Ce. G.
MH""SL‘ 00 0. Oo Go D-
Fc==59 0. 2. G Ce. 0.
C0~-=-53 C. 0. G. } . D
Co=-n1 . G. 2. C. 0.
Zit==65 0. G. : 0. G (13
KP\—‘.‘SM CO' G G Go 0-
K==37 . C. J. G Q.
K2 ==-21 . g. G. 0. 0.
Sx~=-393 G. G. C. C. g.
SR=-=-30° (13 0. 0. ' . 0.
IR ~=95 0. G 0. G. 0.
SE"'lZLi G g- 0. Oo 0-
Xz=133 c. g. C. Ce. C.
X241 354 GCe . S L G.
Xz-1365 Ce. Ge. . [ g.
XE"'13’:} Oo 0- Do Uo 0.
I--131 0. G. 0. C. 0.
I--.‘L—Sg ie 0. 0. (HIS Ue
CS=-134 G. : 0. Ce 0. g.
€sS-136 Ce. G- a. G. C.
C5-137 0. c. Ce g. g.
QA ~14T 0. 0. G 0. 0.
Cz-141 0. 0. G. G 0.
TOTAL . Ge C. 0. 0.

CASET D-1 OCU2ALE GLAND SZA&AL HOLDUP TIM:

CASE D=2 ADG HEPA 2ND CHAPCCAL TO GLEND SEAL EXHAUST
CASE £-1 QPERATE SUAE AOQG AT GF DEW POINT

C4SE £-2 ADD THWO MORE CHARCOAL REDS Tu A9G

CASE E£-3 REMCVE TWO CHARCOAL REDS FRCM AOG

[

NOTE -- NEGATIVE VALUES REP2ES

T

NT TMCR

ES

.'n

RELEA

w
mm
w

i
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SOASNGLO : 06/01/77A
TAQLE 3-5 ' PAGE 3 0OF &
RIAUCTIONS IM GASTCOUS BELFASES PISULTIMNG FROM ALTEENATE TREATMENTS
(CURIES/YEAD)
STADK
ISOTQPS CASE F-2 CASE F=-132 CASE G=-1 CLSE G=2 CASF G6-3
K‘J\-,:}:)‘v Bo G- O. Go . G-
KR==37 c. 0. 0. 0. 0.
K"’.""b% Ce Go Go U- 00
KE==2393 G 0. J. L. 0.
X5131V Go. ' G- 0. Go ' Co
XE’.E:{M. Go 0- 0. 0- : 00
XZ=132 C. . 0. e 0.
X§135H Uo G- G- Co . } -
XE=~137 C. 0. 0. C. 0.
XE“135 Co Go ao ) Go ! w
I--131 C. 0. 0o . G
I--133 c. 3. 0. C. Ce
TOTAL ¢. g. C.. 0. 0.
"CASE F=2 REMOVE CHARCOAL FRCH ORY WELL VENT
CASE F-3 REMOVE HEPA AND CHARCGCAL FEGOM NDRY WELL VENT
CASE G-1 AOD HEPA TGO TURBINE BUILDING VENT
CASE G=2 AND HEPA AND CHARCOAL TO TURSBIME BUILJING VENT
CASE G-3

ADD CLEZAN STEAN TC VALVES

NOTF -= NEGATIVE VALUES REPRESENT INCREASED RELEASES



SUANE 228M0L0 10/01776

TaaLE 3-S5 PLAGE 4 OQOF 6

REAUCTIONS IMN GASEQUS RELIASES RE3ULTING FIOM LLTERNATE TREATHENTS
(CURLES/YCAR)

ISCTURPE CASE F-72 CLST F=3 CASE G=-1 CRSE G=2 CASE G=3
CR==51 G ~2.97%=94 1.2GE-0? 1.29E-02 1.043~02
Mii==57% G -2.97E-03 5.94E~04 G.QLE=04 4L.50Z2~06
FE-=52 0. -3.95E-34 Le35E=Cl L.9GE=JL 4.005=0L
CO~--538 o. ~5 .94 50l 5.94E =Gk 5.94LE-04 4.80E-0b
Ce=-=60 C. -G.30£~33 1.983E=33 1.955-03 1.605-03

€ C. -1.93E-03 1.93E-04 1.38E~-04 1.60E-Cb
0. 0. §. G 5.405+61
G 9. 0. G. 1.CLZ+02
Q. 0. 3. G 1.8LE+02
C. ~8.51E=05 5.942~03 5.QLE~G3 4.8392-03
C. ~4.95E-36 1.98E-(5 1.988-05 1.60F-05%
C. ~3.96E=04 9.90£~05 G.3GF=~05 8.005-05
0. -1.33c-94 2.97E-QL 2.37E-Ct 2.40E-04
C. 0. ‘ 0. C. 2.00E8+352
C. C. 0. C. 5.290E+02
Ca 0. 0. Co 5.06E+02
C. . 0. G 1.117+33%
~1.53E=01 -1 .,53E~31 0. 1.71E-01 1.523=01
~f.125-01 ~6.12E-01 C. 6BLE-C1 6.1NE-01
C. ~Z.955-03 2.975-04 2.975-04 2.40E-0bL
G. ~2.97E~04 4.958-G5 L.95£-06 4L.0CE=05
1 ~5.45E=03 5.G4E~0L 5.94E=04 4.30E-0L
AA-140 C. ~3.95E=04 1.09E=g2 1.09E~G2 & ROE-03
CE-141 0. -9.93E~05 5.GLE=-0U4 5.94E-0% L.B8GE=-04
TOTAL -7.65£-01 ~7.92E-01 3.55E~02 5.31F~-01 2.57E5+403
CASE F=2 REMOVE CHARTGAL FR20M ORY WELL VEMT
CASE F=3 REMCUF HEPA ANMD CHARCOAL FRCM DRY WELL VENT
CASE G-1 ADD HEPA 7O TURAINE BUILDING VENT
CASE G=-2 ADD HEPA AMD CHARCCAL TO TURBINT BUILOING VENT
CASE =3 ADNDC CLEAN STEAHM TG VALVES ,
NOTE == NEGATIVE VALUZIS REPRESENT IMCREASZD RELEASES



TaRLz 3-5 ' OAGE 5 OF b6
FEENUCTIONS YN GASEGCUS RELIASIS RESULTING FROM ALTESNATE TREATHENTS
(CURIRS/YEAR) :
STH:K

ISCTCOPRPE CASE H-1 CASE H-3 CASc I-1 casz I-2
KD-’S 3:" C - Go f). 0.
K==-85 0. J. G. Ce
KR==~37 C. Ge G O
KR"‘&S 0. 0. U e (18
K:D,""gg 0. 0. Ce 0.
Xflii‘”l Q- Go Go 0.
XEl33\‘x Do “J- G- 0.
XE'l?‘} 00 0. G- 0.
XEl:Sr‘H Do ﬂo Go Uo
XE-137 0. Je G 0.
Xt-138 0. 0. N 0.
I--131 Ge 0. €. (178
I--133 0. 3. g 0.
TOTAL 3. Q. Go a.

CLSE H-1 ADD HEPA TO ReACTOR (AUX) ARUILDING

‘ . CaSE H=-3 ADD HEPA AND CHARTOAL TO Re2CT6R (AUX) BUILSING
CASE I-: ADD CHARCOAL TC RADWASTE
CESE 1I-2

REHOVE HEPA F204 RADWASTE

m

NGTE == NEGATIVE VALUES FEPRESENT INCREASED RELEASES
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Jgc/ul/ /e

CAsc I-2
"80915-03
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~1.43E~-02
~4.45-03
-8.91c~02
-1.4%c2~03
0.

0.

J.

~L . 45E-Ch
-2.87E5-04
-4.25%-35

"Lt.c:’qE"Gs :

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

~L4.452~03

“L 45E~Ch -

-8.912-03
-3.69£-05
~2.57z-C3

-1.66%~01
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INCREASED RELEASES
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Table 3-6

GALE Input Terms for Cost-Beneficial Case--Gases

C;Z? Spaces Entry
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
8 73-80 0
‘ 43-45 Blank
52-54 Blank
30 43-45 Blank
52-54 Blank
31 80 1
32 73-80 18.5
33 73-80 °° 330

34 73-80 2

35 73-80 68

Ttem

Units

glaﬁd 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

no HEPA Reactor Bldg

no charcoal

no HEPA Radwaste Bldg

charcoal delay system

Xr coef

 Xe coef

_No. of cond shells

mass of charcoal

102 1b/hr
109 1b/he
hour

hour

103 1b
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CISOTORE

He~==3
O-=--14
AR==-4%1
C=-51
MN=-=54
FEz~-=-59

$o=--38

Co=~-510
ZN==55
KR=33M
KR-=85M
K R==35
KR-~-37
KR=--88
KR==-39
SR=--39
SR~=9§
ZR=~-95
S3~-124
XE131M
XE133M
X5-133
Xz135M
XE=-135
XE=-137
XE-138
I--131
IT--133
GS~-134
sS—-136
CS=137
AA~-140
Cz~141

GAS=NUS

RELEASES

3=7

COST=RENEFICILZL CAS

(CURTES/YEAR)

PZLEASE

STACK

1.055+01
9.508+33

s
L

cI i

PR 5 I in 8 &e¥
.

5.70E+01L
2.942+33
1.40E4+02
1.625+352
2.25C+C3
S43E+D2

(T (D D

<y C

L20E+(1L
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1.445+00
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10105"3
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Ul o

N O N
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IN
NIPFCTICN
SFECTOR
A
NNF
NE
ENE
£
FSE
3
SSF.
S
SSu
SY
WS
W
WNW
nW

NNW
IN
DISFCTION
SECTOR
N

NNF

SN m™m 1] R
~i
M T [Al}

&

NN
a2 v MmMuyE M~

*
E

-

WNY
N

NNA

™
CIPFCTION
SECTNR
TN

P

Duane Arnold

Atmospheric Dispers:

~Factors for Stack

A.‘HERIC DISPERSION FACTORS FOR-DUANE ARNCLD

RUN TYPE~- X/0 SEC/K3

1
&022

1-6;;'07‘
Q.4TFE-08

6.756~-08
7.15F~08
9,06F-08

7.02£-08"

S.RNF=0R
S, 06F=058
3,78F-08
BOGRF-OS
4,14E-08

&, P4F-0AR

4.53FK=08
B,7R7=-08
1.7RE=07
1-3]F'ﬂ7

£
5631
1.,13E-07
7.10F-08
SA2E-0R
4,46F-08
S.AIE=0R
4.37E-0R
3,89FE-08
3069[“09
2+ARF=0R
2.51E-08
3.16E~0R
_30]4E°0R
4077E‘08
£,29E~08
T.64E~GA
R.21E-0R

TYPE- DEPLETED Xx/0 SEC/M3

J Y
1609 2413
44 3SE-07 3.0QE-07
3.23E-07 1.15E-07
20055’07 9|7QE'08
1.06E=-07 1.5GF-07
205F =07 1+3RF=07
1.176=-07 " 7.58t~-0R8
2-1}?“07 9-?65-08
2{]86’07 7.826~-08
1.75E=-07 5.96E~08
5,RA3C~08 S.43E~-08
3.03E-~0R S.H3IE-0R
3.2GFE=0R 6.54E-08
QQQLF‘OQ 7'41E"03
7.00E-04 1.17F=07
1.568=-07 2608707
3.55E=-07 2.59€=-07
RUN
1609 24113
L 2RFE=NT 2.96E~-07
3.176-07 .1.098-07
2.02F=-07 7.,312-08
1.028-07 1.643F-07
PeblGr=-07 1.328-07
1,196=-07 7.25E=-08
2.OEE=0T7 8,337-08
2.15F-67 7.475-04
1.,22c=07 5.71r=03

S.782-0A
2.,888-043
NePSET=0RA
4,A%E=-0A
5.985*03
1.53E-07
3.67€-07

RUN

1609 _
3, 1RE-03
P2.70F =08
1. ARE=NA
$.31g-Nn9
1.A5F 03
B.RO0=-09
1.540-n43
1.G9GC N7
1.06€-03
4, ASE-00
2,35 -09
R.34E6-0G
L,b10=09

- W Aak-d no

5.,2%E-03
Ses7E-03
A.21E-06
7'12E‘03
14128~07
2.386-07
2»@“2‘07

L0222

1-;7F'n7

A4,a5F=-08
6.,35r~08
£.7RF-08
E.E0F-08
ALA2F=08
S.51F-08
4 7GF-08

3.A0F=08

3.42F-03

3.455-08

Lo 06FE=-08
L,78F=08
R,277-08
1.216-07

lo?AE’07A

TYPE- DEPOSITION D/R

24513
6+.555-09
G541 -09
3.15F-09
2.052=-09
Z2.80F-09
2.077-09
3v13€”09
3.518~09
2.126-09
1.307=-09

1.7237-09

1.236-09
1.55FE-09

227 ~NQ

unp?
2,075=09
1.5876£~09

1.03F=09

607510
E.tlg-10
T.0AF=10
1-0?;‘09
1.,20E=-09
7+34F~10
4 RQE-10
4,797~10
4,53F-10
5.57r=10
8.6AF-10

sA31
1.07E-07
6H.728-08
QQQ7E‘OR
“v?lE-OR
Sn?lE'OR
4.11E~0n
3.A7F=-0A8
J.27E-6R
2.528-08
?.YEF-OQ
2t97E‘09
2,95F-0R

“'kOE-OQ'
’ 4v93£‘0ﬂ‘

7.13E-08
T7.756~08

M-2

5621
9‘735‘10
7'Q7E°ln

20776“10

) 3.R1E“10
©3.22E-10
4.315-10
Saﬂlﬁ-ln
3,42E=10
.2-465’10

?tﬁ7?”ln

20306‘10

2.Q4E’ln
3.93E-11

L 4.85E-10

0151’;

(1)
7260
1.21F~07

5.69F-08

3.88F=0F
3.31E-0R
Qv‘hE”OR
3.307-08
2+95F-08
2.79F-0R
2o 14E~NEk
2.65F=-08
2037E”08
2.456F=08
3+35F~08
4.23F-08
£.557-0R
£+02E-08

DISTANCE

7240

Sl 1 6F-07

S,32F=08
3.60E-08
3-11E‘03
3.61F~-08
3.09E-06
2.77E-0A

 2.59€-03

2+5EF-017

L P 4hE-08

2.21F=08R
?02QF~OR
3.07E‘08
3.91FE~08
5 05F=08

S.ﬁsE-OR,

DISTANCE .

7240
60025'10
4,0608-10
2097F‘10
1.6G8E-10
2+.30F-10
1.958~10
2,85F~10
3.93F=-10
2.27F-10
I-SQF-IO
1eS4E~10
l.LhF—IO
1079E-10
2es7F=10

STACK

(METERS)
10
12067
5:25E'08
40155-08
3.26E~08
2v076‘06
2.038F-08
2-3?E”0R
2.515#08
2, 16E-0R
)|QQE’OB
2.15E-08
2.07E~08
20096—08
1.486~08
3.00E-0R
3.93E-08
S.72E-08

(METGRS)

12067
5167E‘ﬂa
3.76E-08
2&926-08
1.62E-08
1‘946“08
2-15E“08
2.35E-03
2.56E~08
1.826£-08
1.97E-nA

" 1,90E-08

1.906~08
1-336-00
2.66E-08
3.49E-05

(METERS)
12067

‘20395’10:

10682"10
1.38E-10
€.55€-11
7.60E£-11

6v52E’11>

S, 746-11
1.206-10

T6TE~11°

S.268=11 .,

Sel2e-11
4.81E-11
S.é38-11
1.22E-10

S.00E-08

7040F-09
8.136~0%
g,097=-09
6+667-09
6 LLE-NS
6«32F=-0%
6007F"00
4-‘6{’09
7.60F-09
9,B0E~-0%

1437608

76135
6.47F-11
4,326-11

e 0PE~1Y

1125?’1!
1.74F-11
1.53F-11
2.21F-11

) 2.71F=11

1 70F-1177

1.176-11Y
1.096~71
1.06F=-11
1.22F-11

3068711

Yege 1ok > Teble 3-8

SFASON=-GRAZING

.y Y

24135 40225
2.01g-08 1.0RE~08
1.,35F=-n8 7.23F£-09
1404F=08 S.4RE~09
¢ 7<32F=-09 4,15€-09
7+33F-09 4.16E-C9
8.“65‘09 QvﬁéE‘OQ_
8.93F-0n9 5.10E-09
V.00F~n8 S.23E-C9
T.14E=-09 4.16E-09
_7.30F—09 4.03E-09
T+11E~09 3.97£-089
T+0YE=-09 3.65E-09
4,78F~n9 " 2.58E-09
9,51F~09% 5.02E-09
1.23F~n8 6.468-09
1.78F-08 9.25E~06

246135 40225
1v677'08 8003E’0Q
1.12F~-08 Se47E~C09
8.30F-09 3.R1E-N9
6.537=09 3.572C2~09
6.CLF=009 3.64E-09

3.976£-09
Lo oy~ 0Y
SLY6E-09
3.69K-09
3,356-06

3,4LOE~09 -

3.14€-09
2.17E-09
J.51E-09
4,45E~09

6.06E-09

40225

3.196-11"

2.C8E-11

Tl.72E-11 T

6.068-12
7.87e~12
7-24E‘12
9'93E-12
1.21e~-11

"7.60E-12 T

S.5%06-12
4,658-12
4.31E-12
S.17g-12

lnkgﬁ“ll‘.A”

REQ-Dx~1 3.

34 W
56315 72405
70)9{'09 5v30€'09
4 BLE=-09 3.55F-09
3:668‘09 2v70E'09
2.84F-09 2.13F-09
2.85F-09 2.14E-09
3.34€-09 2.52E-C%
3.,4GE~09 1 2.62F-09
4,02F=-09 3.63F-09
2.90F~09 2.15F-09
2.73E-09 2.037-09
2.6GF-09 2.006-06
2.69E-09 1,926-CS
"1.72F-06 1ez8E=LO
3,34F-09 2.48E~09
44287 -09 3.148-06

6.166-09

56315
4,912-09
3.36E-09
2.26E-09
2.31E-09
Zek1E=09
2,50E-09
2.95F=06
3,65r-06
2-67E"09
2v17E"Og
2.¢4E=-09
2.028-073
1 450E~-09
ZtOGF'Oq

2,657 ~09

Je31F=09

56315
ZOGﬁE'Il
1.33c-11
9»39{'12
4,0%E~12
S.0%f-12
“oist-12
6,35E~12
715;5'1?
t.50E=12
3.065F-127
3.02€£-12
3.2%8-12
3.26F-12
8.37t~12

726405
303&;'0;
2,318-G9
1.523F-C9
1.638-C%
1o 7464GY
1.R/50-05
2.12F-805
ZQEQ;’GQ
1,657-05
1.557-09
1,62E-4C
1o858-29
1.00FE-0%
1.417-09
1,762-05
2.322-053

72405
1,378-11
8,53z~12
6.1%6-12
2.020-12
3.38E-12
3.,2%E-12
Goufe-t2
3,540 -12
"3,195~1¢
2R -12
2.185-12
2.315-172
2.317=-12
5.12¢~-1¢

4.528~03




! lTab! 3-8 \come) ro-
N Duane Arnold Atmospheric Dispersi Factors for Stack 9&(32 Qek -
AT 1C DISPERSION FACYNRS FOR-DUANE ARNOLD VE ACK SFASON-ANNUAL REQ-DX-2 3YR.’
CIN RUN TYPF=- X/Q SEC/M3 : DISTANGF (METERS)
ITRECTTON , .
SECTAR . _ . 1609 . 2413 ) 6h22 5611 7240 12067 , 241135 40225 56315 726405
N _ ?,99E-07 2.78E-07 1,4RF=07 1.n1E~07 1.04E-07 5,08E-08 1.56F-08 = 8,39£-09 5.56F=09 4,06E-C9
NNF 2.2575-07 9.AGFE~08 &.,51F~08 64 1GE~0R 5,02F~0R  3.44E-QR 1,09F=-n8 S.80E-09 3.86E-09 2.84E-09
NE 1.A0F=-07 8,54f=-08 6.,30F=N8 S.N1F-08 3.664E-08 2. H8E=0R G,0RF-09 4,7T7E-09 3.170-09 2.33E-09
ENF Q,00F=08 1,406-07 64, 6AF=08R 4,13E-08 3,04FE~08 1.84E-0A 6.42F=09 3,61F~09 2.46E-09 1.84C-09
£ 2.197-07 1.51E~07 9.E0F=03 S.75E-08 L RE=DR 2.01E-0A 6.90F-09 3.H5E-09 2.61F-09 1,956-09
£SE 1.10E=-07 1.07E-07  9.,39F=08 - S.AIE-08 4, 08F=DR 2.46FE~0R B GuF~09 4 ,65E-09 3,18E-09 2.37E-09
SE 1.52E~07 1423E-07 7.45F~08 & ROE-0R  3.,54E-03 2.49E-08 8.32F=0G = &.S9E-09  J3.09E-09 2.29E-C6
SSF 2.04E-07 1.05F-07 6.96F=0R 4,70E~DR 3.69F=0R 3.04E-08 - 1.04F-08 S.81E-09 3.94E-09 2.93E~09
S A.ATE~0R 7.165=-03 4,71F-08 3,28F-08 3.20F-08 1.99F-08 6.92F=-09 3,92E-09 2.676-09 1.95E-05
55w 4 D4E=-NR A bRE-08 4,35F~08 2,95F-0R  2.K8F-0A 1.95E~04 6, 40F=09  3.47E-09 2.32F-09 1.706-C9
SwW ?.16F-08 A, THE~DA 4 75F~0R 3.,47E-0R ?.54F=-08 1. 79E-n8 5,73F-09 3,07E-09 2.06E-09 1,49E-09
WSW 2 GRF=0R 7.5RF-08 - &.ISE=0R  3,34E-0AR 2.53F-08 . 1.70F-08 5.33F-n9 2.81E-09 1.86F-09 1.356~0%
u 3¢31FE-03 Q.49F~08 S.AGE-0H S+40E-OR 3.71F-08  1.56E-08 4.,76E-09 ~ 2.50E-09  1.63E-09 1.18€-09
Wi J T, 64E-08 1.415-07 9,R7F~0B S,73F~0R 4 42E-0R . 2.5BE-03 7.7RE-09 . 4.00E-09 2.61E=09 1.83E~09
N 1.126-07 2.33E-07 1) 7F=-017 6.R9E=0A 5.71E-DA 3.,17€-08 9,73F-09 5,04F =09 3,316-09 2.61E-09
NN 2.24E-07  2.40E-07 1,)9F~n7 7.29E-08 5.26E-08 4,26E-0R 1.29F-08 6.61E-09 4,35€-09 3.,17€-09
IN RUN TYPE- DEPLETED x/0 SEC/M3 . DISTANCE (METERS)
DIRPECTTICN ' '
SECTOR 1600 2413 w022 5631 7240 12067 124135 40225 56315 72405
N 2,94F-n7 2.672=-07  1.,41F=07 9.47E=-0R G, 6LE-OR 4,56E-0A 1.31F-08 6.18E-09 3.75F=09 2.35%E-09
NNE P.R1E-0T 9.41E-08 & NAF=NB 6.00F-0P 4 6BF=0A 3,09E-08 ° $.03F-09 4,33E~09 2.65F~03 1.82F~09
NE 1 SRE~07 3,176-08 5.9AF-08 4,71E-0R 3,40F=08 2.58E-03 7.26E-09 - 3.32E-0S 1.666-09 1,32F-09
ENE 8.AR7E=-0R 1,34F-07 6,32F=03 3.G0F~0R ' 2.806E-0R 1.71E-08 S.70F=n9 3.04E-09 1.,99F=-09 1,63E-0C9
E 2,14F =07 1.46E~07  B8.96F-0R S.40E-0R 3.61F-08  1.R6E=08 6.16£-09 © 3.31E-09 2,17F-09 1.37E-09
FSF 1.08E-07 1.0626-07 E.RIF-08 S, P4F =04 3. TRT-03 2.24E~-0R  T.22£-09 3.73E-09 2.32F=09 1.65E=C9
SE 1.897-07 1.1RE-07 7.04F-0R 4o4YE-OR 3.28E-08 2.27E~-08 7.34F-a9  3.906-09 2.55F~09 1.R3£-09
SSF 2.N1F=-N7 1.01§-07 6.58F=08 G4 4CE=0R 3.41F-08 2,76E~08 - S.1AF-009 4,96E-09 3.298-09 2.,39€=09
< R THE-DA £.925-03 4 ,4QE-08 3.N9E=-0R 2.56F=0A 1+R3E-0R 6+29F-09 3.5%F~09 2.406~09 1, 7¢E-09
SSwW  1.97F-03 6 GHF-08 4, 18E=-08 2.776-07 2.64F~03 1. 764E-04 S.45E=00 2.80E~09 1,79E=09 1.27E-0%
Qi 2.,12FE-nA £.GSE~08 4.52F-08 T 3.P3E-0” ° 2.346F-04 1.507=08 T 4.90F-09 7 2.52E-09" ©1,62F-09 © " 1.1%E-09
WS 2. 08FE-N3 7. 3LFE-04 4 BOF=08 3.10E=0R ?.531K-08 1.,48F-04 4.60F=09 2.19E-09 1.376-09 G, E1E=10
¥l 2,258 -0k 9.14E~0A 5,31F-08 4 ASE-OR 3.32F=04 1.35E-08 3,99E-09 ?.01E-09 1.27£=-09 B.63E-10
WhNw 5,55F =03 1.3%6=-07 9,PPF-08 5,31F=08  4.00C-0NR 2.21E-08 5, 99F~09 2.71F-09 1.3GE-09 1.66E-09
Y C1.)0F=-07 2.23E-07 1.106-07 6.40E~0R 5,22F-08 2.77€-08 7.64F=09 3, 6HE~09 2.04E-09 1,36E-06S
NHW 2.1972-07 2.30E-07 1.12F~07 6.ASFE~-0R . 4.,G0E-0AR 3.66E-0A 9,756 =09 4.2T7E~09 2.46E-09 1,62£~09
IN RUN TYPE- DEPOSITION D/Q H-2 ‘ DISTANCE (METERS) .
DIRFCTICN : _
STCYNR 1609 ‘ 2413 . 6022 . 5A31 72640 12067 26135 T 40228 " 56315 72605
N 2.20F-03 S.56F=-09 1,78F=09 8.52E-10 5,26£-10 2.07E-10 5.52F=11 2.68E-11 1.726-11 1a14E-11
NNF 1. R3F-0R 3.4TE-09 - 1.P4E-09 S.96E~10 3.68F-10 1.,36F-10 3.,50F-11 1.688-11 1,07E-11 - T.l4E-12
NE 1L AGE-AR 2.52R=09 777 B.s4E-10 T4, 02E=10 "7 267810 1.22E-10 " 3+63E-117777 1.63E~11 ceeg,71F-12 7 SaelE-12
FINF 7.17¢-08 1.765-09 5.P7F=10 ?.39E-10 )+ 46F=10 4 TRE=11 1.10F=11 $.,206-12 3.51E~12  2.33E-12
F 1.54F-0R  2.876-09 B.A0F-10 4.n0E-10 2.426-10 - 7.888-11. 1.77F=)1 7.95E-12 §.13F-12 3.6%E-12
£SF 9,337-09 2.86F-09 1.02E~09  4.A5E-1D ?2.,82E-10 0 6hRE~11 - 2+22F=11 "7 1.04E-11 6.80E-12 4,667 =17
13 1,23E-03 3,65F=09 1.31F-N9 6.31E-10 3.60F=-10 127610 2.73¢11 }.21E-11 7.61F-12 5.3zf-12
557 V. 72F-03 4,33F-CY 1.87F=09 7. R1E~10 4,87F~10 1.,63E-10 3.55F-11 1.51E-11 Q,30E~12 6, L3712
S 7.53E-09 2,30E=09  &.67F-10 4.276=10  2.75F-10 9.20E-11 "1.93F=11 .~ &.21E-12 4. 58F-12 3.61E-12
SSw 3.35F-09° 1.637-09 6,23 =10 3.185-10 2.08F-10 6.T74E=11 1o44F=11 6. 7E=12 3.92F-12 2.7ze-12
S 1 ESF =09 ) 5SE~09 b IRE-10 3.22E-10 2.01F-10 6 hAIFE-11 1.36F=11 5.,57E~12 3.39E-12 2.33E-12
WS 2.06E-09 = 1.56E-09 5. a7F-10 3.0GE-10 1.94F=10 6.34E-11 1,336-11 5.516-12 ° 3.61F-12 2.32E-12
" 2.7 =nQ 2.01E-09 7.64F~10  4.01E=10 2.44F=10 7.65F=11 . 1.60F-11  6.51E-12 3,92E-12 2.569E6-12

A g1F=-1n 1.44£-10 3.81F-11 1.5}25-11 3.,55F-12 - S.zeE=1e

Ame o fWoNRT=Y 2
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1609
2.196-04
llgji-nﬁ
R,R4F~-N7
A PSE-NT
1.20E-06
6+97FE~07
1,0GF-06h

1.13F-06"

fe3RE=-NOT
4. 73F~-07
3.40E-07
3 RGE~-N0T
SN4F-n7
6 ANF =07
1.02€-~04
2.276-06

1609
2+ 0%E-0h
1ob&f <Nt
R,32E=-Nn7
S.60C-07
1.1360-9%
h,53F=N7
Vo NPF =04
1. 06505
S .G5F-07
GoHlE~-07
3.19€-07
3.A3E-0T
LLT6R-07
6H.PPF=0T7
QL T4E=-07
2.18F-00

RUN

2413
2.39E-06
6.100-07

4 RRE-OT

1.126-06
T+.96E-07
4L0TE=07
4,81F=07
3043F'07

2.92F~07 .

3.64E-07
40596—07
4.09c-07
6+25E=07
R.50E-07
1.99E-06
2.48E~06

RUMN TYPE=~ X/0 SEC/K3I

/
w022
1-06F'06
4.,91F~07
3.38F=07
G.Q)}F-07
4,82F=07
3.76F~07
2.22F~07
\-70F"07
L bAF=0T
2.01F=07
CJRPE-0T
2.14E=07
3.23F-07
S.93E=-07
SuOF=-07
1.07F-06

5631
7.29€-07
4, 13F-07
304“E‘07
2+Q7E-07
2.70E=07
1.88E-07
1.30E~07
1.02F-07
QwRSE“OR
1+35E~07
2077&‘07
1.706£~07
H.76E-07
3'645—07
S.S2E~07
6v42E”07

TYPE- OEPLETED Xx/0 SEC/M3

26413
2.30E~06
S.&2F-07
4e(G2E-07
1.0AF~06
7.55£-07
3.81F=-017
4.528-07
3-276-07
2e18E-07
3.53E-07
G4.62€-07
3.90{‘07
5.S6E-07

ReOhAE=GT

1.92E8-06
2.60E-00

4022
1.02F-06
4,71F=07
3.?0F~07
4, AAF=0T
4,376-07
?'Q65‘07
2.NARF=0T
1.60?'07
1,33F=-07
1,926-07
2.71F=07
2.03E=07
3.137=07

S.RLFE-0T .

S GGRE=07
1.06F-06

TYRE~ DEPOSITION, D/O

2413
ﬁv27ﬁ‘09
R23F-09
3.50F~-0%
2.90¢-09
3+ 11E-09
3.008-09
4,207 -09
Lo 24E-0%

2.626=-09

2.218-09
2.36£-09
2.23€-09
?.60F-09

L T I A, Ve }

J

L(p2?
2.?AF~09

1,53F-09

G.93F~-10

TeC1F=10

9.1&7—10
9.35F-10
143AF=09
l.245-08

T T ERF=10

65T -10
T+P0F=10

. 6 62F-10

7.835=-10

1 AcCoNnO

5631
T.01E-07
3.R9E-07
30?RE‘07
2.,22(-07
24307
l-ﬁéE”07
1.,726~07
Q'QBE-OR
R.74E-08
1.79€-07
2.19F-07
1,A2E~07
6.326-07
J.67E-07
S.28F-G7
6.230-07

M-2

s631

1.06E-09
7v]7E”10
4,QRE-10
3.R5E-10
HoAGE=1G
4,82E-1n
5,256~-10
Svﬁﬁﬁ‘ln
3.54F=-10
J.0n4E-10
3.34E-10
J.0ee~10
thSE"ln

4 00QF-1n

VF

ACTOR BUTLDING

DISTANCE (METERS)

7240
9.00F~-07
© 3.6TF=07
‘2.56E-07
2.15F~07
1.R5€-07
1.26F=07
903]F“OQ
7.59E=03
9.40E=08
1.79F=07
1.78F~07
1.64F=07
4 B5E-07
3.43E=07
5,14F~07
4,67F-07

7240
T52F=07
3.51F-07
?OQSF’07
2002F‘07
1.65F-07
1.13¢-07
HeBHE-05
T.026=-02
A.827-08
W 71E~-07

’ \v?lf’07

1.57F-07
L hQF-07
3.20F-07
4o SLE=-NT
L, 4SE-07

12067

" 3.87E=07

2.79E=-07
2,09€F-07
1v196‘07
7+8lE-03
6.20E~0R
6+53E-03
6+29F~0R
S+B4E-03
1e42E~07
EVQQE-07
3'205'07

2.236=-07

2.25E-07
2,54E-07

3.49E-07

 DISTANCE ({METERS)

12067
2.64E-07
leGE"07
1.32€-07
9.,64E~-0R
6y 35E-08
L G9E=-03
S.IGE-OB
5.04E-03
S'GSE"OR
1.07€--07

" R2.01E-07

2.62E-07
1.91e~-07
148E~07
1.63E=-07
2.10E~07

DISTANCE (HETEQS)J/

7240
1.11F-09
4 RO6F-19

TRL1SF=10"

?'515‘10
?DQGF‘lO
"2.REF-10
3.12F-10
3.428-10
T 2U1EE-10
1.89F=10
2,02E-10
1.84F~10

3.436-10
ARTF-1N

12067
4,54F-10

2.75E-10
1073E~]U

1.15€-10
1.148-10
1.126-10
1.556=10
1.636=10

111E=10 "

1.43E-10

1.706-10.

1.45F-10
1.53€-140
1,82F~-10

24135
1s14F=-07
8~36F'08
6.23F-06
3.70F=08
2.39F-08

1.A5F~08

"1.96F+n8

1.91F~08
1,81F=-n8
4.27F=08
TEDE-08
1.,08F=07

"L b6.TRE~NB

7.45F-08
1'025“07

24115
6.62F-08
4.97F-n8
3.34F~na
2.54F-n8
1.69F=-08
}J18F~n8
1.3S7-08
1.33F=-08
1.38F-08
2.78F=08
S 4BF-03
7.22r-08
5,43F~nA
3.70F-08
4.08F=08

5.126-08

54135 "

9.R2F-11
6.01F=11

TA.67F-))

Se79F-11
2.776-11
20“4F°)1
3'6“F']l
3084F"1

Z2.95F=11

J.abF=11
4,.52F=11
3.70F-11
4.,18F~11
A.B4F=11

"7.23F=n8 7

page L or «

SFASON-GRAZING  REQ-DX-3 3YR ‘pu

40229
5,736-08
4.,23E~03
3,13E-08
1.91€-08
1.,23£~08
9.36E~09
1.,00E-08
9-7QE’09
9.42E-09
2,17E-08
4,05E-08
50“66”08
3,83E-08
3,40E~08
3073[“08
S.10E-N3

40225

2.80F-08

2.12E-08

"1.41E-08

1.10E-08
7.34E-00
4,93E-09
5.82E-0%
SOR}E“OQ
6.21E~09
1,19E~08

'Z-QOE“OB

3.,17¢-08
2.43€-08
1.56F=-08
1.71£-08
2.155-08

T 40228

3463E-11
2.272E-11

“1.3738-11

1.05€-11

'I.OQE'IL
" 9,06E-12

103RE‘1]

T1LGEE-1L
YL IAE-YL T

1.30E-11
1.71€-11
1.396-11
1,5%€-11
1.42E-11

56315
3.78E-08
2.81E~-08
2.08E-08
1.27F=-08
80175‘09
6.,18F-06
6.59F~09
6,646E~-09
6.,25F~09
1.44E-08
2.71E-08
3.57€-08
2.57€-08
2'255“08
2v“6€’08
3.36F~08

56315
1.61E£~-08
1.226~0R
8,14E-CO%
6.390-09
4.23F-09
2.843E-09
3,34E-09
3,34E-09
3964E‘09
6v56F'09
1.3%9E~04A
1 84E~-08
IQQZE'OB
a.996~09%9
9.7832-09

I.ZQE-OS

T 56315

1.84F-11
1.,13F~11

e.77E=12 7

S.hut~12
5.%6F“12

ChLeRF-12
7.216-12

T.65F=-12

6.2 0F-12

Ge.58E-12
8.85F-12

7;1QF‘12>

8,33F~12
7.136-12

>

72405

2.78F-03
2007E'08
la535-08
QOQQE’OQ
6.,03E-C9
4.53e~09

4,83E-09
ke735-09
4,591-09
1.05£-083
2,01E-08
2.74£-08
1.92E-04
1.65E-08
1.,30E-08
2.647E-08

72405
1.062-08
8.03E-09
Sv39E‘09
b4e24E-09
2,808-09
1.846E-09°
2.297-06
2.15£~-09%
ZQQSE'OQ
4,54E=09
9.232-09
1.23E'08
9.652-09
5.93E-09

con

Eabbg~0Y9

Bo15E-06

72405
11145'{1
6.975~12

Go10E-12 0

3.328~12

3.36F-12

2.5%8=12

GLhhE~12
Gy71m-12
3.326-12
4.07c-12
5,326-12
Gaa0E-1e
5.00E-12
b,45E~12



e e sane Arnold.. . ... . Atmospheric Dispersion Fac s for Reactor Bldg Vent.. "~ A ST . ywaple 3-9 Ccoa?)

mu‘mc DISPERSION FACTORS FOK-DUAME ARNOLD V‘ACTOR BUTLOING SFASON=ANNUAL REQ-DX-4 3YR SPLT
I TORUN TYPR- X/0 SFC/M3 ' _ DISTAN METERS) :

DIRECTION

CSECTOR . 1609 2413 6022 S631 7240 12067 264135 40229 $6318 724905
N 1. 74F~04 2.12F-06 S 19F=07 6+208~07 7e44F=07  3.17F-n7 0.,29F-08 4,66F~08 3.076-08 2.25€-08
i;ﬁ 1.)6F-06 5.33F-017 4,)12F=07 3.41E-07 3.00F~07 | 2.21€-07 6.620-08 3,34E-08 2 21F=0A: 1.63F-08
S 74 R4E-NT 4e59F-07 3.06F=07 3.02E-07 | R.25F-07 1. 7SE-07 5.226-00 2.62E-08 1. 74E-03 1.236-08
R Re4LE-NT 1.02E-06 4,17F-07 2.465E=07 1.736=07 ~ B.,95E-08 2.73F-08 1 +40E~08 9.,2BE-09 6,83E-09
£ 1.28E~04 BVT7TE-07 &, afRF=07 2.676-01 1+RIF=07 7.42E-04 2.23F~08 1. 16E~08 7.54E-09  S5.56£-00
FSE 9,76E£-07 5. 60F=07 3,80E-07  2,10£-07 1e61F=07 6+18E-08 . 1.,R0F=-n& 8.9RE~09 S.B7E-09 4,27€-09
SE. 1. P7E-06 7,06F-07 3.0RE-07 1e74E~07  1.21E-07 7.09€-0R 2.06F-08  1.03E-08 6,73E-09 4 R7E-09
SSF 1.40F~06 4,84E~07 2.21F=07 1.248F~07 9.276-08 6.,31F-08 1.84F-08 9,27€~-09 ~ 06.04F=09 4,37E~09
I 7.476~01 3 80E=-07 1.ROF~07  1410E-07 1.066-07 5,.636-0A 1.6R8F=-08  8.57€-09 S.61F-09 4,03E-09
5SSy S 08E-07 3.4S5F-07 1.G8F=07 1.26F~07 1.49F-07  1,09€-07 3,23F-08 1.63E-08 1.CBE-0R T.91E-65
Sw 4 0SE~NT 5.07¢-07 2+72F=~07 ° 1.,98E-07 1 .4RE-07 1.69E-07 S.21F-08 2.68E~08 1, 7RE=-0R 1.32F-03
WSy 3.40E-07 4, uT7E~07 2.11F-07 1.51E-07 1.326-07 2,064E=07 6.40F-08 3,31E-08 2.,21E-0R 1.64E~08
K 4.75E-07 6VITE=07 2.QAE=07 46TF-07 3.296-07 1. 46E-07 4,62F-08  2.42FE-08 1,02E-08  1.20E-08
Wi TLLEF =0T 8.SBE-07 5,10F-07 2.985-07 2.60F=07 1.58E=07 . G4.h1E=-nB 2.30E~08 1,51E~03 1.106-08
N Q. S4E~N7 1.626-06 1 PRE~NT 4,16E=07 3.726~07 V. 77€=07 5.,16E~08 2.57E-08 1.65E-08 1.23E-08
NN  1.77E=06 2.24E~06 9. 4LF=-0T S 49E-07 3.928-07 2.68E-0n7 7.77F-08 3.87E-08 2.54E-08 1.36E~08
TN L RUN TYPE~ DEPLETEN X/0 SEC/M3 DISTANCE (METERS)
YIEFCTTON : : T R S )
SFCTNR 1609 26413 4022 8631 7240 12067 24138 40225 56315 72405
N  1.A2E-05 2.04E-06 B BPE-07  5.93F=07 " 6.157-07 2.13E-07 5.33F-08 2.25E-08 1.297-08 8.43E-09
NNE 1.0RE-06 S.08E-07 3.63F-07 3.276~07 2.86F=07 . 1.52E-07 3.88F-08 1,65E-08 9.45F=-09 6.27E-09
NE 7.348E-17 4.36F-07 oL 2.90E~07 2.164F-07 1.106=07 2.,76E-08 - 1,16E~08 6.716€~09 4,46E-09
FNE S,126-07 9. 3AE=07 s aEenT 2.P9E=07 1.60F-07 EeQHFE=NA 1 +A3F-08 7,97FE~09 4 5KE-09 3.02E-09
£ 1.20F=06 - A.26E-07 4,437 =07 2.356-07  1.57F=07 S.E7E~08 1.54F~08 ~ 6.64F~09 3.81F-09 2.51E-09
FSE §.03F-07 S.22F-07 3.40F=07 1 RIF-07 1.159F-07 4.?3E-0A 1.05F =08 4,43E~09 = 2.52F-09 1.65E€-09
NG 1.,175-06 . E.60F=-07 2 ERF-07 1eAE~OT 1.118-07 $,3BE~08 1.35F=n8 S.776~09 3,286-09 2.13£-99
SS7 1. 73F-05% 4.51E-07 2.04F~07 1.176~07 R.36F=08 . 4,78E-08  1.22F-08 S.21E=09 2.96F-03 1.937-09
S 4,REE-NT 3.59F-07 1+ARE=07 1.026-07 9.50F~08 4 69E-05 1.24F=06 S.44C=-09 . 3,15F-09 2,08E-06G
§Suw 4, ASFE-0T 3.76E-07 1.87F=07 1.19F=07 1.41F~07 8.09E-08 2,07F-08 6.85F-09 5. UBE=09 3.3%E-06
S 3,77E-07 4.83F-07 ' 2.87E-07 Y.86FE-07 1.39FE-07 1e36E=07 . 3.60F-n8 7 1,578-08 7 9.07E-09 6,01E-09
WS 3.16F-07 4, 264E-07 1,07F-07 1.406-07 1e23E-07 . 1.60E-07 4,36E~0A 1.89E~08 1.10E-03 7.31E-09
W 4,638-07 S.a5E=07 2.7RF-07 4,276-07 2.535-07 1+22E-07 3.40F-n8 1.51E~08 B.TRE~00 5,A4E-C9
WNY . AJRSE-NT . 04E=-Q7 4.73F=07 2.75F-07 ?36F~07 1.01F-07 2.495-08 1.04E-08 5.97E-09 3,91£-09
N #,849E6-07 1.5466-06 £,83F-07 3.91E-07 3.23F-07 1.13E6-07 2.76F-n6 1,176-08  6.,67F~09 4,37E-09
MW 1 6TE~06 2 16F-04 S.01E-07 . $.29€~07 3,75F-07 1.60E-07 3.A8F-08 1.62E~08 9.30£-09 6.10E=-0%
HS RUN TYPE=- DEPOSITINM D/Q M=2 . DISTANCE (METERS)
YIFECTION :
SECTNR 16009 . 26417 G052 8631 7240 12067 24135 4022% 56315 72455
N £, 05F~013 7.SNE=-09 ?.03F-09 9.87F-10 9.99F=10 4,05F-10 . B8.71F-)1 3.22E-11 1.64F-11 1.C1E=11
NNF 4.SPE-0A 4e30F=08 1. 27F=09 6.00FE~10 4, 12E-10 2.32F-10 S.04F-1) 1e88E-11 9. 4TE~12 S.24F-12
ME 3.N0F =04 3.11F-09 R.RAR=10 ~ 6.S2F-10 2.89F-10 1.60E=10 3¢33F=11 7 . 1.23E-11 6.22E~1z - 3.866F-12
FNF ?.15F-n8 2.558-09 7.09%=10 - 3.51E-10 2.30E-10 1.06E=10 ~ 2.53F-11 9,51E~12 4a928-12 3.01F-12
7 6, E1F =08 3.43E-09 1.0AF-09 5.24F~10 3. 3RE-10 1.306=10 3.11F-11 1.176-11 6,087 -12 3,72E-12
F&F 1.67E-0R 4y 1HE-09 1.35F-09 6.55E-10 4,13F-10 1.626-10 3.46F=11 - 1.26F-11 6.52F-12 4,03E-12
SE 4,75E-04 570609 1.8RF=09 7.13E-10 G 26F-1D 2,136-10 L,91F=11) 184E-11 9.57F-12 5,338F-12
<37 G.37E-08 5.93E-09 1.756-09 A.06E=10 4. 85F=10 2.20E-10 5,01F-11 1. A9E-11 9 u4E-12 6.06E-12
S 2.01F-0R 3.6405-09 1., 01F=~09 Go6SE-1N T 2.85F-10 1.38E-10 3.53F-11 }o30E=-11 7.26E-12 Lo41E-12
SSw 1.76E-04 P HYF=0Y9 H.03F-10 3.736~1n 2.295-10 1 43E-10 3.36F~11 1.256-11 6.,45F-12 3,96E=12
S 1.578-0R 3.22F~09Y 9. ARF-10 4,50E-10 2.76F=10 "1.63E-10 4, 04F~11 14526-11 Tv8AF-12 G, 77812
WS 1.34F-04 2.735-09 B.16F-10 ~ 3.7BE-1D 2.27E-10 1.31E-10°  3.14F=11 1,1RE-11 6,076-12 3.698-12
W 1.71E-0A 3.07E-09 8.43F=10 S.10E=-10 3.676-10 1e46E=10 3.55F~11 1e3SE~11 7.03F-12 G,22E-12
i >.7A7 0k 4.78F=09 1.40F=09 6.32€=1n 4.31F=-10 .« 1.83€-10 4.03F-11 1.68E~-11 7.53E=12 ° &4.67E-12



Table 3-10

Determination of Meteorological Parameters
for All Food Pathways (Grazing Season Values)

. page 1 of 3

Sector ‘ Stack Vent

Direction Distance Fraction X/Q Specific Deposition X/Q Spacific Depositio
sec/m 1/m? sec/m3 1/m2
N 1-5 0.01 1.65E-07 2.07E-09 1.06E-06 2.24E-09
5-10 0.03 6.25E-08 2.39E-10 3.87E-07 4,.54E-10
10-20 0.12 2.01E-08 6.47E-~11 1.14E-07 9.82E-11
20-30 0.20 1.08E-08 3.19E-11 5.73E-08 3.63E-11
30-40 0.28 7.19E-09 2.06E-11 3.78E-08 1.84E-11
40-50 0.36 5.30E-09 1.37E~11 2.78E-08 1.14E-11
Total 1.20E-08 5.27E-11 6.79E-08 6.43E-11
NNE . 1-5 0.01 9.47E-08 1.57E-09 4.91E-07 1.53E-09
5-10 0.03 - 4.15E-08 1.68E-10 2.79E-07 2.75E-10
10-20 0.12 1.35E-08 4_32E-11 8.36E-08 6.01E-11
20-30 0.20 7.23E-09 2.08E-11 4,23E-08 2.22E-11
30-40 0.28 4. 84E-09 1.33E-11 2.81E-08 1.13E-11
40-50 0.36 3.58E-09 8.88E-12 2.07E-08 6.97E-12
Total 7.90E-09 3.70E-11 4,.71E-08 4,.09E-11
MNE 1-5 0.01 6.75E-08 1.03E-09 3.35E-07 9.93E-10
5-10 0.03 3.26E-08 1.38E-10 2.09E-07 1.73E-10
10-20 0.12 .1.04E-08 4.02E-11 6.23E-08 3.62E-11
20-30 0.20 5.48E-09 1.72E-11 3.13E-08 1.33E-11
30-40 0.28 3.66E-09 9.89E-12 2.08E-08 6.77E-12
‘ 4050 0.36 2.70E-09 6.19E-12 1.53E-08 4.19E-12
Total 5.99E-09 2.77E~11 3.47E-08 2.55E-11
ENE 1-5 0.01 7.15E-08 6.07E-10 4.91E-07 7.91E-10
5-10 0.03 2.07E-08 5.55E-11 1.19E-07 1.15E-10
10-20 0.02 7.32E-09 1.28E-11 3.70E-08 2.79E-11
20-30 0.20 4,.15E-09 6.06E-12 1.91E-08 1.05E-11
30-40 0.28 2.84E-09 4.05E-12 1.27E-08 5.44E-12
40-50 0.36 2.13E-09 2.50E-12 9.44E-09 3.32E-12
Total 4.61E-09 1.27E-11 2.37E-08 1.95E-11
E 1-5 0.01 9.06E-08 8.41E-10 4.82E-07 9.34E-10
5-10 0.03 2.08E-08 7.60E-11 7.81E-08 1.14E-10
10-20 0.12 7-33E-09 1.74E-11 2.39E-08 2.77E-11
20-30 0.20 4.16E-09 7.87E-12 1.23E-08 1.05E-11
30-40 0.28 2.85E-09 5.04E-12 8.17E-09 5.46E-12
40-50 0.36 3.14E-09 3.55E-12 6.03E-09 3.34E-12
4,.81E-09 1.70E-11 2.09E-11

Total

1.69E-08
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Table 3-10

1

Determination of leteorological Parameters
for All Food Pathways (Grazing Season Values)

. page 2 of 3

Sector B Stack Vent

V-

Direction Distance Fraction X/Q Specific Deposition X/Q Specific Depositi
sec/m 1/m2 sec/m3 1/m2
ESE 1-5 0.01 7.02E-08 7.08E-10 3.29E-07 9.35E-10
5-10 0.03 2.32E-08 6.52E-11 6.20E-08 1.12E-10
10-20 0.12 8.46E-09 1.53E-11 1.85E-08 2.44E-11
20-30 0.20 4. 86E-09 7.24E-12 9.36E-09 9.04E-12
30-40 0.28 3.34E-09 4_74E-12 6.18E-09 4L.62E-12
40-50 0.36 2.52E-09 3.26E-12 4.53E-09 2.85E-12
Total 5.23E-09 1.48E-11 1.26E-08 1.98E-11
SE 1-5 6.01 5.80E-08 1.02E-09 2.22E-07 1.16E-09
5-10 0.03. - 2.51E-08 9.74E-11 6.53E-08 1.55E-10
10-20 0.12 8.93E-09 2.21E-11. 1.96E-08 3.64E-11
20-30 0.20 5.10E-09 *9.93E-12 1.00E-08 1.38E-11
30-40 0.28 3.49E-09 6.35E-12 6.59E-09 7.21E-12
40-50 0.36 2.62E-09 4.47E-12 4.83E-09 4L.LLE-12
Total . 5.43E-09 2.11E-11 1.21E-08 2.70E-11
SSE 1-5 0.01 5.06E-08 1.20E-09 1.70E-07 1.24E-09
' 5-10 0.03 2.76E-08 1.20E-10 6.29E-08 1.63E-10
10-20 0.12 1.00E-08 2.71E-11 1.91E-08 3.84E-11
© 20-30 0.20 5.83E-09 1.21E-11 9.79E-09 L.46E-11
‘ 30-40 0.28 4.02E-09 7.64E-12 6.46E-09 7.65E-12
40-50 0.36 3.03E-09 5.38E-12 4.73E-09 4.71E-12
Total 5.92E-09 2.53E-11 1.13E-08 2.87E-11
S 1-5 0.01 3.78E-08 7.34E-10 1.46E-07 7.68E-10
5-10 0.03 1.94E-08 7.67E-11 5.84E-08 1.11E-10
10-20 0.12 7.14E-09 1.72E-~11 1.81E-08 2.98E-11
- 20-30 0.20 4.19E-09 7.40E-12 9.42E-09 . 1.16E-11
30-40 0.28 2.90E-09 4.50E-12 6.25E-09 6.26E-12
40-50 0.36 2.19E-09 3.19E-12 4.59E-09 3.82E-12
Total - 4. 26E-09 1.56E-11 1.07E-08 2.00E-11
SSW 1-5 0.01 3.58E-08 4.89E-10 2.01E-07 6.57E-10
5-10 0.03 2.15E-08 5.24E-11 1.42E-07 1.43E-10
10-20 0.02 7.30E-09 1.17E-11 4,27E-08 3.46E-11
20-30 0.20 4.03E-09 5.40E-12 2.17E-08 1.30E-11
30-40 0.28 2.73E-09 3.65E-12 1.44E-08 6.68E-12
40-50 0.36 2.03E-09 2.63E-12 1.06E-08 4.07E-12
Total 4_18E-09 2.36E-08 2.09E-11

1.09E-11
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¢ Determination of Meteorological Paramsters
for All Food Pathways (Crazing Season Values)

‘ page 3 of 3

Sector Stack Vent

Direction Distance Fraction X/Q Specific Deposition . X/Q Specific Depositic
sec/m 1/m2 sec/m3 1/m?
SW 1-5 0.01 4.14E-08 4.79E-10 2.82E-07 7.20E-10
5-10 0.03 2.07E-08 5.12E-11 2.49E-07 1.70E-10
10-20 0.12 7.11E-09 1.09E-11 7.80E-08 4, 52E-11
20-30 0.20 3.97E-09 4.65E-12 4.05E-08 1.71E-11
30-40 0.25 2.69E-09 - 3.02E-12 2.71E-08 8.85E-12
40-50 0.36 2.00E-09 2.18E-12 2.01E-08 5.32E-12
Total 4. 16E-09 1.02E-11 4. 26E-08 2.55E-11
WSW 1-5 0.01 4. 24E-08 4,53E-10 2.14E-07 6.62E-10
5-10 0.03 - 2.09E-08 4,.81E-11 3.29E-07 1.45E-10
10-20 0.12 7.01E-09 1.06E-1L 1.05E-07 3.70E-11
20-30 0.20 3.85E-09 4.81E-12 5.46E-08 1.39E-11
30-40 0.28 2.60E-09 3.24E-12 3.67E-08 7.19E-12
40-50 0.36 1.92E-09 2.31E-12 2.74E-08 4,34E-12
Total 4.08E-09 9.96E-12 5.57E-08 2.18E-11
W 1-5 0.01 4.53E-08 5.57E-10 3.28E-07 7.53E-10
5-10 0.03 1.48E-08 5.68E-1L 2.23E-07 1.53E-10
10-20 0.12 4.78E-09 1.22E-11 7.23E-08 4.18E-11
20-30 0.20 2.58E-09 5.17E-12 3.83E-08 1.59E-11
‘ 30-40 0.28 1.72E-09 3.26E-12 2.57E-08 8.33E-12
40-50 0.36 1.26E-09 2.31E-12 1.92E-08 5.00E-12
Total 2.92E-09 1.15E-11 4.04E-08 2.4LE-11
WNW 1-5 0.01 8.78E-08 8.46E-10 5.93E-07 1.06E-09
5-10 0.03 3.00E-08 1.23E-10 2.29E-07 1.82E-10
10-20 0.12 9.51E-09 3.62E-11 6.78E-08 3.84E-11
20-30 0.20 5.02E-09 1.49E-11 3.40E-08 1.42E-11
30-40 0.28 3.34E-09 8.37E-12 2.25E-08 7.18E-12
40-50 0.36 2.45E-09 -5.12E-12 1.65E-08 4, 45E-12
Total : 5.74E-09 2.37E-11 4.00E-08 2.71E-11
NW 1-5 0.01 1.28E-07 1.11E-09 9.40E-07 1.15E-09
5-10 0.03 3.93E-08 1.70E-10 2.54E-07 2.30E-10
10-20 0.12 1.23E-08 5.17E-11 7.45E-08 4.84E-11
20-30 0.20 6.46E-09 2.16E-11 3.73E-08 1.78E-11
30-40 0.28 4, 28E-09 1.23E-11 2.46E-08 9.05E-12
40-50 0.36 3.14E-09 7.50E-12 1.80E-08 . 5.60E-12
Total - 7.56E-09 3.29E-11 4.68E-08 3.23E-11
NNW 1-5 0.01 1.31E-07 1.17E-09 1.07E-06 1.48E-09
5-10 0.03 5.72E-08 2.44E-10 3.49E-07 3.37E-10
10-20 0.12 1.78E-08 7.64E-11 1.02E-07 6.95E-11
20-30 0.20 9.25E-09 3.01E-11 5.10E-08 2.55E-11
30-40 0.28 6.14E-09 1.62E-11 3.36E-08 1.30E-11
40-50 0.36 4.52E-09 9.75E-12 2.47E-08 8.04E-12
‘ Total 1.04E-08 4.23E-11 6.19E-08 4.49E-11
Overall Total 5.94E-09 2.28E-11 3.43E-08 2.90E-11



. Duane Arnold _ May, 1976

Table 3-11 page 1 of &4
1980 Population

MILES FROM PLANT SITE

DIRECTION  0-1 1-27.. 2=3 .. . 3-4 . -4-5 5-10

N o s 38 6l 55 2017

NNE 0 | 17 33 49 Y 326

NE 0 17 33 44 44 317

ENE 0 17 38 55 55 734

E 0 22 72 - 4a 73 492

ESE 0 17 . 30 61 100 11077

. SE .. 0 55 76 85 126 | 4389
 SSE o 28 14 30 102 33118

s o 22 22 38 18 1681

SsW 0 11 268 204 22 1015

SW 3 11 22 28 28 343

WSwW s 16 16 22 105 317

W 3 22 33 27 386 524

WNW 1 22 22 28 A5 317

NW 5 -6 38 28 23 327

NNW 2 0 - 1 22 28 763
TOTALS 18 285 858 846 1253 97485

. CUMULATIVE 18 303 1161 2007 3260 100749

TOTALS



. Duane Arnold

‘ . May, 1976
. 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 le26 . 2438 7050 6454 18037
NE 1856 1803 4375 7613 16104
ENE 3510 2257 | 6s22 7929 21418
E | 3320 6338 3469  as19 18323
ESE lsgo1 3115 8026 4870 43097

. s 49755 7113 13602 7599 122308
ssE 19340 3563 47239 5475 109009
s 2495 3605 4451 5729 18061
ssW 1223 2509 5046 4398 14700
sw 1528 3259 3090 3068 11380
wew 1205 4060 - 2523 5900 14169
W 882 2064 1957 5724 11641
N 5417 2002 5244 -'14274_ a7
NW 1944 3804 26935 91937 125045
NNW 1670 7390 3902 13982 27980
TOTALS 112971 58392 145783 201882 619778

CUMULATIVE . 213720 272113 417896 619778 619778
TOTALS ' ’ ’




{'II’ TOTALS

. Duane Arnold May,
. 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 o 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 -7 105 65 135 | 880
ESE 0 25 80 160 265 | 32500
. SE 0 g0 200 250 300 | 77605
: _ SSE o 40 255 80 300 | 69600
S O 30 30 55 30 6500
" ssw 0 15 400 295 30 1465
SW 5 15 30 40 40 480
HSW 5 20 20 30 180 450
W 5 30 50 80 650 735
WNW 5 30 30 40 90 450
N 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

1976



Duane Arnold

Table 311 (cont)

May, 1976

TOTALS

page 4 of 4
MILES FROM PLANT SITE

DIRECTION  10-20 20-30 30-40 40-50 TOTALS
N 1536 6464 4740 9280 24875
NNE 2562 4437 6048 9119 22826
NE 3588 2410 7355 8958 22956
ENE 6356 4214 7071 8179 27100
E 9124 6018 6788 7200 30545
ESE 39905 6599 20352 7402 107290

' SE 70686 7180 33916 7408 197625
SSE 37721 6549 24759 7027 146331
s 2756 5918 15603 6646 395638
_séw  3243 5103 9593 1947 25091
SW 1730 4288 3584 3248 13460
WSW 2363 3328 3205 4803 14204
W 2996 2368 2826 6358 16098
WNW 2512 2791 13670 49028 68646
Ny 2028 3214 24514 91698 122052
NNW 1782 4839 14627 50489 732?7 
TOTALS , 192888 75720 198651 281992 952106
CUMULA- 395743 471463 670114 952106 952106
TIVE




Duane Arnold May, 1976

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 3.1E+07
Ii/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/m3 5.94E-09
‘ - di 1/m?2 , 2.28E-11
Vent X/Q sec/m3 : 3.43E-08
di 1/m?2 , 2.90E-11

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.
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TABLE 3-13

page 1 of 5

MAXIMUM INDIVIOUAL DCSES FRONM EXPOSURE TO CASEQUS RELEASETS (MREM)

PATHRAY/ZAGE Group

AOULTS

HOALE GAS IMMEXSIOH (GAMMA)
NC3LE CAS IMmE2SION (23ITA)

GROUND PLANE DEPOSITION

INHALATION <

STORZO FRUITS &Wd VEGETABLES

FRESH FRUITS £W) VEGETASLES
TOTAL ADQULTS

TEENL
NOSLE GAS

= Ry
MMERSION (GAMMA)

>0

NCAILE CAS [MMERSLON (SETA)
GROUND PLANE

GEPOSITION
THHALATION . : .
STORED FRUITS AND VEGETARLES
FrRISH FRULTS Aty Ve GETAGLES
TOTAL TEZENAGIRY :

CHILGRED N
MOSLE GAS IHMMETSION
MO3ILE GAS IMHMESSION
Gr.ousin PLANE
INHALATION
STARED F2UITS
FreaSH F2uiTe

TOTAL

(RZTA)
ORPOSITIUN

AdD VEGETASLES
AMD VEGETABLES
CHILLREN

INFLNTS

MOBLT GAS LHMEISI0N (GAMHA)

NOSLE GAS IMMERSION (85ZTA)
GIEIUND PLANE BIPOSITION

INHALATTION
TOTAL INFANTS

BONE

1.845+00
0.

LeG7E-01
1.04E~-02
20495"01
50536“02
2eH0E+DD

1.84E4+00
0.

Lelb7E-01
He95E~03
2.81E-01
4e20E-02
2062E+00

1.34E+079
0«

“0“75'01
7.30E-03
He70E-01

S.0LE+00~

1.864E+400
0
“a“?E-Ul

Qu41E-03

2.305#00

BASE CASE ==

LIVER

1484E+00
U.

QO47E'01
2+23FE-02
B 47E=-02
Cel42E~32
2e42E+00

1+84E+0D
G,

Loh7E-01
1.68E~02
1.33E-01
2.09E~-02
2+46E+00

1«834E+00
139
QOQ7E‘01
1.25E-52
Cebh7r~01
2«81F=~02
20[37E+DOV

1434E+00
0.

G.67E=01
1.51E-(2
2+30E£+20

RESINENCE

THYROID

1+34E+03
O.

hoL7E-01
1+13c+00
.02“5”01
L,24E+00

{7.88E+00

1.84E+n9
g.

Lolk7E~01
9.72E-01
30186'01
J.27E400D
Gou5E+00

1.84E+G0
0.

40475‘51
1.3568+00
o5 E-01
4.92E+0)

1

Ge20E+00 >

1.364E409
0.

1}9475-01.
2432¢+03
Qc61E+OQ

609 MEIFRS NNW

KIGKLY

1.84F+50
3.
Lob7E=-01
1.69E=02
hyG1E=02
2.88E~02

2.38E+00

1.848+0¢
0.

Gboel7E-31
1.18E-02
Ce47E-D2
1.8¢-02
C'37E+UG

1.5“E+DO
00

Lelt7E«01
B+25E-33
t.51E~-02
1017E'02
2e3GE+G0

184E+ (D
0.

QDQ7E-01
ol 0E-0Z
2«2CE+00

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
8as immersion gamma and total doses for cach organ by O. 2%l

mrem/year.

LUNG

1+384F+00

0.

L.L7E-Q1
1.50€-02
3.04E-(2
3.77E-03
2e34E+00

1.84E+00
U

Li‘o‘f?E-Oi
1+42E~02
de10E=-02
Se44E-03
2.33€+4030

1.34E+00
00

L L7E-CYL
1.31E=-Q0?
1007?’01
5 35E~023
2415400

1.84E+00
C.

Leli7E=-Q1
1.97E=-02

2.31E+00

GI-LLI

1.84F+00
g,

40“7&’01
Leb67E~03
1el3E-01
3003E“02
2+.46E+60

1.84E+0C
O

Lebz7E-C1
3.0hE~03
1.32F~01
2.0C0E=-02
2.48E4+G0

1.84E+00
a.
Ho7E=-01
2+39E-03
2+1%c+-01
1.58E=02
2eH2E+007

18345 +50
J.

G4eG7E-01
2.2hE=-C3
2.29E+A00

SKIN

2e14E+GC0
1.30E+00
5:16E‘01
Co
0.
Go
3.96F+0C

2.1LE+0D
1+3CE+0N
5.16E£-01
C.
Co
00
34965+00

2.1L§F+OC’
1.3CE+00
5.16E-01
0.
Ge
0.
3.G6E+00

2+14E+00
1.,30E+00
S5.16F~01
0.

3+GHEFID

Gil'b/?&

TOTAL BOCY

1.8L5+00
C.

Le47E-01
1.04F=02
7.43E=02
1071E’D?
2+.3¢SE+00

1.84E400
0.
L}.-’{»?E"Oi
7.51E-03
~8.83E-02
1.31{E-02
2JLUREFDRD

1.8LE+00
0.

Lo47F=01
Fo22E-N3
1.45E=01
1.82€=02
SVUBE+D O

1.842+400
0.

Lo7E-01
FeB2E-NS
2.28F+00



DUANT

"E—

ARIIOL D

PATHWAY/ZAGE GEOUP

ADULTS

MORLE Gag
NOSLE GAS

CROUND P
LHHALATION

STORED FRUTTs
FRISH F2UITS
MCAT (CONT&HIHATED F0

BEZAT
Cows
COWS

TEINLEGE &S :
GAS THMMFE 51O (GAMMA)
IMHECSION
GEUGURND PLayE UEPOSIT
TRHALATION

STORED FayrTe AN
FRISH FRULTS A VIGETABLES
(COMTAMINATED FOrRAGE)

(CONTAMINATED FTED)
SILE (CONTAMIN FORKGE)
{CONTAMTY

MO =
AL e

MEAT
HEAT
cous

COWS mMiLK

GAR

I eesT oM
LERSTON

(GAMMA)

MAXIHUM INDIVIDUAL DOSES FRoM

(2Ta)

LiE LoPOSTITIGH

FAGE)
(CO@TA%INQrED Fze9)
AILK-(COHTAHIH FORAGE)
MILK

(CONTAMIN FEEQ)
TOTAL 424LTS

TOTAL TZCNAGERS

Douses above

of the finit

are based upon semi-infin
e plume model for the s

gas immersion ga

(R2TA)
10N

FEZD)

ma and total

AND VEGFTRALES
AND VEGTTARLES

VEGETARL S

BONE

La03E~-0N1
0.

1e47FE=-01
2+89E-03
BeB85E=-0p
l1e608-02
6o80E-03
6e228-073
6.70E-01

Le03E-01
s

1078E"03
B.75E=112
3.70E-03
1.586~-03
1.10E-063
1.536«02

BASE (CASE

1.475-01

LIVER

4403E-01
U. ’

1.470-01
6.04E-03
2.05F=02
5.40E-03
1.548=03
l.10F=02
feR3E~03
6+00F-01

L.03E~-01
10“75"01
Lob47E-03
3'22E"02
GeBS5E~03
1'61E"03
1edRE=Q2
£+19E~01

=~ RISINDEHCE

TABLE 3-13

SXPQOSURE

THYROI{

YedZ2E-C1
0.

1e67E-01
2.278-01
Lﬁogbf"g?
3.37E-01
5.370=-02
1.50E+00
1.636~032
Je27E+00

4.03E-01
0‘
iogGE'Gl
7.128=-97
B+833E-01
Je71E-Q2
JeO67E-04
2e26E+99
2469F=03
3+30E+09

TB GASEOUS RELEASES

25 METERS

KICNEY

Lal3F=31
Da
1a47E-01
QniSE"O:S
1a230-52
hal7E=-03
1Q7E‘E"03
1e35E-03
1el28=092
2220E-G3 -
5e89E-01

4a03E-01
Oﬂ
1Q[47E"Gl
2«90E-03
lelgE-(2
et BE~03
10&108"03
7«C7E~04
lab4SE-g2
2+83E-03
HeS1 E-Ol/

ite plume model for gamma dose. Use

tack release point increases the noble
doses for each organ by 0.06 mrem/year.

WA W

LUMNG

4.03E~01
0.
1.47C-01
3412E-03
c)QZlE-O—i
1.14E~03
1.31€6-02
lOGOE"Os
1.63E-03
5.70E-01

0.

Le47E~C1
2.94E-C3
2.15E~02
1+4LE=-03
1.02E-03
9-575"0‘0
I.22F=03
2.78E-03
5.64E-01

(MREM)

GI=-LLI

L 03E-01
l].

teti7E~-01
1.036~03
3.23E-02
Be7LE~C3
2+50E-03
L.ASE~D3
3.59E=-03
1.64E=-(3
be00E=~01

AQ.OSE-Gl

O«

1.47E-01
6.91E~]4
4.28E=-02
LeS52E-03
1-{’-’15"03
5.06£-03
2.63E~-03
H«09E+-01

SKIN

4.69r =01
2.84E=01
1.69€-01
0.
0.
O.
C.
J.
0.
0.
9.22E=01

QoBQc'Di
2.8L4E-01
1.69F-01

0«

Ce.
0
0.
0.
vU.
0.
9.22E-01

66/701/7¢
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TOTAL BOOY

l*-OBE-Oi

te

1.47E~01
2-9&5"03
1'8L+E"02
3."—“05'03
1.37E-03
1e4LB8E~02Z
7.59F=-03
2.98E£~-02
5.80F-01

4,02E~-01
0.

1.47F=01
2+12F-03
2«21E~02
2W06E~03
14631E-023
1.08E-03
1006E"02
2eB87F-03
G.85€E=-01
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DUANT ARMNGLD

TABLE 3-13 FAGR 3 OF 5
MAXLIHUM INDIVIDUAL DOSES FROM EXPOSURE TO GASEQUS RELEASES (MREM)

BASE CASE == RESINENCS 2650 MFTFPS WNW

PATHWAY/AGe GROUP BONE LIVER THYROID KICNEY LUNG GI-LLI SKIN TOTAL B00Y
CHILDRZN
HOALE CAS IMHERSION (GAMMA) 44038-01  4.03E~01  L4.03E-01  4.02E-01  4.03E=CL1  4.03E=01  4,69E-01 L 03E-01
NO3LE GAS IMMERSION (£ETA) 3. 0. Q. ) 0. 0. 0. 2.84F=01 0.
GrOUND PLANE DEZPOSITION Lebt7E=-01  1.47E-01 1.47E-01 ° L1.47E-01 1 47E€~01  1.47E-0L  1.6GE-01  1.47E=-01
THHALATION 1.73E-63  3.17E-03  2.72€-01  1.54E-03  2.,74E-03  5.92F-04 0. 1.6LE=03
STORED FRUITS AND VEGETABLE 1.626-01 6.27E-02  1,46E-01  1.2%E-02  3.36E-02 S5.64E=-02 0. 4.19E-02
FRISH FRUITS AU VEGETABLES le77¢-02  6.42E-03  1,03E+00  2.%9£-93  1,69F=-03  3.89E-03 0. heB0E-C3
MEAT (COMTAUINATED FOKAGE) 2+928-03  2.58E-03  G.63F-02 B 570-04  1,87E=03  2.17E-G3 0. 2.16E€~03
MEAT (CONTAMINATED FFED) 2.06E£-03  2.08E-03  1.51E-03  5.038-04 1.,836-03  1.93E-03 0. 1.80F~03
CONS MTLK (CONTAHTII FCRAGE) J.67E-02  3.300-02  4,498400 1.19€E-02  7.17E-03  Z.93E-G* 0. 1.87E6-02
CONS MILK - (CONTAMIH FEZU) 14156-62  1.17€-02  6.406-03 2.34E-03  6.37E-02  S5.,93E-02 0. . BLATE=0Z
TOTAL CHILDREN : 7+858=0G17 6.72E-01r  6.55E+00  5.82E-01¢ 6.05F-01., 6.29E-01, 9,223-01 R.28E-01
THFAMTS ,
MO3LE GAS THMERSION (GAMHA) 4.03E-01  L.023€-01  4L,03E-01  4.03E-01  4.03E-01  4.03E-01  4,89E-01  4,03F~-01
HOJLE GAS IHMERSICH (&ITA) 0. 0. 0. 0. 0. Qe 2.84E-01 0.
GROUND PLANE UDEPGSITION l1e47E~01 1.47FE-01 1,472-01 L 47€-01  L.47F=01  1.47E-01  L.69E~C1  1.47E-01
IHHALATION 2.15E-03  3.56E~03  4,06HhE-01  1.08E-03  4.07E-03  5.92E-04 0. 1.65E-03
CONS MILK (CONTAMIN FORAGE) 7.69E~02 7.65E-02 1.06E+01°  1,198-02  1.55E=-02 LoLLE=C2 0. 3.42E-92
COWS MILK (CONTAMIN FEEQ) 2.41E~02  2.59E=02  1.375-02  2.24E-03  1.35F=02  1.23E-02 0. 1.32E-02
TOTAL IMFANTS 6.53E-01  6£.56E=31 5.65E-01- 5.83E=01 S5.77E-01  9.P2E-01  ©,9GF-01

1.18E+01+

Doses above are based upon semi-infinite plume model for gamma dose.
of the finite plume model for the stack release point increases the noble

gas immersion gamma and total doses for each organ. by 0.06 mrem/yecar.

Use
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NUANE ASHSLD 06/6G1/76
TAZLE 3-13 PAGE 4 OF 5
SAXIMUM INOIVIOQUAL DOSES FaOM ZXYFOSURE TO GASSEQUS RELEASES (MREM)
BASE CASE == RESIDENCE 3000 METERS NE
PATHWAY/ZAGE GROUP BONE LIVER TRYROID KIDNEY LUNG GI~LLI SKIN TCTAL BOOY
AVULTS
NO3LE GAS IHMERSION (GAMAMA) 2.,09E~01 2.09E=01¢ 2.05E-01 2.0GE-01 2.05E-01 2.09E-01 2.43E-01 ?.0Q0E-01
HOSLE GAS IHMMESISION (RETA) 0, Oe 9. 0. 0. 0. 1.47E~01 0.
GXOUND PLANE DEPOSITION gGE~Q2 a5E-52 «95F=02 7.45E-02 7.95F=02 7.95E-02 G.16E=-02 7.95E-02
THHALATION ‘ 1.53E=(7% 3.16E=03 1 14E=-01 2.13E-G2 1.59E~03 5,308~C04 0. 1.55E-03.
STORED FRUITS AND VIGETABLSE HheBSE=~(G? 1e81F=02 bebSCE-G2 1.04E=02 7.53E-03 3.07E~02 0 1.63F=02
FRESH FRUITS AHD VEIGETAZLES 1.45E~02 E,OCE=-03 B.55E-01 5.960~03 9.23E=04 6.508-032 0. 2AEE-D3
MELT (COUTAMIBATED FORAGE) 5.69c~03 1e31FE=03 Se17E=92 1.43E-03 1.06E-03 2.19E=C3 Do 1.5QE~03 .
MEAT (CONTAMIRNATED FEED) S.068~03 1.28F~23 1.00E=03 1.,10c~03 1,02F=03 1.42E=03 0. 1.22E-03
CCus MILK (CONTAMIMN FGRAGE) 1.28E=-02 1.33E~02 1.44E+09 1,068~02 1.58E-03 3.270~03 0, 7.01E~03
COWS MILC (COMTAMIN FEED) 5E-03 X.21F=-03 1.34E-03 1.8€E-02 1.336-03 1,35€-03 0 2.R1F=02
TOTAL ADULTS 4.,01E-01 3.31E-01 2.3GE+0D 3.72E-01 3L.I4E-C1 3.34F-01 4 82F=-01" 3,27F-01
TESMAGERS ‘ v
HOSLE GAS IMAERSTION (GAMMA) 2.0%E-01 2.09F=01 2.09E=-01 2.09E-01 2.03E-01 2.09E-G1 2.42E-01 2.0QFE=-01
NOSLE GAS IMAEISIOH (BETA) 0. 0. 0. 0. 0. 0. 1.47E~01 0.
GROUND PLAWNE 0FROSITION 7.95E-02 7.95F=02 735E-02 7.C5E=-02 7.95E=~02 7.95E-02 S.1HE=-02 7.85F=02
INHALATION ‘ Q.19E~04 2.33E=53 9.35F-02 1.49E=03 1.50F=02 3.58E~04 0. 1.11E-92
STOREZN FRUITS AMI VIGETAZLES 7443E~C2 2.85€6~02 BeHTE=-DR2 1.265=02 1.84E~02 3.98E-02 O 2.03E=02
FESSH FRUITS AND VEGETABLES 1.09E=-02  4,322E-03 £.59E-C1 3.21E~03 1.23E~-03 4.33E-03 0. 2.8LE~-N3
MEAT (CONTAMIMATED FORAGE) 1.446=-03  1.38E-03 5HE~Q2 B,82E-04 3.29E~04 1.,39E-03 0. 1.11E~03
MEAT (CONTAWMIMATED FEED) 9,23E-04 3.38E~04 7.79E=04 B LSE~DY 7.G7E=04 G B7E-04 0. RyB85E~04
COMS MILK (CUNRTAMIN FOIAGE) 1.51E~02 .-1.74E=]2 2.16E+0) 1.36E=-07 2.79E~03 4,556-03 0. G.65F=03
COAS MTLK (CORTAMIN FLZQ) 4432803 5 37E-03 2e21E=~03 2 LOF-03 2.29E~03 2.15E-03 0 3.32E~03
C TOTAL TEENGGERS 2L.96E-01 3 490-01 3e2LE-01 3.160-01 3.u2E-01 4.82E-01 2, 28E=~01



DUANFE ARNOLD 0H/01/76
TASLE 3-13 PLGES OF 5
MAXTMUM IMOIVIOUAL DOSES FROM EXPOSUSE TO GASEQUS RELEASES (MREM)
"BASE CASE == RESIDENGE 3000 METERS NE
PLTHWAY/AGE (ROUP BONE LIVER THYRO LD KTIONEY LUNG GI-LLI SKIN TOTAL HODY
CHILDREIM
NUSLE GAS TMMESSTON (GAMMA) 2.098-01  2.09F-01 2.09f=01  2,0QF~0G1 2.09E-01 2.998-01  2.43E-01 2.09E-01
MOJLE GAS IME4SION (BETA) G. c. 0. 0. 0. R 1.47E=01 0.
GEOUND PLANE GEPOSITION 74eQ5E=02  7.356-02  7495E=02  7.CS5E=02  7.958-02 7+9SE-0G?  9.16E-02  7.95€6-02
INHALATION Re33E~04  1.65E=03  1,37E-01  7.89E=04  1441E-03  3.13E-04  O. RLBRE-0k
STORED FAULTS AND VEGETABLES  1.79E+01  5.48E=02  1.36E-01  1.0LE~02  2.7GE=02 5.00E-02 G, 3.E1E-02
FRISH FRUITS 8u) VEGETARLES 1499E=02 5.61F=03Z  S,30E=01  2.428=03  1.38E~03  3.G8E«03 0. 4,276-03
MEIAT (CONTAMINATID FOSAGE) 2.66E=03  2.19F=03  S5.41E=02  5.57F=04  1.516-03  1.807=03  G. 1,80E=03
HEAT (COHTAMINATED FIE0 Le72E8=03 1.716-03  1.4HE-03  4.0GF=04  14435-03  1.57E=03 0. 1,55E~03
COUS MILK (CONTAHIN FORAGE 3.61E-02  3.06E-02  L.33E+00 1.12E-02  5.95E=02  06.786-03 0. 1.,71E-02
CONS WILK (CONTAHIN FEED) 1403E-02  1.03F-02  5.25E=03  1.95E=03 5.,21E=03  4.80E=C3 0O, 5,6GE-071
TOTAL: CHILNREN 5.39E=01  3.3AF=01  S5.Q4E+00  3,16F-01  3.33E=01  3.575-01  L4.82FE-01  2.S5RE-01
INFARTS
MOSLE 6AS IMMERSION (GANMA) 2.09E-01  2.09E-01  2,09E=01  2.0GE=C1  2.09F=01 2.09F-01  2.43E-01 2.09E-01
NC3LE GAS 1MHE<SION (5ETA) 0. 0. 0. 0. 0. 9. 1.47E-91 0,
GENUND . PLANE DEPISITION 7.956=02  7.850-02  7.95E=02 7 .95E=02  7,95E=02  7.95E-02 GQ.16F=02  7.95F=02
THHALATION 1e11E-03 1.84E=03  2.358-01  5.556-04  2.09E=03  3.17&-C4 0. R 63E-04
COMS MILK (CONTAMIN FUZAGE) 7.S7TE=B?  7.11F=02  1.05E+01  $,12E-02 1.30E=02 1.206-02 0. 2,12F-02
CO43 MILK (COLTAMIN FFZD) 2016€-02  2.278=02  1,138-02  1.95E=03  1.126-02 G.91E-03 0. 1.06E=02
TOTAL ISNFANTS 3.87E~C1 1.10E+0L  3.02E-01  3.15E~01  3.11E=01  4.87E=01  2.31E-01

3.84E~01
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TADL:Z 3=14

MAXIMUM INDIVIDUAL DOSES FROM EXPOSURE TO GASLQUS RELEASES (MREM)
COST~BENEFICIAL CASE ==~ RESIDENCE 1609 METERS NNW
PATHWAY/ZAGS GROUP AON LIVER THYROID KIONEY LUNG GI-LLI SKIN TOTAL 800Y
LIULTS :
MOOLE CAS THNAFESTNN (GAMMA) 1.91E+0¢ 1.,91E+00 1.91£+30 1.915+ (G 1.91E+00 1.91E+31 2.22E+50 1.91c+38
MOALZ RAS I*HL’”TON (3AFTA) Je G T 3. 0o U 1.325+30 G
GROAUND PLANE NEPOSTTION 1.356+00 1.35E+0D 1.35E+00 1.35E+00 1.35E+00 1.35E+00 1.57e+Q00 1.355+00
INHALATION 1.43E=02 6+93E-02 1.13E+39 1.73E~02 A.10E=«02 B.18E=03 T 1.182-02
STO220 FRUITS AND YEIGITARLES 4.32E-01 1.70E=01 2e242~01 7.04E=52 3+.86E=02 1.092+00 Je 1.7038-01
FRISHY TRITITS AND VMG-TF3LcS 7+48E=~y2 T.54LE=02°  4.245+00 3e.21C"(2 4LeJiE-33 1.50E-01 Jo 2:84E-32
INTAL ADULTS 3.75E+0¢ 3.53E+00 3485c+00 3.382+00 3+38E+00 4.512+00 5.11z+30 2.LT7EXDO0
TRENAGERS _
NN3L s GAS va'n TON (GAMMA) 1.,91E+0¢ 1.91E+00 1.91c+50 1¢91E+CG 1.91E+00 1.915+00 24228+4J0 1,91E+00
"’J\'L— FAA I eJTO\l (QF]L) Oo C Oo Oo Oo 0. 10326*’30 0'
CROUND PLANF ﬂ - CSTITION 1.35c+00 1.35C+00 14352+C0 1.356+(C 1.358+00 ° 1.35E+CD 1576 +30 1.352+00
INHALATION 7.85F=(3 LeG7c=)2 Q.72E~u1 1.216+02 7.85E=02 5¢17c6-03 3 Be095=023
STGP24U FRUTTS ANMD VV"'TA?L S S5e34E=-01 2.656-01 Jei885-y01 - 8.B35-(2 bohuE~01 1,36E+409 J. 2.077=-01
FRIS5H "RUTITS AMD VEIGZITAULES 5.03E-02 3.02E-02 3.275+G0 2.10E~(2 2.95E=-02 1.00F=-01 0« 2+135-02
TOTAL TEINAGTRS 3.86E+00 3¢60E+0C 7.82:8+0¢C 3385+ GG 3.81E+G90 L,73E+03 5.11E+32 3653E+30
CHILORZN
RORLE GAS TMME2STAN (GAMMA) 1.91E+9¢C 1.91c+Q0 1.916£+00 1.9124+00 1.91E+00 1.91c+030 2222430 1.91£+00
NOTLZ GAS THMMERSTON (3FTA) Do 0. O Do 0. Ce 1325+03 0.
GROUYMD PLANE DEPOSITTON 1.35F+00  1.35&E+C0 1+352+G8 1.35£+ 00 1.35E+00 1.35E+00 1.57E+33 1.,358+G0
INHALATTON 3.66£-03 3.35E~02 1.,355+00 64 0E-(R 74539c=02 F438E~03 Je He532=(3
STORTN F=RUTTS ANEL VESSTABLES 1.09E+00 4eHL1E=QL B4BE-T1 7eC4e~02 1.286«01 1.26E+00 3. 2+995-01
FRoGH FRUITS AMD VMEGETALLZS 3.79€~02 3.,92E-y? 4.92E+00 1.35F-(2 B+52E-03 £.89E=02 J e 2.71C-C2
TOTAL CHILORTN Le4bhE+QOQ S+739E+0D 1eG2E+01 - 3356+00 3.47E+00 L453E+00 5.11%+390 3.595+00
TNFANTS
MOTLE GAS TIMMERPSTON (GAMMA) 1.31E+00 1.91€+00 1.91E+00 1.91E+00 1.91E+00 1.915+0) 2228 ¢330 1.91E+00
HOHLZ GAS THMMZ2STAN (3ETA) J. - Goe J. 0. Jo G 1e32€+853) 0.
LROUNND PLANE DFeENSTTTION L.35E+00 1+.35E+00 135E+00 1 ofF+DL 1.35€+09 1.356+00  1.578+390 1.SSE+00
TNAKLATION 1.14E-02 2.87e=-02 2.,322+30 4450503 1.05F=-01 2492803 0. , e 7HE=03
TOTAL IHFANTS 3.27E+00 3.29E+00 5.58E+00 J.26E+0C 3,36E+00 2.26E+00 5.11c+330 3 27C+00

Doses above are based upon semi-infinite plume model for gamma dose.

the noble gas immersion gamma and total doses for each organ by 0.24 mrem/year.

Use of finite plume model for the stack release point increases
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TAALE 3-14 PAGE 2 OF 5

MAXIMUM INDIVIDUAL DOSES FROM FXPOSURE TO GASEQUS RELEASES (MREM)
COST-3eMZFITCIAL CASST =- RESIDENCE 2650 METFRS WHNW

PATHWAY/AG: GRGYE BONE LIVER THYRGID KINDNEY LUNG GI-LLI SKIN TOTAL 30DY

ANULTS
HOOLE CAS TMMESTIAN (GAHMA) 4o328=01  4.328-01  4.328-01  4.326-01  4.32E-01 $I2E~01 5.028-01  4.328-01
“nh,"._f..’ FAQ '[‘4!1_")(';1'0!\! (ﬁ”—TA) 00 C‘o Ov Ov 01 GI 2096(”"31 Go
GROUMND PLANG NIPOSTTINN Lo26E~-01 4e26E-01 Le266~01 Ge20L-01 L.26E-01 L.26E~01 G.375-301 4,26c-01
TNHALATION 3.66E=93 1.54E=22 2.272~31 Le23z~03 1.60E~0C2 1472233 U 3305+03
STORED FRUTTS AMN YE5 ITAALES 1.00E=01 3.81E5-02 L.36z-02 1.75c-02 1.,09€E-02 229501 Ge 3.82c=02
FRUSH FRUTTS AMND YEGTTARLES 1483E~02 7471807 8.872~01 7e04E~03 1.38€-02 T,i42~32 0 BeL7E-(3
MEAT (CONTAMINATED FAODPLGE) 7.520=5% 3¢45E~03 5.372=92 2e03c=(3 1.48E-03 Be55L=~03 Je 3.u982-33
MEAT (COMTAMTNATEY FZopy HeHTE-LTZ 203803 1.267-023 1eh7e-02 1.31E-03 3.99E-903 de 1.982-903
CNWS HMILK (CONTAMIN FOFRAGE) 1.83F=02 le09e-(2 1.50E+00 1.,328=02 2.52E-0%" 5.09E-03 0. 1.20E-352
COWUS MILW (CONTAMIM FZED) F49LE=~(3 6e303E-0Z 1.63%=03 3¢12L-C3 1.81E-03 2.2bE=(3 0« 4.97c=03

TOTAL &0ULTS 1.02%5+0¢C S.48E-01 3.58E+00 9.07€E-CL 3433E-01L 1e14E+00 1.29+390 9.28E-01

Tz2HMAGZRS
notLe GAS THMFRSTION (5AMMA) 4e32E-~G1 4432c=C1 L.32&+91 Lhe22F=-01 4.32E-01 4,32E-01 5.02E=J1 4,32£-01
MOSL: GAS THHERSTON (RETA) e J e 3 J e G U 2.96t-01 O
GROUND PLANE NTOOSITIOM 4.2AE~01 Le2BE=G1 Le2hE~01 Le2hi=01 L.20E~-C1 Lo2bE=01 L o97E=31 Le2b7 =01
TMHALAT TN 1.356-03 - 1,108-02 1.96&-01  2.96E~03  1.55E-02  1.106-03 0. 2.245-03
STORZD FRUILTS AND VESSTAQLES 1.238~01 5.96c-02 7.125-02 2el28=02 3.,56£-02 2¢87E-01 0. Le77c~02
FRESH FRUTTS AND VEG-TABLES 1.33£-02 be53E-03 6.832-91 LeH2E-C3 6.42E-03 2.12E-02 g. be758=-53
MZAT (CONTAMINAT EN FORAGE) 2.11e=03 2.576E-03 3.71E-02 1.25e-02 1.16t-03 Le71E=03 Je 2.07:5-93
MIAT (CONTAMINATED FIIm 1.326~03  1.55F=03  9.67£-04  8.6835-04  1.03E=-03  2.335-03 0. 1.655~03
CONS MILK (COMTANMIN FARAGE) 2.22F=02  2.85E=02  2.26E+00 1.71£=02  4.55E=03  6.77E-03 0. L URE=G?
COWS MTLK (GONTAMIM FEFQD) 3090803  1.06E=02 2.695=03  4.02E~03  3.34E-03  3.33:-03 0. 5.845=03

TOTAL TEFHAGE®S 1,03E+00  9473E=-01  L4.115+00  9.10E~01  9.86E~01  1.185+00  1.295+J0  9,377-01

Doses above are based upon semi-infinite plume model for gamma dose.
noble gas immersion gamma and total doses for each organ by 0.08 mrem/year.

Use of

the finite plume model for the stack release point incrcases the
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TABLE 3-14 PAGE 3 OF 5
MAMIMUM INOIVIOUAL DOSES FROM ©Y¥POSURE: TO GASEQOUS RELEASES (MReM)
COST-RENEFICIAL CASE == RESIOENCE 26506 METERS WNWU

PATHWAY /DG GROUE BONE LIVER THYROID KIONEZY LUNG GI-LLI SKIN TOTAL B300Y

CHILN®EN
NOTLE GAS [HMMFRITINN be32E~(1 4e32E-C1 4,325~01 Lo32%-(1 o 32E~01 4,32E~01 5.02E-01 44328-01
:"\:U”‘L-:. GAS If”’t?gTq\l '30 Dl 00 0. DD Q- 2-96E"]1 0‘
CROUND PLANE DF2GSTITION 4268 -G1 belbe=(1 L.2RE~01 Ge2hE~(1 Lo.26E~01 L.265~01 4e976-01 4,26E-01
I ATTON Ce00E=53 De74E~-03 2472501 1.565-03 1.40E=02 7.86E-0¢4 0. 1.73€-33
STURED FRUITS AND WERTTARBLES 2.43E-01 1.07E=¢01 1.46c=01 1.75z=02 3c¢82E-02 2.72e=(01 Je 7.37c=02
FASSH FRUTTS AMD VEGETARLES 2.21E~02 B8,72c-03 1.032+00 2eBBE=-CGS 1.935-03 1.49E6=02 Do 6.24E~QJ
MEAT (CONTAMINATED FORAGES 3.68c+-32 3.62E~03 5.6%5~02 7578004 1.88E=03 3+.93E=-C3 0e 3.04E-03
MELAT (LNNTAMTMATEDN FZEN) 2.39E~03 2+50E~03 1.315-03 Seb4BL= Uk 1.87E-03 2.56E-03 1 228803
COUS MILK "(CONTAMTH FOFAGE) 50198 ~(2 4e93c=G2 4eG9E+20 1.416~(2 8.99E~03 9,22c-03 0. 2.2LE~02
COAXS MTLY. ICONTAMIN i 1,86£~-32 1.92t~062 4Gz =-03 I+ 22u-L2 7.20E=03 Be4SE~(3 0o 8.52E~03

TOTAL O le21c+090 8§.,99E~01 9.32E'Dl 1.172+50 1.23E+30 9.70E=01

INFAMTS
HORLe GAS
MO3L: GAS

CROUND PLANE
INHALATION

FOWS 4TLK
COUS MILK

iMEnTI0ON
T M4 TS TAN
NEPOSTTTAN

[CONTANTN
(CONTAMIN FrED) -
TOTAL INFANTS

4e328-01

‘Ot

L+026LC'U1
24542=03
1.08E~01
3¢84E-02
1.01E+00

1,065+345

4432E-01
J
t+20E-01

T H.268-03

1\:14‘:"81.
Ya.31E~C2
1.,02c+00

6.82E+00

4.32E-01

3
Lao20EZ-01
LhebB=(31

1.08c+01

1.378~32
1.218+01

Hl

4.32-."'01
1S

4.26E-01
1.,19E~(C3
1.41e-C2
Jo228-03

8.77E-01

L+v32E"01
Uo
te26E=-01

2+.07E=02

1.89E-02
1.57E-02
9.14E-01

5.02C-71
2e906E~01
Le97E-101
Q.
Je
0'
1.29E+00

4432201
Qe

G+.26c=01
1.72£~03
I.8Q0£~-02
1.49E£=32
9.13£~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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Cllane
TABLE 214
CMAYIMUM INDIVIDUAL DOSES FROM EXPOSURE TO GASFOUS RclLEASES

COST=RENZFICIAL CASE =~ RESIDENCE 300C METERS NE

FATHWAY/AGZ GPOUF RONE LIVER THYROID KIDNEY LUNG
GRULTS
MOGLE GAS ImMep23TI9M (GAMMA) 2e2hE~01 2.26E-01 2.26E-01 2+20E~(1 2.26E=~01
MADLE GAS IMHMZ*STON (RETAY D e Uoe D 0 Joe
CROUND PLANE DEONSTITION 2+19E-01 2.18E=-01 2.19£-51 2.19E~C1 2.19E-01
THHALATINN ' 1.925-G3 791E-03 1.16G52-01 24176-03 8.155-03
STNR=0D FRUITS AND YES5STARLES 9.628~02 Je4E=-(02 Lob5T=02 152802 9,399E=03
FRESH FRUITS ANN YEGITARBLES 1.82€-02 7.17E=33 83.555-01 BeH6YE~ 3 1.15E=03
MTAT (CONTAMINATYZND FORAGI ) 636E-303 3.07E-03 5.17£+=02 1e74E~(3 1.22€-93
MTaT (CONTARMINATED FZEM) 5.33c-03 1+73E-03 1.0062-03% 1.21¢~03. 1.06E-03
COUS MTLK 1CONTARMTH FORAGE) 1.6/RE-02 1.58E-C2 LebGE+QE LePle~=(2 2.17E-03
COHS MTILK (TCCHTAMIN FefD) 83.50E-03 S.71E~073 1.34E~03 2.725=(3 1.59F~33
TAT AL ANULTS 5.98E~01 5e21E~31 2.95E+00 L.878~11 4.69E-01
TZENAGEIPRS _ .
NOPRL T GAS IMMZOSTON (GAMMA) 2.26F~01 2.26E-01 2.26F-01 2e20E" 1 2.26E-(1
NORL T GAS TMHUcRRTION (RETA) U O« O 0. Je
GRUUND PLANME N7RNASTITION 2+19E-01 2.,15E8-01 2.18¢~31 2.19%-01 2.18E£-01
THHALATTION 16G1F-03 5.67E-03 J.852=02 1.,52e~(3 788E=03
STOR=) FRUITS AND VERETABLES 1.22F-01 5.42c-02 Heb7C~(2 1.358-(2 8.77€E=02
FRESH FRUTTS ANO YFEGATABLES 1.43E~02 6.13E-023 5.59E~014 4.32F=03 5.89E~03
PEAT (CONTAMINATED FORAGE) 1.84E-0G3 228603 3502 1.036-C23 3.58E~-04
MEAT (TOMHTAMINMATEN FAI0) 1.132=-032 1.32E-03 773504 7.15c~-ChL Be37E=-04
CANS HMTLY (CONTARIN FORAGE) 2.15¢c-02 2.h06E-02 2.18E+00 1e600-02 2.95E~03
COUS MILK (COMTAMIN £2ED) 732E-103 g.58E-03 2¢231L=03 3e52C-G3 2.82E-13
TOTAL TEZNAGTPS 6e15E-01 5.,51E-01 3.49C+00 Lha.91E-C1 5¢55E-01

{MREM)

GI-LLT

2.265"01
Qo

2.19€-01
B.73c~04
2o14E~01
2.96E=02
785503
3.57E-03
LB68EE=(3
7.08E=31

g+26:-01
0.

2.19%-01
5.675=C4
2.68c-01
1.99E=y2
2006‘5'[4?
60156'63
Ze8lc=03
7+49c-01

SKIN

2.62E~31
1.54E-]1
2.56€-31
0o
Jo
S
Je

2062['.}1
1e54E~01
2-565‘31
J
J e
Ce
0.
2.
J e
3.

6.726-01

PAGE

Revised
Q7735776

4 9F 5

TOTAL BOOY

2e26t-01
Lo

2.19==01
1.,20€C-03
be338=32
Go422=~52
1.825~C3
1¢132-03
1.375-02
5416503
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TARLE 3=14

MAYIMUM INDTIVINUAL DOSES F?OH'EYPOSURE TO GASEOUS RELEASES (HMRFM)

PATHYAY/AGS GROUP BONF LIVER THYRQIN KTONEY LUNG GI-LLI SKIN TOTAL B00Y
CHICMRZH
MOTLI GAS THHFRSTON (GAMMA) 202HbE~01  24206E-01  2.26E-G1  2.26E-01  2.26E-01  2.26F=01  2.62F-01 2.26E-01
MOSLE GAS IMHAISTIAN (RFTH) 0. U 0 o e e 1.54E-31 0.
RRGUND PLANE DERCSTTTAM $2.19c-01  2.1Q9E-01 2.19F-01  2,19E-C1  2.19E-01  2.19F-01 2.56E-01  2.19&-01
THHECATTON L1032-32 3.47E=G3 14375-31 Belli=(l 7.14£-03 be115-04 Do 9.10E=04
STa7eD FRUTTS ANG VESETABLES  2.60E-51  9.61E=02  1.36E-01  1.530=02  3.176=02  2.528-01 0. B+59E~02
FREQH FRUTTS AMD yERTTABLES 2e41E-02  B.05E=03  9.90°-01 2.68FE-03  1.608-03  1.39E-02 0, 5.81E-03
MEAT (COMTAMINATEN FARAGL) 3e375-03  3.16E-03 5.41E-02  $.50E~04  1.628=03  3.45E-(3 0. 2.62E-03
PIAT (CONTAMINATEN Feeo) 0 2¢03E=02 2,11E-03  1.465-02 4.512-0G4  1,52E=03  2.172-03 Q. 1+90€-03
COHS HILK (CONTAMIN FORAGE) 5.03E=02  4.58E-02  4.335400  1.326-C2  7.66F-03  7.998-03 Q. 2.05:8-02
COHS MTLC (CONTAMIN FEED) 1.69E-02  1.728=02 5,25E~03  2.90f-03  5.99E£-03  5.29£-33 0. 7.23E-03
TOTAL SHTLRPTN 8.03c-01 ©421E~01  6.10E8+00 - 4.31E-0L  5.02E=01  7.308-01 H.72E=01 5.50E-01

MOEL = GAS IMMEISTON (GAMMA)

COST-BENEFICTIAL CASE == PESIDENCF 300G METERS NF

PAGE

Revised
J7/9%776

5 OF 5

2.26E~01 2.26E=01 2.265-01 2el2bhF=(1 2.26E=-01 2.265=01 2.62F=31 2.26c6-01

NNLT GAS LHMeR3TON (FTA) 0. Go 3 0 Do U 1.54F-31 U
CRCUND PLANE NT2NRTTINN 2.19E=01 2.19E~01 2.19:-01 24196~ (1 2.195-01 2.19E=-01 2.56E=)1 2.19F=01
TNHALATION 1431F=03 3.2LE-03 2.358~01 SebRE- (Y 1.05€6-02 3.82E=04 0. R.98E-04
FONS MTLY (CONTANMTH SNPAGE) 1 .04E=~01 1.068=01 1.05E+01 1.328=¢2 1.71€=92 1.32E+3G2 J. Je472-02
COWS MUY (CONTAMTYN FIID) 3¢50E~u2 3.88E~02 1.135~G2 2.908-03 1.316-02 1.045=02 0 1.24E-02
TNTAL THNFAMNTS 585501 5.93E=01 Le12E+91 Leb2E-C1 be86E=01  4.69E-y1 6. 72E~31 4.93E-01




Duane Arnold

May,

Table 3-15

Base Case Population Doses from Gaseous Effluents

Pathway

Via Food Chains:
"Fruits & Vegetables
Milk
Meat

Total Food Paths

Via 1980 Population®
Noble Gas Immersion
Ground Plane Deposition
Inhalation

Total Population Paths

Total 1980 Population Dose

Via 2020 Populationb
Noble Gas ILmmersion
Ground Plane Deposition

Inhalation
Total Population Paths

Total Food Paths
Total 2020 Population Dose

a See Table 3-11  pages 1 & 2

b See Table 3-11, pages 3 & &

Population Doses

Thyroid
MIR/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

R503ERS
5/17/76
23.31.29

Total
man-rem/yr

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

8.37E GO

3.65E 00

" 1.20E+01

RSOLERW
5/17/76
26.35.30

4. 42E+01
2.77E+01

3.65E 00

7.55E+01

7.56E 00
1.39E 00
4.19E 00

1.31E+01

8.85E+01

1.39E+01
2.62E 00

7.12E 00

2.36E+01

7.55E+01

9.91E+01

R502ERX
5/17/76
23.38.41
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Table 3-16

Population Dose Reduction with Gaseous Alternates

Description

Gland Seal
Double holdup time
Add HEPA & charcoal
SJAE

Operate at OF
Add 2 more beds
Remove 2 beds

Drywell

Remove charcoal
Remove HEPA & charcoal
Turbine Bldg

Add HEPA )
Add HEPA & charcoal
Add clean steam

Auxiliary Bldg

Add HEPA
Add HEPA & charcoal

Radwaste Bldg

Add charcoal
Remove HEPA

Negative values are Dose Increase

1980 Population

Thyroid
man-rem

6 066E‘O3
6.37E-02

1.47E 00
5.97E~01
-1.27E-01

-1,44E 00
-1.66E 00

3.97E~02
L.G4E 00

2.76E 00

2.22E-01
L.66E 00

4,01E-01
-1.53E 00

Total Body

man-rem

7.06E-03
2.42E-04

1.49E 00
6.04E-01
~7.36E-01

-3,97L-03
-2.27E-01

3,99E-02
4.43E-02
1.36E 00

2.23E-01
2.27E-01

1.12E-03
-1.53E 00

May, 1976 .

Food Pathways

Thyroid
man-rem

2.28E 00

o oo

~2.24E+01
-2,24E+01

1.96E-06
2,51E+01
2,23E+01

1.02E-06
2,24E+01

6.60E 00
-5.63E-07

R537EHK
5/18/76
15.08,07

Total Body Total
man-rem man-rem
2.80E-03 1.65E-02
4,64E-03 2.35E 00
1.37E-05% 2.96E 00
5.78E-07 1.20E 00

-6.93E-07 -1.46E 00

-4,56E-02 -2,39E+01

-2.41E-01 -2.45E+01
2.41E-02 1.04E-01
7.50E-02 2.69E+01
6.47E-02 2,65E+01
1.80E-01 6.25E-01
2.26E-01 2.45E+01
1.34E-02 7.02E 00

.=3.80LE-01 -3,44E 00
RS36EHL R56 1EMH
5/18/76 5/18/76
14.41.43 17.25.16



« Duane Arnold May, 1976

‘ Table 3-17
) _ Cost of Altexnates

Designation Purpose Annual Q Cost?
$

Gland Seal ‘

D-1 Double holdup time 6,400

D-2 Add HEPA & charcoal 14,600
SJAE

E-1 Operate at OF dewpoint ©155, 300

E-2 Add 2 more beds 45,800

E-3 Remove 2 beds (45,800)
Drywell

F-2 Remove charcoal (9,300)

F-3 Remove HEPA & charcoal (18,100)

Turbine Bldg

G-1 Add HEPA 59, 400
‘ G-2 Add HEPA & charcoal 120,700
G-3 Add clean steam 195,800

Auxiliary Bldg

H-1 Add HEPA 76,200

H-3 Add HEPA & charcoal 153,100
Radwaste Bldg

I-1 Add charcoal 18,100

I-2 Remove HEPA (17, 300)
Values in ( ) are cost savings

See Apendix A for details of cost estimating
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Purpose

Gland Seal
Double holdup time

Add HEPA & charcoal

SJAE

Operate at OT dewpont

Add 2 more beds
Remove 2 beds

Drywell
Remove charcoal

" Remove HEPA & charcoal-2,45E+01

Turbine Bldge
Add HEPA

Add HEPA & charcoal

Add clean steam

Auxiliary Bldg
Add HEPA

Add HEPA & charcoal

Radwaste Bldg

Add charcoal
Remove HEPA

0o o p

Q‘.

Table 3-18

Cost-Benefit Ratios for Alternate Cases

~.Annual A Doses

from Base . from Prev Case
man-rem? man-rem
1.65E-02 -
2.35E 00 -
2.96E 00 -
1.20E 00 -
-1.46E 00€¢ -
-2.39E+01 -
6.00E-01
1.04E-01 -
2.69E+01 2,.68E+01
2.65E+01 -
6.25E-01 -
2.45E+01 2.39E+01
7.02E 00 -
-3.44E 00 -

From Table 3- 16
From Table 3- 17
Negative dose changes are increases in dose

Negative costs are decreases in costs

Annual\ Costs

May, 1976 | ‘ .

Cost-Benefit Ratios

from Base from Prev Case
dollarsb dollars
. >5,000 -
14,600 -
155, 300 -
45,800 -
-45,800¢ -
".-9,300 -
-18,100 -8, 800
59, 400 -
120,700 61,300
>150,000 -
76,200 -
153,100 76,900
18,100 -
-17,300 -

from Base from Prev Casc
$/man-rem S$/man-rem

>3.0E+05 -
6.2E+03 =
502E+04 -
3,.8E+04 -
3.1E+04 -
3.9E+02 -
7 4E+02 1.5E+04
5.7E+05S -
4 ,5E+03 2.2E+03
7 5.7E+03 -
1.2E+05 -
A .,2E+03 3.2E+03
2,6E+03 -
5,0C+03 -



Duane Arnold

May, 1976
Revised July, 1976

Table 3- 19

Indicated Cost-Beneficial Treatment

System_

SJAE

Gland Seal

Drywell

Turbine Bldg

Auxiliary (Reactor) Bldg
Radwaste Bldg

Indicated Treatment

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
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Appendix 10.7-A

. Reactor: Duane Arnold

INDEX

Cost Estimating Methodology

Cost Multipliers and Factors

Summary of Augment Costs

DETAIL COST ESTIMATES

Case 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 Remové evaporator from chem waste

C-2 Add demineralizer to chem waste treatment
D-1 Double gland seal exhaust'holdup time

D-2 Add HEPA/Charcoal to gland seal exhaust
E-1 Add OF 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 Dryﬁell 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

G-3 Add clean steam to valves larger than 2 1/2"
H-1 Add.HEPA to Reactor Bldg vent

H-2 Add HEPA/Charcoal to Reactor Bldg vent

I-1 Add charcoal to Radwaste Bldg vent

I-2 Remove HEPA from Radwaste Bldg vent

10.7-A1
10.7-A4
10.7-A5

10.7-A6

10.7-A9

10.7-A12
10.7-A15
10.7-A18
10.7-A22
10.7-A25
10.7-A28
10.7-A30
10.7-A32
10.7-A34
10.7-A36
10.7-A40
10.7-A44
10.7-A48
10.7-A53
10.7-A58
10.7-A62
10.7-A66
10.7-A70



(1)

(2)

Cost Estimating Methodology

The methods used in estimating the cost of the augments are outlined
in the following paragraphse.

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.%

Direct Installed Costs

In most of the augnment 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. 1In these cases the
estimated costs of equipment were obtained from.curves or graphs which
were constructed by using various Regulatory Guide 1.110 eqguipment

cost/capacities as specific curve points. In other cases where only

*¥A11 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 eqpipﬁent 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
éystems, 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



.(a)

(5)

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-Ak.

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.

<10.7-A3



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

Towa 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 l.l.

10. 7-AL



Reactor: Duane Arnold

Augment

Case

A-3

B-2

D-2

E-1

E-2

Summary of Augment Costs
(1975 $1000)

Inst Total Annual Oper- Mainte—- Total
Direct Capital Fixed ating nance Annual

Cost  Cost Charge Cost
Description @17.97%

Add demineralizer to high purity 88 154 27.7 12.9 5.0 L5.6
waste

Delete demineralizer from high a8 154 27.7 12.9 5.0 L5.6
purity waste

Add demineralizer to low purity 88 154 27.7  56.5 5.0 89.2
waste

Delete demineralizer from low 88 154 27.7 56.5 5.0 89.2
purity waste

Remove evaporator from chem waste 462 808 145.2 16,0 12.}4 173.6
-Add demineralizer to chem waste 69 121 21.7 3.7 5.0 30. 4
treatment

Double gland seal exhaust holdup 19 33 5.9 neg 0.5 b1,
time

Add HEPA/charcoal to gland seal = 28 L9 8.8 3.8 2.0 14.6
exhaust

Add O F. dewpoint dryer to AOG L6, 812 145.9 3.3 6.1 155.3

Add two more charcoal beds to AOG 146 255 L5.8 neg neg L5.8
Delete two charcoal beds from AOG 146 255 L5.8 neg neg L5.8
Remove charcoal from Drywell purge 28 L9 8.8 0.2 0.3 9.3
Remove HEPA/charcoal from Drywell 55 % 17.2 0.5  O.} 18.1
purge

Add HEPA to Turbine Bldg. vent 154 269 L8.3 5.9 5.2 59 4
Add HEPA/Charcoal to Turbine Bldg. 285 499 89.7 10.0  21.0 120.7
vent

(continued next page)



Reactor: Duane Armold

Summary of Augment Costs
~ (1975 $1000)

Inst Total Annual Oper- Mainte- Total
Direct Capital Fixed ating nance  Annual

Avgment Cost  Cost Charge Cost
Case Description @1L7.97%
G-3 Add clean steam to valves larger 551 9561, 173.2 6.6 16.0 195.8
than 23"
H~1 Add HEPA to Reactor Bldg. vent 201 352 63.2 be7 6.3 76.2
H-2 Add HEPA/charcoal to Reactor Bldg. 371 6.9 116.6 11.3 25.2 153.1
vent
I-1 Add charcoal to Radwaste Bldg. 38 66 11.9 2.6 2.6 18.1
vent
I-2 Remove HEPA from Radwaste Bldg. L2 73 13.1 3.0 1.2 17.3
vent ,

' 10.7-A5.1
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Reactor Duane Arnold , Case A-2
TOTAL DIRECT COST ESTIMATE SHEET OF RADWASTE TREATMENT SYSTEM
FOR LIGHT-WATER-COOLED NUCLEAR REACTORS

Description of Augment _delete demineralizer from high purity waste  treatment

DIRECT COST (1975 $1000)

: BASIS FOR
ITEM LABCR EQUIPMENT/MATERIALS TOTAL COST ESTIMATE
PROCESS EQUIPMENT 5 23 28 35 ft3, $S, 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

x 1.4 labor multiplier¥* 38 - 80 includes labor multiplier
CONTINGENCY 4 4 8
TOTAL DIRECT COSTS 42 46 88

*cost data per page 10.7-A7
#*%for FPC Geographical Region IV per Regulatory Guide 1.110 p 13

5/76



GLTLULES X 3 LYlLen

Estimated Installed Direct Costs for Process Demineralizers

Reactor:

Per Regulatory Guide 1.110 Values Without Contingency

Duane Arnold Case: A-2

N fa it Gt

3 9

16
DEMINERALIZER SIZE, CU. FT. RESIN

Reference: Regulatory Guide 1.110 dated 3/76 pp 6L-68
Assign sane labor/equlpmeﬁt/suooort—fa01lLty distribution
as per Regulatory Guide 1.110 approximate values.

10.7-A7
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Reactor Duane Arnold . _ .
Case

ANNUAL_OPERATING AND MAINTENANCE COST ESTIMATE SHEET OF RADWASTE TREATMENT
SYSTEM FOR LIGHT-WATER-COOLED NUCLEAR REACTORS

DESC]"iptiOﬂ of AUQmen_t dalete daminaralizer Frnmh'\'gh pn'r‘"ity waste treatment

COST (1975 $1000)
ITEM LABOR OTHER TOTAL BASIS -FOR COST ESTIMATE

1. OPERATING LABOR, SUPERVISION, 6
AND OVERKEAD 6.5 7.7 x 10 gpy

30 min/shift

2. MAINTENANCE MATERIAL AND

LABOR 5.0 allowance
3.  CONSUMABLES, CHEMICALS, AND 3 3
SUPPLIES 5.0 70 ft7/yr @ $75/f¢t
4. UTILITIES AND SERVICES 3 3
Waste Disposal 1.4 70 ft7/yr @ 20/ft
Water
Steam
Electricity
Building Services
Other '
5. TOTAL O AND M ANNUAL COST 17.9 *
*cost bases per Reg Guide 1.110 p 71 approximate values 5/76
12.9
5.0
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Reactor Duane Arnold Case A-3
TOTAL DIRECT COST ESTIMATE SHEET OF RADMWASTE TREATMENT SYSTEM
FOR LIGHT-WATER-COOLED NUCLEAR REACTORS
Description of Augment _delete demineralizer from high purity waste treatment
DIRECT COST (1975 $1000)
BASIS FOR
1TEM LABOR EQUIPMENT/MATERIALS TOTAL COST ESTIMATE
PROCESS EQUIPMENT 5 23 28 35 ft3, 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 : 27 42 .69* with labor factor = 1.0

% 1.4 labor multiplier** 38 - 8Q includes labor multiplier
CONTINGENCY I 4 8
TOTAL DIRECT COSTS 42 46 88

*cost data per page 10.7-Al0 _
*%for FPC Geographical Region IV per Regulatory Guide 1.110 p 13

5/76



3 LYCLES X 3 CYLLES

BEstimated Installed Direct Costs for Process Demineralizers

Per Regulatory Guide 1.110 Values Without Contingency

Reactor: Duane Arnold Case: A-3

t|b
DEMINERALTZER SIZE, CU. FT. RESIN

Feference: Regulatory Guide 1.110 dated 3/76 pp 61-68
Assign same labor/equipment/support—facility distribution
as per Regulatory Guide 1.110 approximate values.

10.7-A10
5/76
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Reactor Duane Arnold ’ ' Case ___A-3

ANNUAL_OPERATING AND MAINTENANCE COST ESTIMATE SHEET OF RADWASTE TREATMENT
SYSTEM FOR LIGHT-WATER-COOLED NUCLEAR REACTORS

Description of Augment delete demineralizer from high purity waste treatment

COST (1975 $1000)
ITEM LABOR OTHER TOTAL BASIS FOR COST ESTIMATE

1.  OPERATING LABOR, SUPERVISION, 6
ARD OVERHEAD 6.5 7.7 x 107 gpy

30 min/shift

2. MAINTENANCE MATERIAL AND

LABOR 5.0 allowance
=)
.T' 3. CONSUMABLES, CHEMICALS, AND 3 3
> SUPPLIES 5.0 70 ft7/yr @ $75/ft
—
4. UTILITIES AND SERVICES
Waste Disposal 1.4 70 ft3/yr @ $20/ft3
Water
Steam
Electricity
Building Services
Other
5. TOTAL O AND M ANNUAL COST 17.9 *
*cost bases per Regulatory Guide 1.110 p 70 approximate values 5/76
12.9
_5.0
17.9

76-3a
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Reactor Duane Arnold Case B-2
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
DIRECT COST (1975 $1000)
. BASIS FOR
ITEM LABOR EQUIPMENT/MATERIALS TOTAL COST ESTIMATE
PROCESS EQUIPMENT 5 23 28 35 ft3, 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 27 42 69%* with labor factor = 1.0
¥ 1.4 labor multiplier** 38 - 80 includes labor multiplier
CONTINGENCY 4 4 8
TOTAL DIRECT COSTS 42 46 88

*cost data per page 10.7-Al3
Region IV per Regulatory Guide 1.110 p 13

*%for FPC Geographical

5/76



{e
DEMINERALIZER SIZE, CU. FT. RESIN

Reference: Regulatory Guide 1.110 dated 3/76 pp 6L-68
Assign same labor/equipment/support—facility distribution
as per Regulatory Guide 1.110 approximate values.

10.7-A13 5/76




D A 1 : ’ ‘ B-2
Reactor Duane Arnold Case

ANNUAL OPERATING AND MAINTENANCE COST ESTIMATE SHEET OF RADWASTE TREATMENT
SYSTEM FOR LIGHT-WATER-COOLED NUCLEAR REACTORS

Description of Augment _ad4d demineralizer to low purity waste treatment

COST (1975 $1000)

ITEM LABOR OTHER TOTAL BASIS FOR COST ESTIMATE
1. OPERATING LABOR, SUPERVISION, 6
AND OVERHEAD 3.3 1.7 x 10 gpy
15 min/shift
2. MAINTENANCE MATERIAL AND
LABCR 5.0 allowance
—
© 3. CONSUMABLES, CHEMICALS, AND 3 3
~ SUPPLIES 42.0 560 ft7/yr @ $75/f¢
Z
= 4, UTILITIES AND SERVICES 3 3
Waste Disposal 11.2 560 ft7/yr @ $20/ft
Water
Steam
Electricity
Building Services
Other
5. TOTAL O AND M ANNUAL COST 61.5 *
*cost bases per Regulatory Guide 1.110 p 72 approximate values 5/76
383
61.5

TA-3a
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Reactor Duane Arnold . Case B-3
TOTAL DIRECT COST ESTIMATE SHEET OF RADWASTE TREATMENT SYSTEM
FOR LIGHT-WATER-COOLED NUCLEAR REACTORS

Description of Augment _delete demineralizer from low purity waste treatment

DIRECT COST (1975 $1000)

’ BASIS FOR
ITEM LABOR EQUIPMENT/MATERIALS TOTAL COST ESTIMATE
PROCESS EQUIPMENT 5 23 28 35 £t3, 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 o 27 42 69% with labor factor = 1.0

x 1.4 labor multiplier** 38 - 80 includes labor multiplier
CONTINGENCY 4 4 8
TOTAL DIRECT COSTS 42 : 46 88

*cost data per page 10.7-Al6
**for FPC Geographical Region IV per Regulatory Guide 1.110 p 13 5/76



3 CYLLES X 3 CYCLES

Estimated Installed Direct Costs for Process lDemineralizers

Per Regulatory Guide 1.110 Values Without Contingency

Reactor: Duane Arnold Case: B-3

E
T

f o g : ) = > &
LSBT

10 lole)
DEMINERALIZER SIZE, CU. FT. RESIN

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



Reactor Duane Arnold ' ‘ ‘ . Case . B-3

ANNUAL OPERATING AND MAINTENANCE COST ESTIMATE SHEET OF RADWASTE TREATMENT
SYSTEM FOR LIGHT-WATER-COOLED NUCLEAR REACTORS

Description of Augment _delete demineralizer from low purity waste treatment

COST (1975 $1000)
ITEM LABOR OTHER TOTAL BASIS FOR COST ESTIMATE

1. OPERATING LABOR, SUPERVISION, 6
AND OVERHEAD 3.3 1.7 x 10 gpy

15 min/shift

2. MAINTENANCE MATERIAL AND
LABOR . : 5.0 allowance

3. CONSUMABLES, CHEMICALS, AND 3 3
SUPPLIES 42.0 560 ft /yr @ $75/ft

4, UTILITIES AND SERVICES . 3 3
Waste Disposal 11.2 560 ft /yr @ $20/ft
Water

L1V-L"01

Steam
Electricity
Building Services
Other

5. TOTAL O AND M ANNUAL COST 61.5 *

*cost bases per Regulatory Guide 1,110 p 72 approximate values 5/76

76-3a
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Reactor puane Arnold Case C-1
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

DIRECT COST (1975 $1000)

: BASIS FOR
ITEM LABOR EQUIPMENT/MATERIALS TOTAL COST ESTIMATE
PROCESS EQUIPMENT 25 165 190
BUILDING ASSIGNMENT 45 25 70
ASSCCIATED PIPING SYSTEMS 30 20 50
INSTRUMENTATION AND CONTROLS 7 8 15
ELECTRICAL SERVICE 18 12 30
SPARE PARTS 15 15
ﬂmTOAL 125 245 270* with labor factor = 1.0
1.4 labor multiplier*#* 175 - 20 includes labor multiplier

CONTINGENCY 17 25 42
TOTAL DIRECT COSTS 192 270 462

*cost data per- page 10.7-Al9
**for FPC Geographical Region 1V per Regulatory Guide 1.110 p 13

5/76
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Reactor:

.
o,

timated Installed Direct Costs for Process Evaporators

Per Regulatory Guide 1.110 Values Without Contingency

Duane Arnold

Case

joo
EVAPORATOR SIZE, GPM

Reference: Regulatdry Guide 1.110 dated 3/76 pp 57-59
Assign same labor/equipment/support—facility distribution
as per Regulatory Guide 1.110 approximate values.

10.7-A19

5/76




Reactor _ Duane Arnold o | | Case _C-1

ANNUAL OPERATING AND MAINTERANCE COST ESTIMATE SHEET OF RADWASTE TREATMENT
SYSTEM FOR LIGHT-WATER-COOLED NUCLEAR REACTORS

Description of Augment remove evaporator (5 gpm) from chem waste

COST (1975 $1000)
ITEM LABOR OTHER TOTAL BASIS FOR COST ESTIMATE

1. OPERATING LABOR, SUPERVISION,
AND OVERHEAD 2.9

2.  MAINTENANCE MATERIAL AND
LABOR 12,4

3.  CONSUMABLES, CHEMICALS, AND
SUPPLIES -

0Cv-L"0T1

4. UTILITIES AND SERVICES
Waste Disposal
Water
Steam
Electricity

v W &~
oy W WO

Building Services
Other

5. TOTAL O AND M ANNUAL COST 28.4 *

*per detail calculation sheet page 10.7-A21 5/76

16.0
12.4
28.4

7A -0



Reaétor 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 7, 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/£t3 concentrate
b) Water: Use 4 gal cooling water per lb steam used (= about 30 F rise)
Use water cost = $0.30/1000 gal
¢) Steam: Use 10 1b steam per gal waste processed x 1.5 for
. heat losses, start-up, idling time allowances, etc.
Use steam cost @ $2/103 1lbs

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 & SUPPLIES®
4. UTILITIES & SERVICES
a) Waste generated @ 100:1 ratio = 1,860 gal/yr+7.5 = 248 ft3/y
@ $20/ft3 disposal = $§ 4,960 /yr.
b) Cooling water @ 4 gal/lb of steam used = 4 x 2790 x 103 1b 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 1b steam/yr @ $2/103 1b =$ 5,580 /yr
ITTI. NOTES
. concentrate solidification chemicals are in item 4,

dollars = year 1975,

10.7-A21 5/76
76 -4k
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Reactor Duane Arnold Case C-2
TOTAL DIRECT COST ESTIMATE SHEET OF RADWASTE TREATMENT SYSTEM
FOR LIGHT-WATER-COOLED NUCLEAR REACTORS
3
Description of Augment add demineralizer (20 ft7) to chem waste
DIRECT COST (1975 $1000)
BASIS FOR
ITEM LABOR EQUIPMENT /MATERIALS TOTAL 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 20 35 55% with labor factor = 1.0
x 1.4 labor multiplier** |= 28 - 63 includes labor multiplier
CONTINGENCY 3 3 6
TOTAL DIRECT COSTS 31 38 69

*cost bases per page 10.7-A23

**for FPC Geographical Region 1V per

Regulatory Guide 1.110 p 13

5/76
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3 CYCLES

DN

LOGARITHMIG

3 CYCLE

istimated Installed Direct Costs lor Process Demineralizers

Per Regulatory Guide 1.110 Values Without Contingency

Reactor: Duane Arnold

Case C-2

T

f

L

AL 08 35 UL L

i

DEMINERALIZER SIZE, CU. I'T. RESIN

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-A23
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76-3a

5.

Reactor Duane Arnold ' ‘ Case M"E:Eﬂ__
ANNUAL OPERATING AND MAINTENANCE COST EETIMATE SHEET OF RADWASTE TREATMENT
SYSTEM FOR LIGHT-WATER-COOLED NUCLEAR REACTORS
Description of Augment add demineralizer (20 Ft‘3l to _chem waste
] COST (7975 $1000)
[TEM LABOR "OTHER TOTAL BASIS 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 ft7/yr @ $75/ft
UTILITIES AND SERVICES
Waste Disposal 0.4 20 ft3/yr @ $20/ft3
Water
Steam
Electricity
Building Services
Other
TOTAL O AND M ANNUAL COST B.7 *
*cost bases per Regulatory Guide 1.110 p 71 approximate values 5/76
3.7
2.0
8.7
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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)
BASIS FOR
ITEM LABOR EQUIPMENT/MATERIALS TOTAL COST ESTIMATE

PROCESS EQUIPMENT 5.7 2.9 8.6 replace present 8"
holdup pipe section
with new 12" pipe
section

BUILDING ASSIGNMENT B} use existing space

ASSOCIATED PIPING SYSTEMS 4.5 .5 5.0 decontamination &
removal of present pipe section

INSTRUMENTATION AND CONTROLS

ELECTRICAL SERVICE

SPARE PARTS

SUBTOTAL 10.2 3.4 13.6f with labor factor = 1.0
X 1.4 labor multipliert® 14 - 17.4 includes labor multiplier
CONTINGENCY 1.3 0.3 .
TOTAL DIRECT COSTS 15.3 3.7 19

*per detail calculation sheet page 10.7-A26

**for FPC Geographical Region IV per Regulatory Guide 1.110 p 13

5/76



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 1in Tt 8¢ pipe) and preparation for torch work and removal

of present 90 1lin ft of 8" holdup pipe.
(assign approximately $500 material, $L4, 500

labor)
2. Install new holdup 90 lin ft 12" pipe @ $8/dia inch/ft¥* =
pipe, consisting of 90 ft x $96/ft = $86L40
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 = $13,0L0%*

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

76-4d 10.7-A26
5/76.






