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OFFSITE DOSE ASSESSMENT MANUAL
FOR GASEOUS AND LIQUID EFFLUENT

1.0 Introduction

This Manual describes acceptable methods of calculating radioactivity

concentrations in the environment and the botentially resultant
doses offsite**'that.are associated with LWR liqﬁid and gaseous
The radioactivity concentrations and dose estimates are used to
compliance with.Environmental Technical Specifications required
50.36. The methodology stated in this Manual is acceptable for
demonstrating operational compliance with 10 CFR 20.106, 10 CFR

personal
effluents.
demonstrate
by 10 CFR
use in

50

Appendix I, and 40»CFR 190. Only the dose attributable to the Duane

Arnold Energy Center-is considered in demonStrating compliance with

40 CFR 190 since no other nuclear facility exists within 50 miles of the

Center.

Calculations,are’made-monthiy to assess the potentiai doses to air

offsite and to a nearby resident in order to guide the management of

station effluents. -The feéeptor is described such that the dose to any

resident near the Station -is unlikely to be underestimated. Calculations

made to assess the radioactive noble gas dose to air are based on the

location offsite .that could be occupied by a person where the maximum

air dose is expected; For these monthly accumulated dose calculations,

atmospheric dispersion and deposition of gaseous effluents is based on

reference meteorological conditions.*** More conservative conditions

(e.g., location and/or exposure pathways expected to yield higher computed’

doses) than appropriate for the maximally exposed person may be assumed
in the dose estimated.
* Dose is commonly used to mean personal dose equivalent commitment.

%% Offsite means outside the exclusion area.

*%% Reference meteorological conditions are 1971, 1974, and 1975 data
composited as discussed in '"Duane Arnold Energy Center, Evaluation

"of Liquid and Gaseous Effluent Releases in Accordance with
Appendix 1," submitted to NRC June 3, 1976.

10 CFR 50
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Calculations of dose committed from radioactive releases over
extended time (3 and 12 months) are also made for the purpose of verifying
compliance with regulatory limits on offsite dose. For these calculations
the receptor is selected on the basis of the combination of applicable
exposure pathways identified in the land use census and the maximum ground
level X/Q at a residence, or on the basis of more conservative conditions
_ such that the dose to any resident near the Station is unlikely to be

underestimated.

2.0 Liquid Effluent

2. 1 Rad10act1v1ty In L1qu1d Waste

The concentration of radionuclides in liquid waste is determined by
sampling and analysis in accord with Table 4.14-2 of the Technical
Specifications. When a radionuclide concentration is below the LLD for

the analysis, it is not reported as being present in the sample.

2.2 Aqueous Concentration

Radioactive material in liquid effluent is diluted successively by
water flowing in the discharge canal and in the River. The diluted
concentration of radionuclide i in a receiving stream is estimated with

the equation

C.:=%hH
2
where Ci = concentration of radionuclide i in liquid radwaste released
' (uCi/ml)
Czi = concentration of radionuclide i in the receiving stream
(uCi/ml)
F1 = release rate of\liquid radwaste (ml/sec)*
F2 = dilution flow of receiving stream of water (ml/sec)¥

* Fl, F2 and Fc may have any convenient units of flow (i.e., volume/time)

provided the units of all are identical.



page 3
} \

For the purpose of calculating the radioactivity concentratlon in
water at the restricted area boundary (section 2.4), the flow in the
discharge canal,»Fc,_is assigned to FZ'

In the River immediately beyond the discharge canal and the restricted

area boundary, the effective dilution is

= * M o '.’,
,F2 E_*M
where F o= discharge canal flow (ml/sec)*
M = factor of additional mixing in the River

A‘hear field mixiﬁg ratio from the canal into the near field of the River,
‘M = 5, is assigned when estimating maximum potential individual doses
involving exposuré by eating fish or drinking water taken from the River.
In the event Wéter is drawn from the River downstream of the Station, F2
represents the portion of the River flow into which the liquid effluent

from the Station is effectively mixed.

2.3 Method of Establishing Alarm Setpoints

Liquid waste effluent monitors are connected to alarms which provide
‘automatlc 1nd1cat10n when 10 CFR Part 20 Appendix B, Table 2, Column 2
concentrations are being exceeded offsite. With prompt actlon to reduce
radioactive releases following an alarm, the liquid release limit of
10 CFR Part 20. 106 and the 11m1ts provided by 10 CFR Part 50 Appendix I,
Section IV should not be exceeded after the alarm.
The alarm setpoint for the liquid effluent radiation monitor is -
derived from the concentration limit provided-in 10 CFR Part 20 Appendix B
Table 2 Column 2 épplled:at the restricted area boundary where thé |

discharge. canal’ flows into the river. The alarm setpoint does not consider

JREE dilution, dispersion, or decay of radioactive material beyond the site

"Boundary. That is, the alarm setpoint is based on a concentration limit
at the end of the discharge canal. The radiation monitoring and isolation
points are located in each line through which radioactive waste effluent
is eventually dlscharged into the discharge canal.

The alarm setpoint for each liquid effluent monitor is based upon
meaéurement,'according to_Table 4.14-2, of radioactivity in a batch of

liquid to be released or in the continuous aqueous discharge. Alternately,
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the alarm setpoint may be based upon gross B-Y activity analysis of the
liquid waste provided the unrestricted area MPC for unidentified emitters,

1x 10-7 #Ci/ml, is observed.

S 2.3.1 Setpoint for a Batch Release. A sample of each batch of liquid

radwaste is analyzed for I-131 and other principal gamma emitters, or for

total activity concentration prior to release. The ratio, FMPC,, of the

A 4 b’
activity concentration in the tank to the unrestricted area MPC (10 CFR

Part 20, Appendix B, Table 2, Column 2) is calculated with the equation

'mpc;'bp = Z “bpi + Cbg\
Lo\ L MPC; identified MP?/ unldentlflgd

where FMPCbp = fraction of unrestricted area MPC in batch derived from
activity measured prior to release.
Cbpi = concentration of radionuclide i (inclqding I-131 and
- .principal gamma emitters) in barch sample taken prior to
release (4Ci/ml)
Cbp %,éoncentration of unidentified radionuclides in batch sample

taken prior to release (pCi/ml)

The concentration of gnidentified radionuclides in liquid waste, Cbp' is the
difference between the total activity concentration and the sum of activity
concentrations of identified radionuclides. The MPC of unidentified radio-
nuclides in these ﬁastes is 1 x 10-7 nCi/ml, '

When FMPC is derived from analyses identifying iodine and principal

" gamma emittefsbgg_ 'v»iel_l,b “the value FMPCbp is adjusted to account for radio-
nuclides measured in the monthly and quarterly composite sample but not
measured prior to release, This adjustment, derived from measurements
during the preQious calendar quarter, is calculated with the equation

RMEC, = FMEC_ <+ Ey

' J(Previous quarterly average of the fractidn of MPC in the )
where Eb =

discharge canal due to I-131 and primary gamma emitters

<previous quarterly average of the fraction of MPC in the )

discharge canal due to all radionuclides in batch releases.
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Whether radioiodine and primary gamma emitters are identified prior
to a batch release or not, the liquid radwaste effluent line radiation

monitor alarm setpoint is determined with the equation

b~ 781 '
ﬁﬁere S = rad1at1on monitor alarm setpoint (cpm)
A = counting rate (cpm/ml) or act1v1ty concentration (uC1/m1) of
| 'sample in laboratory ' _

g = ratio of effluent radiation monitor counting rate to laboratory
counting rate or activity concentration in a glven batch of
11qu1d (cpm per cpm/l or cpm per RCi/ml)

Fél = flow in the batch release line (gal/min).* Value not greater
than the discharge line flow alarm maximum setpoint.

FSz = minimum flow in the discharge canal (gal/min).* Value not less

than the discharge canal flow alarm minimum setpoint.
Note that A/FMPCb represents the counting rate of a solution having the
same radionuclide dlstrlbutlon as the sample and having the maximum
- permissible concentration of that mixture. \

- In the event gross B—Y anelysie alone is used to determine the radio-
ectivity in a batch priOr to release,.phelfraction of the unrestricted
area MPC in the batch is just .

C

mEC, _ o bp.

C1exa107

ERSTINRY

‘and the fraetieﬁ of the unrestricted aree-MPC at the restricted area

bqendary if the batch is released at.a rate; Fli.isvestimated by the

eQuatioh
R va];
1 X 10 7 Fe

where F represents the flow in the discharge canal.

* Any suitable but identical units of flow (volume/time)
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2.3.2 Setpoint for a Continuous Release. Continuous aqueous

dischargeé are sampled and analyied according to the schedule in Table 4.14-2.
The ratio, FMPCC,~of the activity'concentration in each of the continuous

release streams to the unrestricted area MPC is calculated with the

MEC = Cowi + A Cow :
o MPCi identified \ MPC/ unidentified

equations

i-.

fraction of unrestricted area MPC in continuous release

N

whege EﬂPch
- based upon activity measured in weekly composite
chi = concentrationlof radionuclide iv(including I-131 and
principal gamma emitters) in weekly composite sample (pCi/ml)

Eéw = concentration of unidentified radionuclides in weekly
~ composite sample (1Ci/ml)
-1 7 cs
MPCunid_entified 7.1'x";0 ' pC1[m}

Adjustment for radionuclides measured in monthly'and quarterly composite
sampies but not in weekly composite samples is given by the equation

TMPC = IMPC__ <+ E
c cw c

quarterly average fraction of MPC in the discharge canal

due to 1-131 and primary gamma emitters measured in weekly

where Ecj= composite samples of continuous releases during previous quarter
quarterly average fraction of MPC in the discharge canal due
to all radionuclides in samples of continuous releases during
previods‘quarter. _ _
The alérh,éétpoint of the radiation monitor on a continuous radioactive

discharge line is determined with the equation

, , F k:
5= mgc * FSZ *
c S1
where A = activity concentration (pCi/ml) or counting rate (cpm/ml) in

laboratory of weekly composite sample.
FS1 = flow in the liquid discharge line (ml/sec). ‘Value not greatef
than discharge line flow alarm maximum setpoint.
FSz = flow in the discharge canal (ml/sec). Value not less than

discharpe canal flow alarm minimum setpoint.
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2.4 Radioactivity Concentration in Water at the Restricted Area Boundary

Technical Specification 4.14.2 requifes, that measured radioactivity
concentrations in liquid releases be used to calculate the concentration
in water at the restricted area boundary relative to the unrestricted
area MPC. V

The quarterly average radionuclide concentration in the discharge
canal, expressed as a fraction of MPC, shall be computed from the following
six components: o ' ,

1) the average fraction of MPC of the nuclides measured by ;nalyses

.prior to each batch release | _

2) the average frdétign of MPC of the nuclides measured by the
monthly composite analyses 6f the batch releases (H-3, P-32,
alphévemitters)

3) thé avérége fraction of MPC of the nuclides measured by the
quarterly composite analysis of the batch releases (Sr-89,

Sr- 90, and Fe 55) _

4) the average fractlon of MPC of the nuclides measured by the
weekly composite analyses of the continuous releases

5) the average fraction of MPC of the nuclides measured by ﬁhe
monthly composite analyses of the continuous releases (H-3,
P-32, and alpha emitters) '

6) the_averagé fraction of MPC of the nuclides measured by the
quarterly composite analysis of the continuous releases (Sr-89,
Sr-90, and'Fe~55), ' .

This may be éxpfesSed by the-following equation:

EMPC=_1x( EMPC Ac Zmpc At Zmpc At
bqg

ZEMPC At + ZmPccm A.t Z FMEC_ At >

where t is the number of hours in the averaging period’ (a quarter in

thi's case, 2190 hours).

tbp is the duration of the. p-th batch release (hours)

tbm is the sum of the durations of the batch releases which are

included in the m-th monthly batch éomposite analysis (hours)
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t is the sum of the duratiens of the durations of the batch
releases which are included in the q-th quarterly comp031te
ana1y51s (hours)

tew 1is the duration of the continuous release for the w- th weekly

compos;te analysis (hours)

t  is the duration of the continuous release for the m-th
monthly composite analysis (hours)

th is the duration of the,contipuous_release for the q-th quarterly
- analysis (hours) ,
- FMPC  is the fraction of unrestricted area MEC in the.dischafge
canal. Modifying subscripts are:
b, batch release
C, continuous‘release
p; the batcﬁ enalysis index
ﬁ,ethe weekly composite analysis index
m, the monthly composite analysis index
q; the quarterly composite analysis index.
In actual practice, the average fraction of MPC will be computed on a
quarter—to-date ba51s. That is, as additional data become avallable, an
updated average fract1on of MPC may be computed from the prev1ous average

,and the add1t10na1 data with the equatlon

FMPC_ = FMPC_, * t' + FMEC_ * t
t ..t xy
-t

Xy

. where FMPC and ¢t are as defined above and the subscript x represents
elther b ‘or c, and the subscript y represents p, w, m, or q.

! is the t1me perlod covered by the previous average
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2.5 Accumulated Personal Maximum Dose

Technical Specification 4.14.3 requires the dose or dose commitment
to a person offsite due to radioactive material released in liquid effluent
. to be calculafed on a cumulative basis at least once every 31 days. The
requirement is satisfied by computing the accumulated dose commitment to
each organ and to the total body of a hypothetical person exposed by
eating fish and drinking water taken from the river offsite near the
Adischarge canal. | ‘

The accumulated‘dose commitment is computed at least ence every 31
days but may be computed ae aﬁalyses become available. The computatien

is made in the follow1ng way

Anank 3.785 x 10 -3 Z eani ik ZA::J L
Fa5.
ZAD
where AsDank  = the dose commitment (mrem) to organ n of age group -a due
to the isotopes identified in analysis k, where the
‘analyses are those required by Table 4.14-2 of the
' Technical Specifications. Thus the contribution to the
doee from gamma emitters become available on a batch basis
for batch releeees and on a weekly basis for continuous
releases. Similarly the contributions from H-3 is
aveilable‘on a'ménthly basis and the contributions'
from Sr-89 and Sr-90 become available on a quarterly
Basis
Dan = the dose commltment durlng the quarter-to- date to organ n,
' ~including total body, of the maximally exposed person in
age group a (mrem).
cani transfer factor relating a unit release of radionuclide i

(Ci) in a unit stream flow (gal/min) to dose commitment
to organ n, or total body, of an exposed person in age

group a/ mrem
Ci
gal/min
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' Cik = the concentration of radionuclide i in the undiluted liquid
waste to be discharged (pCi/ml)

tj = the period of time (minutes) during the release that F1/F2
: is the ratio of the discharge flow to the dilution flow.
3.785 x 10"3 = conversion constant (3785 ml/gal * 10_6 Ci/uCi)
bPathway—to-dose tragsfer factors, A .y for use in calculating the dose

eani :
commitment arising from radioactive material released in aqueous effluents

are tabulated in Appendix A. Appropriate ones of the tables representing
applicable environmental pathways of exposure and most exposed age group(s)
are selected and used in calculating the dose commitment. - The pathway(s)
are/or age group(s) selected may vary by season.

Variables F1 and F2 are defined in section 2.2,. In the river'qffsite
=5 FC.

near the discharge canal, F2

2.6 Projected Personal Maximum Dose

Technical Specification 4.14.4.1 reﬁuires the doses to a person offsite
due to radioactive material released in liquid effluent to be projected
over a quarter at least one time during every month.

This requiremént is satisfied by calculating the projected total body
and organ dose commitments to a hypothetical person exposed by eating fish
and drinking water taken from the River offsite near the discharge canal.
The potentiai’doée commitméﬁﬁs to organs.and to the total body are cémputed
separately, A :_ »

| The quarterly dose.commithent to a maximally exposed hypothetical
person is projected monthly using the following equation:

- ?an =-ZADbanp * ZADbanm * ADbanq *
P

m

: Z A D + Z AD + AD
canw canm cangq

W m
where Pan is the projected dose commitment (mrem) to organ n (including
total body) of age group a for the current quarter. i
znybanp‘is the dose commitment (mrem) to organ n of age group a for
P

the isotopes identified in the analyses prior to the release
of each batch in the last three months.

ElﬁDbanm is the dose commitment (mrem) to organ n of age group a for
" ‘ the isotope (H-3) identified in the monthly composite

analyses of batch releases for each of the last three months
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Dbanq

YA

~ZAD
e

is the dose commitment (mrem) to organ n of age group

a for the isotopes (Sr-89, Sr-90) identified in

- the most recent quarterly composite analysis of batch

canw

releases.

is the dose commitment to organ n of age group n for the

.isotopes identified in the weekly composite analyses of

canq

canm

continuous releases for each week in the last three months

is the same as Z ADbanm'but for continuous releases
m. :

is the same as AxDbanq but for continuous releases
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3.0 Gaseous Effluent

3.1 Introduction

The Station‘discharges gaséous effluent through a stack and discharges
ventilation air from the reactor and radwaéte buildings through the reactor
building vents. Ventilation air from the Turbine Building may be discharged
through the Turbine Building.vents or through the Reactor Building vent.
These gaseousveffluent streams, radioactivity monitoring points, and

- effluent discha:ge:points are shown schematically in Figure 3-1. Gaseous
releése point locationé'and elevations at the Station are described in '
Table 3-1. Gaseous discharges from the stack are treated as an elevated
release while discharges via the building vents are assumed to be ground-

level releases.

3.2 Radioactivity in Gaseous Effluent

For the purpose of estimating offsite radionuclide concentrations and
radiation doses, measured radionuclide concentrations in gasebus effluent
and in ventiiation air exhausted from the Station are relied upon. Table
4.15-2 in the Technical Specifications identifies specific radionuclides
in gaseous diséharges for which sampling and analysis is done.

When a radionuclide concentration is below the LLD for the analysis,.
‘it is not reported as being present in the sample. Carbon-14 is assumed

- to be discharged from the stack at the rate of 9.5 curies per year.

‘:3.3 Main Condenser Air Ejector Noble Gas Monitor Alarm Setpoint

A noble gas activity monitor is provided to measure gross gamma
activity’in gases at the main condenser air ejector. The monitor includes
an alarm that is set to report when the gamma radiation level in gas
discharged by the méin condenser air ejector indicates the gross radio-
activity discharge rate exceeds 100 pCi/ (MWt.sec).

The alarm setpoint is determined with the relation

100 Pg

S = T
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where S = main condenser air ejecter noble gas monitor elarm setboint
(cpm) or (mR/hr) |
P = nominal reactor thermal power (MWt)
F = air ejector discharge rate (ft3/min)
g = noble gas monitor calibration or counting rate response for

gamma radiation cpm or mR/hr
uCi/(sec ¢fm) pCi/(sec cfm)

discharge rate limit df'gress radioactivity in noble gas

100
' (pCi/(MWt'sec)).

3.4 Effluent Noble Gas Monitor Alarm Setpoint

Instrumentation is provided to monitor gamma radiation from radioactive
‘materials released from the'Station invgaseOus effluents. Each monitor
includes an alarm that is set to report when the radioactive noble gas in
gaseous:effluent from a monitored stack or vent is expected to cause a
noble gas concentration at ground level offsite equal to or greater than
specified in 10 CFR Part 20 Appendix ‘B Table 2 Column 1 for the mixture.

The unrestricted area concentration specified by 10 CFR Part 20.106
and the limits bf~10 CFR Part 50 Appendix I Section IV should not be
exceeded after an alarm provided prompt action is taken after alarm
inltlatlon to reduce radloactlve releases.

The dlstrlbutlon of radioactive noble gases in a gaseous effluent
stream is de;ermlned by gamma spectrum analysis of identifiable radio-
@huEiides in effluent gas sample(s). Results of one or more previous .
Aanalyses may be averaged to obtain a representative spectrum. In the
event the distrlbutlon is unobtainable from measured data, the distribution
of radloactlve noble gases computed by the BWR-GALE code and appearing in
Table 3-2 hereln may be assumed.

The gross activity. concentratlon of noble gas corresponding to the
10 CFR Part 20 Appendix B Table 2 Column 1 limit is calculated from the

distribution with the equation '

MPC =

MPC,
i
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where MPC

= gross activity concentration of noble gas mixture corresponding -
to 10 CFR 20 Appendix B Table 2 Column 1 .limit (uCi/cm3)
Ci = relative concentration of noble gas.radionuclide i in gaseous

‘release (uCi/cm3)

’ MEC, = 10 CFR Part 20 Appendix B Table 2 Column 1 value.

Note that this is simply the aggregate of the concentrations of radionuclide
i in a sample dividéd by the fraction of MPC constituted by radionuclide i
in the same sample. ' |
‘The alarm Setpoint for the effluent noble gas monitor is then calculated
with the equation ,
S=__ MPC*h

4.7 x 10"“’ * F % X
: Q A
wheré S = alarm counting rate setpoint (cpm) or (mR/hr)
h = effluent noble gas monitor counting rate response
- -cgm. ) or calibration /_mR/hr for noble gas
( pCi/cm3 (}LCi/cmED -
gamﬁa radiation
F = discharge rate of gaseous effluent (ft3/min)
X/Q = minimum atmospheric dispersion from release point to

unrestricted areav(uCi/cm3 per uCi/sec)

4.7 x 10_4 conversion constant (, 1 m3 W 1 mig>

]

35.31 ft3 60 sec

-MPC ‘= maximum permissible concentration according to 10 CFR
Part 20, Appendix B, Table 2, Column 1 (pCi/cm3)

The value of X/Q adopted in a setpoint calculation will be based eithér
on prevailing meteorolqgiéal conditions or on referenée meteorological
conditions. Minimum ‘atmospheric dispersion offsite derived from reference
meteorologicaltconditions at the site boundary 1260 meters NNW of the

Station are:

X

Q /stack
X

Q /vent

2.8 x 10_7 sec/m3

4.3 x 10"6 sec/m3
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3.5 Noble Gas'Camma Radiation Dose Accumulated in Air

Technical Specification 3.15.3 requires that the offsite air dose
during any calendar quarter not exceed 5 mrad from noble gas gamma radiation.
Specification 4.15.3.2 requires a monthly calculation on a cumulative basis’
of air dose due to gamma radiation from radioactive noble gas released in
gaseous effluents. A |

The distribution of radioactive noble gases in gaseous releases is
determined by gamma spectrum ana1y31s of gaseous effluent samples in accord
with Technical Speciflcatlon Table 4.15-2. In the event the radloactlve
noble gas distrlbutlon is not obtalnable from sample(s) taken during the
current periodvthe dlstributlon will be obtalned from the most recently
available data or from Table 3-2.

The quantity of radloactlve noble gas discharged during an 1nterva1
of time is determlned by integrating the release rate measurement of each
effluent noble gas monitor. The total measured radioactivity dlscharged
“via a stack or vent during a counting interval is determined by the relation

AQ, =60NF
3 Tw

where Z&Qj total measured gaseous radioactivity release via a stack or
| ' vent during counting inter§e1 j (pCi)
60 = conversion constant (sec/min)

= counts accumulated durlng counting interval j

= discharge rate of gaseous effluent stream (ft3/m1n)

= effluent noble gas monitor calibration or counting rate

response for noble gas gamma radiation cpm
- ' (uCi/m3>
1f 8 represents tﬁe.fracticn of radionuc}ide i in the distribution of

radioactive gases in a given effluent stream, then the quantity of radio-
nuclide i released in a given gaseous effluent streem during counting

interval j is estimated by the relation

AQiJ.'=AQJ.lg
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The gamma radiation dose to air offsite as a consequence of noble

gas diechargeu from DAEC is calculated with the
e T (e nm, s 3 T ).

" where D, = noble gas gamma dose fo air due to effluent from stack and

Y
vent (mrad)
AYS = factor converting unit release of noble gas radionuclide i
i

_from the stack to air dose at ground-level ‘received from
gamma radlation from the overhead plume (mrad/pCi)

AY = factor'conﬁerting‘time integrated, ground—level concentration

of noble gas to air dose from gamma radiation mrad
’ (uC1 sec)/m

(X/Q)V“ atmospherlc dlsper310n factor for a vent (ground level or
bu11d1ng wake) dlscharge (sec/m )

Speciflcatlon 4.15.3.2 is satlsfled by calculating the noble gas gamma
radiation dose to air a; the offsite location identified in Figure 3-2.
At that location; 1260 meters NNW of the Station, the reference* atmospheric

dispersion factor to be used is

( > 4 3 x 10 6_se<:'/m3

Values Qf AYs and AY aﬁpropriate for use at that location, assuming
’ : s Vi S : : '
reference meteorological. conditions, are listed in Table 3-3.

“ 3 6 Noble Gas Beta Radlation Dose Accumulated in Air

Technical Spec1f1cat10n 3.15.3 requires that the offsite air dose
‘durlng any calendar quarter not exceed 10 mrad from noble gas beta radiation.
Specification 4.15.3.2 requires the air dose to be calculated monthly on a
cumulative basis. |

- The redioactive nob1e gas distribution and activity discharged are

determined as described in § 3.5 herein.

~

*Reference atmospheric conditions are summarized and discussed in '"Duane
Arnold Energy Center, Evaluation of Liquid and Gaseous Effluent Releases
in Accordance with 10 CFR 50 Appendix I," submitted to NRC June 3, 1976,
Reference atmospheric dispersion factors tabulated therein, also appear
in Appendix B herein.
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. The beta radiation dose to air offsite as a consequence of noble gas

released from the Station is calculated with the equation:

bg =>; 2B, g (AQj g, g)s s z aB, z (AQj g g)v

i ' j
where DB = noble gas beta dose to air due to stack and vent releases
(mrad) '
AB. = factor converting time-integrated, ground-level concentration:

. of noble gas radionuclide i to air dose from beta radiation

“mrad

(ﬁCi'sec)/m3

(X/Q)S = atmOSpherlc dispersion factor for a dlscharge via ‘the stack
_(sec/m )
-(X/Q)v = atmospherlc dispersion factor for a vent (ground level or

building wake) discharge (sec/m ).
Specification 4.15.3.2 is satisfied by calculatlng the noble gas beta '
radiation dose to air at the location identified on Figure 3-2. At that
lqcation,'1260 meters NNW of the reactor, the reference atmospheric

' . dispersion factors to be used are

X -7
£2) =2.8x10
(Q>cs' :

. (%) = 4.3 x 10-6'
cv_ .

Beta radlatlon to-air dose conversion factors, AB, 5 for noble gas radlonuclldes

are llsted 1n Table 3-3.

. 3.7 Dose Due £0'Iodine and Particulates in Gaseous Effluents*

Technical Spécification 3.15.4 requires that radioiodine, radioactive
material in partiéulate form, and radionuclides with half-lives greater than
8 days in gaseéus effluents released to the area offsite cause no more than
7.5 mrem to any organ of a member of the public during a calendar quarter.
Specification 4.15.4.2 requires the dose to be calculated at least once

every month.

*The dose to any organ of a person arising from radioactive iodine, radio-
. active material in particulate form, and radionuclides with half-lives
greater than 8 days. Noble gases not considered.
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Radioﬁuclides other than noble gases in gaseous effluents that are
measured by the sampling and analysis program described in Technical
Specification Table é.ls?zvare used at the release term in dose calculations.
Airborne releases are dischargéd either via a stack.as_én elevated release
br via building vents and_treated as a ground. level or split wake release.
For each of these release combinations, samples are analyzed weekly, monthly,
quarterly, or for a specific release according to Table 4.15-2.

Each sample provides a measure of the.éoncéntration of specific radio-
nuclidés, Ci,_in.gaéeous'effluent discharged at_flow, Fa’ during a time

increment»llt, 1Thﬁs,.each release is quantified according to the relation.
CAq,., = A
*Qiix T Cix Fay 2F
Ui~ Z Circ Fag At
where Qig = the'quantity of radionuclide i released in a given effluent
A;§tﬁéam based on analysis k A
.Cik =3éon¢entration of radionuclide i in gaseous effluent identified

A by analysis k

Il

Faj effiuent stream discharge rate during time increment Zth(m3/sec)

1

4Stj time increment during which radionuclide i at concentration

' Cik,is being discharged (sec)

A persoh may be_ekpoSed directly to an airborne concentration of
.lradioactivé material discharged iﬁ effluent and indirectly via pathways
involving dépbsition_of radiocactive material onto the ground. Dose
estimates'accqunt for thé separate exposure pathways. The dose commitment
to é person offsite associated with a gaseous release, Qik’ of radioactive
material other -than noble gas is calculated with the appropriate one(s) of

the following equations
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for a stack release: .
r
= \ + :
Dansk Qiks E: TAani X E: TGani D
% Q /s . Q/s
- i i
for a vent release

[ L (). T )]

e i .

where D ek = the dose commitment.(mrem) to organ n of a person in age
group a due to radionuclides idenctified in analysis k of
a stack release whgre the analysis is required by
Technical Specification Table 4.15—2.

= th?'dose commitment from a vent release (mrem)

anvk _
TAani = factor convefting aipBorne'concentration of radionuclide i
" to dose commitment to_organ'n of a person in age group a
= whefe exposure is directly to airborne material mrem )
v | <(uCi sec)/m>
TGani = factor conver;ipg ground deposition ot radionuclide i to

dose cbmmi:ment to organ n of a person in age group a where
exposure is directly or indirectly to radioactivé material
that has been deposited on the ground / mrem
- (uc i/m2>
The analysis index k may represent either -
p, analysis of a grab sample '
w, a weekly coﬁposité analysis
m, a monthly composite analysis
Qs a.quartefly combosite analysis ‘
The dose commitment accumulated by a person offsite is computed at
least every 31 days to satisfy Specif{cation 4.15.4.2 but may be calculated
as analytical resﬁlts 6f effluent measurements, performed as specified in

Tabie 4.15-2 in the Technical Specificdtion, become available.
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The dose accumulated as a result of stack discharge is computed with

™ T Py * 3 P T P
. ans’ ansp - answ ansm ansq
o p w m q
and the dose'aceumulated as a result of vent discharge is computed with
DI N
“anvm anvq
m q
Doses committed’ during the same time period ‘due .to discharges from the
stack and_vents-are additive, thus
an ans anv
. vl | |
where Dan the dose commitment'accumulated during the quarter to date
_ as a result of all measured radioactive gaseous discharges
Aexcept noble gases to any organ n, including total body, of
a person off81te in age group a (mrem).

When the dose to a person from iodine and partlculates discharged in
gaseous effluents is calculated as requlred by Specification 4.15.4.2,
appropriate env1ronmenta1 pathways (from among those for which dose transfer
~ factors are prov1ded in. Appendix A) will be evaluated. The dose calculated
is to a receptor at the location 1dent1f1ed in Figure 3-2 where reference
~_atmospheric disper51on and deposition factors-are:

-7

STI'x‘IO"‘see/m3 _9'm—2

7.2 x 10

cSs CcSs

Ll LOlu

= 3.9 x _10'6_ sec/m> 1.3 x 1078 072

cv o C cv

OIX oI

Food_pathways-are evaluated with refefence‘meteorology applicable at the

location of.foqd produetion,

' 3.8 Dose to a Person from Noble Gases

Technical Specification 4,16.1 requires the calculation of the dose
or dose commitment to a person offsite exposed to 12 consecutive months of

radioactive liquid and gaseous effluents from the Station. One component
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of personal dose is total body irradiation by gamma rays from noble gases.
Another is irradiation of skin by beta and gamma radiation from noble gases.
The metheds of calculating these doses are presented in sections 3.8.1 and
3.8.2. ' |

The amount of radioactive noble gas discharged is determined in the

manner described in section 3.5.

3.8.1 Gamma Dose to Total Body The gamma radiation dose to the whole body

of a member of the publxc as a consequence of noble gas released from the

Station is calculated with the equation:

Dy = Z (Qi * PYi)s * Z (Qi *X* PV,
- ' i

)

where a*DY = noble.gas gamma dose to total body (mrem)
PYS =‘factor»converting unit noble gas nuclide i stack release to

© _total body dose,at:ground level received from the overhead
plume (mrem/pCi) '

PY = factor converting time integrated, ground level concentration

:‘of‘noble.ges nuclide i to air dose from gamma radiation

mrem

'(uCi sec)/ﬁy3
When the.tdtal body dose due to gamma radiation from noble gas is
computed as required by Technical Specification 4.16.1, the nearby resident
exposed to maximal ground-level noble gas concentretions (maximum X/Q) is
selected as the receptor.
Noble gas plume gamma-to-total body dose factors, PYS’, are calculated
‘'with the RABFIN program. Noble gas semi-infinite cloud gaéma—to—total

body dose factors, PYV » are listed in Table 3-4.
e PR

3.8.2 Dose to Skin The beta radiation dose to the skin of a member of the

public due to beta radiation from noble gas released from the Station may

be calculated with the equation
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o MIS(ETaley)

1 1

where DB = noble gas beta dose to skin (mrem)
-SBi = factor converting time integrated ground level concentration
| of noble gas to skin dose from beta radiation _mrem
: ' BCi sec
3
m

When the skin dose due to noble gas beta radiation is computed as
required:by Spec1f1cat10n 4,16.1, the receptor selected is the nearby
resident exposed to maximal ground—level concentrations (maximum X/Q).

The totalvaose to the Skin‘from noble gases is approximately equal

" to the beta radiation dose to the skin plus the gamma radiation dose to

the total body.

3.9 Projected Doses due to Gaseous Effluent

Technical Specification 4.15.5.1 requires doses due to radioactive
material releasedlinAgaseous effluent to be projected over a quarter at
least once a'month in order tb guide plant personnel in operating the

. _ radwaste systems. This requiremént is satisfied by calculating doses
according to equations for ' _ '
1. dqse(to air offsite”due to noble gés gamma radiation as
in § 3.5 |
2. dose to air offsite due to ndble gas beta radiation as in
§ 56 v . | = _
3. total body dose due to noble gas gamma radiation as in
§4.3.1 .
4._‘sk1n‘dose due to noble gas beta radiation as in §4.3.2, and
5. .tqtdl body and maXimally exﬁosed organ doses due to gaseous
effluents* other than noble gases as in § 3.7.
The projected doses are calculated on the basis of gaseous effluenté
from the Station during the preceeding three months; The radioactive
releases are meééufed according to Technical Specification Table 4.15-2 and/

or derived as outlined in ODAM sections 3.5 and 3.7.

i . *radioactive iodine, radioactive material in particulate form, and
. _ radionuclides with half-lives greater than 8 days.
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4.0 Dose Commitment from Releases over Extended Time

4.1 Releases during a Quarter

Techn1ca1 Specification 6.11l.1l.e requires an assessment of radiation
doses arising from liquid and gaseous effluents from the Station during
each calendar quarter. The assessment includes the following calculations
of dose as described by equations for |

1. total body and maximally exposed organ doses due to liquid
effluent via drlnking water and eatlng fish from the River

‘f‘as in§ 2. 6

2. total body dose due td.noble«gas Y as in§4.3.1

3. skin dose due to noble'ges B as in§4.3.2 ‘

4.‘_tota1 body'and maximally exposed organ doses due to gaseous
effluents* cher than noble gases as in§ 3.7

5. doses to air offsite due. to noble gas Y as in §3.5 end due
to noble gas B as in §3.6.

The dose calcdlations are based on liquid and gaseous effluents from
the Station during‘each calendar'quarter determined in accord with Technical
- Specification Tables 4.14-2 and 4.15-2,

Aqueous concentration is estimated according to§ 2.2 on the basis of
quarterly averaged streamvflow. Quarterly averaged meteorological condi-
tions concurrent with the quarterly gaseous release being evaluated are
used to estlmate atmOSpheric dlsper51on and deposition.

‘The receptor of the dose is described such that the dose to any re51dent
near the Station is unlikely to be underestimated. That is, the receptor
is selected on thedbasis of ‘the combination of applicable pathways of -
exposure to geseous effluent identified in the annual land use census and
maximum ground level X/Q at the residence. Conditions (i.e. location,

X/Q, and/or pathways) more conservatlve (i.e. expected to yield higher
calculated doses)_than approprlate for the maximally exposed individual may

be assumed in the dose assessment.

*Radioactive iodine, radloactlve material in partlculate form, and radio-
nuclides with half-lives greater than 8 days.

'
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|
|
Seasonal approprlatenéss of exposure pathways may be con51dered.
Exposure by eating fresh vegetatlon or drinking milk from cows or ‘goats
fed fresh forage is an inaﬁpropriete assumption during the first or fourth
calendar quarter;'rather consumption of stored vegetation and stored forage
. is assumed during those quérters. Otherwise, during the second and third
calendarquarters,eprsure;by eating fresh vegetation and/or drinking milk
from cows or goats fed fresh forage is assumed where those pathways exist.
Factors converting steck releesed noble gas to gamma radiation dose
from the overhead plume are calculated on the basis of quarterly averaged
meteorologlcal data for the receptor location. Other environmental

pathway-to—dose transfer factors used in the dose calculations are provided

in Appendix A.

4.2 Releases during 12 Moﬁths
' The regulatlon governlng the maximum allowable dose or dose commitment
to a member of the public from all uranium fuel cycle sources of radiation
. and radioactive material in the environment is stated in 40 CFR Part 190.
R £ requireslthet the dose ér dose comﬁitment to a member of the public
from all sources not exceed 25 mrem/yr to any organ or 75 mrem/yr to the
thyroid. Technical Specification 4.16.1 requires calculation of the dose
at least once every year te assess eompliance with the regulation.

~ Fuel cycie‘sources orénuclear power reactors other than the Station
1tse1f do not measurably or significantly increase the radioactivity con-
centrat1on in the v1C1n1ty of the Statlon, therefore, only radiation and
radioactivity in the env1ronment attrlbutable to the Station itself are
~considered in the assessment of compliance with 40 CFR Part 190.

Contrlbutlons to the dose due to liquid and gaseous effluent are

calculated as descrlbed by the equations for: \
1. total body apd maximally exposed organ doses due to liquid

effluent via drinking water and eating fish from the River as

in$2.6 |

2. total body dose due to noble gas Y as in§ 4.3.1
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3. skin dose due to noble gas B as in §4.3.2
| 4. total body and maximally exposed orgén doses due to gaseous
effluents* other than noble gases as in § 3.7.

The doses are calculated on the basis of liquid and gaseous effluents
from the Station during 12 consecutive months, determined in accord with
Technical Specification Tables 4.14-2 and 4.15-2. For the purpose of
the Annual Radiological Environmental Report, doses are based upon release
during a calendar‘year;

Aqueoué.radioactiQe material concentrations are estimated according
to §2.2 on the basis of annual averaged stream flow. Annual averaged
meteorological conditions coﬁcurrent with gaseous releases being evaluated
used to estimate atmospheric diépersion; deposition, and elevated plume

gamma exposure. _ I

‘The receptor of the dose is described such that the dose to any
resident near the Station is not iikely to be underestimated. The
~ _receptor is selected on the basis of the combination of applicable
pathways of exposure to gaseous effluent identlfled in the annual land
use census and maximum ground level X/Q at the residence. Conditions
more conservatlve_than appropriate for the maximally exposed person may
be assumed in the dose assessment.

Factors_cbnverting stack-releésed noble gas to gamma radiation dose
vfrom the ovérhead‘plume.aré calculated on the basis of annual averaged
meteorologicél data for the receptor location. Other environmental
. pathway-to-dose tfansfér factors used in'the dose calculations appear

in Appendii A.

* Radioactive iodine, radioactive material in particulate form and radio- -
nuclides with half-lives greater than 8 days.
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Figure 3-1 Gaseous Radioactive Waste
‘Flow Diagram

R1 Main Condenser SJAEVOffgas'Pretreatment Noble Gas Activity Monitor
.R2 Maiﬁ Condenser SJAE Offgas Hydrpgen Monitor » : ;

R3 Offgas Stack Radiation Monitoring System

R4 - Reactor Building Exhaust Vent Monitoring System

R5 Upper Turbine Building Exhaust Vent Sampling System-



Figure 3-2

Map of area around DAEC within about 5 miles of the Station.

Station and site boundary should be identified.

Residence within about 2 miles should be identified if information

is available.

Will identify locations at which doses are calculated.

a) noble gas gamma and beta doses to air at 1260 meters NNW



Table 3-1

Atmospheric Gaseous Release Points
at the Duane Arnold Energy Center

Release Point

Parameter :
Offpas Stack Reactor Bldg Vent Turbine Bldg Vent
Release Height 3 - 328 ft 154 ft 60 ft
Release Mode ‘ elevated wake-split wake-split
Effluént'Source Waste Gas System Reactor Bldg Upper Turbine Bldg
. Standby Gas Radwaste Bldg '

Treatment System
_ Lower Turbine Bldg



Table 3-2

Computed Releases of Radioactive Noble Gases in Gaseous

_Effluent from Duane Arnold Enerkv Center

Nuclide : Stack Release Plant Vents Release
' ~(Ci/yr)e fractionP (Ci/yr)@ fraction®
Kr-83m 4,90E+01  2.53E-03 0 0
Kr-85m 2.34E+03- 1.21E-01 7.40E+01 1.98E-02
Kr-85 1.40E+02  7.23E-03 0 0
Kr-87 -~ 1.56E+02 8.06E-03 1.36E+02 3.64E-02
Kr-88 1.65E+03 8.52E-02 2.36E+02 6.32E-02
Kr-89 . 6.40E+02  3.31E-02 0 ‘ 0
Xe-13lm - 4,80E+01  2.48E-03 0 0
Xe-133m . 3.50E+01 1.81E-03 0 0
"~ Xe-133 1.24E+04  6.41E-01 3.92E+02 1.05E-01
Xe-135m -1.80E+01  9.30E-04 7.42E+02 1.99E-01
Xe-135 5.10E+02 2.63E-02 7.43E+02 1.99E-01
. Xe-137 7.80E+02  4,03E-02 0 . .0
Xe-138 5.90E+02  3,035E-02 1.41E+03 3.78E-01

19356. 1.0 : 3733. 1.0

a Releases computed by BWR-GALE for DAEC Base Case gaseous radwaste treatment.
Computed releases are included only to show the basis of the radionuclide
distribution. ' :

b This is the calculated distribution of radionuclides in gaseous effluents
in each release pathway. To estimate radionuclide concentrations in a
sample in which only the total activity concentration has been measured,
multiply the total activity concentration by the fraction of respective
radionuclides listed above.



Table 3-3

Transfer Factors for Maximum Offsite Air Dose
Based on Reference Meteorology

Radionuclide : Air Dose Transfer Factors
ay 2P AY AB,
S, v, 1
i T * ,
(mrad) < mrad ) } ( mrad >
RCi \pCi sec/m3 pCi sec/m3

Kr-83m 4,3E-14 6.1E-7 9.1E-6
 Kr-85m . 6.0E-12 3.9E-5 6.2E-5
. Kr-85 = 8.4E-14 5.4E-7 6.2E-5
- Kr-87 2.3E-13 2.0E-4 3.3E-4
Kr-88 " 6.4E-11 4,8E-4 9.3E-5
Kr-89 3.0E-11 - 5.5E-4 3.4E-4
Kr-90 ‘ —_ 5.2E-4. . 2.5E-4
Xe-131m 1.8E-14 4.9E-6 3.5E-5

- Xe=~133m ’ -1.4E-14 1.0E-5 4.7E-5
- Xe-133 1.5E-12 1.1E-5 3.3E-5
Xe-135m -~ 1.1E-11 1.1E-4 2.3E-5
Xe-135 9.5E-12 6.1E-5. © 7.8E-5
Xe-137 2,6E-~12 4.8E-5 4.0E-4
Xe-138 "~ 3.6E-11 2.9E-4 1.5E-4
Ar-41 4.4E-11 2.9E-4 1.0E-4

.a Based on reference meteorology at DAEC

Receptor located 1260 meters NNW of Station



APPENDIX A

PATHWAY-DOSE TRANSFER FACTORS

‘Environméntal pathway transfer factors, usage factoré, and dose commit~
ment factors appropriate for each exppsufe pathway, age, énd organ are com-
bined into integrated environmental concentration-to;dose factors for each
radionuclide. This appendix includes.tables of values of the transfer factors
_calculated in accord with equations and values recommended in Regulatory
Guide 1.109, Revision 0. Appropriate transfer factors from Appendix A are
used in performing‘dose assessment calculations prescribed.in the ODAM.

The transfer factors have been tabulated for individual éhvironmental
‘pathways. In the event a single, composite transfer factor is desired for
a given organ and age group, it can be obtained by summing the factors for

appropriate'pafhways,
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u.

0.
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APPENDIX B

Reference Atmospheric Dispersion and
Deposition Factors for Duane Arnold
Energy Center



Annual Averaged Atmospheric Dispersion and Deposition

)

to DAEC Site Boundaries (Reference Meteorology

Vent Release

Stack Release

D/
(m-g)

3

Depleted
X/Q
(sec/m

3).

X/Q
(sec/m

2

"1.4E-8

Y,
3y (m

Depleted
X/Q
(sec/m

X/Q 3
(sec/m”)

Distance
(meters)

Sector -

.3Q2E-

'3,3E-6

2,6E-7
1,1E-7
1.3E-7
7.6E-8
2,0E-7
1.1E-7
1.3E-7
2.0E-7
8.7E-8
4,1E-8

2.7E-7

1176
1203

7. lE"

7.5E-7
5.3E-7
3.9E-7
1.3E-6
9.9E-7
9.5E-7
1.3E-6
7.5E-7
4, 4E-7

9,0E-9
1.1E-8
6.1E-9
1.4E-8
9.3E-9
1.1E-8
1.7E-8
7.5E-9
3.2E-9

1.2E-7

1.3E-7

NNE

4,9E-7
3.6E-7
1,2E-6
9.0E-7
9.0E-7
1.2E-6
6.8E-7
3.9E-7

1.8E-8
1.4E-8
3.9E-8
3.4E-8

695

7.7E-8
2.1E-7
1.1E-7
1.4E-7
2.0E-7
8.8E-8
4,2E-8
2.3E-8
2.7E-8
4,1E-8
6.,0E-8
9.7E-

2.

642
535
455

ENE

ESE
SE

3.6E-8
5.1E-8
2.6E-8
1.6E-8

588
481
455
535
668
749

SSE

SSW
SW
WSW

5.1E-7
8.0E-7

3.1E-9 5.4E-7

5.2E-9

4.0E-

668
722

2.1E-8

8.6E-7

5.8E-8
913E"8
2.7E-7

WNW

2E-

1,3E-
4,.3E-

4E-9
9.1E-9

8E-

. 936
1257
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ATMOSPHFRIC DISPFRSION FArTOR< an DUANE ARNOLD

PP . .

. ———— o cws e

IN "RUN TYPE~ X/Q SFC/¥%
DIRFCTICN :
_._SFCINR . . 4SS - B an?? 5611
N 2.99E-07 ?.TRF=N7 1.48F=07 1.01F=-07
MNE 2.75F=n7 9, RLFE=-NR A.G1F=-NA 6.39F=-NA
NE | 1.60F=N7  R.54F-08 Ao AINF=NA S.NlE=0¢
FNE 9.,0NF=-NA 1.40F=07 A bARF=(R 4,1 3F-08
E 2.,19F=n7 1516=-07 9,80F=-0A S.,75F=-0n
_ _"ESE____ 1l.10E-07 1.07E-07 §.1QF=0A S.A1E-NR
<E 1.82€~07 1.23F-07 T 6GF=NA 4, A0F =08
. SSF 2.06F-07 1.05€=07 h,04F=NA 4,70F=-08
- S _ . R.RTIF-NR 7.16E=-N8 4,71F=0R 3.7RE=0r
SSwW, T L.0LE-OR 6.A6E=-08 4 SF-0R 2.95F-0Nna
sy ?.16E-NR 6,74E=-08 4,75F~NR 3.67F=0R
WSY_ _ __ P.NRF-N8’ 7.5R8£-08 4,75F-0R 3.4E=0R
W 2.31E=-n§ G.49E~NA &, 44F =07 S.40F=-0nr
WNW S.ALE=-NA 1.41E-07 | 9.87F=08 S.78E~08
o NW 1.)126=07 , 2033FE=07 . 1.17F-07 6,A9E=0R
NN ?a24F=07 2.40£-07 *1619F=n7 Te?29E~08
I ‘RUN TYPE=~ DEPLETEN x/Q SEC/M3
NIRECTION ‘ » S
SECTNRA 458 r613 4022 K631
N L. R.04F-07 2.67F=07  1,41F=07 | 9.47FE-0R
NNE ?.21E-07 S.41F~08 R N6F=NR - 6.00E-0R
NE 1.5ﬂ5-07 80175‘08 S.OAF—OB “.71F*0°
__FNF A RTE-NR 1.34F=07  A,32F=0R _  3.90E-08
 F 2.14E-07 1,45E-07 R,9KF=NR S4OFE-0R
FSE 1.0RE=07 1.02F=07 R.,A\F=NR S.24F=NA
_ SE . .1.S0E-07 1« 1RE=07 7.04F=N8- 4,49F =00
SSE 2.01€-07 l.01F=07 6,597 =-0R 4,40F=0R
S - R, 74E~-0A 6 92F~01 4L, 4QF=0R 3.09F-0n
_ SSW .. _...%.97E=-n08 6. L6ENB 4 1GF=0R  : 2,77F~0R
qwW 2.17F=-08 6.55E-n3 4,82F=N8 3.23F-0nr
WeW ?.0SE~NA 7.3¢E~08 4,80F-0R 3.10F=08
w 1.,75€-NA 9.14€-08 S.F=-08 4 ,AQF=0R
WNW 5.55F£~-018 1,315F=-07 Q,22F=-N8 S.1E~08
NW 1.10E=-07 2.23F~N7 1.10F=07 6.L0E-0A
ONNW__ ?.19E-A7  2.30E-07 1.12F=07  6.RSE=08
N RUN TYPE=- DERPOSITIAM N/Q M=2
DIRFCTION
SECTNR 455 2413 4022 %631
N’ 2.20F-NR = S5.59F=09 1. 7RF =09 R.,G2E=10
___NNF - 1.R3E~-NA Re47E~09 1.726F=09  §,96E=1n
NE 1.%E~08 2e52E-09 . R,u4F=10 4,02E=1n
FNE 7.17€=-09 1.78F=04 ~ S,77F=10 2.39F=~1n
€ ) .S4E=-0A 2.87E-09 8.00F=10 4 ,n0E-1D
Fee- ~ 9,31E-n9 ?.B65=09 1.0PF=09 4,ASF=ln
SE 1 .25F-NR 3.85€6=-09 1.21F=09 As1E~1n
- SSF 1.72F=~0R 4 4,33F=09 875 =09 T.ALF=1n
s 7.53E-n9 2.30F-03 Be67F~10 4,27€=1n
SSw 3, RSE=-09 . 1.03F~09° 6.23F=10 3. 1RF=1n
SWo 1 .RSE~09 1.S8E~09 h1AF=10 3.22F~1n
WSW 2.0AE=-09 1.566-09 S.Q7F~-10 3.,09E=1n
W 3.13F-09 2.01FE=09 T ubfF=10 4.01E-1n
WNW §.73F=039 3, 14E=09 1,19F=n% SehAIE=1N
N A,15E-09 3.56F ~09 ©  1.14F=-09 S.32E~-1n
MNW 1.64F=-08 LCLE=09 1.16F~09 S.14E=-10

R L INY SIPPey

Table

VFNT-STArK

OISTANCF (METFPS)

To4n
1.,0646~07
SOQZE-OR
JAGF=(R
3.04F=0R
4,}RF=NA
44,0RE-DA

3.54F~08

3.69F~0A8

“R,20F=0RA

2.RRF=08
2.54F-014
?+53F=0NA
3.71€E-0R
L, 42E-08
S.71F =08
Se26E=NA

7240
9.64F~0R
4.6RF=~NR
3.“05‘03
?QRﬁF”oﬂ
BOQIF-OR
3.7RF=0R
1.28E-08
3.61F-nﬂ
?.Qﬁﬁ-nﬂ

2.64F=NR

?.34E-0R
2.31FE~08
'3032F‘°R
4,00F=-0R
5.272F=0R
“QQOE-OR

7240 .
' Q‘ERF‘IO
‘JHRE=10
2. LTF=10
. YebhE-10
Peb2F=10
,j?.BZE‘lﬂ
3|QOF'10
4,87F=-10

2.75F=-10

2.09F=10
?.01F~10
]QQQF-IO

PebbF=10 -

3.51F=10
3.24E-10
3.176-10

12067
S.0AF~0A
3.44E-NR
EORBE-OR
1.R4F-0A
ZcolE’hR
2.46E~-08

© 2.49F~=nR

3.0“5'08
1.99£=08
1.95F-08
1'795-03
10706'“3
laS“E'nR
2+.58E~-nS
3.176£-n8
4.26E-NA

_ DISTANCE (METERS)

12067
40566‘08
3.09E-08
2+5RF=0R

1,71E=-0R

1.R6E-NA
2e24E~NA
2.,27E=0R
2.766-08
1.83E~0A
1.74E-nA

T 1.59€-0R

1.48E£~0R
1.35€-0R

2.21E-08 .

2.717E~08

..30665—0R

 DISTANGE (METERS)

12067
2.07FE~10
1.3AF=10

" 1.22E=-10

4.7RE-11
7.8RE=-11
G.4hE-11
1.27E-10
1.63E-10
9.20E-11
6.74E=11
hob3E-11
6.34E-11
7.658-“
l1e44E-10

1.54E=10.
2.13€E-10

erm i com—

REG-DX~2 3YR

‘SFASON~ANNUAL

A

24135 40225
1.59F=~08 R,39€~-N9
1009r°hﬂ 50“05'09
9.0RF=n9 4,77€~-09
642F=n9  3,61E~D0 .
6+90F=n9 3.,85€-09
R 64F=n9 4.69€-09
R.32F=09 4.59E~09
1.,04F=08 S.A1E~00
6.97F-09 3.92E-09
64H0F=~n9 3.4T7E~09
5073F-ﬂq 3007E'09
§.33F=09 _ 2.R1€-09
4.76F=n9 2.50€-09
7'7RF-09 4-005“09
9473F=n9 S.04E-09°

6.61E-09

1.29F-08

24125
1.31F=nR
9.03F‘ﬁ°
T.26E=09
5070F‘09
6¢1KF=n9
7422F =09

T.34E-09 "

9.16F=n9
6.29F-n9
5.45F=n9

" 4,90F-n9

4.40F-n9
3.99F=n9

5.99F=09

7.64E-09

T 9.75F=n9

24135
S.52F=11
3.SOF-11

3.63F=7}

1.10F-1)

T 1L.T7F-11

P.22F-11
2.7RF =11
3QSSF-‘1
1.99F=11
1e04F=11
I.RRF')I
IQRBF-YI

- Le60F=11

3.R1F=11
“Q““F"l
febSF=11

4022%
6.1RF~-09
4,33E-09
3.32€E-09
30046“09

T 3.31E-09

3.73E=09
3.90E-09

4, 9RE~09

3.5%8‘09
2.80E-09

T 2.52€-09

2.19€-09
20015'09
2.71E-09
30“65-09

.”“527£f°9

%0225

2.68E=11"

1.68€=-11

T 1.53E~11

S.20E-12
7.QQE'12

10046'11,

1.21E~11
1.516-11

TR.PIE-12

6.,17€~12
S.57E-12

5.51€-12" '

6.516-12
1,52E~11
1.836-11
2.52E-11

563185
5.56E~09
30865’09
3.17F-09
2'66F-09
2.61E~09
3.18E-09
3'09F-09
3.94F~-09
2.67E’DQ
2432F=-09
2.,04€-09
1086€°°9
1.63E~09
2.61F=-09
3L,1F~-09
4.35€E-09

SA315
J756~09
20655”"9
1096F’°9
1.99€=-09
2.176-09
2.3RF°09
2.55E-09
J.29E-09
»?.QOE-OQ
1.79€-09

' 1.628~-09

1.37¢-09
1,27F=n9
I.SQF-OQ
2.,04F=09

2.46F~09 .

56315
1.728-11
1.07€-~11
R.71F=-12
3.51£-12
S.13F-12
6.808~12
7+61E=12
§.30£~-12
b ARF-12
3.92F~-12
3.39¢~-12
J,elE-12
3.926-12
8,55F-12

110035—11

1.35€-11

.o - o e——— e

"l'n_u“ugn_“.
b, .
i

72405

T 4,06E-09

2,R4€E-09
2.33F-09
1.84E-09
1.,95E~09
2,37€-09
2.29€-09
20935'09
1.99€-09
1.70E-09
10“96-09
1.35E~09
1.18E£~09
1.896-09
2.41E-09
3.17€~09

72405
2.56E~09
1.R2F-09
1.32F~09
1.43E-09

" 1.57€-n9

1.69E~09
1.835'09
2.39E~09
1.766'09
1.27€-09
1.15€-09
9.61E~10
8.95E~10
1.06€E~09
1036E’09
1.62E-09

72405 .
1,14E=11
7.14E-12
S.4lE~12
2.53E-12
J.64F-12
4.64E-12
S.32E~12
6.“35-12
3.41E~-12

T 2.72E-12

2.33E-12
2.32E-12
2.69E-12
S.22€~12
6‘326-‘2
8.10E*12




CGJINC

OISECTTON -
JSrCTnR-“

N
NNF
N

FNF
£

FSE -

SE
SSFE
S
SSw
(3]
¥
WNW
NN
© NNY

N

WSw

SFCTOR'

. N
NNE
NE,

_ENF
€
FSF.
Qf
SSE

S

Ssv_

W
WSy
v
wNY
N¥ -

NN@

IN

DIRFCTION,
SECTONR

N
. NNE
" NE
ENE

£
€SE
<E

]

S preecTroN T

!

— o~ e

SSF

SSW .

Sy
wSw
.M
© WNw
NW
NN

.AA:!I"“‘

THOSPHERTC DISPFPSINN FACTORS FAR-DUANE ARNOLD

. - .
RN TYPE~ ¥/0 SEC/M3

" 4S®

1eT4E=NA

1.1AF=06
T R4E=0T

R LLE=nT

1.PRF =A%
Q. 79F~07

C1.27E=-0AK

1.,40F=NA
7.47F-07
S.N5€-07
4,09E=-07

3.LDE-NT

4,75F =07
T alhF =07
9.54E=NT
1.77E-06

‘RUN

48K
1:62{9"6
1.0RE=06
7 ¢36F-07
R, 12E=-07
1.20E~NA
Q.03FE=N7
1.17F~0h
1 «?ARF=NA
6. RAE~QT
4, ASFE-07
A, 77E-NT
3. V6FE~-07
4 ,43E=-n7
6. R9E-07
R,99F~-07
1.ATE-N4

RUN

45«
4£.09F .04
4,52€-01%
I NOFE-~0R
?.15F=-0R
4,51F=-n8
3,47€=NA
4 ,75F-NnA
S17F=-nA
20“F-nﬂ
1.76F=0R
1.57F=0NR
1.36E-0R
1.71E-0R

2.78F-n8

3.14F =03
G.PAF-NA

26411
2.126=-0%
5.33E-07
4. 5GE=07
1.02E-06
8.77F~07

Schof'01

7.06E=-07
L RU4F=0T
3.860E-07
3.85F-07

S«Q7F=~07 -

G 4TE=NT
hol7F=07
R.53E~07
l.ﬂZE'Ob
2.2“F_-06

4029
9.,)9F-07
4,12F=~07
J.0AF=07
G,17F=n7
4H FAF-NT
30“0;'07

3.08F=NT

2¢21F=-nY
1.ROF-07
1.Q4F =07
Pe72€=-07

" 2.,1VF=n7

2.,9hF=n7
S.I0F-07
T.725F~=07
Qq?“F'o7

563§
60206'"7

T Je4lE-0T

30“25907
2iL4F =7

"P«RTE=0T

P1AE~07
11745'Q7

IO,RE'01F.

110507
l-?ﬁE-O?
1-935-01

<l'<]£°°7

4-67F'°7
2.5RF=07

6, 1RE=07

S«49E=07

TYPE- DEPLETEN X/0 SEC/M3.

26173
2+.04E=N6
S« 0RF=07
4o3RF=0T7
QOSbF-07
A.2RE~0T
S.22E-07
AobOE=NT
44S1E=07
3.59E~07
JI.T6E-07

4,83E-07

G,24E-07
5.85€-07

ReQ4E=NT

1 . S“E‘n')
2.16E-06

4un??
A.R2c=~07
3.QIF=-07

2.°?E'ﬂ7~

3.02F=-N7
4,1V ~07
3.4"E“ﬂ7
2JRAF~NT
2.04F~07
1.£9E-n7
loR?F'“7
2.57F=07
1107?'07
2.TRE~07
&,73F=07
6 RIAE=-NT
9,01F-n7

:63f

'5093E'“7'

3.275-“7
2.90E=-07
?«?9E-07
2,35E8~07
1-‘!‘””7

1.176=07

1.02€-07

1.19F-07
1.AAF=07

10“0E'07

. ALPIE-O7

2.76E~07
3'QIE-07

.Sa?qE'o7.

TYPE~ DEPOSITION D70 M=2

2613
7.50€=-09
4 o3NE~09
3.11E-09
2+55€-19
3,436-09
4o 1RE~0O9
5.705-09
S.53F~-09
3,40E-09
2.69€E-09
3.228-09
2.73E-09
3.07E-039

4.78E=-09 °

4,49E=00
S.06F=09

an??
2.03F-09
lc?7p“09
R,rRF=-10
70{‘3‘-'10
1.0AF=09
1 SF=N9
1 .8ARF-09
1,75£=09
1.61F=09
5.017'10
G.98F=10
R,IAF=10
R.91F=10
lQQnF'"Q
l.?ﬁF-09
1,37F-09

c631)
9.R7E-1N
6."05'1Q
4,%2E~10
3.51E~1n
S.,2RF=1n
6.59E=1n
7.‘35"1"
R.N4E=In

‘00(\9&"1“. -

3.73E~-]0
4.‘3‘355'1“

43078E'ln‘

501“6?‘”
60128f10

»S.QQE'IO

6 AOF=10

- 7240
"VebbF=nT7
3.00F=07
PPSF-0T7
1+73F=07
1.81F=017
1.61F=07
1e21E-07
Q.,27F=NA
1.04F~07
1469F=07
10““5““7
1s32F=-07
3'2Q€-ﬂ7
'?060E°07
3,7?6-07
3.92F~-07

72480
AR.15F-07
2+RKE~-NT7
2. 14F=07
1.60F=N7
1057F-0T
‘v\QF-n7
1.11F£-07
9.,36F=N8
9.50F~08

1.61F-07
139F~-07
1.23F=N7
?«9RFE=07
2:36E-07
PAF-07
3.75F=07

DISTANCE (METERS)

12047
3.17F=n7
2.21E-07
1.75F~07

R,AGFE-0R

- VPRT-KEACTAR RUTLDING

Te6RE~NR

6.!85'"3

" 7.09E-0R
6.31£-0R

S.63E~n48
14 09E~-n7

1.69E=07.

2.04E=-07

1,46E~07
1.58E~07
1 17E-07 .

2.6RE-0T.

_ DISTANCE (METERS)

12067

2.13E-07

loS?E'ﬂ?
1.10E=-07

‘6.945-08

S-B7E‘ﬂ8
6,23t-08

S.38E-0R

4,78E~DR
&,69F~NA
R.09€E-NA
10365-07
1.60F-07

1.22E-07 .
1.01E=07.

1.13€=-n7

1,60E-07

" DISTANCE (METERS)

7?“Q
9.99F=1n
“ol?F-lﬂ
P2.8GF-10
2.,30F-10
303&:'1“
4.13F-]0
4He26F=10
4oRSF=10
2.85F-10
?.29F-10

- 2.16E-10
2P7F=10 -
3'“75-10'

““031F'10
LoT2F=10
4,33F=10

12047
4,05E=10

© 2432F-10.

1.60€-10
1.0AF=10
1,30€E-10
1.62€-10
2013E-10
2.20E-10
1.78E-10
1.43F=10
1.63E-10

1.31E-10

1e40E=10
1.93€E=10
2.05E=10
2.97€~10

o

o oo

SFASON=-ANNUAL -

- e v

REQ-Dx-4. 3YREPY SPLT

. 56318

3.076~08

-2+21E-08

1.74F=0R

- Q.28F=09

7.54E-09 .
S5.87E~09
6.73E=09

. 6.046F~09

2.21€-08

Se61F=09
1.08E-08
1.78€-08

1.62E-08
1.51€-08
10695'08

| 2.54F-08

56315
1.29€-0R -
9.49E~N9
6.71F-09
4.56E~-09
3.A1F-09
2.52E-09

.3-28F'09 *

"6.22F-12

2.96F~-09
3.155'09
5.08E~09
9.07E~-09
1.10€E-08
8.78F~09
S.97E-09
6.67E-09
9.30F-09

561315
1.6“F°‘l
9.47E-)2

4.92F-12
6,0RE~12

T 6.52F~12

9.57€-12

9.84E=~12
T.24F=12

6.45F=-12

" 7.88F-12

264135 ... 4h?es
Q.29F=nf 4,66E-08
G.62F~-08 3.3«E-08
§.22F-nA 2.62E-08
2.73F=n8 l.kOE-hB
2.73F~-08 1.14E~0R
1.80F=nR _ B,9RE-09
2.06F-08 1.,03E-08 .
1.A4F=n8 9.27€~09
1.68F-n8 A.57€-09
3.23-08  1.63E-08
Se21F=nA 2.6RE~-08

© H.40F-n8 __.3'31E-06
4.626~08 2.426~08
4.61F~n8 2.30£-03
S.16F=08  2.57E-08
7.17F=08 3.87€-08

24135 - 40225

 §.,31F=n8 - 2.25E-08
3.8RF-n8 1.65E-0R
2.76F=-08 1.16E-08
1.83F=-a8 7.92F-09
1.545'08 606“E-09
l.OSF-ﬂG 60435-09-
1.35F=08 S.77€E=09
1.22F~08 S.21E-09
1.24€=-08 ScL4LE~D9

i 2.07?-“8 » 808%8’09
JANE=08 1.57E~-08
be34F=-08 1.89€-08
3.,40F-n8 1.51E~08
2+49F=n8 1.04E-08
2.78F-n8 1.17£-08 .
3'RRF'08 .. 10625'08:.‘

24125 4022
R071F°‘1 30225;‘1.
SQO“F-‘l‘_".l'R6E—1L
3.33F=11 1.23E~-11

©2.83F=11 7 9.51F-12
3.11F=11 1.17€-11 .
3,461 1.28E-11
4.91F-11 1.R4E~-1]
S.01F=11 _ 1.R9E-11
3.53F=11 1.36E=11
3.36?-]1 lb?SE'll
4,04E~1]) 1.52E=11
3.16E-11  1.1R€-11
3.58F=11 1.35€-11) .
4.,03F-11 1.48E=-11
“'2°E°ll loSRE'll
6.,13F=~1] 2.25€=11

6.,07E~12"°
7'08E'12
7.53E-12
8.02F-12
lnl“E'll'

72605

W I

s

72605 .

2.25E~-08
1.63E~08
1.28F-08
6.95€-09
S.54E~09

 4.27€-09 -
4. ATE-09

4.37€-09
4,08F~-09

. —-—

7491E~-09.

11325'08
1164E°03

“1.20E-0A

1.405'08
11235‘08

1.86E-08

8.48E-09

6,27E=09 -
) 4,44E-09

3.02€E~-09
2.51E£~-09
1.65€-09
2.13€-09
1.93E~-09
2-085'09
3.34E~09

- 6.01E-09

7.31E-09
50845-09
3,91E~09
40375'09

6']°Ef09

72405
1.01E~11
S.84E~-12

" 3,86E-12

3.0)E-12
3.72€~12
4,03E-12
SoﬂQE-‘z
6.06E-12
4.6)E~12
3.9“6"2
4,77€~12
3'69E’12

.“-288’12

‘c67E"12

T 4,97E-12

7.09€E~12

L4 .

© - e -

———

o ———

. - - ema—-

o @ v s



