OFFSITE DOSE CALCULATION MANUAL
FOR ARKANSAS NUCLEAR ONE
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1.0 Introduction

The Offsite Dose Calculation Manual (ODCM) provides guidance for
making release rate and dose calculations for radioactive liquid and
gaseous effluents from Arkansas Nuclear One-Units 1 and 2. The
methodology is drawn from NuReg 0133, Rev. 0. Many of the numbers
contained within this manual were taken from NuReg 0133 and Reg.
Guide 1.105. These numbers and the calculational method may be
changed as provided for in the Technical Specification.

A specification for a given item will have a different specification
number for each unit, therefore, in the ODCM references to Technical
Specifications will be made to the specification subjects. The
specification subjects and numbers are presented below.

Specification Number

Radioactive Gaseous Effluents - Instrumentation 3.5.7 3.3.3.9
Radioactive Liquid Effluents =~ Instrumentation 3.5.6 3.3.3.10
Radioactive Liquid Effluents - Concentration 3.24.1 3.11.1.1
Radioactive Liquid Effluents - Dose 3.24.2 3.11.1.2
Radioactive Liquid Effluents - Waste Treatment 3.24.3 3.11.2.3
Radioactive Gaseous Effluents - Dose Rate 3.2%.% 3.15.2:1
Radioactive Gaseous Effluents - Dose, Noble Gases 3.25.2 3.11.2.2
Radioactive Gaseous Effluents - Dose, Particulates 3.25.3 31.2.3
Radioactive Gaseous Effluents - Radwaste Treatment 3.25.4 3. 38.2.4
Radioactive Gaseous Effluents - Gas Storage Tanks 3.25.5 3.11.2.6
Radiological Environmental Monitoring 4.29.1 3.32.3



2.0
2.1

Liquid Effluents

Radioactive Liquid Effluent Monitor Setpoint.

The Radioactive Liquid Effluent Instrumentation Specification
requires that the radioactive liquid effluents be monitored
with the alarm/trip setpoints adjusted to ensure that the
limits of the radioactive liquid effluents concentration speci-
fication are not exceeded. These concentrations are for the
site. The alarm/trip setpoint on the liquid effluent monitor
is dependent upon the dilution water flowrate liquid, radwaste
tank flowrate, the isotopic composition of the radioactive
liquid to be discharged, a gross gamma count of the ligquid to
be discharged, the background countrate of the monitor, and the
efficiency of the monitor. An adjustable setpoint will be used
because of the variability of these parameters. The setpoint
will be calculated and set on the monitor prior to the release
of each batch of radioactive liquid effluents. The following
methodology will be used for determining the setpoint.

1) A sample will be taken from the tank (batch) to be
discharged. A gross gamma and a gamma isotopic analysis
will be performed utilizing this sample.

2) A dilution factor (DF) for the tank will be calculated
based upon the results of the gamma isotopic analysis and
the Maximum Permissible Concentration (MPC) of each
detected radionuclide.

The DF is calculated by using the following equation:

DF = ¥ (Ci/MPCi)

where; DF = dilution factor
C; = concentration of isotope i, (uCi/ml).
MPC. = maximum permissible concentration of

isotope i, from 10 CFR 20, App. B,
Table II, Column 2, (pCi/ml).

3) The dilution water flowrate is based upon the number of
ANO-1 circulating water pumps in operation at the time of
release. Each circulating water pump has an approximate
flowrate of 191500 gpm.

4) The theoretical release rate, F_, of the tank (batch) can
be expressed in terms of the diTution water flowrate, such
that for each volume of dilution water released you may
combine a given volume of liquid radwaste. This may be
expressed in terms of the dilution factors:

Fm = PMPNUM x 191500/DF

where; F, = theoretical release rate (gpm).



PMPNUM

number of ANO-1 circulating water
pumps in operation.

DF

dilution factor calculated in Step 2.

191500

approximate flowrate of 1 ANO-1 circulating
pump (gpm).

In the above equation, F,, approaches zero as DF increases.
The actual flowrate, F,, will generally be equal to FM for
high activity releases. For low activity releases, FM
will become larger and may exceed the capacity of the
pump. In this case, flowrate FA may be set equal to the
maximum flowrate of the pump.

5) The monitor setpoint is calculated by incorporating the
monitor reading prior to starting the release (i.e.,
background countrate), and a factor which is the amount
of increase in the release concentration needed to violate
the radioactive liquid concentration specification. The
monitor setpoint can be expressed as follows:

ML = (K x FM/FA) + B
where; ML = monitor setpoint (CPM).

K = monitor output countrate (CPM) for the
gross activity of the release. This
number is taken from a graph of activity
(puCi/m1) vs. output countrate for the
monitor (CPM).

FM/FA= number of times the activity would need to
increase to violate the radioactive liquid

effluent-concentration specification.

B = background countrate (CPM) prior to start-
ing the release.

NOTE: In general, the setpoints will be calculated
assuming only one radioactive liquid effluent
release at any given time.

2.2 Liquid "Dose" Calculation

2.2.1 The "dose" or "dose commitment" to an individual in the
unrestricted area shall be less than or equal to the limits
specified in Radioactive Liquid Effluents-Dose specification.
The dose limits are on a per reactor basis.

The dose contribution for each radioactive liquid release shall
be calculated for the total time period (length) of the
release,




The dose commitment for the whole body or organs for each
release is given by the following equation:

(1) Dt - % [Ait X At X Ci x F]
where; Dt = dose commitment to the whole body or organ, T,
from the release (mrem).

Air = site related ingestion dose commitment factor
to the total body or organ, t, for each identi-
fied principal gamma and beta emitting isotope,

(mrem-ml)
hr=pCi /-
Calculational method is in Section 2.2.2.

At = length in time of the release (hours).

Ci = the cencentration of isotope i, in the
undiluted radioactive Tiquid effluent (uCi/ml).

F = the near field average dilution factor for C;

during any liquid effluent release. This faltor
is calculated as:

F = radwaste flow rate (gallon/hr)
dilution water flow rate (gallon/hr) x K

where K is used to account for any dilution

in the near field of the plant (i.e. the
discharge canal). For ANO-1, the factor is

1 since it has a once-through cooling system.

A value of 1 will be used for ANO-2 since the
Unit 2 liquid radwaste effluents are discharged
via the same point as for Unit 1.

Equation 1 can be reduced by combining At and F.

At x F = At x radwaste flow rate
dilution flow rate

At x radwaste flow rate is the volume of waste released,
which can be designated as V (gallons).

Substituting C. (total ufi for release) = Ci (uCi/m1) * V(ml) into
equation 1 gives,

= *
(2) Dt At % Ci AiT
Dilution Volume
Where; Dt = dose commitment to be the whole body or organ

1, from this release (mrem).
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At = length of time into reporting period (hours).

Ci = concentration of radionuclide i, in the un-
diluted radioactive liquid effluent (uCi).

I\‘.t = ingestion dose commitment factor as calculated

in Section 2.2.2 (see Table 3-1 to locate
tabulated values).

Dilution Volume = total volume of water that has flowed through the
discharge canal (ml) during the reporting period.
This is conservatively assumed to be the ANO-1
circulating water flowrate times the time into
the reporting period.

Equation 2 will be used to check the release against the
radioactive liquid effluent dose technical specifications.

Dose Commitment Factor Ai - The equation for calculating dose
contributions requires a dose commitment factor, A._, for each
isotope, i. This factor embodies exposure from thltconsumption
of fish, invertebrates and potable water where appropriate.

The adult male is used as the maximum exposed individual. This
factor can be expressed by:

(3) ‘Ait = Ko(uw/ow + UFBFi )DFi

where; A‘.t = composite dose parameter for the total
body or critical organ of an adult for
isotope, i, for all appropriate pathways
(mrem/hr per puCi/ml).

R, = units conversion factor; 1.14 x 10% = 10€
pci/pci x 103 ml1/liter divided by 8,760 hr/yr.

Uw = average adult water consumption (assumed)
730 kg/yr.

UF = adult fish consumption (assumed) 21 kg/yr.

BF. = bioaccumulation factor for isotope, i, in

fish (pCi/kg per pCi/1l). These values

are taken from Reg. Guide 1.109 Table A-1,
with the exception of the cesium isotopes
which are based on a site specific data. The
site specific bioaccumulation factor for
cesium based on carnivorous and bottom feeder
sport fish is 80(pCi/kg per pCi/1). This
value was then multiplied by a factor of 5
for conservatism yielding a value of 400
(refer to NDCM record number 61).



DFi dose conversion factor for nuclide, 1,
for adults in organ, 1, mrem/pCi ingested

from Table E-11 of Reg. Guide 1.109.

Dw = dilution factor from the near field area
within one quarter mile of the release
point to the potable water intake for adult
water consumption.

The site is on Lake Dardanelle on the
Arkansas River. There is no potable water
intake in Lake Dardanelle or in the near
vicinity downstream of the Dardanelle dam,
therefore the term Uw/Dw will be deletad.

Substituting the appropriate factors into the above equation

yields;
Ait = 1.14E5 x 21 BFi X DFi
or

(4) Ait = 2.39E6 x BFi X DFi

The equations in 2.2 will be used as the methodology for dose
projections to cover 4.11.1.3.1 and 4.27.3 wherein Ci is handled as
follows:

C. =x/y *A

i Ci
where; x = number of days projected to release during the next
31 days.
y = number of days actually released in the last 31 days.
ACi = actual number of uCi of each nuclide released in

the last 31 days.

projected number of uCi of each nuclide to be released.

-
"



3.0
3.1
3.1.0

*

Gaseous Effluents

Gaseous Monitor Setpoints
Introduction:

This section applies to the following gaseous radiation
monitors.

ANO-1
- Unit vents (reactor building purge, fuel handling
area, and radwaste area ventilation systems)
RE-4830* Waste gas holdup system monitor
ANO-2
2RE-8233 Containment purge
2RE-8540 Fuel handling area ventilation system
2RE-8542 Radwaste area ventilation system
2RE-7828 Auxiliary building extension ventilation system
2RE-2429 Waste gas holdup system monitor

The determination of the setpoints for the above monitors will
be based upon an arbitrarily set fraction of the maximum per-
miscible concentration (MPC) at the site boundary, of noble

gas activity (Xe-133 equivalent) released from the above release
points. Other factors considered in the setpoint calculations
include: background countrate for each monitor, radwaste
flowrate, Xe-133 equivalent monitor efficiency, atmospheric
dilution factor, and the number and type of ventilation systems
in operation. The fraction of an MPC allocated to each monitor
will be dependent upon plant conditions, and the amount of
activity that is expected to be released via each release
point. The fraction assigned to each monitor may be varied,
however, the sum of all of the fractions of an MPC assigned
shall be less than or equal to 1 MPC. When the setpoint on one
monitor is changed, the setpoint on at least one other monitor
will be changed accordingly. Determining setpoints in this
manner will allow the flexibility needed to maintain plant
operation.

The fact that one monitor alarms would not necessarily mean the
gaseous effluents are being released at such a rate that the
one MPC limit is being violated. The alarm would indicate that
more material is being released than the fraction of an MPC
assigned to the alarmed monitor. An analysis of that material
being released via all of the monitors and the release rate at
those monitors would have to be done to ensure that the MPC
limit is not being violated.

These monitors provide an automatic isolation for the waste gas
holdup systems and are not final effluent point monitors. The
discharge from RE-4830 is monitored by RE-7400.




3.1.1

The initial fractions of one MPC allocated to the release points
are given below. The allocations may be changed as indicated above.

ANO-1 50%
ANO-2 Raawaste area 30%
ANO-2 Fuel handling area 19%
ANO-2 Auxiliary building extension 0%
ANO-2 Containment purge 0%

The containment purge and the auxiliary building axtension venti-
latioan systems are not operated continuously, therefore, they
will rot be routinely allocated a fractior of an MPC to be re-
leased.

The setpoints to be used during a batch type of re’ezase (i.e.
reactor building purge, release from the waste gas hold up system
or any other non-routine release) will be calculated for each
reiease befcre it occurs.

The basic methodology for determining a monitor setpoint starts
by detzrmining the allowable concentration at the monitur.

Ca = Cy g S (§7a)v * 1E-6

where; CB = Xe-133 equivalent concentration at the site
boundary (uCi/ml}. This is based upon
the arbitrary fraction of 1 MPC assigned to
this monitor.

CM = Xe-133 eaguivalent concentration at the monitor
(uCi/ml).
F = the flowrate of radioactive gasaous effluent
at the release point being considerad (ml/sec).
(§7a)v = atmospheric dispersion factor, 2.8 x 107% sec/m?

found in the ANO-2 FSAR Section 2.3.

1E-6= conversion factor (m3/ml)

Cg

F x (Wa)v * 1E-6

Solving for CM =

(usually F and CM only will be varied)
The setpoint for each monitor is:

S = (CM *K) + B



w
"

monitor setpoint (counts/sec).

C" = Xe-133 equivalent count at the
monitor (uCi/ml1) (defined above).
K = conversion factor determined from response

curve of monitor (counts/sec vs. pCi/ml).

B = background count rate at the monitor
(counts/sec).

3.2 Airborne Release Rates - Implementation of 10 CFR 20.
This section provides the calculational methodology to implement
the Radioacative Gaseous Effluents - Dose Rate specifications. It
should be noted that these specifications are site related, not
unit related.

3.2.1 Noble Gas Release Rate.

The release rate for noble gases can be calculated from;

= * 6 % * *
1) DOR,q4, = RBPF * 10 ? IK; * (x/), * Q;] to the total body
= * 6 x * * :
2) DR ;. = RBPF * 10 % [(L; + 1.1M) * (x/q), * Q;] to the skin
where DR = dose rate for time and organ in question

(body or skin) (mrem/yr).
106 = Conversion factors, (pCi/uCi).

Q. = Release rate of isotope, i, (uCi/sec).
The release rate of radionuclides, i,
in gaseous effluent from all vent
releases (uCi/sec).

(§7E)v = 2.8E-6 sec/m3 for all vent releases.
RBPF = Reactor Building Purge Factor.

This factor is defined as that
fraction of an hour that the purge
fans are actually in operation.
NOTE: During releases via other
pathways (i.e, unit vent releases,
waste gas decay tank releases, etc.)
this factor is 1.0.




"i = The air dose factor due to gamma emissions
for each identified noble gas radio-
nuclide in mrad/yr per pCi/m® (unit
conversions constant of 1.1 mrem/mrad
converts air dose to skin dose)

(see Table 3-1).

K: = The total body dose factor due to
gamma emissions for each identified
noble gas radionuclide in mrem/yr
per pCi/m® (see Table 3-1).

Li = The skin dose factor due to beta emissions
for each identified noble gas 1idio-
nuclide in mrem/yr per pCi/m?

(see Reg. Guide 1.109).

In equation 1, (x#/q)_ is constant and Ki is constant for a given
radioisotope, and théir product will be constant for a given iso-
tope. The equation simplifies to:

3) DR = RBPF * % XKi " Q; to the total body
i

XK. = (x7q). * K, * 10%, and all other
va}iables ard def]ned above.

In equation 2, (x7/q)_ 1is constant and (L., + 1.1M.) is constant for
any given radioisotoﬁe, and therefore, their proauct is constant.
Equation 2 simplifies to:

body

where

4) DR = RBPF * Z LMi " Qi to the skin

i
where LMi = 108 * (')Z7a)v * (Li + 1.1Mi)
See Table 3-1 to locate tabulated values.

skin

: B A8 Iodine-131, Tritium, and Particulate Release Rate

The release rate for lodine-131, Tritium, and Radionuclides in
particulate form with half-lives > 8 days may be calculated from:

5) DRt = RBPF * % Pi Ry = Qi to any organ,
i

Dose rate to organ t for the time
period in question (mrem/yr).

where DRt

©
"

The dose parameter for radionuclides
other than noble gases for the inhala-
tion pathway in mrem/yr per uCi/m?

and for food and ground plane pathways
in m2 (mrem/yr per uCi/sec). The dose

RBPF = Reactor Building Purge Factor.
This factor is defined as that
fraction of an hour that the purge
fans are actually in operation.
NOTE: During releases via other
pathways (i.e, unit vent releases,
waste gas decay tank releases, etc.)

this factor is 1.0.
»10-



factors are based on the critical indi-
vidual organ and most restrictive age
group (infant).

Pi is determined in equations 6,7, and 8.
Qi = The release rate of radionuclides, i,
in gaseous effluent from all vent
releases (uCi/sec).

W = The dispersion parameter for estimating
the dose to an individual due to all
vent releases:

= 2.8E-6, for the inhalation pathway.

= 1.4€-8 meters ~2, for the food and
ground plane pathways.

A dispersion parameter of 1.4E-8 meters 2 will be used for
the food on ground plane pathways. Tnis assumes a deposition
velocity of 5E-3 meters/sec; as obtained from the ANO-2

FSAR, Section 11.3.

Equation 5 considers the infant as the most restrictive age
group. The organs that will be considered are the skin, bone,
“iver, total body, thyroid, kidney, lung, and GI-LLI. There are
three major pathways that may contribute t¢ the dose rate to

the above items. The pathways considered will be inhalation,
ground plane, and food. The food pathway for the infant is
considered to be from milk only. All three pathways will
contribute to the whole body dose, while the skin will be
affected by only the ground plane pathway, and the other organs
will be affected by only the inhalation and food pathways.

The dispersion factor for the inhalation pathway will be (§76)v,
while (376)v will be used for the ground plane and food pathways.

The equations for the pathways to an infant are:

6) Pi = 1.4E9 * DFAi, for inhalation;
- *
7) Pi = 8.76E9 * DFGi * (1-e A 3‘15'57)/)\]., for ground plane;
> *
8) Fy=24E10 % r*F, X DFL % (e M T3S

(Ai + 5.73E7), for food;

where DFAi = maximum organ inhalation dose factor
for radionuclide, i (mrem/pCi).

DFGi = ground plane dose conversion factor
for radionuclide, i (mrem/hr per
pCi/m2) (see Table 3-1).

A. = decay constant for radionuclide, i

(sec™1).

-11-



9)

r = fraction of deposited activity retained
on cows' feed grass (= 1 for radio-
iodines and .2 for particulates).

1.73E5= transport time from pasture to cow,
to milk, to infant (seconds).

Fi = stable element transfer coefficient
(days/liter) (from Reg. Guide 1.109
Table E-1).

DFL; = organ ingestion dose factor for radio-

’ nuclide, i (mrem/pCi).

1.4E9 = conversion factor, 10° pCi/uCi x 1400 m3/yr
(assume infant breathing rate).
8.76E9 = conversion factor, 10% pCi/uCi x 8760 hr/yr.
2.4E10 = conversion factor, (lem?epCi per yredayemCi).

Since (i7a)v and (d/q)_ (and therefore W) are assumed to be constant
in equation’5, equatiox 5 may be reduced to:

DRt = RBPF * 2 PW, ® Q; to any organ,
i
where PW. = P. inhalation * (x/q). + P. ground plane
x ld7q). + P *(376)V ¥ood dnd is determined for
each or&an.

See Table 3-1 to locate tabulated values of Pwi.

NOTE: PW. for Tritium equals 8.4E-3 where Pi equals 3.0E3
and W equals 2.8E-6.



3.3

Dose Due to Noble Gases

The air dose in unrestricted areas due to noble gases released

in gaseous effluents shall be less than or equal to 5 mrad for
gamma radiation and 10 mrad for beta radiation for any calendar
quarter for each unit. The general objective of less than or
equal to 10 mrad of gamma radiation and 20 mrad of beta radiation
for a calendar year per unit (2.5 mrad and 5 mrad respectively
per quarter) should be used for planning releases.

The air dose in unrestricted area due to noble gases released

in gaseous effluents should be determined by the following
expressions:

During any calendar quarter, for gamma radiation:

D 31768 2 [MIGZDXY; + (7Q)*G;] = D (mrad).
1

During any calendar quarter, for beta radiation:
2) 3.176-8 N, (VDM + (a)*G; ] = D (mrad).
] '

where; Mi = The zir dose factor due to gamma
emissions for each identified noble
gas radionuclide in mrad/yr per uCi/m3
(see Table 3-1).

N. = The air dose factor due to beta emissions

for each identified noble gas radio-
nuclide in mrad/yr per uCi/m?
(see Table 3-1).

(x/Q) = 0 sec/m® for vent releases. The
highest calculated annual average
relative concentration for area at or
beyond the unrestricted area boundary
for long term releases (greater than
500 hrs/year).

(x/q) = 2.8 x 107® sec/m® for vent releases.
The relative concentration for areas
at or beyond the unrestricted area
boundary for short term releases (equal
to or less than 500 hrs/year).

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

-13_
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g; = The average release of noble gas
radionuclides in gaseous effluents,
i, for short term releases (equal to
or less than 500 hrs/year) from all
vents in puCi. Releases shall be
cumulative over the calendar quarter
or year as appropriate.

D = The "dose" for the type of radiation and
time frame in question.

3.17E-8

The inverse of the number of seconds
per year.

The above equations have been simplified from the
equations found in NUREG 0133 Rev. 0 because we have no
free-standing stacks. We will simplify the eqguation
further by saying that there are nc long term releases.
We will take weekly samples from the unit vents
(continuous release points) and use a release period of
168 hours per sample (i.e. consider items as short term
releases). Individual samples will be taken for each
batch release.

Equation 1 has been reduced to:

~

D < 3.17E-8 * IMX.*q;, and
equation 2 has been reduced to:

-~

D < 3.17€-8 * INX.*q,,

where: MK, =M, * (X79) * 10% pCi/uCi (see table 3-1).
NX; =N, x (x79) * 10% pCi/pCi (see table 3-1).
. has been previously defined.

- 14-



3.4 Dose Due to Iodine-131, Tritium, and Particulates in Gaseous Effluents

3.4.1 Dose Equation-Particulates, etc. »

The dose to an individual from jodine-131, tritium, and radio-
nuclides in particulate form with half-lives greater than 8
days in gaseous effluents released to unrestricted areas shall
be as specified in the Technical Specifications. (Radioactive
Gaseous Effluents-Dose Particulates) This section will provide
the calculational methodology for verification that the limits
are not exceeded.

Dt < 3.17E-8 % Ri [wsqis WG, ]

L==]
i

where: Dose to the whole body or any organ.

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

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

w = 2.8E-6 for the inhalation pathway in
sec/m?,

w = 1.4E-8 for the food and ground plane
pathway in meters ~<,

3.17 x 1078 = The inverse of the number of seconds in a year.

R. = The dose factor for organ, 1, for each identi-
fied radionuclide, i, in m® (mrem/yr) per
uCi/sec or mrem/yr per uCi/m3. Calculation
method in section 3.4.2.

< = Subscript to denote terms relating to free
standing stack releases.

v = Subscript to denote terms relating to vent
releases.

A dispersion parameter of 2.8E-6 sec/m® as per ANO Unit II

FSAR, Section 2.3.4.4. will be used for "w" for

the inhalation pathway. The reason for using this value is

the majority of the gaseous activity released from the site

has typically been released from the waste gas decay tanks and
reactor building purges, within the time frame of 8 to 24 hours.

-15-



There are no free standing stacks at ANO, therefore, we will
delete the terms pertaining to stacks.

The previous equation reduces to:

- - *
Dt = 3.17E-8 % Rwi q;

* w. for nuclide i, for organ 1 (see Table 3-1

where Rwi = R.
to locate the tabulated values).

1

-16-



Calculation of Rwi
Introduciion:

This part of the ODCM deals with the computation of pathway dose
factors (RW.). These factors are for isotopes found in gaseous
releases (the isotopes being in particulate form, iodine-131, and
tritium). Each potential pathway for the isotope to enter man

is expressed in the form of an equation. These equations are
then summed together so the total dose contribution for each
isotope can be obtained.

There are four age groups for which these factors are to be
considered: adult, teenager, child, and infant. The infant
and child are the least tolerant to radiation. Thus, they
also possess the most restrictive limits as to how much radio-
active gas can be released per unit time. Therefore, only
these two age groups will be calculated, since it becomes
apparent that if the limits for these two age groups are met,
then the limits for the less restrictive teenager and adult
groups must have been satisfied also.

In developing the Rw. values, separate expressions are written
for each of the poteﬁtial pathways. These expressions are
denoted by

R{(0/Q1,R} [x/Q), RE(0/Q], R¥(0/Q) and RY[D/Q], where

the superscripts G, I, C, M, and V refer to ground plane, inhala-
tion, cow's milk, meat, and vegetation, respectively. The 'argu-
ment' notation, [ ], indicates the appropriate dispersion parameter,
w, to be applied with the Ri factor. In the case of tritium,
the dispersion parameter, w, is always taken as (x/Q). The Ri
values are listed in tabular form at the end of the ODCM.

Each of the five pathways mentioned in the above paragraph
will, at this time, be considered and reduced to as simple an
expression as possible.

Inhalation Pathway Factor, R%[x/Q]

Ri [x/Q) = [K'(BR), (DFA,), (mrem/yr per uCi/m*)] x/Q
where:

x/Q 2.8 E-6 sec/m?

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

Combining terms: x/Q * K' = (2.8E-6) (10%) = 2.8




3.4.2.2.

Ri[x/Q) = 2.8 (BR), (DFA,)

(BR)a = the breathing rate of the receptor of age group
(a) in m3/yr
(DFAi)a = the maximum organ inhalatign dose factor for the receptor

of age group (a) for the i~ radionuclide, in mrem/pCi.
The total body is considered as an organ in the selection
of (DFAi)a'

The breathing rates (BR)a for the various age groups are tabu-
lated below, as given in“Table E-5 of the Regulatory Guide 1.109.

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

Inhalation dose factor, (DFA.)_, for the various age groups are
given in Tables E-7 through g-30 of Regulatory Guide 1.109
(See Table 3-1).

G
Ground Plane Pathway Factor, R;10/Q]

ROID/QI=[K' K" (SF)OFG, [ (1-e~ i *)/A; ] (m2mren/yr per uCi/sec)]SE-3 * x/Q
1

Where: K' = a constant of unit conversion, 10%pCi/uCi.
K" = a constant of unit conversion, 8760 hr/yr.
A; = the decay constant for the ith radionuclide, sec ~!.
t = the exposure time, 4.73E8 sec (15 years).
DFGi = the ground plane dose conversion factor for the ith
radionuclide (mrem/hr per pCi/m2).
5E-3 = sec/m deposition factor.

SF = the shielding factor (dimensionless),0.7

x/Q

A shielding factor of 0.7 is suggested in Table £E-15 of Regula-
tory Guide 1.109. A tabulation of DFGi values is presented in
Table E-6 of Regulatory Guide 1.109.

il

2.8E-6 (sec/m3)

Combining terms, the above equation can be expressed in the
following manner:



RS [0/Q] = 6.1369% DFG, * [(1-e Mi* 738y ) * 563 * 2.86-6
where: 6.13 E9 = K' x K" x 0.7
NOTE: This equation is the same for all age groups.
Combining terms: 6.13E9 * 5E-3 * 2.8E-6 = 85.8,
RP(0/Q) = 85.8 DFG,[(1-e *i% T3E8)/n ).
3.4.2.3. Grass-Cow-Milk Pathway Factor, R$I0D/Q]
RS [0/q] = K’ gf:g%g F(r) (OFL,), [fé?;~:~(1-fpfs)e-Aith]e-Aitf(5E-3)(x/Q)

i
i Cw p Ys

56-3 * x/Q (m2xmrem/yr per uCi/sec)

The quantity f_f_= 1 by definition (until site ;iracific data is
available via RaRd census), and so everything within the inner

1
brackets reduces to [yp1, or [1/0.7] or [1.43], (see below).

KX Qpx (Ug) x [1.43] = 2.36E10

~ The equatinn can be written:

R?(D/Q] = (2.36510)(rm)(r)(orLi)a(e'*11-7355) 1x/Q * 5E-3

(A; + 5.73k-7)

where: x/Q = 2.8E-6 sec/m?
K' a constant of unit conversion, 10% pCi/uCi.
QF the cow's consumption rate in kg/day wet weight.

Ua the receptor's milk consumption rate for age (a)
P in liters/yr.

the agricultural productivity by unit area of pasture
feed grass in kg/m2.

the agricultural productivity by unit area of stored
feed in kg/m2.

the stable element transfer coefficients in days/liter.

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

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




the ?ecay constant for the ith radionuclide in
sec .

A = the decay constant for removal of activity on leaf
and plant surfaces by weathering, 5.73E-7 sec !
(corresponding to a 14 day half-life).

tf = the transport time from pasture to cow, to milk,
to receptor (sec).

th = the transport time from pasture, to harvest, to
cow, to milk, to receptor (sec).

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

-ﬁ
"

fraction of the cow fe.d that is pasture grass while
the cow is at pasture (dimensionless).

o&-3

m/sec deposition factor.

Combining terms: (2.36E10) (2.8E-6) (5E-3) = 330

Rjo/) = (330)(F, ) (r)(DFL,) (e Mi1-73E5)
(Ai+ 5.73E°7)

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

Milk cattle are considered to be fed from two potential sources,
pasture grass and stored feeds. Following the development in
Regulatory Guide 1.109, the values of f_and f_ will be considered
unity. P .

Tabulated below are the appropriate parameter values and their

reference to Regulatory Guide 1.109. In the case that the milk
animal is a goat, rather than a cow, refer to Regulatory Guide

1.109 for the appropriate parameter values.

Parameter Value RG. 1.109

r (dimensionless) 1.0 for radioiodine E-15
0.2 for particulates E-15

" (days/liter) Each stable element E-1
Ua (liters/yr)-Infant 330 E-5
P -Child 330 E-5
-Teen 400 E-5

-Adult 310 E-5



(DFLi)a(nrem/pCi) Each radionuclide E-11 to E-14

Yp (kg/m?) 0.7 E-15
Ys (kg/m2) 2.0 E-15
tf (seconds) 1.73E5 (2 days) E-15
th (seconds) 7.78E6 (90 days) E-15
Q¢ (kg/day) 50 E-3

The concentration of tritium in milk is based on the airborne con-
centration rather than the deposition. There ore, the Ri
is based on [x/Q]:

R?[x/Q] = [K'K'™ FmQFUap(DFLi)a [0.75(0.5/H)] (mrem/yr per uCi/m3)]x/Q
where: x/Q = 2.8E-6 sec/m3.

K'" = a constant on unit conversion, 103 gm/kg.
H = absolute humidity of the atmosphere, in gm/m3.
0.75 = the fraction of total feed that is water.
0.5 = the ratio of the specific activity of the feed

grass water to the atmospheric water. Other para-
meters and values are given above. The value of H
may be considered as 8 grams/meter?, in lieu of site
specific information (as per NuReg 0133, 5.3.1.3.,
Page 34, Paragraph 1).

Combining terms x/Q (K' * K'" QF Uap * (0.75(0.5/8)) = 2.17E6
. of _
& Rilx/Q] = (2.17€6) (Fm) (DFLi)a :

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

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

M s e B ff . (1 f) "At, Aty ,ec.
R;(D/Q] = K Af+ :Q Fe(r)(DFL,), [ Vg_g + P $ e "i’h je ith (5€-3)(x/Q)
i Cw p s

At
e i f (5E-3)(x/Q)

where: 5E-3

m/sec deposition factor.

F the stable element transfer coefficients in

f days/kg.

the receptor's meat consumption rate for age

U
¥ (a) in kg/yr.
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the transport time from pasture to receptor
in sec.

the transport time from crop field to recepter
in sec.

2.8E-6 sec/m3.

Tabulated below are the appropriate parameter values and their
reference to Regulatery Guide 1.109:

Parameter Value RG 1.109

r (dimensionless) 1.0 for radioiodine
0.2 for particulates

Ff (days/kg) Each stable element
Ua (kg/yr) - Infant 0
P Child 41
Teen 65
Adult 110
(DFLi)a (mrem/pCi) Each radionuclide
LS (kg/m2) 0.7
7, (kg/m?) 2.0
tf (seconds) 1.73E6 (20 days)
th (seconds) 7.78E6 (90 days)
Qp (kg/day) 50 E-3

The above equation can be reduced and rearranged to the following
after inverting the appropriate values:

io/q) = (2:939) (FO(MIOFLY) (e A 17386y | g % 5E-3
o STET)

Equation 3.4.2.4. was reduced in the same manner as was equation
3.4.2.3., and for the same reasons.

Combining terms: (x/Q)(5E-3)(2.93E9) = 41

RM[D/O] = (41) (F)(r)(DFL,) (e_k 1.73€6,
(A + 573 7




The concentration of tritium in meat is based on tne airborne concentra-
tion rather than the deposition. Therefore, the R. is based on (x/Q]):

i
R?[x/Q] = [K‘K’“FfQFUap(DFLi)a [0.75(0.5/H] (mrem/yr per uCi/m3)]x/Q
where all terms are defined above and in Section 3.4.2.3. of this manual.

The equation for tritium contribution via the meat pathway is reduced
to the following expression:

M -
Ri[X/Q] = 2.69ES * Fe . (DFLi)a

Where: 2.69E5 = [K' x K'" QF Uap * (0.75(0.5/8))] x/Q
3.4.2.5. \Vegetation Pathway Factor, R¥[D/Q]

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

v
= L —A't S —A't * -2%
Ri (0/Q] = K' _ 5;2* (DFLi)a [UafLe 7L * Uaf e ivh]* S5E-3*x/Q

. 9
v W

where: x/Q@ = 2.8E-6 sec/m3.

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

U: = the consumption rate of fresh leafy vege-
tation by the receptor in age group (a)
in kg/yr.

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

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

f = the fraction of the annual intake of stored

g vegetation grown locally.

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

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

Yv = the vegetation areal density in kg/m?.

5E=3 = deposition factor (m/sec).



A1l other factors are defined in Section
3.4.2.3. of this manual.

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

1.109.
Parameter Value RG1.109
r (dimensionless) 1.0 for radioiodines E-1
0.2 for particulates E-1

(DFLi)a (mrem/pCi) Each radionuclide E-11 to E-14
Uﬁ(kg/yr) Infant 0 E-5

Child 26 E-5

Teen 42 E-5

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

Child 520 E-5

Teen 630 E-5

Adult 520 E-5
fL (dimensionless) site specific (default = 1.0)
f (dimensionless) site specific (default = 0.76)
9 (see Ref. 6, Page 28)
tL (seconds) 8.6E4 (1 day) E-15
th (seconds) 5.18E6 (60 days) E-15
Y, (kg/m?) 2.0 E-15

Rearranging the above equation and maintaining appropriate values:
SES(r)(DFL, ), (26¢i® OF443g5¢71 - 18E6,
(Ai + 5.73k-7)

R{0/Q) = [ 1% %/Q * 5E-3

Combining terms: (5E5)(5E-3)(x/Q) = 7E-3
(75'3)(r)(DFLi)a(25e’Ki8.6E4+3959'Ai5.1866)
(A; + 5.73E-7)

]

R{[0/07 =

The concentration of tritium in vegetation is based on the eifborne
concentration rather than the deposition. Therefore, the Ri is based
on [x/QJ:

R¥[x/Q]=(K'K‘"|U:fL + Ugfg](DFLi)aIO.75(0.5/H)](mrem/yr per uCi/md))* x/Q
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where all terms have been defined above and in Section 3.4.2.3 of
this manual.

This equation reduces to the following after inserting the appropri-te
value: Ri[x/Q] = 7.42E4 * (DFL]-)a

where:  7.4264 = (K' * K'" * [ubf + ngg] * [0.75(0.58)] * x/Q

Calculation for the Infant

A value of zero is assigned to the Ua parameter in the grass-cow-
mfat patgway for the infant. A zero®Falue is also assigned to the
Ua and Ua parameters in the grass-cow-vegetation pathway. The reason

for this is that it is assumed that there is zero consumption via the
meat and vegetation pathways for an infant. Therefore:

R, = Ri[x/Q] + RS(0/Q) + RS[D/Q)

After substituting the expanded expressions for the various pathways
considered here, the expression becomes:

RW; = [(3920)(DFA,),] + (85.8)(DFG,)([1-e Mi% 738 /a4

(300)(F)(r)(DFL,), (e Mil-73E9)
X+ 5.73E7)

where: 3920 = 2.8 (BR)a for an infant.
1.0E-2
3.0E-7

Fm as per table E-1 in NuReg 1.109 (for tritium).

(DFLi)a for tritium as per Table E-14 in NuReg 1.109.

A1l other terms as defined previcusly. The tritium factor
calculated as follows:

Rilx/Q) + RS[x/Q) = 2.8(BR), (DFA,), + (4.5€4)(F )(ORL,)

Substituting values the equation becomes:
R\vli = |2.8(1400)(4.62E-7)] + [4.5E4(1.0E-2)(3.08E-7)] = 1.95E-3
Calculations for the Child

A1l five pathways are applicable for the child, therefore, the
summation for each isotope is:

Ri[x/Q1 + RS(0/Q) + RE[0/Q) + RY[0/Q) + RY[0/Q], or

RW

. = ((10360)(DFA,),) + (es.eorci[(x-e“*i°'7358)/Ai|) N



(330)(F ) (r)(OFL), (e M 7388 | canycr ) (mycorLy) (M- 73E8) |

(A; + 5.73E-7) (A, + 5.73E-7)

(TE-3)(r)(DFL;), [(26e~"i8 BE4 4 3g5¢-1;5-18E6))
(x, + 5.73E7)

where: 10360 = (2.8)(BR)a = (2.8) (3700)

The tritium factor for the child is calculatd as follows:

RW; = Ri[x/Q] + RS[x/Q] + RY{x/Q) + RY[x/Q] or

RW, [2.8(8R)a (DFAi)a] + [2'17E6(Fm)(DFLi)a] + 12.69E5(Ff) (DFLi)al +
[7.42E4 (DFLi)a]

Substituting values:

Rwi = [2.8(3700)(3.04E-7)] + [2.17E6 (10E-2)(3.04E-7)] + [2.69E5 (1.2E-2)(3.04E-7)]
+ [7.42E4(3.04E-7))

Rw, = 3.33E-2

3.5 Gaseous Effluent Dose Projections

The equations in 3.3 and 3.4 will be used as the methodology for dose
projections for gaseous effluent releases where in qi is handled as
follows:

= *
qi x/y Aqi

number of days projected to release during the next
31 days.

number of days actually released in the last 31 days.
number of uCi of isotope § released in the last 31 days.

projected number of uCi of each isotope i to be released.




Table 3-1
Contents of ODCM Record File

Variable Record # Elements Description
Ait 62 16-100 Adult bone dose factor, liquid release
Ait 63 16-100 Adult liver dose factor, liquid release
Ait 64 16-100 Adult total body dose factor, liquid release
Ait 65 16-100 Adult thyroid dose factor, liquid release
Ait 66 16-100 Adult kidney dose factor, liquid release
Ait 67 16-100 Adult lung dose factor, liquid release
Ait 68 16-100 Adult GI-LLI dose factor, liquid release
BFi 61 16-100 Bio-accummulation factors for freshwater
fish (Reg Guide 1.109 Table A-1)
DFAi 31 16-100 Infant inhalation dose factor for bones
DFAi 32 16-100 Infant inhalation dose factor for liver
DFAi 33 16-100 Infant inhalation dose factor for total body
DFAi 34 16-100 Infant inhalation dose factor for thyroid
DFAi 35 16-100 Infant inhalation dose factor for kidneys
DFAi 36 16-100 Infant inhalation dose factor for lungs
DFAi 37 16-100 Infant inhalation dose factor for GI-LLI
DFAi 46 16-100 Child inhalation dose factor for bone
DFAi 47 16-100 Chiid inhalation dose factor * .~ 'i.er
DFAi 48 16-100 Child inhalation dose factor ior total body
DFAi 49 16-100 Child inhalation dose factor for thyroid
DFAi 50 16-100 Child inhalation dose factor for kidney
DFAi 51 16-100 Child inhalation dose factor for lung
DFAi 52 16-100 Child inhalation dose factor for GI-LLI
DFGi 21 16-100 Skin extefnal dose factor for standing
on contaminated ground. (R.G. 1.109
Table E-6)
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Table 3-1 (Continued)

Variable Record # Elements
DFG,- 22 16-100
DFLi 24 16-100
DFLi 25 16-100
DFLi 26 16-100
DFLi 27 16-100
DFLi 28 16-100
DFLi 29 16-100
DFLi 30 16-100
DFLi 39 16-100
DFLi 40 16-100
DFLi 41 16-100
DFLi 42 16-100
DFLi 43 16-100
DFLi 44 16-100
DFLi 45 16-100
Ff 53 16-100
Fm 23 16-100
HL1 38 1-100
Ki 21 1-15
LMi 5 1-15
M 23 1-15

Description

Total body external dose factor for
standing on contaminated ground

(R.G. 1.109 Table E-6)

Infant ingestion dose factor for bone
Infant ingestion dose factor for liver

Infant ingestion dose factor for total
body

Infant ingestion dose factor for thyroid
Infant ingestion dose factor for kidney
Infant ingestion dose factor for lung
Infant ingestion dose factor for GI-LLI
Child ingestion dose factor for bone
Child ingestion dose factor for liver
Child ingestion dose factor for total body
Child ingestion dose factor for thyroid
Child ingestion dose factor for kidney
Child ingestion dose factor for lung
Child ingestion dose factor for GI-LLI

Stable element transfer data-meat
(R.G. 1.109, Table E-1)

Stable element transfer data-cow
(R.G. 1.109, Table E-1)

Radioisotope half-life in seconds

Gamma body dose factor (R.G. 1.109,
Table B-1)

Skin dose factors-gas release,
(L; + L1 M) x (X/q) x 10°
L; 'values flom Reg. Guide 1.109

Gamma air dose factors-gas release
(R.G. 1.109, Table B-1)



Table 3-1 (Continued)

Variable Record # Elements
nxi 6 1-15
Ni 24 1-15
NXi 7 1-15
Pwi 4 16-100
PNi 5 16-100
Pwi 6 16-100
Pwi 7 16-1u0
Pwi 8 16-100
Pwi 9 16-100
Pwi 10 16-100
Pwi 11 16-100
RHi 12 16-100
Rwi 13 16-100
RHi 14 16-100
Rwi 15 16-100
Rwi 16 16-100
Rwi 17 16-100
Rwi 18 16-100
Rwi 19 16-100
Rwi 20 16-100
XK 4 1-15

Description

M, x (x7q) for gas release

Beta air dose factor-gas release
(R.G. 1.109, Table B-1)

N, x (x7q)

Infant unshielded skin dose factor-gas
release,iPi x W for the ground plane,
inhalation, and food pathways

Infant unshielded total body doses
factor-gas release

Infant bone dose factors-gas release
Infant liver dose factor-gas release
Infant thyroid dose factor-gas release
Infant kidney dose factor-gas release
Infant lung dose factor-gas release
Infant GI-LLI dose factor-gas release

Infant shielded skin dose factors-gas
release (ground plane)

Infant shielded total body dose factor-
gas release

Child bone dose factor-gas release
Child liver dose factor-gas release
Child thyroid dose factor-gas release
Child kidney dose factor-gas release
Child lung dose factor-gas release
Child GI-LLI dose factor-gas release

Child shielded total body dose factor-
gas release.

K: x (x/q) x 10% total bcdy dose rate
factor-gas release
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4.0 Environmental Sampling Stations - Radiological

Environmental samples will be collected as specified in the Technical
Specifications. The approximate locations of selected sample sites are
shown on Figures 4-1a and 4-1b for illustrative purposes.

Table 4-1 1lists its approximate distances and directions of the sample
stations from the plant.
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Site
Number

Di

Distance from Plant

Table 4-1

Environmental Sampling Stations - Radiological

rection and

1

92°

235°

0.5 miles

0.5 miles

0.4 miles

0.4 miies

8.5 miles

6.8 miles

19.3 miles

0.1 miles

1.0 miles

5.8 miles

6.0 miles

8.0 miles

8.0 miles

Sample Location

Near meteorology tower
on site

Near former AP&L Logae
on site

Hwy. 333 on AP&L pole
#36

Near the May Cemetery

Ray Walter's residence
Knoxville, AR

AP&L District Office
Russellville, AR

AP&L Substation
Danville, AR

Plant discharge canal

Plant inlet canal

Inlet to Russellville
city water system

Piney Creek area on
Lake Dardanelle
Arkansas Tech Dairy

Odem Meyers Dairy

Sample Types

1) Airborne radioiodines
2) Airborne particulates
3) Direct radiation

1) Airborne radioiodines
2) Airborne particulates
3) Direct radiation

1) Airborne radioiodines
2) Airborne particulates
3) Direct radiation

1) Airborne radioiodines
2) Airborne particulates
3) Direct radiation

1) Airborne radioiodines
2) Airborne particulates
3) Direct radiation

1) Airborne radioiodines
2) Airborne particulates
3) Direct radiation

1) Airborne radioiodines
2) Airborne particulates
3) Direct radiation

1) Surface water

2) Shoreline sediment
3) Fish

1) Surface water

2) Shoreline sediment
3) Fish

1) Drinking water

1) Surface

2) Shoreline sediment
3) Fisn

1) Milk

1) Milk




Site
Number Distance from Plant

Table 4-1 (Continued)

Environmental Sampling Stations - Radiological

Direction and

Sample Location

23
29
30
32
33
34
35
108

109

110
111

112
113

114

115

116

117

118

73°
11°
160°
155°
98°
295°
2°
318°

308°

136°
108°

60°
48°

24°

343°

315°

305°

291°

12 miles

8.0 miles
0.8 miles
0.8
4.8
6.6
1.2

miles
miles
miles
miles

miles

miles

miles

miles

miles

miles

miles

miles

miles

17.2 miles

5.8 miles

R. A. Yound Dairy

H. Steuber Dairy

James Taylor residence
CTiff Steward residence
Ouita Use Area

Flat Rock Rec. Area

Tom Cook residence

Round Mountain Road
AP&L Pole #46

Round Mountain Road
AP&L Pole #94

R. H. Douglas resideince

Hwy. 326 on AP&L Pole
#971/36

Hwy. 64 at I-0 exit
Hwy. 64 and 333 on
AP&L Pole #/9

Hwy .

west

Hwy .
west
AP&L

64, 0.6 miles
of Hwy. 333

64, 1.7 miles
of Hwy. 333 on
Pole #112

Near former Post
Office, London, AR

Near Post Office,
Clarksville, AR

Hwy. 64, Piney, AR
on Co-op Pole #26/100

Sample Types

1) Milk
1) Milk

1) Food products

1) Ground water

1) Ground water

1) Ground water

1) Food products

1) Direct

1) Direct

1) Direct
1) Direct

1) Direct
1) Direct

1) Direct

1) Direct

1) Direct

1) Direct

1) Direct

radiation

radiation

radiation

radiation

radiation

radiation

radiation

radiation

radiation

radiation

radiation



Table 4-1 (Continued)

Environmental Sampling Stations - Radiological

Site Direction and
Number Distance from Plant Sample Location Sample Types

119 313°

4.8 miles Entrance road to 1) Direct radiation
Roberts Rance, 2 miles
west of Hwy. 333

120 338° - 4.2 miles Near Martin Chapel on 1) Direct radiation
Hwy 333

121 338° - 5.5 miles 0.5 miles from East 1) Direct radiation
Point Church on AP&L
Pole #87

122 12° - 3.5 miles 2.2 miles SE of site 1) Direct radiation
121 on AP&L #900/161

123 48° - 3.5 miles Unmarked road, 0.8 1) Direct radiation
miles N of Pleasant
View Dr. on AP&L Pole
#13

124 62° - 3.3 miles Pleasant Valley Drive, 1) Direct radiation
2.6 miles S of Hwy. 7
on AP&L pole #26

125 47° - 9.2 miles Near Dover School 1) Direct radiation
Dover, AR

126 78° - 5.6 miles Hwy. 7, 1.1 miles N. 1) Direct radiation
of 1-40

127 103° - 5.7 miles N. Boulder and West 0 1) Direct radiation
Sts., Russellville, AR

128 115° - 8.5 miles Airport, Russellville, 1) Direct radiation
AR

129 118° - 7.5 miles Russellville High 1) Direct radiation
School, Russellville,
AR -

130 245° - 4.6 miles Hwy. 22, Delaware, AR 1) Direct radiation
131 253° - 2.7 miles Delaware Use Area 1) Direct radiation
132 274° - 4.8 miles River Front Road, 2.3 1) Direct radiation

miles W of Hwy. 393

[



Site

Number Distance from Plant

Table 4-1 (Continued)

Environmental Sampling Stations - Radiological

Direction and

Sample Location

133

134

135

136

137

138
139

140

141

142

143

144

231° - 3.8 miles

207°

186°

166°

152°

195°
178°

151°

134°

127°

106°

314°

2.8 miles

3.1 miles

4.3 miles

8.5 miles

5.8 miles

19.2 miles

21.8 miles

3.3 miles

5.2 miles

17.5 miles

13.0 miles

Hwy. 22, 1 mile E of
Delaware, AR

Hwy. 22, 3.5 riles E
of Delaware, AR on AP&L
Pole #114

Hwy. 22, 3.5 miles of
Delaware, AR

Hwy. 22, near Little
Hays Creek Bridge on
AP&L Pole #61

Morris R. Moore Armory
Dardanelle, AR

Mt. Nebo State Part

Near Post Office, 0Ola,
AR

Hwy. 10, Casa High
School, Perry County,
AR

Hwy. 326, 1 mile S of
Dardanelle State Park

Skyline and Nordan Or.,
Russellville, AR

Near Atkins High School
Atkins, AR

Lamar Elementary School
Lamar, AR
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Samnle Types

1) Direct

1) Direct

1) Direct

1) Direct

1) Direct

1) Direct
1) Direct

1) Direct

1) Direct

1) Direct

1) Direct

1) Direct

radiation

radiation

radiation

radiation

radiation

radiation

radiation

radiation

radiation

radiation

radiation

radiation



