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1.0 INTRODUCTION

The Offsite Dose Calculation Manual (ODCM) provides the information and methodol-
ogies to be used by H. B. Robinson Steam Electric Plant Unit No. 2 (HBR) to assure
compliance with certain portions of HBR's operating technical specifications. These
portions are those related to liquid and gaseous radiological effluents. They are
intended to show compliance with 10 CFR 20, 10 CFR 50.,36a, and Appendix [ of 10
CFR 50.

The ODCM is based on "Radiological Effluent Technical Specifications for PWR's".
(NUREG-0472, Draft), "Preparation of Radiological Effluent Technical Specifications

for Nuclear Power Plants" (NUREG-0133), and guidance from the United States

- Nuclear Regulatory Commission (NRC). Specific plant procedures for implementation

of this manual are presented elsewhere. These procedures will be utilized by the

. operating staff of HBR to assure compliance with technical specifications.

‘The ODCM has been prepared as generically as possible in order to minimize the need

for future revisions. However, some changes to the ODCM will be expected in the
future. Any such changes will be properly reviewed and approved as indicated in the
Administrative Control Section, Specification 6.14.2 of the HBR Technical Specifica-

tions.

One of the anticipated changes is the physical extension of the plant vent such that it

qualifies as a mixed mode release.




2.0 LIQUID EFFLUENTS

2.1 MONITOR ALARM SETPOINT DETERMINATION

This procedure determines the monitor.alarm setpoint that indicates if the concentration
of radionuclides in the liquid effluent released from the site to unrestricted areas exceeds
the concentrations specified in 10CFR20, Appendix B, Table II, Column 2 for radionuclides
other than dissolved or entrained noble gases or exceeds a concentration 2 x 10-4 pCi/ml

for dissolved or entrained noble gases. The methodology described in Section 2.1.2

~ provides an alternate means to determine monitor hlgh alarm setpoints that may be used

®

when an analy51s is perf ormed pnor to release.

2.1.1 Setpoint Based on a Conservative Radionuclide Mix

The following method applies to liquid releases via the discharge canal when determining
the high alarm setpoint for the Waste Disposal System Liquid Effluent Monitor (R-18) and
the Steam Generator Liquid Sample Monitor (R-19) during all operational conditions when
the radwaste discharge flow rate is maintained constant at the maximum design flow rate.

2.1.1.1 Determine the "mix" (radionuclides and composition) of the liquid effluent.

a. Determine the liquid source terms that are representative of the "mix" of
the liquid effluent. Liquid source terms are the radionuclides and the
radioactivity levels of the radionuclidés in the effluent from Table 2.1-1, or
from analysis of' the liquid effluent to be released.

b. Determine Si (the fraction of the total radioact'ivity in the liquid effluent
comprised by radionueclide "i") for each individual radionueclide in the liquid
effluent. ’ -

S, = i | (2.1-1)

>
1

The redioactivity of radionuclide "i" in the liquid effluent from

Table 2.1-1 or from analysis of the liquid effluent to be released.




2.1.1.2 Determine Cd (the maximum acceptable diluted radioactivity concentration of

all radionuclides in the liquid effluent (uCi/ml).

(2.1-2)

MPCi = The liquid effluent radioactivity concentration limit for radio-
' nuclide "i" (uCi/ml) from Table 2.1-1 or if not listed in Table
2.1-1, obtained from Reference 1.

2.1.1.3 Determme C (the maximum acceptable undiluted radioactivity concentration of
the radionuclides in the liquid effluent prior to dlscharge (uCi/m1l)) for each of the dilution
water flow rates.

Cu = _f—d’ (2.1-3)
F =  Diluticn water flow rate (gpm). )
a ' = 200,000 gpm from one circulating watér pump.(z)
(2)

= 350,000 gpm from two circulating water pumps.

430,000 gpm from three circulating water pumps.(z)

f = The maximum acceptable discharge flow rate prior to dilution

|

|

| (gpm).

= 60 gpm for the Waste Disposal System Liquid Effluent Monitor.

= 80 gpm for the Steam Generator Liquid Sample Monitor during
normal operation. |

300 gpm for the Steam Generator Liquid Sample Monitor while

draining a steam generator.

2- 2




2.1.1.4 Determine Cm (the maximum acceptable radioactivity concentration of the

radionuclides (minus tritium) in the liquid discharge prior to dilution (uCi/ml) for each of

the dilution water flow rates.

Cm Cu - (Cu St) (2.1-4)

The fraction of the total radioactivity in the liquid effluent
comprised of tritium and other radionuclides that do not emit

(2]
it

gamma or X-ray radiation.

2.1.1.5 Determine C.R. (the calculated monitor -count rate above background, in cor-
rected counts per minute (ccpm)), attributed to the radionuclides for each of the dilution

water flow rates. -

C.R. is obtained by using the applicable effluent monitor efficiency curve located in the
Plant Operating Manual, Volume 15, Curve Book. Use the radioactivity concentration
"Cm“ to find C.R.

‘g 2.1.1.6 Determine HSP (the monitor high alarm setpoint including background (cpm)) for
each of the dilution water flow rates.

HSP

T, C-R.+ Background (cpm) (2.1-5)

T = Fraction of the radioactivity from the site that may be released
via the monitored pathway to ensure that the site boundary limit
is not exceeded due to simultaneous releases from several path-

ways.

0.50 for the Waste Disposal System. Liquid Effluent Monitor
(R-18). ’

0.50 for the Steam Generator Liquid Sample Monitor (R-19).

below the HSP value that corresponds to the number of circulating water pumps providing

<M the dilution water flow rate at the time that the discharge is made.

2.1.1.7 The monitor high alarm setpoint including background (ecpm), shall be set at or
|
2- 3




2.1.2 Setpoint Based on an Analysis of Liquid Prior to Discharge

The following method applies to liquid releases when determining the setpoint for the
maximum acceptable discharge flow rate prior to dilution and determining the associated
high alarm setpoint based on this flbw rate for the Waste Disposal System Liquid Effluent
Monitor (R-18) and the Steam Generator Liquid Sample Monitor (R-19) when an anelysis
of the activity of the principal gamma emitters has been made prior to each batch

release.

2.1.2.1 Determine the maximum allowable discharge flow rate prior to dilution:

a.

Determine D (the minimum acceptable dilution factor):

D= > 1 (2.1-6)
i MPC, . .
-C; .= Radioactivity concentration of radionuclide "i" in the liquid

effluent prior to dilution (uCi/ml) from "analysis of the liquid
effluent to be released.

MPCi = The liquid effluent radioactivity concentration limit for radio-
nuclide "i" (pCi/ml) from Table 2.1-1 or if not listed in Table
2.1-1 from Reference 1.

Determine f (the maximum acceptable discharge flow rate prior to dilution
(gpm)), for each of the dilution water flow rates.

The rate at which the liquid is pumped out shall not exceed this f value in
gpmo - »

0.8F T
= —m -

0.8 = An engineering factor to prevent spurious alarms caused by
deviations in the mixture of radionuclides that affects monitor
response.

F = Dilution water flow rate (gpm).

2- 4




(2)

200,000 gpm from one circulating water pump.

[}

(2)

350,000 gpm from two circulating water pumps.

430,000 gpm from three circulating water pumps.(Z)

T_ =  Fraction of the radioactivity from the site that may be released
via the monitored pathway to ensure that the site boundary limit
is not exceeded due to simultaneous releases from several path-

ways.

0.50 for the Waste Disposal System Liquid Effluent Monitor
(R-18). '
=  0.50 for the Steam Generator Liquid Sample Monitor (R-19) when

draining a steam generator.

c. The rate at which the liquid radwaste is pumped from a tank during
. discharges to the environment shall not exceed this f value in gpm.

2.1.2.2 Determine the monitor setpoint equivalent to the maximum allowable discharge
flowrate prior to dilution.

a. Determine C.R. (the_calculated monitor count rate above background
attribut_ed to ‘the radionuclides (cepm)) for the dilution water flow rate
available during the release.

C.R. is obtained by using the applicable effluent monitor efficiency curve
located in the Plant Operating Manual, Volume 15, Curve Book. Use the
radioactivity concentration "Cm" to find C.R.

Cm = The total radioactivity concentration of the radionuclides (minus

tritium) in the liquid discharge prior to dilution (¢Ci/ml).




b.

Cc.

Determine HSP (the monitor high alarm setpoint including background

(cpm)) for each of the dilution water flow rates.
HSP = ===+ Background (cpm) (2.1-8)

The monitor high alarm setpoint, including background (cpm), shall be set at
or below the HSP value that corresponds to the number of circulating water
pumps providing the dilution water flow rate at the time that the discharge

is made.



@

RADIONUCLIDE

H-3
Mo-99
Te-132
I-131
I-132
1-133
I-135 -
Cs-134
Cs-137

TOTAL

TABLE 2.1-1 LIQUID SOURCE TERMS

mpc, P (uci/m)

3 E-3
4 E-5
2 E-5
3 E-7
8 E-6
1E-6
4 E-6
9 E-6
2 E-5

WASTE DISPOSAL SYSTEM

(3)

A, (C,/yr)* S, S,/MPC;
4.50 E2 9.83 E-1 3.28 E2
6.70 E-1 1.46 E-3 3.65 E1
1.70 E-1 3.71 E-4 1.86 E1
2.00 E0 4.37 E-3 1.46 E4
1.20 EO 2.62 E-3 3.28 E2
"2.40 E0 5.24 E-3 5.24 E3
9.60 E-1 2.10 E-3 5.25 E2
2.10 E-1  4.59 E-4 5.10 E1
1.50 E-1 3.28 E-4 1.64 E1
4.58 E2 2.11 E4

- i * Liquid source terms are also applicable for the Steam Generator Blowdown.



SECTION 2.1 REFERENCES

10CFR20 Appendix B, Table II, Column 2.

Carolina Power & Light Co. Drawing Number G-190825. Using the System Q-H

Curve for Emergency Low Water Level.

(3) Evaluation of H.B. Robinson Unit No. 2 to Demonstrate Conformance to the Design
Objectives of 10CFR50, Appendix I, Table 2-4.




2.2 Compliance With 10 CFR 20 (Liquids)

Liquid effluents from H. B. Robinson Unit No. 2 (HBR) will occur both continuously
and on a batch basis. The following sections discuss the methodology which will be

utilized by the HBR to show compliance with 10 CFR 20.

2.2.1 Continuous Releases

Steam generator blowdown is continuously released from HBR. At HBR a daily grab
sample will be taken of steam generator blowdown. This sample will be composited

and analyzed weekly for I-131 and various other fission, activation and corrosion

_products as outlined in Table 1.2-1 of the Radiological Effluent Technical Speciﬁca-'

tions for HBR. In addition, a monthly analysis will be performed to determine the
activity levels of tritium and dissolved and entrained gases. Compliance with 10 CFR

20 during actual release is established through the steam generatdr blowdown effluent

fmonitor alarm setpoint. This setpoint is based upon a given radionuclide mix as noted
in Section 2.1. However, if a continuous release should occur in which the effluent
monitor alarm setpoint is exceeded, then actual compliance with 10 CFR 20 may be

determined utilizing .the actual radionuclide mix and the following equation:

‘ C..V
ic "¢ .
COI"IC:l = T (2.2—1)
c
where:

Conci = concentration of radionculide i at the unrestricted area, uCi/ml;
Cic = concentration of radionuclide | in the continuous release, uCi/mi;
vc = volume of continuous effluent released, gal;
DVC = volume of dilution flow during release, gal.

The concentration in the unrestricted area is compared to the concentration in Appendix
B, Table II, Column 2 of 10 CFR 20. Before a release may occur, the mixture of

radionuclides released must be of such concentration that Equation 2.2-3 is met.




2.2.2 Batch Releases

Batch releases will occur during normal operation. When this does occur at HBR, a
continuous release will usually also be occurring at the same time. However, during
shutdown conditions only batch releases may occur at HBR. Therefore, both situations

are treated here to provide the methodology to show compliance with 10 CFR 20.

2.2.2.1 Prerelease

The radiocactivity content of each batch release will be determined prior to release in
accordance wi'_t_b Table 1.2-1 of the Radiological Effluent Technical Specifications for

HBR. HBR will "QHS'Wn compliance with 10 CFR 20 in the following manner:

For the case where only a batch release is to occur, the concentration of the various

radionuclides in the batch release, determined in accordance with Table 1.2-1 of the
Radiological Effluent Technical Specifications for HBR, is multiplied by the ratio of
‘the maximum release rate of the potential batch release to the dilution flow rate to
obtain the concentration at the unrestricted area. This calculation is shown in the

following equation:

Conc; = il%%— (2.2-2)
where:
Conci = concentration of radionculide i at the unrestricted area, pCi/ml;
Cib = concentration of radionuclide i in the- potential batch release,
pCi/ml;
.va = reliéa't_'se 'ra‘telro.f._:cée.;lahc.:pt'én.ti.a.lb bét'c:.‘;i.lf‘ef‘lgla'se, gpm,
DFR = the ‘dilution flow rate based upon the number of circulating water

pumps in service during the release, gpm.

The projected concentration in the unrestricted area is compared to the concentra-
tions in Appendix B, Table II, Column 2 of 10 CFR 20. Before release may occur, the



mixture of radionuclides released must be of such concentration that Expression 2.2-3

is met.
%, (Conc;/MPC)) < I (2.2-3)

where:

MPCi = maximum permissible concentration of radionuclide 1 from
Appendix B, Table II, Column 2 of 10 CFR 20, pCi/m!
For those cases where batch releases may be occurring at the same time that

continuous releases are occurring, the concentration in the unrestricted area will be

calculated by the following equation:

C. R.+C. R
ib b ic ¢
Conci = DER (2.2-4)
where:
RC = maximum continuous liquid effluent release rate, gpm.

The mixture of radionuclides released must be of such concentrations that Expression

2.2-3 must again hold.

For the HBR, the liquid radwaste system discharges to the circulating water system.
Therefore, the dilution flow rate (DFR) is a function of the number of circulating
water pumps operating. Unit No. 2 of the H. B. Robinson Steam Electric Plant has 3

circulating water pumps. Pump curves show that with 3 pumps operating, the

~ circulating water flow is 430,000 gpm, with 2 - 350,000 gpm, and with 1 - 200,000 gpm.

At least one circulating water pump must be operating during any liquid waste

- discharge.

Batch releases from the HBR liquid radwaste system may occur from the waste

condensate tanks, the monitor tanks, and the steam generator. The maximum release

%




rate (Rb) i1s 300 gpm from the steam generator and 60 gpm from the monitor and waste

condensate tanks.
2.2.2.2 Postrelease

As discussed in Section 2.1, both the Steam Generation Liquid Sample Monitor (R-19)
and the Waste Disposal System Liquid Effluent Monitor (R-18) setpoint will each be
limited to 50 percent of the 10 CFR 20 limits. These setpoints will ensure that 10
CFR 20 limits are met. However, because they are based upon a given mix, the
possibility exists that the alarm trip setpoints may be exceeded and 10 CFR 20 limits
may not actually be exceeded. The following methodology is provided td determine

whether actual releases exceeded 10 CFR 20 limits.

- The concentration of each radionuclide in the unrestricted area following release from

a batch tank will be calculated in the following manner:

For the case where only batch releases are occurring, the total activity of radionuclide

i released is divided by the actual dilution flow to obtain the concentration in the

unrestricted area. This calculation is shown in the following equation:

C..,.V
~~ikb "kb ;
Concik = T (2.2-5)
where:
Concik = the concentration of radionuclide i at the unrestricted area during
the release k, uCi/ml;.
Cikb = concentration of radionuclide i in the batch release during release
k, uCi/ml;
ka = volume of batch released during release k, gal;
DV = actual volume of dilution flow during release k, gal;




To show compliance with 10 CFR 20, the following relationship must hold:
3 (Concy, /MPC)) < 1 ~ (2.2-6)

The actual dilution volume during release k (ka) is calculated by the following

equation:
DVk = 60 Ek (DFR)tk (2.2-7)
where:
60 = conversion factor,vmix.'x./hr;
tk ' = duration of release k, hr;
DFR = dilution flow rate from circulating water pumps during release k,
gpm.

The circulating water pump flow rates were given in Section 2.2.2.1 zbove.

For the case where a batch release is occurring at the same time that a continuous
release is occurring, the compliance with 10 CFR 20 limits may be shown utilizing the

following eguation:

Cikb Yib * Cike Ve

Concy, = BV, 4 (2.2-8)
where:
 Cike = concen_trati»op of radionuclide i m continuous releasgs during
, releasg perioq k, ,u‘Ci/‘s.ec;“ .
\'% = volume of continuous release during period k, gal.

ke




2.3 Compliance With 10 CFR 50

2.3.1 Cumulation of Doses

The does contribution from the release of liquid effluents will be calculated once per
31 days and a cumulative summation of these total body and organ doses will be
maintained for each calendar quarter. The dose contribution for batch releases will be

calculated using the following equation:

: -At
= 1P -

D, = zkgi A b Cikb Fipe (2.3-1)

where:

Drb = the cumulative dose commitment to the total body or any organr,
from batch liquid effluents, mrem;

ty S the length of time of batch release k over which Cikb and Fkb are
averaged for-each batch-liquid release, hours;

Cikb = the average concentration of radionuclide, i, in undiluted batch
liquid effluent during batch release k, pCi/ml;

Air = the site related ingestion dose commitment factor to the total
body or any organ r for each identified principal gamma and beta
emitter, mrem-m! per hr-uCi;

)‘i = radiological decay constant of radionuclide i, hr"l;

= ~0.693/(tyz)i
(tyz)i ' radiological halflife of radionuclide i, hr;
tp = average transport time to reach the point of exposure, hr;

= 24 for the fish pathway;




kb

the near-field average dilution factor for Cikb during any batch
liquid effiuent release k. Defined as the ratio of the volume of
undiluted liquid waste released to the product of the dilution

volume from the site discharge structure to unrestricted receiv-

' ing waters times 1. (!l is the site-specific applicable factor for

the mixing effect of the HBR discharge structure as defined in
NUREG-0133.)

Vb
BV,

where ka and DVk are as defined in Equation 2.2-5.

The dose factor A;, was calculated for an adult for each isotope using the following

equation:

A.

17

where:

1.14x1

21

0°

BF.
i

DF.

i7

1.14x10° (21BF ) DF,, (2.3-2)

adult fish consumption rate from Table A-2 of Regulatory Guide
1.101 Rev 1, kg/yr;

bicaccumulation factor for radionuclide i in fish from Table A-1
of Regulatory Guide 1.109 Rev. 1, pCi/kg per pCi/l;

dose conversion factor for radionuclide i for adults for a parti-

‘cular organ r from Table E-11 of Regulatory Guide 1.109 Rev. I,

mrem/pCi.

The potable water pathway does not exist either within Lake Robinson or downstream

of the Lake Robinson dam. Therefore, the potable water term was excluded from the

calculation of Airvalues. Table 2.3-1 presents Airvalues for an adult at HBR. Values

of exp (-Aitp) are presented in Table 2.3-2 as a function of radionuclide.

2-15




|
\
% ‘ As noted in Section 2.2.2, steam generator blowdown is continuously released from

O HBR. The dose from continuous releases will be calculated using the following
equation: '
-,\itp
. e (2.3-3)
Be = T I A ke Cike Fie
i
where:
Drc = the cumulative dose commitment to the total body or any organr,
from liquid effluents for continuous releases, mrem;
| te = the length of time of continuous release period k over which Cikc-
- and ch are averaged for all continuous liquid releases, hours;

| Cikc = the average concentration of radionuclide i in undiluted liquid
i effluent during continuous release period k from any continuous
; liquid release, pCi/ml;
i r
‘ ch = the near-field average dilution factor for Cikc during continuous

liquid effluent release k. Defined as the ratio of the volume of
undiluted liquid waste released to the product of the dilution
volume average flow from the site discharge structure to .unre-
stricted receiving waters times l. (Il is the site-specific applic-
able factor for the mixing effect of the HBR discharge structure
as defined in NUREG-0133.)

ch

DV

k

where ch and ka are as defined in Equation 2.2-5 only now distinguished for

continuous releases.

The sum of the cumulative doses from all batch and continuous releases for a quarter

are compared to one half the design objective doses for total body and any organ. The

sum of the cumulative doses from all batch and continuous releases for a calendar year




are compared to the design objective doses. The following relationships should hold
for the HBR to show compliance with Technical Specification 1.3.1.1 of the Radio-
‘ logical Effluent Technical Specifications for H. B. Robinson Unit No. 2.

For the calendar quarter,

D, < 1.5 mrem total body (2.3-4)

D, < 5 mrem any organ | (2.3-5)

For the calendar year,

D, < 3 mrem total body , (2;3;6)
D, < 10 mrem any organ (2.3-7)
'where:
a D, = cumulative total dose to any organ r or the total body from

continuous and batch releases, mrem;

= Drb * Drc

The quarterly limits given above represent one-half the annual design objective of
Section II.LA of Appendix I of 10 CFR 50. If any of the limits in Expressions 2.3-4
through 2.3-7 are exceeded a special report pursuant to Section IV.A of Appendix I of
10 CFR 50 must be filed with the NRC. '

2.3.2 Project of Doses

Doses resulting from the release of liquid effluents will be projected once per 31 days.

The doses will be projected using Equations 2.3-1 and 2.3-3 with Fkb and ch now



based upon the minimum dilution flow rate (DFR) as given in Equation 2.2-2 rather
than dilution volume (DV) and based upon the maximum release rates (Rb and R(_) as
given in Equation 2.2-4 rather than actual release volume (Vb and VC). Cikb and Cikc

are based upon the projected releases for the remainder of the calendar quarter.
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1.54F 02
HeT6E-01
Seh4t~-03
.44 00
S.06E-02
1.60E-01

Hele ROBINSUN STEAM ELFCTRIC
(RRCM/HR PER

LIVER
2.26E-01
6.26E 03
4,07F 02
2.37E 0¢
0.00E-01
4038E U
1.10E 0O«
455t 0:
2.44E 03

8.92¢ 01

2.56E 0¢

2el16C 03

1.648 01
9.%7€ 00

"T«37E 04

9.43E 01
0.00E-01
0.00E~-01
0.00E-01

l.01& 05

2.90F 02
1.92F 02
0.00E-01
0.00€E-01
¢.00E-01
0.00C-01
0.,00€-01
0.00F-01
0.00E-01
0.00E~01
0.00E-01

TARLE 2.3-1
P, VALUES FOR THE ADULT FOR THE

T.PQO0Y
2.26E-71
6.26F 33
4.07¢ 02
1.79E 05
1.27€ 00
8.35€ 02
1.95€ ¢:
i.06F ¢2

" 9.36E 02

2.00E C2?
5658 C4
1.04F (2
7.49E g0
4.68E €0
3.33E 04
6.56E C

.04 Gl

5248 G1
2<15E CO
4«T1E C4
1.54F 02
1.35E 02
64358 (2
1.34F 05
1.64E (1
6.68E €O
1.54C-02
2-116-04
2626(-10)
1.48E-03
4.43E-03

PLANT

HICRO-CI/ML)

THYRIOD
2.2:E-01
be2¢E 03
1«07F 02
u.00L-01
Te61E-01
D.00E-01
J.0GE~01
UWOCE'OI

'[! ..OnE'Ol

C.0NE-01
(.00E-01
(00E-01
(.0:E-01
(.00€E-01
0.00E-01
0.00E-01
0.00€~-G1
0.00E-01
0.00E-01
0.00t~-01
0.00£-01
0.00F~01
0.00E-C1
0.00E—OI
0.00€E-01
0.C0E-C1
0.00E~01
0.00e=-91
0.G0E-C1
0.00E~01
0.00E~C1

KIDNEY
2e26E=C)
6.26F 03
4.07E 02
0.00E-01
2.81£-C1
1,308 €3
1.40E 02
0.00E-01
0.00e-01
(.GNE-01
t.00L~-01
0.00E-01
0.00E-01
251t 01
4.,93E 04
6,13 01
0.00E~01
0.30&-01
0.00€-01
0.00E-G1
0.00E-01
C.00E-C1
0.00E-01
0.00E-01
0.00E~-0Q1
0'00£°01
0.00E-01

0.00E-01

OOOOE“OI
0000E°01
0.00£-01

LUNG
2.26E-01
6.26F 03
4.,07E 02
0.00E~-01
l.69E 0N
0.00E~-21
C.00E-01
2.54E 02
t.82¢t 02
C.00E-C1
C.00€-01
0.00E-01
0.00E‘01
OOOCE“OI
G.00E-01
ODOOE-OI
0.00E~01
OOOOE-Ol
0.00E~01
0<0CE-01
0.00€E-01
C.00€E-01
0.00E-01
0.00E~01
C.00E-01
C.00&e-01
OOOOE—OI
OOOOE'OI
C.00C-01
0.00E-01
0.00E=01

GI-LLI
2.26E-C1
6.26t (3
4.07TE 02
5.19C 06
3.20& 02
10345 06
3.51E C3
2.61E 02
8.14E 02
1.81E 03
4.81€ C3
4.50L 02
4.17€ G2
8B.50E C2
4.64E 04
1.42E C1
5.82E 01
4.11E-04
1.01E-15
1.99€ 04
4.0NE-09
1.12€6-11
3.556 03
1.57E 04
1.94F C3
3.06E 03
6.10c 03
1.60E-CZ
4.64E (3
8.86E 02
5.09E 03



0Z-Z

NUCLIDE

IR 95
IR 97
AR 95
KO 99
1C 29
1C101
RU103
RUL10OS
RUL06
AGLIINN

TEL25M.

TE127H
TEL27
TE129#
TE129
TE131H
TE131
TE132
1 130
131
132
133
134
I 135
CS134
CS136
€5137
€S138
BAL3Y
BAL40
BAL141L

Pt b Dt ped

POKE
2.40E-01
1.330-02
4.47€ 02
0.00€E-01
B.RTE-03
9.12£-03
4.03E 00
3.67E-01
6.53E 01
8.81€-01
2.57€ 03
6.49E 93
1.05€ 02
1.10F 04
3.018 01
1.660 03
1.89F 01
2.41F 03
2.71E 01
1.49E 02
7.29L 00
5.10F 01
3.081E 00
1.59F 01
2.99F 05
3.12E 04
3.82E 05
2.64E 02
9.29¢-01
1.94€ 02
4.51E-01

LT

"L}

: TABLE 2.3-1CCONT"D)
A VILUES FOR ThE ADULT FOX THE

HoeRe LOLTINSON STRAM ELECTRTC PLANT
(CREM/HR PER MICRO-CT/ZML)

LIVER
2.63E-C3
2.48F 02

1.03€ 02.
2.51[—02

0.00E-01

0.GOE~01

8.15€6-01 -
97.30E 02
2.32E 03

3.76F 01

4.11E 03

1.13E 01

‘8.10F 02

T.80¢ 00
1.95E 03
8<.01E 01
2.14E 02
1.9%E €1
8.87F C1}
1.03€ 01
4,17 01
1.09FE 05
1.23€ 05
5.22C 05
5.22C 02
6.62E~04
2.14E~01
3.41E-04

T.BODY

5e21E~-62
1.22E-0G3
le36% (2
le96t 9!
3.19E-01
1.29€E-C1
1.91E 00
1a46E-01
3.33E (C
hBOGE-01
Je44E (2
T.90t C2
2,280 01
1.74E 013
7.33t 00
6.75t 02
536E G0
1.478 C3
3.16E 01

" 1.22€ 02

6.32E GO
Z.70L 01
3,708 20
1.54C 01
5.79L €5
JeBEE 04
3,42€ €5
2e59E C2
1.2TF (1
1.528-02

THYRTOD
0.00:=01
T.007=01
C.00r-01
0.09:-01
00005"01
(.CO-G1
0.)0:-01
0,00:=G1
0-00:-C1
0.00:=-01
7.72: 02
1.663 €3
7.80: €1
3.79F 03
2.31E (1
1.23E 03

“1.558 01

1.72€ 03
6.79C 03
7.0NE 04
6.82E C2
1.30E 04
t.79E 02
2.758 063
0.00E-01
0.00L-C1
0.00C~C1
0.C0E-01Y
0.00E~-C1
0.00E-C1

KIDNEY
l.21E-201
4,04E-03
2<46E 02
2e34E 02
3.81&E-01
2.37t-01
1.6%9E 01
4.76E CO
1.27€ G2
1.608 00
1.04E 04
Z+63E (G4
4,29 02
4.60E (4
lod6E 02
.21t 03
83.26E (1

1.508 04

1.258 02
3.66E 02
J.11£ 01
1.558 02
le64c 01
6.68c 01
2.29FE 0S5
6.835F 04
1.77c C5
J.848 02
64,196-04
Be30E-02
J.17C~04

LUNG
OQOOE"OI
0.00E~01
C.00E-01
0.00E-01
1.23E-02
6.72E-03
G.00E-C1
0.00E-01
0.00€E-01
0.0NE-01
C.00E-01
0.0Cc-01

0.00E=-01

C.0Ct-01
0.00c-01
0.00£-01
0.00E-01
0.00E-01
0.00E-01
0.00E-01
0.00E-~01
C.00E-01
C.00&-01
7.61E 04
9.34E 03
5«39E 04
3.79E 01
3.75E"04
1.40E-01
1.93€E~04

GI-LLY
2.442 02

8.30E G2

1.51€ 06
2.39€ @2
1.48¢ C1
J.9%E-14
5.17€ 02
2.26E 02
4.,26E 03
3.33€ 02
1.02€ G4
2.17E 04
8.31€E 03
5.54E 04
2.27¢c C1
B.04E 04
2.67TE (0
T.30L 04
6.89E C1
Se64E 01
3.66t CO
T.97t 01
7.01E-03
4.70£ C1
1.24€ C4
1.40E C4
1.01E C4
2.23E-03
1.65F €9
4.00c C2
20135"10



NUCLIDE
BA142
LAL40O
LAL42
CEl41

-CE143
CE144
FR143

- PR144%
ND147
¥ 187
NP239

DONE

2.C4E-01
1.50£-01
7.66E6-03
2.24E-02
3.95£-03
1.17€ 00
5.51£~01
1.80£-03
3.76E-01
2.96€ 02
2.85E-02

TARLE 243-1(CONT"D)D

&

A, VLLUES FOR THE ARULT FOR THE

HeBo RDHINSON STLAM FLECTRIC PLANT -
(MKEM/HR PER

LIVER

Ta54C-02

3J.48&-03
leH2E~C2

2.92€ 00

4.88g~01
2.21t-01
T.490E-04
4.35E-01

2.478 C2

2.00E~-03

T.0CDY
1.28L6-32
1.99€~-02
B.580-04
172605

3e23E=04

6.27£-02
2.73E-G2
9.16:=05
Yea60E-C2
8.55E C1
1.54E~03

HICRC~-CT/7¥L)

TAYRIOD

N.00.-01
,00: -01
0.001~C1
0.0Gt~-C1
J 00f-191
0 10:-G1
0.10.-G1
0.,)01.-01
0.001-01
0.00[-01
9.00t-01

KTDNEY
10?7&“0’0
(.00Zz~01
C.00eE~01
7.646-03
1.29£-03
2.30E-01
1.27¢-01
422E~04
2.54E-01
0.00E-C1
Be74E-03

LUNG
1. 19{'0"0
0.00E-01
OQOOE"OI
0.0CE-01

0.00E-01"

C.00E-01
C'o OCE"GI

0.00C-01

C.00E-01
0.00E~01
0.00E=-01

GI-LLI
2.87€-19
554 03
2.54t (1
S.7T9E 01
1.09€ 02
J.95E C2
2.41E C3
ZOSQE—IO
2.09E C3
8.10E 04
5.75¢c 02



TABLE 2.3-2

-A.t
Values of e 'P for Liquid Dose Calculations

-At>
e 'P

Radionuclide Ai(hfl)

-A.t*
e 'P

Aithr™h)

Radionuclide
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* Note: All values” less than 1E-25 are reported as 0.




6 3.0 GASEOUS EFFLUENTS

3.1 MONITOR ALARM SETPOINT DETERMINATION

This procedure determines the monitor alarm setpoint that indicates if the dose rate in
the unrestricted arees due to noble gas radionuclides in the gaseous effluent released from

the site exceeds 500 mrem/year to the whole body or exceeds 3000 mrem/year to the skin.
The methodology described in Section 3.1.2 provides an alternate means to determine
monitor alarm setpoints that may be used when an analysis of batch releases is performed

prior to release.

If two simultaneous gaseous releases out of one vent occurs, calculate the setpoint for
each type of release and use the lowest setpoint obtained.

3.1:1 Setpoint Based on a Conservative Radionuclide Mix

The following method applies to gaseous releases via the Plant Vent and Condenser Air
Ejection Vent when determining the high alarm setpoint for the Plant Vent Gas Monitor
(R-14) and the Condenser Ejection Gas Monitor (R-15) during the following operational

conditions:
o Continous releese via the Plant Vent.
o] Continous release via the Condenser. Air Ejection Vent.
o} Batch release of containment purge via the Plant Vent.
o B%t.c.ﬁ‘_relea'slg'fqr contaiﬂnm‘ernltvVpresls‘ure‘rel._ief via f.hemPllan't Vent.

o Batch release of Waste Gas Decay Tanks via the Plant Vent.



3.1.1.1 Determine the "mix" (noble ges radionuclides and composition) of the gaseous
effluent. )

®

e. Determine the gaseous source terms that are representative of the "mix" of
the gascous effluent. Gaseous source terms are the noble gas radionuelides
and the radioactivity of the noble gas radionuclides in the effluent.

Gascous source terms can be obtained from Table 3.1-1 or from analysis of

the gascous cffluent.

b. Determince Si (the fraction of the total radioactivity in the gaseous effluent
comprised by noble gas radionuclide "i") for each individual noble gas

radionuclide in the gaseous effluent. |

S, = —r— (3.1-1)

|
|
! A. = The radioactivity of noble gas radionuclide "" in the gaseous
effluent from Table 3.1-1 or from analysis of the gaseous effluent
a to be released.

3.1.1.2 Determine Qm (the maximum acceptable release rate of all noble gas radio-
nuclides in the gascous effluent (4Ci/sec)) based upon the whole body exposure limit.

500 :
Qm = — < R (3.1-2)
_ (X/q) E S |
{
(xX/ Q) = The highest calculated average relative dispersion factor for any

arca at or beyond the unrestricted area boundary for all sectors
(sce/m®). ‘

8.1 E-5 sce/m> (Continuous Ground Relesse) from Table A-1,
Appendix A.

= 9.9E-7 scc/m:,3 (Continuous Mixed Mode Release) from
Table A-10, Appendix A,

3-2




= 5.1 E-5 sec/m3 (Bateh Ground Release) from Table A-7, Ap-
4 pendix A. '

= 2.9 E-6 sec:/m3 (Bateh Mixed Mode Release) from Table A-16,
Appendix A.

K = The total whole body dose factor due to gamma emissions from
noble gas radionuclide "i" (mrem/year/pCi/m3) from Table 3.1-2.

3.1.1.3 Determine Qm based upon the skin exposure limit.

Q = 3000 S
&7 Z[(L.+1.l M.) s.] - (3.1-3)
_ i M T M
Li+1.1 Mi= The total skin dose factor due to emissions from noble gas
radionuclide "i" (mrem/year/yCi/m3) from Table 3.1-2.

3.1.1.4 Determine Cm (the maximum acceptable radioactivity concentration of all noble
gas radionuclides in the gaseous effluent (uCi/cc)).

2.12 E-3 Qm

~

NOTE: Use the lower of the Qm values obtained in Sections 3.1.1.2 and
3.1.1.3.

i
i

The maximum acceptable effluent flow rate at the point of,
release (efm)

= 60,000 efm for the Plant Vent
= 60 efm foi' ihe Condenser Air .

2.12E-3

Unit conversion constant to convert uCi/sec/efm to uCi/ec

3.1.1.5 Determine C.R. (the calculated monitori count rate above background attributed

to the noble gas radionuclides (ecpm)).




C.R. is obtained by using the applicable effluent monitor efficiency curve located in the
Plant Operating Manual, Volume 15, Curve Book. Use the radioactivity concentration

"Cm" to find C.R.
3.1.1.6 Determine HSP (the monitor high alarm setpoint including background (cpm)).

HSP = T, C.R. + Background (cpm) (3.1-5)

T =  Fraction of the radioactivity from the site that may be released
via the monitored pathway to ensure that the site boundary limit
is not exceeded due to simultaneous releases from several path-

e—

ways. -

a9

= 0.80 for the Plant Vent Gas Monitor (R-14).

0.20 for the Condenser Air Ejection Gas Monitor (R-15).

3.1.2 Gaseous Effluents Analyzed Prior to Release

_The following method applies to gaseous releeses, via the Plant Vent, when determining

the setpoint for the maximum acceptable effluent flow rate at the point of release and
the associated high alarm setpoint based on this flow rate for the Plant Vent Gas Monitor
(R-14) during the following operational conditions:

° Batch release of containment purge.

. Batch release for containment pressure relief -

~ ®  Batch release of Waste Gas Decay Tanks..

3.1.2.1 Determine the maximum allowable discharge flow rate prior to dilution.

a. Determine f (the maximum acceptable gaseous flow rate from containment
or from the Waste Gas Decay Tanks) (cfm) based upon the whole body

exposure limit.

3-4



b.

X/Q)

0.848

0.848 T
m (3.1-6)

(X/Q) in C;
{

H

Fraction of the radioactivity from the site that may be released
via the monitored pathway to ensure that the site boundary limit

is not exceeded due to simultaneous releases from several path-

ways.
0.80 for the Plant Vent Gas Monitor (R-14)

The highest calculated average relative dispersion factor for any
area at or beyond the unrestricted area ’bciundary for all sectors

(sec/m3) from Appendix A.

5.1 E-5 sec/m3 (Batech Ground Release) from Table A-7, Ap-
pendix A.

2.9 E-6 sec/m° (Batch Mixed Mode Release) from Table A-16,
Appendix A. '

‘The total whole body dose factor due to gamma emissions from
noble gas radionuclide "i" (mrem/year/uCi/m 3) from Table 3.1-2.

The radioactivity concentration of noble ges radionuclide "i" in
the gaseous effluent (uCi/cc) from the analysis of the gaseous

effluent to be released.

A combined numerical conversion factor consisting of the whole
body dose limit of 500 mrem/yr times a conversion constant of
2.12 E-3 to c_dhverf ce/sec to ofm, times an engineering cor-

rection factor of 0.8 to prevent spurious alerms.

Determine f based upon the skin exposure limit.



5.08 Tm

a (X/7g) 12[(Li+ 1.1 M) ci} | i

Li+1'1 Mi= The total skin dose factor due to emissions from Noble Gas

radionuclide "i" (mrem/year/ yCi/m3) from Table 3.1-2.
5.09= A combined conversion factor consisting of the skin dose limit of
3000 mrem/yr, times a conversion constant of 2.12 E-3 to convert
ce/sec to cfm, times an engineering factor of 0.8 to prevent

spurious alarms.

¢. - The rate at which the noble gas activity is released from the containment

'during purging or pressure relief or from the Waste Gas Decay Tanks shall
not exceed the smaller of the two "f" values calculated in step a and b

above.

3.1.2.2 Determine the monitor setpoint equivalent to the maximum allowable discharge

_ 3 flow rate: .

a. Determine Cm (the maximum radioactivity concentration of all noble gas
radionuclides to be released during containment purge or pressure relief or
Weaste Gas Decay Tanks discharge via the stack after dilution by other
discharges in the stack).

(3.1-8)

| Ct =  the total radioactivity concentration of all noble gas radionuclides
] in the gas to be discharged from the containment or Waste Gas
Decay Tanks prior to dilution.(uCi/cc).
f = the maximum acceptable gaseous flow rate from containment or
from the Waste Gas Decay Tanks (efm).
‘ Q F = the maximum design stack flow rate.

60,000 efm (1)




Determine C.R. (the calculated monitor count rate above background

attributed to the radionuclides (ecpm)).

C.R. is obtained by using the applicable effluent monitor efficiency curve
located in the Plant Operating Manual, Volume 15, Curve Book. Use the

radioactivity concentration "Cm" to find C.R.

Determine HSP (the monitor high alarm setpoint including background

(epm)).

HSP = %—I;—- + Background (epm) (3.1-9)

~ The monitor HSP shall be set at below the caiculated value during

containment purges or releases from the Waste Gas Decay Tanks. If
containment purges or pressure relief or Waste Gas Decay Tanks releases
are made while other sources of noble gas activity are being released from
the stack, the monitor HSP shall not exceed the calculated value determined

in Section 3.1.1.



8-¢

*« . e

TABLE 3.1-1 GASEOUS SOURCE TERMS1

CONDENSER AIR CONTAINMENT PURGE

PLANT VENT RELEASE EJECTION OR PRESSURE RELIEF  GAS DECAY TANKS

RADIONUCLIDE A Ciyr) A; (Cylyr) 8, A; (Cy/yr) 5; A (Cilyr) S
Kr-85m 2.0 £0 5.26 E-2 1.0E0  435E-2  0E0 ——- 0 E0 ——-
Kr-85 0E0 . —- 0 E0 - 0 E0 —- 1.6 E2  8.00 E-1
K-87 1.0 EO 2.63 E-2 0E0 - 0E0 -—- 0 EO ——-
Kr-88 3.0 £O 7.89 E-2 2.0E0  8.70E-2  1.0E0 2.90 E-3 0 E0 -—-
Xe-131m 0 0 ——- 0 EO -—- 1.0 E0° 2.90 E-3 9.0 E0  4.50 E-2
Xe-133m 0 EO -—- 0 EO - 4.0 E0 1.16 E-2 0 EO -—
Xe-133 2.8 E1 7.37 E-1 1.8 E1 7.83E-1 3.1 E2  8.99 E-1 3.1 El  1.55 E-1
Xe-135 4.0 E0 1.05 E-1 20E0  870E-2  4.0E0,  1.16 E-2 0 EO -
Ar-41 0 EO - 0 EO ——- 2.5 E1 7.25 E-2 . 0 EO —
TOTAL 3.8 E1 2.3 E1 _ 3.45 E2 2.0 E2

1 Source terms based upon GALE code and not actual releases.



RADIONUCLIDE

RKr-83m
XKr-85m
Rr=-85
Rr-87
Kr—-88
Kr-89
Kr—~90
Xe=-131lu
Xe-133m
Xe=-133
Xe=135m
Xe=-135
'Xe=137
Xe-138
Xe-139
Ar=41

TOTAL WHOLE BODY

DOSE FACTOR

TABLE 3.1-2 DOSE FACTORS AND CONSTANTS

3

(Ki)(mrem/yr/uCi/M )

TOTAL SKIN DOSE FACTOR

(Li+1.1M )3

(mrem/yz/uCi/M )

7.56E-2
1.17E3
1.61E1
5.92E3
1.47E4
1.66E4
1.56E4
9.15E1
2.51E2
2.94E2
3.12E3
1.81E3
1.42E3
8.83E3

' 8.84E3
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2.12E1
2.81E3
1.36E3
1.65E4
1.91E4
2.91E4
2.52E4
6.48E2
1.35E3
6.94E2
4.,41E3
3.97E3
1.39E4
1.43E4

1.29E4



3.2 Compliance With 10 CFR 20 (Gaseous)

3.2.1 Noble Gases

The gaseous effiuent monitors setpoints are utilized to show compliance with 10 CFR
20 for noble gases. However, because they are based upon a conservative mix of
radionuclides, the possibility exists that the setpoints could be exceeded and yet 10
CFR 20 limits may actually be met. Therefore, the following methodology has been
provided should the alarm trip setpoints be exceeded in order that a determination
may be made as to whether the actual releases have exceeded the limits of in 10 CFR
20.

The dose rate in unrestricted areas resulting from noble gas effluents is limited to 500
. mrem/yr to the total body and 3000 mrem/yr to the skin. Based on NUREG-0133, the
following are used to show compliance with 10 CFR 20:

3 K, [($<765v éiv + (?7@76 qe} < 500 mrem/yr | (3.2-1)
1

st

1

by (Li + l.lMi) [(X;Q;v div + (X7Q5e qe] < 3000 mrem/yr (3.2-2)

where:

(X7Q5:= annual average relative concentration for plant vent releases,
sec/m3;

= from Table A-1 for ground level releases;

= - from Table A-10 for.mixed'mode releases;

* Carolina Power & Light (CP&L) anticipates extending the plant vent so that it
qualifies as a mixed mode release. When this extension is completed, mixed
meteorology will be used for this release point.




X

Q
(¢

n

annual average relative concentration for condenser air ejector

releases, sec/m3;
= from Table A-1 for ground level releases

K. = the total body dose factor due to gamma emissions for noble gas

radionuclide i, mrem/yr per pCi/mB;

L. = the skin dose factor due to beta emissions for noble gas radio-

nuclide i, mrem/yr pér pCi/mB;

‘M. = the air dose factor due to gamma emissions for noble gas

radionuclide i, mrad/yr per uCi/m 3;

1.1 = the ratio of the tissue to air absorption coefficients over the

energy range of the photon of interest, mrem/mrad;

1 Q. = the release rate of noble gas radionuclide i gaseous effluents from
. ’ : the condenser air ejector, uCi/sec;
va = - the release rate of noble gas radionuclide i in gaseous effluents

from the plant vent, uCi/sec.

The determination of limiting location for implementation of 10 CFR 20 for noble

gases is a function of the radionuclide mix, isotopic release rate and the meteorology.

The radionuclide mix was based upon source terms calculated using the NRC GALE
code. They were calculated based upon the present operating mode of HBR. They are

presented in Table 3.2-1 as a function of release point.

The X /Q value utilized in the equations for implementation of 10 CFR 20 is based upon
ithe maximum long-term annual average (X/Q) in the unrestricted area. Table 3.2-2
presents the distances from HBR to the nearest site boundary for each of the 16
sectors, as well as to the nearest residence, vegetable garden, cow, goat, and beef

animal. Long-term annual average (X/Q) values for the HBR release points to the




v

special locations in Table 3.2-2 are presented .in Appendix A. A description of their

derivation is also provided in this Appendix.

To select the limiting location, the highest annual average X/Q value for the ground
level releases and the mixed mode releases was used. Since mixed mode releases may
not necessarily decrease with distance (i.e., the site boundary may not have the
highest X/Q value), long-term annual average X/Q values, calculated at the midpoint
of 10 standard distances as given in Appendix A, were also considered. For HBR,
mixed mode release X /Q values decrease with distance for all directions except the
WNW, NW, and NNW so that the maximum site boundary X/Q is usually greater at the
site boundary than at distances greater than the site boundary. In addition, the
maximum site boundary X/Q for both the ground level and mixed mode releases occurs

at the SSE site boundary. Therefore, the hmmng locatxon for xmplementatmn of 10

‘ CFR 20 for nobel gases is the SSE site boundary.

~ Values for Ki’ Li’ and Mi’ which were used in the determination of the limiting

location and which are to be used by HBR in Expressions 3.2-1 and 3.2-2 to show

‘compliance with 10 CFR 20, are presented in Table 3.2-3. These values originate form

NUREG-0472 Revision 0 and were taken form Table B-1 of NRC Regulatory Guide
1.109 Revision 1. The values have been multiplied by 106 to convert microcuries to

picocuries for use in Expressions 3.2-1 and 3.2-2.

3.2.2 Radioiodines and Particulates

The dose rate in unrestricted areas resulting from the release of radio_iodiries and
particulates with half lives greater than 8 days is limited to 1500 mrem/yr to any
organ. Based upon NUREG-0133, the following is used to show compliance with 10
CFR 20: | |

) zi [Pi [(m QW + (_/'7 Q ] + (P.IM +_Pic) [(I_'_)767v Qiy.;.(me Qi¢]+

(P +r3 [(x7Q"5 QTV + (W QTe]] < 1500 mrem/yr (3.2-3)
T



(X7Q5

X7Q)

annual average relative concentration for plant vent releases,

sec/m3;

from Table A-1 for ground level releases;

from Table A-10 for mixed mode releases;

annual average relative concentration for condenser air ejector

releases, sec/m3;.

- from Table A-1 for ground level releases; -

annual average deposition for plant vent releases, m'z;

from Table A-3 for ground level releases;

from Table A-12 for mixed mode releases;

annual average deposition for condenser air ejector releases, m'z;
from Table A-3 for ground level releaes;

dose parameter for radionuclide i for the inhalation pathway,

mrem/yr per uCi/mB;

dose parameter for radionuclide i for the ground plane pathway,

mrgm/yr per uCi/sec per mnz; ' \

dose parameter for radionuclide i for either the cow milk or goat

milk pathway, mrem/yr per pCi/sec per m'z;

dose parameter for tritium for the inhalation pathway, mrem/yr

per uCi/mB;
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PT = dose parameter for tritium for milk pathway, mrem/yr per

M .

uCi/m 3;

Q = release rate of radionuclide i from the plant vent, uCi/sec;

v ’

Qie = release rate of radionuclide i from the man condenser air ejector,
uCi/sec;

QTV = release rate of tritium from the plant vent, uCi/sec;

QTe' = release rate of tritium from the condenser air ejector, uCi/sec.

In the calculation to show compliance with 10 CFR 20, only the inhalation, ground
plane, cow milk, and goat milk pathways are éonsidered. Expression 3.2-3 is evaluated
first at the limiting site boundary. If the 1500 mrem/yr limit is exceeded at the
limiting site boundary when all pathways are considered present at the site boundary
but the inhalation pathway contributes less than 1500 mrem/yr, then Expression 3.2-3
is evaluated at the limiting controlling location based upon the real pathways. For
HBR, the limiting site boundary location is 0.26 miles SSE and the limiting real

pathway location is the cow milk pathway 4.2 miles E.

The determination of limiting location for implementation of 10 CFR 20 for
radioiodines and particulates is a function of the same parameters as for noble gases
plus a fourth, actual receptor pathway. The radionuclide mix was again based upon the
source terms calculated using the GALE code. The mix and the source terms are

presented in Table 3.2-1 as a function of release point.

The determination of the controlling site boundary location was based upon the highest
~ site boundary D/Q value. The determination of actual receptor limiting location was
based upon the 'milk pathway D/Q value and the P1 value -for'lthe respective milk
. pathway.. Values for Pi were calculated for an infant for various radionuclides for the
inhalation, ground plane, cow milk, and goat milk pathways using the methodology of
NUREG-0133. The Pi values are presented in Table 3.2-4. A description of the
methodology used in calculating the P; values is presented in Appendix B. The values
of Pi reflect, for each radionuclide, the maximum Pi value for any organ for each

individual pathway of exposure. The goat milk pathway is present near HBR, as is the
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cow milk pathway. However, the cow milk pathway E’i values were utilized in the
determination of the controlling location because the product of the maximum cow
milk pathway D/Q and Pi were greater than those for the goat. In‘addition, the goat
milk is not used for human consumption. For the case of an infant being present at the
site at the site boundary or at the real pathway location, the ground plane pathway is
not considered as a reasonable exposure pathway (i.e., Pi = 0). However, Pi values

are presented in Table 3.2-4 for completeness. G

The annual average D/Q values at the special locations, which will be utilized in
Expression 3.2-3, are obtained from the tables presented in Appendix A. The X/Q
values which will be utilized in Expression 3.2-3 are also obtained from the tables
presented in Appendix A. A description of the derivation of the X/Q and D/Q values is
provided in Appendix A.-

W)
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—
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Plant Vent Air Ejector

Isotope Q,) Q)
Kr-85m 2.0E0 1.0E0
Kr-85 1.6E2 0.0E0
Kr-87 1.0E0 - 0.0E0
Kr-88 4.0E0 2.0E0
 Xe-131m 1.0E1 0.0E0
Xe-133m 4.0E0 0.0E0
Xe-133 3.7E2 1.8E1
1 Xe-135 8.0E0 2.0E0
i 131 3.6E-2 2.3E-2
| ’ 1-133 5.4E-2 3.4E-2
Mn-54 4.7E-3 -~ 0.0E0
Fe-59 1.6E-3 0.0E0
‘ Co-58 1.6E-2 0.0E0
| Co-60 7.3E-3 0.0E0
‘ Sr-89 3.4E-4 0.0E0
Sr-90 6.3E-5 0.0E0
Cs-134 4.7E-3 0.0E0
Cs-137 7.8E-3 0.0E0

_ - | ~ * Calculations baéed 'onn Gale code and do not reflect actual

| l - r'e'leaée dat-a.” - ‘ R - o

TABLE 3.2-1

" Releases from H. B. Robinson Unit No. 2*

Total

3.0E0
1.6E2
1.0EQ
6.0E0
1.0El
4.0EO
3.9E2
1.CE1l

5.98-2

9.8E-2
4.7E-3
1.6E-3
1.6E-2
7.3E-3
3.4E-4
6.3E-5
4.7E-3
7.8E-3



ﬁ TABLE 3.2-2

Distance To Special Locations For the H. B. Robinson Plant (Mi.)

Site Milk Milk Meat Nearest Nearest
Section Boundary Cow Goat Animal Resident Garden
NNE 1.26 - - 1.65 1.3 1.4
NE 1.01 - - 1.16 1.2 1.3
ENE 0.86 - . - 2.41 0.9 2.2
E 0.61 4.2 - S 312 0.8 ° 2.8
ESE 0.50 : - - 199 0.6 . 0.6
SE - 0.29. - - - 0.3 0.3
SSE 0.26 - - - 0.3 0.3
S 0.28 - - 2.32 0.3 0.4
SSW 0.29 - - 2.08 . 0.3 0.5
. .. SwW 0.36 - 2.5% 2.27 0.4 0.5
’ WSW 0.36 - - 2.69 0.4 0.6
w 0.50 - - 3.97 0.6 0.6
WNW 0.55 - - - 4.07 0.7 0.9
NW 1.23 - - 1.60 1.3 1.3
NNW 1.89 - - 2.84 2.9 3.0
N 1.94 - - 2.93 2.9 2.9

* Milk is not presently used for human consumption.
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TABLE 3.2-3

DOSt FACTORS FOR NOBLE GASES AND DAUGHTERS*

Total Body | " Gamma Afr Beta Alr

Dose Factor Skin Dose Factor Dose Factor Dose Factor
Radionuclide imrem/yfiger uCi/m3) (mrem/yr tlr uCi/m3) (mfad/yﬂ‘per pCi/m3) jmrady}r per pCi/m3)
Kr-83m  7.56E- O2** —- 1.93E+01 2.8BE+02
Kr-85m 1.17E403 1.46E+03 1..23E403 1.97E+03
Kr-85 1.61E+01 1.34E+403 1.72E401 1.956+03
kr-87  5.52E403 9.73E+403 6.17£403 1.03€404
kr-88 © 1.47E+04 2.37€+03 1.526+04 2.93E+03
Kr-89 1. 66E+04 1.01E+04 1:73E404 1.06E404
Kr-90 1.55E+04 7.29E+03 1.63E+04 7.83E+403
Xe-131m © 9,15E401 4.76E+02 1:56E402 1.11E403
Xe-133m 2.51E+02 9.94E+02 3.27E+02 1.48£403
Xe-133 2.94E402 3.06E+02 3.53E+02 1.05E403
Xe-135m © 3.12E403 7.11E402 3,36E+03 7.39E+402
Xe-135 1.81E403 1.86E+03 1.926403 2.46E403
Xe-137 1.42E403 1.22€+04 1.51E+403 1.27E+404
© Xe-138 8.83E+03 4.13E+03 9.21E403 4.75E+03
Ar-41 8.84E+03 2.69E+03 g, 3.28£+03

.30E+403

*The listed dose factors are for radionuclides that may be detected in gaseous effluents.
**7.56E-02 = 7.56 x 10 2,



TABLE 3.2-4
Pi VALUES FOR AN INFANT FOR THE

H. B. ROBINSON UNIT NO. 2#

Isotope Inhalation Ground Plane Cow Milk Goat Milk

H-3 6.47E2 0 2.38E3 4.86E3
P-32 2.03E6 0 1.60E1! 1.93E11
Cr-51 1.28E4% 6.67E6 4.79E6 5.65E5
Mn-54 1.00E6 1.09E9 3.89E7 - 4.68E6
Fe-59 1.02Eé6 3.92E8 3.93E8 5.11E6
. Co-58 7.77E5 . 5.29E8 . . . 6.06E7 7.28E6
. Co-60 4.51E6 . b4.40E9 2.10E8 2.52E7
Zn-65 6.47E5 6.89E8 1.90E10 2.29E9
Rb-86 1.90E5 1.28E7 2.22E10 2.67E9
Sr-89 2.03E6 3.16E4 1.27E10 2.66E10
Sr-90 4.09E7 - 1.2]1Ell 2.55Ell
Y-91 2.45E6 - 1.52E6 5.26E6 6.32E5
Zr-95 1.75E6 3.48E8 8.28E5 9.95E4
Nb-95 4.79E5 1.95E8 2.06E8 2.48E7
Ru-103 5.52E5 1.55E8 1.05E5 1.27E4
Ru-106 1.16E7 2.99E8 1.44E6 1.73E5
Ag-110m 3.67E6 3.14E9 - 1.46E10 1.75E9
. Te-127m 1.31E6 1.18E5 1.04E9 1.24E8
Te-129m 1.68E6 2.86E7 1.40E9 1.68E8
Cs-134 7.03E5 2.81E9 6.79E10 - 2.04E!ll
Cs-136 1.35E5 2.13E8 5.76E9 1.73E10
Cs-137 6.12E5 1.15E9 6.02E10 1.81E11
Ba-140 1.60E6 2.94E7 2.41E8 2.89E7
Ce-141 5.17E5 1.98E7 1.37E7 1.65E6
Ce-144 . 9.84E6 5.84E7 1.33E8 ‘1.60E7
1-131 1.48E7 2.46E7 1.06E12 1.27E12
[-132 1.69E5 1.78E6 1.39E2 1.64E2
I-133 3.56E6 3.54E6 9.80E9 1.18E10
[-135 6.96E5 3.67E6 2.27E7 2.68E7
-# - . .. Units are mrem/yr per #Ci/mB-fo H-3 and the inhalation pathway

- and mrem/yr per pCi/sec per m “ for the food and ground plane pathways.
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3.3

3.3.1

3.3.1.1

Compliance With 10 CFR 50 (Gaseous)

Noble Gases

Cumulation of Doses

Based upon NUREG-0133, the air dose in the unrestricted area due to noble gases

released in gaseous effluents can be determined by the following expressions:

where:

Y

DB =

D =

3.17»x 10‘82i M; [(_></Q)v Qy t (x/q)v q;, + X/Q) Qie] (3.3-1)

3721003 N [0, @+ (), g+ X Q] -

the air dose from gamma radiation, mrad;
the air dose from beta radiation, mrads

the air dose factor due to gamma emissions for each identified

noble gas radionuclide i, mrad/yr per yCi/mB;

the air dose factor due to beta emissions for each identified noble

gas radionuclide i, mrad/yr per uCi/m3;

the annual average relative concentration for areas at or beyond

the unrestricted area boundary for long-term plant vent releases

{greater than 500 hrs/yr), sec/m3;

from Table A-1 for ground level releases;

from Table A-10 for mixed mode releases;
the relative concentration for areas at or beyond the unrestricted

area boundary for short-term plant vent releases (equal to or less
than 500 hrs/yr), sec/m3;
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3.17x10°%

from Table A-7 for ground level releases;

from Table A-16 for mixed mode releases;

the annual average relative concentration for areas at or beyond
the unrestricted area boundary for long-term condenser air
ejector releases (greater than 500 hrs/yr), sec/m3;

from Table A-1 for ground level releases;

the average release of noble gas radionuclide i in gaseous
effluents for short-term plant vent releases (equal to or less than
500 hrs/yr), uCi; "

the average release of noble gas radionuclide in in gaseous
releases for long-term condenser air ejector releases (greater
than 500 hrs/yr), pCi;

the average release of noble gas radionuclide i in gaseous
effluents for long-term vent release (greater than 500 hrs/yr),

rCi;

the inverse of the number of seconds in a year.

At the HBR the limiting location is 0.26 miles SSE. Based upon the tables presented in

Appendix A, substitution of the appropirate X/Q values into Equation 3.3-1 would yield

an equation with the short-term X/Q value being less than the long-term value.

Therefore, for this document, only the long-term annual average X/Q values (i.e., the

more conservative values) will be used.

The determination of the limiting location for implementation of 10 CFR 50 is a

function of parameters such as radionuclide mix, isotopic release and meteorology.

The radionuclide mix was based upon source terms calculated using the NRC GALE

code and is presented in Table 3.3-1 as a function of release point. The only source of

short-term releases from the plant vent are containment purges.
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To select the limiting location, the highest annual average X/Q value for ground level
and mixed mode releases and the highest short-term X/Q value for ground level and
mixed mode releases were used. Since mixed mode releases may not necessarily
decrease with distance (i.e., the site boundary may not have the highest X/Q value),
long-term VX/Q values were calculated at the midpoint of 10 standard distances as
given in Appendix A. For HBR, mixed mode release X/Q values decrease with distance
for all but the WNW, NW, and NNW sectors, so that the maximum site boundary X/Q is
usually greater at the site boundary than at distances greater than the site boundary.
In addition, the maximum site boundary X/Q for both long-term and short-term ground

level and mixed mode releases occurs at the SSE site boundary. Therefore, the

_ limiting location for implementation of 10 CFR 20 for noble gases is the SSE site

- boundary.

Values for Mi and N;, which are utilized in the calculation of the gamma air and beta
air doses in Equation 3.3-1 to show compliance with 10 CFR 50, were presented in
Table 3.2-3. These values originate from NUREG-0472 Revision 0 and were taken
from Table B-!1 of NRC Regulatory Guide 1.109 Revision 1. The values have been

multiplied by 106 to convert from picocuries to microcuries.

The following relationship should hold for the HBR to show compliance with HBR's
Radiological Effluent Technical Specification 2.3.1.1. °

For the calendar quarter:

D, < 5mrad (3.3-3)
Dy < 10 mrad - (3.3-4)

For the calendar year:

D, <  10mrad o (3.3-5)

Y
DB < 20 mrad (3.3-6)

The quarterly limits given above represent one-half the annual design objectives of

Section II.B.! of Appendix I of 10 CFR 50. If any of the limits of Expressions 3.3-3
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through 3.3-6 are exceeded, a special report pursuant to Section IV.A of Appendix I of
10 CFR 50 must be filed with the NRC.

3.3.1.2 Projection of Doses

Doses resulting from the release of gaseous effluents will be projected once per 31

days. The doses will be projected using Equations 3.3-1 and 3.3-2.

3.3.2 Radioiodine and Particulates

3.3.2.1 Cumulation of Doses

Section II.C of Appendix I of 10 CFR 50, limits the release of radioiodines and
radioactive material in particulate form from each reactor such that estimated dose
or dose commitment to an individual in an unrestricted area from all pathways of
exposure is not in excess of 15 mrem to any organ. Based upon NUREG-0133, the dose
to an organ of an individual from radioiodines and particulates, with half-lives greater
than 8 days in gaseous eiffluents released to unrestricted areas, can be determned by

the following expression.

D, = 3.17x10°° Ei [Ril [(TQ)V Q, * mv g, + X7Q), Qie] +
(Riv * .RiG) [(57_@\, Q—iv * (mv v * (me Qie:]+
- Ry rRp) [(mv Qp, + X7q), + 91v * Q) QTe:H (3.3-7)
where:
D, = dose to any organr from radioiodines and particulates, mrem;
3.17><10-8 = the inverse of the number of seconds in a year;
(></Q)v = annual average relative concentration for plant vent releases

(greater than 500 hrs/yr), sec/m3;
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(D/ q)V

ie

iv

iv

from Table A-1 for ground level releases;

from Table ‘A-10 for mixed mode releases;

relative concentration for short-term plant vent releases (equal to

or less than 500 hrs/yr), sec/m3;

from Table A-7 for ground level releases;

from Table A-16 for mixed mode releases;

annual average relative concentration for condenser air ejector

releases (greater than 500 hrs/yr), sec/m3;

‘from Table A-1 for ground level releases;

aanél évérage 'depdsifio_n fé)i;__'plarit 'vent releases (greater than
500 hrs/yr), m™%;
from Table A-3 for ground level releases;

from Table A-12 for mixed mode releases;

relative deposition for short-term plant vent releases (equal to or
less than 500 hrs/yr), m'z;
from Table A-9 for ground level releases;

from Table A-18 for mixed mode releases;
annual average relative deposition for condenser air éjector
releases (greater than 500 hrs/yr), m'z;

from Table A-3 for ground level releases;

release of radionuclide i in gaseous effluents for long-term

condenser air ejector releases (greater than 500 hrs/yr), £ Ci;

release of radionuclide i in gaseous effluents for long-term plant

vent releases (greater than 500 hrs/yr), uCi;

release of radionuclide i in gaseous effluents for short-term plant

vent releases (equal to or less than 500 hrs/yr), uCi;




R. = dose factor for an organ for radionuclide i for the ground plane

G exposure pathway, mrem/yr per uCi/sec per m'z;
Ri = dose factor for an organ for radionuclide i for the inhalation
I pathway, mrem/yr per pCi/mB;
R, = dose factor for an organ for radionuclide i for the vegetable
\ ~ . -
pathway, mrem/yr per uCi/sec per m 2;
RTV = dose factor for an organ for tritium for the vegetable pathway,
mrem/yr per uCi/mB;
Ry = dose factor for an organ for tritium for the mhalatlon pathway,
: mrem/yr per qu/m '
QTV = release of tritium in gaseous effluents for long-term vent releases
(greater than 500 hrs/hr), uCi;
QTe = release of tritium in gaseous effluents for long-term air ejector
releases (greater than 500 hrs/yr), uCi;
dry = release of tritium in gaseous effluents for short-term plant vent

releases (equal to or less than 500 hrs/yr), uCi.

To show compliance with 10 CFR 50, Equation 3.3-7 is evaluated at the limiting
pathway location. At HBR this location is the vegetable garden 0.3 miles in the SSE
sector. The critical receptor is a child. Substitution of the appropriate X/Q and D/Q
values from tables in Appendix A into Equation 3.3-7 would yield an equation with the
short-term X/Q and D/Q values being less than the long-term values. Therefore, for
this document, only long-term annual X/Q and D/Q values (i.e., more conservative

values) are used.

The determination of a limiting location for implementation of 10 CFR 50 for

radioiodines and particulates is a function of:
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(1)  radionuclide mix and isotopic release
(2)  meteorology
(3)  exposure pathway

(4)  receptor's age.

In the determination of the limiting location, the radionuclide mix of radiociodines and
particulates was based upon the source terms calculated using the GALE code. This
mix is presented in Table 3.3-1 as a function of release point. The only source of

short-term releases from the plant vent is containment purges.

In the determination of the limiting location, all of the exposure pathways, as
presented in Table 3.2-2, were evaluated. These include cow m-ilk, goat milk, beef and
vegetable ingestion and inhalation and ground plane.exposure.  ‘An infant was assumed
to be present at all milk pat'hway locations. A child was assumed to be present at all
vegetable garden and beef animal locations. The ground plane exposure pathway was
not considered a viable pathway for an infant. Naturally, the inhalation pathway was

present everywhere an individual was present.

HBR Radiological Effluent Technical Specification 4.2 requires that a land-use census
survey be conducted on an annual basis between June 1 and October 1. If the age

groupings at the various receptor locations are also determined during this survey, a

‘new limiting location and receptor age group can result.

For the determination of the limiting location, the highest D/Q values for the
vegetable garden, cow milk, and goat milk pathways were selected. The thyroid dose
was calculated at each of these locations using the radionuclide mix and releases of
Table 3.3-1. Based upon these calculations, it was determined that the limiting

receptor pathway is the vegetable/child pathway.

" In the determination of the limiting location annual average D/Q and X/Q values are

used. A description of the derivation of the various X/Q and D/Q values is presented

in Appendix A.

Short- and long-term X/Q and D/Q values for ground level releases and for long-term

mixed mode releases are provided for the midpoints of the following distances:




®

0.0-0.5 mi., 0.5-1.0 mi., 1.0-1.5 mi., 1.5-2.0 mi., 2.0-2.5 mi., 2.5-3.0 mi., 3.0-3.5
mi., 3.5-4.0 mi., 4.0-4.5 mi., and 4.5-5.0 m1.

These values appear in tables in Appendix A. They may be utilized if an additional
special location arises different form those presented in the special locations of Table
3.2-2.

Tables 3.3-2 through 3.3-20 present Ri values for the total body, GIl-tract, bone, liver,
kidney, thyroid, and lung organs for the ground plane, inhalation, cow milk, goat milk,

vegetable, and meat ingestion pathways for the infant, child, teen, and adult age

. groups as appropriate to the pathways. These values were calculated using the
- methodology described in NUREG-0133 using a grazing period of 8 months. A
. description of this methodology is presented in Appendix-B. -

The following relationship should hold for HBR to show compliance with HBR
Radiological Effluent Technical Specifications 2.3.1.2.

For the calendar quarter:

D < 7.5 mrem (3.3-8)

r =

‘For the calendar year:.

D, < 15 mrem (3.3-9)

The quarterly limits given above represent one-half the annual design objectives of
Section II.C of Appendix I of 10 CFR 50. If any of the limits of Expressions 3.3-8 or
3.3-9 are exceeded, a special report pursuant to Section IV.A of Appendix [ of 10 CFR

50 must be filed with the NRC.

3.3.2.2 Projec.tion of Doses

Doses resulting from release of radioiodines and particulates will be projected once

per 31 days. The doses will be projected using Equation 3.3-7.
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TABLE 3.3-1

Releases From H. B. Robinson Unit No. 2*¥

(Ci/yr)
Plant Vent Main Condenser Containment

Vent Air Ejector Purge
Isotope Q) Q) (qiv)
Kr-85m 2.0E0 1.0E0 0.0E0
Kr-85 1.6E2 ' 0.0E0 0.0E0
Kr-87 . . 0.LE0 . 0.0EO ~ 0.0E0
Kr-88 | 300  2.0E0 _  1.0E0
Xe-131m 9.0E0 0.0E0 1.0E0
Xe-133m 0.0E0 0.0E0 4.0E0
Xe-133 . . 5.9E1 1.8E1 3.1E2
Xe-135 4.0E0 2.0E0 4.0E0
1-131 . 3.6E-2 2.3E-2 4.8E-4
1-133 5.4E-2 3.4E-2 2.9E-4
Mn-54 4.7E-3 ~ 0.0EO 1.1E-5
Fe-59 1.6E-3 0.0E0 3.6E-6
Co-58 1.6E-2 0.0E0 3.6E-5
Co-60 7.3E-3 0.0E0 1.6E-5
Sr-89 3.4E-4 0.0E0 8.2E-7
Sr-90 6.2E-5 - 0.0E0 1.5E-7
Cs-134 4.7E-3 0.0E0 1.1E-7

Cs-137 7.8E-3 - 0.0E0 1.8E-5

* Calculations based upon Gale code and not actual release data.
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4.0 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Table 4.0-1 contains the sample point description, sampling and collection frequency,
analysis, and analysis frequency for various exposure pathways in the vicinity of the
HBR for the radiological monitoring program. Figures 4.0-la and &.0-1b show the

location of the various sampling points.

At the time of initial preparation of this manual, the limiting cow milk location was
1.3 miles in the NE sector. As of the time of submittal of this manual there is no
longer a cow present at this location. The radiological environmental monitoring
prog-rém has been altered to reflect this change. However, the X/Q, depleted X/Q, and

D/Q values associated with this location have been retained for future reference.



~

T/BLIE 4.0-1

H.B. ROBINSON RADIOL( GIC 2L FNVIRONMENTAL MONITORING PROGRAM

(TLD')

Exposure Pathway Sémplé Sampl.: Point Descrip*icn, Sampling and Analysis (a)
and/or Sample Point - Distance and Directicn Collection Frequency Frequency Analysis
. \]
I. Airborne 21 Florer :e, §.C. (Control Station)(b)
Particulates and : 26 mi SE
Radioiodine
. 2 © Visitor's Center
' 0.2 mi. SW
- 3 Microwave Tower Continuous Operating Weekly Gross Beta,(C)
. 0.7 ml. N Sampler with sample- 131
collection at least Gamma Scan
weekly .
4 Dam (West End)
' 0.4 mi. E
F . e ' ;
~ 5 East Shore of Lake '
. across from Plant Int-ke
0.9 mi. ENE
2. Direct 1 f " Florence, $.C. (Control Statlon)(b)
Radiation 26 mi. SE
2 Visitor's Center
0.2 mi. SW
3 Microwave Tower Continuous mea- Monthly Gamma Dose
; 0.7 mi. E A surement with read
out at least once
per month
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T FLE 4.0-1 (Continued)

* H.D. RCBINSON RADIDILOGE:Al ENVIRONMENTAL MONITORING .PROGRAM

: Samp]e

Exposure PathWay Sam=le Point Descriptior, Sampling and » Analysis (a)
and/or Sample Point Dis .ance and Direction Collection Frequency Frequency Analysis .
2. Direct o Dam (West End)
Radiation : 0.4 wml. E
(cont.) o
"5 East Shore of Lake
; across from Plant Intake
0.9 mi. ENE
* . .
3. Waterborne 6 - Black Creek at Road 1623 Composite sample Monthly Gamma Scan,
a. Surface Water ‘ 0.6 mi. ESE (Indicator) sample collecti()&») at : H-3
' least monthly .
il g (b)
w 7. Black Creek at U.S. #1
7.2 mi. NNW (Control)
b. Ground Water 6" Artesian Well @ Station-6 Grab Sample Monthly * ‘Gamma Scan,
' ‘ 0.6 mi. ESE : H-3
: 8 Unit-1 well near site cntrance
9. Well located on wesl side of
f -Unit 2
‘ c. Drinking Not required (e)
: Water
d. Shoreline 10 East Shore of Lake, Easterland's Semi-Annually Gamma Scan

Sediment

Boat Landing
0.76 mi. NNE

Semi-Annually



1ABLYE 4.0-1 (Continued)

H.B. R3INSON RADIMN.O : CAL ENVIRONMENTAL MONITORING  PROGRAM

o e e

Exposure Pathway ~Sample '_ Samp'e Point Descripticn, Sampling and: Analysis ‘ (a)
and/or Sample Point Distance and Direct.on Collection Frequency Frequency Analysis

4, Ingestion

. . N \ -
a. Milk SN Finl.s Farm (Contrcl Station)(b’ At least bi-weekly ~ Each Sample Gamma Scan,
' 8.4 mi. SE when animals aré on ! I-131
_ pasture; at least / :
12 John Doe's Farm
4.2 mi. E monthly at other times
- b. Fish 13- Site varies within Lake Robinson Semi-Annual ' Each Sample Gamma Scan
K : o . on Edible
) : . : ' Portions
14 Beaverdar(b)’\/lillpond (Control
Station)
[.8 mi. WSW
£ e |
c. Food Products : 15 One location within 3 miles of site Annual at Harvest Each Sample Gamma Scan,
leafy vegetables in the sector with the highest de- Time ; I-131

position rate based c¢n the latest
information or historical data.
(Location may vary)

16 ~ One location greater than 3 miles
from plant site with the least (‘oe)—
position rate (Control Station)

(a)  The LLD Tfor cach analysis is specified in Tasle 4.1-3 of the Radiological Effluent Technical Specification
for H.B. Robinson Unit No. Z. '

(b)  Control Stations are stations presumed to be cutside the influence of plant effluents.

(c)  Particulate samples will be analyzed for gross beta radioactivity > 24 hours following filter change.
Perforin gamma scan on each sample when 7voss beta activity is > 10 times the mean of control station.

Composite samples shall be cllected by collecting an aliquot at intervals not exceeding 2 hours.

)
e) Collection 9f f]rinking water samples are not reauired since there are no known reservoirs on Black Creek
used for drinking purposes. '

R L)

A
“



PRESTWOOD N\
@) LAKE

Z Station
- Florence
: 24 miles
i BLACK CREEK
ROSINSON IMPOUNDMENT .- * Station
S . Number Symbol
1 AP ,AC,T
7 SW
11 MK
14 FH
16 FC
. /,’ - 12 MK
() H. B. ROBINSON
UNIT NO. 2 D) C - -
Beaverdam
BLACK CR_EEK Millpond
~ A ) Sample
Symbol Type .
AP Air Particulate
- AC Air Cartridge
- TL TLD
SW Surface Water
MK Milk
FH Fish
_FC Food Crop
!
R oL
1
A
Figure 4-0-1a

H. B. ROBINSON UNIT NO. 2

EAINNIDRDANPACAITAL DAMIA! A/ 1AL CARINT BRI 21 R v
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Station Symbol - Sample Type

Number Symbal Lo ’ AC Alr Cartridge
2 AP,AC,TL . AP Afr Particulate C
3 AP AC,TL - - TL TLD . : -
4 AP ,AC,TL ) : sW Surface Water
5 AP ,AC,TL * ' oW CGroundwater
6 SW,GW : SS Shoreline Sediment
8 GW FH Fish

z 9 G FC Food Crop
- 10 L] N
13 FH !
15 FC

Rd.S-1638

: N ; : Bridge

@ Varies within
the Impoundment

Lake Robinson

Discharg® cand!

Y=9

y . §
H.8. Robinson Unit No.~1 06 @

H.8. Robinson Unit No.- 2 - -Col\“- Road

Visitor's Center

FIGURE /4.0 ~ b
" H.8. ROBINSON UNIT NO.-2
ENVIRONMENTAL SAMPLING POINTS

0.9 mi
L

BN

porraa



APPENDIX A
METEOROLOGICAL DISPERSION FACTCR COMPUTATIONS

Carolina Power éc Light Company (CP&L) engaged the services of Dames & Moore to
assess the transport and dispersion of the effluent in the atmosphere as outlined in
Preparation of Radiological Effluent Technical Specifications for Nuclear Power
Plants, NUREG-0133 (USNRC, 1978). .The methodology for this assessment was based
on guidelines presented in Regulatory Guide (RG) 1.111, Revision (USNRC, 1977). The

" results of the assessment were to-provide the relative depositions flux and relative

concentrations (undepleted and depleted) based on numerical models acceptable for

use in Appendix I evaluations.

Regulatory Guide 1.111 presented three acceptable diffusion models for use in
estimating deposition flux and concentrations. These were: (1) particle-in-cell model
(g variable trajectory model based on the gradient-transport theory), (2) pufi-
édyection model (a variable trajectory model based on the statistical approach to

diffusion), and (3) the constant mean wind direction model referred to here as the

“straight-line trajectory Gaussian diffusion model (the most widely used mode] based on

a statistical approach). It was resolved that for operational efficiency, the straight-
line described in XOODOQ Program for the Meteorological Evaluation of Routine
Effluent Releases at Nuclear Power Stations (Draft), NUREG-0324 (USNRC,

September 1977) would be used for generating the required analyses of Appendx I. To
provide a more realistic accounting of the variability of wind around the plant site,
terrain/recirculation correction factors (TCF) were to be determined from a combined

puff-advection/straight-line scheme for a one-year meteorological data base.

Dames & Moore was provided a one-year record of m'eteor.ological data from the on-

site meteorological program at the H. B. Robinson Steam Electric Plant. This data

consisted of all collected parameters at both the 11.03-meter and 62.39-meter tower
levels for the year 1977. The description of the model used and the results of the
computations are presented in the Reference. The following tables from the
Reference provide the basis for the meteorological dilution factor development of the

Technical Specifications for Appendix I and were the source of X /Q and D/Q values




used to show compliance with 10 CFR 20 and 10 CFR 50 for noble gases and

.\ radioiodines and particulates.
)

Tables A-1 through A-6

Tables A-7 throuh A-9

Relative undepleted concentration, relative
depleted concentration and relative deposi-
tion flux estimates for ground level releases

for both standard distances and special loca-

tions for long-term releases.

Relative undepleted concentration, relative

~ depleted concentration and relative deposi-

tion flux estimates for ground level releases

for special locations for short-term releases.

‘Th'e)(/Q and D/Q values which are used in Appendix B for showing compliance with 10
CFR 20 and 10 CFR 50 when the HBR plant vent has been modified such that it

q'ualiﬁes as a mixed mode release were based upon the following. tables:

Tables A-10 through A-15

Tables A-16 through A-18

Relative undepleted concentration, relative
depleted éoné‘entration and relative deposi-
tion flux estimates for elevated release for
both standard distances and special locations

for long-term releases.

Relative undepleted concentration, relative
depleted concentration, and relative deposi-
tion flux estimates for mixed mode releases

for special locations for short-term releases.

It should be noted that the short-term releases were based upon 100 hours per vear of

containment purges.

.

A-2




Future Operational Computations

The NRC "XOQDOQ" program (Revision 1) was obtained and installed on the CP&L
computer system. In general, it is concluded that the straight-line model is ‘as
reasonable a projection of concentrations as the puff-advection model. By inclusion of
the terrain correction factors developed by a combination of ‘the puff-
advection/straight-line scheme with the results of the XOQDOQ program, ready

evaluation of on-site meteorological data may be made.

For routine meteorological dispefsion evaluafibn, at the end of the year the XOQDOQ

- program will be run with the appropriate physical plant data, appropriate meteoro-

logical information for the year for the standard distances and special locations of

interest without a terrain/recirculation factor. The resulting computations will have

| appliéd the TCF's sp‘ecilﬁbé' to the HBR site to 'prbdﬁcé a final atmospheric diffusion

estimate for the site. The input to XOQDOQ for ground level releases at HBR are
presented in Table A-19 and for mixed mode releases at HBR in Table A-20.

Reference

Chandler, Martin W. and George'Hoopes, Revised Radiological Effluent Technical
Specifications: Gaseous Effluent Dilution Factors, Prepared for Carolina Power

& Light Company, Robinson Facility, Dames & Moore, January 18, 1979.

A-3



Table A-1.

X/Q Values For Long Term Ground Level Releases At Special Locations (sec/m3)'

CAHOL,

THA Powlh AND 16T COMPARY -~ )ROBINSOY

RELEASE TYpPt s AnrmiAy

RELEASE MODt

GROVULD LLVEL

VARTANLE D PELATIVE CONCFHIRATION {(SEC./7CURIC HETFN)
CALCULATION POINTSS SHECTAL

HODEL: STRATGHT LTHE  (AxDyyy

APPLICATION OF TEERATN CORRLCTION FACTONRSE YES
HUMIER OF 00SERVATTONSS BT0)

AFFLCIFN SITE

SELCION Hounany HEA_[ DAIny
HHE 6606 4, 13E-06 0.
3 3.02F~0h 2 5bE -6 2.136-06 ff
ENE W GIE-06 49N -07 0.
CE 6.3 -0h ).U2E-DT 1.44E-07
£SF 1.126-0% 1. 18E~00 0.
st - 3.28L-05 e - . .
56¢ B, 0UE~05 0. 0.
5 V.29 =04 “wo2eF-01 v,
SSwW 2. 0E-0% S.blk-07 0.,
Sw ALOIE-06 2.hIL=0T 2 14E=07%"
wSH 3.97F-05 lel6F=07 0.
W 2.11E-08 J.HUE =0H B S
Whivw 1o62F-nb S, WE~-08 0.
Hw Te23-07 HeOBE-U? . 0.
HHw leXlE-05h G, ITNE-07 0.
3] otaSFE =06 Holiut=-0). 0.

it

A ZERO INDICATES THAT THIS POINT WAS NOT CALCULATED
A MILK GOAT IS LOCATED HERE,

See Section 4.

RESIDLNTY .

6,ZbE-U6

2.44E-06

Q'luE-Ob
3.S1E-06

1.90E-06

3.27€-05

6.01E~05

2. T8E-05

2. 04E-~05
6.90E‘0b °
3.226-006 -

"1 INE~06

l.OJE—Oﬁ
T.39E-017

th?E‘O’

bub’E‘O’

GARDEN
S.56E-06
2.13E-06
7.36E-07
3.66E-07
7.90E-06
3.27E-05
6.01€~05
1:65€-05
9;015-05
$43UE-06
1.83E-06
l.Jn£~06
6;06E—07
7,396-07

JQ"ZE‘07

6-67E‘0’
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Table A-2 .

Depleted X/Q Values For Long Term Ground Level Releases At Special Locations (sec/m3) *

CAvOUINA POWER AHD LTOGHT COMPANY « ROBTMSUN

EELEASE YYPE D ANHNAL

RELEASE MOl ¢ GIRODJIIND 1E vy,

VARTABLE B HELATIVE I PLETED CORCENTRATION (SEC./CURIC METER)
CAaLCult ariaon Palnrs: sercia

NMOBEL T STRATGHE LTHE (ANNA00Y)

ALPLICATION OF TFRHATHN CORNRLCTION FACIORSE YES

HOBEN oF OnRsSERVATIONS: AN

AFFECILD SUI1E

SECTON HOUNIDARY MEAT DAIRY RESTDENT ; GARDEN
HNE, 5. H0E =06 1. 30E~U6 0. 5;256-06 ~ 4.77E-06
ne 2.60E-06 2.21E-06 1or9E-06#f  2.09E-06 1.79¢-06

e 1,95k =-0h 3.U9F =07 0. 3.72€-06 5.93E-07

E TG aE-an 2en?E=01 1.08E-07 312606 2.06€-07
FsF 1.01t-05 9. 12E-07 0. 7i11E-06 7.11€-06

e 1. 0ME =05 0. 0. 3.056-05 3.05E-05
5t 1.46f-05 0. 0. Saeif—os ' 5.61E-05
5 3 11E-05 I a2E-01 0. 2e61E-05  1.50E-05
Y 1.91E-05 4.59E-07 0. A l;9bE-05 . 7.35€-06
Sw B.25F-n6 2 baE-017 2.04E -0 Aéhht-ob'v 4 HBE-06
WG 3. 6HF =06 BoU2E-DR 0. 2.94E-06 1.6BE=-06
W 1.98E-08 2,905 =00 0. 1.26E-06 1,26t -06
whv Vet lb~0n 4 UTE-0H 0. 9.26E-01" 5.426-07
v G TIE-0T borar-07 0. 6.31E-07 6.31€-07
MW 109k -06 I.h0L-07 e 3.40L-07 2.§uE-01

n 1.Puk-06 S.11F=n1 0. S.20E-07 T 5,24E-07

* A ZERO INDICATES THAT THIS POINT WAS NOT CALCULATED
** A MILK GOAT IS LOCATED HERE.

## See Section 4.




Table A-3
D/Q Values For Long Term Ground Level Releases At Special Locations (m'2) "

CanrnL na POWER ANHD LIONHT COMPANY « ROBINSON
ROLEASE TYPE S ANMOAL )

RELEASE NOOE S 6ROUND L vEL,

VARTABLE S 1L LATIVE DEPOSTTION RATE (MEVEHoD=2)
CALCULATION POINTSE SPECTAL

MODEL: STRALIGHT LINE (Amxona)

APPUICATION OF TEKRRATN CORUECTION FACTORS: YES
HUMHER OF oUSERVATTONS: AT0)

AFFECTED SITE ‘ i :
SECTONR HOUMDAIRY HMEAT DATHY HESIDENT GARDIEN
nny D HOE-09 G.63E-09 0, 9,09E~09 T.74E-09
HE. 5,59k =09  bSE=09 I T0L-09 f#  G.62E-09 3 T0E-09

z - Ent B 0AE=-09 6.96L~10 0. .1_.596-(')9_ I}.oSE—o‘)
£ 1.20E-01 . 13E-10 1.BOF=10  6,436-09 S.11E-10
E4E 1.21E=-0n 1.46E-09 0. _ i.zoc?oa 1.20E-08
St 4.23E-08 0. 0. é.ia§Loe" 4 14E-08
SSE H.0NE-0n . - 0, (;'..“.llt‘-ou‘ 6.21E-0H
9 4, JYF-0n G.1TE-10 U 5.525-08 . 2.33€-08
Sou heek-0n 1. WE-0Y9 0, 6.12E-00 2+,33L-00
Sw 2 M0k -0H 6.49E-10 S.A7e-10"" 2,156-08 1.65E-08
WS W te91k-00 4,3If-10 0. . i.S'.E-oa‘ H.B84E-09
W Boliat <09 l.(;'aﬁ—lo 0. 5,756-09 5.75E-09
WiiH Nel0E-n9 l.unt-10 n. . S.0BF-09 . 2.9TE-09
tiv 2.44E=-09 1.a%F =09 . 0. 2.16E-09 2'.16>E-09
it 2ok -0 TotE=-10 0. ) 6.03E-10 5. 7JE-10
n 1. 76E~09 6.6GF-10 0. 6.6TE-10 6.67E-10

* A ZERO INDICATES THAT THIS POINT WAS NOT CALCULATED
** A MILK GOAT 1S LOCATED HERE.

## See Section 4.
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_ Table A-4
X/Q Values For Long Term Ground Level Releases At Standard Distances (sec/m3)

CAROUIHA POVER AND 1L1GHT COMPANY - KOREHSON
RELFASE 1Pl t ANNUAL

RELEASE MODE S GROUND LEvEIL

VARTANLE D i ATTIVE CONCFUTHATION (SLC./CHNIC METER)
CALCULATION POTNTSS STAIMAKD

MODEL T STRATOLHT LITHE  (ANEx009)

APPL ICATION OF TERRATH COIMLCTION FACTONSE YES
HUMIE R OF OBSERVATIONS: ATH)

HBALFE DISTARCF IN MILES /7 KRJLOMETLRS

AF (1) DESIGH . ‘ .
-SECT DIsI 25 15 1.725 115 2e25 2.71% .25 3.75 4,25 4,75

Ml 240 1.21 2.01 2.82 0 13.62 4,42 5.2 6.03 6.84 T.64
naF o, BoAE=05 1,505 6.40-06 3.5F~06 2.3E-06 1.7€-06 1. 1E=06 8.0E=07 5.56-07 3,7E-07
NE 0. 3. 9E=05 4.6F-0h 2.0E-0h 1.1F-006 6.9L-07 4.6E=~07 I.5E-07 2.0E-07 2.2€-07 1.76~07
i: tue o, ' 1.2L-0% 5.2E-06 1.BE=06 4, TE-07 S.3E=07 3,BE-07 2.6E=07 2.1E-07 1.7€-07 1.5€6-07
; n;" 2o =09 6.5F=06 1.6F-06 R 3t-07 6.7E-07 3.3E-07 2;7£~01 |.§E-ur"|.3t-07 9,5E-08
FoF 0. JebL-05 5.4E-06 2.3F-06 1.36-06 9.26-07 6.2E-07 Si1E-07 3.6E-07 2,7E-07 1.9t-07
st 0. 4 0E=05 5,6E-06 2.6F-00 1.)L-06 B.SE-0T 4,8E-07 J;bE-OI 2 1E-07 1,9€-07 1.6E-07 "
st 0. HePb =09 1,21 =05 5.00-06 2.6E=06 ).5F-06 Y.2E-07 o;SE-OI 5.5E-07 45€-07 4.0€-07
s n. 3;«L-bs G 0F=06 1.TE=06 . 0E=-07 4.2E-00 3,3E-07 2.6E-07 2}15-01'1.15-07 1.4-07
qgW 0. 2.5E =05 6.6F =006 1,9F =06 1.9t =07 6,5E=07 3,06-07 2,1E=07 1.6E-07 1.26-07 9.BE-06.
sWwo 0. 1.56=05 2.7F=06 A, =07 3,700 2,3t~07 LotE-07 lgét-or 8.8E~08 7.1E-08 5.9E-08
) WoWw 0. Ge5E=06 1.0F =06 3o 1=01 2.00-07 Lont~07 }.0F-07 6,9E~00 S.B£~ou‘a.at-on J.7€~08
W n. 6SE=06 B =0T 3.26-07 1.70=07 1. 3b=07 B HEL-08 6,7E-00 4,3E-00 3,0E-00 2,4E-00
wWitd 0. Ball~tt T.AE-07 YD1 =07 1.80=-07 1.3-07 v tbE-08 T, 1E-00 S,0E-00 4,0C~08 3,06-08
neoon, L lE=0% 1obbaiib 1otk =07 4.2t=07 2.6E=D1 1.36-07 H,0E=08 6.7L-08 S.3E-08 4,4E-08
ud 0, 2ot -05 V,6E-06 1.9E-06 L. 6k-06 Y.6b~07 H,2E-07 2,7€-07 1.0E=-07 1.26-07 9,2¢-08
u n. Golb=0% Bo0F=06 J.3b=0h 1.6E=06 1.0b-06 T 0E-07 &,9E=07 3, 1€-07 2.96-07 2.4t~07
o te OF AL T OHSTRYATTONS = RTNOY
Nl R 0F  THIVALTEE OHSERVATTONS = 51

et gF  CAtMS L oWl LFviy = 194
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o Table A-5
Depleted X/Q Values For Long Term Ground Level Releases At Standard Distances (sec/m3)

Coannt 1na Powl i AND LIGHT COMPARY - RUBINS0M
WELE AN
RELF AL
VARTABLE S HELATIVE DEPLETED COHCENTRATION (SEC./CHHIC METLH)
CALCULATTON POINTSS

NONEL,

TYie s
[ZIVIRT

STRATGHE L TN
YR 1rAaT10 Uf
Himn e 0t

ATIILIAL
LIROUNY LY vEL

STannani

(ANICD0Y)

HAGE

AFID DESTHN

SECT sty o2H WS

M1 o4l 1.°1 .

HHE D, HeJb =05 1,3 -05
HF 0. o0k =08 4, E=-00
FueE 0. V1. HE-05 6,6F-006
£ 0. L0 4, 0F =00
FRE 0, o6k -0% 6,9 -06h
st n. 1.8l =05 4,9F-0h
sst . 7.HE-05 1L 1F =05
S 0. 1.5 =05 J.9F-06
554 0. AW ~-0Y 4, 1F-06
SW n. VetsF =0 1 ,YE=-006
WSW 0. h.HE:Oh 9,2 =01
W 0, h.ll—ﬂh'7.5F-0I
WHY D, S NHE=-06 T.0F-07
thi n, 1.18=05 1,4l -06
N, P9t ~0% Y 1F -0t
] 0. Aet -G T2t -0h

NN
MR
HNMHE R
HunisE R

OF
OF
OF
OF

nioy
DESTANCE

VALLLD OBSEHVATIONS
THYAL IO ORSERVATTONS
CAMMS LWl LFVEL =
CAL NS kPR LEVILL =

1.25
.01

ettt =06
[N T
15F -0k
1.3f-06
2.0F-06
226 -1y
4ot -0h
i.ﬁF-Oh
l.6E=-00
1.16-07
A 20 =07
St =0/
2. 06F =01
notit =007
1oF =06

2 HE-(IA

TERRATN COIRLCTION FACTORSS
OHGENRVATTONS:

1.75
2H7

1.0k =08

Y.2k-01
A, 3t -07
6.9t ~01
Jolb~n6
1o1E-06
2.2 =0A
1.6t =047
hobhlk-01?
Y.~ 7
Lett-0?
Joub =07
1.56-07
fott =01
.1t -06
1.0uF-06h

nrny
LY

i

vts

2.7h
Jeb2

2.0E-06
S.6t-07
4017
S.0E-07
T.4t.-07
l.ot-07
1.3E-06
J.5E-07
Y.lE~07
1.9k=07
1.3t=-07
1.1€-07
1.1E~-07
2.0E-D7
TooE-07

H,1E-u!

I MILES /7 KILOMETENS

2.75
hat2

1.3€6-06
Jobb-07
J.0E-07
2olt-07
S5.0t-07
Nobt-07
1.6E-01
.6E-07
2.4C-07
1.26-07
B.0E-08
6. HE=-0U
7.6t -08
1.06E-D7
4. 2t-07

HetE-01

3.25
5.2

B.IE-07
2,1€-07
2,0E-07
2.1€-07
h;OE-07
2.06-017
SJIEfOI
3;05-07
1. 7€-07
Y. 8E-08
S.4t-08
5.2E-04
b:bt-nu

6.1t-08

3.75
6,03

6.2E~-07
2.16-07
i o6E-07
1.4E-07
2.96-01
V1. 7E-07
4,3F-07
1.6E-07
1.26-07
6:7€-00
Q;QE~0L
3.3E-06
4,2E-00

H.0E-08

2.0E-07 ).,3E-07

J.ut-07 2.9€-07

4,25

- 6.4

4,1€~07
1.66E-07
1.3E~u7
9.4E-08
2.1E-07

l'“£‘07

3,3E-017

1.JE~O7
§.9£-08
5.0E~-04
J.6E-08
2.3C-08
1,06-08
4.,0L~-08
#.8€-08

2.26€-01

4,75
T.64

2.7€e-07
}.3E-07
1.1E-07
7.2t~08
1.9€-07
I.EE;07
2.9€-07
1.1E-07
6.9E-08
4.3E-08
2.76-00
l.0E~-08
¢.2t-08
J,lt-08
7,1E-08

1.86-07
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Table A-6
D/Q Values For Long Term Ground Leve! Réleases At Standard Distances (m~2)

i

CAHOUTHA PowER Al £ 16HT COMPANY - ROV INSON
PELEASL TYPE S AMIIUAL

HELEASE MODE S GROVNUD LEVEL

VARTABLE Y HELATIVE DEPOSTTION RATE (METER®B®-2)
CALCULATION POINTS: STANDAND

HONEL ! STRATGHT  THNE (AUMYXOU9)

ARPRUTICATION OF YEHRALN CORRECTION FACTONSY YES
HUMNER OF TONSERVATTONSS BT70)

NASE UISTANCE [N MILES /7 KILOMETENRS

AETD - DESTGH

stCT  DIST .25 .15 1425 1e7% 2,29 2.75  3.2% 3i75 4,25 4,75
Ml L0 1.21 2.t 2une o 3.62 4,42 5.2 6,03 6.4 1.64
HIE 0. 1.3L~07 2.6F =08 9,3L=09 4.0 =09 3.0L-09 2.0E-09 1,2E=09 B.2E~10 S.4E-10 I 4E-10
1, 0., 5.|k-ou HoUE=09 I 6E=09 FoHE-DY 1.0E-09 b.SE~10 4,6E-10 J.4E-10 2.6E-10 2.0E~10
- e n. SaGL=00 GohE =07 I IF-09 1.5=-09 T.9E-10 SJJE-10 3,E~10 2,6E~10 1.9E-10 1.6E-10
J, 4 0. S E=00 M TF-09 2.7E-09 1.0E=09 9.405-10 4,T7E-10 J}bE—lo 2.4E~10 1.SE-10 1.1E-10
ESF 1, S Nt-08 H.20-09 1.26-09 1.6E-09 1.1€-09 6,9E=10 S, 1e-10 3.6£-10 2,56-10 ), DE~1D
St 0. b BE 0N T.0E=09 3.1F =09 1.56=09 H.6E=10 &.56-10 3. 1E-10 1.8E-10 1.5€-10 1.2€6-10
SSE 0. - HoZE=NR 1o =08 S.2E-09 2.6F =09 1.66=09 T.TE-10 u;vt-lo 3.9€-10 3.0E-]10 2.SE-10
S 0. G BE=08 6.C=09 2.2L-09 1.26-09 4.0E=10 3.5E-10 2;o£-10 1.YE=10 1.6E-10 1.2E~10
SSw 0. C T 2t-0H 1.6F=08 S.1E-0% 2,0E-09 1.16-09 6.8E-10 4.5£~10 3.2€-10 2.3E-10 1,HE-10
SwW 0. 6.20-08 6.,5F~09 2. =09 1.0F=-09 S, 7E-10 3.7E-10 Z;IL-IO 1.8E-10 J.4E-10 1.1E~10
WS4 0. F,00=00 6,9-09 1olE-04 B.5L=-10 6,-10 3,8E-10 zﬂst-lo f.OE-Io 1.66-10 1.2E~10
W 0. ATE=00 I 6E=09 1209 A 1E-10 4,0E-10 2,7E-)10 2.0E-10 1,3E-10 B,5€-11 6,711
wild 0, Yo0L=DB 3.9E=09 1o6b=09 T,a40-00 S.64E-10 J.7k=-10 2,6E-10 2.0E-10 1 6E~10 1.0E-10
He 0, B4E=08 S5,20-09 2.26-09 1.20-09 6, =10 3.26-10 1. HE~10 Lo5E~10 1,1E-10 9.0€-11
Buw o 0, G =00 T 0t =09 IohE=0Y 2.50-09 1.6E =09 B, 0E-10 I 9E-10 2.4E-10"1.5E~10 ).2€-10
T 0. ALTH=-01 1. 1E-00 4 0F-09 2.0F=09 L. 1E-09 7,26=10 4,7t~10 J.Jh-ln 2.56-10 2,0E-10
MdBeERr OF vALTH ORSERVATIONS = Hniny
Phtie R OF  [nvatlh olstrvationg = Y

thonmbf i aofF Capus fowr il Livey = o
HOmE R of A, neeen geviy = ]




o Table A-7 .
. X/Q Value For Short Term Ground Level Releases At Special Locations (sec/m3)

CARCGLIHA POWER AND LIGHT COMPANY

| © RELEASE TYPE) PURGE -

| RELEASE MODEt GRUOUND LEVEL
VARTABLE! HELATVIVE COMCENTRATION (SEC,/CUBIC MEIER)
CALLCULATION POTNTS! SPECIAL
HODELt PURGE LACHPURG?Z)
APPLICATION OF TERRAIN CORRECTION FACTORS! HO
HUHBER OF ORSERVATIONSY 870)
PUHGE TIMED 100 HOUNS

AFFECTED SITE

SECTOR BOUNDARY MEAT . DAIRY RESIDENT _GARDEN
NNE 7.505-06 '5.005-66 0. 6.,80E-06 ' 6.20E-06
NE " 5,30E-06 C 4,60E-06 4,00E-06 ## 4 L0E-06 4.00E-06
1 | ENE 6.90E-06 “1.50E-06 0. 6.70E-06  1.,90E-06
> | 3t' : 1.00E-05 1:10E-06 . 6.40E-07 _b-?oc-os | 1.20E~-06
EsE 1.50E-05 2.60E-06 0. - 1a10E-0S 1.10E-05
SE 3.40E-05 0. | o j.joc-os 3.30E-05
SSE 5.106-05 0. 0.  4410E-05  4.10E-0S
5 | 3.00E~0S  1.20E-06 0. é;soséos' 1.BOE-05
S5W ~ 2.10E-05° 1.30E-06 :o. é.ooz-o$ 9.80E~06
SW . 1.10E-05 7,80€-07 64T0E=07"" 9.10E-06 " 7.70E-06
NS D0.10€-06 5.50€-07 © 0. 6.90E-06 4.20E-06
W S.50E-06 -  3.00E-07 éo. 4,20E-06 " 4,20E-06
whiv 5.30E-06 " 3490E-0T 0. 3.70E-06 2.50£-06
NN 2.30E-06 1.70€-06 0. ' 2.20E-06 2.20E-06
HNW 2.60E-06 1,20E-06 0o 1.20E~06 1.10E-06
N 2.70E-06 1.50E-06 0. 1 .50€-06 1.50E~06

* A ZERO INDICATES THAT THIS POINT WAS NOT CALCULATED
** AMILK GOAT IS LOCATED HERE,
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Table A-8"
Depleted X/Q Values For Short Term Ground Level Releases At Special Locations (sec/m3) '

CAROLINA POWER AND LIGHT COMPANY

RELEASE TYPE! PURGE

RELEASE MODE: GROUND LEVEL '
VARTABLE! RELATIVE DEPLETED CONCENTRATION (SEC./CUBIC METER)
CALCULATION POINTS! SPECIAL :
MODEL?! PURGE .{ACNPURG2) .

APPLICATION OF TERRAIN CORRECTION FACTORS! NO

NUMBER OF OBSERVATIONS: 8703

PURGE TIMEl 100 HOURS

} =

—

AFFECTED SITE
SECTOR BOUNDARY MEAT DAIRY RESIDENT GARDEN
NNE 6.30E-06 4.09E-06 0. §.71E-06" . S.31E-06
NE 4. T1E-06 3.97€-06 3.376-06 # | 3.77E-06 3.376-06
ENE 6.19E-06 1.21€-06 0. 5.96E~06 1.53E-06
E . 9.06E-06 8.BOE~0T7 4,B0E~07 5.51E-06 9.34E-07
EéE_ 1.36€-05 - 2.14E-06 0. 9.905}06' 9.90E-06
SE 3.19€-05 0. 0, 3,08E-05 3.08E-05
SSE 44 T1E-05 0. 0. 3.83E-05 3.83C-05
s 2.83€-05 9.74E-07 0. 2.44E-05 1.67E-65
SSW 1.91€-05 1.05E-06 0. 1.92€-05 8.93E-06
SW 1.02E-05 6.38E-07 7.64E=07"" 8.49E-06 6.52E-06
WSH 7.50E-06 4.23E-07 0. 6.30E-06 3.85E-06
o 5.16E-06 2.28E-07 0. 3.85E-66 3.85€-06
WNW 4.B2E~06 2.906-07 0. 3.33E-06 2.23E-06
NW 1.95€-06 1.41E-06 0 1.88E-06 1.88E-06
NNW 1.99E-06 9.53E-07 0. 9.46€-07 8.552-07
N 2.31E-06 1.19€-06 0. 1.18E-06 1.18E-06

A ZERO INDICATES THAT THIS POINT WAS NOT CALCULATED

## See Section 4.
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Table A-9Q,

CAROLINA POWER AND LIGHT COMPANY -
RELEASE TYPE: PURGE

RELEASE MODE:
VARIABLE:

GROUND LEVEL

RELATIVE DEPOSITION RATE
CALCULATION POINTS!
MODEL?t PURGE

SPECIAL
(ACNPURG2)

(METER®u=2)

APPLICATION OF TERRAIN CORRECTION FACTORS! NO
NUMBER OF OBSERVATIONSt 8703

PURGE TIME!

AFFECTED
SECTOR

NNE
Nt
ENE
o
ESE
SE. -
SSE .

SSW
SW

WSW

WHW
NW
NNW
N

100 HOURS

SITE
BOUNDARY

1.06E-08 "

9.B0E-09

1026E‘08
l.9hE~08
2+29E-08

4,256-08 .
'5.10E-08
3.99€-08

SQQZE“OB
3.‘06E-08

3090E'OB

2.30€-08
2.65E£-08

7008E'09

l‘."6E'09

3027E"09_

MEAT

6.80E~09

8.37E-09

2.12E-09
1.51E-09
3.22E-09
0.

0.

1.36E-09
3.18E-09
1.93E-09
2.076-09

8.“05'10

loJBE‘Og'

4,86E-09
l.B?E-09
1.50E-09

DAIRY

0.

6.96E-09 #

0.
0.

0.

0.

1.61E~09 "

0.

0.

0,

A ZEHO INDICATES THAT THIS POINT WAS NOT CALCULATED
A MILK GOAT 1S LOCATED HERE.

D/Q Values For Short Term Ground Level Releases At Special Locations (m;z)'

RESTDENT
9,86E=09

7.96E-09.

l.ZlEfOG
l-lJE-OB
1.68E-08

4,19€~-08

. 4,22E-08

3.59€-08

6.00E-08
2.83E-08
3.30E-06
1.75€-08
1.82E-08
6.42E-09
1.86E-09
1.50E-09

## See Section 4.

GARDEN
8.,62E-09
6.96E-09
2.72€~-09
1.67€E-09
1.68E-08
4,]19£~08
4,22€-08

2.54E~-08 *

2.83€-03
2.20E-08
2.03E£~-08
1.75E-08

1.22€-08
6.42£~-09

10656"09
1.50E-09
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Table A-10"

x/Q Values For Long Term Mixed Mode Releases At Special Locations (sec/m3)'

S CANOUTHA POWER AND LIGHT COMPANY = KOBIHS0N co
PELEASE TYPE t AHHUOAL
RELUASE MOpE S MExt O wotn
varTapLe s HELATIVE CONCERIPATIUON (SEC./CUIC METER)
CALCHLATTION POINTSE SPUCTAL
HONEL S STRATOGHT  Iie (ANHXO0Q')
APDLTCATION OF 1EHRATIE CORPECTTIDN FACTORSS YES
HONBER OF OBSEFRVATIONSS A710)

AFECTED S1Ie i ) i
SLCION S hUKIDARY MEAT . DAIRY RESIDENTY GAQUEN
ng L 3edIE-0T 2.02L-01 0. 3.23E-0"  3.18E-07

e % 1.30E-07 lea0t~-07 1.236-07 # 1.396-07 - 1.23E-07
tHE 2. 10607 1.20E-07 0. 2.19E-07 8.51E-08
3 2obuE-nl 1.11E-07 5.39¢-0H 2.53€-01 . 1.33€-07
bSE 2aT5E=01 1.5 =07 0. 2.076-01 . 2.17€-07
' SF Yelit-07 n. - 0. 5.}3&-01_ T 8.23E-07
‘ SsE - Y. 9uE =01 0, 0. T.b1E-07  7.616-07
5 IR [y onlb-on 0. a.bnt-or : 2.565-01
S6wW 5,50k =07 Ve2lC-07 0. S 71E-07 2.69E-07
S 2oAE-07 SoANE=0n 4.726-08°" 1 HaE-07 -~ 1.5iE-07
WOW 2.06E-01 4obnk-0n 0. l.éu&-or ' 1.02E-07
a 0 I0E-an 1L HIE -0 n. 7.13€-0n, 7.13E-00
wHiwW 1.02F-07 4, 1L -0 n. O.SSE-un Y.H0E-08
Hw 1.520-01 LolE-07 v. 1.56€-07 1o56E-07
TaP; leT1k=07 noant-un 0. 0.30E~06 7.206-08

N Y, -0N Lottt =nH 0. S.U0E-0H © S.80E-08

* A ZERO INDICATES THAT THIS POINT WAS NOT CALCULATED
** A MILK GOAT IS LOCATED HERE,

## See Section 4.
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Table A-T1 )
Depleted X/Q Values For Long Term Mixed Mode Releases At Sp_ecial Locations (sec/m3)'

CARGEL LA PONER ARD LTGHT CONPANY <« ROBTHSON

WEELASE TvPPE e AMUUAL

HELEASE RODL: Ml xED MODE :
VARITABLE S HELATIVE ODLPLETED CONCFMIRAYION (SEC./CUUIC METER)
CALCULATION POINTISE SPLTaL o
MODELY STHATOGHY LITHE (A1)

APPLICATION OF TErealny conri ey LoN FACTORS: YLS

HOMNER OF vusERVATIONS: RID)

AFtECTED SIIE

SLCIon HournARy MEAT DALRY RESINENT  GARDEN

3133 eI -07 2,87 -01 0. J.23E-07 2.98E-07

' " 1.23K-07 V.onE-0? 1.236-01 # P.20E-07 . 1.23E-07

£t 2.50E-07 1e2dt-07 n. 2.636-07. °  8.12E-08

2 £ C 2ung-nr 1otit-n7 6.39E-08 2.53E-07  1.23E-07
- 233 2,50k =07 LonE-0/ 0. 196E-07  1,96E-07
s he9IE=0T 0. . 0. 5:02E-07 i s.ﬁzt-or

SSE 4. 32E-01 ve 0. Ti21E-07 ©  T.21E-07

s - 6.3 =07 J.62E-0R 0. agnzc-oz : 2.33E-07

554 5.9€-07 1.27L~0l 0. S;SIE-oj : 2.51E-07

Sw 231607 5.14L-0A S.31F=0Nes  ,H6C-07 ©  1.45£-07

wSwW 2.00E-01 4.ubL-08 0. lébn5+%" ; 9.91€~08

W Y. 10L-0R 1.42L-0N 0. 6.90EL08  6.90E-08

WY 9 HBE-0Y G OTE-0R 0. 9.26E-08 9.54E-00

v © L.S1F=07 1.27E-07 0. 1.54E-07 1.54E-07

NHW l.huE=-0l . N6k ~0n 0. B.04E-08 6.92E-08

1] B.91E-0Y S22 -uR Ne. 5,56 ~0H 5-.55(‘_-0"

* A ZERO INDICATES THAT THIS POINT WAS NOT CALCULATED
** AMILK GOAT IS LOCATED HERE,

#f See Section 4.




Table A-12
D/Q Values For Long Term Mixed Mode Releases At Special Locations (m‘z) *

CAROLTHA POWER AND L TOHT COMPANY - RONBINSON
HELEASE TYPU S ANHOAL

(ELEASE 10O ¢ M oDt

VARTAHBLE S RELATIVE DBEPOSTTTON RATE (METLRwe-2)
GALCULATION POINISE SPECTAL '

HODEL S STRATOGHE LIt (ANHxO09)

AL TCATION OF TERRATH CORRECTION FACTORS! YES
PHIRE R OF OBSIERVATTONSE B/03

\

\

\ .

AFVECTED SUTE , : .
SECTOR BUUMDARY ) MEAT _ DAIRY RgletNl : qnnnEN

it 2,296 =09 1. I9E-09 0. 2:22E-09  1.H9E-09
M. L. T9E-0Y 1.516-09 1.23E-09 ff Iquﬁ-09.T 1.23€-09

‘ £t 1. 19E-09 J.61L=10 0. 3.10E-09 4 T0E-10

e t 4.99E-09 2.NE-10 1.15E-10 2.926-09 . 2.76E-10

‘ .5: A W BOE-DY 5. a0t - 0. 0. JSTSE-09  3LISE-09
SE 6eYNE =19 0. . . 0. 7.206-09 . 1.206-09
sst foP2E =09 0. 0. 5.21L-09 - 5:21E-09
s 7 NE-09 o 11E-10 0. 6.60E-09 S.17E-09
SSW C1.01E-0n 7.41€-10 0. 10AE-08 © ° 6.81E-09
SwW L6t =09 1. 92E-10 2.60E-10"* a;laﬁ-ow : 3.B7E-09
wew 6 oHE-09 2.59L-10 0. 4:i3E-09 ¢ 3.356-09
v 2.640-0 6. T0E-11 0. 1.956-09 1 495E-09
whiv 2.59t -0 bo2S5L~10 0. 1.94E-09 1.29€-~09
"na 1.20E-09 T.6HE-10 0. 1.126-09 1+126-09
1 t.lie-10 2.90E-10 V. 2.61E-10 2.03t-10
" 3.62E-10 1ealf-10 0. 1.51F-10 1.51e-10

* A ZERO INDICATES THAT THIS POINT WAS NOT CALCULATED
** AMILK GOAT IS LOCATED HERE.

## See Section 4.




Table A-13
X/Q Values For Long Term Mixed Mode Releases At Standard Distances (sec/m3)

CANOL THA Pawble AMD 1 TOHT COMPANY - 12O INSOW ‘
RLLEASE TYPL S ARUAL

PEELEASE gt t MECED Mo

VAREANBLE S PEEATIVE COHCENINATION (SEC./CINIIC MLTEN)

Cag Cot ATTOn Pulals: STANDARD

HODEL S STRATOUHE L THE TANNXONY)

APPLTCATION OF 1ERRATH CORRLCTION FACTORSE YES

e of oy ERVATHONSG S HT0)

WASL DISTANCE IN MILES / KILOME TERS S
21D DESToN ' . N :
SECY AR 29 oIh 1.25 1.7% 225 2.15 .25 3.75 4,25 4,75
: ol cHn .71 2t} 2.82 1.62 hohi2 5.23 6.0} 6.84 1.64
- cotmE. N, Pebbb=0h I 9 =07 Y lE~07 2.7€-07 2.=01 2.0E~07 l.é[-O’ 1e4E-07 9,.BE-0B 6.5€-08
NE n. . [0t=06 1,9t~07 1.0E~07 V. 0L-08 6,7L~08 S.2E-08 l,dt;ﬂﬂ J.BE-08 S;QE-OU J.4E~0B
ENE 00 Bak=07 2.AE=07 1a9b=07 1.76-07 1.26-07 1.16~07 1.4E-08 642E-08 &.0E-08 &.26-00
%’ £ O.A 1eZ2L=07 2.6F-01 2,20 -07 2.0E-0DT 2, 1E-07 1.2€6-07 Q.4E°0ﬂ 7.0E;03 4.7E~08 J.6E-08
o ESE - 0. T.0l-0f 1.96-07 1.76-07 1.9E=07 1.0E-n1 T.6E-0N 6.6E-00 4.9E-08 3.0E-08 2.9E-08
SE 0. La90-010 Vo0t -07 7,51 -0n R.}E-UH J.0E-08 2.4t-0B l.éﬁ-ﬂﬂ 1.2E-0H iéZE‘Oﬁ 1.1£-008
ST | 1.0k =06 1 HE-07 1,26-07 H 0F-UN H,6E-08 3,6L~00 z.ét-uu 24JE-08 1.9t-08 1. 8E-08
; S n.: S.0L-07 Dbl =08 To0b-00 5,96~-08 3.5E-01 3.2L-0n 2.§teou Z.QE-UB é.z&-ou 1.96-08
% SSH 0. Ho3E-07 2.7L-07 2.6E~07 1o5t~07 1,20~07 B, 41-08 6.j[~0ﬁ 4,7F~-08 #.bE'OU J.1E-08
i sw o 0. JoSE=07 9.9K-08 UoHF =08 6.1E-01 4.6t =00 ) 7E-08 3,26-08 2.3E-08 2.0E-08 1,7€-08
WeW 0. Vo0E=07 65008 6.2E-00 S.6E=00 S.4E-00 4, [E-0R 3,06-08 2,7E-08 2,4E=-08 1.9£-08
w u. 2ot =01 H.2F=00 B 0E=DH 490 ~00 4,9 =08 3.5E-00 I, 0E-00 2.0E-00 1.5E-00 1.26-08
w0, 2.0L-07 B.oU =00 Bo6E=DN A HE-DH 6,3E~08 $.26-00 6.2E-08 3.6E-08 3.6E-08 3.4E-08
TV PO T.AE-0T 1.20-07 1.5E=07 1.26-07 9.2L-00 6.56-00 4, 7€<08 4.1E-00 3.5E-00 2,9E-00
tHw 0. G 2= Yo =00 Ta4b=0T7 Fo6E-0T Vo6 =07 2,2E~00 S,60E-00 3, 7€-00 2.5€E~D8 2.)E-08
" 4 0. ToHE=OF Y =07 Fo0~07 9.3 -08 T,.2E-01 H.9L-0H 4,5E~00 I, BE~0H J,3E-08 2,9E-08
MR OF  yALTD. OUS1 RYAT Lons = 010
HoMpsk 1 OF  THVYALTD OHSERVATTIONS = Y

nipab e OF  CAL s Fodt e fEyEL = (1]
Hipmt R oF CALMS il LVt = b
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Table A-14

Depleted X/Q Values For Long Term Mixed Mode Releases At Stahdard Distances (sec/m>)

CI\‘I()LIiMI POWER AND L TOHT COBPANY - ROITHSON

RELE AGE
REVLEASE
valiAb b :
CaLCint A
HoorL e

fYrr s ALINIIAL

HOUE

MIXED BoODE

HELATIVE

DEBLE THFD CONCEMNIRATION

(SEC./7CUIC METER)

1100 POIsISE
GTHATGHT 1t

STAHDANKD
CAKMIX D)

APPLTCAY EOI OF

TENRKRALN COPPECTION FACTORS:

Homsi e OF

OLSERVATIONS: 810D

BASE DISTANCE 1N

MILES /

Yts

KILUMEIERS

AFTH  DESTOM : i :
SECT DS .29 i 1.2% [P AN 2.25 2.75 3.25 b oy L 4,25 4.75
" ) 1.21 2.01 2.n¢ 1.62 4,42 5.21 6.0) 6.04 T.64
Hnak o, 1.5E-06 3. IE=07 3 1E=-07 2.5L-07 2.26-07 1, HE-0T 1.,5E=-07 1.3E-07 H,9E-08 6.1E-08
uE 0. DelE=0T 1o6E=07 1 1E=07 B 5L-00 6.4F =01 4.9L=08 T,8E-08 J.hE-08 S.26-08 3.1E-00
e 0. Ho3L=00 2.56-07 1.0E=07 1,6E-07 1.2¢=07 1,06-07 6,9E-08 5.7E-08 4.56-08 4,0E-08
ji ; 0. T.0L=-07 2.6L-07 2.0t=-07 Y, 9E=07 2.1E-D7 V. hE=-D/ u.ét-oe 6. 6L-0H a{&t-on 3.4€-00
~ Fs8 0, 1o3L=0T 1oB6-07 1.6E=07 1.26-07 9.6E-0H 7.2£-08 6.1E=0H 4.6E-DH J.6L-08 2.7E-08
SE. o, s.rthwiq.nr-un GO =ON Gy TE=OR 3. 6E-0N 2.3E=00 1, 0E-08 1.2E-0H 150E-08 9.9E-09
S5E 0, VebE~0T VoIt =07 Folb=07 7,6L=0R &,9=-00 3.3L~00 z.Jt-ou 2.1E-04 1.76-08 1.6E-08
s 0. 4oRE =0T BOIE=0N 6, 7E-08 5.E=08 3. 1E-00 V. 1E-0N 2,7L-08 Z.4E-08 2.1E-08 1.0E-0N
SSW 0. 6 lF-07 2.56=07 2.4F=-07 1.5F-07 1, 16-00 H,0E=-0R b.6g4ou 4.5E-08 3.4E~-08 2,9€-08
swon, 3. AE=0T V5K =00 N.SE-00 S.OE-0R 4.4t-00 J.bE;un J.iE~on 2.2&-08 llve-on 1.66-08
wsd 0, 20T 6 W =0B (L E-00 S.2E=010 5.2E=08 6. 0E-00 2,96-08 2,0E-04 E;Zt—UH 1.0E-08
w oo 0. Cotil =07 Ho0E =00 S, <0 A /=00 6, TE-08 T 4FE-08 2.9E~08 ) ,9€-08 1,4E-08 1.26-08
WHW 0, 2.6E=0T RO =00 B 4F =00 A 0F =00 6.2L-08 S, 0E-01 4,06-08 3.4E-08 3.4E~00 3,26-08
tw 0. AoBE=0T V1 VE-OT 1.5t-07 1 1E-07 9,0t =08 6,3E~08 4,5E-0H 3.9E-00 I DE-0H 2.4€-08
ted 0. A AL=07 1L2F=07 1o6b=07 1.6b=07 1.4F=-07 8.0E-0N 5.2E-08 3.5E-00 2,4E-08 2.0E-08
n u. r.s0 =01 i.un-nv o2F =07 Hotl =01 6.9 =0 %.7E-00 6, 0E-08 Y. 6E~08 3. 1£-08 2.7¢-00

HUnBE R OF VALTD OoBnstirvatTTons

bt e aF [HVAt Th OUSERVATTONS
M R OF CApMS LOWER LEvEr = il
Pl e GF ALY, teehle LEviL = B

nyng
‘l’

o
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Table A-15
D/Q Values For Long Term Mixed Mode Releases At Standard Distances (m'z)

CAN(IL"IA Powt 12 anD LI6GNHT CONPANY - RORTHSON

YL FAGE
S REUT ASE
VARFABLL

LI AR A
HOpt s Mk
¢ HELATIVE

CALCVATLON OIS,

MO

AF I

SECT

HaE 0.
¥l 3 O,
FHE u;
i nf
Ear 0.
o,
SSF 0,
S 0.
sew N,
Sw 0.
wow 0,
v 0.
wiiW 0.
Hw (198
mid 0.
" n.

Huang w0
[AINIALKI I T
tining B
(YN

0OF
0Of

0t

ol

SIHA LI
AP ICATiO OF
it or

frt 1014
LISt
"l

?Y
Y]

| AT
1.1t =00
1.1E-0R
tolt=0H
Neht -0y
7.0L-09
A PE-09
1t -09
1.0L~-00
Sk -09
4,9t -09
4. 0b-0Y9
ool =09
.6 =09
4,50 =09

DMt -0y

ALITIIAL,

tT0F
THIOA T CORIRECTIDN FACTORS!
DHSERVATTONS

MDY

PECOSTTION RATE
STANDAID

AN QNY)

o 15

1.21
S0P =09
2ot =0
3.ME-09
J. =09
2.TF =09
1.90-09
1. U0F -0Y
1 HE -0
H.0E-09
2.0L~09
1o -0Y
Jouf-u9
1.5C~09
2l -0Y
1.9k -0y

I.HF-0Y

nioy

3,

1.725
2.0

2t -0
le2F-04
1409

1.4F-09

1.2t =09

VJut~10
HeHE~10
r.nk-1n
2.0E-04
D HE~-10
Heot =10
hodt-1n
r.aiv-io
lelt =00
lolb =0

Bort=10

115
3ile

1.2t -09
A E~10
T.6E-10
7.20-10
’b.!['lﬂ
"o..7l -10
h}ﬁt-ln
6.2F =10
1.1t =09
4.,1F-10
G ut-10
ottt =10
hodt =10
fhotl -10
Helb=10

Aol =10

VAL T GleSFRATEDNS
Tirval 1 oty AT TORS
CAL S Lowl 12 EEyF)L =
ALy b te L) gy =

nrn’
S

Hn

(4 TEN4w =)

YES

1.%6-10
J.SE-10
JoTk-10
5.0E~10
4.1E-10
Z2oML-10
2.6E-10
1.0E-10
6.1E-10
2 Ut=10
3.1
2.HE-11
Y2t =10
VohE=10
S.2L=-10

2ot =10

HAGE DISTANCY N MILES /7 RTLOMETERS

HolE~10
2.3t-10
2.7€E-10
ZebE-LD
2.8E-10
1.5t-10
1.5t -10
l.3t-10
J.ut-10
1.9E-10
2.3=-10
lotib =10
2.:~10
19E~-10
2. lt-10

l.6t~110

Joue-10
l;u£4|o
L. HE=10
H;IE-IO
2.0E-10
bolE-10
9i5E-11

VeWE-11

2.6E+10

1i%E-10
1I5E=10
1.JE-10
1.6£-10
1.2E=10
l.4E-10

l.0E-10

207E-10
1.2E~10
14E-10
1.4E-10
1.5E-10
S.YE-1]
TLTE-1)
1.3E-11
1.8t-10
9.8L-11
1.2E-10
7.9t-11
1e2E-10
1.0E-10
8. HE-11

Totub=-11

2.0E-10
V.2E-10
1.2E-10
i;oa~|o
1.0E-10
S5.0E-11
949E~11
6.1E-11
1.3E-10
1.6E-11
1.0E-10
S.4t-11
9.9E-11
1.1E-10
5.1€-11

S.8E-11

1.4E-10
1.0E-10
1.1E-10
T.8E-11
T.3e-11
4.2t-11
S.0E-11
4oBE-11
1.0E-10
6.4E~11
T.1E-11
4.lE-1
T.aE-11
9.6E-11
4,5E~11

4.7e-11
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Table A-16
X/Q Values For Short Term Mixed Mode Releases At Special Locations (sec/m3) *

CAROLINA POWER ANUD LIGHT COMPANY

RELEASE TYPES PPURGE

RELEASE MDDED MIXED MOUE
VARTABLESY RELATIVE CONCEHIRATION
CALCUILATION POINTSTE SPECIAL
MODEL T PURGE (ACHPURG2)

(SEC./CUBIC METER)

APPLICATLION OF TERRAIN CORRECTION FACTORSt NO

HUHBER OF QRSERVATIONS?

PURGE TIMEL 100 HOURS

AFFECTED STt

SECTON notnNARy
HNE B.640E-07
HE S.40E-017
ENE 8.90E~07

F 1.00E-06
ESE 1.20E-06
SE 2.,20E-06

. SSE 2.90E-06
5 © 1.90E-06
SSW 2.,00E-06
SW © 1.10€-06
WoW - 1.20E-06
L 7.40€E-07
whv 1.90E-07
HW 6,306-07
HHW S.106-07
H 3J.50€-07

8703

H[Ai
1.00E-07
S.300-07
4,20E-07
A.OOE;07
4,70E-07
0. Co
0.
2.00E-07
4.00E£~-07
2.40E-017
2.20E-07
1.30E-07

2.20E-07

5.10€-07

J.20E~07

2.30E-07

DAIRY

0.
4.70€-07 ##
0.
2.50£-07

0.

0.
2.10E-07°"
0.
0.

0.

* A 2ERO INDICATES THAT THIS POINT WAS NOT CALCULATED
** A MILK GOAT IS LOCATED HERE,

## See Section 1.

RESIDENT :
0;305-07;
5420E-07
8.R0E-07

9;2og-01.
1}005-06:
Z}IOE-ObV
2;«ot-061
l;7oE-06v
2}00t-06f'
9}505—07;

9:90€-07

5.90€-07
6.ROE-0T
6.20E-07
3. 106-07

20‘006‘07

GARDEN
7.90E-07
4.T0E-07
3.10E-07
4,S0E-07
15 00E-06
2.10€-06
2,640E-06
1.20E-06
1. 10£-06
7.70€-07
6.30E-07
5,90E-07
6.20€-01
6.206-0"
2.90E-0°

20‘00["0
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Table A-17 | ]
Depleted X/Q Values For Short Term Mixed Mode Releases At Special Locations (sec/m3)

CAROLINA POWER AND LIGHT COMPANY

VARIABLE!

. RELEASE TYPE: PURGE

RELEASE MODE! MIXED MODE
RELATIVE OEPLETED CONCENTRAYION (SEC. /CUBIC METER)

CALCULATION POINTS:

MODEL?Y PURGE

SPECIAL
{ACNPURGZ2)

APPLICATION OF TERRATN CORRECTION FACTORSI NO
NUMBER OF OBSERVATIONS! 8703 .

PURGE TIME?

AFFECTED
SECTOR

NNE -
"NE
ENE -

ESE
' SE
SSE -

SSW
SHW

WSW

WHNW
NW
NNW

N

A ZERO INDICATES THAT THIS POINT WAS NOT CALCULATED
AMIILK GOAT IS LOCATED HERE .

100 HOURS

SITE

'BOUNDARY

00‘00E"07

4495E€~07

_80“05‘07

l-OOE'06
1.11E-06
29115’06

2.72E-06
l10826‘06
'1.93E‘06

1.10E-06
1.206-06
7.19€-07

T.65E=-07

602“E‘07

3.35E-07

MEAT.
7.00E-07
Q.86E'07

4.205-07

‘OQOOE-O.’ '

4 44E=0T
0.
0.
1.90E-07
4,00E-07
2.29E-07

2.12E-07

1026E‘07

2.09E~07

4,99E=-07

3;05E“07
2020E'07

DALIRY
0.

4, T0E~07 #

0.

2-03E"07

0.

. RESIDENT
L 4,7TE-07

8.31E-07
9,20E=07

} 9.00E-07
© 2,01E-06

2.27€-06
1.63E-06
1.93E~06
9.505}07

9.90E-07

5,71E-07 - ©

6.59E-07
6.20E-07
3.00E-07
2.30E~07

I Spce Scction it

GARDEN
7.%15-07
4,70E-07
2.96E~07
4.15E-07
9.00E~07
2.01E-06
2.27E-06
i-lZE-Ob
1.03E-06

7.36£-07

6.11E-07

S.71E~07
6.064E~07
6.20E-07
2.7€E-07
2.30E-07
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Table A-1T8

CAROLINA POWER AND LIGHT COMPANY
RELEASE TYPE: PURGE

RELEASE

VAR]AULE'
CALCULATION POINTS
MODELt PURGE

MIXED MODE

RELATIVE DCPOSIT!ON RATE
SPECIAL
(ACNPUQGZ)

(METERe#-2)

APPLICATION OF TERRAIN CORRECTION FACTORS: NO
NUMBER OF OBSERVATIONS! 8703 .
PURGE TIME: 100 HOURS

AFFECTED

SECTOR
NQ53
NE '
ENE

ESE
SE

SSE:

SSW

SITE
BOUNDARY

5.77E~09

7.18E-09
1.04E-08, °

2.08E-08

2,12€-08

2,99E~-08
1:81E-08
3.04E-08
3.66E~-08
2.20E-08
2.83E-00

2.09€-08
’ 2.01E‘08

4,98E~-09

2.326-09

1.36E-09

A ZE no INDICATES THAT THIS POINT WAS NOT CALCULATED

o e hdm R s g~ A At E—m R E= € -

e

MEAT

. 3.45E-09

5072E"09
1.16E~09

- BJJI6E=-)0

2.22E-09
0.

0.

9.84E-10
2.33E-09
1.48E-09
1.23E-09
4.69E~10

.6.LSE—10

3.00E-09

,&

9.,15€~10
5.75E~10

DAIRY
0.
4,70E109#
0,

. 5.32E-10

0.

0.

"0

0.

0.

1.18E-09""
0.

0.
0.

D/O Values For Short Term Mixed Mode Releases At Speclal Locations {m~

RESTDENT

‘5.705-09

‘50205'09

9.77E-09

10065'08
-1.73E-08

Z.BBE-OB

"1.64E~08

2.80€E-08
3.72E'08

" 2.16E-08

2.55£-08
1.62E-08
1.38E-03
4.53E-09
8.99E-10
6.24E-10

/! See Section 4.

)Q

GARDEN

6.695—09

10070E"09

1.74E-09
9.36E-10
1.73E-08
2.68£-08
1.645£-08
2.48E~-08
2.78£-~08
1.97e-08
2.07E~08
1.62E-08
8.18E~09
4,53E~09
8.09E-10
6.2LE~10
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Card Type
1

L
TABLE A-19 -

ROBINSON PLANT SITE INFORMATION TO BE USED

FOR GROUND LEVEL CALCULATIONS WITH NRC "X0QDOQ" PROGRAM

Columns

1
38
39 .
41
55°
56.:
58

1-80

1-5

6-10
11-15
16-20
21-25
26-30
31-35

S N/A

1-80

Description

Print Input Data _

Calculate Annual X/Qs for Points of Interest ,
Calculate Annual X/Q Averages for Site Radial Segnents

Print Out Set Distance X/Qs and D/Qs A
Calculate Annual D/Q Averages for the Set Radial Segménts
Allow Depleted X/Qs (If Decays (1), (2), or (3) is Negative)
Calculate Annual D/Qs for Points of Interest C

Title Card

Number of Wind Velocity Categories

Number of Stability Categories o
Number of Distances within Terrain Data for Each Sector
Total Number.of Hours in Joint Wind Frequency pistribution
Increment in % for which Plotted Results are to be Plotted
Number of Titles of Receptor Types : . -
Number of Release Exit Locations

Height of the Measured Wind : '
Half-Life (days) Used in- the X/Q Calculations

N/A

Joint Wind Frequency Distribution /

Value to.be Used
in X0QDOQ




£T-% .

Card Type

10

11

© 12

13

14

Columns

1-80 -
1-80

1-25

1-16 .

. 1-80

1-80

1-5

6-10
11-15
16-20
21-25
26-30
31-35

TABLE A-19 (continued) '

Description

Wind Velocity Units Correction
Maximum Wind Speed in Each Wind Class (m/eec)

Distance in Meters at which Terrain Heights are Given

Terrain Heights (In Meters, Above Plant Grade) Cnhrresponding
to Distances on Card Type 8

Number of Receptor Locations for a Particular Receptdi‘Type
Title of Receptor Type for Receptor Locations

Receptor Directlion and Distance

Title for Release Point whose Characteristics are Deacribed
on Card Type 14

Vent Average Velocity (m/sec)

Vent Inside Diameter (m)

Helght of Vent Release Point (m)

Height of the Vent's Bullding (m)

Minimum Cross—Sectional Area for the Vent's Building (m )

Wind Helpht Used for Vent Elevated Release

Vent leat Emisslon Rate (cal/sec)

¢

VValue to be Used

in X0QDOQ

200.
0.75
3.50
7.50

12.50
18.50
25.00
26.00

)
(2)

Site Boundary = 16
Dairy = 1

Meat = 14
Residence = 16
Garden = 16

Site Boundary
Dairy

Meat
Residence
Carden

(See Table 1)

(1)

0.00
0.00
60.7

59.0

1370.0

10.0
0.



ve—\voo

Card Type Columﬁa :’
15 1.
2-5-

6-10

11-15

7aBLE A-19 (@inved) o 9

Value to be Used

Description in X0QDOQ
Identification for Release Point A
Intermittent Releases 1
Number of Intermittent Releases Per Year for the Release Point 100
Average Number of Hours Per Intermittent Release 1

(1)Appropriate Data to be Supplied

(2)0btained from Croés-Sectional Topographlc Maps



ST~V

Card Type

TABLE A-20

-

ROBINSON PLANT SITE INFORMATION TO BE USED
FOR MIXED MODE RELEASE CALCULATIONS WITH NRC "X0QDOQ" PROGRAM

Columns Description
1 = Priat Input Data’ | ‘

38 Calculate Annual X/Qs for Points of Interest ,

39 Calculate Annual X/Q Averages for Site Radial Segments

41 Print Out Set Distance X/Qs and D/Qs _

55 Calculate Annual D/Q Averages for the Set Radial Segments

56 " Allow Depleted X/Qs (If Decays (1), (2), or (3) is Negative)

58 Calculate Annual D/Qs for Points of Interest

1-80 : Title Card

1-5 Number of Wind Velocity Categories

6-10 Number of Stability Categoriles ; ' '
11-15 MNumber of Distances Within Terrain Data for Each Sector
16-20 - . Total Number of Hours in Joint Wind Frequency Distribution
21-25 ~ Increment in 7% for which Plotted Results are to be Plotted
26-30 Number of Titles of Receptor Types -
31-35 . Number of Release Exit Locations

1-5 : Height of the Measured Wind

6-20 Half-Life (days)’ Used in the X/Q Calculations

N/A N/A

1-80 , Joint Wind Frequency Distribution

Value to be Used
in X0QDOQ

S e

N/A .

~
W= N~
~

101.00
2.26

~8.00

(1)




92-v¢

10

11

12

13

14

1-80

1-80

1-25
1-16

1-80

1-80

- 6-10
- 11-15

16-20
21~25
26-30
31-35

TABLF A-20 (continued)

Description '

Wind Velocity Units Correction
Maximum Wind Speed in Each Wind Class (m/sec)

Distance in Mete-s at which Terrain Heights are Civen«

Terrain Heights (In Meters, Above Plant Grade) Correspondiug
to Distances in Card Type 8

Number of Receptor Locations for a Particular Rebeptot Type

Title of Receptor Type for Receptor Locationa

. Receptor Direction and Distance

Title for Release Point whose Characterisﬁica area Described
on Card Type 14 :

Vent Average Velocity (m/sec)

Vent Inside Diameter (m)

Height of Vent Release Point (m)

Height of the Vent's Building (m)

Minimum Cross-Sectional Area for the Vent's Building (m )
Wind Height Used for Vent Elevated Release

Vent Heat Emission Rate (cal/sec)

®

Value to be Used
in X0QDHOQ

200.
0.75
3.50
7.50

12.50
18.50
25.00
26,00

(2)
(2)

Site Boundary = 16
Dairy = 1

Mcat = 14
Regidence = 16
Garden = 16

Site Boundary
Dairy

Meat
Regidence
Garden

(See Table 1)

(1)

20.1
1.0
60.7
59.0
1370.0
10.0
0.



Card Type Columns
15 1
2-5°
6-10
11-15
(1)

TABLE A-20 (Con!nued)

Value to be Used

-~

Description = | fn X0QDOQ
Identification for Release Point ' ’ A
Intermittent Releases ! 1
Number of Intermittent Releases Per Year for the Release Point 100
Average Number of Hours Per Intermittent Release : 1

-Appropriate Data to be Supplied

(2) Obtained from Cross-Sectional Topographic Maps



APPENDIX B

DOSE PARAMETERS FOR RADIOIODINES, PARTICULATES AND TRITIUM

This appendix contains the methodology which was used to calculate the dose
parameters for radioiodines, particulates, and tritium to show compliance with 10 CFR
20 and Appendix I of 10 CFR 50 for gaseous effluents. These dose parameters, Pi and
R;, were calculated using the methodology outlined 'in’ NUREG-0133 along with
Regulatory Guide 1.109 Revision l. The following sections provide the specific

'meth'ddology which was utilized in calculating ‘the P and R, values for the various

exposure pathways.

B.l Calculation of P.

The parameter, Pi’ contained in the radioiodine and particulates portion of Section 3.2,

“includes pathway transport parameters of the ith radionuclide, the receptor's usage of

the pathway media and the dosimetry of the exposure. Pathway usage rates and the
internal dosimetry are functions of the receptor's age; however, the youngest age
group, the infant, will always receive the maximum dose under the exposure conditions
for Technical Specification 2.2.2.1(b). For the infant exposure, separate values of Pi
may be calculated for the inhalation pathway which is combined with a W parameter
based on (X/Q), and the food (milk) and ground pathway which is combined with a W
parameter normally based on (D/Q), except for tritium. The following sections provide
in detail the methodology which was used in calculating the Pi values for inclusion into
this ODCM. '

B.L.1 . In'halation Pathway

pii = K'(IBR)kﬁF'A‘l-, . L | (B.1-1)
‘where:

P = dose parameter for radionuclide i for the inhalation pathway,

mrem/yr per. uCi/m 3;

B-1



K’ = a constant of unit cohversion;
- 10° pCi/uCis
BR = the breathing rate of the infant age group, m3/yr;
DFAi = the maximum organ inhalation dose factor for the infant age

group for radionuclide i, mrem/pCi.

The age group considered is the infant glibdp. The infant's brééthihg rate is taken as
1400 m3/yr from Table E-5 of Regulatory Guide 1.109 Revision 1. The inhalation dose
‘factors for the infant, DFA,, are presented in Table E~10 of Regulatory Guide 1.109 in

units of mrem/pCi. The total body is considered as an organ in the selection of DFAi.

The incorporation of breathing rate of an infant and the unit conversion factor results

. in the following:

9

Pi = 1.4x10 DFAi ' (B.1-2)
I .
B.1.2 Ground Plane Pathway
: - At
P. = K'K"DFG. (l-e )X, (B.1-3)
i i i
G
where:
Pi o= dose parameter for radionuclide i for the'ground plane pathway,
G mrem/yr per pCi/sec per m'z; ‘
K= a constant of unit conversion;
= 10%pCi/uci;
K" = a constant of unit conversion;
= 8760 hr/yr;
A = the radiological decay constant for radionuclide i, sec-l;

B-2




1 = the exposure périod;

’.\
. - 3.15x107 sec (1 year);

DFGi = - the ground plane dose conversion factor for radionuclide i,

mrem/hr per pCi/mZ.

The deposition rate onto the ground plane results in a ground plane concentration that
is assumed to persist over a year with radiological decay the only operating removal
‘mechanism for each radionuclide. The ground plane dose conversion factors for

radionuclide i, DFGi, are presented in Table E-6 of Regulatory Guide 1.109 Revision 1.

Resolution of -the units yields:

9' -At

| P. = 8.76x10° DFG. (1-e ' )/\. (B.1-4)
| 1 1 1
| G
|
\ B.1.3 Milk
‘ ’
| KrQn.(U_J)F -At
o P, - B DFLe | (B.1-5)
| i M p i w
where:
i
| P = dose parameter for radionuclide i for the cow milk or goat milk
| M . -2
| pathway, mrem /yr per uCi/sec per m™“;
. K! = a constant of unit conversion;
- 108 pCi/uCi
O = the cow's or goat's consumption rate of feed, kg/day (wet weight);
ap "= the infant's milk.consumption rate, liters/yr; .
Yp = the agricultural productivity by unit area, kg/m 2;
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DFLi

the stable element transfer coefficient, pCi/liter per pCi/day;

fraction of deposited activity retained on cow's or goat's feed

grass;

the maximum organ ingestion dose factor for radionuclide i,

mrem/pCi;

. the radiological decay constant for radionuclide i, sec'l; ‘

the decay constant for removal of activity on leaf and plant

surfaces by weathering, sech;

' 5.73x1077 sec™! (corresponding to a 14 day half-time);

- the transport time from pasture to cow or goat to milk to infant,

secC.

A fraction of the airborne deposition is captured by the ground plant vegetation cover.

‘The captured material is removed from the vegetation (grass) by both radiological

decay and weathering processes.

Various parameters which were utilized to determine the Pi values for the cow and

goat milk pathways are provided in Table B-1. Table E-1 of Regulatory Guide 1.109

Revision 1 provides the stable element transfer coefficients, Fm, and Table E-14 of

the same regulatory guide provides the ingestion dose factors, DFLi, for the infant's

organs. The organ with the maximum value of DFLi was used in the determination of

Pi for this pathway. The incorporation of the various constants of Table B-1 into

| Equation B.1-5 results in the following:

For cow's milk for ‘fadioiodinésand particulafes:-

piM

rF -A.t
—T_DFL, e it (B.1-6)

AL,

2.4x10w




For the goat milk pathway for radioiodines and particulates:

"3 rF At
." P, 2.8x109ﬁ— DFL; e it : (B.1-7)
M i T'w

For tritium, the concentration of tritium in milk is based on its airborne concentration

rather than the deposition rate.

pTM = K'K"'FmQFUapDFLT 0.75(0.5/H) (B.1-8)
" where:
Pr = dose parameter for tritium for the cow milk and goat milk
M pathways, mrem/yr per uCi/m_B;
| K™ = a constant of unit conversion;
= 10 gm/kg;
‘ ’ H = absolute humidity of the atmosphere, gm/m 3;
@ |
} 0.75 = the fraction of total feed that is water;
1 0.5 = the ratio of the specific activity of the feed grass water to the
i atmospheric water;
DFL.I. = maximum organ ingestion dose fac%or for tritium, mrem/pCi.
o B.2 ~ Calculation of R.

| .

- " The radioiodine and particulate Technical Specification 2.3.1.2 is applicable to the
“location in the unrestricted area where the combination of existing pathways and
receptor ‘age groups indicates the maximum potential exposure occurs. The inhalation
and ground plane exposure pathways shall be considered to exist at all locations. The
grass-goat-milk, the grass-cow-milk, grass-cow-meat, and vegetation pathways are
considered based on their existence at the wvarious locations. Ri values have been

calculated for the adult, teen, child, and infant age groups for the ground

. B-5



plane, cow milk, goat milk, vegetable and beef ingestion pathways. The methodology

which was utilized to calculate these values is presented below.

B.2.1 Inhalation Pathway
RiI = K! (BR)a (DFAi)a (B.2-1)
. where:
Ri' = dose factor for each identified radionuclide i of the organ of
I

interest, mrem/yr per pCi/mB;

K =  a constant of unit conversion;
- 10° pCi/ uCi;

(BR)a breathing rate of the receptor of age grohp a, m3/yr;

(DFAi)a organ inhalation dose factor for radionuclide i for the receptor of

.age group a, mrem/pCi.

The breathing rates (BR)a for the various age groups are tabulated below, as given in

Table E-5 of the Regulatory Guide 1.109 Revision 1.

Age Group (a) ‘ Breathing Rate (m3/vr)
Infant ' . 1400
Child ‘ 3700
Teen . .. .. . 8000
Adult S 8000

Inhalation dose factors (DFAi)a for the various age groups are given in Tables E-7

through E-10 of Regulatory Guide 1.109 Revision 1.
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B.2.2 Ground Plane Pathway

-Act A
R. = I K'K"SF)DFG, (l-e ' )/A, (B.2-2)
iq i i i
where:
Ri = dose factor for the ground plane pathway for each identified
G radionuclide i for the organ of interest, mrem/yr per uCi/sec per
m'z;
L K'Y= a constant of un}t conversion;
- 108 pCi/uCi;
K" =  aconstant of unit _con\-/ers»io‘n;
= 8760 hr/year;
. )\i = ~ the radiological decay constant for radionuclide i, sec"l;
t = the exposure time, sec;
= _l;.73x108 sec (15 years);
DFG; = the ground plane dose conversion factor for radionuclide i;
mrem/hr per pCi/mz;
SF = the shielding factor (dimensionless);
L = factor to account for fractiénal deposiﬂon of radionuclide i.

For radxonuchdes other than 1od1ne, the factor I is equal to one. For radioiodines, the

value of I may vary. However a value of 1.0 was used in calculatmg the R values in

Table 3.3- 2



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

Revision 1.

B.2.3 Grass-Cow or Goat-Milk Pathway
At
R. = LKQ.U_F_(DFL) N[ r“'e-AEite) . Byl D
iM“i F "ap m i'a psl Y_ A PA. }"'
P E. 1
i
=A-t
At ib
(1 £ )[r-e e IR (1-e “Aith o
p's Y )\E P)‘i (B.2-3)
i
where:
Rll = dose factor for the cow milk or goat milk pathway, for each
M identified radionuclide i for the organ of interest, mrem/yr per
uCi/sec per m'z; : '
K' --=- —a constant of unit conversion;
- 10® pCi/pCi;
Qe s ‘the cow's or goat's feed consumption rate, kg/day (wet weight);
Uap = the receptor's milk consumption rate for age group a, liters/yr;
Yp = the agricultural productivity by unit area of pasture feed grass,
kg/mz; ' '
YS = the agricultural productivity by unit area of stored feed, kg/mz;
' :Fm = the stable element transfer coefficients, pCi/liter per pCi/day;
r = fraction of deposited activity retained on cow's feed grass;
(DFLi)a = the organ ingestion dose factor for radionuclide i for the receptor

in age group a, mrem/pCi;
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A+ )\W;

1

the radiological decay constant for radionuclide i, sec'l;

the decay constant for removal of activity on leaf and plant
surfaces by weathering, sec'l;
5.73x10" sec™! (corresponding to a 14 day half-life);

the transport time from feed to.cow or goat to milk, to receptor,

sec;

the transport time from harvest, to cow or goat, to consumption,

(See

period of time that sediment is exposed to gaseous effluents sec;
concentration factor for uptake of radionuclide i from the soil by
the edible parts of crops, pCi/Kg (wet weight) per pCi/Kg (dry
soil);

effective surface density for soil, Kg (dry soil)/mz;

fraction of the year that the cow or goat is on pasture;

fraction of the cow feed that is pasture grass while the cow is on

pasture;

period of pasture grass and crop exposure during the growing

season, sec;

factor to account for fractional deposition of radionuclide i.



For radionuclides other than iodine, the factor Ii is equal to one. For radioiodines, the
value of Ii may vary. However, a value of 1.0 was used in calculating the R values

in Tables 3.3-9 through 3.3-16.

Milk cattle and goats are considered to be fed from two potential sources, pasture
grass and stored feeds. Following the development in Regulatory Guide 1.109 Revision
1, the value of fs was considered unity in lieu of site-specific information. The value

of fp was 0.667 based upon an 8-month grazing period.

Table B-] contains the appropriate parameter values and their source in Regulatory

Guide 1.109 Revision 1.

The concentration of tritium in milk is based on the airborne concentration rather than

- . the deposition.” Therefore, the Ri is based on X/Q:

RTM = K'K"'FmQFUap(DFLi)a 0.75(0.5/H) _ (B.2-4)
‘where:
RT = dose factor for the cow or goat milk pathway for tritium for the
M , . .3 :
' organ of interest, mrem/yr per pCi/m~;
KW = a constant of unit conversion;
= 10° gm/kg;
H = absolute humidity of the atmosphere, gm/m3;
0.75 = the fraction of total feed that is water;
05 - = thé-ratio of the specific activity of the feed grass water to the

_ atmospheric water.

and other parameters and values are given above. A value of H of & grams/meterB, was

used in lieu of site-specific information.
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B.2.4 Grass-Cow-Meat Pathway

The integrated concentration in meat follows in a similar manner to the development

for the milk pathway, therefore:

o At
R, =L K'Q.U_F_(DFL) & [ g SO L WP VL B }
By F"ap m i’a psl Y A PA. *
P E 1
-A.1
-A t ~ ib
(1t 1 )(r(l-e Eio P (I-e ).]e»‘-’-‘ith] o S
p's Ylei PA; (B.2-5)
where:
R1 = dose factor for the meat ingestion pathway for radionuclide i for
B any organ of interest, mrem/yr per uCi/sec per m'z;
, Fe = the stable element transfer coefficients,-pCi/Kg per pCi/day;
Uap = the receptor's meat consumption rate for age group a, kg/yr;
'ts = the transport time from slaughter to consumption, sec;
ty = the transport time from harvest to animal consumption, sec;
te = period of pasture grass and crop exposure during the growing
season, sec;
I = factor to account for fractionalldeposition of radionuclide i.

For radlonuchdes other than 1od1ne the factor I is equal to one. For radioilodines, the

value of I may vary However a value of 1.0 was used in calculaung the R values in
Tables 3. 3 6 through 3.3-8.
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. where:

All other terms remain the same as defined in Equation B.2-3. Table B-2 contains the

values which were used in calculating Ri for the meat pathway

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

the deposition. Therefore, the Ri is based on X/Q.

R

TB K'K"'FfQFUaP(DFLi)a 0.75(0.5/H) ' (B.2-6)

where:

dose factor for the meat mgesnon pathway for trmum ior any

— organ of interest, mrem/yr per pCl/m .

" All other terms are defined in Equatibn B.2;1+ ahd B.2-5', above.

" B.2.5 Vegetation Pathway

’»

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:
-A.t

At ib
At E.e B.  (l-e )
, L i'L [r(l-e ~i7) iv
Ri = [ K (DFLi)a [Ua fL e [—_A + BX. ]
\ E1 _ i
| -At
=Mty XE t B. (l-e 'D)
USt e [ r(l-e . iv ]J
ag Yv"i PA; (B.2-7)
Ri = dos-e factor for vegetable pathway for radionuclide i for the organ
Y . . -2
of interest, mrem/yr per uCi/sec per m ;
K! = a constant of unit conversion;

= 10° pCi/pCis-
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®

U = the consumption rate of fresh leafy vegetation by the receptor in

age group a, kg/yr;

U = the consumption rate of stored vegetation by the receptor in age

group a, kg/yr;

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

fg = the fraction of the annual intake of stored vegetation grown
locally;

t = the average time between harvest of leafy vegetation and its

- consumption, sec; -

t = the average time between harvest of stored vegetation and its

consumption, sec;
. . . 2
Y = the vegetation areal density, kg/m~;
t - = period of leafy vegetable exposure during growing season, sec;

factor to account for fractional deposition of radionuclide i.

—t
"

For radionuclides other than iodine, the factor Ii is equal to one. For radioiodines, the

value of Ii may vary. However, a value of 1.0 was used in Tables 3.3-3 through 3.3-5.

All other factors were defined above.

‘Table 1B-3 presents the -appropriate parameter -values-_and their;source in Regulatory

" Guide 1.109 Revision 1. . .



In lieu of site-specific data default values for fL and fg, 1.0 and 0.76, respectively,

were used in the calculation of Ri' These values were obtained from Table E-15 of

Regulatory Guide 1.109 Revision 1.

The concentration of tritium in vegetation is based on the airborne concentration

rather than the deposition. Therefore,the R, is based on X/Q:

_ i L S
Rp, ¢ KK [ube, + udt JoFL), o7s0.5/m) (B.2-8)
where:
RT = dose factor for the vegetable pafhway for tritium for any organ of
- A

interest, mrem/yr per pCi/m_B.

All other terms remain the same as those in Equations B.2-4 and B.2-7.
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‘ . TABLE B-1

Parameters For Cow and Goat Milk Pathwa'ys

Parameter Value Reference (Reg. Guide 1.109 Rev. 1)
Qp (kg/day) 50 (cow) Table E-3
6 (goat) Table E-3
Yp (kg/mz) : - .0.7 S S : . Table E-15
t. (seconds) . L73x 105_ (2 days) Table E-15
r _ 1.0 (radiociodines) Table E-15
0.2 (particulates) - =~ ‘Table E-15
(DFLi)a (mrem/pCi) Each radionuclide Tables E-11 to E-l4
F_ (pCi/day per pCi/liter) Each stable element _ Table E-1 (cow)
. Table E-2 (goat)
’ t, (seconds) 4,73 x 108 (15 yr) Table E-15
YS (kg/l_'nz)' o 2.0 Table E-15
Yp'(kg/mz) 0.7 Table E-15
t, (seconds) 7.78 x 10° (90 days) Table E-15
U, (liters/yr) . 330 infant ' Table E-5
| P 330 child | | Table E-5
400 teen Table E-5
310 adult : Table E-5
te/(sgc;qnds) - 2.59 x 10° (pasture) " Table E-1I5

‘5.18 x '1'06 (stored feed) . =

B., (pCi/Kg (wet weight) Each stable element Table E-1
per pCi/Kg (dry soil)) ,

P (Kg (dry soil/m?)




Parameter

r

F, (pCi/Kg per pCi/day)

B o -Ua‘p‘ (Kg/yr)

(DFL,) (mrem/pCi)
Y, (kg/m?)
Y, (kg/mz)
ty (seconds)
t (seconds)
t (seconds)

t (secon;is)

Qi-_- (kg/day)

B. (pCi/Kg (wet weight)

 Mer pCi/Kg (dry soil))

. P (Kg (dry soil)/m?)

TABLE B-2

Parameters For The Meat Pathway

Value Reference (Reg. Guide 1.109 Rev. [
1.0 (radioiodines) Table E-15
0.2 (particulates) Table E-15
Each stable element ~ Table E-1
0 infant Table E-5
41 child Table E-5
65 teen Table E-5
110 adult Table E-5
Each radionuclide Tables E-11 to E-14
.7 Table E-15
2.0 Table E-15
4,73 x 108 (15 yr) Table E-15
1.73 x 10° (20 days) Table E-15
7.78 x 10% (90 days) Table E-15
2.59 x 107 (pasture) Table E-15
5.18 x 10° (stored feed)

50 Table E-3
Each stable element Table E-1
200 Table E-15
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TABLE B-3

Parameters for the Vegetable Pathway

Parameter Value Reference (Reg. Guide 1.109 Rev.l
r (dimensionless) 1.0 (radioiodines) Table E-1
0.2 (particulates) Table E-1
(DFL;), (mrem/Ci) Each radionuclide Tables E-11 to E-14
UL (kg/yr) - Infant 0 | | Table E-5
; | - Child 26 7 Table E-5
- Teen 42 Table E-5
- Adult 64 : Table E-5
’ Ui (kg/yr) - Infant 0 . Table E-5
a - Child 520 . Table E-5
- Teen 630 | Table E-5
- Adult 520 ' Table E-5
t, (seconds) 3.6 x 10% (1 day) Table E-15
t (seconds) 5.18 x 10° (60 days) v Table E-15
Y, (kg/m®) 2.0 - Table E-15
t_ (seconds) . 5.18 x 10° (60 days) Table E-15
"t (Seconds) T T C w73 %102 (U5 yr) Table E-15
P(Kg(dry soil)/m?) 240 - Table E-15
B,, (PCi/Kg(wet weight) Each stable element Table E-1
"% per pCi/kg (dry soil))
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6 APPENDIX C

LOWER LIMIT OF DETECTABILITY

The lower limit of detectability (LLD) is the smallest concentration of a radioactive
material in an unknown sample that will be detected with a 95% probability with a 5%
probability of falsely concluding that a blank observation represents a '"real" signal.
The minimum detectable activity (MDA) is the smallest indicated activity in an
unknown sample that can be said to be greater than background with a 5°6 probablhty
that a true activity of zero will be falsely recorded as a detectable act1v1ty To
ensure that the LLD is detected 95% of the time it is present requires that activities
down to the MDA level be recorded as present in the sample. Both LLD and MDA are

_ngen by the followmg equanons

LLD = E-V ~2.g§6-6Ya-pr(-Aite) (C.1-1)

' MDA = —p; V-2.§.23-3Y‘fbexp(—)\it ) (C.1-2)
a where
o = WA
= standard deviation of background (cpm)

N = background count rate (cpm)

t = time background counted for (min)

E =~ = | céunting efficiency

A = volume or mass of sample

2.22 = conversion factor (dpm/pCi)
a._;.’ | Y = fractional radiochemical yield



A = radioactive decay constant of ith nuclide (sec'l)

elapsed time between sample collection and counting (sec)

[ d
1]

In calculating the LLD and MDA for a radionuclide determined by gamma ray
spectroscopy, the background shall include the typical contributions of other radio-
nuclides normally present in the sample (e.g., potassium-40 in milk samples). Analysis
shall be performed in such a manner that the LLD's listed in Tables 1.2-1, 2.2-1, and
4.1-3 of Ref. 1, will be achieved under routine conditions. Occasionally background

' fluctuations, unavoidably 'small sample sizes, the presence of interfering nuclides, or

other uncontrollable circumstances may render these LLD's unachievable. In such

‘cases, the contributing factors will be identified and described "in the Annual
- Radiological Environmental Operating Report. - In addition, Table 4.1-2 in Section 4.1

of Ref. | gives the reporting levels for radioactivity concentrations in environmental

samples.

The methodology presented in Ref. 2 and Ref. 3 tb determine LLD and MDA may be

"used in lieu of Equations C.1-1 and C.1-2.
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