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INTRODUCTION & PURPOSE

The OFFSITE DOSE CALCULATION MANUAL (ODCM) is the document%

that outlines JAFNPP's basic methodology for calculating
radiation doses resulting from releases of both gaseous and
liquid effluents, This methodology is adapted from the guidance
promulgated via NUREG 0133 and deviates from that guidance in

only two site specific cases.

In the case of liquid effluents JAFNPP has elected to use actual
Ft values (near field averape dilution factor for Cil during

any liquid effluent release. NUREG 0133 defines FL as the ratio
of the maximum undiluted liquid waste flow during release to

the average flow from the site discharge structure to unrestricted
receiving waters. JAFNPP feels that a more quantitative method
would B~ to utilize actual empirical information in the calcu-
lation of Fi and subsequent dose assessments based in part on

the Fi parameter.

In the case of gaseous effluents JAFNPP has elected to utilize
empirical determinations of D/Q and x/Q for the site boundary
location obtained from 1974-75 meteorological data, this we
feel allows a more accurate and realistic assessment of dose

to the infant thyroid from the iodine contribution.

In all other parametcrs and assumptions JAFNPP has utilized the

guidance of NUREG 0133 and associated supporting documents.
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CALCULATION OF DOSE TO MAXIMUM EXPOSED INDIVIDUAL FROM LIQUID EFFLUENT

Technical Specifications state, "cumulative dose cont: itions from
licuid effluents shall be determined in accordance with the offsite

dose calculation manual at least once per 31 days."

At JAFNPP, the cumulative dose contributions consider the dose con-
tributions from the maximum exposed individual's consumption of fish
and potable water. Invertebrate consumption is not a factor as JAFNPP
is a fresh water site. JAFNPP takes the position that the adult is the
maximum exposed individual as is recommended by RUREG 0133, (ref. 1)

subsequently, JAFNPP has developed tables of Aitr for the adult case.

The relationships and mecrhods that form the calculational base for

dose accounting for the liquid effluent pathway are as follows:

Dose contributions for the total time period g l étt will be determined
by calculation at least once per 31 days and a :umulative summation of
these total body and critical organ doses will be maintained for each
calendar quarter. These dcse contributions will be calculated fqr

all radionuclides identified by JAFNPP in liquid effluents released to

unrestricted areas using the following expression:

m
b, =2 [, r et cie Fe|
i i1

wWhere:
Dr = the cumulative dose commitment to the total body or any organ,

m

1, from the liquid effluents for the total time period [ ate,
£=1

in mrem.
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the length of the £th time period over which Cif and F{ are -

averaged for all liquid releases, in hours.

the average concentration of radionuclide, i. in undiluted
liquid effluent during time period 4tf from any liquid

release, in ucdi/mf.

the site related ingestion dose commitment factor to the
total body or any organ 1 for each JAFNPP identified principal

panma and beta emitter listed in table L1-3 in mrem-ml

’

per hr-uc«

the near field average dilution factor for Cif during any
liquid effluent release. Defined as the ratio of the maximum
undiluted liquid waste flow during release to the average
flow from the site discharge structure to unrestricted re-

ceiving waters.

The term Cif is the composite undiluted concentration of radioactive

= material in liquid waste at the release point as determined by the

radicactive liquid waste sampling and analysis program as contained

in the technical specifications. All dilution factors beyond the

sample point are included in the F{ and Ait terms.

e

The term F{ is a near field average dilution factor and is determined

as follows:
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F¢ = Liquid Radicactive Waste Flow |
Discharge Structure Exit Flow

The liquid radioactive waste flow is the maximum flow from all
continuous and batch radioactive effluent releases specified in
Technical Specifications from all liquid radiocactive waste management
systems. The discharge structure exit flow is the average flow during
disposal from the discharge structure release point into the re-

ceiving water body.

At JAFNPP, the maximum flow from all liquid effluent releases is
200 gpm and the discharge structure exit flow is 378,000 gpm with

all circulating puinps in operation, thus:

F¢ = 200 = 5.29 E-04
378,000 |
However, in order to provide a more accurate estimate of F¢E,
JAFNPP will calculate F£ hased ¢ 1ctual operating parameters that

exist at the time of releases. This affords a more quantitative

ascossment of radiation dose resulting from liquid effluent releases
at JAFNPP.
Therefore:

F¢ =  Actual Liquid Effluent flow

Actual Discharge Structure Exit Flow
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DOSE FACTOR RELATED TO L1QUiD EFFLUENTS

The equation for dose from liquid effluents rcquires the use of a

dose factor Ait for each nuclide, i, which embodies the dose factors,
pathway transfer factor, pathway usage factors, and dilution factors
for the points of pathway origin. JAFNPP has followed the guidance

of NUREG 0133 and has calculated Aitr for the total body and critical
organ of the maximum exposed individual e.g. the adult. The dose
factors were compiled from table E-11 of Regulatory Cuide 1,109 (ref 2)

The sumnary dose factor is as follows:

Alt = ko (Uy/y; 4+ UF BFi) Dfi

Where:

Ait = composite Jose parameter for the total body or critical
organ of an adult for nuclide, i, for all appropriate
pathways, mrem/hr per uci/mf

ko = wunits conversion factor, 1,14E05 = 106pci/uci x 103m1/kg

8760 hi/yr

U, = 730 kg/yr, adult water consumption

BF{ = Ricaccumulation factor for nuclide, i, in fish, pCi/kg

per pCi/€ from table A-1 of Regulatory Guide 1.109
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DF; = dose conversion factor for nuclide i, for adults in
pre-selected organs, 1, in mrem/peci, from table E-11

of Regulatory Guide 1.109

D, = dilution factor from the near field area within one
quarter mile of the release peint to the Oswego City
and Ononega County intake, (nearest potable water intake)
A lake dilution factor of 9.2 was calenla*cd using the
quasi-steady state model as described in section C.3,

"large lakes," of Regulatory Guide 1.113. (ref 3)

For the JAFNPP site Ait1 can be expressed as:

At = 1.14E05 (730/Dy, + 21 BFi) DFi
CGiven Dy = 9.2
Alt = 1.14E05 (79.3 + 21 BFi) DFi

JAFNPP has compiled Ait factors for total body and critical orgens

for the maximum exposed individual. These are included as table L1-3
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Case - Adult (Maximv ., expesed indiv) Aitr = (1.14E05)(730/Dy + 21BFi)DF
Pathway: Potable Water & Fish Air = (1.14E05)(7.93 + 21BFi)DF

otope Dw BFi(fish) DFi (whole Fodvy) DFi(crit orpam) Critical organ Aiz(yh.body) Aiz(CO
B 1._9.2 | o 0F-01 1.05 E-07 1,05E-07 Whole body | 3.21E-01 3.21E-(
itc " 4, 6ED3 5. 68E-07 | 2.84E-06 Bone |6.25E073 1, 12ED:
v Na | “ | 1,0E02 j 1.70E-N6 1.70E-06 | Whole body |4.08E02 Y, .0BED:
(?p | v | 1.0805 7.46E-06 1.93E-04 | Bone |1.78E06 4. 62EQ
jsigp | v | 2 0E02 2. 66E-00 6. HOE-07 | ¢1-LLI 1.27E00 3.20EOQ:
BAST s 4,0E02 ' 8,72E-07 1, 40E-05 CI-LL | 8.35E02 1. 34ED.
“GMn | " i 4 0EN2 2.04E-08 L, 3.67E-06 | GI-LLI 1.95E01 3.51E0.
 "“Fe | 1 1.0E02 ' 4. 4L3E-07 2.75E-06 Bone | 1.06E02 6 . 60EQ:
**Fe | " | 1.0E02 . 3.91E-06 3.40E-05 | GI-LLI | 9.39E02 5. 17E0:
SfCo | " | 5.0E01 | 1.67E-06 | 1.51E-05 | CI-LL | 2.01E02 1.82E0.
°co | " | 5.0E01 i 4.72E-06 | 4.02E-05 | GI-LLI | 5.69E02 /i . BLED'
FIND | “ | 1.0E02 | 4.36E-06 1.30E-04 | Bone 1.C4EQ3 3.12E0:
bSNy | " | 1.0E02 3.13E-08 1.74E-06 | GI-LLI 7.52E00 . 18EQ:
‘*cu | " ! 5,001 3.91E-08 7.10E-06 { GI-LLI 4. 71E00 8. S6EOQ.
. B 2,0EQ2 " 6, 96E-06 | _1.54E-05 | Liver | 3.33E04 [7.37E0-

| ‘*20 | " | 2.0E03 | 1.37E-09 1.97E-08  Liver 6 . SEE00 9.43E0
 fpy 1 4, 2EQ2 4 02E-08 5 . 79E-08 | GI-LLI | & D4LED] 5 . 82E0
| ::Br o | 4202 | 5.21E-08 | 5.21E-08 | Whole body |5.24E01 S . 24E0
*UBr " | 4.2E02 | 2. 14E-09 | 2.14E-09 " Whole body | 2.15E00 2. 15E0.
i *Rb cp " | 2.0E03 | 9.83E-06 | 2.11E-05 | Liver | 4.70E0& 1.01E0.
" Rb “ | 2.0E03 | 3.21E-08 . 6.05E-08 " Liver | 1.53E02 ~BIUED.
""Rb | " | 2.0E03 | 2.82E-08 " 4.01E-08 T Liver | 1.35802 [.97E0.
sy “ | 3.0E01 | §.84LE-06 | 3.08E-04 | Bone 6.42E02 2. 23E0.
. sr " | 3.0E01 | 1.86E-03 7.58E-03 _ Bone | 1.35E05 = .51E0
i ‘s | " 3.0E01 | 2.29E-07 | 2.70E-05 | GI-LLI | 1.66E01 1.96E0
‘sr | " | 3.0E0L g . 30E-08 | 4.26E-05 | GI-LLI | 6.76E00 3.09E0
Y | » | 2.5E01 | 2.56E-10 | 1.02E-04 | GI-LLI {1.56E-02 6.19E0
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AlT Liqui. >ffluent - JAFNPP .
Case -~ Adult (Maximum exposed indiv) Ait = (1.14E05)(730/Dy, + 21BFi)D}
Pathway: Potable Fish Ait = (1.14E05)(7.93 + 21BFi)DE

Y one DW BFi(fish) ie bod D crit organ) Critical organ wh.body) Ai+(CO)
vy | 9.2 | 2.s5m 3. 52E-12 2 . 67E-10 GI-LL1I 2. 13E-04 1, 62E-(
Y | 2.5E01 77E-09 7.76E-05 GI-LLI 2 .29E-01 %, 71EQ"
'y | " | 2.sE01 2. 478-11 1. 48E-05 GI-LLI 1.50E-03 18 . 99E0;
¥y | 2.5E01 7.40F-11 8.50E-05 GI-LLI 4,49E-03 5.16E0"
; 3. 3E0 5. 60E-09 3.09E-05 GI-LLI 5.81E-02 2. 72E0:
Zx " | 3 3E00 1.55E-10 1.05E-04 GI~LLI 1.36E-03 B, 24EQ:
Nb " 3, 0E04 1.86E-09 2, 10E~C GI-LLI 1.33E02 1.50E0¢
Mo | 1.0E01 §.20E-07 9.99E-06 GI=1L) 2.03ED1 2 . 48EO:
Te | 1.5E01 8.89E-09 4.13E-07 CI-1L1 3.27E-G1 1.52E0:
te | " 1,.5E01 3.59E-09 6.59E~ Kidney 1.32E-01 D 42E-(
R 1.0EM] 7.97E-08 2.16E-05 1=LLI 1.98E00 5. 36E0;
b v | 1.0E.1 6 .0RE-09 9. 42E-06 GI-LLI 1.51E-01 R . 3J4EQ;
Ru " 1. 0501 3 LRE-07 ] 78E-04 GI-LLI 8 _64EDD b L2EQ:
é& e (1) 8.79E-08 6.04E-05 GI-LLY 2 .89E-01 1.99E0:
e = " 4. 0E02 3.59E-07 1.09E-05 ¥idnev 3,4L4ED2 1.04E0¢
T P2 4L, 0ED2 8.25E-07 2.75E-05 Kidney 7.G0EQ2 P.63E0!
Te | te 4.0ED2 2.38E-08 8.68E-06 I LLI 2.28E01 B.31E0:
Te 3 " 4. 0ED2 1,82E-06 5. 79E-05 GI-LLI 1. 74E03 . S4LEO!
Te . [ & . QED2 7.65E-09 1.32E-07 ¥idney 7.33E00 1.26E0Z
Te | " &.0E02 7.05E-07 8.40E-05 GI-LLI 6.75E02 g .0SEO¢
e | " | 4,0E02 6.22E-09 8.63E-08 Kidney | 5.96E00 B.27E0]
Te | " | 4.0E02 1.53E-06 7.71E-05 GI-LLI | 1.46E03 ¥.39E0(
. | " | . .SE01 8.80E-07 | 1.89E-04 Thyroid 3.23E01 6.95E0"
; | " 1.5E01 .41E-06 1.95E-03 Thyroid 1.25F02 7.17E0¢
y - 1" 1.5E01 90E-07 1.90E-05 Thyroid 6.99E00 b .99E0
T | “ | 1.5E01 7.53E-0 3.63E-04 Thyrcid 2.77E01 - 33E0.
I v | 1.5801 1 -07 | 4_.GO9E-06 Thyroid | 3,79E00 1.83E0
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Cas. - Adult - (Maximum exposed indiv) Ait = (1.74E05)(730/D, 21BFi)DF

1

Pathway: Potable Water & Fish Ait = (L.14E05)(7.93 + 21BFi)DF

ntope = BFi (fish) Dfi(whole bodvy) DFi(crit orpan) Critical organ Air(wh body)AiT(CO,
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‘"t | 9.2 | 31,5801 o S 7 GSF-05 Thyreid 157501 2 81Ef
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Cs_| - 2. 0E03 2. 14E-05 . 1.09E-04 Liver *  1E05 | 5.21E(
r\

LOF-OF 1. 0OF-07 Liver 2. 4e09 |5 21E(

Ba | " L OEND 2 . B4LE-09 1.72E-07 GI-LLI . G7E-02 | 1.80E!
“YBa | 4 .0E0C 1. 33E-0¢ 4 05 GI-LLI | 1.39E01 | 4. 38E(
“‘Ba 5 B 4.0E00 1.59E-09 | &4 V1E-08 Bone 1.66E-02 Lé:93E'
““Bal " 4. 0E00 1.34E-09 2.13E-08 Bone 1.40E-02 [51235-
N 2, 5E01 3.33E-10 | 9.25E-05 GI-LLI 2.02E-02 5 61E!
"“1a " . 5E01 1.45E-11 4, 25E-07 SI<LLY 8.80E-04 2.5S8E(
“gel " | 1.0cE00 7.18E-10 2 .42E-05 Gi-1LT 2.365-03 7. 98E
*ce | . 1.0ED! 1.35E-10 4,56E-05 GI-LLI 4. LS5E-04 1.50E!
S 1, 0EN 2.62E-08 . 65E-04 GI-LLI 8.6HLE-02 5. LLE!
il £ . 2 _SE01L L BEE-1C 4 . 03E-05 6I-LLI 2.77E-02 | 2. LALE!
“Cpr | o 2. 5E0] 1,53E-12 3.01E-11] Bone G.29E-05 | 1.82E-
T - 5 <01 4 355-10 3.L9E- GI-LLI 2.64LE-02 |2.12E

05 .6 0
\2E-05 | GI-LLI 8.€4E01 ' 8. 10E’
5-05 1.6 0

1.2E03 .01E-08 2.8
“TTnp | 1.0E01 6 .45E-11 2 .LOE- GI-LLI 0E-03 5.96E
- | |
=~ | |
|- | '
: {
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SETPOINT DETERMINATION

LIQUID EFFLUENT MONITOR

The purpose of this section is to outline the mettod utilized at
JAFNPP to assure that the radioactivity release concentration in
the discharge tunnel does not exceed the values specified in
10CFR20, Appendix B, Table II, Column II for unrestricted areas.
The liquid effluent control monitor is set to alarm and auto-
matically close the waste discharge valve and terminate the release

prior to exceeding the limits referenced supra.

The calculated setpoints for the liquid effluent monitor satisfy

the folloving ecuation:

cf
FFI < C
Where
cC = the effluent concentration limit implementing 10CFR20 for
: the site in pci/ml. This value will be derived from

radioanalytical analysis of liquid effluent to be released.

This value will be supplied for each liquid release.
- - the setpoint, in pci/ml, of the liquid effluent monitor

measuring the radioactivity concentration in the effluent
line prior to dilution and subsequent release. This set-

point represents a value which, if exceeded, would result

in concentrations exceeding the limits of 10CFR20, Appendix

B, Table 1I, Column 11, to an unrestricted area.
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f = the liquid effluent flow as measured at the liquid effluent

monitor location in gallons/min,

F = the dilution water flow as determined via pump curves and
current plant operating configuration (measured in gallons/
min) .,

Note: F is large compared to f therefore F + f = }

The value C will be calculated for each release and the parameters
for f and F will be supplied based on current plant operating
configurations. The setpoint will be calculated in terms of

pei/ml and the liquid effluent monitor will be adjusted to insure
that liquid releases are secured prior to exceeding limits speci-
fied in 10CFR 20, Appendix B, Table II, Column II to an unrestricted

areada.

The method by which the liquid effluent monitor is calibrated

involves a series of detailed steps that basically are as follows:

1. An external radiation survey in the area of the liquid effluent
monitor is made to ascertain if background radiation levels
have changed subsequent to the previous calibration,

2. Detector high voltage is measured and various electronic para-
meters are reviewed to assure that the electronics hardware

is functional.

449 070
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3. A check source is inserted in the shield and the plateau of
maximum efficiency and stability is selected.

4. 4An efficiency calibration is performed by utilizing a series
of cannisters containing actual liquid waste effluent of
various radioactivity levels. Both the radiocactivity level
and isotopic content of the cannisters are ascertained by
multi-channel pulse height analysis.

5. The uci/ml concentrations for the above carnisters are plotted
versus the liquid effluent monitor readirg in c¢/s. A K-factor
is calculated (uci/ml per c¢/s) for each cannister. The average

of the K-factors is calculated and recorded.

An example of a typical liquid release setpoint calculation is

as follows:

Assume: C = 3E-07 peci/ml
f = 100gpm (63.3 ml/sec/gpm) = 6.33E03ml/sec
F = 3.78E05 gpm (63.3ml/sec/gpm) = 2.39E07ml/sec
¢ =
Where: e < CF
f

e < 3E-07uci/ml _2.39E07 ml/sec
N - 6.33E07 ml/sec

1.13E-03 pci/ml

]
i A

449 G4l
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The setpoint of 1.13E-03 pei/ml will be applied to the liquid
effluent monitor to insure concentrations of radioactive material
in liquid effluent released to unrestricted areas to not exceed
the limits specified in 10CFR 20 Appendix B, Table 1I, Column II.
Rarher, the liquid release will be determined via the operation

of a automatic isolation valve.
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IMPLEMENTATION OF 10CFR20 - AIRBORNE RELEASES
IODINES & PARTICULATES WITH HALF-LIVES
GREATER THAN 8 DAYS
Technical Specifications state: '"The instantaneous dose rate in

unrestricted areas due to radiocactive materials released in gas-

eous effluents from the site shall be limited to the following values:

b. The dose rate limit for all radiociodine and for all radio-
active materials in particulate form and radionuclides other
_than noble gases with half lives greater than 8 days shall
be < 1500 mrem/yr to any organ."
This specification shall be implemented using the following general
releationships:

v Pi EJsQis + \-JVQi\] < 1500 wmrem/yr
i

Where:

Pi = The dose paraneter for radionuclides other than noble
gases for the inhalation pathway in mrem/yr per uCi/m3
and for food and ground plane pathways in w? mrem/yr per
uCi/second. The dose factors are based on the critical

individual organ and most restrictive age group (infant),

Section PI-1 - of Gasecus Effluents - Calculation of Pi (inhalation),
contains the bases and models for calculation of Pi (inhalation) and

its tabulated values. Designated Pi (in).

&89 043
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Section PI-2 of this manual, Gaseous Effluents - Calculation
of Pi (ground plane) contains the bases and models for calculation

of Pi (ground plane) and its tabulated volumes, Designated Pi (gp),

Section PI-3 of this manual, Gaseous Effluents - Calculation
of Pi(food) contains the bases and models for calculation of Pi (food)

and its tabulated values. Designated Pi(f),

Pi (dep) = Pi(gp)+ Pi(f). Tabulated values of Pi(dep) are ‘ncluded

in this section,

éis = The release rate of radionuclide, i, in gaseous effluents
from free-standing stack in uci/sec.

éiv = The release rate of radionuclides, i, in gaseous effluents
from all vent releases, in uCi/sec.

Wy = The highest calculated annual average dispersion para-

meter for estimating the dose to an individual at the

controlling location due to free standing stack releases:

ws(in) = 8.07E-08 sec/m3, for the inhalation pathway,
stack release. The location is the unrestricted
area boundary in the ESE sector.

ws(dep) = 4. 79E-09 m'z, for the food and ground plane

pathway, stack release. The location is the

unrestricted area boundary in the east sector. .

449 04
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Wy = The highest calculated annual average dispersion
parameter for estimating the dose to an indivi-
dual at the controlling location due to alil vent

releases:

Wy(in) =  6.73E-07 s/m>, for the inhalation
pathway release. The location is the
unrestricted area boundary in the

ENE sector.

wv(dep) = 4.776-09 m-2 for the food and ground
plane pathway, vent release. The loca-
tion is the unrestricted area boundary

in the east sector.

To estimate the dose rate for radioiodines and radioactive material

in particulate form cther than noble gases, and with half-lives greater

»than 8 days the following relationship shall be used:

g{ Pi(in) |(Ms(in)) (Q)is + (wv(in)>(é)iQ] + Pi(dep) [(WS(dep))
l .
(Qis + (wv(dep))(Q)iv] = dose rate (mrem/yr)

L
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Cr-51
Mn-54
Fe-59
Co-58
Co-60
Zn-65
Sr-89
Sr-90
Zr-95
1-131
1-133
Cs-134
Cs-136
Cs-137
Ba-140
Ce-141
H-3
P-32
Fe-55
C-14

The concentration of H-3 in milk is base
rather than the deposition rate.

Pi(deposition) = Pi(food) + Pi(ground plane)

Pi (food)

. 18E06
.97E07
.99E08
.17EQ07

N W W B

.14E08

—

.94E10

—

.28E10
.24E11

oo -~

.46EO05

ot

.0BE12
. T4E09
.92E10
.88E09

o w»n O WO

.13E10
2 .46EO8
1.39E07
1.63E11
1.38E08
2.38EQ9

+

Pi(ground plane)

.88E06
.29E10
.56E08
.1BEO8
.17E09
.90E08
.58E04

.0BEO8
.98EO7
. 26E06
L 27E09
.41E08
. 34E09
.35E07
.19E07

=13

Pi(deposition)

1
1

8
6
5
2
1
1
4.
1
9
P
6
6
2
3

.27E07
. 29E10
.55E08
.79E08
.38BE09
.02E10
.28C10
.24E11

09E08

.0BE12
. 74E09
.25E10 .

.12E09
.26E10
.79E08
.58E07
.63Ell
.38E08
. 3BEQ9

d on its airborne concentracion

Pi(dep) = 2.4 x 103 mrem/yr per uCi/m3, for H-3 only
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IMPLEMENTATION OF 10CFR20 - AIRBORNE RELEASES
NOBLE GASES

Technical Specifications state:
"The instantaneous dose rate in unrestricted ireas due to radio-
active materials released in gaseous effluents from the site shall

be limited to the following values:

a. The dose rate limit for noble gases shall be < 500 mrem/yr
to the total body and < 3000 mrem/yr to the skin, and "
This specification shall be implemented using the following reia-
tionship:

Release rate limit for noble gases:

Z [(Ki)()?/Q)S(éis) + (Ki)(;—/Q)v(é))iv)) <500 mrem/yr, and
i

z ELi+1.1Mi)(§7Q)s(é)is + (Li+1.1Mi)(§7Q)v(é)iv] < 3000 mrem/yr
6

= ? BSi)(:7Q)S (é)is + (Si)(;7Q)V(é)iv] < 3000 mrem/yr

Ki = The total body dose factor due to gamma emissions for

each identified noble gas radionuclide, in wrem/yr per

uCi/m3.
Li = The skin dose factor due to beta emissions for each

identified noble gas radionuclide, in mrem/yr per

kCi/m3,
Si

(Li + 1.1 Mi) in mrem/yr per uCi/m>.




Mi
)
Qis
Qiv
(x/Q)s
e
. (x/Qv
-
-
|
-

18

The air dose factor due to gamma emissions for each
identified noble gas radionuclide, in mrad/yr per
pCi/m3 (unit conversion constant of 1.1 mrem/mrad
converts air dose to skin dose).

The release rate of radionuclides, i in gaseous eff-
luents from free-standing stack, in uCi/sec.

The release rate of radionuclides, i, in gaseous eff-
luent from all vent releases, in pCi/sec.

8.07E-08 sec/m3. For free-standing stack releases.
The highest calculated annual average relative con-
centration for any area beyond the unrestricted area
boundary.

6.73E-07 sec/m3. For all vent releases. The highest
calculated annual average relative concentration for

any area at or beyond the unrestricted area boundary.

L4D 043
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NUCLIDE
Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Kr-90
¥e-131m
Xe-133m
Xe~-133
Xe-135m
Xe-135
Xe-137
Xe-138

Ar-41

* from Regulatory Guide 1.109, Table B-1

*% Ki (mrem/yr per pCi/m

N WO e e e N e

N

Table NG-1

TOTAL BODY DOSE FACTORS

- BODY *
.56x10-8
.17x10-3
61x1073
.92x10°3
47x1072
L 66x1072
.56x10-2
.15x107°
.51x1074

.94x10~%

3.12x10-3

.81x1073
L 42x%10-3
.83x1073
.84x1073

3

Ki

S T - - - - - S

106
106
106
108
106
106
106
106
106
106
100
106
106
106
106

106 (pei/uci)

o

— W R =

-

o o = o= W N D

.92x10

.83x19

Ki #*

.17x103
61x101

3

47x10%
. 66%10%
.56x10%
.15x101
.s1x10}
,94x102
12x103

3

.81x10
42%103

3

.84x103

.56x10°2 -



NUCLIDE
Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Kr-90
Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138

Ar-41

.

N D e

.86x10°

o SN W
. s = = »

Table NG-2

SKIN DOSE FACTORS

.22x10-2
. 13x1073
.69x10"3

O MM MM oMM oM oM X X X M X X

* from Regulatory Guide 1.109, Table B-1

*¥* Li (mrem/yr per uCi/m3)

Y

N O N WY Sy - RO

. 73x10

.11x10
. 86x10°
.22x10%4

Li **%

c— i et

L46x103
. 34x103

.37x103
.01x10%
.29x103
. 76x%102
.94x102
.06x102

.13x103
69x103



L e

- e

-

AIF‘_' ¥y

NUCLIDE
Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Kr-90
Xe-131m

Xe-133m

Ye-137
Xe-138

Ar-41

Table NG-3

AIR DOSE FACTORS

Mi

Y = Aly *

1

1

.56x10

.93x1072
1.

23x10-3

.72x1072
17x1072
.52x1072
.73x1072
.63x1072

-4

L27x10°4
.53x107%
.36x10-3
.92x10" 3
.51x10"3
.21x10°3
.30x10"3

E - - - - - T T .

B

X

108 (pci/uci)

* from Regulatory Guide 1.109, Table B-1

*% Mi (mrad/yr per uCi /m3)

106
106

e

A

O O = - W W W e e

Mi F¥%

.93x101
.23x103
.72x101
.17x107
.52x10%
.73x10%
. 63x10%
.56x102
.27x102
.53x102
.36%10
.92x103
.51x103
.21x103
.30x10



NUCLIDE
Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Kr-90
Xe-131m
Xe-133m
Xe-133
Xe-135n
Xe-135
¥e-137
Xe-138

Ar-41

BN D e

w o s~

.34x10

*
Li

L L6x103

3

.73x103
.37x103
.01x10%
.29x103
.76x102
.94x102
.06x102
.11x102
.86x103
.22x10%
.13x103
.69%10°

% From Table NG-2

%% Frcm Table NG-3

AIP DOSE FACTORS

Table NG-4

Ve SR = R

wEE G4 (n‘.rem/yr per bCi/m3)

S1 = (Li+l.1Mi)

* %
Mi

.91x101
.23x103
.72x101
.17x10°3
.52x10%
.73x10%
.63x10%
.56x102
.27x102
.53%102
.36x103
.92x103
.51x103
.21x103
.30x107

(mrad/yr per uCi/m3)

(mrad/yr per uCi/m3)

Fhk

Si

(Li+1.1Mi)

gt P ) B O e ON N RN e e

.12E03

.81x10°3
.36x103
.62x10%
.91x10%
.91x10%
.52x10%
L48x10
.35%103

2

.94x%102
.41x10
.97x103

3

.39x103
.43x10%
.29x10%
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Y GASEOUS EFFLUENTS
CaLcutaTion oF Pr (INHALATION)
Section PI-1

The Pi parameter contained in the radioiodine and particulates Speci-

— e ey

fication represents the transport pathway of the ith radionuclide, the

receptors usage of the pathway media, and the dosimetry of the exposure.

—

Pathway usage rated and the interral dosimetry are functions of the
receotor's age; however, the youngest age group, the infant, +il1
alwai's receive the maximum dose under the exposure conditions for

Specification 3.11.2.1.

e D s

| Pi (irnalatiou) = K' (BR)DFAi (mrem/yr per uCi/m3)

|

r Where:

| K = a constant of conversion, 106pCi/pCi

| = BR = the breathing rate of the infant age group (1&00m3/yr)
‘ll ,

| DFAi = the maximum organ inhalation dose factor for the infant
|

| r age group for the ith radionuclide, in mrem/pCi.

i - Taken from Table E-10 of Regulatory Guide 1.109.

; I Resolution of units yields:

( Pi (inhalation) = 1.4 x 10% DFai

- 449 053
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P{ (inhalation)

1 Pi
NUCLIDE CONSTANT DFAL ORGAN 'n‘rcm/yr:spe"
(pCi/uCi) (mrem/pCi) pCi/m”)
H-13 1 4E09  4.62E-07 Total body 6. 47F02
Lt SR S AR - -t FEEE TR B e
Cr-51 _ - 9.17E-06 Lung 1 1 1.2BE04
L Mn-54 7.14E-04 Lung 1.00E06
— = o bl - S SN L L e
| Fe-59 7.25E-04 Lung _1.02E06 _
0-58 B - _5.55E-04 Lung __.--__7,_'__72”»)5_’-_._4
0-60 3,22E-03 Lung . 4, 5]E06 |
Zn-65 4.62E-04 Lung 6.47E05
N — - - IS P eeaa— - - 74._1
Sr-89 1.45E-03 Lung 1.03E06
Sr-90 2.92E-02 Bone 4.09E07
Zr-95 1.25E-03 Lung __1.75E06 |
I-131 1.06E-02 Thyroid 1.48E07_
1-133 _ _2.54E-03 | Thyroid ___3.56E06
Cs-134 5.02E-04 Liver __ 7.03E05 )
Cs-136 - B 9.61E-05 Liver __1.35E05 |
Cs-137 - 4.37E-04 Liver _6.12E05 |
Ba- 140 1.14E-03 A Lung 1.60E06
Ce-141 3.69E-04 Lung 5.17E0S
———e - W r —— - —~ ———
S SRS VL B N
P-32 - . 1.45E-03 Bone 2.03E06
B P poNJRUS L LEO0NE A0 -
jfeve LY 6.21E-05 | |tmg | | 9.25E04
C-i4 | | 7 1.8%E-05 Bone 2.65E04
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GASEOUS EFFLUENTS
CarcutaTion oF P1 (Grounp PLANE)
Section PI-2

The factor Pi (ground plane) runresents the dose parameter contained
in the radioiodine and particulates Specification for the ground plane
pathway. This dose factor is based on the critical individual organ

(skin or total body), and the most restrictive age groups (infant).

Pi = K'K"DFGi (l-e')it)/ki (m2 mrem/yr per uci/sec)
Where:

K' = Constant of unit conversion, 106 pCi/uCi
K" = Constant of unit conversion, 8760 hr/yr
Ai = Decay constant for the ith radionuclide sec™1

t = Exposure peried, 3.5 x 107 sec (: year)
Resolution of units yields:

Pi (ground plane) = B8.76E09 DFG; (1-€*1t)/xi

The deposition rate onte the ground plane results in a ground plane
concentration that is assumed to persist over a year with radiological
decay the only operating removal meclianism for each radicnuclide. The
ground plane dose conversion factors for the ith radionuclides, DFGi,

are taken frem Regulatory CGuide 1.109, Table E-6

449 085




Pi (ground plane)

NUCLIDE

-ﬂ

S

H-3

o <

-
Cr-51
3 Mn-54
Fe-59
-t -

-ﬁ
2
3
(@2

—
!

N

=

]

| o
wn

—~—

CORSTANT

e e S .4

87_7(,}1[)9_““

DFGi
(myem/hr

per pCi/m?)

0

2.60E-10

6.80E-09

9 .4FE-09 '

8.20E-09
2.00E-08

4.60E-09

__6.50E-13

3.40E-09
4.50E-0%

-
<
73
>
oo

4.90E-09
) LOGE-G

0

—

4,

Y.

5.

6.

8.

2

(svc-l)

. J8E-09 |

.B9E-07

:) E-08
ﬁ" L N (\ 7

. 29E-08
. 98E-07
.60E-10

L22E-07

95E-07

26E-J6
LO7E-08
l "j }i’(’) 7 _—

. 28E-10

27E-07

.4LB8E-07

L61E-07

14E-.,

B4E-12

44

Pi

(m2mrem/yr
per uCi/sec)

5.17E09 |

7.90F08 |

_3.58EQ4
0

4 . 0BEO8 |

2.98E07 |

4.26E06

2,.41E08 |
1.34T09
3.35E07 |
2.19807 |

v -
O~~_ —

R, —
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GASEQUS EFFLUENTS
Carcuration oF P1 (Foob)
Section PI-3

The factor Pi (food) represents the dose parameter contained in the
radioiodine and particulate Specification for the food pathway.
The organ with the maximum ingestion dose factor will be the liniting

crgan, and the infant, the limiting age group.

F
1
f Pi (food) = K’r[ggig?l%fgﬁ Fm DFLi[:e-\itﬁ] (m2. mrem/yr per uCi/sec.
l
| Where:
F K' = Constant of conversion
| QpF = The cow's consumption rate, in Kg/d~y (wet weight)
E Uap = The infant's milk consumption rate, in liters/yr
: Yp = The agricultural productivity by unit area, in
! Kg/m2
E:r‘ Fm = The stable element transfer coefficients, in
days/liter

r r = Fraction of deposited activity retained on cow's
| ~ feed grass

‘ DFLi = The maximum organ ingestion dose factor for the
' ith radionuclide, in m rem/pCi
; 31 = The decay constant for the ith radionuclide, in gac-1
f :‘ 2w = The decay constant for removal of activity on leaf
:r< and plant surfaces by weathering, 5.73 x 10-7
E sec-l (corresponding to a 14 day half-time)
E B tf = The transport time from pasture to cow, to milk,

to infant, in sec

£49 057
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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.

Regulatory Guide 1,109 provides the following paramaters:

1. Qf = 50Kg/day (Table E-3)

2. Uap = 330 liters/yr (Takle E-5)

3. Yp = 0.7 Kg/m2 (Table E-15)

4. tf = 2 days (1.73 x 103 sec) (Table E-15)

5. r = 1.0 for radioiodines; r = 0.2 for particulates (Table I-15)
6. Fm values - Table E-1

~J

DFLi values - Table E-14

Resolution of units yields (all radionuclides except H-3):
1 = 10 _.._rgln.__ i -Aitf 2
Pi (food) 2.4 x 10 AT DFLi [e ] (m¢., m rem/yr

per uCi/sec)

The concentration of tritium in milk is based on its sirborne concen-

tration rather than the deposition rate.

Pi = K'K" Fy QF Uap DFLi |0 75(0.5/}{)]

Where:
K'Y = Constant of conversion, 103 gm/kg
H = Absolute humidity of the atmosphere in gm/m3 :
0.75 = Fraction of total feed that is water

|
0.5 = The ratio of the specific activity of the feed grass |
|

water to the atmospheric water
A7) nr |
4‘§/ v 4 1
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Regulatory Guide 1.109 provides the following parameters:

1. Fm= 1.0 x 10°2 day/liter (Table E-1)
2. DFLi = 3.08 x 10°7 m rem/pCi (Table E-14)

Assuming an average absolute humidity of 8 grams/m3, the resolution

of units yields (H-3 only)

Pi (food) = 2.4 x 103 m rem/yr per uCi /m3
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Cs-134
C-136
C§-1§7

BEa-140

"ONSTANT

I —————
pea—a——

2, 4610 |

ENIPRUEREE—— C

2,2E-03 2.89E-O75.73E—0J3.11E-07 1.73E05 4. 78E06
AT kel AN e L 3

1.2E-03

1

l,_

3.

6.

!
N

.OE-04

LOE-~

AW

DFLi

tf

Pi

.0E-03

:OE-OB

9E-02

.0E-04

.0E-06

03

0E-03

NR——

412.57E-08

02 6.17E-0

D4} 6.27E

—— e

1.80E-07

1;}3Ef0?

9.1§ﬁ70? N

3.29E-084 _

1_' .5?!_:”

7.60E-1(

1,22E-0%

9.95E-01
9.26E-06

1.07E-01

].28E~1(

wn
—
m
|
-~

‘ﬂ f! ’
o ot e

1. 35E-04

1.99E-05
5.38E-05

3.98E-06

() . 1’?}:—0‘)

3.31E-03

Ji .OBE»—(”«

6. 11E-04

1.7]E-O&

rNo

GLBE-05

2.37E-095

2.57E-05)

1.70E-073

1.39E-05

B

3.97E07 |

6.17E07
-...___*

9.74E09

16.92E10 |

§6.13E10 |

e e e el

3.99E08 __

1.94E10_|

1.08E+12

5.88E09

m—

2.46E08

R

1.39E07

—

1.63E11

1.38E08

—

2.38E09




N GASEOUS EFFLUENTS
SETPOINT DETERMINATIONS

Setpoint determinations are provided in this section for the following

1. Reactor Building Ventilation Exhaust

r release points:

i

& 2. Reactor Building Refueling Floor Ventilation Exhaust

Ir 3. Radwaste Building Ventilation Exhaust

|'; 4, Turbine Building Ventilation Exhaust

| 5. Main Stack

![. Calculated setpoints represent a safe margin of assurance that the

E._ instantaneous gaseous release rates will not produce a dose rate to an
il individual at or beyond the site boundary equal to or greater than

500 mrem/yr total body, or 3000 mrem/yr skin, based on radioactive

noble gases.

I. Bases:

To achieve a reasonable level of operational flexibility while
maintaining a safe margin of assurance that instantaneous gaseous
release limits are not exceeded, the following calculational bases
-

' are =i forth:

A. Limit appertionment

™ with .he following release path apportionment:

|

|

| .

I ) For cor servatism 75% of the dose rate limit will be allowed
|

! 1. 15% of limit applied to Reactor Building Vent Exhaust

1

}

| : &4 061
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2. 15% of limit applied to Reactor Building Refueling
Floor Vent Exhaust,
3. 18.75% of limit applied to Radwaste Building Vent Exhaust

4. 18.75% of limit applied to Turbine Building Vent Exhaust

wn

7.5% of limit applied to Main Stack

Using these conservative assumptions, simultaneous attainment of
all setpoints would actuate alarm/trip conditions at 75% of
the allowable instantaneous release rate, not considering any

other built-in conservatisms,

Atmospheric dispersion factors

1. (x/Q) stack 8.07E-08 sec/m3

2. (i]ﬁ) vent 6.73E-07 sec/m3

The chosen atmospheric dispersion factors are the most restric-
tive, site boundary, vent and stack x/Q values calculated

using site historical annual average meterological data.

Caseous Effluent Component Determination

To reflect a conservative and realistic approach in deter-
mining isotopic make-up and calculation of appropriate dose
factors for application in setpoint determination, a "weighted
average" method is used. This method reflects the contribu-
tion of specific radionuclides in the effluent stream, and

applies the requisite dose factor for that radionuclide in

449 062
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weighted manner to the overall effluent stream. To ascertain
a representative sample of effluent stream, 18 months of

typical operating data is used,

I1. Calculations (ground level releases):
A. Calculation of weighted average Ki - Average Weighted Total

Body Dose Factor.

' 1. Reported releases for the first half of 1976 and a'l of

{r' 1977 - noble gases, ground level are used.

r

'} Nuclide | Fraction of Total Ki # Weighted Ki
=

,]l © Kr-85 0.000 1.61E01 0.00

h— Kr-85m 0.023 1.17E03 2.69E01
| Kr-87 0.001 5.92E03 5.92E00
[ xe-ss 0.002 1.47E04 2.94E01
] _ Xe-133 0.592 2.94E02 1.74E02
1 Xe-135 0.053 1.81E03 9.59E01
!,-— Xe-135m 0.001 3.12E03 3.12E00
]i Xe-138 0.000 8.83E03 0.00
| P Xe-133m 0.001 2.51E02 2.15E-01
i _ Xe-13lm 0.000 9.15E01 0.00
[} Ar-u1 0.001 8.84E03 8. 84LEOD
E rxidentified 0.324 1.66E04 * 5.38E03
L *% Weighted average Ki = 1.14E03 . .

449 065

j{. # Total body dose factor (mrem/yr per pCi/m3)

| * Unidentified nuclide assumes highest possible Ki (Kr-89) |
" ** Nuclides with 0.001 fraction of total or less not included in weighted Ki

e L S S

e R RO =,
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Reactor Building Vent Exhaust:
1. Weighted average Ki = 1.14E03 mrem/yr per ;sCi/m3
2. Monitor calibration factor = 1.32E-02 uCi/sec per CPM

(Ki) (x/Qv(@iv = (.15)(500) mrem/yr)
(1.14E03) (6.73E-07) (Q)iv = 75 mrem/yr
(Q)iv = 9.78E04 uCi/sec

Setpoint = |9.78E04 uCi CPM sec
= 7.52E06 CPM
sec 1.3E-02 uCi

Assume 20% additional conservatism for instrument error, etc:

N

(7.52E06CPM) (0. 8)

6.00E06 CPM Setpoint

Reactor Building Refueling Floor Vent Exhaust:

1. Weighted average Ki = 1,14E03 mrem/yr per uCi/m3
2. Monitor Calibration Factor = 1.8E-02 uCi/sec per CPM
(Ki) (x/Qv(Qiv =  (.15)(500) mrem/yr)

(1.14E03) (6 .73E-07) (Q) iv 75 mrem/yr

]

(Qiv 9.78E04 1Ci/sec

147 0G4
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L Setpoint =| 9.78E04uCi CPM sec | . s 43E06 CPM

I' sec 1,82E-02uCi

:

|

ik Assume 20% additional conservatism for instrument error, etc:
i
! (5.43E06CPM) (0.8) = 4.3E06 CPM Setpoint

D. Radwaste Building Vent FExhaust:
1. Weighted average Ki = 1.14E03 rrem/yr per pCi/m3

2. Monitor calibration Factor = &4.4E-01 uCi/sec per CPM

| Ki) (x/Qv(Qiv = (.1875)(500 mrem/yr)
(1.14E03) (6.73E-07) (Q)iv = 93.75 mrem/yr
}
' ()iv = 1,22E05 uCi/sec
Z’ Setpoint = 1,22E05,Ci CPM sec
b S : = 2.77E05 CPM
sec 4. 4E-01uCi

'.r"

(2.77E05CPM) (0.8) = 2.2E05 CPM Setpoint

i

E. Turbine Building Vent Exhaust:
1. Weighted average Ki = 1.14E03 mrem/yr per pCi/m3

2. Monitor calibration factor = 4.3E-02 uCi/sec per CPM

e

| .

| 447 055
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Assume 20% sdditional conservatism for instrument error, etc:
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(K1) (x/Qv(Qiv = (.1875)(500 mrem/yr)
(1.14E03)(6.73E-07)(é)iv = 093,75 mrem/yr
(Qiv = 1,22E05 uCi/sec
Setpoint = 1.22E05uCi CPM
etpoin 1:.L2E03uCL |t LEM see = 2.84LE0D6 CPM
sec £:3E-02 uCi

Ass .me 207 additional conservatism for instrument error, etc:

A\

(2.84E06CPM) (0.8)

n

2.2E06 CPM Setpoint

Comparison of Total Body Dose vs Skin Dose:

1. Calculation of weighted average Ni - Average Weighted Skin
Dose Factor

2. Reported releases for the first half of 1976 and all

of 1977 - noble gases, ground level are used.

&ﬁﬁ Qub
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(Ki) (x/Qv(Q i~ = (.1875)(500 mrem/yr)
- (1.14E03) (6. 73E-07)(Q)iv = 93.75 mrem/yr
i .
' (Qiv = 1.22E05 uCi/sec
-
l_ N .
Setpoint = 1.22E05uC1i CPM sec
- P =il = 2.84E06 CPM
. sec 4.3E-02 uCi
re
I
- Assume 207 additional conservatism for instrument erroi. etc:
‘ "
- (2.84E06CPM)(0.8) = 2.2E06 CPM Setpoint
- F. Comparison of Total Body Dose vs Skin Dose:
1. Calculation of weighted average Ni - Average Weighted Skin
-
Dose Factor
- 2. Reported releases for the first half of 1976 and all
of 1977 - noble gases, ground level are used.
-
o
-
"
P
. ne g
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1
1 Nuclide Fraction of Total Nif Weighted Ni
“
I Kr-85 0.000 1.36E03 0.000
1 Kr-85m 0.023 2.81E03 6.46E01
Kr-87 0.001 1.59E04 1.59E01
T kr-ss 0.002 1.91E04 3.82E01
| Xe-133 0.592 6.94E02 4.11E02
1 ¥2-135 0.053 3.97E03 2.10E02
= Xe-135m 0.001 4 .41E03 4.41E00
| Xe-138 0.000 1.43E04 0.000
T Xe-133m 0.001 1.35E03 1.35E00
E Xe-131m 0.000 6.48E02 0.000
Ar-41 0.001 1.29E04 1.29E01
"“Fdentified 0.342 2.91E04 * 9.95E03
.} *% Weighted Average Ki = 2.13E03
?f¢ # Skin Dose Factor (mrem/yr per uCi/mB)
. * Unidentified nuclide assumes highest =ossible Ni (Kr-89)
i wk Nuclides with 0.001 fraction of total, or less not included in
r~ weighted Ni.

( 549 068
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G. Reactor Building Vent Exhaust:

1. Weighted average Ni = 2.13EC3 mrem/yr per uCi/m3

(ND) (/D (@ iv =  (0.15) (3000 mrem/yr)

(2.13E03) (6.73E-07) (Q)iv 450 mrem/yr

L S — L ——

. *
(Qiv 3.14E05 uCi/sec

* Total Body More Restrictive

H. Reactor Building Refueling Floor Vent Exhaust

1. Weighted average Ni = 2.13E03 mrem/yr per pCi/m3
(Ni) (x/Qv(Qiv = (0.15)(3000 mrem/yr)
(2.13E03) (6.73E-07) (Q)iv = 450 mrem/yr
(Qiv =  3.14E05 uCi/sec *
* Total Body More Restrictive

I. Radwaste Building Vent Exhaust

449 (69

1. Weighted average Ni = 2.13E03 mrem/yr per pCi /w3
[ (NL) (x/Q)v(Q)iv =  (0.1875) (3000 mrem/yr)
{ l (2.13E03) (6.73E-07) (O)iv =  562.5 mrem/yr
‘ { (Qiv =  3.92ED5 yCi/sec *
| l * Total Body More Restrictive

L—LI e e e e s s S A - B—— V——
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J. Turbine Building Vent Exhaust

1. Weighted average Ni = 2.13E03 mrem/yr per pCi /m3

(N1) (x/Q)v(Q)iv (0.1875) (3000 mrem/yr)

l

(2.13E03)(6.73E-07)(é)iv 562.5 mrem/»

(Qiv 3.92E05 1Ci/sec

* Total Body More Restrictive
Calculations (elevated release):

A. Calculation of weighted average Ki - Average Weighted Total
Body Dose Factor.
1. Reported releases for the first half of 1976 and all of

1977 - noble gases, elevated releases are used.
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-
Nuclide Fraction of Total ki # Weighted Ki

-
Kr-85 0.032 1.61E01 5.15E-01

P Kr-85m 0.081 1.17E03 9.48E01
Kr-87 0.035 5.92E03 2.07E02

[ kr-88 0.087 1.47E04 1.28E03

" Xe-133 0.392 2.94E02 1.15E02
Xe-135 0.302 1.81E03 5.47E02

- Xe-135m 0.000 3.12E03 0.000
Xe-138 0.012 8.83E03 1.06E02

[ Xe-133m 0.007 2.51E02 1.76E00

E Xe-131m 0.042 9.15801 3.84E0C
Ar-41 0.009 8.84E03 7.96E01

[‘Uniduntxfied 0.002 1.66E04 * 3.32E01

Weighted Average Ki =  2,24E02

|

# Total Body Dose Factor (mrem/yr per pCi/m3)
2 * Unidentified nuclide assumes highest possible Ki (Kr-89)
f AK Nuclides with 0.000 fraction of total not included in weighted Ki

B. Main Stack:
1. Weighted average Ki = <.24E02 mrem/yr per LCi/m3

i 2. Monitor calibration factor = 5.2E-01 uCi/sec per CPS

-
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Nuclide

Kr-85
Kr-85m
Kr-87
Kr-88

Xe-133

(K1) (x/Q)s(Q)is

(2.24E02) (8.07E-08) (Q)is

(é)is

Setpoint = 2.07E06uCi

sec

Assume 207% additional conservation for instrument error, etc:

(3.C8E06CPS) (0.8)

.

~

i

« 3>

(0.075) (500 mrem/yr)

37.5 mrem/yr

2.07E06 uCi/sec

CPS sec

.2E-01 uCi

3.98E06 CPS

3.CE6 CPS Setpoint

Comparison of Total Body Dose vs Skin Dose:

1. Calculation of weighted :verage Ni - Average Weighted Skin

Dose Factor

2. Reported releases for first half of 1976 and all of 1977

noble gases, elevated releases are used,

Fraction of Total

.032
.081
.035
.087

o O O o

0.392

Ni #

1.36E03
2.81E03
1.59E04
1.91E04

6.94E02

Weighted Ni

4.35E01
2.28BE02
5.56E02
1.66E03

2.72E02

447 072
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( Nuclide Fraction of Total Ni # Weiphted Ni
Xe-135 0.302 3.97E03 1.20E03
Xe-135m 0.000 4.41E03 0.000
Xe-138 0.012 1.43E04 1.72E02

-
Xe-133m 0.007 1.35E03 9.45E00

- Xe-131m 0.042 6.48E02 2.72E01
Ar-41 0.009 1.29E04 1.16E02

M Inidentified 0.002 2.91E04 * 5.82E01

- *%  Weighted Average Ni = 3.96E02

- # Skin Dose Factor (mrem/yr per uCi/m3)

| & * Unidentified nuclide assumes highest possible Ni (Kr-89)
u *%  Nuclides with 0.000 fraction of total are not included in weighted

Ni.

D. Main Stack

3.96E02 mrem/yr per pCi/m3

"

1. Weighted average Ni

i

| (N1) (x/Q)s(Q)is (0.075) (3000 mrem/yr)

(3.96E02) (8.07E-08) (Q)is

]

225 mrem/yr

7.04E06 uCi/sec *

]

(Q)is

Total Body More Restrictive

449 073
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CALCULATION OF DOSE

10CFR50
IODINES & PARTICULATES

Technical Specifications limit the dose to an individual from
radioiodines, radioactive materials in particulate form, and
radionuclides other than noble gases with half-lives greater

than 8. days in gaseous effluents released to unrestricted areas

to the following:

1. During any calendar quarter to < 7.5 mrem,

2. During any calendar year to < 15 mrem.

Dose is determined as follows:

1. During any calendar quarter:

~ " W A
3.17 x 10-8 L Ri[stis + wqis + W Q5 + quiv] < 7.5 mrem
i

2. During any calendar year:

Y Y v v
3.17 x 1078 § Ri[ﬁsQis + wgqis + W Qjy + quigl < 15 mrem

Where:

27

Qi = The releases of radionuclides, radiocactive materials
in particulate form, and radionuclides other than

noble gases in gaseous effluents, i, for long term

449 074
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releases greater than 500 hrs/yr, in uCi. Releases
shall be cumulative over the calendar quarter or

year as appropriate.

The releases of radionuclides, radiocactive materials
in particulate form and radionuclides other than
noble gases in gaseous effluents, i, for short term
releases equal to or less than 500 hrs/yr, in uCi.
Releases shall be cumulative over the calendar

quarter or year as appropriate.

The dispersion parameter for estimating the dose
to an individual at the controlling location for

long term releases (greater than 500 hrs/yr):

o 3
W (x/Q) for the inhalation pathway in sec/m .

=
!

(D/Q) for the food and ground plane pathways

in meters

The dispersion parameter for estimating the dose to
an individual at the controlling location for short

term releases (equal to or less than 500 hrs/yr):

(x/q) for the inhalation pathway in sec/ma.

€
i

€
i

(D7q) for the food and ground plane pathway in

meters
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The inverse of the number of seconds in a year.

The dose factor for each identified radionuclide,
i, in mz (mrem/yr) per pCi/sec or mrem/yr per

L.Ci/mB.

lculated using the following formula:

I " "
1 Ry [t-:bois b w.qig + WQpy + VS‘H\]* Wi g
) v \ 3 C M v g
Ry, + Ril* vgdig | Ry + Ry + Ry + Ry[+ W Q5

1. all W and w factors in the first argument are the

appropriate (x/Q) values.

of

i

& . 11 ‘_‘,

‘}I(

ind w factors in the 2nd, 3rd, 4th, and 5th terms

o
S

equation are appropriate (D/Q) values.
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’ f. S Ri Factors
."" .- Inif'anf Child G Infant C_hild 'ChiId Child
{ clide  Ri[x/q] RS [x/q] ,.ii_[l'ﬂ- RE(D/Q)  RC(p/dl  R'[o/qg R'[prd)
f‘r-Sl 1. 28E04 1.70E04 5.52E06 | 4.71E06 5.41E06 4.67E05 | 6.23E0
Mn-54 1.00E06 1.58E04 1.62509 | 3.90E07 2.10E07 8.02E06 | 6.65E0
i e-59 1.02E06 1.27E06 3.20E08 | 3.92E08 2.03E08 | 6.34E08 | 6.69E0
lcO-ss 7.77E05 1.11E06 4 . 45E08 | 6.06E07 7.08E07 9.59E07 | 3.76E0
L0-60 4.51E06 7.07E06 2.53E10 | 2.10E08 2.39E08 3.84E08 | 1.71E0
i'n-es. 6.47E07 9.95E05 8.57E08 | 1.91E10 1.10E10 1.00E09 | 2.16%E0
Sr-89 2.03E06 2.16E06 2.52E04 | 1.26E10 6.63E09 4.83E08 | 3.61L1
i_r-9o 4.09E07 1.01E08 « » =~ «§ 1. 2781} 1.12E11 1.04E10 | 1.24E1
(2r-95 1.75E06 2.23E06 2.92E08 | 8.31E05 8.84E05 6.18E08 | 9.02E0
o131 1.48E07 1.62E07 2.10E07 | 1.06E12 4.35E11 5.55E10 | 4.77E1
[ 133 3.56E06 3.85E06 2.98E06 | 9.60E09 3.95E09 1.30E02 | 8.20EQ
Cs-134 7.03E05 1.01E06 7.97£09 | 6.81E10 3.72E10 1.51E09 | 2.63E1
(4 -136 1.35E05 1.71E05 1.69E08 | 5.77E09 2.76E09 4.38E07 | 2.22E0
‘r,-137 6.12E05 9.07E05 1.20E10 | 6.03E10 3.23E10 1.33809 | 2.39E1
a-140 1.60E06 1.74E06 2.35E07 | 2.41E08 1.17E08 4.39E07 | 2.77E0
(! -141 5.17E05 5. 44E05 1.53E07 | 1.37E07 1.36E07 1.38E07 | 4.06L0
H-3 6.47E02 1.12E03 0 2.38E03 3.51E02 2.34F02 | 4.01B0’
E L‘zz 2.03E06 2.60E06 0 1.61E11 7.79E10 7.43E09 | 3.38E0
| 2-55 8.69E04 1.11E05 0 1.35E08 1.12E08 4.58E08 | 8.01E0
C-14 2.65E04 3.59E04 0 2. 34E09 1.20E09 3.84E08| 8.89E0
| .
DD I U S S S L S—
449  Gif
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Ry + Ri + Ri + Ry

Nuclide R Child A _Infant__ .

Cr-51 . 76EQ07 .02E07
Mn-54 . 31EQ09 .66E09
.83E09 .12E08
.88E08 .06E08
. 76E10 .55E10
.50E10 .00E10
.32E10 .26E10
.36E12 .22E11

.81EC9 2. 93E08
. 38E11 .06E12

L

. 77E09 .60EQ09
. 30E10 61E10

. 19E09 ). 94E09

P-'.—

.95E10 .23E10
.61E08 .65E08
.49E08 2.90E07
.60E03 2.38E03
3.87E10 .61E11

. 37E09 .35E08

2 .47E09

‘!—O‘ F. F«
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CALCULATIO
CULATION OF Ri[x/Q]

INHALATION PATHWAY FACTOR

I
Ry [1/0} = K' (BR)a(DFAi)a (mrem/yr per ‘uCi/m3

Where:
- " o 6 . ;
K = constant of unit conversion, 10" pCi/uCi

(BR)a = breathing rate of the receptor of age group (a)

in m3/yr.

(DFAi)a = The maximum organ inhalation dose factor for the
receptor of age group(a) for the ith radionuciide,
in mrem/pCi. The total body is considered as an

organ in the selection of (DFAi)a.

Only the infant and the child R factors are calculated for the
purpose of this manual, since they are the most restrictive age

ETOups.

Breathing Rates:
Infant = 1400 (m3’Yr) o

Child 3700 (m>/yr) *

* From Table E-5 of Regulatory Guide 1.109
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Rj Infant
(pCi/uCi)| (m3/yr) mrcm/Pci* 1 .
Radionuclidef ~ K' | BR " | DFAL_ | Orpan | Ri mren/yr per yci/n? |
Cr-51 106 1.4803 | 9.17E-06 | Lung 1.28E04
Mn-54 7.14E-04 | Lung 1.00E06
Fe-59 7.25E-04 Lung 1.02E06
Co-58 5.55E-04 Lung 1. 1TEDS
Co-60 3.22E-03 | Lung 4.51E06
Zn-65 4,.62E-04 Lung 6.47E07
Sr-89 1.45E-03 Lung 2.03E06
Sr-90 2.92E-02 Bone 4 .09E07
2r-95 1.25E-03| Lung 1.75E06
1-131 1.06E-02 |[Thyroid 1.48E07
I-33% 2.54E-03 |Thyroid 3.56E06
Cs-134 5.02E-04 Liver 7.03EQ5
Cs-136 9.61E-05 Liver 1.35E05
Cs-137 4.37E-04 Liver 6.12EQ05
Ra-140 1.14E-03 Lung 1.60E06
Ce-141 3.69E-04 Lung 5.17E05
H-13 4.62E-07 Body 6.47E02
P32 1.45E-03| Bone 2.03E06
Fe-55 6.21E-05 Lung 8.69E04
C-14 . 1.89E-05 Bone 2.65E04
v v

* From Table E-10, Regulatory Guide 1.109

AN
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R; Child
(pCi/uCi)| (m3/yr) mrem/Pci* I
Radionuclidel ~ K' | "BR | DFAL | Organ | Ri mren/yr per wCi/m?

Cr-51 10° 3.7E03 | 4.59E-06 | Lung 1. 70E04
Mn-54 4.26E-04 | Lung 1.58E06
Fe-59 3.43E-04 Lung 1.27E06
Co-58 2.99E-04 Lung 1.11E06
Co-60 1.91E-03 Lung 7.07E06
2n-65 2.69E-04 Lung 9.95E05
Sr-89 5.83E-04 Lung 2.16E06
Sr-90 2.73E-02 Bone 1.01E08
Zr-95 6.03E-04 Lung 2.23E06
1-131 4.39E-03 |Thyroid 1.62E07
1-133 1.04E-03 |Thyroid 3.85E06
Cs-134 2.74E-04 | Liver 1.01E06
Cs-136 4.62E-05| Liver 1.71E05
Cs-137 2.45E-04 Bone 9.07E05
Ba-140 4,.71E-04 Lung 1.74E06
Ce-141 1.47E-04 Lung 5.44E05
H-13 3.04E-07 Body 1.12E03
P-32 | 7.04E-04 Bone 2.60E06
Fe-55 3.00E-05 Lung 1.11E05
C-14 ‘; ~i 9.70E-06 Bone 3.59E04
* From Table E-9, Regulatory Guide 1.109
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G
CALCULATION OF Ry [p/Q)
GROUND PLANE PATHWAY FACTOR

K'K'"' (SF) DFGy [(1-e'l1 t)/%;] (mz' mrem/yr per

uCi/sec)

A constant of conversion, 106 pCi/uCi
A constant of conversion, 8760 hr'/yr
: : : -1
Decay constant for the ith radionuclide, sec

The exposure time, 4.73 x 108 sec (15 years)

The ground plane dose conversion factor for the ith

l')
radionuclide (mrem/hr per pCi/m")

fhielding factor (dimensionless)
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-(pCi/pCirhr‘/yr * *% | (sec) | (sec™D) G
Nuclide K' K'' SF DFGi t A Ri

— S e IS W

cr-s1 | 10° '8 76£03 [7.0E-01] 2.6E-10 |4, 73E08p . 89E-07|  5.52E76

PR, e —— e et e et et et S

| moesa f ) b | e.8e-09 | p.s7e-08]  1.62E09

e e e e 4

Fe-59 | 9.4E-09 1.80E-07|  3.20E08

Co-358 8.2E-09 1.13E-07| 4. 45E08

T e e S ———— SE— ettt} ettt e —

RIS C— i i <l et ———— nta-iRedpe——

Co-60 | 4  2.00E-08 . 18E-09|  2.53E10

= NN .. = - s SN

Zn~65 4.6E-09 3.29E-08]  8.57F08

R B  HEER R IRECRR, BRI ===, ey f———ew—————

__6.5E-13 | L . 98E-07]  2,52EQ4 |

b ———  —

5r-90 not glven 7 . 60E-10 0

Zr-95 5.8E-09 E 22E-07|  2.92F08 |

R ———— —— e ———— — _——————_——— - _— e

[R5 -0 S R SR S 3.4E-09 | ~ P.95E-07f 2.10EN7 |

. 26E-06  2.98E06

g
CCs-134 | | | 1.4e-08 | __ k 07E-08f  7.97E09

Cs-136 1.7E-08 b.17E-07 '1.69EC8

———— — —ee e ——— . SOU— S - DU S — — —— —d — SRS ——

Cs-137 4.9E-09 . 28E- 10 1.20E10

i i - — NS SR —— e i i ———— NIUURERE U —— b~ —— I

|J)
La |
o™
O
i
|
|
l
{
|
|

Ba-140 | | R 2.4E-09 |  p.27E-07| 2 3580

Ce-141 6.2E-10 4BE-07 1.53E0

e — - s B B . . __,ﬁ.._ﬂ_.ﬁ._____‘ e e e e e e

H-3 § _ B 7RE-09 0

P-32 0 b.61E-07 0

——— e B——— IEUIEEEEEESI T ——— S S— (SENIN U S E———————— S

~Fe-55 0 B . 14E- 09 0

4—— - —— —_—— ey — NN USSP S —— S——

| o b 84E-12 0

RS L S S

* From Table E-15 Regulatory Guide 1.109

** From Table E-€ Regulatory Guide 1.109 = ‘g 4‘,‘;7

w— sy — e



af e

R PRCRSNSN

C
CALCULATION OF R; [b/Q b3

Grass - Cow - Milk Pathway Factor

-Xxith -iicf

[p/Q) = K' Qp(uap) Fm(r)(DFLj)a f€fs 4 Q- fpfs)e .
Aitiw

Where:

K'

(DFLi)a

"

Constant of conversion, 106 pCi/uCi
Cow's consumption rate, in Kg/day (wet weight)

Receptor's milk consumption rate for age (a), in

liters/yr

Agricultural productivity by unit area of stored feed,

in Kg/m2

The agricultural productivity by unit area of stored

feed, in Kg/m?
Stable element transfer coefficients, in days/liter

Fraction of deposited activity retained on cow's

feed grass.

The maximum organ ingestion dose factor for the ith
redionuclide for the receptor in age group (a) in

mrem/pCi

Decay constant for the ith radionuclide, in sec~1

Decay constant for removai of activity on leaf and

plant surface. by weathering, 5.73 X 10-7 cec™ )

(corresponding to a 14 day half-life) :'Lf",‘ ﬂ
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th

The transport time from pasture, to cow, to milk,

to receptor in sec.

The transpor: time from pasture, to harvest, to cow,

to milk, to receptor, in sec

Fraction of the year that the cow is on pasture,

bl

Fraction of the cow feed that is pasture grass

while the cow is on pasture

447
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Perameters are taken from the following sources:

Parameter y,ﬂl_llg_ Table (R.G, 1.102
r (dimensicnless) 1.0 for radioiodine E-15
! 0.2 fer particulates E-15
. F (cdays/liter) Each stable element E-1
B Uap (liters/yz) - infant 330 E-5
| ! - child 330 F-5
i
¢ - teen 400 E-5
| " - adult 310 E-5
b (DFLi)a(mrem/pCi) Each radionuclide E-11 to E-14
I
Yp(kg/mz) 0.7 E-15
) Y, (kg/m?) 2.0 E-15
'i te (seconds) 1.73 X 10° (2 days) E-15
b
’. t, (seconds) 7.78 X 106 (90 days) E-15
n
Q¢ (kg/day) 50 E-3
i 4 fs B
£ #x * fg and fp are assumed to be unity
P
| .
‘ Only the Ry values for the infant and the child are for the purpose
' o of this manual as they are the most restrictive age grou s.
]‘ 449 U6
I
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The concentration of tritium in milk is based on the airborne con-
c
centration rather than the depusition, Therefore, the R; is based on

x/Q

c 3
R ﬁ/q = K'K' "F QU (DFL ) 0.75(0.5/H) (mrem/yr per uCi/m )
i m F ap ia

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

0.5 = the ratio of the specific activity of the feed grass

water to the atmospheric water.

and other parameters and values are given above. The value of H may

3

be considered as 8 grams/meter”, in lieu of site specific information.

449 Q37
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R, T e e e . pr S . VLS
R:i: [0/Q Grass-Cow-Milk Pathway Factor (infant)
cl.IK' | QF Uan? Yp | Ys | Fm r | pFLi fOU;an } $ | Aw | tf i‘;'h Ln !'-te chi :
-51/108|50 1330 0.7 |2.0 ! 2.2E-03 0.2/ 4.11E-07 GI-LLI § 2.89E-7 15.73E-7 1.73E5 |7.78E6 |1 | 1|4.71E06 |
~-54 1 2.5E-04 0.2 1.99E-05 Liver t 2.57E-8 i R 3.90E07
+-59 | | 1.2E-03 0.2, 5.38E-05 Liver ; 1.8E-7 ; | | 3.92E08
-58 | | 1,05-0310,2j 8.98E-06 Body 1.13E-7 | | 6 .06E07
o~soi il.oz-o3o.2| 2.578-09 GI-LAI 14, 388-9 i | i 2.10E08 !
1=65 | i 3.9E-02 50_2; 6.312-05} Liver 23.295-8 : 1.91E10 |
-_89 ; | :8.05-0450_2| 2.51E-0% Bone '1.58E-7 | i | 1.26E10
+-90 | i E 8.0E-04 (0.2 | 1-85E-07 Bone f7_63_10 | | 1.22E11
=1 - | 5.0E-06 [0.2 | 2.50E-03 GI-LLI |1.22g-7 ! | 8.31£05 |
-131 | !6_02-03 1.0 1.395-0% Thyroid!9.955-7 : 1.06E12
-133 | 6.0E-03 1.0 3.31E-03 Thyroidzg,zsg_s | 9.60E09
-134 ¢h{ i 1.22-02%0.2: 7.03E-04 Liver %1.075-3 ; | 6.81E10
-136 o | 1.25-02?0.2 1.35E-04 Liver ;6,173-7 5 | ; 5.77E09
537 ‘ . 1 1.2E-02 2 | 6.llE-Olf Liver ;7_282-103 i : 6.03E10
-140 | gg fa.os-oalo.z} 1.71E-04 Bone 56.27E-7 ! : 2.41E08
141 | ll.oz-rt. ’oz 2.&85-0# GI-LLI 52,485-7 | | 1.37E07
3 | il.os-oz B.zi 3.083-0% Body |1.78E-9 | | 2.18E03
2 i {2.52-02 }1.2 ' 1.70E-03 Bone 15_515-7 f 1.61E11
55 | il.zs-os 2 |1.39£-04 Bome | 8.145-9 1.35E08
. ’ '1.25-02 2| 2.37E-03 Bone !3.8&2-12 | 2.34E09
! . i
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Ri ﬁ)/O] Grass-Cow-Milk Pathway Factor (child)
x Loebiap | vo [ve | 7o o | omrs L Lo | o Lo BT o8
Nucl. ' K' | Or Uap | Yp | Ys Fm | ¢ DFL1 Organ t i L dw . tf | th Fo e Ry
] | | | | | ‘ K N
| | |
cr-51[10°|50 330%0.7 2.0 | 2.25-03;0.2 4.72E-7 | GI-LLI 2.895-71 5 735-7: 1,73E5 |7.78E6 1 | 1/5.41E0¢
t l | | * x l -
Mn-54 L 2.5E-04 0.2 1.07E-5 | Liver |2.57E-8 | | | | [2.10E0]
Fe-59 i | | 1.2E-03 /0.2 2.78E-5 | GI-LLI |1_g8p-7 | i ? | f 2.03E0¢
| ‘ { | { I {
Co-58 | 1.0E-03 0.2 '1.05E-5 | GI-LLI |1.13E-7 | i | | |7-08E0]
. , f | |
Co-60 | | | 1.0E-03 /0.2 {2.93E-5 | GI-LLI ;4.183-9: f | 12.39E08
} | | | | { !
Zn-65 ‘{ | | 3.95-02?0.2 3.65E-5 ' Liver |3,29E-8 | | | | |1.10E1¢
. | | i { | { { | { i
Sr-89 L | 8.0E-04 |0.2 | 1.32E-3 Bome |1.58E-7 | | | J 6 .63E09
: | | | :; ! ‘
Sr-90 | ! | | 8.0E-04 (0.2 1.70E-2 | Bone | 7.6E-10 | | I || [1.12E11
l " . . | !
Zr-95 l ! i l 5.0E-06 .’0_2 2.66E-5 | GI-LLI |1, 22E.7 : l ! } ’ 8.84E0
l | { ‘ | : - |
I-131 , ! { | 6.0E-03 l1,0 | 5.72E-3 | Thyroid |9 _95p.7 | ] f ’ f 4 .35E1
’ : | ! { ! { ; ! i
1-133 | | | 6.0E-03 {1.0 | 1.36E-3 | Thyroid |9, 26E-6 ; ' f' | 13.95E0
| | ! | |
Ce-134 || | 1.2E-02(0.2 3.84E-4 |Liver |1 07g.g | | 3.72E1
< , | ’ ' e'
Cs-136 ! ; | 1.2E-02 [0.2 | 6.46E-5 | Liver I6.17E-7F 1 2.76E09
- | ; ‘ ‘ i ; |
Cs-137 f->~ r Il.zs-oz'o.z 3.27E-4 | Bone }7.282—10! | 3.23E10
o B | ' ! {
{ | {
ja-140) 1 | &.0E-0/ 7,2 |8.31E-5 | Bone 6.27E-7 | | ! 1.17E08
e I : ! l ;
e-141 | & ; 1.0E-0& 0.2 2.47E-5 | GI-LLI |2.4BE-7 | ; 1.36E07
<O | ! | | | | 1
i-3 (1.0E-02 0.2 |2.03E-7 |Body  |1.78E-9 | | ! 3.52E02
e I | t
-32 |2.5E-02 0.2 | 8.25E-4 jBone |5.61E-7 | ; | 7.79E10
{ | ) [ !
e-55 |1.2E-03 D.2 }1.155-5 | Bone  {8.14E-9 | i 1.12E08
i | 1.2E-02 0.2 |1.21E-5 | Bone ;3.sax-1z | 1.20E09
l | | | f ’
! * ' ; ’
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CALCULATION OF Rl: [n/él

GRASS - COW - MEAT PATHWAY FACTOR

ithl

-
Rf [p/Q) = k' Qp (Uap) Fe(x) (DFL1), | fpfs + (1-fpfsle e-ritf

Where:

th

and all other terms are defined in the calculation of Grass - Cow - Milk

i

ritaw Yp Ys

in units of (m? mrem/yr per uCi/sec)

Stable element transfer coefficients, in days/kg.
The receptor's meat consumption rate for age (a), in kg/yr.
Transport time from pasture to receptor, in sec.

The transport time from crop field to receptor, in sec.

Pathway Factor section of this manual.

£49 070
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Parameter

r (dimensionlegs)

F¢ (days/kg)

infant

Ugp (ke/yr)
- child
- teen

- adult
(DFLi)a (mrem/pCi)
Y (kg/m?)
p
YS (kg/mz)
tgy (seconds)

ty (seconds)

Qp (kg/day)

e e

Value

1.0 for radiciodine

0.2 for particulates

Each stable element

0
41
65
110

Each radionuclide
0.7

2.0

1.73 X 10% (20 days)

6

7.78 X 107 (90 days)

50

Table (R.C. 1.109)

E-15
E~15

E-1

E-5
E-5
E-5
E-5

E-llito E-14
E-15
E-15
E-15
E-15

E-3

The concentration of tritium in meat is based on its airborne concen-

tration rather than the deposition.

M
R, x/Q@ =

1

K'K' “FgQpU

ap

M
Therefore, the Riis based on

x/Q

(DFLi)a [0.75(0.5/Hﬂ (mrem/yr per uCi/m3

where all terms are defined above and in the Calculation of Grass - Cow -

Milk Pathway Factor section of this manual.

Since the infant's consump-

tion rate for this p?thwéy is zero, the child becomes the limiting age

group and R values are tabulated for this group.
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. TABULATION OF R To/0l _ (Child) , .
ucl. iK' ! | i X DEL4 lOr:an | Fs th tf £2 ;"q RE
,r-51‘106 | .89E-07| .2 | 4.72E-07 GI-LLI |5.73E-07{2.4E-03 7.78206 | 1.73806 1 1 4.67EOS |
| .57E-OSE.2 1.07E-05 Liver | '8.0E-04 | ls.02x06
| .BE-07 i.z 2.78E-05 GI-LLI | ' 4.0E-02 " | l6.3uE08
.135-07%.2 1 oss-o; G1-LLI | 1.3E-02 | E j 9.59E07
i .18E-09| .2  2.93E-0§ GI-LLI | 1.36-02 | ! | 13.84E08
| .QOR-csi.z 3.65E-05 Liver | ° |3.0E-02 | 1.00E09
| .S8E-07 .2 | 1.32E-07 Bone ! | 6.0E-04 | | l4.83£08 |
| ’7.6OE-10;.2 1.10E-02 Bone | | 6.0E-04 } ; 1.04E10
| | El.zza-07§.2 | 2.66E-05 GI-LLI | 53.¢g-ozl ! | |6.18E08
| | l9.95-07| 1 5.72E-02 Thyroid| | 2.9E-03 | - | | 5.55E10
| % '9.26E-06] 1| 1.36E-03 Thyroid; fg,gg-oq 1 i | 1.30E02 |
i | | | |
| il.O?E-OSi.Z 3.8&E-Oﬁ Liver | | 4.0E-03 ! 5 1.51E09 |
| [6:17E-07] .2 6.46E-03 Liver | 4.0E-03 | || |e3sE07.
= | |7.28E-10, .2 | 3 27E-04 Bone | &.0E-03 § | 1.33E09
i i :6.27E-O7I°2 8 31E-0% Bone g | 3.2E-03 i 4.39E07
o ; | Aer-07;.2 12 é?E—O% GI-LLI I |1,25.03 f 1.38E07
~o | 78E-09' .2 | 2.03E-07 Body | 1.2E-02 | 2.34E02
| elﬁ-oﬁ .2 | 8.25E-04 Bone | 4. 6E-02 | ! 7.43E09
i 145-09! 2 1.155-05i Bone I L.0E-02 | t 4.58E08
J 84E12 | -2 1.215_05l Bone | 33.15-02 ! i 3.84E08
| - | | | o
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RY [p/q] =

Where:

wa

K'

(m2

K’

vk

Yy

()
YQ—TXi+AdY_

it

v
CALCULATION OF Ri [D/q]
VEGETATION PATHWAY FACTOR
L -atL s -3ith
(DFLi)a v, fre + Uy fge

‘mrem/yr per uCi/sec)

constant of conversion, 106 pCi/uCi

consumption rate of fresh leafy vegetation by

the receptor in age group (a), in Kg/yr.

fraction of annual intake of fresh leafy vepeta-

tion grown locally.

the fraction of the annual intake of stored vege-
tation grown locally.

the average time between harvest of leafy vege-
tation and its consumption, in seconds.

the average time between harvest of stored vege-
tation and its consumption, in seconds.

) ) ) 2
the vegetation area density, in kg/m .

all other factors are defined in the Calculation of Grass-Cow-Milk

Pathway Factor section of this manual.
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Parameter
r (dimensionless)

(DFLy) 4 (mrem/pCi)

infant

Ut (kg/yr)
- child
- teen
- adult

U (kg/yr) infant

1

- c¢hild
- teen
- adult

f (dimensionless)
f_ (dimensionless)

t;, (seconds)

th (seconds)

Y (kg/m?)

The concentratien of tritium in vegetation is based on the airborne

Value Table (R.G. 1.10¢
1.0 for radioiodines E-1
0.2 for particulates
E.ch radionuclide E-11 to E-14
0 E-5
26 E-5
42 E-5
64 E-5
0 E-5
520 E-5
630 E-5
520 E-5
site specific (default = 1.0)
site specific (default = 0.76) (see Ref. 6, pg.28,
8.6 X 104 (1 day) E-15
5.18 X 10°% (60 days) E-15
2.0 E-15

L I
concentration rather than the deposition. Therefore, the Ri is based

on x/Q
\'}
Ri X/Q 5 KoKln
3
per uCi/m ).

Uf +U
al

L

5
afg (DFLi)a [0.75(0.5/}!)] (mrem/yr




where all terms have been defined above and in the grass-cow-milk Pathway

l

=54~ l

|

Calculation section of this manual, l
Since the infant consumption rate is zero, only the child Rv values |
i !

are calculated. |
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.27E-07 2.8
.07E-05 2.
.78E-051.
.0SE-05!1.

1

.93E-05' 4.
L65E-05] 3.
132E-03! 1.
70E-02| 7.

{

.66E-05| 1.

.72%-03/9.
.36E-03 9.
.BLE-04 | 1.
L46E-056.
.270-04 7.
.3LE-OS§6.
L4TE-05) 2.
.035-07!1.
.zsa-oajs.
.15E-05] 8.
.21E-05/ 3.

29E-08
58E-07,
6E-10 |
228-07
95E-07
2E-06 |
O7E-04
17E‘oﬂ
28E-10,
273-0%
ASE-04
78E-09

61E-04

IAE-Oﬂ

)

-

6.23E06

6 .65E08
6.69E08
3.76E08
1.71E09
2.16E09
'3.61E10
1.24E12
9.02E08
4.77E10
'8.20£08
12.63E10
'2.22E08
2.39E10
2.77E08
4 .06E08

4,.01Lc03
3.38E09

|8.01E08
| 8.89E08
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IMPLEMENTATION OF 10CFRS0
" ATRBORNE RELEASES
| | NOBLE GASES

Techniral Specifications state:

a. "The air dose in unrestricted areas due to noble gases

following:

released in gaseous effluents shall be limited to the
1. During any calendar quarter, to < 5 mrad for gamma
|

radiation and < 10 wrad for beta radiation.
2. During any calendar year < 10 mrad for gammﬁ radiation

and < 20 mrad for beta radiation.

{ This specification shall bz implemented using the following

relationships:

a. During any calendar quarter, for gamma radiation:

! " " " n

'y 3.i7 % }0-8 Z {Ml [(I‘/Q)v le t+ (X/Q)Vqlv + (XIQ)SQIS + (qu)sOiS]}: Swrad
g -

L During any calendar quarter, for beta radiatior

-8 N N "
_J 3.17 x 107" ¢ (Ni [(x_/Q).,,in + (/D yqiv - (/W Q4 + (x/q)is».l.;l} < 10mrac
i ;
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b. During any calendar year for gamma radiation:

10 mrad

iA

L N 4" N
3.17 x 1078 §{Mi[<></Q)inv + (/9 ya5y + G/ Qg + (/) ga5s])

During any calendar year for beta radiation:

a N

' " N
3.17 x 1078 LNy {('x/Q)qu + (x/9) Giy + /D Q¢ + (x/q)sqis]} < 20 wrad
1 -

(XYQ)V - “6.73E191‘sec/m3. For vent relcases. The highest
calculated annual average relative concentration
for area at or beyond the unrestricted area boundary

for long term releases (greater than 500 hrs/year}.

(x/q) - 4.20E-06 sec/m>. For vent releases. The relative
concentration for areas at or beyond the unrestricted
area boundary for short term releases (equal to or

less than 500 hrs/year).

STL) P __B8.07E-08_ sec/m3. For free-standing stack releases,
The highest calculated annual average relative con-
centration for areas at or beyond the unrestricted

area boundary for long term releases (greater than

i
500 hrs/year). 447 0?8 i
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= 2.00E-08 sec/m3, For free-standing stack releases.
The relative concentration for areas at or beyond
the unrestricted area boundary for short term

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

The air dose factor due to gamma emission for each

identified noble gas radionuclide in mrad/yr per uCi/m3.

The air dose factor due to beta emissions for each
identified noble gas radionuclide, in mrad/yr per
pCi/m3.,

The average release of noble gas radionuclides in gaseous
effluents, i, for short term releases (equal to or less
than 500 hrs/year) from the free-standing stack, in

uCi. Releases shecil be cumulative over the calendar

quarter or year as appropriate.

The average release of noble gas radionuclides in gaseous
effluents, i, for short term releases (equal to or less
than 500 hrs/year) from all vents, in uCi. Releases
shall be cumulative over the calendar quarter or year

as appropriate,

449 099
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The average release of noble gas radionuclides in gaseous
releases, i, for long term releases (greater than 500
hrs/year) from the free standing stack, in uCi. Release
shall be cumulative over the calendar quarter of year

as appropriate.

The average release of noble gas radionuclides in gaseous
effluents, i, for long term releases (greater than 50
hrs/yr) frcm all vents, in uCi. Releases shall be
cumulative over the calendar quarter or year as app-

ropriate.

= The inverse of the number of seconds in a year.

o
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|
. AIR DOSE FACTORS ¢
 Nuelide o oMi* 0 Ni¥
Kr-83m 1.93E01 2.88E02
Kr-85m 1.23E03 1.97E03
Kr-85 1.72E01 1.95E03
Kr-87 6.17E03 1.03E04
Kr-88 1.52E04 2 .93E03
Kr-89 1.73E04 1.06E04
Kr-90 1.63E04 7.83E03
Xe-131m 1.56EGC2 1.11E03
Xe-133m 3.27E02 1.48E03
Xe-133 3.53E02 1.05E03
Xc:‘135m 3.36[‘:03 7391::02
' Xe-135 1.92E03 2.46F03
Xe-137 1.51E03 1.27E04
' Xe-138 9.21F03 4.75E03
, Ar-41 9.30E03 3.28E03
)
i
A + N
449 101
P 4
’
‘ *  From Table B-1, Regulatory Guide 1.109

** From Table B-1, Regulatory Guide 1.109

# Values arg multiplied by 106 pCi/uCi to yield units of mrad/yr
per uCi/m
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