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APPENDIX A
METHOD I DOSE CONVERSION FACTORS

L LIQUID PATHWAYS - SEABROOK SITE SPECIFIC DCF'S

The models used to assess doses resulting from effluents into liquids is derived from Appendix A of
Reg. Guide 1.109. Since Seabrook is a salt water site, the assumed pathways of exposure taken from
Reg Guide 1.109 are Aquatic foods - fish; Aquatic foods -invertebrates; and dose from shoreline
deposits (direct dose). No drinking water or irrigation pathways exist because of the sait water
environment. In addition, exposures resulting from boating and swimming activities have been included
for key radionuclides even though Reg. Guide 1.109 identifies these pathways as not contributing any
significant contribution to the total dose, and therefore does not provide dose equations for them. For
completeness, the swimming and boating pathways have been included using the dose models from the
HERMES code (HEDL-TME-71-168, Dec. 1971) section G, Water Immersion.

The Method I dose conversion factors are derived by calculating the dose impact to individuals via the
site specific pathways for a unit activity release (1 curie per nuclide). For each pathway, doses by
radionuclide are calculated for each of the 7 organs (including whole body) for each of the four age
groups (adult, teen, child, and infant). The Method I dose factor for each nuclide is then selected by
taking the highest factor for any organ in any of the age groups for all the exposure pathways combined.
The list of dose factors in the ODCM then represents a combination of different limiting organs and age
groups which, when used to calculate a dose impact from a mix of radionuclides released in liquid
effluents, gives a conservative dose since it combines the exposure to different organs and age groups as
if there was a single critical organ-age group.

As an example of how the liquid dose conversion factors are developed, the following calculation for
Co-60 is shown. The critical organ/age group is selected based on the full assessment of all organs and

age groups.
Factor for fish Ingestion:

The general equation for ingestion doses in RG 1.109 is eq. A-3.
*
1119.7 *E’;I;_IE'I_?_* Z Q *Bip*Daipj * o 4%t

The full assessment for the ODCM dose factors indicated that for i = Co-60, the maximum
dose (mrem/yr) is to the GI-LLI of an adult as the target organ and age group, therefore:

Uqp = 21 kg/yr adult usage factor for fish
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M; = 0.1

F = 918

Qi = 1.0

Bi, = 100

Daipj = 4.02*10°
A = 1.501*10°
tp = 24

1119.7

mixing ratio for near field dilution provided by submerged
multiport diffuser.

cu. ft./sec effluent flow rate for circulating water system
curies/year released of Co-60 assumed

equilibrium bioaccumulation factor for Co-60 in salt water fish, in
liters’kg

mrem/pCi. adult GI-LLI ingestion dose factor from
RG-1.109, table E-11.

decay constant for Co-60 in 1/hrs.
time between release and ingestion, in hrs.

is the factor to convert from Ci/yr per ft*/sec to pCi/liter. Note
that RG 1.109 uses 1100 as a rounded approximation.

Therefore the dose from fish to adult GI-LLI is (mrem/yr):

1119.7+ B2 Ms

Factor for invertebrate ingestion:

*
FM”*Q By * Day; * &= 0.0103

Next, the dose from invertebrates to the adult GI-LLI is given by the same general equation but

with the following variables changed:

Uap = 35

Bjp 1000

kg/yr usage factor

1/kg bioaccumulation factor

all other variables the same as above

therefore the dose from invertebrates is (mrem/yr):

1119.7+ Y= Mo

Factor for shoreline direct dose:

*
M
F p*Q Bip*D

e#r =0.0245

The general equation for direct dose from shoreline deposits is taken from equation A-7 in

RG-1.109 as (mrem/yr):
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It is assumed that all internal organ doses also receive exposure from direct external sources,
therefore each organ dose due to ingestion must have an external component added. For the

above equation, the site specific variables for an adult exposure to a 1 curie per year release of
Co-60 are:

Uqp = 334 hrs/year usage factor used for assumed shoreline activities at
Seabrook.
M, = 0.1 mixing ratio for near field dilution provided by the submerged
multiport diffuser and assume to be extended to the beach
continuously.
W = 0.5 shorewidth factor for ocean sites, dimensionless
T = 1.923*10° radioactive half life in days for Co-60
Daipj = 1.70*10® dose factor for Co-60 due to deposits in sediments, units of
(mrem/hr)/(pCi/m?)

ty = 00 transit time to point of exposure, hrs

t = 131400 period that sediment is assumed to be exposed to water
contamination for long term buildup, set at 15 years for
Method I DCF's

Qi = 1.0 curies per year, Co-60 assumed

111970 conversion factor to convert (Ci/yr)/(ft*/sec) to pCi/liter and
account for the proportionality constant used in sediment
model

Therefore the dose to the whole body and each organ due to direct exposure to the shoreline
(mrem/yr) is:

* *

*Q*T*Duy e * [1 . e-rr»]: 0.0573
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Direct dose due to Swimming:

The dose due to immersion in water (swimming) is taken from the HERMES computer code.
e The original ODCM calculation was based on some preliminary dilution assumptions which gave
a near field prompt dilution factor for the multiport diffuser of 8. For single unit operation with
both service water and circulating water flow (412,000 gpm), a value of 10 is more realistic. This
surface area of the plume is restricted to a small area over the diffuser and does not touch the
shoreline approx. 1 mile away. Since the over all impact from swimming is small when
compared to the other exposure pathways, the original conservatism on dilution are kept here.

The dose from swimming is given by the following equation:

LO*IO”*%*ZQ;*DFM ' (mrem/yr)
Where:

Up = 45 hrs/yr, usage factor for swimming for maximum age group
(teen) from HERMES.

Fa = 6.56*10" liters/yr, estimated annual dilution effluent flow in multiport
diffuser

— Qi = 1.0 Curies/yr, assumed release rate of nuclide i.

DFin = 46*10° mrem-liters per hrs-pCi, dose factor for Co-60 for water
immersion taken from HERMES.

1.0*10" constant for pCi/Ci

Therefore the swimming dose for a 1 curie release of Co-60 is (mrem/yr):

I-O*IO'Z*UP*%—E*Q*DFM=3-155*10'5

As can be seen, the contribution of the swimming dose is only about one 30000ths of the total of the
RG 1.109 pathways, and can be ignored in the case of Co-60. Similarly, the boating dose as given in
HERMES is taken as half of the swimming dose, (and corrected for change in usage assumptions). The

resulting dose is found to be less than the swimming dose and can also therefore be discounted in this
case.
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Total liquid Pathway dose:

The sum of the above liquid pathway doses can now be added to give the total maximum
individual dose to the critical organ (adult-GI-LLI) for Co-60. This gives:

0.0103 + 0.0245 + 0.0573 = 0.0921 mrem/yr

Since the internal doses given by the RG-1.109 methods actually are 50 yr dose commitments
resulting from one year exposure to the quantity of activity assumed to be released into the water,
and the direct dose represents the dose received for the period assumed to be exposed to the
pathway, and the activity release was taken as a unit quantity (i.e. Q = 1 Ci), the above total
liquid pathway dose can be stated as site specific committed dose factor in mrem/Ci released.
For Method I in the ODCM, the critical organ dose factor is seen to be 0.0921 mrem/Ci, as
shown above. The value reported on Table B.1-11 (9.22 E-08 mrem/puCi) was generated by a
computational routine which gives rise to the round-off difference between it and the above
example. The whole body site specific dose factor for the ODCM was calculated in the same
way treating the whole body as a separate organ.
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IL GASEOUS PATHWAYS - SEABROOK SITE SPECIFIC DCF'S

The models used to assess doses resulting from gaseous effluents in the form of iodines, tritium, and
particulates are derived from Appendix C of Reg. Guide 1.109. For Seabrook, it is assumed that at the
off site location which exhibits minimum atmospheric dilution for plant releases the following exposure
pathways exist: inhalation, ground plane, ingestion of goats milk, meat, stored vegetables, and leafy
vegetables.

The Method I dose and dose rate factors are derived by calculating the dose impact to all age group
individuals via the site specific pathways for a unit activity release (1 curie per nuclide). For each
pathway, doses by nuclide are calculated for each of 7 organs (including the whole body) for each of the
4 age groups. The Method I dose factor for each nuclide is then selected by taking the highest factor for
any organ in any of the age groups for all exposure pathways combined. The list of dose factors in the
ODCM then represents a combination of different limiting organs and age groups which, when used to
calculate the dose impact from a mix of radionuclides released into the atmosphere, gives a conservative
dose since it combines the exposure to different organs and age groups as if they were for all the same
critical organ-age group.

As an example of how the gaseous particulate dose factors are developed, the following calculation for
Mn-54 is shown. The critical organ/age group for Mn-54 was selected based on a full assessment of all
organ and age group combinations. For elevated releases from the plant vent stack to the maximum site
boundary (max. dose point due to meteorology), the critical organ and age group for Mn-54 was
determined to be the GI-LLI for the adult.

PART A: INHALATION DOSE CONTRIBUTION

The general equations for inhalation doses in RG 1.109 are eq. C-3, and C-4 which together give:

3-17*104*Ra*[-)-({|*

Q Z Qi * DFAija = Dja

Where for the case of Mn-54 releases, the variables above are defined as:

3.17*10* is the number of pCi/Ci divided by the number of second per year
Ra =" 8000 the breathing rate for age group a (adults) in m® /yr.
% = 75%*107 the long term average depleted atmospheric dispersion factor, in

sec/m>, at the maximum exposure point off site (S.B.)

QG = 1 the release rate of nuclide i to the atmosphere in Ci/yr
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DFAj, := 9.67*10° the inhalation dose factor for nuclide i (Mn-54), organ j (GI-LLI),
and age group a (adult) taken from RG 1.109, table E-7, in
mrem/pCi inhaled.

Therefore, the inhalation dose to the maximum potential off site individual is given as:
4 X X
3.17*10°*R, * 6 *Q, * DFAj;, =0.00184 mrem/yr per Ci

PARTB: GROUND PLANE DIRECT DOSE CONTRIBUTION

The general equations for ground plane external direct dose in RG 1.109 are equations C-1 and C-2
which together give the dose DG as:

-Ai*ty
i

8760*1.0*1012*85:*[ %}*ZQ|*%—*DFGU

Where for the case of Mn-54 releases, the variables in the above equation are defined as:
1.0%10" is the number of pCi per Ci

S, = 07 the shielding factor provided by residential structures
(dimensionless) for use in calculation accumulated doses over
time. Note that for determination of dose rate factors (i.e.
instantaneous dose rates) the shielding factor is set equal to 1.0, or
in effect no credit for dose reduction is taken for determination of
dose rates at points in time.

% = 1.5*10%  the longterm average relative deposition factor at the maximum
site boundary location, in 1/m?
Ai = 0.8105 is the radiological decay constant for Mn-54 (nuclide i in this
case) in 1/4yr.
ty = 15 is the time in years over which accumulation is evaluated (approx.
midpoint of plant operating life)
DFG;:=  5.80*1 0? external dose factor to the whole body, or any internal
organ j, for standing on contaminated ground from
Mn-54 (RG 1.109 Table E-6) in mrem/hr per pCi/m’
Q = 1.0 is the unit release quantity assumed for each nuclide i, in Ci/yr.
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8760 is the number of hours in a year

Therefore, the contribution to the total dose made by exposure to the ground plane at the maximum off
site exposure location for Mn-54 is given as:

_ At
8760*1.0*10"2*S; * [—g] *Q, sloe™ vy, DFG;=0.658  mrem per yr per Ci
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PARTC: INGESTION DOSE CONTRIBUTION:

As an initial step to determining the dose contribution from ingestion of milk, meat, stored vegetables,
and leafy vegetables, we must first calculate the radionuclide concentration in forage, produce, and leafy
vegetables resulting from atmospheric tranfers of the activity to the surface of the vegetation and onto
the soil for root uptake. For all radioiodines and particulate nuclides (except tritium and C-14), the
concentration of nuclide i in and on the vegetation at a point of interest can be calculated using R.G.
1.109 equations C-5 and C-6, which combined gives:

PR 3T PR s
1.14*103*[%]*Qi*[r* lYe*;Lk +Bi"*lpilt :I*e-i.i‘m
v Ei i

PART C.1: Concentration in Produce (stored vegetables)

For the case of Mn-54 released in air emissions to the maximum site boundary, the concentration of Mn
in produce grown in the hypothetical garden at that location can be calculated from the above equation
where the variables are defined as:

1.14*10% is the number of pCi per Ci divided by the number of hours in a
year (8760).
% =1.5*%10% is the relative deposition factor, in 1/m2, at the maximum exposure point off site
(S.B)
Q =1 the release rate of nuclide i to the atmosphere in Ci/yr
r = 02 fraction of deposited activity retained on crops, leafy vegetables,

or pasture grass (1.0 for iodines)

e = 0.00219 effective removal rate constant for Mn-54 from crops due to
decay and weathering, in hr-1

ty = 131400 soil exposure time to deposition, in (equal to 15 yrs, or mid plant
life)

Y., = 20 agricultural productivity (yield) for produce, in kg/m-2

By = 29*102 concentration factor for uptake of Mn-54 from soil by edible parts

of crops in pCi/kg (wet weight) per pCi/kg dry soil
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Ai 9.252%10° radioactive decay constant for Mn-54, in hrs-1

P = 240 effective surface density of soil, in kg/m’
tp = 1440 crop holdup time after harvest and before ingestion, in hrs
te = 1440 crop exposure time to plume, in hrs

Therefore, the concentration of Mn-54 in stored vegetables produced at the location of maximum
deposition for a unit activity release is given as:

1.14*10%* D x) * *l'eﬂﬁ‘k *l'e-li.tb * A%t = :
. 10 6 Qi r W + B Y ) e =§7.379 pCl/kg
v Ei i

PART C.2: Leafy Vegetable Concentration

For leafy vegetables, the above equation is repeated with the value for t,, crop holdup time after harvest
is changed from 1440 hrs to 24 hrs, i.e.:

th = 24 crop holdup time after harvest, in hrs.

Therefore the concentration of Mn-54 in leafy vegetables at the maximum deposition point due to a unit
activity release is given as:

114*108* 2 *Q_* r*ﬂﬂ-B‘v*}—.E—-ﬁ:‘: * -1““=76811 pCi‘/k
' Q) Y| Yv*is Pty | © ' :

PART C.3.a: Animal Feed concentration (pasture): C,

Next, we can repeat the above calculation to determine the concentration of Mn-54 in pasture grass used
as animal feed. This will allow for the determination of dose contribution from milk and meat.

For pasture grass, all the above variables remain the same except for:

Yy, = 070 for agricultural productivity of pasture grasses, kg/m®
te = 720 for grass exposure time to plume, hrs
ty = 0.0 for holdup time after harvest

A-11 ODCM Rev. 21



Using these variables in the above equation gives the concentration in pasture grass as:

l_e-za‘tc l_e-z. t .
1.14*10°* *QH I ———+B—— |*e " =179.227 pCikg

Yv* A P* 2

QY

PART C.3.b: Animal Feed Concentration (stored feed): C

For stored feed that would be given to goats, or meat animals, the average concentration would be
calculated by changing the following variables in the above calculation to:

Yy, = 20 agricultural productivity for stored feed
te = 1440 feed crop exposure time to plume in hrs
th = 2160 feed crop holdup time after harvest, hrs

Putting these values back into the above equation gives the concentration in stored animal feed (goat and
meat animal) of Mn-54 for a unit activity release to the maximum exposure point.

1.14*10%* * *1 aite le-li.m * At = i
14*10 *Q*ir 3 ——+B,* et =63037 pCikg

lEn P * ﬂ'i

OIU

PART C.3.c.: Concentration in Goat's Milk: Cp

The Mn-54 concentration in milk is dependent on the amount and contamination level of the feed
consumed by the animal. The radionuclide concentration in milk is estimated from RG 1.109 general
equation C-10 as:

Fu*C,*Q*e*™ = conc. in milk, pCi/liter
where the variables are defined as:

Fn = 25*10* average fraction of animal's daily intake of Mn-54 which appears
in each liter of milk, in days/liter

QG = 6.0 amount of feed consumed by a goat per day, in kg/day (50 kg/d
for meat)
te = 20 average transport time of activity from feed into milk and to

receptor, in days.
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N = 222%10° decay constant of Mn-54, in days-1

In addition, the C, term for the concentration of a nuclide in the animal's feed is given from RG 1.109
general equation C-11 as:

Co=f,* . *C, +[1-f,]* C + £ *[1-£.]* C,

where the following equals:

fp = 05 fraction of the year that animals graze on pasture

fs = 1.0 fraction of daily feed that is pasture grass when the animal grazes
on pasture

C = 179.227 concentration of Mn-54 in pasture grass as calculated from above,
pCikg

C = 63.037 concentration of Mn-54 in stored feed as calculated from above,
in pCi/kg

Therefore, the concentration in the total animal's feed is estimated to be:

£, Cy+H[I-£,]*Co+ £,* [1- £.]* €. =121.132 pCirkg

When this value of 121.132 is put back into the above general equation for nuclide concentration in
milk, we get:

[Ck = 121.132 pCikg |
and

Fu*C,*Q:*e*'v=0.181 pCifliter of Mn-54 in goats milk

PART C.3.d.: Concentration in Meat: C¢

Similar to milk, the concentration of the nuclide in animal meat is calculated. RG 1.109 general equation
C-121s given as: '

Ci=Fs*C, *Qp*e-li."

Here the variables are set as:

Fr = 8.0*10* fraction of animals daily intake of Mn-54 which appears in each
kg of flesh, in days’kg
Qr = 500 animal's daily feed intake, in kg/day
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20.0 average time from slaughter to consumption, in days

C, 121.132 concentration on Mn-54 in animal's feed, same as calculated

above for goat, in pCi/kg

Therefore, the concentration of Mn-54 in animal meat is calculated to be:

Fe*C.*Qp*e*™=4.635 pCi/kg in meat for Mn-54
PART D: "DOSE FROM INGESTION OF FOODS PRODUCED AT MAXIMUM LOCATION

Now that we have calculated the concentration of Mn-54 in milk, meat, leafy vegetables, and stored
vegetables produced at a location of maximum air deposition, the resulting dose to any organ j and age
group a can be calculated from the following general equation C-13 taken from RG 1.109:

ZDFIija*[Uva*fg*Cv+Uma*Cm+UFa*Cf+ULa*fl*CL]

For Mn-54 set equal to i, we find that from the evaluation of all organs for all age groups for
combination of all exposure pathways, the adults GI-LLI is the critical age group/organ. Therefore, the
'variables in the above dose equation can be defined as:

DFT;. = 1.40*10° ingestion dose factor for adults/GI-LLI for Mn-54, in mrem/pCi
ingested (RG 1.109, Table E-11)

Uva = 520.0 vegetable ingestion rates for adults, kg/yr

fs = 076 fraction of stored vegetables grown in the garden

fi = 10 of leafy vegetables grown in the garden

Uma = 310.0 milk ingestion rate for adults, liter/yr

Ura = 1100 meat ingestion rate for adults, kg/yr

Uta = 640 leafy vegetable ingestion rate for adults, kg/yr

Cy = 67.379 concentration of Mn-54 in stored vegetables, in pCi/kg (from
above)

Cn = 0.181 concentration of Mn-54 in milk, in pCi/liter (from above)

Cr = 4.635 concentration of Mn-54 in meat, in pCi/kg (from above)
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CL = 76.811 concentration of Mn-54 in leafy vegetables, in pCi/kg (from
above)

The dose from the combination of ingestion pathways for this example is calculated by substituting the
above listed variables back into the ingestion dose equation:

DFLjs * [Use * £5* Co + Ua * Cn + Ura * Cr + Upa * £, * Co | = 0.4495 mrem-/yr per Ci

By breaking the above dose equation down into the different pathways which combine to give the total
ingestion dose, we can see the individual dose contribution made by each exposure pathway.

Therefore, we have:

Dose for ingestion DFlj, *Uya *f, *C, =0.373
of stored vegetables

Dose for ingestion DFlija *Upa *Cn = 7.855*10*
of goat's milk

Dose for ingestion DFljs *Up, *C¢=0.00714

of meat

Dose for ingestion DFljja *Upa *f) *CL = 0.0688
of leafy vegetables

PARTE: TOTAL DOSE FROM ALL EXPOSURE PATHWAYS

The total dose from all exposure pathways assumed to be present at the maximum receptor location can
be found by simply adding the individual pathway doses calculated above. Since all the calculations
above assumed a unit activity release from the plant vent stack, the combined dose can be stated as dose
factor per unit activity released. This then demonstrates the development of the Seabrook ODCM
Method I dose factors for gaseous release of particulates from the vent stack.

Inhalation dose (Part A) 0.00184 mrem/yr per Ci
Ground plane dose (Part B) 0.658 mrem/yr per Ci
Ingestion dose total (Part D) 0.449 mrem/yr per Ci
Total dose all pathways 1.11 mrem/yr per Ci

(critical organ is GI-LLI
of an aduit for Mn-54)
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APPENDIX B

CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND
TAKEN FROM

10 CFR 20.1-20.602, APPENDIX B

B-1
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Nuclear Regulatory Commission

Pt. 20 [§§ 20.1—20.602], App. B

APPENDIX B TO §§.20.1—20.602—CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL
o BACKGROUND—Continued

[See footnotes at end of Appendix 8]
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Isotope Table | Table 1t
Element (atomic number) Col. 1—Aic C&l.aéf—- Col. 1—Ai Cxé‘ze’—
(uCi/mil) (uCifmi) (Ci/mi) (Ci/mt)
| 6x10°* 1x10°? 2x10-1° 4% 1073
Bi 212, S 1x 1077 1%10°2 3Ix 107 4% 10~
{ 2x10°7 1x10°? 7x10°°? 4x10°¢
Bromine (35) Br 82 S 1x10-¢ 8x10°3 4x10°¢ 3x10°*
{ 2x 107 1x10™3 6x10"? 4x10"8
Cadmium (48) Cd 109 s 5x10°* Sx10-? 2x10~* 2x10°¢
t 7x10-* Sx10-3 3Ix 10 2x10°*
Cd t15m................ S 4x10"¢ 7x10°* 1x10°1 3x10°*
i 4% 10°¢ 7x10°* 1x10°? 3Ix10-*
Cd 1S S 2x1077 1x10°3 8x10°* 3x10°3
{ 2x107? 1x10"3 6x 10~ 4x10"°
Calcium (20) Ca 45 s 3x10°* 3x10°¢ 1x10°° 9x10-¢
| 1X%10°7 Sx10-3 4x10°° 2x10°¢
Ca 47, S 2x10°? 1x10°3 6x10°°* 5x10°3
{ 2x10°? 1x10°3 6x10"* 3x10°3
Californium (98) Ct 249 S 2% 10~ 1xX107¢ 5x10™1 4x10°¢
t 1x 10" 7xX107¢ 3Ix 101 2x10°%
Cf 250 v S Sx 10T 4x10°* 2x10°1 1x10°3
i 1x10-% 7x107¢ 3x10-1 3Ix10-*
Cf 251w S 2x10-1 1x10°¢ 6x 10" 4x10°¢
l 1x10- 8% 104 3x10712 3x10-3
cta2s2....ee| S 6x 10712 2x10°¢ 2x10°% 7x10°¢
! 3x10- 2x10" 1x10- 7x10°¢
Ctass..ied S 8x10-1* 4x10°? 3x10-u 1X1074
{ 8x10- 4x10™? 3x10-4 1X1074
CIa54. S §x10°12 4x10°¢ 2x10- 1x10°7
i Sx10-12 4x10°¢ 2x10-1 1%10°7
Carbon (6) C14 s 4x10°¢ 2X10~2 1x10°7 8x 107+
(0 % IR ~| Sub Sx10°% 1X107¢ e
Ceriurn (58) Ce 141 ... S 4x10"? 3Ix1073 2x10°* 9x10™*
‘ { 2x10°7 3Ix10°3 Sx10°* 9x10™3
Ce143...d S 3x10°7 1x10°2 9x10°* 4x10°3
| 2x10°7 1X1073 7x10°° 4x1073
Cetaq ... IS 1x10°¢ 3Ix10-* 3x10° 1%10°3
{ 6€x10°° 3x10~ 2x10°1° 1x10°8
Cesium (55) Cs 131 S 1x10°s 7x10°2 4x10°7 2x10™3
: { 3x10°¢ 3x10°2 1x10°7? 9x10™¢
Cs 134M ey S 4x10"* 2x10°t 1x10-¢ 6x1073
{ 6x10™¢ 3Ix10-2 2x10°7 1X%103
Cs 134 d S 4x10°¢ 3x%x10°¢ 1x10°? gx 10~
1 1x10"¢ 1x10™3 410710 410"
Cs135.............{ S 5x10°* 3x10™3 2x10°* 1X10°¢
{ 9x10-¢ 7x10°3 3x10°* 2x10™
Cs 136.uucccccccnnd S 4x10"? 2x10™3 1x10°¢ 9x 1073
{ 2x10°7 2x10°3 6x10"* 6x10™*
Cs 137ecncd S 6x10"¢ 41074 2x10°? 2x10°%
{ 1x10"¢ 1x10-3 5x10= 4%10°*
Chiorine (17), Q36 S 4x%10°? 2x10°* 1x10°¢ 8x10-%
t 2x10°* 2x10-3 8x1Q-te 6X10-3
[ oc ORI - 3x10~¢ 1x10™2 9% 10°¢ 4x%10°1
| 2x10-¢ 1x10°2 7x10°¢ 410"
Chromium (24) Cr 51 s 1x10-% 5x10°? 4x%10°7 2x10™?
{ 2x10"¢ 5x10-? 8x10~* 2x 103
Cobalt (27) Co 57 S 3x10-¢ 2x107? 1x10°? Sx 1074
l 2x 107 1X10°2 6x10°* 4x10™¢
Co 58M....couveceenees S 2x 1073 8x10°2 6x 1077 3x10°3
I 9x107¢ 6x10°2 3x10°7 2x1073
CO 58..cererererarennad | S 8x10~7 4x1073 3x107¢ 1X107¢
I Sx10-¢ 3x10°? 2x10°* 9x10°2
'S 3x1077 1x1073 1x107¢ Sx 1073
i 9x10™* 1x10°3 3x10-1e 3x 103
S 2x107¢ 1x1072 7x10"¢ 3x1074
t 1x10°¢ 6x10°3 4x 108 2x 107
'S 1x 10~ 7x10°° 4x10°12 2x10°*
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isotope * Tabte | Table II
Element {(atomic number) : Col. 2— . Col. 2—
caczfn":)\" Water C("[b:/“'nﬁ" water
(uCi/mi) M (oCi/mi)
t 2x10° 7x10°¢ 6x 10712 2x10°3
Cm 243 .......occoenee S 6x10° 1 1%x10°¢ 2x10°1 5x10-¢
[ 1x10°% 7x10° Ix10- 2x10°%
Cm 244 ... | S 9x10-4 2x%10°¢ 3x10°v 7x10°¢
! 1X10™ 8x 10 3x 10~ 3x10°2
Cm 245 ...l S 5x10-1 1x10° 2x10°" 4% 10°¢
{ 1Xx 10" B8x 101 4x 10712 3x10"3
Cm 246 .................. S 5x 10~ 1x10° 2x10°1 4x10"¢
I 1X10=t 8x10-* 4x10° 1 3x10-3
Cm 247 ..o S §x10- 1xX10°* 2x 10~ 4x10°¢
{ 1x10~1 6x 107+ 4x10°12 2x10°3
Cm 248 .................| s 6x10°1 1X10°3 2x10°1 4%107?
{ i1x10~v 4x10°3 4x10°% 1x10°¢
Cm 249 ...l S 1x10-¢ 6x10°2 4x10°7 2x10°3
! 1x10-3% 6x10°2 4x10°7 2x10°32
Oysprosium (66) Dy 165 S 3x10°¢ 1x10°2 9x10°¢ 4x10™*
i 2x10~¢ 1x10°2 7X10°¢ 4x10™4
Dy 166..c.cccececeeee| § 2x10°7 1X1073 8x10"? 4% 1073
1 2x10-? 1x10°3 7x10°* 4% 1073
Einsteinium (99) Es 253 S B8 101 7x10° 3x10~n 2x10°3
1 66X 10- %0 7xX10"¢ 2x10-n 2%10-3
Es 254m....uccecnrnnas S 5x10°* 5x10™+ 2x10°" 2x10™%
f 6x10~* 5x10"¢ 2x10°® 2x10°3
Es254.......... —q S 2x10-% 4x10°¢ 6x10"1 1x10~3
I 1xX10-» 4x10™¢ 4x10-1 1x10"3
ES 255 4 s S5x10=" 8x10™¢ 2x10"n 3Ix10-3
| 410" 8X10™ 1x10-4 3x10™3
Erbium (68} Er 169 S 6x10~7 3x10~3 2x10°¢ 9x 1073
t 4% 10™7 3x 10~ 1x10°¢ 9x10~3
Er 171 ccircrrecacane J S 7xX10°7 3x107? 2x10°* 1x10~*
| 6x10~7 3x10-? 2x10° 11X 107
Europium (63) Eu 152 S 4x10°7 2x1073 1x10°* 6x10-2
(T/2=9.2 tws) ...} | 3Ix10-7? 2x%10™? 1x10°¢ 6x10-3
€U 152.cicnnd S 1x10"* 2x1073 410" 8x1073
(T/2=13 yrs)....) | 2x10°*¢ 2x10™? 6x10™w 8x10-s
Eu154 .. d S 4x%10°* 6x10-¢ 1x10-%@ 2x10™3
| 7x10°* 6x10-¢ 2x10° 2x10°%
€U 155 S 9x10™* 6x10"3 3x10°* 2x10°¢
| 7xX10~¢ 6x10-2 3x10°* 2x10°¢
Fermium (100) Fm 254 S 6x10™¢ 4x107? 2x10°? 1x10°4
| 7x10"¢ 4%10°2 2x107? 1%1074
Fm 255, S 2xX10-* 1x10-3 6x10-w 3x 1073
f 1xX10"* 1x10°2 4% 107 3x10™3
Fm 256 ccicrend S 3x10-* 3x10-* 1X10°1° 9x10°7
t 2x%10°°* IxX107* 6x10-1 9% 10°7
Fluorine (9) F 18 S S5x10™¢ 2x10°2 2x10°7 8x107¢
t IX10°¢ 1xX10"2 9x10°* 5x10™
Gadolinium (64). Gd 153 S 2% 10°7 6x10°3 8x107? 2x107¢
: L X 10~ 6x1073 3x10°* 2x10™4
Gd 159 e S Sx10™? 2% 1072 2x10°* 8x10™3%
! 4% 1077 2x107? 1X10"¢ 8x 1073
Gallium (31) Ga72 s 2% 1077 1x10°3 8%10"* 4x 1073
{ 2x10-7 1x10°3 6x10°* 4% 1073
Germanium (32) Ge 71 S 1x10-¢ 5x10°2 4x10°7 2x10-3
1 6x10-¢ 5x10-1 2x107? 2x10°3
Gold (79) Au 196 S "1x10°¢ 5% 1073 4x107¢ 2% 10"
1 6x10°7 4x1073 2x1078 1% 10°¢
Au 198......nnees S 3x10°7 2x10°3 1x10°¢ Sx10~*
{ 2x10°7 1x10°3 8x10"* S5x10°*
AU 199, s 1x10°¢ 5x10°3 4x10°% 2x10°¢*
i 8x 107 4x 1072 3x10°* 2x10°¢
Hatnium (72) Hf 181 S 4x10°% 2x10°3 1x10"°* 7x107®
| 7x10"¢ 2x 1073 3x10°? 7x10°*
FHOUMHUM (67} .uveeeceerrieraererererceeesenaenineend HO 166 L S 2x10-7 9x 107 7x10°* 3x10°*
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isotope ! Table ! Table #1
Element (atomic number) Col. 1—Air Col. 2— Col. 1—air | Col- 2—
wCirmi) Water (Cizmi) Water
(uCi/mi) # (Ci/mi)
I 2x10°7 gx10°+ 6x107? 3Ix 1073
Hydrogen (1) J M3 S 5x10™¢ 1x10°! 2x10"7 3Ix10°?
f 5x10°¢ 1107 2x1077 3x10°?
Sub 2x10-3 4x10"%
indium (49) in 113m s 8x10°¢ 4% 102 3Ix10°7
| 7x107¢ 4x%10°2 2x10°7
N 114M.crrnerend S 1x10°? 5§x10°* 4% 10~
| 2x10"* §x10-¢ 7X10°
I 115m. e S 2x10°¢ 1x10°2 8x10°*
| 2x10-¢ 1x10°? 6x10°¢
[F 00 1 1- S 2x10°7 3x10°3 9x10-*
i 3x10°* 3x10-? 1x10°*
lodine {53) 1125 S 5x10°* 4x107*] 8x10°"
f 2x10°’ 6x10°%| 6x10°°
[0 - S s 8x10°* 5x10°% g9x10-
i 3x10°7 3x10°3 110"
P 129 iicecsacnnenncas| s 2x10°* 1x1073% 2x10° "
1 7x10°* 6x10°2 2x10°*
IR Bl IO S 9x10°* 6X107% 1x10-w
t 3x10°7 2x10°3 1x10°¢
F 132 ererenemracsnennecd S 2x10°? 2x10°? 3x10-*
{ 9x10°7 5%10°3 3axi0-*
[ B i SOPOIOURIN S 3x10™* 2x10°¢ 4x 107
i 2x10°7 1%x10°3 7x10-?
[ 134 e S 8x10°? 4x10°3 6x10°*
I 3x10-¢ 2x10°2 1x10°?
1135 e S 1x10°7 7x10°4 1x10°*
] 4x10"? 2x10°2 1x10°¢
Iridium (77) Ir 190 S 1%10°¢ 6x10°3 4x10™*
| 4x10”7 5x10°3 1x10°¢
I 192 ivironaniee] S 1x10~? 1x10°3 4X10°*
1 3x10°¢ 1x10°3 X 10"
Ir 194 o eeeee. S 2x10°? 1X10°3 8x10~?
l 2x10°* 9x 1074 §x10°*
{ron (26) Fe 55 S 9%10°7 2x1073 3Ix10~*
. 1 1x10°¢ 7xX10°2 3x10°¢
Fe 59 e ] 1x 1077 2x 1073 Sx10~*
f 5x10°¢ 2x10°? 2x10™*
Krypton (36) Kr 85m Sub 6x10~¢ 1%x10°7
[ () : 1 N— Sub 1X10°% 3x10~7
(7 SOO——— -1 . 1xX10°¢ 2x10-*
Kr 88..occeeenen..] Sub 1Xx10°¢ 2%10™¢ |
Lanthanum (57) La 140 S 2%10°7 7x10°¢ 5x10°*
| 1x10°7 Tx10°¢ 4%10"*
Lead (82) Pb 203 S 3x10°¢ 1x10°2 9x10~*
{ 2%10°¢ 1x10°2 6x10"¢ 4X107¢
PO 210eccrcceeenend S 110~ 4x10°¢ 4x10°2 1x10°7
i 2x10-® 5x10°3 8x10-12 2X107*
PD 212 S 2x10™* 6x107¢ 6x107° 2x10°s
| 2x10™¢ SX 104 7x10°* 2x10°%
Lutetium (71) tu 177 S 6x10°7 3x10°3. 2x10-8 1X1074
| 5x10°7 3x107? 2x10"¢ 1x10™4
Manganese (25) Mn 52 s 2x10°7 1x1073 7x10°° 3x10°*
{ 1x10°7 9%x10™ 5%10~* 3x10°3
S 4%10°7? 4x10°3 1x10°¢ 1x10°¢
{ 4x10°* 3x10°3 1x10°* 1x107¢
S 8x10™" 4x10°* 3x10°* 1x107¢
! 5x10"7 3x10°3 2x10"¢ 1x 104
Mercury (80) HG 197M e S 7x107? 6x1073 3x10°* 2x10°¢
! 8x10~? 5§x10°3 3x10°¢ 2x107*
HG 197 e S 1x10°¢ 9x10°? 4%10°¢ 3x10°*
. 1 3x10°¢ 1x 1072 9% 10-¢ Sx10-*
Hg 203 e S 7x10°¢ Sx 107+ 2x10"* 2x10°3
{ 1x10°7 3x10°3 4x10°* 1x10°*
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Isotope * Table | Tabte 1t

Element {atomic number) Col. 1—Air Col. 2— Col. 1—Air Col. 2—

: Water . Water
WG/ml) | Gty | WO Gy

Molybdenum (42) Mo 99 S 7x10"7 §x 1072 Ix10°* 2x10°

i 2x1077 1x10°2 7x10°* 4% 102

Neodymium (60) Nd 144 S 8x10-" 2x10°? 3x10°1 7x10°2

f 3x10°% 2x10°3 1x10™ 1 8x10°?

Nd 147 e S 4x10°7 2x10°3 1x10-* 6x10°*

! 2x10°7 2x10°3 8x 10" 6x10"°

Nd 149.....vvnene S 2x10°¢ 8x10-3 6x10°¢ Ix 107

t 1x10°¢ 8x10"? 5x10°* 3Ix10-*

Neptunium (93) Np 237 s 4x10™1 9x10°%| 1x10°® 3x10°¢

: i 1x10~% 9x10°* 4x10-1 3Ix10°?

NP 239 ..o S 8x10™? 4% 103 3x10°¢ 1x10°*

t 7x10°7 4x10°3 2x10°* 1x10°¢

Nickel (28) Ni 59 S 5x10°7 6x10~3 2x10°¢ 2%10°*

i 8x 107 6x10-2 3x10°* 2x%x10°3

Ni B3....ccrrvrerenernnsa] S 6x10°* 8x 1071 2x10°* 3x10°3

{ 3x10"? 2x10°2 1x10°* 7x10°*

Ni 65.cuerreecemscsenenened] S 9x10~? 4x10°7 3x10°* 1x10°4

i 5x10~7 3x10°? 2x10°* 1x10-*

Niobium (Columbium) (41) Nb 93m S 1X10-7 1x 10"t 4x10°? 4%107+¢

1 2x%10°? 1x10°2 5x10°? 4x10°

ND 95 ..verrvererncnnae S §x10°7 3x10™3 2x10~* 1x10°¢

I 1x10°7 3x10-3 3x10-* 1x10°¢

(1 - 7 — S 6X10™¢ 3x10°*| . 2x10°7 9x10-¢

I 5x10°¢ Ix10-? 2x1077 9x 10~

Osmium (76) Os 185 S 5x10-? 2x10°3 2x10"* 7x 1073

| 5x10-* 2x10"? 2x10"°* 7x10"3

Os 191M..ccrciecrnens S 2x10°* 7x10°32 6x10°7 3x10°?

| 9x10™¢ 7x10°2 3Ix10-7 2x10-3

08 197 enend S 1X10"¢ §x10°3 4x10°¢ 2x10°4

1 4x10°? 5%10™3 1x10°° 2x10°¢

0s 193.ceeceeeee| S 4x10°7 2x10°3 1x10-* 6x10-3

{ 3x10°? 2x10~3 9x10°* S§x10-2

Paltadium (46) Pd 103 S 1%10°¢ 1x10"? 5x10°¢ 3Ix 10~

1 CTX107? 8x10-? 3x10°¢ 3x 104

Pd 109..cieene] S 6x10°7 3x10™? 2x10°* 9x10-3

{ 4x10~7 2x%1073 1x10-¢ 7x 103

Phosphorus (15) P32 S 7X10"¢ 5§x10°* 2% 10°? 2x1073

i 8x10"* 7% 10" 3x10°* 2x10°%

Platinum (78) Pt 191 S 8x10~7 4x10°3 3x107¢ 1x107¢

i 6107 3x10°3 2x10"* 1x10™¢

Pt 193M..cceeceeend] S 7x10™¢ 3x10°2 2x10°? 1x10-3

| 5x10™¢ 3x10°* 2x10°7 1x10°3

Pt 193, cccernned] s 1x10°¢ 3x10-3 4% 10" 9x10™*

{ 3x10°? 5x10~2 1X10™¢ 2x10-?

PLAS7@ ] S 6X10™¢ 3x10™? 2x10"? 1x 1073

| Sx10~¢ 3x10°2 2x10°7 9x 1074

Pt 197, e S 8x10~7 4x10°? 3x10°* 1x10°4

{ 6x10°7 Ix10°3 ax10™* 1X 104

Piutonium (S4) Pu 238, S 2x10-1 1X10°¢ 7x107 1 5x10°¢

§ 3x10-n 8x10-¢ 1x10"1 3Ix10-3

Pu 239, enieiend S 2x10-1 1X10°¢ 6x 107 5x10-¢

| 4x10°% 8x 10 1x10°1 3x10™3

Pu 240.......cccreeneeed] S 2x10™12 11074 6x10°" S5x10°¢

| 4%x10-v{ ~ 8x10"¢ 1x10" % 3Ix10-3

Py 241 ... S 9x10~" 7x10°3 3Ix10°7 2% 10"+

t 4x10™ 4%x10°2 1x10°* 1x1073

Pu 242 ... S 2x10°% 1x10°* 6x10~H 5x10°¢

! 4x10"4 9x 10™* 1% 1012 3x10°*

Pu 243 S 2x10°¢ 1%10"2 6x10"¢ 3x10°¢

I 2x10°¢ 1x1072 8x10°* 3Ix1o7e

Pu 244......oceeenes S 2x10-% 1x 1074 6x10°H 4x10°¢

i 3x10~1 3x10°4|  1x10°% 1x107°

POIOOKIM (84) ...eccuerenemmecrcecenemrennsninnnenceanens| PO 210 S Sx 10~ 2x1073 2x10°" 7x10°7
i

2x 1071 8x 1971 7x1Q°* 3x10°*
B-6 ODCM Rev. 16
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(See footnotes at end of Appendix B8]

T
Isotope * Table ( ! Table 1l

Element (atomic number) Col. t—aic | 2= | ool 1air | Col 2—
(,;Ci/mi) W:_a(er (p.Cl/ml) Water
{xCi/mi) _ (uCi/mi)
Potassium (19}.......... K82 .ereieeeerirerans S 2x10°¢ 9x10°? 7x10°" 31074
t 1x10°7 6x10"* 4% 10°* 2x10-*
Praseodymiurp (59)......... Pr 142 .| 8 2x107? 9x10™¢ 7x10°? 3x10°3
! 2%x10°? Sx10°* Sx10°° 3Ix10°*
Pr 143.......ooveee. S 3x 10”7 1x10°3 1x10-* 5% 10°3
| 2%10°7 1x10°? 6x10°° 5x10°3
Promethium (61) Pm 147................| S 6x10"" 6x10°3 2x10°° 2x10"*
i 1x10°7 6x10°? 3Ix10°°* 2x 10"
Pm 149.................. S 3x10°? 1x10°? 1x10°* 4x10°*
. i 2x10°7 11072 8x10°° 4x10°*
Protoactinium (91) Pa 230 S 2x10°* 7x107? 6x 10" 2% 104
i 8x10°1"° 7x10°? 3x10°* 2x10°¢
Pa 231...cereennn S 1x10° Ixi10-? 4x 10" gx 107
{ 1% 10" Bx10°* 4x 107 2x10°*
Pa 233.....coeeae s 6x10°7 4% 1073 2x%10°° 1xX107
| 2x10°° 3x107? 6x10°° 1x1074
Radium (88) Ra 223 s 2x10°* 2x10°3 6x10- 7x10°?
1 2x 107 1x10°* Bx 10" 4%x10°¢
Ra 224.............. S 5$x10°? 7x10"% 2x10° 2%x10°¢
1 7x10°%° 2x10° 2x 10" 5x10°¢
Ra 226.....cccconeeeeene S Ixio-n 4%x10°? 3x 10~ Ix10°¢
i Sx10-" 9x107+ 2x 10" 3x10"3
Ra 228..........c.... s 7x10"% 8x10°7 2x 10 3x10°*
! 4x 10" 7%10°¢ 1x 10~ 3x10-3
Radon (86) Rn 220 b 3x10°7 1x10°*
Rn 2223, ... 3x10°* 3x10°?
Rhenium (75}, Re 183 S 3x10°¢ 2%x10°* 9x10°*
{ 2x10°? 8x10-3 Sx10-*
‘ Re 186.................. S 6x10"? 3x 1073 2x10-¢
| 2%10°° 1x1073 8x10°*
s 9x10-¢ 7x10°? 3x10°?
| 5x10°7? 4x10°* 2x10°¢
Re 188..................] S 4x10°7 2%10°3 1x10-¢
! 2x10°7 9x10°¢ 6x10°*
Rhodium (45) Ah 103m................ S ax10-* 4x10°! 3x10°¢
{ 6x 102 3x10°* 2x10°¢
Rh10S.........JS 8x10°7 4x1073 3x10°¢
1 5x10°7 3x 1073 2x10°¢
Rubidium (37) Rb 86 S 3Ix10-* 2x10°3 1x10°*
1 7x10"¢ 7x10°¢ 2x%10"*
RD 87 .ovecvnnnd 8 Sx10-7 3x10°3 2x10°*
) ! 7x10"* Sx 103 2x%10°*
Ruthenium (44) Ru 97. S 2x10°¢ 1x10°2 8x10~*
f 2x10°¢ 1x10°2 6x10™*
RU 103...oerreennd S 5x10°7 2%10°3 2x10°*
1 8x10"* 2x 103 3x10"*
Au 105 ................. 4 S 7X10"7 3x10°3 2x10"¢
§ Sx10°7 3Ix10°3 2x10°¢
Au 106............... e S 8x10-* 4x10°¢ 3Ix10-*
1 6x10°* 3x10°¢ 2x10-¥w
Samarium (62) Sm 147 S 7x10~" 2x10°3 2x10-1
t 3Ix10° 2x1073 9x 10"
Sm 151, S 6x10"° 1x10"2 2x10°*
] 1x10°? 1x10°2 5x10°?
Sm 153, S 5x10°7 2x10™? 2x10°¢
{ 4x10°7 2x10°3 1x10°¢
Scandium (21) Sc 46 S 2x107? 1x10°3 8x10-*
{ 2x10°°¢ 1x10°3 8x 10~
SC 47 s 6x10°7 3x1073 2x10°*
i %1077 3x1073 2% 10
SC 48 S 2x10°7 8x10-¢ 6x10°*
{ 1%10°? 8x10°* Sx10-*
Sefenium 34) ..o, Se 75 I 1x10°¢ 9x 107 4x107¢
t 1%10°7 8x 103 4x10°°
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APPENDIX B TO §§ 20.1—20.602—CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL
BAckGroOunD—Continued

{See footnotes at end of Appendix B]

Isotope * Table i : Tabie 1t
Element (atomic number) Col. 1—Air Col. 2— Col. 1—Arr Col. 2—
(uCi/mi) Water uCirmty Water
(uCi/erty (uitmi)
Silicon (14} Si 3 e S §x10°¢ 3x10°* 2%x10°° 9x10°*
{ 1x10°¢ 6x 1072 3x10°* 2x10°*
Silver (47) Ag 105 S 6x10°7 3x10-? 2x10°¢ 1x10°*
f 8x10°* 3x10°3 3x10°* 1x10°¢
Ag 110m................ S 2x10°7 9x10-¢ 7%10°? 3x10°3
f 1x10°¢ 9x 10~ 3Ix10° 3x10°*
Ag 11l S 3x10°? 1x10°3 1x10°* 4x107*
1 2x10°7 1x10"3 8% 10 4x10°*
Sodium (11) Na 22 S 2x10°7 1x10°3 6x10°° 4x10°°
1 9x10°* 9x10°* 3x 107 3x 107
Na2d. ... S 1x10°¢ 6x10°? 4% 10" 2x10°"
| 1x10°7 8x107¢ Sx10°? 3Ix10°*
Strontium (38) Sr 85m S 4x10”3 2x107! 1%10°¢ 7x 1073
§ 3Ix10°% 2x%10°! 1%10°¢ 7x10°3
St 85 S 2x10°? 3x1073 8x10°° 1%10°*
{ 1% 10”7 5x 1072 4x10°* 2x107*
Sr 89 S 3x10°* 3Ix 10" 3Ix10-"® 3x10°¢
1 4%10°¢ 8x 10 1x10°? 3x10°3
Sr 90 S 1% 10°° 1x10°3 Ixi0~" 3Ix1077
{ 5x10°*| 1x10°3 2x10-" 4x10”3
T8 2 DOTOUUOORROR s 4%10°7 2x10°3 2%10°* 7x10°%
| 3x10°7 1x10°3 9% 10°° Sx10°%
S 92.iscnernned] 3 4x%10°7 2x10-2 2x10°* 7x10°3
! 3x10°? 2x1073 1x107¢ 6x10°*%
Suifur (16) S35 S 3x10°? 2x10°3 9x10°? 6x10°3
1 3x10°? 8% 10-3 9x10°* 3x10™
Tantatum (73) Ta 182 S 4%10"* 1x10°? 1x10°* 4x10°*
! 2x10°* 1x10"3 7x10°% 4% 1073
Technetium (43) Tc 96m S 8x10°3 4%x10°! 3x10°¢ 1x10~*
1 3Ix10°s 3x 107! 1x107¢ 1x10°*
TC 96 .ceeeccvannnd s 6x10"7 3x10°3 2x10"* 1x10™¢
{ 2x%x10°7 1x10°3 8x 107" 5%x10"%
TC S7Menracrancaenad S 2x10°¢ 1x10°2 8x10-* 4% 1074
t 2x10°7 5x10°3 5x10°* 2x 1074
TC 97 ceeeemecreeroanned] S 1Xx10°3 §x10°* 4x 1077 2x 1073
f 3x10°7 2x10~* 1x10°¢ 8x10°*
RE-R: 10 TOR S 4x%10°3 2x10°! 1x10°¢ 6x10°3
| 1X10°3 8x 1072 5x 1077 3x10°?
TC 99 cceicececinnrend S 2x10°¢ 1x10°* 7x107* 3x10™¢
1 6Xx10™* 5x10°3 2x10"* 2x10°+
Tellurium (52) Te 125m. s 4%10~° Sx10"3 1%x10°* 2x10"*
{ 1x10”7 3x10°? 4x10"* 1Xx107*
Te 12Tm..ncceeeen S 1x10°7 2x10-3 5x10°? 6x107%
i 4x10°¢ 2x10-3 1x10°? 5x107*
Te 127 .miecnaeee - S 2x10™¢ 8x10-3 6x10°* 3x107¢
{ 9x 10”7 5x10-3 3x10-* 2x10°¢
Te 129M...ccicnecssd] S 8x10™* 1x10~3 3x10°* 3x10-%
t 3x10°* 6x10~* 1x10°* 2x10°3
Te 129.icuccririecrenned S 5x10°¢ 2x10°3 2x107? 8x 107
1 4x10™¢ 2x10°32 1x10°7 8x10°¢
Te 131m...........c.... S 4x10™7 2%10°3 1x10°¢ 6x10°3
{ 2%10°7 1x10-3 6x107* 4x10°%
Te 132.. e S 2x10°7 9x 10~ 7%10°? 3x10°*
i 1x107? 6x10™¢ 4x107° 2x10°3
Terbium (65) Tb 160...c.ccccecvrveee| S 1x10°7 1x10-? 3x10°* 4%10°3
] 3x10°* 1xX10°3 1x10°* 4x1073
Thattium (81) T1 200 S 3x10~¢ 1X10°2 9x 10~ 4x10°*
f 1x10°¢ 7%10°3 4x10”* 2%107*
TH20T e s 2x10°¢ 9x 1073 7x10°* 3x10°*
! 9x10~7 5% 10°3 3x107¢ 2x10°*
TH202....ccvccrneee S 8x1077 4%x10°? Ax10°* 1x107¢
! 2%x1077 2x107? 8x 107 7x10°?
T 204 1S 6% 1077 3x107? 2x10°% 1x10°*
i 3x 10" 2x%107? 9x 107 6x 1073
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APPENDIX B TO §§ 20.1—20.602—CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL
BACKGrounD—Continued

[See footnotes at end of Appendix 8]

tsotope * Table Table (t
Element (atomic number) ; Cot. 2— . Col. 2—
cac:/'_“;;“ Water C(?I'C:/:\ﬁ" Water
(uCi/mt) (Ci/ml)
Thorium (90) Th 227 e S 3x10°* 5x10°¢ 1x10- ¢ 2x10°*
| 2x10-% S5x10°4 6x 10" 2x10°3
Th 228.......c.u....... S gx10~1 2x10°¢ 3x10°% 7x10°¢
{ 6x10-1 4x10~¢ 2% 1074 1x10°3
Th 230.cciiierrnaen S 2x10-2 5x10°3 8x 10" 2x10°¢
{ 1x10° % 910" Ix10-" Ix10-*
Th 231, S 1X10™¢ 7x10°3 5x10°* 2x10°¢
i 1% 10~¢ 7x10°3 4x10°* 2x107*
Th 232...cnna S 3x 10~ Sx10°% 1x10°% 2x10°¢
1 3x10°% 1x10°3 1x10°42 4% 10"
Th naturat .............. S 6x10°% 6x10°* 2x10°% 2x10°¢
{ &x10-4 6x10"* 2x10°* 2x10°*
Th 234....nernnd S 6x10™¢ 5x10°¢ 2x10°* 2x 1073
1 3Ix10°¢ 5x10°4 1x10°° 2x10°3
Thutium (69) Tm 170 S 4x10°° 1x10-3 1x10"°* Sx10-2
t 3x10°* 1x10°3 1x10°* 5x10-%
Tm 17 1. g 1X10°7 1x10°2 4x10-* Sx10°+
1 2x10°7 1x10°2 8x10°* Sx10-¢
Tin (50) Sn 113 S 4x10°7 2x1073 1x10°* 9x10-3
1 5$x%10-* 2x10°3 | 2x10°* B8x10°% .
Sn 125, S 1xX10°7 S5X10°¢ 4x10°* 2x10°%
t 8x10™* 5x10"¢ Ix 10~ 2x10°%
Tungsten (Wolfram) (74) w181 S 2% 10°¢ 1x10-3 8x10°* 4x10°¢
| 1x10°7 1x10°¢ 4107 3x10°¢
W 186.... e S 8x10°7 4x107? 3x107* 1x10-¢
I 1x10"7? 3x10™3 4x10°* 1x10°¢
W 187..eeeeeened S 4% 10°7 2x10°2 -2X10°¢ 7x10°%
i 3x10°7? 2x10~? 1x10°¢ 6x10-3
Uranium (92). U 230. S 3Ix10-" 1x10~¢ 1x10~4¢ 5x10°¢
! 1xX10°» 1X10"¢ 4x 1012 §x10-¢
U 232 S 1x10°% 8x10~¢ 3x10-2 3x10°%
{ 3Ix10-u 8x10-¢ 9x10~1 3x10-%
U 233 S 5x10-% 9% 104 2x10-n 3x10°%
t 110~ 9x 10" 4X%10°% |  3x10°%
U 234 S 6x10-% 9% 104 2x10° 3x10-%
| 1X10°% 9x10°¢| 4x10-u 3x10-*
U 235 S+ 5x10~% 8x10™¢ 2x10° 3x10°*
{ 1X10°% 8x 10~ 4x10™ 3x10°%
U 236. S 6xX10""% 1x10™3 2x10~" 3x10°%
| 1xX10~* 1x10-3 4% 10°%2 3x 1073
U 238 S 7X19~n 1x10™3 3Ix10~12 4%10~*
f ) 1x10%|  1x10-3| Sx10-| 4x10-s
U 240 S 2X10°? 1xX1073 8x10™* 3x10°*
| 2x10"? 1x10-2 6x10™* 3x1073
U-naturai S 1X10° 1X10°*| 5x10- 3x10°%
| 1xX10~% 1X10°3 Sx10-12 3x10°3
Vanadium {23) V48 s 2x10°? 9% 10~ 6x10°* 3x10°*
1 6x10~* 8x10~4 2x10°* 3x10°*
Xenon (54) Xe 131m Sub 2x10°* 4x10"*
Xe 133 Sub 1X10°% 3x10°7 .
Xe 133m Sub 1xX10°¢ 31077,
Xe 135 Sub 4% 10°¢ 1x10"7
Ytterbium (70} Yb 175 S 7x10°? 3x10"? 2x10°* 1x10-¢
I 6x10"? 3x 1073 2x10°* 1% 10°4
Yttrium (39) Y 80 S 1x10°? 6x10°¢ 4x107* 2x 107
| 1%10°7 6x 1074 3x10°* 2% 1073
Y 91m...rrerinnend S 2x10"% 1%10°" 8x10°7 3x10°3
2x10°3 1x10°! 6x10-7 3x10°3
25 ) IUTUOUS S 4x10™° 8x 1074 1x10°* 3x10°*
l 3x10°* 8x10°* 1x10°* 3x10°%
Y 92 eecrieerinnans S 4% 107 2x1073? 1X10°¢ 6x10°%
i 3x10°7 2x10°3 1%x10°¢ 6x 1073
Y 93.ccircriennireans S 2x10°7 8x 10~ 6x10°* 3x10°*
f 1x10"7 8x 107 5x10°? 3x10°%
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APPENDIX B TO §§ 20.1—20.602—CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL
BACKGROUND—Continued

(See tootnotes at end of Appendix B)

Isotope Table | Table it

Element (atomic number) . Col. 2— Col. 2—

C.‘(;:.C; /r—nl?( Water CFIC«I /;‘8" water

(uCi/ot) - (uCisel)
ZiNC (30) cveneceencrcrcerenereieneeneeenerstasisrense] 2085 | S 1x10°7 3Ix107? 4% 10°° 1%x107
| 6x 10-* Sx 1073 2x10°* 2% 107+
Zn 69Mm.......coceenenn S 4x10"7 2x107? 1x10°¢ 7x1073
| 3x 10”7 2x107? 1x10-* 6x10°*
4, I -1 SO s 7x10"¢ 5x10°2 2x10"7 2x10°3
{ 9x10~¢ Sx 1072 3x10°7 2x10°3
Zirconium (40) 2Zr 93 S 1x10°7 2x10°? 4x10"* ax10"¢
{ 3x10™7 2x10°2 1x10°¢ ax 107
26 95..eeiereranan S 1x1077 2x10°3 4x10"° 6x10°*
{ 3x10-* 2x 10723 1x10"* 6x10°*
8- ¥ S S 1x10°7 Sx10"¢ 4x10°? 2x10°3
| 9x 10" 5x10°¢ 3x10-* 2% 1073
Any single radionuclide not listed above Sub 1x10°¢ KD [ 2l TS

with decay mode cther than alpha
emission or spontaneous fission and
with radioactive hatf-fife less than 2
hours.

Any single radionuclide not listed above |......ccrcerncionennned] | 3x10-* 9x10°3 1x 10" 3x10°¢
with decay mode other than alpha
emission or spontaneous fission and
with radioactive half-ife greater than
2 hours,

Any single radionuclide not HSted [..coiericecenennnns ‘ 6x10~1 4x10°? 2x 10" 3x 107"
above, which decays by alpha emis-
sion or spontaneous fission.

These radon concentrations are appropﬁatelaprotecﬁonﬁommdon-zzzwwmedmnssmnwdaugmers
Alternatively, the value in Table | may be replaced by one-third (%) “working level.” (A “working level” is defined as any
combination of short-lived radon-222 daughters, polonium-218, lead-214, bismuth-214 and polonium-214, in one liter of air,
mmwmm«mwmm:thnmmmmd1.3x10’MeVofalphapamdeenergy)
The Table il value may be replaced by one-thitieth (%o) of a “working.level” The limit on radon-222 concentrations in

“For soluble mixtures of U-238, U-234 and U-235 in air chemical toxicity may be the lmiting factor. If the percent by
weigm-entidmenooqu-zasslasthans.p\econwmﬁmvamefaawmmnhlel.sozmmgramsuramm
uw.FammLMMdemmmmdemm:am a

uranium in
concentration value for Table il is 0.007 milligrams uranium per cubic meter of air. The ific activity for naturaluranwm:s
6.77%10™7 curies per gram U. The specific activity for other mixtures of U-238, U-23 -234, if not known, shall be:
SA=3.6%10"7 curies/gram U U-depleted
SA=(0.4+0.38 E+0.0034 £ 10~¢ EZ0.72

where £ is the percentage by weight of U-235, expressed as percent.
Notehmyasewh«en\«esamenaawalerofmmanonemdmmcﬁde the limiting vatues for purposes of

’éié

be determined as follows:
1lfme|demty concentration of each radionuclide in the mixture are known, the kmiting values should be derived as
{ollows: toreadnadiomdde the mixture, the ratio between the quantity present in the mixture and the kmit
otherwise- mafammmammmaammmdwﬁmmanm

rau’omeﬁdesnmem:emaynotexceedﬂ (Le., “unity™)

ExAMPLE: Hf radionuciides A, B, and C are present in concentrations C,, Gy, arxt Cc, and it the applicable MPC's, are MPCA.
and MPC,. and MPC. respectively, then the concentrations shall be Gmited so that the following relationship exists:

(C‘IMPCA)+(C.IMPC.)+(C¢/MPC¢) s1

2. it either the identity or the concentration of any radionuclide in the mixture is not known, the limiting values for purposes
of Appendix B shatt be: -

a. For purposes of Table . Col. 1—6x 10"

b. For pumposes of Table |, Col. 2—-4x10"?

¢. For purposes of Tabte {1, Col. 1—2x 10"

d. For pumoses of Table il, Col. 2—3x10°*

3. if any of the conditions specified below are met, the corresponding values specified below may be used in lieu of those
specified in paragraph 2 above.

a. [f the identity of each radionuclide in the mixture is known but the concentration of one o more of the radionuclides in

the mixture is not known the concentration limit for the mixture is the limit specified in Appendix “B™ for the radionuclide in the
mixture having the lowes! concentration limit; or

0. If the .dentcty of each radionuchde in the mixture is not known, but it is known that centain radionuclides specified in
Appendix 8" are not present in the mixture, the concentration limit for the mixture is the lowest concentration limit specified
in Appendix “B" for any radionuclide which is not known to be absent from the mixture; or
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Table t Tabte it
T
¢. Element (atomic number) and isolope C°ki:" Col. 2— | Col. t— Col. 2—
(T uCir Water A (uCi/ Water
,,t‘,) (uCi/ ml) mi) (uCi/ml)

if it is known that Sr 99, 1 125, 1 126, 1 129, 1 131 (1 133, Tabie H only), Pb
210, Po 210, At 211, Ra 223. Ra 224, Ra 226, Ac 227, Ra 228, Th 230, Pa
231, Th 232, Th-nat, Cm 248, Cf 254, and Fm 256 are not present ] X073 | 3x10°¢
If #t is known that Sc 90, | 125, 1 126, | 129 ({ 131, | 133, Table Il only), Pb
210, Po 210, Ra 223, Ra 226, Ra 228, Pa 231, Th-nat, Cm 248, Cf 254,
and Fm 256 are not present... o Ex107 e 2x10"¢
if it 5 known that Sc 90, [ 129 (I 125, 1 126, { 131, Tadble it only), Pb 210, Ra
226, Ra 228, Cm 248, and Cf 254 are not present 2% 1073 L 6x 10”7
i it is known that (1 129, Table il only), Ra 226, and Ra 228 are not present 3x10°¢ 1% 10"
if # is known that alpha-emitters and Sr 90, | 129, Pb 210, Ac 227, Ra 228,
Pa 230, Pu 241, and Bk 249 are not present X107 el 1X107%C e
if it is known that aipha-emitters and Pb 210, Ac 227, Ra 228, and Pu 241
are not present 3Ix10°% 1x10-"
If it is known that alpha-emitters and Ac 227 are nOt PreSeM.....cvecccsvecccornnne] IX 1071 1x10-
if #t is known that Ac 227, Th 230, Pa 231, Py 238, Pu 239, Pu 240, Pu 242,
Pu 244, Cm 248, C1 249 and C! 251 are not present 3x10- " TX107'3 s

4. It a mixture of radionuclides consists of uranium and its daughters in ore dust prior to chemical separation of the uranium
from the ore, the values specified below may be used for uranium and its daughters through radium-226, instead of those from
pasagraphs 1, 2, or 3 above.

a. For purposes of Table I, Col. 1—~1x10"' uCi/mi gross aipha activity: or 5x10°" uCi/ml natural vranium o¢ 75
micrograms per cubic meter of air natural uranium.

b. For purposes of Table i, Col. 1—~3x 10" uG/ml gross alpha activity; 2x 10~ uCi/ml natural uranium; or 3 micrograms

per cubic meter of air natural “uranium.

S.Forpurpossofm‘snote aradnmdtdemaybeconsndaadas‘notpfesemma«uxturerf(a)merauoo(
concentration of that radionuclide in the mixture (C,) to the concentration kmit for that radionuclide specified in Table It of
Appendix “B" (MPC,) does not exceed %o, (i.e. C,IMFC.S!I!O) and (b) the sum of such ratios for ali the radionuciides
considered as not present in the mixture does not exceed % ie.

(C/MPC, + Gl MPG,...... + S Y4).
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1.0 INTRODUCTION

Software testing as described in Reference {1] has been conducted for the
Seabrook Station version of the Canberra Effluent Management System (EMS). The
results and conclusions are presented in this report.
1.1 Background

Canberra Industries Inc. developed the EMS software to assist nuclear power
plan; personnel track effluent emissions and perform associated dose
calculatipns. North Atlantic Energy Service Corporation purchased a Seabrook-
specific version the Canberra EMS softwaré which must meet specific requirements
and incorporate site-specific information provided in the O0Offsite Dose
Calculation Manual (ODCM) [2]. Software testing was conducted to provide
assurances that the Seabrook EMS program produces results which are consistent
with current ODCM assumptions and methods. All executions of the EMS program
were performed at Seabrook Station on the target software. All executions of
ODCM Method II were conducted at Yankee Atomic Electric Company in Boltonm, -
Massachusetts.
1.2 Acceptance Criteria

The operability of the EMS software will be accepted.if (i) information
contained in the EMS data files is consistent with the ODCM, (ii) test results
from the EMS program are consistent with results from ODCM methods, (iii)
Technical Specifications requirements are met by the EMS software, and (iv) the
EMS software meets design specifications.

Final user (Seabrook) acceptance is contingent on Seabrook approval of

verification testing results and criteria established by user needs.



2.0 SUMMARY OF OBSERVATIONS

The EMS software testing included (i) identifying appropriate
meteorological set up data, (ii) review of dose and dose rate conversion factor
development, (iii) assessments for liquid releases, and (iv) assessments for
gaseous releases. ODCM Method I was used initially to confirm dose results from
the EMS program. However, the simplified nature of ODCM Method I made it
difficult to change the values of various parameters or obtain meaningful
comparisons (other than "bottom line" comparisons). The more adaptable ODCH
method, Method II, was then used to confirm EMS doses. Observations made during
the software testing are summarized below.

2.1 EMS Dose and Dose Rate Conversion Factors

The EMS software uses precalculated conversion factors which are contained
in a data file. The dose conversion factors for both liquid and gaseous effluent
releases were developed for four age groups (adult, teen, child and infant), and
for specific organs (bone, liver,total body, kidney, lung, GI tract and skin).
The liquid release dose conversion factors in the EMS program are the summation
of the components for water recreation and ingestion of aquatic foods. The
gaseous release dose conversion factors are exposure pathway-specific (e.g.,
inhalation, ground plane, milk ingestion, etc.).

Dose conversion factors are provided in the EMS program for all exposure
pathways addressed in the ODCM. The development of all dose conversion factors
in the EMS program followed the pathway-specific equations in the Effluent
Management System Technical Reference Manual [3]. The EMS conversion factors for
s;veral radionuclidés were examined to determined that the development process

was consistent to the Technical Reference Manual and the ODCM.



2.1.1 Liquid Release Dose Conversion Factors®

Although the individual components for the ingestion of aquatic foods were
found to be consistent with the ODCM, a discrepancy was discovered in the water
recreation component. The mixing ratio for shoreline activity used in the
development of the EMS dose factors is équal to 0.025. While this value is
inconsistent with ODCM Method 1 (which employs a mixing ratio of 0.1), it is
consistent with ODCM Method II. It is identified as a discrepancy because it is
unclear which set of ODCM assumptions (those for Method I or those for Method II)
the EMS program is expected to adopt.

2.1.2 Gaseous Release Dose Conversion Factors

The EMS program uses dose conversion factors from Regulatory Guide 1.109
for assessment of noble gas releases. The dose factors in the EMS program were
verified against and found to be consistent with Table B-1 of Regulatory Guide
1.109 [4}.

The development methods for the other gaseous dose factors (i.e., for
inhalation, ground plane, milk ingestion, meat ingestion, and ingestion of
vegetables) were reviewed against ax;plicable equations in the Technical Reference
Manual and information in the ODCM. It is noted that the dose factors for
ingestion of milk and meat are based on the fraction of year that animals are
allowed to graze on pasture land (Fp) equal to 1.0. This is not consistent with
the ODCM which calls for the use of an Fp value equal to 0.5.

The dose conversion factors in the EMS program for gaseous releases
incorporate a shielding factor (SF) equal to 1.0. The EMS program is designed
éith a way of changing the value of SF (via use of the Options Table), but the
factor is applied uniformly to both doses and dose rates. In contrast, the ODCM

calls for the use of different values for SF in the calculations for doses and



dose rates.
2.2 Liquid Release Testing

Dose estimates from the EMS program for hypothetical liquid effluent
discharges (containing single nuclide and radionuclide mixtures) are nearly
identical to results from ODCM Method II when input data are based on the same
mixing ratio value, indicating that the calculation method used in the EMS
program is consistent with the ODCM. Additionally, the EMS routine(s)
responsib;e for liquid effluent concentrations comparisons to MPC wvalues and
monitor set point determinations was observed to be operating properly.

2.3 Gaseous Release Testing

The agreement between estimates for total body dose rates, skin dose rates,
and air (gamma and beta) doses due to emission of noble gases from the ODCM-
methods and the EMS program is excellent, indicating that the EMS calculation
method is comsistent with the ODCM.

There is also excellent agreement between inhalation doses from the EMS
program and ODCM Method II indicating that, for the inhalation pathway, the
calculational method and assumptions in the EMS program are consistent with those
in the ODCM. The evaluation of the dose estimates via inhalation pathway
included both long and short release durations for an elevated (mixed mode) and
a ground level release point. The excellent agreement between the EMS and ODCM
Method II also confirms that the release duration adjustment term, t™, is
applied properly in the EMS program. However, an incorrect receptor location was
reported on the EMS printout in the tests (D-2c and D-2d) in which the Plant Vent
Qas changed to be recognized as a ground level release  point.

Also noted during testing was that the EMS routine(s) responsible for

calculating effluent concentration-to-MPC ratios and radionuclide release rates
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appears to be operating properly for gaseous releases.

The EMS program incorporates the assumption that the fraction of elemental
iodine is equal to 1.0 (consistent with NUREG-0133 [5]). 1In contrast, the
fraction of elemental iodine is assumed equal to 0.5 in the ODCM methods
(consistent with Regulatory Guide 1.109). Consequently, the EMS program ﬁroduces
dose estimates due to radioiodine that are at least a factor of two greater than
doses from the ODCM methods. This difference increases to about a factor of 4
when the current values for Fp and SF assumed in the EMS program and ODCM methods
are used in the dose calculations. The different assumptions for elemental
iodine fractions should not present a problem because each program is based on
NRC guidance: the EMS is based on NUREG-0133, the ODCM methods are based on
Regulatory Guide 1.109. The EMS program takes the more conservative approach for

determining doses from radioiodine.

Making appropriate adjustniem:s for Fp, SF, and the fraction of elemental
iodine (when radioiodine input was used) and comparing results for organ doses
due to I131, H3, Co60 and Csl37 revealed that the calculational methods used in
the EMS program are consistent with the ODCM for all exposure pathways (i.e.,
ground plane, inhalation, milk ingestion, meat ingestion, and vegetables
ingestion).

Technical Specification 3.11.2.1 and the ODCM require the calculation of
organ dose rates due to effluent discharges of I131, I133, H3 and particulates
with a half-life greater than 8 days. However, in all test cases involving these
types of nuclides, organ dose rate information did not appear on Page 4 of the
;EMS printout. Instead, the message "No calculations performed - check Sample &
Receptors" appeared. The EMS set up data and input were reviewed with no

apparent error identified. Since the test cases included Csl137, Co60, I131, and
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H3, the missing dose rate information was uriexpected. It is noted that organ
dose rate information was provided on Page & of the EMS printout during a

demonstration of the EMS program prior to testing.



3.0 TEST CONCLUSTIONS
Although the dose conversion factors are based on information which is not
completely consistent with the assumptions in the ODCM, the calculational methods
used to determine doses from liquid and gaseous effluent discharges are
consistent with the ODCM methods.
Other conclusions are:
1. As stated in Section 2.1.1, the development of the EMS liquid effluent
dose factors is consistent with ODCM Method II, but not with Method I due
to ﬁhe mixing ratio value. If the EMS program is intended to be a hybrid
method, the dose factors are consistent with the ODCM and are acceptable.
On the other hand, if the EMS program is intended to provide automated
ODCM Method I calculations, then the dose factor should be recalculated
using a mixing ratio for shoreline activity equal to 0.1.
2. Since the EMS program is not designed to support t.:he use of two
shielding factors (one for dose rates and one for doses), use of a
shielding factor equal to 1.0 is acceptable with the understanding that,
although the dose rates produced by the EMS program will be coﬁsistent

with the ODCM, the doses from the EMS program will be based on a more

conservative assumption than doses from the ODCM methods.

3. Under the normal ODQ{ assumption for elemental iodine, the results from
the EMS program will be at least a factor of two greater than results from
the ODCM methods. The different assumptions regarding the elemental
iodine fraction do not present a problem because each program is based on
NRC guidanée: the EMS program is based on NUREG-0133, and the ODCM is
based on Regulatory Guide 1.109. Of the two methods, the EMS program

takes the more conservative approach toward estimating doses from



radioiodine in gaseous effluent.

4. The radiation monitor set point determination method for 1liquid
releases produces a set point value that is consistent the ODCM set point
method.

5. The EMS routine that is responsible for comparison of liquid effluent
concentrations and MPC values is operating properly.

6. The release duration adjustment term, t™*, is used consistently to the

ODCM.



4.0 STMMARY OF DISCREPANCIES

Discrepancy

Area of Impact

Potential Solution(s)

Mixing ratio for
shoreline activity
used in EMS
program.

Doses associated with
liquid effluent
discharges.

Clarify whether the EMS
program is expected to
follow ODCM assumptions
for Method I or Method II.
I1f determined to follow
Method I, recalculate dose
factors for liquid
releases.

EMS dose factors
based on Fp value
which is not
consistent with
ODCM.

Doses due to ingestion of
milk and meat.

Recalculate EMS dose
factors for milk and meat
ingestion pathways to
incorporate Fp value
consistent with the ODCM.

Accept added conservatism
in EMS in calculations of
doses via milk and meat
ingestion pathways.

Shielding factor
(SF) applied
uniformly to dose
rates and doses in
EMS program.

Doses associated with
gaseous effluent
discharges.

Accept use of SF = 1.0 and
the added conservatism for
doses.

Modify EMS software to
accommodate use of two
values for SF (one for
dose rates and one for
doses).

Incorrect receptor
location
identified on EMS
printout for
ground level
release point.

Potential assignment of
doses to the wrong
receptor.

Discuss with Canberra.

Assumed fraction
of elemental
iodine used in EMS
program differs
from ODCM methods.

Dose estimates due to
iodine in gaseous
effluents.

Accept added conservatism
in doses due to iodine.

Modify EMS software to use
fraction for elemental
iodine that is consistent
with ODCM.




Discrepancy

Area of Impact

Potential Solution(s)

Missing organ dose
rate information
on EMS printout
for effluent
discharges
containing I131,
I133, H3, and
particulates.

Technical Specification
required dose rate not
calculated.

Discuss with Canberra.

10
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Attachment 2

2. Resolution of EMS Software Test Report Discrepancies

The following discrepancy resolutions apply to the findings contained in the
"Effluent Management System Test Report for Seabrook Station, May 1994" as noted on
pages 9 and 10 (see Attachment #l of Appendix C of the ODCM). With the positive
resolution of the discrepancies identified in the EMS dose code, use of EMS as a
computerized alternative approach (designated as Method IA in the ODCM) to determine
compliance with the radioactive effluent dose and dose rate limits is acceptable
since the results are comparable with the currently approved dose methods.

Discrepancy:

Mixing ratio for shoreline activity used in EMS Program not equal to the value used
in the ODCM Method I (Mp = 1.0).

Resolution:

The mixing ratio for the shoreline activity pathway in the EMS is consistent with
the ODCM Method II approved value of 0.025, and therefore does provide for a
calculated dose that is within the parameters already approved in the ODCM. The use
of the EMS code (ODCM Method IA) for calculating liquid doses is acceptable for
determining compliance with the dose limits of the Technical Specifications without
the need to modify the assumption used for the shoreline mixing ratio.

Discrepancy:

EMS dose factors based on Fp (fraction of year animals are on pasture) value which
is not consistent with ODCM.

Resolution:

ODCM Method I assumes that the pasture season in the North East is 6 months long
each year (Fp + 0.5). Method II allows for the pasture fraction to be set equal to
0.0 for the first and fourth quarters which equates the non-growing period of the
year. The second and third quarters correspond to the growing season where the
pasture fraction is assumed to be 1.0. The EMS software assumes an Fp value of 1.0
for animal grazing (meat and milk pathways) for all conditions. This is a
moderately conservative approach compared to Method I and the off grazing season
conditions modeled in Method II. It is equal to the grazing season assumptions of
Method II as applied in the second and third quarters. As a result, the added
conservatism in the EMS calculations for doses via milk and meat pathways are within
acceptable margins and guidance provided in NRC NUREG-0133 for demonstrating
compliance with Technical Specification dose limits. No changes to the EMS software
are necessary.

Discrepancy:

Shielding factors (SF) applied uniformly to dose rates and doses in the EMS program.



Attachment 2

2. Resolution of EMS Software Test Report Discrepancies (Continued)

Resolution:

The EMS program for gaseous releases incorporates a shielding factor (SF) equal to
1.0 for both dose rate and total dose determinations. 1In contrast, both Method 1
and II use a SF value of 1.0 instantaneous dose rate calculations, but a value of
0.7 for integrated doses based on assumptions in NRC Reg. Guide 1.109. The use of a
SF equal to 1.0 for the external ground plane exposure pathway for both dose rate
and total dose is a moderately conservative assumption that is within the bounds
already assumed in the ODCM dose modeling. As a result, no modification to the EMS
code as an acceptable approach (Method IA) for demonstrating compliance with
Technical Specification dose/dose rate limits is required for SF.

Discrepancy:

Incorrect receptor location identified on EMS printout for ground level release
point.

Resolution:

Incorrect name is identified on report with no impact on dose or dose rate
calculations which were verified to be correct.

Discrepancy:

Assumed fraction of elemental iodine used in EMS program differs from ODCM Methods I
and II.

Resolution:

For ODCM Methods 1 and I1I, the fraction of elemental iodine assumed for gaseous
releases in 0.5 based on the guidance in NRC Reg. Guide 1.109. The EMS code assumes
an elemental iodine fraction of 1.0 based on the guidance in NUREG-0133.
Consequently, the EMS program (Method IA) will produce a moderately conservative
estimate of dose impact (factor of 2) for iodine radionuclides if present in the
release estimations when compared to existing approved methods. As a result, no
modification to the EMS code is necessary for use in the ODCM for determining
compliance with Technical Specification dose limits.

Discrepancy:

Missing organ dose rate information on EMS printout for effluent discharges
containing I-131, I-133, H-3, and particulates.

Resolution:

This required information is easily obtainable from the permit closure process with
flashing indication if any dose or dose rate limits are exceeded.
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Software Requirements Specification RS-8448-04

1. Scope

This document establishes the software requirements for the Effluent Management System (EMS)
software to be installed at North Atlantic Energy Services Corporation’s Seabrook Station.

2. Applicable Documents

2.1 The following two documents are included as part of this SRS, and this SRS
refers to specific sections of them:

2.1.1  "Southern Nuclear Operating Company Effluent Management System
Operator's Manual” (07-0544), Version 1, January 1993.

2.1.2 "Southern Nuclear Operating Company Effluent Management System
Technical Reference Manual® (07-0545), Version 2, January 1983.

Note: The above documents contain material (including screens and report
formats) imported from final manuals for other EMS packages. Utility and
plant names shown on screens and reports in these manuais are not

significant, since they are determined by database data that will be
customized to fit the Seabrook Station's usage.

2.2 Thé foliowing document is a reference source for calculation methods of the EMS
software. This SRS may refer to specific sections.

2.2.1 "Seabrook Station Offsite Dose Caiculation Manual,” Revision 12,
January 1993.

3. Interfaces
3.1 Hardware

The EMS software shall run on the following CPU model: DEC Microvax 3100, Model 80.

3.2 Software

The software shall be written under VMS version 5.4-2 or later, using INGRES version 6.4
or later. It shall be written in VAX/FORTRAN or VAX-DCL. Utility programs provided by
INGRES that are instalied on the hardware configuration may be used if applicable.

ot
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3.3

3.4

EMS -

SRS -

SNC -

5.

Human

The user may be expected to have received operator training from the system manager,
Canberra/NDS, or the plant training department prior to using any part of the EMS
software. Knowledge of INGRES or VMS shall not be assumed. The menus of operations
are intended to be self-explanatory, but an Operator's Manual shall be developed.

The user may be expected to have enough knowledge of USNRC-regulated nuclear power

plant effluent management to provide accurate and appropriate inputs, and to determine
the validity of the software’s resuits.

Packaging

A distribution kit will be produced for the customer. Any removable medium supported by
the operating hardware delivered to the Seabrook Station is an acceptable distribution

- medium.

Definitions

Effluent Management System. Software for determining effluent monitor setpoints,
tracking activity releases and dose impacts of individual releases, and generating semi-
annual release reports. ‘

Software Requirements Specification.

Southern Nuclear Operating Company

Principal Changes from Existing Package

The following paragraphs summarize the principal changes to the existing software that are
required for the Seabrook Station system, and are intended only as introductory material.

Specifics of the required Seabrook Station EMS functionality are presented in the foliowing
sections.

5.1 The EMS software will be developed by customizing the generic EMS package.
In general, the most important changes from previous versions are as follows:

5.1.1 Modification to Gaseous Permit Processing to allow scaling of nuclides
for Plant Vent Spike release point.

5.1.2 Modification of noble gas dose rate and dose caiculation methods to use
a third set of X/Q values.

e 5
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5.1.3

5.1.4
5.1.5
5.1.6
5.1.7
5.1.8

5.1.9

Modification of noble gas dose rate and dose calculation methods to

multiply X/Q and D/Q values by a factor depending on the release
duration.

Modification to setpoint calculations to calculate setpoints for low gamma
concentration releases.

Modification of Permit Procéssing to automatically correct the expected
waste flow it it is greater than the calculated maximum waste flow.

Modification of Liquid Permit Processing to determine dilution flow rate
based on the number of pumps operating.

Modification of the permit reports to include Month-to-Date Cumuiative
Doses and Alert Setpoints.

Modification of Post-Release Permit Processing to update the monitor
response.

Addition of data to database to support and control the above operations.
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6.1

EMS Furictionality

Database Maintenance Transactions

The functionality of the EMS Database Maintenance transactions shall be described in
section 2 of the EMS Operator's Manual (Reference 2.1.1), with the following revisions:

6.1.1

6.1.2

6.1.3

6.14

On the Release Point Setpoint transaction [EM-DM-RP (Form 2)], and the
Discharge Point Setpoint transaction [EM-DM-DP (Form 2)], the following
parameter shall be added to the list of those which can be entered, stored, and
which appear on the printed report for these transactions:

SCAL_NUC: For a gaseous release, a flag to denote that this release point will
have nuclide concentrations scaled so that the total concentration matches a
value entered by the user.

On the Release Point Setpoint transaction [EM-DM-RP (Form 2}] and the
Discharge Point Setpoint transaction [EM-DM-DP (Form 2)], the foliowing
parameter shall be added to the list of those which can be entered, stored, and
which appear on the printed report for these transactions:

DILOOKUP: For a liquid reiease, a flag to denote that permits for this release
point will have a selection screen appear for the user to select the proper dilution
flow for the release based on the number of pumps operating.

On the Release Point Setpoint transaction [EM-DM-RP (Form 2)}, and the
Discharge Point Setpoint transaction [EM-DM-DP (Form 2)], the foliowing
parameter shall be added to the list of those which can be entered, stored, and
which appear on the printed report for these transactions:

DEF_NUC: For a liquid or gaseous release, this parameter will contain the default
nuclide that will be used in setpoint calculations for iow gamma concentration
releases. This parameter is used in conjunction with the DEF_CONC parameter.

On the Release Point Setpoint transaction [EM-DM-RP (Form 2)}, and the
Discharge Point Setpoint transaction [EM-DM-DP {Form 2})], the following
parameter shall be added to the list of those which can be entered, stored, and
which appear on the printed report for these transactions:

DEF_CONC: For a liquid or gaseous release, this parameter will contain the
default concentration that will be used in setpoint calculations for low gamma
concentration releases. This parameter is used in conjunction with the DEF_NUC
parameter.

L o/
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6.1.5

6.1.6

6.1.7

6.1.9

On the Release Point Setpoint transaction [EM-DM-RP (Form 2)}], and the
Discharge Point Setpoint transaction [EM-DM-DP (Form 2)], the following
parameter shall be added to the list of those which can be entered, stored, and
which appear on the printed report for these transactions:

DEF_TYPE: For a liquid or gaseous release, this parameter will contain the
defauit nuclide type that will be used in setpoint calculations for low gamma
concentration releases. This parameter is used in conjunction with the DEF_NUC
and DEF_CONC parameters. (Note: For a gaseous release, the default nuclide

type shall determine which monitor setpoint should use the default nuclide and
concentration.)

On the Release Point Setpoint transaction [EM-DM-RP (Form 2)}, and the
Discharge Point Setpoint transaction [EM-DM-DP (Form 2)], the following
parameter shall be added to the list of those which can be entered, stored, and
which appear on the printed report for these transactions:

ALRT_SET: For a liquid or gaseous release, this parameter wiil contain the
multiplier to be used in the caiculation of Alert Alarm Setpoints for permit reports.

On the Release Point transaction [EM-DM-RP (Form 1)), the meaning of the
Response Option will change. When set to "Y", this option will denote the display
of a Monitor Response window during the Post-Release Permit Processing, rather
than during the Pre-Release Permit Processing. The Response Option
parameter, itself, will remain unchanged for this transaction, but the response
entered should include the monitor background vailues.

On the Dilution Streams transaction [EM-DM-DS], the following parameters will be
removed: the number of extra dilution flow rates and the four dilution flow rates.

These parameters will be replaced with two column fields. One column will
contain the dilution flow rate, while another will contain the pump configuration
description (such as "Jockey Pump” or "5%). In this transaction, the dilution flow
rate for particular pump configuration can be added.

On the Meteorological Data transaction [EM-DM-ME (Form 1)], several menu
options will added to the list of MET DATA TABLES. These additional menu items-
are as foliows:

X/Q - Noble Gases (Gamma)

"a" Factor - D/Q-Part/lodines

"a" Factor - Noble Gases

*a" Factor - X/Q-Past/lodines

*a" Factor - Gamma Noble Gases

. PEs
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6.1.10

6.1.11

Note:

Note:

On the Meteorological Data transaction [EM-DM-ME (Form 1)], the
following menu items will be used to store short-term (1 hour) D/Q and
X/Q values.

D/Q - Partics/Radioiodines
X/Q - Partics/Radioiodines
X/Q - Decayed Noble Gases
X/Q - Noble Gases {(Gamma)

This specification item only denotes a change in the meaning for the
values on this transaction and requires no further changes to the
software.

On the Meteorological Data transaction [EM-DM-ME (Form 1)], the X/Q,
D/Q, and "a" Factor values are defined for various elevations, distances,
and directions from the plant vent or stack. This combination with the
"mode of reiease” parameter on the Release Point transaction [EM-DM-
RP (Form 1)], and the receptor definition on the Gas Receptors
transaction [EM-DM-GR]}, aliow the X/Q, D/Q, and "a" factors to be
different for each receptor and/or release point.

This specification item is only for clarification and no additional code
changes need to be made to this transaction.
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6.2

Editing Values through INGRES QBF

In addition to the interactive forms-based EMS Database Maintenance transactions,
certain flags and values must be edited through INGRES QBF on the database tabies
which contain data not accessible through the forms-based transactions.

6.2.1 Some columns of the Quarterly Dilution Volume table (QDVOL), which has no
other use in the Seabrook Station version of EMS, will be used for recording
monthly dilution volume for use in semi-annual reports. Once per month, an
authorized user will use QBF to append a record to the QDVOL table as follows:

sampleid (sample ID) 0 [not used]

dvdate (dilution volume date) The first day of the month to which the
volume applies (time not required).

tvol (total volume) Dilution volume for the month, in user
units.

afiow (average flowrate) 0 [not used]

L, e O
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6.3

Liquid Pre-Release Processing

6.3.1

User Interface and Functionality

Liquid Pre-Release Processing functionality for the EMS software shall be as
described in section 3 of the EMS Operator's Manual (Reference 2.1.1), with the
following revisions: :

6.3.1.1 On the Liquid Permit Definition Screen (Screen 3.04):

Upon entering the permit definition screen, if the DILOOKUP parameter is
set to "Y" for the release point associated with the current permit being
processed, the Dilution Flow Rate parameter will default to zero.

If a user uses the "Tab" or "Return” key to exit the Dilution Flow Rate
parameter on the Permit Definition Screen and the Dilution Flow Rate
parameter has a value of zero, a selection screen with two columns of
data will appear. One column will contain the pump configuration
description, while the other will contain the dilution flow rate for each
associated pump configuration.

Upon selection of the Dilution Fiow Rate, the selection screen will
disappear and the selected dilution flow rate wiil appear in the Dilution
Flow Rate parameter on the Permit Definition Screen. The cursor will
then automatically advance to the Dilution Volume Parameter.

6.3.1.2 On the Liquid Permit Definition Screen (Screen 3.04):

When a "Fill" (F14) or a "Save" (F10) without a "Fill" is executed, if the
DILOOKUP parameter is set to "Y" for the release point associated with
the current permit being processed and the Dilution Flow Rate parameter
is set to zero, a selection screen, as described above will appear.

Once a selection of the Dilution Flow Rate is complete, the selection
screen will disappear and the "Fill" operation will continue. Upon
completion, the selected dilution flow rate will appear in the Dilution Flow
Rate parameter on the Permit Definition Screen.

if the Dilution Flow Rate parameter on the Permit Definition Screen is not
set to zero and the DILOOKUP parameter is set to "Y", the fill will
proceed as normal without the dilution flow rate selection screen
appearing.
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6.3.2

6.3.1.3

6.3.1.4

6.3.1.5

Prior to entering the Liquid Permit Approval Screen (Screen 3.09):

If it is determined that the computed maximum waste flow is less than the
anticipated waste flow, the anticipated waste flow will be changed to have
the value of the computed maximum waste flow. if the anticipated waste

flow is modified, setpoint, dose, and dose rate vaiues will be recalculated
based on the new value.

For reieases with low or zero gamma emitter concentrations that resuit in
a pre-diluted MPC ratio less than 10%, a defauit concentration will be
used for setpoint caiculations. This default concentration will not be used
for updating curie, dose rates, or dose totals.

The default nuclide will be attained from the DEF_NUC parameter. The
default concentration for this nuclide will be attained from the
DEF_CONC parameter. The defauit type for this nuclide shouid be
attained from the DEF_TYPE parameter.

The Monitor Response Screens for Release Points and Discharge Points
(Screen 3.08) will no longer appear while processing a Pre-Release
Permit when the Response Option is set to "Y" on the Release Point
transaction [EM-DM-RP (Form 1)].

Associated Reports

Liquid Pre-Relsase Permit Reports' shall be as described in section 3 (pages 3-53

through 3-58) of the EMS Operator's Manual (Reference 2.1.1), with the following
revisions:

6.3.2.1

6.3.2.2

6.3.2.3

On the Pre-Release Permit Report (3.01), the Cumulative Month-to-Date
Doses will appear on the page with the report category of Cumulative
Maximum Individual Dose for Controlling Age Group at Controlling
Location. The Month-to-Date dose values will contain the summation of
the doses for all "Open” and "Closed" permits including the permit for
which the report is being generated. These dose values will appear
immediately below the "This Release” row of doses.

On the Pre-Release Permit Report (3.01), an Alert Alarm Setpoint will
appear below the Max Monitor Setpoint Vaiue. The Alert Alarm Setpoint
will be calculated by using the multiplying the reiease point setpoint vaiue
by a multiplier specified with the ALRT_SET parameter mentioned above.

On the Liquid Special Report (3.02), an Alert Alarm Setpoint will appear

below the Release Point and Discharge Point Setpoint values in the
Radiation Monitor(s) portion of the report.
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6.3.2.4 On the Pre-Release Permit Report (3.01), the calculation of setpoint data
for additional dilution flow rates (under Pre-Release Calculations) will use
dilution flow rate values from the Dilution Streams transaction [EM-DM-
DS] for a specific dilution stream. Up to four dilution flow rates which are
larger than the dilution fiow rate parameter entered on the Liquid Permit
Definition Screen (3.06) will be used.

6.3.3 Underlying Calculations

The calculations performed by the EMS software for Liquid Pre-Release Permits
shall produce the same results as those described in Chapter 2 (sections 2.1-2.6)
of the EMS Technical Reference Manual (Reference 2.1.2), with no revisions.
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6.4

Liquid Post-Release Processing

6.4.1

User Interface and Functionality

Liquid Post-Release Processing functionality for the EMS software shall be as
described in section 3 of the EMS Operator’s Manual (Reference 2.1.1), with the
following revisions:

6.4.1.1

6.4.1.2

6.4.1.3

On the Liquid Permit Definition Screen {Screen 3.13):

If the DILOOKUP parameter is set to "Y™ for the release point and a user
uses the "Tab" or "Return” key to exit the Dilution Fiow Rate parameter
on the Permit Definition Screen and the Dilution Flow Rate parameter has
a value of zero, a selection screen with two columns of data will appear.
One column will contain the pump configuration description, while the

other will contain the diiution flow rate for each associated pump
configuration.

Upon selection of the Dilution Flow Rate, the selection screen will
disappear and the selected dilution flow rate will appear in the Dilution
Fiow Rate parameter on the Permit Definition Screen. The cursor will
then automatically advance to the Dilution Volume Parameter.

On the Liquid Permit Definition Screen {(Screen 3.13):

When a "Fill* (F14) or a "Save" (F10) without a "Fill" is executed, if the
DILOOKUP parameter is set to "Y" for the release point associated with
the current permit being processed and the Dilution Flow Rate parameter
is set to zero, a selection screen, as described above will appear.

Once a selection of the Dilution Flow Rate is complete, the selection
screen will disappear and the "Fill" operation will continue. Upon
completion, the selected dilution flow rate will appear in the Dilution Flow
Rate parameter on the Permit Definition Screen.

‘If the Dilution Flow Rate parameter on the Permit Definition Screen is not

set to zero and the DILOOKUP parameter is set to "Y", the fill will
proceed as normal without the dilution flow rate selection screen
appearing.

(Item removed since actual waste flow is known at time of post release
processing.)
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6.4.2

6.4.3

6.4.1.4 The Monitor Response Screens for Release Points and Discharge Points
(Screen 3.08) will appear while processing a Post-Release Permit when
the Response Option is set to "Y" on the Release Point transaction {EM-
DM-RP (Form 1)]. These screens will appear following the Nuclide
Concentration Screen (Screen 3.15). The monitor response vaiues
entered should include the monitor background values.

Associated Reports.

Liquid Post-Release Permit Report shall be as described in section 3 (pages 3-59

through 3-62 of the EMS Operator's Manual (Reference 2.1.1), with the following
revisions: )

6.4.2.1 On the Post-Release Permit Report (3.03), the Cumulative Month-to-Date
Doses will appear on the page with the report category of Cumulative
Maximum individual Dose for Controlling Age Group at Controlling
Location. The Month-to-Date dose values will contain the summation of
the doses for all "Open" and "Closed" permits including the permit for
which the report is being generated. These dose vailues will appear
immediately below the "This Release” row of doses.

Underlying Calculations

The calculations performed by the EMS software for Liquid Post-Release Permits
shall produce the same results as those described in Chapter 2 (section 2.7) of
the EMS Technical Reference Manual (Reference 2.1.2), with no revisions.

-12-



Software Requirements Specification RS-8448-04

6.5

Liquid Permit Editing

6.5.1

6.5.2

6.5.3

User Interface and Functionality

Functionality for editing liquid permits through the EMS software shall be as
described in section 3 of the EMS Operator's Manual (Reference 2.1.1), with the
foliowing revisions:

The appearance and functionality of the liquid permit definition screen and the
monitor response screen shall be modified as described for the Pre-Release stage
in sections 6.3.1 and 6.4.1 above.

Associated Reports

The permit report format and contents for edited open and closed liquid permits
shall be as specified above for original permit reports, in sections 6.3.2 and 6.4.2,
respectively.

Underlying Calculations

The calculation methods for editing open and closed liquid permits shall be as
specified above for original calculations, in sections 6.3.3 and 6.4.3, respectively.

Liquid Permit Deletion

Functionality for deleting liquid permits through the EMS software shali be described
section 3 or the EMS operator's Manual (Reference 2.1.1).
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6.7

Gaseous Pre-Release Processing

6.7.1

User interface and Functionality

Gaseous Pre-Release Processing functionality for the EMS software shall be as
described in section 4 of the EMS Operator's Manual (Reference 2.1.1), with the
following revisions: ’

6.7.1.1

6.7.1.2

6.7.1.3

6.7.1.4

6.7.1.5

On the Gaseous Permit Definition Screen (Screen 4.05):
The Initial Pressure and Final Pressure parameters shall be deleted.
On the Gaseous Nuclide Concentration Screen (Screen 4.06):

If the SCAL_NUC parameter is set to "Y", when exiting the Concentration
Screen by hitting "Process” (Do), the user will be prompted for the total
nuclide concentration of permit. The concentrations are then "scaled”
and then stored internally. As a result, the concentrations dispiayed on
the screen will remain unchanged. (See the Underlying Calculations
section for Pre-Release Permit Processing for an explanation of the
"scaling” of concentrations.)

NOTE: "This method requires the VAX_GSP (F12) file transfer has
occurred bringing the reprasentative nuclide concentration values to the
screen prior to "Save” of data. :

For reieases with low or zero gamma emitter concentrations that resuit in
a pre-diluted MPC ratio less than 10%, a default concentration will be
used for setpoint caiculations. This default concentration will not be used
for updating curie, dose rates, or dose totais. '

The default nuclide will be attained from the DEF_NUC parameter. The
default concentration for this nuclide will be attained from the
DEF_CONC parameter.  The default type for the default nuciide should
be attained from the DEF_TYPE parameter.

The Monitor Response Screens for Release Points and Discharge Points
(Screen 4.08) will no longer appear while processing a Pre-Release
Permit when the Response Option is set to "Y" on the Release Point
transaction [EM-DM-RP (Form 1)).

Prior to entering the Gaseous Permit Approval Screen {Screen 4.09):

If it is determined that the computed maximum waste flow is less than the
anticipated waste flow, the anticipated waste flow will be changed to have
the vaiue of the computed maximum waste fiow. If the anticipated waste
flow is modified, setpoint, dose, and dose rate vaiues will be recalculated
based on the new vaiue.

-14- W\7



Software Requirements Specification RS-8448-04

6.7.2 Associated Reports

6.7.3

Gaseous Pre-Release Permit Reports shall be as described in section 4 (pages 4-

49 through 4-58) of the EMS Operator's Manual (Reference 2.1.1), with the
following revisions:

6.7.2.1

6.7.2.2

6.7.2.3

6.7.2.4

6.7.2.5

On the Pre-Release Permit Report (4.01), the Cumulative Month-to-Date
Doses will appear on the pages with the report category of Cumulative
Dose at Site Boundary and Cumulative Maximum Individual Dose for
Controlling Age Group at Controlling Location. The Month-to-Date dose
values will contain the summation of the doses for all "Open" and
"Closed" permits inciuding the permit for which the report is being
generated. These dose values will appear immediately below the "This
Release" row of doses.

On the Pre-Release Permit Report (4.01), the "scaled" noble gas
concentrations shall appear on the Isotopic Identification page of the
report if the SCAL_NUC parameter is set to "Y" for the release point
where the release is being made.

On the Pre-Release Permit Report (4.01), the Noble Gas Alert Alarm

Setpoint will appear below the Max Monitor Setpoint values. The Alert
Alarm Setpoint will be caiculated by multiplying the noble gas monitor

setpoint vaiue by a multiplier specified with the ALRT_SET parameter
mentioned above.

On the Gaseous Special Report (4.02), the Noble Gas Alert Alarm
Setpoint will appear below the Release Point and Discharge Point

Setpoint values in the Radiation Monitor(s) portion of the report. It will be
calculated as mentioned above.

On the Pre-Release Permit Report (4.01), the Initial and Final Pressure
parameters will be removed from the Pre-Release Data section of page
one of the report.

Underlying Calculations

The calculations performed by the EMS software for Gaseous Pre-Release
Permits shall produce the same resuits as those described in Chapter 3 (section
3.1-3.6) of the EMS Technical Reference Manual (Reference 2.1.2), with the
following ravisions and clarifications:
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6.7.3.1 Dose Calculations will appear in the site specific technical reference
manual as follows:

» For Noble Gas Total Body Dose Rate (for vents or stacks < 80 meters):

XIQg

876074=

where

shf+ X/Qg + 8760 - Fy +  (K; - QRy,)

the total body dose rate due to gamma emissions by noble
gas releases from vent v (mremv/yr)

shielding factor (dimensioniess)

release rate of noble gas radionuclides, i, in gaseous
effluents from vent or stack v { uCl/sec).

occupancy factor defined for the receptor at the given
location (dimensionless)

total body dose factor due to gamma emissions for noble
gas radionuclide i (mremvyr per }lCl/m )

highest value of the noble gas 1-hour X/Q for gamma
radiation for vent or stack v at the site boundary, (sec/m )

adjustment factor used to convert the 1-hour X/Q value to
an average 1 year X/Q value (dimensionless)

8760 = number of hours in a year

-a

= "a" factor for gamma noble gas X/Q

» For Noble Gas Total Body Dose (for vents or stacks < 80 meters):

shf+ Fy * 2 {K;* QRy) + X/Qq + 2

(5.256 « 105 / dur)

total body dose from gaseous effiuents {mrem)

5.256 « 10° = number of minutes in a year

dur

= - duration of the release {minutes)
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= adjustment factor to convert the 1-hour X/Q value to the
short term X/Q value for the release (dimensioniess)

where

~-r
i

duration of release (hours)

a = "a"factor for gamma noble gas X/Q

* For Noble Gas Skin Dose Rate (for vents or stacks < 80 meters):

Dg = shteFyeZ QRy, (L * X/Q*87607) + (1.11M; « X/Qq - 8760°3)]

where
Dg = skin dose rate from gaseous effiuents (mrem/yr)
X/Q = highest value of the nobie gas 1-hour X/Q for vent or stack
v at the site boundary (sec/mS)
M = air dose factor due to gamma emissions for noble gas

radionuclide i (mrad/yr per pCi/m3)

1.11 = conversion factor from mrad to mrem

4 = skin dose factor due to beta emissions for noble gas
radionuclide i (mrem/yr per pCi/m3)
b = "a" factor for noble gas X/Q

» For Noble Gas Skin Dose (for vents or stacks < 80 meters):

shf* Fy  Z QRy, * [(L;  X/Q * ) + (1.11M; « X/Qg + 2)]

Dsk =
(5.256 » 10° / dur)

where

Dy = total skin dose from gaseous effiuents (mrem)

7. fage 20
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* For Noble Gas Air Dose due to gamma radiation (for vents or stacks < 80

meters):
Dy = (317-108).xQ - t3+Fy-z M+ Q
where
D Y = total gamma air dose from gaseous effiuents (mrad)

3.17 + 10°8 = inverse of number of seconds in a year

Q,, = release of noble gas radionuclides, i, in gaseous effiuents
from vent or stack v (uCi)

in = QRiV e dur e« 80

where

60 = number of seconds in a minute

» For Noble Gas Air Dose due to beta radiation (for vents or stacks <
80 meters):

(317108 e xQ tP . F 2N -

O
h- )
]

total beta air dose from gaseous effluents (mrad)

O
™
]

Z
0

air dose factor due to beta emissions for noble gas
radionuclide i (mrad/yr per pCi/m>)

» For Critical Organ Dose Rate--Inhalation Pathway and all Pathways
for H-3, C-14 (for vents or stacks < 80 meters):
DR = XQ- 8760°C.x Pipra *QR;,
where
DR, = dose rate for age group a and organ t from iodines and
particulates with half lives greater than 8 days in gaseous

effluents (mrem/yr}

Pipra = dose factor for each radionuclide i, pathway p, organ t,
and age group a (mremvyr per pCilm3)
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X/Q, = highest vaiue of the radiciodine/particulate 1-hour X/Q for
vent or stack v at the site boundary (sec/m3)

c = "a" factor for Radioiodine/Particulate X/Q

Note: It is assumed Pipra will not contain long term X/Q or D/Q

values.
+ For Critical Organ Dose Rate--Ground and Food Pathways (for vents
or stacks < 80 meters):
L -d L] (3 L »
DR,; = D/Q-8760" 2 R,pra QR;,
where

D/Q = highest value of the 1-hour deposition factor at the
distance of the site boundary (1/m<)

d = "a" factor for D/Q

Ripra = dose factor for each radionuclide i, pathway p, organ t,
and age group a (m2 * mrem/yr per uCi/sec)

Note: It is assumed R, 5 will not contain long term X/Q or D/Q
values. ‘
» For Critical Organ Dose-Inhalation Pathway and ali Pathways for H-3,
C-14 (for vents or stacks < 80 meters):

Dya = (3.17-10'3)-x/Q,-t*=-Foozpip,a-qw

where

D, = dose for age group a and organ t from iodines and
particulates with half lives greater than 8 days in gaseous
effluents (mrem)

Note: it is assumed P, 14 will not contain long term X/Q or D/Q
values.



Software Requirements Specification RS-8448-04

» For Critical Organ Dose-Ground and Food Pathways (for vents or
stacks < 80 meters):

Dig = (317:108)-D-t9-Fy 2Ry Qi
Note: it is assumed Ripra will not contain iong term X/Q or D/Q

values.

6.7.3.2 On the Nuclide Concentration Screen (Screen 4.06), nuclide
concentrations will be "scaled” if the SCAL_NUC parameter is set
properly for a Release Point. This "scaling” is described as follows:

Cinew = {t/5)* G

where
Cinew = concentration (after "scaling”) of nuclide; .
s = sum of all nuclide concentrations on the Nuclide
Concentration Screen.
t = total nuclide concentration entered by the user
Ci = concentration (before "scaling”) of nuclide;
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6.8

Gaseous Post-Release Processing

6.8.1

6.8.2

User Interface and Functionality

Gaseous Post-Release Processing functionality for the EMS software shall be as

described in section 4 of the EMS Operator’s Manua! (Reference 2.1.1), with the
following revisions:

6.8.1.1

6.8.1.2

6.8.1.3

6.8.1.4

On the Gaseous Permit Definition Screen (Screen 4.14):
The Initial Pressure and Final Pressure parameters shall be deleted.
On the Gaseous Nuclide Concentration Screen (Screen 4.15):

If the SCAL_NUC parameter is set to "Y", when exiting the
Concentration Screen by hitting "Process” (Do), the user will be prompted
for the total nuclide concentration of permit. The value entered for the
total nuclide concentration while opening the permit shall be displayed as
a default value which can be modified. Once the value is
entered/accepted the concentrations are then "scaled" and then stored
internally. As a result, the concentrations displayed on the screen will
remain unchanged. (See the Underlying Calculations section for Post-
Release Permit Processing for an explanation of the "scaling” of
concentrations.)

NOTE: This method reqhires the VAX_GSP (F12) file transfer has
occurred bringing the representative nuclide concentration values to the
screen prior to "Save” of data.

The Monitor Response Screens for Release Points and Discharge Points
(Screen 4.08) will appear while processing a Post-Release Permit when
the Response Option is set to "Y" on the Release Point transaction [EM-
DM-RP (Form 1)]. These screens will appear following the Nuclide
Concentration Screen (Screen 4.15). The monitor response vaiues
should include the monitor background values.

(item removed since actual waste flow is known at time of post release
processing.)

Associated Reports

Gaseous Post-Release Permit Reports shall be as described in section 4 (pages

4-58 through 4-63) of the EMS Operator's Manual (Reference 2.1.1), with the
following revisions:
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6.8.3

6.8.2.1

8.8.2.2

6.8.2.3

On the Post-Release Permit Report (4.03), the Cumuiative Month-to-Date
Doses will appear on the pages with the report category of Cumuiative
Dose at Site Boundary and Cumulative Maximum Individual Dose for
Controlling Age Group at Controlling Location. The Month-to-Date dose
values will contain the summation of the doses for all "Open” and
"Closed" permits including the permit for which the report is being

generated. These dose values will appear immediately below the "This
Release"” row of doses.

On the Post-Release Permit Report (4.03), the."scaled” noble gas
concentrations shall appear on the isotopic Identification page of the
report if the SCAL_NUC parameter is set to "Y" for the release point
where the release is being made.

On the Post-Release Permit Report (4.03), the Initial and Final Pressure
parameters will be removed from the Pre-Release Data section of page
one of the report.

Underlying Calculations

The calculations performed by the EMS software for Gaseous Post-Release
Permits shall produce the same results as those described in Chapter 3 (section

3.7) of the EMS Technical Reference Manual (Reference 2.1.2), with the following
revisions and clarifications:

6.8.3.1

Dose Caiculations will appear in the site specific technical reference
manual as follows:

» For Noble Gas Total Body Dose Rate (for vents or stacks < 80
meters):

Dy = shfeXQq-87602+Fy = (K- QR;,)

where

Dy = the total body dose rate due to gamma emissions by nobie
gas releases from vent v (mremvyr)

shf = shielding factor (dimensionless)

QR;, = release rate of noble gas radionuclides, i, in gaseous

effiuents from vent or stack v ( uCi/sec).

Fo = occupancy factor defined for the receptor at the given
location (dimensionless)

K; = - total body dose factor due to gamma emissions for noble
gas radionuciide i (mrem/yr per pCilm3)

WQS
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Xng = highest value of the nobie gas 1-hour X/Q for gamma
radiation for vent or stack v at the site boundary, (sec/m )

8760 8= adjustment factor used to convert the 1-hour X/Q vaiue to
an average 1 year X/Q value (dimensioniess)

where

8760

number of hours in a year

a = "a" factor for gamma noble gas X/Q

* For Noble Gas Total Body Dose (for vents or stacks < 80 meters):

shf+Fy * I (K; * QRyy) + Qg+ 12

Dp =
(5.256 + 105 / dur)
where
Dy = total body dose from gaseous effluents (mrem)

5.256 » 105 = number of minutes in a year
dur = duration of the release (minutes)

ta = adjustment factor to convert the 1-hour X/Q vaiue to the
short term X/Q value for the release (dimensioniess)

where

L d
[

duration of release (hours)

a = '"a"factor for gamma nobie gas X'Q

» For Noble Gas Skin Dose Rate (for vents or stacks < 80 meters):

Dg = shfeFq S QR « [(L - X/Q - 8760°0) + (1.11M; + X/Qg + 8760°)]

where
Dg = skin dose rate from gaseous effluents (mrem/yr)
X/Q = highest value of the noble gas 1-hour X/Q for vent or stack

v at the site boundary (sec/m )
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M; = air dose factor due to gamma emxssxons for noble gas
radionuclide i (mrad/yr per uCiym )

1.11 = conversion factor from mrad to mrem

L = skin dose factor due to beta emnssnons for noble gas
radionuclide i (mrem/yr per uCi/m )

b = "a" factor for noble gas X/Q

» For Noble Gas Skin Dose (for vents or stacks < 80 meters):

shfsFy+ £ QR * [(L* X/Q < tD) 4 (111M * XQg + t3)]

Dsk =
(5.256 » 10° / dur)
where
Dk = total skin dose from gaseous effluents (mrem)

» For Noble Gas Air Dose due to gamma radiation {for vents or stacks < 80

meters):
Dy = (317-108).xQ4-t3F T M Qy
where
DY = total gamma air dose from gaseous effluents (mrad)

3.17 » 108 = inverse of number of seconds in a year

Q;,y = release of noble gas radionuclides, i, in gaseous effiuents
from vent or stack v (uCi)

in = QR;V e dur-60
where

60 = number of seconds in a minute
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*

DR;y = X/Q,+8760C+3P,

For Noble Gas Air Dose due to beta radiation (for vents or stacks <
80 meters):

Dg = (317:108) . xQ-tP-F -z N;-Q

where

Dg = total beta air dose from gaseous effuents (mrad)
N, =

air dose factor due to beta emusslons for noble gas
radionuclide i (mrad/yr per pCl/m )

For Critical Organ Dose Rate--Inhalation Pathway and all Pathways
for H-3, C-14 (for vents or stacks < 80 meters):

ipra * QR;,

where

DR,y = dose rate for age group a and organ t from iodines and
particulates with half lives greater than 8 days in gaseous
effluents (mremvyr)

ipra = dose factor for each radionuclide i, pathway p, organ 1,
and age group a (mrem/yr per yCVm )

X/Q, = highest value of the radmnodme/particulate 1-hour X/Q for
vent or stack v at the site boundary (sac/m )

c = "a" factor for Radioiodine/Particulate X/Q
Note: It is assumed Plpra will not contain long term X/Q or D/Q
vaiues.

For Critical Organ Dose Rate--Ground and Food Pathways (for vents
or stacks < 80 meters):

DRyq = D/Q-87607-2 R, QRy,

where

D/Q = highest vaiue of the 1-hour deposition factor at the
distance of the site boundary (1/m<)

d = "a" factor for D/Q
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Ripra = dose factor for each radionuclide i, pathway p, organ T,

and age group a (m2 » mrem/yr per uCi/sec)
Note: It is assumed Ripra will not contain long term X/Q or D/Q
values.

- For Critical Organ Dose-Inhalation Pathway and all Pathways for H-3,
C-14 (for vents or stacks < 80 meters):

. -8 . . . . A [XeX
Dig = (3.17+107) e XQ tC Fo°Z Pnpra Qv
where
D,s = dose for age group a and organ t from iodines and
particulates with half lives greater than 8 days in gaseous
effluents (mrem)
Note: It is assumed P54 will not contain long term X/Q or D/Q

values.

» For Critical Organ Dose-Ground and Food Pathways (for vents or

stacks < 80 meters):
D,, = (3.17+108.p@-td.-F,-sR,. . Q
1a o ipra” “iv
Note: It is assumed Ripra will not contain long term X/Q or D/Q

values.

6.8.3.2 On the Nuclide Concentration Screen (Screen 4.15), nuclide
concentrations will be "scaled” if the SCAL_NUC parameter is set
properiy for a Release Point. This "scaling” is described as follows:

Cinew"‘ {t/s)- Ci

where
Cinew = concentration (after "scaling”) of nuclide;
s = sum of all nuclide concentrations on the Nuclide
Concentration Screen.
t = total nuclide concentration entered by the user
Ci = concentration (before "scaling”) of nuclide;
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6.9

6.10

Gaseous Permit Editing
6.9.1 User Interface and Functionality

Functionality for editing gaseous permits through the EMS software shall be
described in section 4 of the EMS Operator's Manual (Reference 2.1.1), with the
following revisions: _

The appearance and functionality of the gaseous permit definition screen, the
monitor response screen, and nuclide concentration shall be modified as
described for the Pre- and Post-Release stages in sections 6.7.1 and 6.8.1 above.

6.9.2 Associated Reports

The permit report format and contents for edited open and closed gaseous
permits shall be as specified above for original permit reports, in sections 6.7.2
and 6.8.2, respectively.

6.9.3 Underlying Calculations

The calculation methods for editing open and closed gaseous permits shall be -
specified for original calculations, in sections 6.7.3 and 6.8.3, respectively.

Gaseous Permit Deletion

Functionality for deleting gaseous permits through the EMS software shall be described
section 4 or the EMS operator's Manual (Reference 2.1.1).

a4 30
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6.11 Semi-Annual Reporting
6.11.1 User Interface and Functionality

Semi-Annual Reporting functionality for the EMS software shall be as described in
section 5 of the EMS Operator's Manual (Reference 2.1.1), with the following
revisions:

6.11.1.1 On Report 5.01 (Gaseous Summation of All Releases):

+ Compute each value on line A.3 of the report by taking

the greater of :gg g ag ; gtzg
where
Dag = the gamma air dose in the applicable quarter at the site
boundary receptor due to noble gas emissions (mrem)
Dan = the beta air dose in the applicable quarter at the site

boundary due to noble gas emissions (mrem)
QLag = the quarterly I-imit on Dag (mrem) [usualiy 5]
Qlgp = the quarterly limit on D, (mrem) [usually 10]
A note will be made at the bottom of the report stating whether the beta
air dose and its associated limit or gamma air dose and its associated
limit were used for the Percent of Apphcab!e Limit of Fission and
Activation Products..

+ The values on lines B.3, C.3, and D.3 will be the equivalent. They will be
calculated as follows:

the greatest (over T) of { 100+ (Z Di,T) / QLrp

2e. 053
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6.11.1.2

the dose to organ T of the controlling receptor, in the
applicable quarter, due to gaseous emissions of
radionuclide i (mrem)

9
o
]

The summation is over all non-nobie gas radionuciides with
half-lives greater than 8 days, including radioiodines,
particulates, and tritium.

CJL,p = the quarterly limit on the controlling receptor organ dose
due to gaseous effluents (mrem) [usually 7.5)

On Report 5.02 (Liquid Summation of All Releases):

For each quarter q in the report, caiculate the reportable dilution volume
(DVyq in liters) for the portion of the quarter that is within the report
dates. It is the sum of the reportable monthly dilution volumes (DV ) in
user units for all the months in the quarter that are within the report dates:

DViq = 28.31685 * sd_Ivolf « = DV,

“The values Dv,m are from the column tvol of the QDVOL table. The

vaiue DV, is included in the report on line F, and is used in the

calculations’below.” "sd_Ivolf* should be the user unit conversion factor to

convert from user units to 3. 28.31685is a unit conversion factor from
to hiters.

For each space on a line titled "AVERAGE DILUTED CONCENTRATION
DURING PERIOD", the average concentration (Cq, in pCi/ml) for the

respective quarter is computed as follows (where i ranges over only the
nuclides in the category):

Cq = £ Cig =2 [Actiq / (1000 * DV,)]

where

Actiq = total activity of nuclide i released during the portion of the
quarter q that is within the period (uCi)

Dv,q = reportable dilution flow for the portion of quarter q that is
within the report period (liters), as calculated above.

Compute each value on line A.3 and B.3 of the report by taking

100 Dy, / QLy
100 « Dj / QL

20- foge 32
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where
Dy = the liquid total body dose in the applicable quarter at the
site boundary receptor (mrem)
Djp = the liquid maximum organ dose in the appiicable quarter at

the site boundary (mrem)
QLy = the quarterly iimiton Dy (mrem) [usually 1.5]
QL, = the quarterly limit on Dio (mrem) [usually 5]
A note will be made at the bottom of the report stating whether the liquid
total body dose and its associated limit or maximum organ dose and its

associated limit were used for the Percent of Applicable Limit.

» Compute each value on line C.3 of the report as foliows:

Pq =100 Cq / Ldg
where
Cq = sum of noble gas concentrations
Pq = Percentage applicable to a given quarter for dissoived and

entrained gases

'-dg = Liquid dissolved gas limit (¢Ci/ml) [usually 2.0E-04}
6.11.2 EMS Trend Plots

Trend Plotting functionality for the EMS software shall be described in section 5 of
the EMS Operator's Manual (Reference 2.1.1) with no revisions.

6.12 End-of-the-Year Data Archiving
6.12.1 User Interface and Functionality

End-of-the-Year Data Archiving functionality for the EMS software shali be
described in section & of the EMS Operator's Manual (Reference 2.1.1) with no
revisions.
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CHAPTER 1

INTRODUCTION

The Effluent Management System (EMS) Software implements the
requirements for determining limits and doses for the routine ligquid
and gaseous releases from nuclear bower plants. The calculations
and methodeoclogy are based on those described in U. S. Nuclearx
Regulatory Commission Regulatory Guide 1.109%9 and references
described therein. These equations reduce to those described in
NUREG-0133 by proper selection of parameters.

This manual describes the calculations used in the LRW/GRW program
for handling liquid and gaseous releases and preparing the semi-
annual report, and the equations used in the DFP option for
calculating the relevant dose factors.

This manual describes the new 10CFR20 (1992) as well as old 10CFR20
requirements.

for a nuclear power plant, the Off-Site Dose Calculation Manual
(ODCM) describes the methods used at that plant for complying with

' the effluent release portions of the technical specifications and

the requirements of 10CFR20 and Appendix I of 10CFRS0.

. The concentration and dose limits that are required to be met are:

o For radicactive liquid effluents, the concentrations
released to areas beyond the site boundary are limited to:

MPC values given in old 10CFR20, Appendix B, Table II.
OR
ECL values given in new 10CFR20, Appendix B, Table 2.

where ECL values are effluent concentration limit wvalues.

0. For radiocactive ligquid effluents, the maximum dose to any
member of the public will be less than the limits given in
10CFR50, Appendix I.

o For gaseous effluents, the old 10CFR20 requires that the
dose rate at any location beyond the site boundary will be
limited to the annual dose limits given in the Technical
Specifications and corresponding to the concentrations in
Appendix B of the o0ld 10CFR20, while the new 10CFR20
requirement is that the diluted concentration at the site
boundary be less than the ECL values given in the new
10CFR20, Appendix B, Table 2.

o foge 39



o For gaseous effluents, the maximum dose to any member of
the public will be less than the limits given in 10CFR30,
Appendix I.

© The maximum dose to any member of the public will not
exceed the limits given in 40CFR190.

The equations employed for calculating the dose and dose factors are
taken from NUREG-01331 and Regulatory Guide 1.109.2

For a particular nuclear plant, the ODCM describes the physical
configuration of release sources and release points—for routine and
non-routine liguid and gaseous effluents, the monitor setpoint
calculations, dose, and dose rate calculations.

1.1 SETPOINT CALCULATIONS

Calculations are made for the radiation monitors to determine the
alarm/trip setpoint so that 10CFR20 compliance is met. For the old
10CFR20 compliance, liquid calculations use the maximum permissible
concentrations from 10CFR20 App. B, Table 2, column 2, and the more
conservative value (smaller) of the socluble and insoluble values
while gas calculations use dose rate equations and limits £from
NUREG-0133. To comply with the new 10CFR20 requirements, the

-effluent concentration limits are used for both ligquid and gaseous

'~ calculations.

‘. In the terminology of EMS, individual sources of radiation, such as

storage tanks, the containment building, etc., are defined as
"release points." Several release points may lead to the same

‘ndischarge point."

“.-setpoint calculations produce monitor limiting values in activity

units (pCi/ml or pCi/cc). These are then converted to user units,
e.g. counts per minute (cpm).

EMS allows setpoints to be set for both the release points and the
discharge points. In the case that the release point and the
discharge point are the same, or use the same physical monitor, the
same discharge setpoint value is reported for both. This use of the
same discharge setpoint value can be disabled.

EMS has a "nuclide specific®™ option. 1In this option only the

nuclides listed in the monitor slope table are used in the setpoint
calculations.

-
—
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1.2 RELEASE PROCESSING

For batch releases, the processing of releases consists of sampling
the tank or volume of air, analyzing the radionuclide content, then
using the radionuclide concentrations and estimated release flows,
volumes, etc. and calculating the doses and setpoints, comparing to
the 10CFR20 limits, and comparing to the 10CFR50 limits. If the
limits are not exceeded, the pre-release permit is signed off and
the release can occur. After the release, post-release processing
performs the same calculations (except the setpoints are not needed)
and the database is updated with the actual values for the release.

For continuous releases, many installations prefer not to generate
an actual pre-release permit, but for the sake of analogous
operation, pre-release calculations must still be made in EMS.

After review, the post-release calculations are made to update the
database.

EMS does not allow more that one open release at a time for a single
release point. However, multiple releases may be open for one

_discharge point. Also, for discharge points, the setpoint is

calculated by summing over all open releases for the time pericd
involved. )

.-1.3 COMPOSITE NUCLIDES

‘. The standard radionuclide analysis, with high-resoclution germanium

detectors, quantifies the gamma-emitting radionuclides. Pure beta

_emitters, nuclides that decay by K-capture, and alpha emitters are

‘handled with other detection mechanisms. These are usually not

;?tracked individually by sample, but as a composite of many samples
- over a month or quarter period. The concentrations of the composite

nuclides are combined with the concentrations of the individual
nuclides determined from gamma analysis for each sample.

For liquid releases, the composite nuclides are generally H-3,
Fe-55, Sr-89, Sr-90, and gross alpha. For gaseous releases, Fe-55
is generally not included.

In EMS, these are contained in an editable file designated by the
composite ID number. Each release point definition specifies which
composite ID is used with the release point. These can be the
composite nuclides, or any. other nuclides desired.

e oM
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Composite samples produced by taking portions of the samples from
individual releases are analyzed after the releases are over. Since
these generally do not vary much from one period to the next, it is
common to use the most recent values. However, EMS provides the
option of updating the composite values for the proper time period
and recalculating the activity and dose values in the database.

For the setting of flags to control options in the EMS codé, see the
EMS Operator’s Manual.



CHAPTER 2

LIQUID RELEASE CALCULATIONS

2.1 LIQUID PRE-RELEASE PERMIT

A liquid pre-release permit is generated with a program that uses
the nuclide activities to determine the radiation monitor setpoint

(foxr 10CFR20 compliance) and the potential doses for 10CFR50
compliance.

Continuous releases are treated similarly.

. 2.2 10CFR20 COMPLIANCE

10CFR20 compliance calculations are broken down into two paths. The
~.£irst path calculates compliance with the old 10CFR20 in which the
,{calculations are based on' Maximum Permissible Concentrations. The
. second path complies with the new 10CFR20 and is Effluent
Concentration Limits based.

EQIOCFRZO requires that the sum of concentrations divided by MPC (old
”.'LOCFR20) or E€L (new 10CFR20) values must not exceed unity:

OLD 10CFR20 NEW 10CFR20
S=Z, C,/MPC, <1 OR S=2Z, C,/ECL, = 1
i i i i i i

for concentrations Ci released from the site. MPCi is the maximum
permissible concentration from the old 10CFR20, Appendix B, Table
II, Column 2, for nuclide i and ECL; is the effluent concentration

limit from the new 10CFR20, Appendix B, Table 2, Column 2, for
nuclide i. '

Y
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If the summation is greater than unity, dilution is required. The
required dilution factor is:

If the 10CFR20 option is OLD:

where

Rmax =

Total reguired dilution factor
Concentration of nuclide i in uCi/mL

Maximum permissible concentration of nuclide i in
HCi/mL

Release point setpoint safety factor (usually-equal to
0.5) from the release point definition.

The maximum MPC ratio from the release point setpoint
definition.

If the 10CFR20 option is NEW:

C, -

i
.z ECL,
i=g i

Dreq,g= £ e R "

req

where

C.
z 1

i=ng i

‘ Dreq,ngz £ s R

D
req,g + Dreg,ng

Required dilution factor for gamma-emitters
Required dilution factor for non-gamma-emitters

= Effluent concentration limit of nuclide i in

.2 10qe 1Y



and the sums extend over gamma-emitters (g) and non-gamma-emitters
(ng), respectively.

Any nuclides with MPC; = 0 are excluded from the sum.
Any nuclides with ECL; = 0 are excluded from the sum.

The available dilution flow is the minimum dilution stream flow that
can be ensured for the period of the release, corrected for other
releases in process and any activity in the dilution stream, and
reduced by a safety factor.

Favail = Fant (ff/100) 1-2 ci/xxxi)

where

C; --= Concentration (Ci/ml) for nuclide i for the dilution
stream sample '

XXX; = MPC; or ECL;
f¢ = Flow safety factor, in percent

Fant = Anticipated dilution flow rate for the release

. The anticipated dilution factor is then

= +
Dant ¢ Fwaste falloc Favail)/Fwaste

" where

F = waste flow anticipated for this release
waste .

.= available dilution flow
avail

fall = fraction of available dilution stream flow allocated to

this release

4
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Dissolved and Entrained Gases

To implement 10CFR20, it is also reguired that the total
concentration of dissolved and entrained gases in liquid effluents
be less than a specified value (normally, 2 E-04 pgCi/mL under OLD

10CFR20,

or 1 E-04 uCi/mL under NEW 10CFR20). EMS stores this limit

in the Activity Limits transaction, checks this limit for each
liquid permit, and indicates on the permit approval screen whether

— or not it is exceeded. To include dissolved ncble gases in the D,
-~ calculation, the database must alsc contain the same limiting value,

as the ligquid MPC or ECL for each gas.

2.3 MAXIMUM WASTE FLOW

The maximum waste flow calculation is based on the setting of the
SET_OPT option in the WFLOW_M class of options in the Release Point
Setpoint definition. This option can take on four values: NONE,

NO_WASTE, CALC or DOSE. For liquid releases, NONE, NO_WASTE, and
CALC are allowed.

_ For liquid releases,

. where

A'..

Wmax =

If the

If the
sample

If the

the minimum of R .. and R mo.

Maximum permissible waste flow rate for this release

= Release point maximum waste flow rate, as set in the
release point definition

SET_OPT option = NONE:
Rewmax = waste flow rate for the sample, F ,ete

required dilution factor, Dreq-(section 2.2) for the
is greater than 1, Roymax becomes:

Favail * faliloc
Rewmax =
Dreg - 1-0
SET_OPT option = CALC

Favail * falloc * Fwaste

cwmax
D
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If the SET_OPT option = NO_WASTE

by s £

avail alloc

cwmax ‘
Dreq

2.4 MINIMUM DILUTION FLOW RATE

If Drieg > 1/ .the minimum dilution flow rate is determined as
follows:

If the SET_OPT option is NO_WASTE:

F D

waste ® DPreq
min dflow =

C.
falioc * (£g / 100) o [1- §; — ]

XXX,
i

where XXX; is MPC; under OLD 10CFR20, and is ECL; under NEW
10CFR20.

If the SET_OPT option is other than NO_WASTE:

F 1.0)

waste * (Preq ~

min_dfiow = c
i

fa110c * £z / 2000 o [ 1 - 2, ]

XXX,
i

+Otherwise:

-

_min_dflow = 0.0

2.5 SETPOINT CALCULATIONS

Setpoints are calculated for individual release points, and for the
discharge point that may combine several release points.

A setpoint adjustment factor, sadj is determined from the value of
Dreq- .

s fmge M/



If Dreq > 1 or the dilution factor option is N, and the setpoint
equation is set to STD:

Sadj = Pant / Dreq

If the dilution factor option is Y, no credit is taken for dilution

(setpoint equation-is set. to NO_DILUT), and the setpoint adjustment
factor is: g

Sadj = l/Dreq

If neither of these conditions is true, sadj = 0.

After the above tests, further tests are made based on the setting

of the setpoint equation option, SETP_EQN. These may change sadj as
follows:

If the SETP_EQN is set to STD, and the SET_OPT option is set to
NO_WASTE, and Fuaste ~ 0, then:

failoe * Favail

Sadj =
Fraste * Dreq

Otherwise, if the SETP_EQN option is set to STD, and the SET_OPT
option is set to octher than NO_WASTE, and Fuaste > Or then:

(fa110c * Favail) * Fyaste

Sadj =

F D

L]
waste req

- Otherwise, if the SETP_EQN option is set to LOW_ACT, and the SET_OPT

option is set to NO_WASTE, and.Fwaste > 0, then:

-,

(£3110¢ * Favail!)

~ Preq,ng
Fwaste '

adj —

Dreq, o

e poge 8




Otherwise, if the SETP_EQON option is set to LOW_ACT, and the SET_OPT

option is set to other than NO_WASTE, and F,¢te > 0, then:
(fa110c ® Favail! * Fuaste
i Dreq,ng
Fwaste
Sadj =
- DPreq,q

Otherwise, Sadj is unchanged.

The setpoint adjustment factor is further tested against a limiting

value (sadj 1im Which is set using the Release Point transaction in
Database Ma{ntenance).

If Sagy > Sadj, lim then Sggy = Sagj,1im -

All of this leads to the maximum setpoint value, S

based on the
gamma-emitting radionuclide mix: ‘

max’

smax (UCi/ml) = Sadij Ci

where the sum extends over all gamma=-emitting nuclides (nuclides of

type other than O) in which their concentrations are greater than 0.
" In user units (cpm or other as set in the Flow Monitor Parameters
- transaction in Database Maintenance), the maximum setpoint is:
S cpm) = R - B) + B
max ( ) Sadj( mon )
where
‘Za B = monitor background (cpm)
Rmon = monitor response {cpm)
= offset + slope * £ C; + quad *» (X C;)% + B
where offset, slope, and quad are the coefficients in a quadratic
fit to the monitor response to nuclide activity.

2-7 ~Qﬁq&2. L\CT



EMS provides an option to calculate nuclide specific responses so
that Rp,, is the sum of responses for each nuclide, rather than the

sum of the nuclide concentrations, as shown above. In the nuclide-
specific case,

2
Rmon— z [oﬁfseti+ slopei° Ci + quadi . (Ci) ] +B

where the sum extends over all nuclides which have response factors
stored in the database for the monitor of interest.

Recommended Setpoint

The setpoint recommended for actual use is based on a comparison of
the setpoint calculated as above and default values determined by
the user. The default setpoint in usexr units (e.g. cpm) can be
defined with or without background included. If the cunitnopt
parameter (defined in the release point and discharge point tables)
equals 0, the default value does not include background; and the
current background is added to the default value. Otherwise, the
current background is not added to the default value.

Setpoint in pCi/ml

" A candidate setpoint is calculated based on the expected response:

S = £
exp tol z Ci
where .
W £, o1~ Setpoint tolerance factor (can be set for the

release point using QBF)

= 2 if not specified by the usex

Now compare the Sexp value to the default table value Sy ¢!

[
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If S < 8

exp max

and if

< . <
Sexp Sdef and Sdef : smax
then use Sdef Case 1

E; : Otherwise use sexp' Case 2,5

If sexp'z Smax use Sp. .- Case 3

If Spax = O, use Sdef Case 4

Case 4 occurs if no activity is detectable in the sample (sadj = 0).

Case 1

s ———

Use Sdef

!
LY
i

Case 2 Case 3 Case 4
Sexp~="
Smaz———" Smax——""
S — - ——
Sqes™""" Sqet™""" Sges™"~
0 == 0 =w=— 0 ===-
Use Sexp Use Smax Use sdef

Schematic of Liquid Setpoints (HCi/ml)

2-9 _ﬁnu%e, ES‘

Case 5

Sgef™"""

S -

s -

[

Use Sexp



Recommended Setpoint in User Units (e.g. com)

The candidate setpoint based on expected monitor response is
calculated as follows: ‘

- S xp(cpm) = £ d (Rmon- BY + £ B

e tol Btol.

where

fRto1r = background tolerance factor (set using QBF on the
releasept table)

If the default setpoint value includes background:

Brp-O

If the default setpoint value does not include background:

Brp=B

where B is the monitor background count rate and Brp is used below.

- If sexp (cpm) < Sy (cpm)
and if
Sexp (cpm) < Sy4af (cpm) + Brp and

Sgef (CPm) + Brp S Spay (cPm)

then use Sg.¢ (cpm) + Brp Case 1

Otherwise, use sexp (cpm) Case 2, 5
If Seyp (CPM) > Spay  (cpm) ¥

use Sp.. (cpm) Case 3

2-10 ..QG.QQ.» 52



S

If smax (cpm) = 0, use Sdef + B, Case 4

P

NOTE: Smax is due to concentration only (i.e., excludes background)
for Case 4

Setpoint foxr Discharge Point

For the discharge point, the total MPC/ECL fraction is:

(ZC,/MPC,) * F + (ZT C,/MPC,) o F
i i'e o i i

F +F
o.

OR
(Z C,/ECL,) *F_+ (ZC,/ECL,) *F
i i‘e o i i

F +F
°

where
(Z C;/MPCy )o=total MPC fraction for existing concurrent
releases for this discharge point excluding
this additional release.

T C;/MPCy = total ,MPC fraction for the new release

(Z C;/ECL; ) =total ECL fraction for existing concurrent

. releases for this discharge point excluding

this additional release.
z Ci/ECLi = total ECL fraction for the new release

Fy = discharge point waste flow excluding new the
release point waste flow to be added.

F = projected waste flow for the new release point
to be added

o foge S3



The radiation monitor for the discharge point has setpoint equations
identical to those presented above, except for the nuclide-specific

response. For the nuclide-specific response, the concentrations are
modified as in:

dap _
ct =C; [F/(F + F )]

.dp dp, 2
= +
R [ £ (offset,+ slope.® C.° + quad, ¢ (C.%)" ] R

where

Cgp the discharge point isotope concentration from this

release point
demon = the discharge monitor response in user units

dpmonoc™ the discharge monitor response before the current
release is added including the background

For non-isotope specific respoﬁse:
demon = [ offset + slope ¢ cP 4+ quad (Cdp)2 ] + demono

where COP = [ 2 ¢4] [F/(F+F) ]

. 2.6 DOSE CALCULATIONS FOR LIQUID RELEASES

fnThe EMS software calculates and stores the dose for each receptor,
for each nuclide, and for each organ. The dose is the total over
.all pathways which apply to that receptor. A receptor is defined by

., receptor ID, age group (infant, child, teen, or adult), sector, and
-+ distance from the plant.

The equation used in the liquid permit processing to calculate the
dose received by receptor r from a released nuclide i is:

D, = A, Z At _C, F
itr itr s is sr

where:

D;1y = the cumulative dose or dose commitment to the total
body or an organ T by nuclide i for receptor r from
the liquid effluents for the total time period of the
release, in mrem.
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A

radionuclide i, in mrem/hr per uCi/ml.

Aty = length of time period s, over which the concentration
and F value are averaged, for all liquid releases,
hours.

Cig = the average concentration of radionuclide i in

undiluted liquid effluent during time period At  from

any liquid release, in gCi/mi.

Fer = the near field average dilution factor for receptor r

during any liquid effluent release.

If the denom typ option from the Options Table is 1, then:

Fer = Fy * Rpix

Otherwise, if denom typ is 2, then:

2"

Fs: = F * R'mix
Tdil

Otherwise: ’
FW
F = e R
F + F
sx w dil mix

F, = flow rate 6f undiluted waste effluent

. ‘Fgqi1 = flow rate of the dilution flow

each pathway for each receptor.

A mixing ratio of zero for a pathway receptor
indicates that the pathway is not present foxr the
receptor. The first non-zero value is used in the

dose calculation.

The different mixing ratios for the pathways are
incorporated into the composite A; factors calculated
by the dose factor processing (DFP) program.

Also, the sum extends over all time periods s.

13 _fono ES

"
i

i1r = Site-related ingestion dose or dose commitment factor
for receptor r to the total body or crgan T for

Rpjx = mixing ratio = fraction of the release that reaches.
the receptor. Separate mixing ratios arxre stored for



Ajrp is available as an editable table, but can be recalculated with
different parameters and pathways with the Dose Factor Processing

(DFP) option. The equations used are presented in Chapter 4 of this
manual.

2.7 31 DAY PROJECTED DOSE CALCULATIONS

The 31 Day Projected Dose values appear on the Standard and Special

Permit Reports. The Projected Dose values are calculated as
follows:

Dpr =(Pg * P} * Daq
wherxe:

Dyp ‘=the 31 Day Projected Dose by organ T

Dy =sum of all open release points in mrem/day by organ 7
when an answer of "Y" is specified for the "Update
Totals" field on the release point definition screen.

P =the Projection Factor which is the result of 31 divided

by the number of days from start of the guarter to the
end of the release.

-

Do: =Additional Anticipated Dose for liquid releases by organ
T and quarter of release.

~NOTE: The 31 day dose projections on the Approval/Results screen
. include additional doses for all units.

:'2 .8 POST-RELEASE PROCESSING

-

After the release is made, actual concentrations are used to check
10CFR20 limits, and the actual dilution flow and waste flow are used

instead of the anticipated dilution flow and waste flow.

For batch releases, the duration is determined from the start and

end dates and times, and is used with the volume input to calculate
the release rate.

Dose calculations are the same as for the pre-release, but with
actual release flow rates and release duration.

Setpoint calculations are not performed at the post-release stage.

.
Y
"I
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CHAPTER 3

GASEQUS RELEASE CALCULATIONS

The “annual average X/Q" method is used, in which fixed X/Q and D/Q
values are used for each receptor for all dose calculations,
regardless of actual wind direction and speed prevailing during a
given release. Doses are calculated for each receptor location and
age group specified in the Gas Receptors transaction. The
controlling individual is the age group and location which receives
the maximum organ dose.

3.1 GAS PRE-RELEASE PERMIT

». The pre-release permit -is produced by a program that uses user-
" entered estimates of filow rates and release times to calculate doses

and activities. The dose rate from the potential release is added

.to the maximum dose rate occurring for all other releases during the

duration of this release for "old" 10CFR20 compliance. The noble

f?gas or air doses and the organ doses are checked against the

corresponding limits for 10CFR50 compliance.

3.2 RADIONUCLIDE ACTIVITIES AND COMPOSITE VALUES

The radionuclide results are read from one set of composite activity
database records, and from three spectrum analysis result files, and
saved in an activity array. If a nuclide appears in more than one
spectrum, only the last value read for that nuclide is used. In
case of duplication, the one not desired should be edited out of the
nuclide list. The samples are read in the following order:

foge- 57

i
A



1. Composite Recozrds
2. Particulate File
3. Radiociodine File
4. Noble Gas File

-

The activity (Q;) and the activity ;elease rate (ai) are galculated
for each nuclide 1i. ‘
Activity Released
For the plant stack and turbine building vent:
Q; = C3 ® Vg ¢ duration of release (min) ¢ 28316.85 ¢ Up
(uCi) =(uCi/ml) (cubic feet/min) (min) (ml/cubic feet)
where: -
Vg = vent flow iate in user units (usually CFM)
C; = concentration iﬁ yci/ml -

Up = the flow-rate units conversion factor which converts
from user units to CEM

The activity release rate in pCi/sec is

Qi = Ci . Vf . 283’16'.85 A UF/GO
For containment purge:

[ ]
el Q; = C; ¢ pump release rate (CFM) ° 28316.85 ¢ Up/60
L
Q; ¢ duration of release {min) * 60

Q;

3.3 10CFR20 COMPLIANCE

The maximum dose rate during the release is determined by summing
together the dose rates for this release, with all concurrent
releases in the database for the time of the release.

The database contains all releases for which both pre- and post-
release reports have been made (the post-release program enters the
data into the cumulative totals). Pre-releases that have not been
completed, and which occur during the release under consideration,

- %gg



are also added into the maximum dose rate to account for releases
not yet added to the cumulative totals.

3.3a COMPLIANCE WITH OLD 10CFR20
The three dose rates (whole body, skin, organ) are compafed to the
old 10CFR20 limits (old and new 10CFR20 are described below) as

defined in the Dose Limits transaction in Database Maintenance.

The dose rate at or beyond the site boundary due to gaseous
effluents from the site is limited to:

(a) Release rate limit for noble gases:

- .- . - .
ziKi shf Zv { (X/Q)vr in] < 500 mRem/yxr - £

alloc.fs
OR
L 4
szhf zi [ Vir in] < 500 mRem/yr - fallocofs

Elevated Stack = 80m

— ®-
Ty SRE Ly + 1M I [ (X/Q) Q] < 3000 mRem/yr - £, -f
OR
— (.4
ZV shf Zi[(Li (X/Q%.r + 1'lBir) in] < 3000 mRem/yr - fallcc .fs

e ‘ Elevated Stack 2 80m

-,

‘-where the terms are defined below.

(b) Release rate limit for all radionuclides and radioactive
materials in particulate form, with half lives greater than 8
days: -

*
Zi Zp Zv [fp P w Q. ]1.< 1500 mRem/yr + £

. £
ip mv “i

alloc. s

3-3 -PC\%Q, Sq



a
W)

Wmv

(X/Q),y = the highest value of the annual average atmospheric

index over all radionuclides

index over all vents or stacks for the unit
index over all pathways

index for receptor locations

the total body dose factor due to gamma emissions for
noble gas radionuclide i, in mrem/yr per pCi/ms.

the skin dose factor due to beta emissions for noble
gas radionuclide i, in mrem/yr per pCi/m;.

the elevated plume gamma total body dose factor for
nuclide i at receptor location r, in mrem/yr per
UCi/sec.

the air dose factor due to gamma emissions for noble
gas radionuclide i, in mrad/yr per pCi/m3.

the elevated plume gamma skin dose factor for nuclide
i at receptor location r, in mrad/yr per HCi/sec.

mrad to mrem conversion factor in mrem/mrad

the dose factor for the critical organ for nuclides
other than noble gases for the inhalation pathway (in
units of mrem/yr per pCi/mB) and for ground plane and
food pathways (in units of m® (mrem/yr per uCi/sec)).
The most restrictive age group is used.

factor to select which pathways are inciuded in the
calculation. Factor = 1 £o include a pathway, 0 to
exclude.

- (X/Q)mv for tritium and the inhalation pathway and =

(D/Q)y £Or other nuclides and pathways.

dispersion factor at the site boundary, for all
sectors, in sec/m3.

(X/Q) pry = the highest value of the annual average atmospheric

dispersion factor at the distance of the site
boundary, for all sectors, in sec/m?.

T poge (00



(D/Q)py = the highest value of the annual average deposition
factor at the distance of the site boundary, for all
sectors, in m~2

e
]

iv the average releaseé rate of nuclide i in gaseous
effiuent from release point v, in pJCi/sec. ©Noble
gases may be averaged over a period of 1 hour, and any
other nuclides may be averaged over a period of 1
week.

500 = site dose rate limit for whole body in mrem/year.
3000 = site dose rate limit for skin in mrem/year

1500 = site dose rate limit for any organ in mrem/yeér
shf = noble gas dose shielding factor

falloc= fraction of the dose limit allocated to this release -
peoint '

£, = safety factor for the release point

" .3.3b COMPLIANCE WITE NEW 10CFR20

;The diluted site boundary ECL ratio is compared to the limiting
lfgvalue permitted by Tech Spec:

'.-:" -4 C.
2 172 20 2 [« @ov 2 [— ] ] <=,
v v i

ECL;

where:

4.72 « 10”% is a units conversion factor, determined by:
(1 m3 / 35.31 ££3 ) e (1 minutes / 60 s).

S is the waste flow rate for release point v, in CEFM.
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(§76)v is the noble gas X/Q for the distance which matches
the site boundary distance, in sec/m3. The table used
(ground-level, mixed-mode, or elevated) is specified
by the release point definition.

Civ is the concentration of nuclide i, in pCi/mL.
. ECL; is the effluent concentration limit of nuclide i in
= pCi/mL.

Rpax is the maximum MPC ratio limit from the release point
setpoint definition.

and the sum extends over all open gaseous release points v on
the entire site.

3.4 SETPOINT DETERMINATION FROM NEW/OLD 10CFR20

Using QBF, the 10CFR20 option parameter for gaseous effluents in the

options table of the database can be set to one of three values:
NEW, OLD, or MIN.

If the 10CFR20 option is set to NEW, setpoint calculations are
determined based on the Effluent Concentration Limits as stated in
. the new 10CFR20, Appendix B, Table 2, Column 1.

- If the 10CFR20 option is set to OLD, setpoints are determined from

-Dose Rate Limits set forth in the Technical Specifications and
*stored in the Dose Limits-Table.

If the 10CFR20 option is set to MIN, setpoint calculations are
..determined by a combination of the NEW and OLD procedures.. The
_on:atlos (release point) for both NEW and OLD 10CFR20 are calculated,

then the minimum of the two is determined and used in the setpoint
"calculations.

3.4a NEW 10CFR20 NRATIO

The total fraction of effluent concentration limit for the sampled
mix of isotopes for the specified release point is given by:

rp_tecl _hi = units -+ (X/Q),, *+ rp_wflow ¢ rp_utecl

"
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rp_tecl lo =

where:
rp_tecl hi

rp_tecl_lo

rp_utecl

' where:

rp_utecl g

rp_utecl ng

Rpax =

ECL; =

rp_utecl g

£s ¢ faiioc

- rp_utecl ng
units - (X/Q), < rp_wflow

is the diluted total fraction of
effluent concentration limit for the
release point, at the site boundary, for
use in the high-gamma-activity case.

is the diluted total fraction of
effluent concentration limit for the
release point, at the site boundary, for
use in the low-gamma-activity case.

is the undiluted total fraction of
effluent concentration limit for the
release point.

1. cc/mL
rp_utecl g = E
Rmax 1=g ECL

1l cc/mL 'Z C:-

rp_utecl = rp_utecl_g + rp_utecl ng

rp_utecl_ng =

undiluted total fraction of the effluent
limit, for gamma-emitters

undiluted total fraction of the effluent
limit, for non-gamma-emitters

the maximum MPC ratio from the release
point setpoint definition

effluent concentration limit of nuclide
i in pCi/miL

and the sums extend over gamma-emitters (g) and non-~gamma-
emitters (ng), respectively.

Y
Ay
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The total fraction of effluent concentration limit for the sampled

(X/Q)

rp_wilow

units

is the noble gas X/Q for the distance
which matches the site boundary
distance, in sec/m3. The table used
{(ground-level;, mixed-mode, or elevated)
is specified in the release point
definition.

is the effluent flow rate for the
release point, in CFM

is the units conversion factor

units = (1 m3/35.31 ££3) . (1 min/60 sec) = 4.72 E-04

mix of isotopes for the specified discharge point is given by:

dp_tecl =

dp_tecl lo =

. where:

dp_tecl _hi

dp_tecl_lo

dp_utecl

dp_utecl g

units - (X/Q), - dp_wflow * dp utecl

dp_utecl g

£s © fa110c

- dp_utecl_ng
units + (X/Q), - dp_wflow

is the diluted total fraction of the
effluent concentration limit for the
discharge point, at the site boundary,
for use in the high-gamma-activity case.

is the diluted total fraction of the
effluent concentration limit for the
discharge point, at the site boundary,
for use in the low-gamma-activity case.

is the undiluted total fraction of the
effluent concentration limit for the
discharge point.

g [rp_i:rt:ec:l_gv + rp_wflow,]

dp_yfldw

s foge LY




where:

-

g; (rp_utecl ng, °* rp_wflow,]

dp_utecl ng 3p wilow

dp_utecl dp_utecl g + dp_utecl_ng

dp_utecl g is the undiluted total ECL fraction

for gamma-emitters for the designated
discharge point.

dp_utecl ng is the undiluted total ECL fraction
for non-gamma-emitters for the
designated discharge point.

dp_utecl_g,, is the undiluted total ECL fraction
for gamma-emitters for the designated
point v, as calculated above.

dp_utecl ng,, is the undiluted total ECL fraction
for gamma-emitters for the designated
point v, as calculated above.

rp_wflow, is the waste.flow for release point v.

dp_wflow is the waste flow for the discharge
point: the sum of the waste flows for
all open release points on the
discharge point.

and the sums extend over all open release points v
on the discharge point.

(X/Q),, is the noble gas X/Q for the distance
which matches the site boundary
distance, in sec/m3. The table used

(ground-level, mixed-mode, or
elevated) is specified by the
discharge point definition.

units is the units conversion factor

units = (1 m3/35.31 ££3) . (1 min/60 sec) =
4.72E-04
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Noble Gases

For the release point:

If the release point setpoint egquation is set to LOW_ACT,

then:
nratio = 1‘/ rp_tecl lo
FER Otherwise:
- nratio = 1 / rp_tecl_hi

For the discharge point:

If the discharge point setpoint equation is set to LOW_ACT,
then: b

nratio = 1 / rp_tecl_lo
Otherwise:

nratio = 1 / rp_tecl hi

Radioiodines and Particulates

‘Foxr the release point:

If the release point setpoint equaticn is set to LOW_ACT,
then: <

rpratio = 1 / rp_tecl lo
';thherwise:
rpratio = 1 / rp_tecl hi

For the discharge point:

1f the discharge point setpoint egquation is set to LOW_ACT,
then:

rpratio = 1 / dp_tecl_lo

Otherwise:

rpratio = 1 / dp_tecl_hi

10 A0Re o
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3.4b OLD 10CFR20 NRATIO

The ratio of dose rate limit to dose rate for a single release point
is given below for these three cases:

Noble Gases
nratio = rg = lesser of the ratios

(total body dose rate limit/total body dose rate) and
(skin dose rate limit/skin dose rate)

= for a vent release, lesser of

500 mrem/yr

shf ZiK . inf (X/Q)mv
and

3000 mrem/yr

shf £ (L, + 1.1M,) * Q. '« (X/Q)
1 R v mv

= for an Elevated Stack =z 80m, lesser of
500 mrem/yr

ShE T V. » O~
ir b

and

3000 mrem/yr

shf ¥ | Li i (X/Q)r + l'lBir] . Qi

Radioiodines and Particulates

In these cases, the ratio is obtained by summing over the
appropriate nuclide indices:

1500 mrem/yr

= maximum organ dose rate

i fege b7
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When the sum is over nuclides and the inhalation, ground plane and
cow’s milk pathways are all turned on.

3.4c SETPOINTS

Setpoints are determined for radiation monitors on individual
release points, and also for radiation monitors at the discharge
points that may combine the effluent from several release points.

Calculations for the monitor response are made for noble gases,
radioiodines, and particulates.

For a release point, the expected monitor response to a given
nuclide concentration is: .

Rmon

monitor response (cpm) + B

offset + [slope * £ C;] + [quad » ( £ C;)2) + B

where offset, slope, and quad are the coefficients in a quadratic

"£it to the monitor response to nuclide activity, and B is the

monitor background.

. EMS provides an option to calculate nuclide specific responses so

that R,.., is determined from the response for each nuclide, rather
"than the sum of the nuclide concentrations, as shown above. In that
..case,

Rmon = L ( offset; + [slope; * Cy] + [quad; * ( C5)2]) + B

‘
-

* ‘The expected response for discharge points is based on the sum of

‘the expected response for releases already in progress plus the
expected response due to release point being considered.

= dp dp, 2
demon- Rd ;02 [°ff§eti+ slopei . Ci + quadi N (Ci )]

v
I}
Al
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where
ap
Ci B Ci * (Frp /de)
Cy = concentration for the release point
Fro = flow rate for the release point

de = flow rate for the discharge point

demon = discharge point monitor response for the release in
: progress

demon°= the discharge monitor response before the current
release is added including the background

aﬁd offsety, slopej and guad; are the guadratic response
coefficients of the discharge point moniteor.

Non-isotope specific response:
dgn = offset + slope ° (Z Cgp ) + quad ¢ (2 Cgp 12 + Rgpmon

(e}

All other equations are the same as for the individual release

point, but use the discharge point monitor response and the

'}

wy

discharge point allocation factor and safety factors.

EMS allows for setpoint calculations pased on the standard or
response method. Thus, each release point will have associated with
it, a setpoint equation: STD or RESP. This can .be set in the
Release Point (Setpoint) transaction of Database Maintenance.

If the release point setpoifit eguation = STD :

The limiting setpoint for the monitor (in pCi/ml) is given by:
Smax = fs . falloc . ratip e SUM

The limiting setpoint for the monitor (in user units, e.g., cpm) is
given by:

e e
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)

where

The limiting setpoint for gaseous releases is determined separately

SUmax

offset

slope

‘quad

s

]
|

0
[

= 1.
2.

falloc e ratio (Rmon - B) + B

noble gas offset factor

. 'radioiodine offsep factor
. particulate offset factor

noble gas slope factor
radiociodine slope factor
particulate slope factor

noble gas quadratic factor
radiociodine quadratic factor

3. particulate gquadratic factox

safety factor for the release point

fa110c = dose rate allocation factor for the releasg point

ratio = 1.

SUM

NOTE

2.
3.

:Separate calculations are made for noble gases,

nratio for noble gases
rpratio for radiociodines

rpratio for particulates

Z noble gaé concentrations, for ncble gases
Z radiciodine concentrations, for radiciodines
Z particulate concentrations, for particulates

noble gas monitor response
radioiodine monitor response
particulate monitor response

observed background response for the noble gas

monitor

.observed background response for the radioiodine

monitoxr

cbserved background response for the particulate

monitoxr

radiociodine, and particulates

for noble gases,
point and discharge point.

radiociodines, and particulates for each release
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If the release point setpoint eguation = RESP

The reported setpoint for the monitor (in pCi/ml) now becomes:

-

Smax = [mrtol ¢ (SUM - B)] + (mxtolb * B)

The limiting setpoint for the monitor (in user units, e.g., cpm) now

becomes:

SUpay = [mrtol ¢ (Rmon - B)] + (mrtolb e B)

where
-mrtol = 1. monitor response tolerance factor (noble
gas)
2. monitor response tolerxance factor
(radioiodine)
3. monitor response tolerance factor
(particulate)
SUM = as defined above
B = as defined above
mrtold = 1. monitor tolerance background factor
(noble gas)
2. moniter tolerance background factor
* (radioiodine)
3. monitor tolerance background factor
(particulate)
Rmon = as defined above

3.4d REPORTED SETPOINTS

If the release point setpoint equation is STD, then the maximum

setpoint is compared with the response and default setpoints.

NOTE :The response setpoint as defined in this section is not
necessarily the same as the maximum setpoint based on the
RESP setpoint equation, as defined in the previous section.

Sresponse is defined below.

vas foge 7/
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The reported setpoint is as follows:

l. Reported = sresponse

1f Sresponse < Sggx < Sgefault

if Sdefaunlt < Sresponse < Smax

2. Reported = Smax
if Sresponse 2 Smax
3. Reported = Sdefault
if Sresponse < Sdefault < Smax
where
Spax = as defined in the previous section
r mrtol e SUM [pCi/ml]
Sresponse = i
L [mrtol ¢ (Rmon - B)] + (mrtolb ¢ B) [Usexr
Units)

Sgefault = normal setpoint defined for the release point in
units of [pCi/ml] and [User Units].

NOTE : Separate checks are made for each setpoint in [pCi/ml) and
[User Units] for the noble gas, radioiodine, and particulate
monitors.

3.5 MAXIMUM WASTE FLOW
ﬁgThe maximum waste flow calculation is based on what the WFLOW_M
'joption {(release point setpoint calculation option) is set to. This
opticon can take on one of three values: NONE, DOSE, and CALC.

Gaseous release point setpoint WEFLOW M can be set to either NONE or
DOSE.

For gaseous releases,
Wmax = the minimum of Rymax and Rowmax

where

Rymay = Release point maximum waste flow rate as stored
in the release. point definition
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If WFLOW_M option = NONE
Rewmax = waste flow rate for the sample, Vg
If WELOW_M option = DOSE
£5 ° nratio_° Ve
Rewmax =
- Fusfac
where
: = Safety factor for the release point
nratio = nratio as described in section 3.4 (i.e., 3.4a &
3.4b)
Ve = Waste flow rate for the release (sample).
Fusfac = Waste flow rate DOSE setpoint safety factor
3.6 DOSE RATE AND CUMULATIVE DOSE CALCULATIONS
- Noble Gas Total Body Dose Rate Calculations
"The total bddy dose rate due to gamma emissions by noble gas
releases from vent v is calculated by using the following
-‘expressions:
* 4 —_— °
Dy =1.14 * 107% (shf) (X/Q), I (K3 * Q;,) Vent < 80m
: i
.'-.. L] L4
Dy = 1.14 « 1074 (shf) T (v; * Q;) Elevated Stack = 80m
i
where:
L
D = the total body dose rate due to gamma emissions by noble gas
releases from wvent v, in mrem/h.
1.14 « 1074 = inverse of the number of hours in a year.
L o
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Noble Gas Dose Calculations

The dose contribution due to noble gases in gaseous effluents is
calculated using the following expressions:

For any time period, for air dose due to gamma radiation:

o D = 3.17 » 10“'8 M, e (X/Q) e+ Q, Vent < 80m
e y i v iv
OR
D =3.17 +10°% T B o, . Elevated Stack = 80m
Y ir iv

and for air dose due to beta radiation:

. - _8 - —
Dy =3.17 + 1070 TN » (KD, + 0 Vent < 80m
OR
D, = 3.17 « 1072 ¢« T N, e+ (X/0)_ - O, Elevated Stack > 80m
B i v iv

and for total body dose:

shf ¢ £, T K; * (X/Q) * Qs+
D, = - Vent < 80m
(5.256E+05/duration)
OR
-
. shf o £ ¢ Z Vi, * Qi
L Dy = Elevated Stack 2z 80m

e {5.256E+05/duration)

" and for skin dose:

shf fo' z (Ly + 1.1M;) - (X/Q)v * Qiv
Ds = Vent < 80m
(5.256E+05/duration)

OR

shf e« f°° z [(Li . (X/Q)V) + l.lBir)] * Oy .
Dg = - Elevated
(5.256E+05/duration) Stack 2z 80m
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where:

Dy = the total gamma air dpse from gaseous effluents, in
mrad.

Dp = the total beta air'dose from gaseous effluents, in
mrad.

D, = the total body dose from gaseous effluents, in mrem.

DS = the total skin dose from gaseous effluehts, in mrem.

3.ii v 10°8 = inverse of number of seconds in a year

5.256E+05 = number of minutes in a year

£, = The occupancy factor defined for the receptor at the

given location, a dimensionless number < 1.0 .

Ky = the total body dose factor due to gamma emissions for
noble gas radionuclide i, in mrem/yr per ﬂCi/m3.

L; = the skin dose factor due to beta emissions for noble
gas radionuclide i, in mrem/yr per pCi/ms.

M; = the air dose factor due to gamma emissions for noble
gas radionuclide i, in mrad/yr per pCi/m3.

Ny = the air dose factor due to beta emissions for noble
gas radionuclide i, in mrad/yr per yCi/m?.

vy = the gamma total body dose factor for nuclide i at
receptor

location r, in mrem/yr per uCi/sec.

w
I

i the gamma skin dose factor for nuclide i at receptor
location r, in mrem/yr per HCi/sec.

(X/Q), =the highest value of the annual average atmospheric
dispersion factor for vent or stack v at the site
boundary, for all sectors, in sec/m3.
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duration

the release of noble gas radionuclides, i, in gaseous
effluents from vent or stack v in uCi. Releases are

cumulative over the time period selected for the
report.

the release rate of noble gas radionuclides, i, in
gaseous effluents from vent or stack v in pCi/sec.
Release rates are cumulative over the time period
selected for the report.

= the duration of the release in minutes

Organ Dose Calculations

For any time period, organ doses from particulates and iodines are:

Dgy = 3.17 » 1078 ¢ £.0 TR

where: .

iptra * Wpv * Qv

3.17 » 108 = inverse of number of seconds in a year

Dia =

Ripta

L

]

)
~

the cumulative dose for age group a and organ ; from
jodines and particulates with half lives greater than

8 days in gaseous effluents, in mrem.

the dose factor for each radionuclide i, pathway p.,
organ 7, and age group a, in m® (mrem/yr) per uCi/sec
or mrem/yr per pCi/m>.

the annual average dispersion parameter for
estimating the dose to an individual at the critical
location, as appropriate to pathway p and release
point v, is shown below:

1) (X/Q), in sec/ms, for the inhalation pathway and
for tritium and C-14 in all pathways.

2) (D/Q) for the food and ground plane pathways, in
meters”.

the release of nuclide i in gaseous effluents from
release point v. Releases are cumulative over the
time period selected for the report. Only tritium,
I-131, I-133, and radioiodines in particulate form
with half-lives greater than 8 days axe included.
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The maximum exposed individual is determined by the maximum dose

received by any organ. The summation extends over all applicable
nuclides and pathways.

3.7 RESOLVING DOUBLE~COUNTING OF DOSE AND ACTIVITY

Gaseous release points fall into three categories for double-
counting of dose and activity. One, a release point will not have
activity sampled twice. Two, a release point can have activity that
is sampled again downstream and would be double-counted if no
corrections were applied. Three, a release point can have samples
containing activity already sampled once upstream which would be
double-counted if no corrections were applied. The last two
categories can be called the "CAUSE™ release point and the "EFFECT"
release point, respectively.

To aveid double~counting dose and activity, only the "EFFECT"
release point will have its activity and concentrations corrected as
follows. Corrected activity is calculated as follows:

a '=-A'-ACJ‘.

where:
A.e.; =the corrected "EFFECT" release point activity for

nuclide i which defaults to zero if its value is less
than zero.

A.; =the initial ‘"EFFECT" release point activity for nuclide
i

A.; =the "CAUSE" release point activity for nuclide i

'??Corrected concentrations are calculated as follows:

Ceei = (Bges / Ve) * 35.315

where:
Ccei =the corrected "EFFECT" release point concentrations for
nuclide i
Ve =the waste volume for the "EFFECT" release point

35.315 =conversion factor from Ci/ft3 to uCi/ml (Ci/ft3 U
££3/1728 in3 ¢ in3/16.387 cmd)
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3.8 31 DAY PROJECTED DOSE CALCULATIONS

The 31 Day Projected Dose values appear on the Standard and Special

Permit Reports. The Projected Dose values are calculated as
follows:

- . Dpr =(D¢ * P) + Day
where:

ppf =the 31 Day Projected Dose by organ T
D, =sum of all open release points in mrem/day by organ T
when an answer of "Y" is specified for the "Update
- -Totals™ field ‘on the release point definition screen.
p =the Projection Factor which is the result of 31 divided

by the number of days from the start of the guarter to
the end of the release. :

D, =Additional Anticipated Dose for gaseous releases by
organ T and quarter of release.

NOTE: The 31 day dose projections on the Approval/Results screen

include additional doses for all units.

3.9 GAS POST-RELEASE PROCESSING

-3

- After a pre-release permit has been approved, the post-release
program is run to:

gq o Enter actual release start and stop times, flow rates, etc.
o Check 10CFR20 limits
o Check 10CFRS50 limits

o Add the dose and activity data into the cumulative totals.

Compliance with 10CFR20 limits is checked in the same way as
described for the pre-release program.

Dose rates are calculated and compared to 10CFR20 limits. Monitor
setpoints are not calculated at the post release stage.
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CEAPTER 4

LIQUID DOSE FACTOR EQUATIONS

The DFP option is used to calculate the liquid dose factors
described previously. Dose factors are calculated separately for.

each nuclide, organ, and age group. The age group, applied to a
specific receptor’s dose calculations, is part of the receptor
specification.

" For a particular receptor, the total dose factor (R47,) is a sum

R - over each pathway p with its specific¢ mixing ratio:
a, = 1 Z R, A,
irtx B mix,zr,p iT x,p
mix, r
- where
o Ait,r,p =the dose factor for nuclide i, organ T, receptor age

gzroup r, and pathway p
Rpix,r,p = Wixing ratio for the pathway

Rmix,r = mixing ratio for the receptor, which is the first

non~-zero value of . encountered during the
1%,X,P
calculation

The user specifies which pathways are included by setting the mixing
ratios for the pathways desired to the correct non-zero value. If

the receptor mixing ratio for a given pathway is zero, that term is
not included in the sum.

Y
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The DFP option of EMS uses a more expanded form for liquid dose
factors than is given in NUREG-0133. These equations are taken from
R.G. 1.108, and account for nuclide decay as well as shoreline
doses. If desired, parameters may be selected to reduce the
calculations to match NUREG-0133 exactly.

Four different forms of equations are used for the dose factors.

4.1 POTABLE WATER

The dose factor for potable water is:

Air,r,p = kO . (Ur,P /dW) L4 Ni L4 DFiT,I L4 e(-litp)

where -

Aﬁr’r'p==dose parameter for orxgan 7, for the receptor age

group r, for nuclide i, due to exposure pathway p,
in mrem/hr per uCi/mi '

kg = units conversion factor, = 1.142E5 = 1lE6(pCi/lCi) -«
1000 (ml/Kg)/ 8760 hx/yr

Ur,p = usage factor for pathway p and age group r

dw = additional dilution factor for potable water

Ny = fraction ¢f the radionuclide activity released to
the water ' discharge path that reaches a specific
receptor.

DFit,r = ingestion dose conversion factor for nuclide i for
receptor age group r in organ 7, in mrem/pCi (Tables
E-7 to E~11 of R.G. 1.109)

A; = decay constant for nuclide i

tp = average transit time in seconds

4.2 AQUATIC FOODS PATHWAYS

The liquid dose factor is

A

it,r,p = ko ° Ur'p . BFi,P hd Ni 4 DFiT,I hd exp(-Aitp)

R

4
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where

BF p~ bicaccumulation factor for pathway p and nuclide i
(from Reg. Guide 1.109, Table a-1). Other variables
are as defined on the previous page.

1,

4.3 SHORELINE RECREATION PATEWAY

The pathway-specific dose factors for shoreline deposition are given

by:
Airlrlp
whexe
Ws =
ks =
tb =
tsd =
DFGiT =

Y
LY

=k W N, U
s & 2

£,z,p

e 1 "sd DFG,
it

shoreline width factor

conversion factor = kg, * k, °¢ mtv/3600

ke

v .-

3600

(=}

water to sediment transfer coefficient
in L/kg hrx

Mass density of sediment in kg/mz, 40
kg/m

Seconds per hour units conversion
factor

length of time sediment is exposed to
contaminated water, 4.716E8 sec

transit time to deposit activity on shoreline

the dose conversion factor for standing on
ground contaminated with nuclide i, in mrem/hr
per pCi/m

foqe 8



4.4 IRRIGATED VEGETABLE PATHWAY

A,
it,z,p

where:

5

10" - U CF, + DF

£,x,p iwv it,r

1.14 » 105 = a units cbnversion factor

the concentration factor for radionuclide i in
irrigated vegetables, as applicable to the
vicinity of the plant site (pCi/kg)/(pCi/L).

Calculation of the Concentration Factor

The calculation of the concentration factor for radionuclide i in

irrigated vegetables, CF;, as used in the egquation for A

jrr is

calculated as follows for all radionuclides other than Tritium:

CFiv

=

N,
1

* M e T r{(l —-—e }

YVAEi'

~For Tritium, the equation is as follows:

CFiv

where

Y
!-'.

N

i

oML,

the additional dilution factor from the -near
field of the discharge structure to the point
cf irrigation water usage.

the average irrigation rate during the growing
season (L/m?h).

the fraction of irrigation-deposited activity
retained on the edible portions of leafy
vegetables. There are separate values
available for radiciodines and particulates.

the agricultural productivity of irrigated
leafy vegetables (kg/mz).

M S



£r = the fraction of the year that vegetables are
irrigated.

Bijy = the crop to soil concentration factor
applicable to radionuclide i (pCi/kg
vegetables)/ (pCi/kg soil).

P = the effective ‘surface density of soil‘(kg/mZ).
= Ay = the decay constant for radionuclide i (h'l).
AEi = the effective removal rate for activity

deposited on crop leaves (h'l), calculated as
Agy = 43 + 4

A, = the rate constant for removal of activity from
plant leaves by weathering 1.

te = the period of leafy vegetable exposure during
the growing season (h). '
ty, = the period of long-term buildup of activity in
soil (h).
R - th = the time between harvest of vegetable and

human consumption (h).

L, = the water content of leafy vegetable edible
parts (L/kg).

4.5 REDUCTION TO NUREG-0133 EQUATIONS
'igNUREG—OIBB does not have shoreline -deposit equations, which can be
".eliminated by setting the Water Recreation Mixing Ratio to zero in
" the Liquid Receptor Transaction definition under EMS.

For the other egquations, reduction to NUREG-0133 is obtained by

setting:
N; = 1 (this can be set in the definition of Fraction of
Activity Reaching Receptor in DFP)
average transit time t_ = 0 (this can be set in the

definition of Dose Calculation Parameters in DFP)



CEAPTER 5

GAS DOSE FACTOR CALCULATIONS

The DFP option is used to calculate the gas dose factors described
Previously. Dose factors are calculated separately for each
nuclide, orxgan, and age group. The age group, applied to a specific
receptor’s dose calculations, is part of the receptor specification.

The same gas dose factors are used for both the site boundary dose

rate calculations and for the maximum individual controlling
location dose calculation. :

The dose factor for each particulate or iodine nuclide i (or

-tritium) is given below. It is a function of pathway, organ, and
age group. The pathways considered are:

1. Inhalation

2. Ground

3. Milk (Cow or Goat)
4. Meat

5. Vegetable

5.1 INHALATION PATHWAY

Piza = K'(BR) 4 (DFA; 4) 5 (mrem/yr per pCi/m3 )

K’ = 1E6 pCi/uCi

I . W g\-{
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(BR), = breathing rate for age group a, in cubic m/yr

(DFR; ) 4 = inhalation dose factor for organ 7, for age group
a, for nuclide i, in mrem/pCi

P

5.2 GROUND PLANE PATEWAY
R... = K'K"(SF) DFG:, [(1 - e~Ai%)/a; 1
‘ita it i

(m? -mrem/yr per HCi/sec)

where
K’ = 1E6 pCi/pCi
K" = 8760 hr/yr
Ay = decay constant for nuclide i, in sec™?
t = exposure time (sec) = 4.73E8 (15 years)

DFG; ¢ =ground plane conversion factor for nuclide i, organt
(The same DFGj, factors apply to all age groups. The
factors labelled total body in the database are
applied to all other organs)

SF = shielding factor

+
3

-

5.3 MILK PATHWAY
Rir. = K (DFLyp), e Aif£ op Fo, U, @
ita it’a Or Fmi Uap

-(A.+4 )t
-2 1A W e

r (1 ) (1 - e *i%h)

Yp (Ai + Aw) p A

{
Y



. _ -
(1 fpfs)e

At

r (1-e” Ayt A%, 1 - e it
ih + B,

iv
Ys (Ai + Aw) P Ai

(m? - mrem/yr per jCi/sec)

where

‘0

K/ =

o
[}

1E6 pCi/pCi

feed consumption rate by the milk animal (cow or goat)
(Kg/day)

age group a milk consumption (cow or goat)

agricultural productivity by unit area of pasture feed
grass, in Kg/sq. m

agricultural productivity by unit area of stored feed,
in Kg/sq. m

stable element transfer coefficient for nuclide i,
from feed to milk, in days/liter

factor for uptake of radionuclides from soil by crops
fraction of deposited activity retained on animal feed
grass (cow or milk). Separate values are used for

radioiodines ‘than all other particulates.

ingestion dose factor for organ T, for nuclide i, for
receptor in age group a, in mrem/pCi

decay constant for nuclide i

decay constant for removal of activity on leaf and
plant surfaces by weathering, in sec™?

transport time from pasture to cow or goat to milk to
receptor, in sec.

transport time from pasture to harvest to cow or goat
to milk to receptor, in sec.

seasonal crop exposure time, in sec.

fraction of year that animal is on pasture

=2 foge 8b



f; = £fraction of animal feed that is pasture grass while
animal is on pasture

Carbon-14 in Milk
Rira = K'K" Fpi Qp Upp (DFLyg), Pe (0.11/0.16) e”Aifs
(mz-m:em/yr per pCi/sec)

where
K" = 1E3 gm/Kg
Pe =. fractional equilibrium ratio

0.11 = fraction of total plant mass that is natural carbon

0.16 = concentration of natural carbon in the atmosphere
{(g/m3)

and all other parameters as defined above

' "Only Qp and Uap depend on cow or goat.

- Pritium in Milk

Rira = K'K"' Fpy Qp Ugp (DFLyg)g ¢ (0.75) (0.5/E) e i £
(m?-mxem/yr per jCi/sec)

where |,
K" = 1E3 gm/Kg
H = absolute humidity, gm/cubic meter
0.75 = fraction of total feed that is water

0.5 = ratio of specific activity of feed grass water to the
atmospheric water

and all other parameters as defined above

5-4 “(m%Q’ &7
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Only Qp and Uap depend on cow or goat.

5.4 MEAT PATHWAY

- “A:t '
Rira = K (DFLj;), e™4i%f op Fey U o

ap
- +A -4
r (l-e (Ai w)te) l-e itb
fpfs + Biv
Yp (Ai+ Aw) P Ai
- + -
At r ( l-e (Ai Aw)te ) l-e 4 tb
+ (l-fpfs)e i'h + Biv
Ys (Ai+ Aw) P A,
where
Fgs = stable element transfer coefficient for nuclide i,
from feed to meat, in days/Kg
Uap = receptor’s meat consumption (Rg/yr)
tp = transport time from crop field to receptor, in sec
tg = transport time from pasture to receptor, in sec

and all other factors are as described for the cow-
milk pathway

Carbon~-14 in Meat

Rita = K'K™ Fg3 Op Uy (DFLyp), pe (0.11/0.16) e Aits

2

(m“-mrem/yr per pCi/sec)

where all terms are as defined above.

1]
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Tritium in Meat

Riza = K'K"™ Fgy Op Uy, (DFLig), * (0.75) (0.5/m) e~Asifs
(mz-mrem/yr per jCi/sec)

where all terms are as defined above.

5.5 VEGETABLE PATHWAY

"R, = K’ (DFL. ) ot g e ML .
iTa iT a a L
r (1-e” PAitA0t,, - B, (1-e *ifp)
+ iv
Yv (Ai+ Aw) P Ai
+ US £ e-dits .
a g
r (1-e” AitA 0t 8, (1-e *ip) .
+ iv
Y (A.+ A) P A,
sV bR w bR
(m?mrem/yr per UCi/sec)
fgyhe:e
Uﬁ = consumption rate of fresh leafy vegetation for age

group a, in Kg/yr

Ui = consumption rate of stored vegetation for age group a,

in Kg/yr

£y = fraction of annual intake of leafy vegetation grown
locally

fg =‘ fraction of annual intake of stored vegetation grown
locally

Y
&y
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ty = average time between harvest of leafy vegetation and
consumption, in sec.

tg = average time between harvest of stored vegetation and
consumption, in sec.

tp = long term sediment exposure time, in sec.

te = seasogal crop exposuré time, in sec.

¥, = vegetation areal density, in Kg/m2

Yoy = Stored vegetation areal density, in KG/m?

P = effective soil surface density

Bjy-= so0il to vegetation tiansfer factor for nuclide i

Ali other factors are as defined above.

Carbon~14 in Vegetables

Ryra = K'E" (UX + US) (DFLy;), pe (0.11/0.16) e 4its

(mz—mxem/yr per puCi/sec)

where all variables are as defined earlier.

Tritium in Vegetables

Rira = K'K"" (Ul+ US) (DFL;,), * (0.75) (0.5/H) e™Aits
(mz-mrem/yr per jCi/sec)

where all variables are as defined earlier.

5.6 REDUCTION TO NUREG-0133 EQUATIONS

Inhalation and ground plane pathways are the same in R.G. 1.109 and
NUREG-0133. For the other pathways (milk, meat, and vegetable),
these equations reduce to the NUREG-0133 values by setting:

5-7 -@IU%QL CT(j)
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t 9.999E19

e

0 (in tritium eguations only)

te

There are no C-14 equations in NUREG-0133,
setting p, = 0. - :

which can be obtained by
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