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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 salt 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 sw1mmmg 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* —————-U“"FM" *2 Q*Bip*Day*e ™™

The full assessment for the ODCM dose factors indicated that for 1 = Co-60, the maximum
dose (mrem/yr) is to the GI-LLI of an adult as the target organ and age group, therefore:

Usp = 21 kg/yr adult usage factor for fish
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M, = 0.1
(‘ F = 918
Q = 1.0
Bip = 100
Daipj = 4.02*10°
A = 1.501*107%
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):

C

Factor for invertebrate ingestion:

*
1119.7*y-*‘-':i:-Mz*Qi*B;p*Dai,,j*e-rtp=o.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 = 5

Bip

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* !11:&* Q,* By * Da; * %" = 0.0245

Factor for shoreline direct dose:

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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kg %
111970*Ui.1;["_

¥ S Qe T Dyt e ]

s
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:

Uyp = 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?)
tp = 00 transit time to point of exposure, hrs \ i
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* Dy * e * [1 - e-z'n,]= 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.

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:

1.0*1@“%*2@*1}&

‘Where:
Up = 45
Fa = 6.56*10"
Qi = 1.0
DFin, = 4.6*10%
1.0*10"?

(mrem/yr)

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

liters/yr, estimated annual dilution effluent flow in multiport
diffuser

Curies/yr, assumed release rate of nuclide i.

mrem-liters per hrs-pCi, dose factor for Co-60 for water
immersion taken from HERMES.

constant for pCi/Ci

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

1.0"‘10‘2"‘Up"‘—l\lgi*Qi*DFim=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 q
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/uCi) 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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II. 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:

X
3.17*10° *R,*{a]* Z Q,*DFAi= =D

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
R, = 8000 the breathing rate for age group a (adults) in m’ /yr.

X 7 s . .
-Q— = 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:

3'17*104*Ra *l: Z(_

Q

] *Q, * DFA;, = 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:

8760*1.0*10‘2*31.-[ :I*ZQ*I < + bFG,

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

1.0*10"

SF =

A=

b =

DFGij =

QG =

0.7

1.5*10

0.8105

15

5.80*10°

1.0

is the number of pCi per Ci

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.

the long term average relative deposition factor at the maximum
site boundary location, in 1/m>

is the radiological decay constant for Mn-54 (nuclide i in this
case) in 1/yr.

is the time in years over which accumulation is evaluated (approx.
midpoint of plant operating life)

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>

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:

- oAt
8760*1.0*10"2*S; *[-g—] *Q *1—?—— *DFG;=0.658 mrem per yr per Ci

i
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PART C:  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:

114*108*[2 *Q-* r*—_._..l-e- + B; *l-e-li.n, *e‘)li'th
Q i iv '

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).
D _ 8 . . s - 2 . . .
6 =1.5%10 is the relative deposition factor, in 1/m", at the maximum exposure point off site
(S.B)
QG =1 the release rate of nuclide i to the atmosphere in Ci/yr
T = 02 fraction of deposited activity retained on crops, leafy vegetables,

or pasture grass (1.0 for iodines)

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

th = 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 = 2.9*107 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 = 9252%107 radioactive decay constant for Mn-54, in hrs-1

P = 240 effective surface density of soil, in kg/m’
th = 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**[9—]*Q.*[r*l'°"’""‘ +Biv*l'e'”"’}*e-ﬂf‘m=67.379 pCi/ke
Q ' YV*AEi P*li

PART C.2: Leafy Vegetable Concentration
For leafy vegetables, the above equation is repeated with the value for ty, 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:

1'14*108*[2]*Qi* r* l-e'lsi‘te +BiV*1_e'li‘tb
Q Yv* g P* 2,

] * o' =76 811 pCi/kg

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:

Y., = 070 for agricultural productivity of pasture grasses, kg/m*
te = 720 for grass exposure time to plume, hrs
t = 00 for holdup time after harvest
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Using these variables in the above equation gives the concentration in pasture grass as:

1‘14*108*[_1_)_]*(2.*[1-* 1-g7s +Biv*l-e-zi“b]*e"‘*“"=179.227 pCikg
Q| ™ Yv* Au P* 2

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

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:

Y, = 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.

— D *1_e'lEi.te *l_e-zi'ta e .
1.14*10°* Q *Q*ir —— + B TP *eh ' =63.037 pCrkg
v /Ei i

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:

Fa*C,* Qg *e™ = conc. in milk, pCi/liter

where the variables are defined as:

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

Qr = 6.0 amount of feed consumed by a goat per day, in kg/day (50 kg/d
for meat)

tg = 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 2 nuclide in the animal's feed is given from RG 1.109
general equation C-11 as:

T RTATORS BN TR ] i BY A ot

where the following equals:

f, = 05 fraction of the year that animals graze on pasture

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

C, = 179227 concentration of Mn-54 in pasture grass as calculated from above,
pCikg

Cs = 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:

£,*£.%C, +[i-£,]*C.+ £, * [I-£.]* C.=121.132 pCirkg

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

[Cv = 121.132 pCikg ]
and

Fn*C,*Qp*e*"v=0.181 pCi/liter of Mn-54 in goats milk

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

Similar to milk, the concentration of the nuclide in animal meat is calculated. RG 1.109 general equation
C-12 is given as:

Cr=F:*C,*Qp* ™

Here the variables are set as:

Fe = 80*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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ts 20.0 average time from slaughter to consumption, in days

Cy 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:

> DFlia* [Un *£e *Cy+ Una *Ca+ Ur* Cr + U *fi*Ci

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:

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

Uya = 5200 vegetable ingestion rates for adults, kg/yr

fs = 076 fraction of stored vegetables grown in the garden

fi = 1.0 of teafy vegetables grown in the garden

Una = 3100 milk ingestion rate for adults, liter/yr

Uk, = 110.0 meat ingestion rate for adults, kg/yr

ULa = 64.0 leafy vegetable ingestion rate for adults, kg/yr

Cy = 67379 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)

Cs = 4635 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:

DFIge * [Us * £ Cy  Una * Co + Use * Cr + Una * 1 * C1] = 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; *Cy = 0.373
of stored vegetables

Dose for ingestion DFljja *Uma *Ci = 7.855%10*
of goat's milk

Dose for ingestion DFljja *Ura *Cs= 0.00714

of meat

Dose for ingestion DFl;ja *Uy, *f; *Cp = 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 2 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 adult 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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Pt. 20 [§§ 20.1—20.602], App. B

10 CFR Ch. | (1-1-93 Edition)

APPENDIX B TO §§ 20.1—20.602—CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL
BackGrouUND—Continued

{See footnotes at end of Appendix B]

Isotope * Tabte | Table it

Element (atomic number) Col 1—Air | COL2— | oot qopr | Col 2—

: Water ~ Water

(uCismi) (WCifmi) {uCi/mi) WCitemi

Motybdenum (42) MO 99...iiicnieen S 7x10°7 5x10°2? 3x10°* 2x 107

f 2x10-? 1x10°3 7x10"* 4% 107
Neodymium (60) S 8x10~1 2x10-? 3x 107 7% 1073
t 3x10° 2x10°3 1x10-" 8x107*
S 4x10"7 2x10™3 1x10°* 6x 10°*
| 2x10°7]. 2x10°* 8x10°? 6x 1073
Nd 149 ....circrnrend] S 2x10"¢ 8x10-3 €x10°¢ Ix 10°¢
{ 1x10-¢ 8x10°3 Sx10~* 3IxX 107
Neptuntum (93) NP 237 i S 41012 9x10~3 1x10° 3x107¢
: ! 1%10°% 9% 1074 410" 3Ix 1073
NP 239 .eieceeee 8§ 8x10-7 4% 10™? 3x10°¢ 1x10°¢
1 7x10°7 4x10°? 2x10°* 1Xx107¢
Nicke! (28) Ni 59 ] 5x10™7 6x10™? 2x10°* 2x10°
{ 8x10"7 6x10"? 3x10-* 2x10°?
Ni B3...oemcnnemcnen - S 6x10-" 8x10™" 2x10°* 3x10°*
1 3Ix10-? 2x10"? 1x10°* Tx 1074
Ni 65..c.eiereacmarenenens] s 9% 10~? 4%10°? 3x10"* 1% 1074
1 §x%10°7 3X10~? 2x10°* 1x10°¢
Niobium (Columbium) (41).cccrcincncracsnas] Nb 93M .ceerereeeend) S 1%X10™7 1x10°2 4x10°* 4% 10°¢
1 2x10°7 1%X10°2 5x10-? 41074
ND 95 i) S §%10-7? 3x10°3 2x10°¢ 1x10°¢
{ 1xX10°7 3x10-3 3x10°* 1x10-¢
Nb 97 i S X 10°¢ 3x10~2 - 2x10°7 X 10°¢
i §x10~¢ 3x10-2 2x10°7 9x10-¢
Osmium (76) Os 185 cneeeeee . §x10°7 2x10"3 2x10°* 7x 1073
{ 5x%10°* 2x 103 2x10"* 7x10°3
0s 191M..nccceaennee S 2x10-* 7x10-? 6x10°7 3x10-?
I 9% 10™¢ 7x10°2 3x10°7 2x10-3
05 191 e S 1Xx10~¢ 5% 1073 4%107% 2% 107+
{ 4% 10"? §%x10°3 1%10°¢ 2x10°¢
038 193 cceveeeeean] S 4%10°7 2x10°3 1x10°¢ 6x10-3
I 3x10°7 2x10"2 9x10-* 5x10-3
Palladium (46) Pd 103 S 1x10°¢ 1x10"2 5% 10°* 3x 1074
{ 7X10°7 8x10°3 3x10-¢ 3x10-
Pd 109...cccccveeneed S 6xt0°? 3x10-3 2x10°¢ 9x 1073
{ 4%10"7 2x103 1x10°¢ 7x10°%
Phosphorus (15) P 3z S 7x%10~¢ 5x10™¢ 2x10-* 2x10-3%
{ 8x10~* 7X1074 3x10-* 2x10°%
Platinum (78) Pt19tcceccee| S 8x10"7 4x10™?3 3x10-* 1x107¢
I %1077 3x10~-2 2x10-* 1X1074
Pt 193M . S 7xX10™¢ 3x10-2 2x10°? 1x 1073
1 §x10-¢ 3ax10- 2x10-? 1x10°?
Pt 193...cicrcaed S 1X10°¢ 3%10-2 410" 94x 104
i 3x10°7 §x10°2 1x10-* 2x 10"
Pt 1970 cceereeeaeee] S 6x10-¢ 3x10™2 2x10°7 1% 1073
| 5§x10~¢ 3x10"* 2x10"7 9x 10~
Pt 197.ceiieen 8 8x10-7 4x10°3 3x10°* 1x10°4
| 6x10°7 3x10™3 2%10° 1% 107
Plutonium (94) Pu 238....eeene - S 2x10-12 1X10™4 71074 5§X10°¢
{ 3x10~n 8x10~¢ 1x10°12 3x10°%
Pu 239, S 2x 10712 110" 610" 5x 10~¢
{ 4x10-1 8x10-¢ 1x10°12 3Ix10-3
Pu 240...eereeeeend] s 2x10-1 1x10°¢ 6x 101 5% 10-¢
{ 4x 10~ 8x10- 1x10-% 3x10-s
PU 241 ..oeneneee] S 9x10-1 7x10-3 3Ixio0-n 2x10°¢
! 4x10"* 4% 1072 1X10°* 1X 1073
Pu 242.......covrerenee s 2x10-12 11074 6x10-1 5x10°¢
I 4x10~0 ax10™* 1x10712 3Ix10-2
Pu 243 S 2x10"¢ 1x10°2 6x10°* 3x10~¢
i 2x10"¢ 1X10°2 8x10-¢ 3x 1074
Pu 244 .................. S 210~ 12 1x10°* 6% 107 4% 10°¢
i 3x10°% 3Ix 107+ 1% 10° 12 1x 1073
Polonium (84) Po 210...cireriveaene S Sx 10~ 2% 1078 2x10°% 7x 1077
[ 2x 1071 gxig~+l 7x1Q°"® 3xi107®

o
)
[=)]
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Nuclear Regulatory Commission Pt. 20 [§§ 20.1—20.602], App. B

APPENDIX B TO §§ 20.1—20.602—CONCENTRATIONS N AIR AND WATER ABOVE NATURAL
Backarouno—Continued

(See footnotes at end of Appendix B]

{sotope ' Table ¢ Tabie i
Element {(atomic number) Col. 1—Air cx lz.. Col. 1—Air Col. 2—
(uCirel) | C?/ﬁ‘:l) (uCi/ml) Water
M ) (uCi/ml)
Potassium (19) K42 S 2x10°¢ 9%x10°? 7x10°" 3x10°¢
I 1% 10"? 6x10°* 4% 10-* 2%10°3
Praseodymiurp (59) Pr 142 S 2x10°? 9x10°* 7%10"* 3Ix10°*
| 2x%x10°? gx10°* 5x10"* 3x10°*
Pr 143.....eiereneend] S 3x1077 1x10°3 1x10-°¢ Sx10°%
| 2%10°? 1x10"3|  6€x10-* 5x10°*
Promethium (61) Pm 147, S 6x10°* 6x10°3 2x 10~ 2x10°¢
| 1x10°? 6x10°? 3Ix10-* 2x10°¢
Pro 149, S 3x10°7 1x107? 1x10°* 4x10°*
i { 2%x10"7 1x1073 8x10"? 4x10°%
Protoactinium {91) Pa 230 S 2x10°° 7x10°? 6x10° v 2% 101
i 8x 107 7x10°? 3x10° 2x10°*
Pa 23 1. S 1x10™ 3x10°* 4% 107 9x10~?
{ 1x10°1"° 8x10°* 4x 107 2x10°3
Pa 233..cvcrereriaens S 8x10-7 4%x10°2 2x10°* 1x10-*
I 2x10°° 3x107? 6x10-* 1x10°*
Radium (88) Ra 223 . s 2x10°* 2x10°3 6x10° " 7x10°7
I 2x10°"° 1x10°* 8x10°'= 4x10°¢€
Ra 224....eeneene S 5x10°* 7x10°3 2x10° 2x10°¢
i 7x10""° 2x10° 2x10°% Sx10-¢
Ra 226 ....ccoemrvccrannas S 3x10-" 4x10°7 3x10°t= 3x10-*
1 Sx 109 9x107* 2x107t 3x10°%
Aa 228 ... - S 7x10°" 8x10°7 2x10°1 ax10-*
{ 4x10°" 7x10°¢ 1x10° 3x10-3
Radon (86) 3x10"? I1X107 e
3x10°° X107 e
Rhenium (75} S 3x10-¢ 2x10°* 9x10~¢ 6x10™¢
, { 2x10°? 8x1073 5x10°* 3x10°¢
Re 186 c.evevrineead] S 6x10°7 3x1073 2x10°¢ 9x10~3
{ 2x10°7 1x10°3 8x10-? 5x1073
Re 187 S 9x10°¢ 7x10°® 3x10~7 3x10-?
1 5x%x10"7 4x10"3 2x10"¢ 2x10°3
Re 188 S 4x10"7? 2x107? 1x10~¢ 6x10-3
{ 2x10"7 89x10™+¢ 6x10"? 3x10-3
Rhodium (45) Ah 103m S 8x10°% 4x107! 3x10-¢ 1x10°2
1 6x 10~ 3x10 2x10°¢ 1x10°2
B 105 ...ivvennineend] s 8x10°7 4X10°3 3x10°8 1x107¢
t 5x10-7 3Ix10-3 2x10-* 1x10™4
Rubidium (37) Ab 86 S 3x10°* 2x10°3 1x10-" 7x10°3
| 7x10* 7%10"¢ 2x10°° 2x10°*
31 7 — S 5x10°7 3x10™? 2x10°* 1X107¢
t 7x10°¢ §x10°? 2x10°* 2x10™¢
Ruthenium (44) Ru 97 S 2x10°¢ 1x10°2 8x10"* 4x10-¢
t 2x10°¢ 1x10-* 6x10~* 3axt10-¢
RU 103 .ocrecevneed] S 5x10°7 2x10°3 2x10°8 8x10-3
| 8x10°¢ 2x10°3 3x10~* 8x10-*
AU 105 cirricrceeend S 7X10°7 3x1i0-3 2x10~* 1x10°+¢
{ 5x10°7 Ixi0-? 2% 10"¢ 1X10°¢
Bu 106 ..oeenrenenead] S 8x10-° 4x10™¢ 3x10-* 1X10-3
{ 6x10°* Ix10-¢ 2x10-1° 1%X10°3
Samarium (62) Sm 147 .coeeeceeenee S 7x10-n 2x1073 2x10-12 6x 1073
{ 3x10-1° 2x10°3 9x10-* 7x1073
SmM 15T S 6x10"¢ 1x10- 2x10-* 4x10-¢
i 1x10°7 1x10°2 5% 10~* 4% 1074
Sm 153..cinnsd S 5x10°7 2x10-2 2x10~* 8x10~s
l 4%10°7 2x10-3 1X10°¢ 8% 10°%
Scandium (21) Sc 46 S 2% 1077 1x10°3 8x10°9 4x10-*
[ 2x10°* 1x10°3 8x 107 4x10°*
SC 47 .recrrerrnnnn S ‘6x10"7| 3x107? 2x10-* $x10-%
] 5% 1077 3x10°2 2x10°¢ 9x10-s
SC 4B S 2x10°7 8x10°¢ 6x10-° 3x10°%
{ 1x 1077 8x10°1 5x10-? Ix10-*
Selenium 34)... Se 75 S 1x10°¢ g9x10°3 4%10°¢ Ix 10~
{

1x10°7 gx10°* 4x10°° Ix10-¢
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Backgrouno—Continued

[See footnotes at end of Appendix B]

tsotope ! Table | Table Il
Element {atomic number} Col. 1—Air c&!.axg;- Col. 1—Arr c\gllat%e:-
(uCi/ml) (uCilert) (uCi/mi) (afi/mi)
Silicon (14), Si 31 S 6x10°¢ 3x10°* 2x%10°° gx10-*
f 1x10-¢ 6x10°? Ix1i0-* 2x10°*
Silver (47) Ag 105 s 6x10°7 3x10°? 2x10°* 1%10°4
! 8x10"* 3x10°3 3x10°" 1x107*
Ag 110m ...eeerenrnns) S 2x 107 9x10-* 7%107? 3x10°*
{ 1x10°" a9x10°¢ 3x 10" 3x107?
Ag Ml s 3x10°? 1x10°3 1x10°* 4x10°3
1 2x10°7? 1x 1073 8x10°* 4x10-3
Sodium (11) Na 22 s 2x10°7 1x10°3 6x%10°* 4% 10°%
1 9%x10-* 9x10°¢ 3x10°° 3x10"*
Na 24 ..o S 1x10°¢ 6x10°3 4%x10°° 2x10°¢
] 1x10°7| B8x10°¢| 5x107*} 3x107*
Strontium (38) Sr 85m S 4% 10°3 2x10~! 1% 10°¢ 7x1073
1 3x10°3 2x10°° 1x10°¢ 7%x10°3
S 85.ceecncrrcnensened] s 2%x10°7 3x10°2 8x10-* 1x10~*
i 1x10"7 §x10°3 4x10°? 2x10™*
S BS..ooercererrenieniass S 3x10°° 3x10°¢ 3x 10" 3x10°¢
{ 4%10°¢ 8x10™¢ 1x10°* 3x10°3
S0 90 ireniereenend s 1%x10"* 1x10°3 Ixi0- 3x10°?
! 5x10~* 1xX10°3 2x10°° 4%1073
T 28 - | IR s 4%10°7 2% 10°? 2x10°* 7x10"%
! 3x10°7 1x10°3 9x10°? SX107%
St 92.ecareennd] S 4x10°7 2x10°3 2x10-* 7x10°%
{ 3x10°7 2x10°3 1x10°¢ 6x1073
Sulfur (16) 8§35 S 3x10°7 2x10°3 9x 10-? 6x107%
1 3x10™? 8x10-2 9x10”? 3x10°*
Tantalum (73) Ta 182 S 4%10~° 1x10-3 1%10°° 4x10°%
1 2%10°* 1x10-3 7x10°* 4x1073
Technetium (43) TC 9BMuecrrrerrcernnend] S 8x1073 4x 107 3x10"¢ 1x10"*
1 3x10™3 3x10° 1x10°¢ 1x10°2
TC 96 ceeeeeeccccnenans s 6x10°7 3x10°3 2x10°* 1x10°¢
{ 2x10°? 1X10°3 8x10"*? 5x1073
b (-3 7{, SUSO— S 2x10"¢ 1x10°2 8x10-* 4x10°4
i 2%10°7 5x10°3 5x10°* 2x10~4
R C - - 7 S 1S 1%10™3 5% 1073 4x10°7 2x10°3
I 3%x10°7 2x10°* 1x10°¢ 8x10°¢
TC O9Meceerernnreanrens S 4x10°3 2x10-! 1x10-¢ 6x10-3
1 1x107* 8x1072 5x10°? 3x10°3
TC 99.umcccnrcsrenesd S 2x10°¢ 1xX10°* 7x10°¢ 3x10-*
{ 6x10-*¢ §x10-2 2x10-* 2x10°1
Tellurium (52) Te 125M...cccreeere] S 4x10”7 §x10°? 1x10°* 2x107
| 1x10"7 3x1073 4x10~* 1Xx10™
Te 127M.vcecreeenee} S 1x10™7 2x10"3 5x10~* 6x1072
{ 410" 2x10-3 1x10°* 5x1072
Te 127 eeccereenedd S 2%x10°¢ 8x10-3 6x10°¢ 3x10°¢
{ ex10~7 5x10-3 3x 10" 2x107¢
Te 129Mucnienn] S 8x10™* 1%x10°3 Ixi10™* 3x10™*
i 3x10-¢ 6X10~¢ 1x10~* 2x10°%
Te 128...iencnvannad] S 5%10-¢ 2x10°2 2x10°7 8xX10°¢
| 4x10™¢ 2x10°* 1x1077 8x10°¢
Te 131Mccrcrnns S 4%x10°7 2%10-3 1x10°¢ 6x10™%
i 2%10°7 1%x10°3| ~ 6x10°* 4%10°%°
Te 132....ccevrnrnns S 2%x10°7 9x 107+ 7x10°* 3x10°3
i 1xX 1077 6x10°¢ 43107 2x10°8
Terbium (65) Tb 160 S 1%x10°7 1x10°3 3x10°* 4%107%
! axto-* 1x10°2 1x10°? 4%x10°%
Thallium (81) Ti 200 S 3x10™¢ 1x10"2 gx 107" 4% 107
t 1x10°¢ 7% 10°3 4%10°* 2x 107
TE207T coceeeanes s 2x10-¢ 9x10°3 7x10°¢ 3x10°*
1 9x 10~ sx10°? 3x10°¢ 2x10°¢
T 202t S 8x10°7 4x%10°? 3x10°¢ 1x10°¢
| 2%1077 2x10°3 8x107* %1072
TE204 e ccrerecer 'S 6% 1077 3x10°3 2%x107* 1x107*
{ 3x10°* 2%10°3 ax10-' 6x 1073
B-8 ODCM Rev. 16
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Pt. 20 [§§ 20.1—20.602], App. B 10 CFR Ch. | (1-1-93 Edition)

APPENDIX B TO §§ 20.1—20.602—CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL
BackGrouno—Continued

[See footnotes at end of Appendix B}

{sotope ' Tabie | Table il
Element (atomic number) Cot. 1—air | Cot 2= | oo 1—air Col. 2—
(1Ci/mi) Water (uCi/mnt) Water
| @Cismn (uCi/emi)
Zinc (30) L -3 YOR— S 1x10°7 3x1073 4%10°* 1% 10°¢
] 6Xx10°¢ §x 1073 2x10°* 2% 10°¢
2N 69M....crverieraeerens S 4x10°7 2x10°2 1x10°¢ 7% 10°3
t 3x10°7 2x10°3 1x10~* 631072
20 69 eiecrenrraree S 7x10°¢ 5x1072 2x10°7 2x 1073
i 9x10-¢ 5%10°2 3x10"? 2x107?
Zicconium (40) 2r 93 S 1x10°7 2x10°* 4x10"* Bx10°*
i 3x10°7 2x%10°2 1x10°¢ B8x 10°¢
20 85.oernnsscnenens s 1x10°7 2x10°3 4x10™? 6% 10°*
[ 3x10-* 2x1073 1x10°° 6x 103
L35~ T SO s 1x10°7 5x10°¢ 4x10°* 2x10°*
1 9% 10~* 5x10-¢ 3x10°° 2% 107
Any single radionuclide not listed aDOVEe [.eercemminierrsecisenaned Sub 1x107¢ BX107% |

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

Any single radionuciide not listed abOVe |veeinccrecnnecsriasenns| 3% 10°* 9x107* 1x10-%w 3x10°¢
with decay mode other than alpha
emission or spontaneous fission and
with radioactive half-ife greater than
2 hours.

Any single radionuclide not listed 6x10~1 4%10"7 2% 10" 3x10°*
above, which decays by alpha emis-
sion or spontaneous fission.

1Soluble (S); insoluble (1)

*Sub® means that values given are for submersion in a semispherical infinite cloud of airbome material.

3These radon concentrations are appropriate for protection from radon-222 combined with its shortlived daughters.
Ntelmﬁvely.ﬂ\evaluenl’ablelmaybereplacedbyone-th&d(%)“worﬁngbveL“(A"wmkhglever'isdeﬁnedasany
combination of short-ived radon-222 daughters, polonium-218, lead-214, bismuth-214 and polonium-214, in one fiter of arr,
without regard to the degree of equilibrium, that will result in the uitimate emission of 1.3x10* MeV of alpha particle energy.)
The Table I value may be replaced by one-thirtieth (¥0) of a “working.level.™ The limit on radon-222 concentrations in
restricted areas may be based on an annual average. .

“‘For soluble mixtures of U~238, U-234 and U-235 in air chemical loxicity may be the limiting factor. If the percent by
weight-enrichment) of U-235 is less than 5, the concentration value tor a 40-hour workweek, Table 1, is 0.2 milligrams uranium
perwbicmeterotairaverage.Foranyemichmem.meproductofmeaverageconcentraﬁonandﬁmeofexposwe duriq?a
£0-hour workweek shall not exceed 8X 10-2 SA uCi-hr/mi, where SA is the specific activity of the uranium inhaled. The
concentration value foc Table Il is 0.007 milligrams uranium per cubic meter of air. The specific activity for natural uranium is
6.77%10"7 curies per gram U. The specific activity for other mixtures of U~238, U-235 and U-234, d not known, shall be:

SA=3.6X10"? curies/gram U U-depleted :
SA=(0.4+4-0.38 E4+0.0034 E3 10°¢ EZ0.72

where € is the percentage by weight, of U-235, expressed as percent.

Nore:lnanyasewhetethefeisamixturehairorwalerofmorethanoneradionucﬁde.melimiﬁngvalmlorpurposesof
this Appendix should be determined as follows: :

1. f the identity and concentration of each radionuclide in the mixture are known, the limiting values should be derived as
follows: Oetermine, for each radionuciide in the mixture, the ratio between the quantity present in the mixture and the limit
otherwise established in Appendix B for the specific radionuclide when not in a mixture. The sum of such ratios for all the
radionuciides in the mixture may not exceed “1” (i.e., “unity™) :

ExampLe: If radionuclides A, B, and C are present in concentrations C,, Cg, and Cc, and if the applicable MPC's, are MPC,,
and MPC,, and MPC. respectively, then the concentrations shall be Bmited so that the foliowing relationship exists:

(CA/MPC) +(Cy/MPCy) +(Cc/MPC.) =1

2. if either the identity or the concentration of any radionuclide in the mixture is not known, the kmiting values for purposes
of Appendix B shall be:

a. For purposes of Tabte |, Col. 1—6x 10" %
b. For purposes of Table |, Col. 2—4x10"7
¢. For purposes of Table (i, Col. 1—2x10" "

d. For purposes of Table H, Col. 2—3x 107"

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. If the idenlity of each radionuclide in ‘the mixture is known but the concentration of one or more of the radionuclides in
the mixture is ROt known the concentration fimit for the mixture is"the limit specified in Appendix “B" for the radionuctlide in the
mixture having the lowest concentration limit; or

b. If the identity of each radionuclide in the mixture is not known, but it is known that certain radionuclides specified in

ix “B" are not present in the mixture, the concentration limit for the mixture is the lowest concentration {imit specified
in Appendix “8" for any radionuclide which is not known to be absent from the mixture; or

B-10 ODCM Rev. 16
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Tabte | Table U
¢. Element (atomic number) and isotope Co:\l: - Col. 2— Col, 1— Col. 2—
(T Ci Water Air (uCi/ Water
H (Ci/ml) mi) {uCi/mi)

mi)

# #t is known that Sr 90, 1 125. 1 126, 1 129, 1 131 (¢ 133, Table it 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 X 1073 |veercrcnennens] 3x10°¢

1f it is known that S¢ 90, | 125, | 126, 1 129 {1 131, 1 133, 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

i & is known that Sc 90, { 129 (1 125, 1 126, 1 131, Table il only), Pb 210, Ra
226, Ra 228, Cm 248, and Cf 254 are not present . 2x10t® 6x 1077

If it is known that (1 129, Table [ only), Ra 226, and Ra 228 are not present 3x10°¢ 1%10°7

If it 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 3x10°* LI [0 s SO

I it is known that alpha-emitiers and Pb 210, Ac 227, Ra 228, and Pu 241
are not present

i it is known that alpha-emitters and AC 227 are NOt PrESeNt ... ccemssmisrsseemenad b 374 [+ LN ORI

#f it is known that Ac 227, Th 230, Pa 231, Pu 238, Pu 239, Pu 240, Pu 242,
Pu 244, Cm 248, Cl 249 and Cf 251 are not present 3x10°

6x107* 2x10°¢

3x 10~ 1x107 1},
1x10° %

LI [ gl R,

4. If 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 beiow may be used for uranium and its daughters through radium-226, instead of those from
paragraphs 1, 2, or 3 above.

a. For purposes of Table { Col. 1—1x10-' pCi/mi gross alpha activity: or 5x107** uCi/ml natural uranium of 75
micrograms per cubic meter of air natural uranium.

b. For purposes of Tabte 1, Col. 1—3x 10~ ** uCi/mi gross alpha activity; 2x 10~ * pCi/mi natural uranium; or 3 micrograms
per cubic meter of air natural uranium.

5. For purposes of this note, a radionuciide may be considered as’not present in a mixture i (a) the ratio of the

tion of that radionuciide in the mixture (C)) to the concentration limit for that radionuclide specified in Table Ul of
“B* (MPC,) does not exceed %o, (ie. C./MPC,=1/10) and (b} the sum of such ratios for all the radionuciides
considered as not present in the mixture does not exceed ¥4 ie.

(CIMPCo+ Gy MPCy......+ S YA).

B-11 : ’ ODCM Rev.
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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 Managément 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
plant. personmel track effluent emissions and perform associated dose
calculatigns. North Atlantic Energy Service Corporation purchased a Seabrook-
specific version the Canberra EMS software which must meet specific requirements
and incorporate site-specific information provided in the Offsite 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 (1) 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 ODCM
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, ﬁeen, 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 Effiuent
Manapgement System Technical Reference Manugl [3]. The EMS conversion factors for
;everal radionuclides 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 I (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 wl}ich set of ODCM assumptions (those for Method I or those for Method II)
the EMS program is e:;:pected 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 a{: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
-;rith a way of changing the wvalue 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. Addit;ionally, the EMS routine(s)
responsib]_.e for liquid effluent concentrations comparisons to MPC values 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 ~p'.'.'ogram is excellent, indicating that the EMS calculation
method is consistent 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 durgtion 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-2¢ and D-2d) in which the Plant Vent
x«;as 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]). In contrast, the
fraction of elemental iodine 1is assumed equal to 0.5 in the ODCM methods
(consistent with Regulatory Guide 1.109). Consequently, the EMS program {)roduces
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 adjustments for Fp, SF, and the fraction of elemental
iodine (when radioiodine input was used) and comparing results for organ doses
due to 1131, 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
éHS printout. Instead, the message "No calculations performed - check Sample &
Receptors"” appéared. 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.
dose rate information was provided on Page 4 of the

demonstration of the EMS program prior to testing.

It is noted that organ

EMS printout during a



3.0 TEST CONCLUSIONS
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 t;.he 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 comnsistent

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 ODCM 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 guidance: 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 fer 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 liguid effluent
concentrations and MPC values is operating properly.

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

ODCM.

\ S
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4.0 SUMMARY 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.
If 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.




ll 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 radiocactive 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 comsistent 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. In contrast, both Method I
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. g

Resolution:

For ODCM Methods I and II, 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 mecessary 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 I1-131, 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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Description

initial version

Updated incorrect dose
equation

Updated to include all dose and
dose rate equations

Updated based on
modifications to software and
customer’'s requested
modification to the use of the
default nuclide for gaseous
permit processing.

Updated based on customer's
request to remove modification
to the default nuclide for
gaseous permit processing.
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Software Requirements Speclfication 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 foliowing 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 1983.

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 manuals are not
significant, since they are determined by database data that will be
customized {o fit the Seabrook Station's usage.

2.2 The 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 Calculation 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 ars instalied on the hardware configuration may be used if applicable.

e



Software Requirements Specification RS-8448-04

3.3

3.4

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 results.

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

- madium.

EMS -

SRS -

SNC -

5.

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.

Southemn Nuclear Operating Company

Principal Changes from Existing Package

The following paragréphs 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 following
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 foliows:

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

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

T 5
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5.1.3

5.1.4

5.1.6
5.1.7
5.1.8

5.1.9

Modification of noble gas dose rate and dose caiculation 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 fiow if 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 Cumulative
Doses and Alert Sstpoints.

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 Functionality

Database Maintenance Transactions

The functionality of the EMS Database Maintenance transactions shail 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

6.1.4

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:

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
vaiue 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 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:

DILOOKUP: For a liquid release, a flag to denote that permits for this release
point will have a selaction scresn 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 following
parameter shall be added to the list of those which can be entered, stored, and
which appsear on the printed report for these transactions:

DEF_NUC: For a liquid or gaseous releass, this parameter will contain the default:

nuclide that will be used in setpoint calculations for low 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 ths list of those which can be entsred, 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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6.1.6

6.1.8

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 releass, this parameter will contain the
default 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 will contain the
multiplier to be used In the calculation of Alert Alarm Setpoints for permit reports.

On the Releass Point transaction [EM-DM-RP (Form 1)], the meaning of the
Response Option will changs. 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 values.

On the Dilution Streams transaction [EM-DM-DS], the following parameters will be
removed: the number of extra dilution fiow 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 "57). In this transaction, the dilution fiow
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. Thess additional menu items-

are as follows:

X/Q - Noble Gases (Gammay)

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

*a" Factor - Noble Gases

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

*a" Factor - Gamma Noble Gases

- PR
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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
softwara.

On the Meteorological Data transaction [EM-DM-ME (Form 1)], the X/Q,
D/Q, and "a" Factor values are defined for various eigvations, distances,
and directions from the piant vent or stack. This combination with the
"mode of release” parameter on the Release Point transaction [EM-DM-
RP (Form 1)}, and the receptor definition on the Gas Receptors
transaction [EM-DM-GRY], allow 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 neead to ba 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 tables
which contain data not accessibie through the forms-based transactions.

8.21 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-annuai 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 voilume) Dilution volume for the month, in user
units,

afiow (average fiowrate) 0 [not used]
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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

6.3.1.2

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

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 Diiution Flow Rate parameter
is set to zero, a selection screen, as described above will appear.

Once a selection of the Dilution Flow Rats is compiets, the selection
screen will disappear and the "Fill" operation will continue. Upon
completion, the selected dilution flow rate will appear in the Dilution Fiow
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 vaiue of the computed maximum wasts flow. If the anticipated waste
flow is modified, setpoint, dose, and dose rate values will be recalculated
based on the new value.

For releassas with low or zero gamma emitter concentrations that result in
a pre-diluted MPC ratio less than 10%, a default concentration wili be
used for setpoint calculations. This defauit 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 default type for this nuclide should 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-Release Permit Reports shall be as described in section 3 (pages 3-53

through 3-58) of the EMS Operator's Manua! (Refersnce 2.1.1), with the following
revisions:

6.3.2.1

68.3.2.2

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 vaiues 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
immediataly 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 Aiarm Setpoint
will be calculated by using the multiplying the reiease point setpoint value
by a multipiier 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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6.3.3

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 vaiues 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 flow rate parameter entered on the Liquid Permit
Definition Screen (3.06) will be used.

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

On the Liquid Permit Definition Screen (Scresn 3.13):

When a "Fill" (F14) or a "Save" (F10) without a "Fill” is executed, if the
DILOOKUP paramster 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
compietion, 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 fiow rate selection screen
appearing.

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

A =
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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 values
entered should include the monitor background values.

Associated Reports.

Liquid Post-Release Parmit 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 values 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 Referance Manual (Reference 2.1.2), with no revisions.
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6.5

6.6

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
following 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 caiculations, in sections 6.3.3 and 6.4.3, respectively.

Liquid Permit Deletion

Functionality for deleting liquid permits through the EMS software shall 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

6.7.15

On the Gaseous Psemmit Definition Screen (Screen 4.05):
The Initial Pressure and Final Pressure parameters shall be deleted.
On the Gaseous Nuclide Concentration Scraen (Screen 4.08):

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 displayed 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 representative nuclide concentration values to the
screen prior to "Save" of data.

For releases with low or zero gamma emitter concentrations that result in
a pre-diluted MPC ratio less than 10%, a default concentration will be
used for setpoint calculations. This default concentration wili 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 default type for the default nuclide shouid
be attained from the DEF_TYPE parameter.

The Monitor Response Screens for Release Points and Discharge Points
(Screen 4.08) will no ionger 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 fiow is less than the
anticipated waste flow, the anticipated waste flow will be changed to have
the value 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 value.
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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 (Refersnce 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
Controliing Age Group at Controliing 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 (4.01), the "scaled" nobie 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 bse calculated by multiplying the noble gas monitor

setpoint value 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 vaiues 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 caicuiations performed by the EMS software for Gaseous Pre-Release
Permits shall produce the same results as those described in Chapter 3 (section
3.1-3.8) of the EMS Technical Reference Manual (Reference 2.1.2), with the
following revisions 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):

87602=

where

8760

shf » X/Q, + 87602 « F, * = (K; * QR;,)

g

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

shielding factor (dimensioniess)

releass rate of noble gas radionuclides, i, in gaseous
effiuents from vent or stack v { uCi/sec).

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

total body dose factor due to gamma emissions for noble
gas radionuciide | (mrem/yr per gCi/m3)

highest value of the noble gas 1-hour X/Q for gamma
radiation for vent or stack v at the site boundary, (sec/m3)

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

number of hours in a year

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

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

D
where

Dy

shf Fo * S (K; * QRyy) * X/Qq * 12

(5.256 « 105 / dur)

total body dose from gaseous effiuents (mrem)

5.256 » 105 = number of minutes in a year

dur

duration of the release (minutes)
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where

\,
adjustment factor to convert the 1-hour X/Q value to the ( )
short term X/Q value for the release (dimensionless)

duration of release (hours)

"a" factor for gamma noble gas X/Q

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

Dg = shfsFq*Z QR [ * X/Q+8760D) + (1.11M « X/Qg - 8760°2)]

where
Ds

XQ

skin dose rate from gaseous effliuents (mrem/yr)

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

air dose factor due to gamma emussnons for noble gas
radionuclide i (mrad/yr per pCi/m )

conversion factor from mrad to mrem ( )

skin dose factor due to beta emissions for noble gas
radionuclide | (mrem/yr per pCi/ms)

"a" factor for noble gas X/Q

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

shf s Fy » Z QRyy * [(Lj » X/Q + D) + (1.11M; » X/Qg + t3)]

(5.256 * 10° / dur)

total skin dose from gaseous effiuents (mrem)
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» For Noble Gas Air Dose due to gamma radiation (for vents or stacks < 80

meters):
Dy = (317-108).xQg-t3+F, M- Q,
where
- D Y = 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 effluents
from vent or stack v (¢ Ci)

Qy = QR -dur-80

where

60 = number of seconds in a minute

* For Noble Gas Air Dose due to beta radiation (for vents or stacks <

80 meters):

Dpg = (317« 10'8):- XxQ-tPeF TN - Q

where |

D g = total beta air dose from gaseous effiuents (mrad)

N; = air dose factor due to beta emissions for noble gas

radionuclide i {(mrad/yr per yCl/m3)

» For Critical Organ Dose Rate—Inhalation Pathway and all Pathways
for H-3, C-14 (for vents or stacks < 80 meters):
DR,y = X/Q,+8760C.x Pipra *QR;,

where

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

Pipra = dose factor for each radionuclide i, pathway p, organ 1,
and age group a (mrem/yr per ,uCilms)
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X/Q, = highest value of the radioiodine/particulate 1-hour X/Q for
vant or stack v at the site boundary (sec/m3)

c = "a" factor for Radiciodine/Particulate X/Q
Note: It is assumed Pipra will not contain iong term X/Q or D/Q
values.

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

DRy = D/Q+8760°+ X Ry o+ 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 7,
and age group a (m? « mrem/yr per ;Cl/sec)

Note: Itis assumed Ry, ;5 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):

Drg = (317-108)eXQ - tCFy 2 PiyraQy

where

D,, = dose for age group a and organ 7 from iodines and
particulates with half lives greater than 8 days in gaseous
effluents (mrem)

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

values.
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( ' + For Critical Organ Dose-Ground and Food Pathways (for vents or
! stacks < 80 meters):

Drg = (317108 D+t Fy TR Qyy
Note: It is assumed Rlpra will not contain long 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/ s) G

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



Software Requirements Specification RS-8448-04

6.8

Gaseous Post-Release Processing

6.8.1

6.8.2

User Interface and Functionality

Gaseous Post-Releass 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:

6.8.1.1

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. (Ses the Underiying Calculations section for Post-
Release Permit Processmg for an explanation of the "scaling” of
concentrations.)

NOTE: "This method req'uires 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 inciude the monitor background values.

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

processing.)

Associated Reports

Gaseous Post-Reiease 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

8.8.2.1

6.8.2.2

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 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 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 Referenoe 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 = shfeX/Qqg 8760« Fy« 2 (K - QRy)

where

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

shf = shielding factor (d”n!'nensionless)

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

effluents 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 radionuclide i (mrem/yr per nd/rn )
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)(IC)g = highest value of the noble gas 1-hour X/Q for gamma (\‘)
radiation for vant or stack v at the site boundary, (sec/m>) g

8760"2= adjustment factor used to convert the 1-hour X/Q value to
an average 1 year X/Q value (dimensionless)

where

8760

number of hours in a year

1]
i

"a" factor for gamma noble gas X/Q

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

shf» Fy * Z (Kj * QRy,) * X/Qq + 2
P = (5.256 » 105 / dur)
where
Dy, = total body dose from gaseous effluents (mrem)
5.256 « 10° = number of minutes in a year _
dur = duration of the release (minutes) ( )
t2 = adjustment factor to convert the 1-hour X/Q vaiue to the

short term X/Q valuse for the release (dimensioniess)

where

.
[}

duration of releasa (hours)

[
]

"a" factor for gamma noble gas X/Q

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

Dg = shfsFg*Z QR « (L * X/Q + 8760D) + (1.11M; - X/Qq - 8760°3)]

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

v at the site boundary (sec/m3)
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M; = air dose factor due to gamma emxssnons for noble gas
radionuclide i (mrad/yr per pCl/m )

1.11 = conversion factor from mrad to mrem

L = skin dose factor due to beta emlssnons for noble gas

radionuclide i (mrem/yr per pCi/m )

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

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

shfe Fy* £ QRyy * [(L * X/Q « P) + (1.11M; + XQg + £3)]

Dk =
(5.256 « 10° / dur)
where
Dgk = 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).xQg -t Fo T MOy
where
DY = total gamma air dose from gaseous effluents (mrad)

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

Q;, = release of noble gas radionuclides, i, in gaseous effluents
from vent or stack v (zCl)

Q;, = QR +dur-60

where

60 = number of seconds in & minute
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For Noble Gas Air Dose due to beta radiation (for vents or stacks <
80 meters):

Dg = (317+108).xQ tP-F ez N-Q

where

D B = total beta air dose from gaseous effiuents (mrad)

N; = air dose factor due to beta em:ssnons for noble gas

radionuclide i {mrad/yr per pCilm )

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

DRy = XQp+87607C+ 2 Pj., « QR

where

DR;5 = dose rate for age group a and organ t from iodines and
particulates with half lives greater than 8 days in gaseous
effiuents (mrem/yr)

Pipra = dose factor for each radionuclide i, pathway p, organ 1,
and age group a (mremvyr per yCi/ma)

X/Q; = highest vaiue of the radxonodme/particu!ate 1-hour X/Q for
vent or stack v at the site boundary (seclm )

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

Note: It is assumed Plpta 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):

DRy = D/Q-87609 2Ry .+ QR;,

ipt

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
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( \} ' Ripra = dose factor for each radionuclide i, pathway p, organ 1,
and age group a (m?2 « mrem/yr per pCi/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):

Dra = (317108 X0 1€ Fy+ZPi5ra° Oy

where

D;q = 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 Pipra will not contain long térm X/Q or D/Q

values.

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

stacks < 80 meters):
t D, = (317108 .D/Q-tdF, SR ..*Q;
Ta o ipta” “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/8) * C;

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 nuciide;

. ‘(’“‘%‘?‘ 24
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6.9

6.10

Gaseous Permit Editing

6.9.1

6.9.2

6.9.3

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.

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.

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).

foqe 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 valiue on line A.3 of the report by taking

100D,/ QL
the greater of ag 9
where
Dag = the gamma air dose in the applicable quarter at the site

boundary receptor due to noble gas emissions (mrem)

the beta air dose in the applicable quarter at the site
boundary due to noble gas emissions (mrem)

Dab

QLag = the quarterly I-imit on Dag (mrem) [usually 5]

Qlp = the quarterly limit on Dgy, (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 Applicable Limit of Fission and
Activation Products.. .

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

the greatest (over T) of { 100« (= Di,T) / QL,p
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the dose to organ T of the controlling receptor, in the
applicable quarter, due to gaseous emissions of
radionuciide i (mram)

9
o
1

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

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

6.11.1.2  On Report 5.02 (Liquid Summation of All Releases):

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

Dqu =28.31685 « sd_lIvolf * = DV,

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

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

calculations below.” "sd_ivolf" shouid be the user unit conversion factor to

convert from user units to #t3. 28.31685 is a unit conversion factor from
to liters.

» Foreach 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=E Cjg = [Actiq / (1000 * DV)]

whers

Actiq = total activity of nuclide i released during the portion of the
quarter g that is within the period (#Ci)

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

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

100 » Dlt/Qth

the greater of { 100 + Dy, / Qlyg
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QL =

QLIo =

the liquid total body dose in the applicable quarter at the
site boundary receptor (mrem)

the liquid maximum organ dose in the applicable quarter at
the site boundary (mrem)

the quarterly limit on Dy, (mrem) [usually 1.5]

the quarterly limit on Dy, (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 Appiicable Limit.

+ Compute each vaiue on line C.3 of the report as follows:

P

where

Ldg =
6.11.2 EMS Trend Plots

q

=100+ Cq/Lyg

sum of noble gas concentrations

Percentage applicable to a given quarter for dissolved and
entrained gases

Liquid dissolved gas limit (uCi/ml) [usually 2.0E-04]

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 shall be
described in section 6 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 liquid
and gaseous releases from nuclear power plants. The calculations
and methodology are pased on those described in U. S. Nuclear
Regulatory Commission Regulatory Guide 1.109 and references
described therein. These egquations 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 liguid 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 regquirements of 10CFR20 and Appendix I of 10CFRS50.

The concentration and dose 1imits that are required to be met are:

o For radioactive 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, ppendix B, Table 2.

where ECL valueé are effluent concentration limit wvalues.

o For radioactive liguid effluents, the maximum dose to any
member of the public will be less than the limits given in
10CFR50, Appendix I. i

o For gaseous effluents, the old 10CFR20 requires that the
dose rate at any location beyond the site boundary will be
1imited to the annual dose limits given in the Technical
Specifications and corresponding to the concentrations in
Appendix B of the old 10CFR20. The old 10CFR20 approach
for gaseous effluents has been accepted by the NRC for use
under the new 10CFR20. '

1-1 o | pPgHO
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o For gaseous effluents, the maximum dose to any member of
the public will be less than the limits given in 10CFRSO0,
Appendix I. '

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

The equations employed for calculatlng the dose and dose factors are
taken from NUREG- 01331 and Regulatory Guide 1.108.

For a partlcular nuclear plant, the ODCM describes the physical
configuration of release sources and release points for routine and
non-routine liquid 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, liguid calculations use the max timum permissible
concentrations from 10CFR20 App. B, Table 2, column 2, and the more
conservative value (smaller) of the soluble and insoluble values
while gas calculations use dose rate equations and limits from
NUREG-0133. To comply with the new 10CFR20 regquirements, the
effluent concentration limits are used for liguid setpoint
calculations. For gaseous setpoint calculations under the new
10CFR20, the NRC is still allowing the use of dose rate equations
and limits from NUREG-0133..

In the terminology of EMS, individual sources of radiation, such as
storage tanks, the containment building, etc., are defined as
nrelease points." Several release points may lead to the same
"discharge point."

Setpoint calculations produce monitor llmltlng wvalues in activity

units (gCi/ml or gCi/cc). These are then converted to user units,
e.g. counts per minute (cpm). For gaseous releases, setpoint can be
reported as release rates (yCi/sec). The reporting units for each

monitor can be defined separately.

EMS allows setpoints to be set for both the release points and the
discharge points. 1In 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.

1-2
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EMS has 2 wnuclide specifict option. 1In this option only the
nuclides listed in the monitor slopée table are used in the setpoint

calculations.

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
1imits 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 geherate
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. Bowever, 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 period
involved. An alternative approaéh if a new permit must be opened
pefore the actual information for the previous permit are available
is to go ahead and close the release using the pre-release values
and then edit this closed release later when the actual information
becomes available.

1.3 COMPOSITE NUCLIDES

The standaxd radionuclide analysis, with highrresolution 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 2a composite of many samples
over a month or guarter period. The concentrations of the composite
nuclides are combined with the concentxrations of the individual
nuclides determined from gamma analysis for each sample.

i-3 , | PS U2

odim. fevzz.



For liquid releases, the composite nuclides are generally H-3,
Fe-55, Sr-89, Sr-90, and gross alpha. For gaseous releases, Fe-535
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.

Composite samples pioduced 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 -

optibn‘of updating the composite values for the proper time period
and recalculating the activity and dose.values in the database.

The EMS comPOSite'update process processes only those nuclides
l1isted in the .Composite ID for.the release point. For each nuclide,
the curies and doses based on the previous value are subtracted
from the cumulative totals and the curies and doses based on the
correct value are added into the cumulative totals.

For the setting of flags to control options in the EMS code, see the
NAESCO Seabrook Station EMS Operator’s Manual 07~0589.

P3 u3
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CHAPTER 2

LIQUID RELEASE CALCULATIONS

2.1 LIQUID PRE-RELEASE PERMIT

A liguid pre-releése permit is generated with a progiam that uses
the nuclide activities to determine the radiation monitor setpoint
(for 10CFR20 compliance) and the potential doses for 10CFR50

compliance.

Continuous releases are treated similarly-

2.2 10CFR20 COMPLIANCE

10CFR20 compliance calculations are proken down into two paths. The
£irst path calculates compliance'with the old 10CFR20 in which the
calculations are pased on Maximum permissible Concentrations. The
second path complies with the new 10CFR20 and is Effluent

Concentration Timits based.

10CFR20 requires that the sum of concentrations divided by MPC (old
10CFR20) or ECL (new 10CFR20) values must not exceed unity for MPCs
or 10 for ECLs: : .

OLD 10CFR20 * NEW 10CFR20
g =73, C. /MPC, =1 OR | g =%, C,/ECL, s 10
3 i i i i i

for concentrations Cs released from the site. MPCj; is the maximum
permissible concentration from the old 10CFR20, appendix B, Table
II, Column 2, for nuclide i and ECLj is the effluent concentration
1imit from the nev 10CFR20, Appendix B, Table 2, Column 2, for
nuclide i.

S by
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If the summation is greater than the limit, then dilution is ‘(: )
required. The required dilution factor is: . & g

If the 10CFR20 option is OLD:

Ci
Z_ MPC,
D - i i
reg £ o Rmax
where
Dreq = Total required dilution factor
C; " = Concentration of nuclide .i in pCi/mL
MPC; = Mazximum permissible concentration of nuclide i in
pCi/mL '
f = Release peint setpoint safety factor (usually equal to.
0.5) from the release point definition.
Rpax = The maximum MPC ratio from the release point setpoint

definition. . s

If the 10CFR20 option is NEW:

i . }
.Z ECL,

D _ i=ng &
req,ng £ o Rm

ax

D = D
req req,g + Dreqg,ng
where ;
Dreq,g Reéuired dilution factor for gamma-emitters
Dreq,ng = Required dilution factor for non-gamma-emitters
ECL; = Effluent concentration limit of nuclide i in

HCi/mL .

22 - 345
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and the sums extend over gamma-emitters (g) and non-gamma-endtters

(ng) s respectively.

0 are excluded from the -sum.

Any nuclides with MPC3
0 are excluded from +he sum.

Any nuclides with ECLj

A A

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 2 safety factor.
Favail = Fant (ff/IOO) (L -2 ci/xxgi)._
where

c - Concentration (pCi/ml) for nuclide i for the dilution
stream sample

XXXi = MPCi or ECLi
fe = Flow safety factox, in percent

Fant = Anticipated dilution flow rate for the release:

The anticipated dilution factor is then

)/F

F + £ ‘
Dant =t waste alloc Favail waste

whezxe

F = waste flow anticipated for this release
waste

F L available dilution flow
avail

= fraction of available dilution stream flow allocated to

£
alloc. this release

2= S £HUL
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Dissolved and Entrained Gases

To implement 10CFR20, it is also required that the total
concentration of dissolved and entrained gases in liguid effluents

‘be less than a specified value (normally, 2 E-04 pCi/mL under OLD .

10CFR20, or 1 E-04 gCi/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 noble gases in the Dreg
caleulation, the database must also contain the same limiting value,
as the liquid MPC or ECL for each noble gas nuclide.

2.3 MAXIMUM WASTE FLOW

The maximum waste flow calculation is based on the setting of the
SET OPT option in the WELOW M class of options in the Release Point
Setpoint definition. This option can take on four values: NONE,
NWAS (no waste), CALC or DOSE. For liquid releases, NONE, NWAS, and
CALC are allowed. :

For liquid releases,

Wmax = the minimum of meax and Rcwmax

where
Wnax = Maximum permissible waste flow rate for this release
Rymax = Release point maximum waste flow rate, as ‘set in the

release point definition
If the SET _OPT option-= NONE:

R waste flow rate for the sample, F.gte

cwmax

If the required dilution factor, Dreq (section 2.2) for the
sample_is greater than 1, R ypay Pecomes:

F £

avail * *alloc

cwmax

R

Dreq = 1.0

If the SET_OPT option = CALC

F + F

avail ° falloc waste

Rowmax =
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If the SET_OPT option = NWAS

Favail * £fa110c

Rowmax =

Dreq

2.4 MINIMUM DILUTION FLOW RATE

VIf‘Dreq > 1, the minimum dilution flow rate is determined as
" follows:

'If the SET_OPT option is NWAS:

Fuaste ° Preg

min_dflow = - v - s

fa1loc * (Ff /100y « [ 1- 3 ~— 1

XXX,
i

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

If the SET_CPT option is other than NWAS:

Fyaste *° ©Preq ~ -0
min_dflow = =

£a110c * (£¢ / 100) = [ 1 - 2% i ]

Otherwise:

min_dflow = 0.0

. 2.5 SETPOINT CALCULATIONS

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

A setpoint adjustmeht-factor, Sadj is determined from the value of

Dreq.

2-5 : R924g5
CObim. Ye/ 22



If Dreq ” 1 or the dilution factor option is N, and the setpoint E'z
equation is set to STD: G‘
Sagj = Pant / Dreq

If the dilution factor option is ¥, and 0 < Dreq < 1.0 or if the
dilution factor option is ¥, and the setpoint equation is set to
' NO_DIL, then no credit is taken for dilution, and the setpoint

adjustment factor is:
Sagj = 1/Dreq
1£f neither of these conditions is true, Sz43 = 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 DILUT, and Fyaste > Or then:

Fapt + Fuwaste

Sady =
Fyaste

If the SETP_EQN is set to STD, and the SET_OPT option is set to .)
NWAS, and Fyuaste = 0, then: :

fa110c * Favail

S

adj =

Fuaste °* Dreq

otherwise, if the SETP_EQN option is set to STD, and the SET_OPT
option is set to other than NWAS, and F .ste ~ 0, then:

(£a110c * Favail) + Fyaste

Sagy < -

waste * Preq

Otberwise, if the SETP_EQN option is set to LOW_ACT, and the SET_OPT
option is set to NWAS, and Fyagte 0, then:

(£a110c * Favaill

= Dreq,ng
Fwaste

DreCIr g | . . | .\)
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otherwise, if the SETP_EQN option is set to LOW_ACT, and the SET_OPT
option is set to other than NWAS, and Fste > 0, then: -

(fa110c ° Fovaill 1 Fuwaste

- Dreq,ng
Fuaste

Sad3y < 5
req,g

Otherwise, Sadj is unchanged.

The setpoint adjustment factor is further tested against -2 limiting
value (S_44,1im which is set using the . Release Point transaction in

" Database Maintenance) .

I£ Sug3 > Sadj,lim tReP Sadj = Sadj,lim

All of this leads +o the maximum setpoint value, Spaxs based on the
gamma-emitting radionuclide mix:

S pax (pci/ml) = sadj zCy B
where the sum extends over all gammg-emitting nuclides (nuclides of

type other than 0) in which their concentrations'are,greater than 0.

In user units (cpm or other as set in the Flow Monitor Parameters
rransaction in Database Maintenance), the maximum setpoint is:

= R -
Smax (cpm) Sadj( mon B) + B
where ‘
B = monitor background {cpm)

monitor response (cpm)

Rmon

offset + slope * Z C; + quad * (z Ci)2 + B

where offset, slope; and quad are the coefficients'iﬂ a quadratic
fit to the monitor response to nuclide activity. '
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EMS provides an option to calculate nuclide specific résponses s0
that Rgon is the sum of responses for each nuclide, rather than the
sum of the nuclide concentrations, as shown above. 1In the nuclide-
specific case, ' '

: 2
- = offset.+ sl . .t . ] + B

_ Rmon z 1 ®ts S,OPel. Cl quadl * (Cl) ]
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 usé is based on a comparison of
the maximum setpoint calculated as above, to setpoints based on
expected response time a tolerance factor (to allow for variations
in monitor response during release) and to default values determined
by the user. The user can restrict which setpoint value is usually
reported by what values are used when setting these tolerance
factors and default setpoint values.

The default setpoint in user 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 to get the reported default setpoint.
Otherwise, the current background is not added to the default value.

Setpoint in HCi/ml

Note: 1In this version of the software, the reported setpoint is the
user units setpoint. The setpoint calculations using the original
concentrations (gCi/ml) is still being -done by the software and
stored in the sampledata table. To get reported setpoints in pCi/ml,
the monitor slope should be set to 1.0 in the Release Point
transaction of Database Maintenance and the UNITS parameter for the
monitor should be set to pCi/ml in the Activity Monitors
transaction. If the Isotopic specific response option is turned on
for the release point, then this individual nuclide slopes in the
Monitor Slopes can be used to map the response from the nuclide to
that of a monitor calibration source (e.g-. csl3? equivalent
response)

- - M55l
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A candidate setpoint is calculated based on the expected response:

Sexp~ frol = 3

where

£ = setpoinﬁ tolerance factor (can be set for the
tol . .
release peint using QBF)

= 2 if not specified by the user

Now compare the Sexp value to the default table value Sgef’

and if
< s
sexp sdef and sdef # Sm %
then use Sgef Case 1
Otherwise use Sexp' . Case 2,5
If Sexp > Spax u§e Smax* Case 3
If Spax = 0, use S&ef Case 4

Case 4 occurs if no activity is detectable in the -sample (sadj = 0).
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Case 1 . Case 2 Case 3 Case 4 Case 5 &
Sexp™™"" Sges™™ ™"
Smax™""" Smax™""" Smax™""" : © Smax™"""
Sexp™™"" . ‘ Sexp™™"~
Sges™""" Sges™""" Sges™""" Sges™""
Sexp™™""
0 ———- 0 ———- 0 ———v 0 -=—- 0 --—-
Use Sgef Use Sexp Use Spax Use Sgef Use Sgxp
Schematic of Liquid Setpoint Cases ‘ ‘ l

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

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

Sexp(cpm) = ?tol * R =B % thql' B

where

fptor ™ background tolerance factor (set usiﬁg.QBF on the
' . releasept table) :

If the default setpoint value includes background:

b e 2%



o

If the defaul

B B

o

where B is the monitor background

t setpoint value does not inclu

de background:

is used below.

count rate and Brp

If Sexp (cpm) < Spax (CPM
and if
Sexp (cpm) < Sgef (cpg).+ Brp and
Sdef (cpm)‘+ Brp s Spax {cpm) .~
then use Sgef (cpm}) + Brp Case 1
Otherwise, use Sgyp {cpm) -Case 2, 5
(,K‘ If Sexp (cpm) > Smax (;pm)
i . use Spax (cpm) Case 3 -
If Spax (cpm) = 0, use S4ef + Brp ) Case 4.

NOTE: Spax is due to concentrati

for Case 4

Setpoint for Discharge Point

For the discharge point,

(£ c,/MC)
i i'o

on only (i.e.r excludes background)

the total MPC/ECL fraction is:

eF + (Z c./MpC,) ¢ F
) i i

F
. ©

+ F

OR

( £ C,/ECL,)}
i i'eo

eF + (% C,/ECL,) °* F
o) i i

F + F
o]
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where

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

z Ci/MPCi = total MPC fraction for the new release

(Z Ci/ECLi )'-total ECL fraction for existing concurrent
releases for this discharge point excluding
this additional release.

Z C;/ECL; = total ECL fraction for the new release

F.= ‘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

The radiation monitor for the dlscharge point has setp01nt equations
identical to those presented above for the release points with the
following exceptions:

1. " The LOW_ACT setpoint equation option is not. supported.

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

dp _
ci = ci [F/(F + FO)J

demon[ z (offset -+ slope . C dp + quad . (Cip)2 ] + demono
where
Cgp = the aischarge point isotoée concentration from this
release point o
demon = the discﬁarge monitor response in user units
demono= the discharge monitor response before the current

release is added including the background
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For non-isotope specific response:
Rgpmon = [ offset + slope * cdP + quad o (@2 ) + demono

where COP = [ Z C;] [F/(F+F,)]

Setpoints in uci/sec

Setpoints in units of jCi/sec can be obtained by setting the UNITS
parameter for the monitor to "uCi/s" or "yci/sec™ (Case sensitive.
1st 5 characters must match) in the Activity Monitors transaction
and setting the monitor slope to 1.0 as in the pci/ml setpoint
calculation. The user units setpoint, as calculated above for the
setpoint in pCi/ml units, will be multiplied by the corresponding

effluent flow rate {({release point or discharge point) £for the

monitor to get a reported setpoint in pCi/sec.

2.6 DOSE CALCULATIONS FOR LIQUID RELEASES

The 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
receptoxr ID, age group (infant, child, teen, OIT adult), sector, and
distance from the plant. - :

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

D, = A, T At C,_ F
itr itz s dis “szx

where: C
The sum extends over all time periods.

= 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. i

Dirr

Ajrr = site-related ingestion dose or dose commitment factor
for receptor r to the total body or organ T for
"radionuclide i, in mrem/hr per pci/ml. Ag.. is
available as an editable table, but can be
recalculated with different parameters and pathways
with the Dose Factor Processing (DFP) option. The
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equations used are presented in Chaptef 4 of this
manual. .

At. = length of time period s, over which the concentration
and F value are averaged, for all ligquid releases, in

hours.

Cis = the average concentration of radionuclide i in
undiluted liquid effluent during time period Aty from
any liquid release, in pCci/ml.

Fgy = the near field average dilution factor for receptor r

during any liquid effluent release.

F

W
F 22—
sr ‘Denom

The value of Denoﬁ depends upon several variables and nested if
statements. The derivation of the Denom value is shown in the logic
and equations shown below. :
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If the STREAM FLO option in the OPTIONS Table is set to Y, then

.« (Ug /60) ¢ (L/Rgiy)

Denom = Fstrm

else (river stream flow is not used)

1f the denom typ option from the Options Table is 1, (dose

from a dilution stream) then

Denom = (Ug/60) * (L/Rpiy)

{dilution flow includes waste £flow)

Else if denom typ is 2,
then :

Denom = Fg33 ¢ (Ug/60) (1/Rpix!
else (denom typ is not 1 or 2)

if the QU OPT option in the ORTIONS table is set to ON,
(dilution flow is from the QDVOL table) then

Denom = (Fy + Foyol) « (Ug/60) ¢ (1/Rpiy) _
else (the normal standard calculation)

Denom = (F,, + Fdil).'.(Uf/SO)'O (1/Rps5)
end of if on QV_OPT option -

end of if on denom typ option

end of if on stream flo option

If Denom is greater than 0.0 then

If Denom > 1000. and option to limit the denominator is Y,

then
Denom = 1000.
end of if denom is too large

end of if denom is greater than 0.0

Denom = Denom / (Uf/60)

oD Yev



Where:

Fetrm™ River stream f£low past the site in userx liquid flow
rate units. The value used during permit processing
is the value obtained from the STATIONDATA table.
The .value is entered into the STATIONDATA table using
the OBF -utility. If the value is to be changed
often, it would be possible to write a command
procedure which get the valué from the user and write

it into the table.

F. = flow rate of undiluted waste effluent in user liquid
- flow rate units.

Ug/60 = Flow rate units converéion factor for liguid
releases/60. Ug converts from user units to CFM sc
this .factor converts to CFES. )

Fail1 = flow rate of the dilution flow in user liqguid £flow
rate units. '

Rpix = mixing ratio = fraction of the release that reaches
the receptor. Separate mixing ratios are stored for
each pathway for each receptor.

A mixing ratio of sero for a pathway receptor
indicates that the pathway is not present for 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.

= Flow rate from user entered quarterly dilution flow
rate. These values are from the AFLOW column of the
QDVOL table for the release.

quol

If stream flow option is being used and the average river stream
flow is known at the time the liquid release is processed, then the

command procedure which runs the ligquid permit processing could be

modified to ask for the stream f£low value and put it into the
stationdata table before the permit is processed. If the average
river stream flow is not known at the time the liquid release is
processed, then some other provision must be made for correcting
the cumulative dose totals in the CUMDOSE table so that it is based
on the correct stream flow value. If the average stream flow for
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Pl

e Yes zz-

e



the month is used, then each ligquid release point entry in the
CUMDOSE table for the month could be multiplied by the ratio of the
actual strean flow for the month divided by the default value
contained in +he STATIONDATA table. Caution: gince there is no
record stored in the database of what stream flow value was used to
calculate the dose values, +he user must verify that no correction
is applied more than once to each dose value.

2.7 31 DRY PROJECTED DOSE CALCULATIONS

The 31 Day Projected Dose values appear on the Standard and Special
permit Reports. The Projected Dose values axe calculated as
follows: ' : '

Dpt =(D; * p) + Dat

where:

pT =the 31 Day- Projected Dose by organ T, by reactor unit

Dg =the total dose in mrem by oxgan T, by reactor unit for
the quarter containing the release start date from all
closed and open releases when 2an answer of "Y" is
specified for the "Update Totals" field omn 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 gquazrter
containing the release start date to the end of the

release. The quarterly anhd annual projection values on
the standard pre~release report use a projection factor
with 92 days or 365 days instead of 31 days in the
numerator and do not include the additional‘anticipated
dose term. '

=Additional Anticipated Dose for liquid releases by organ
T and quarter of release by reactor unit. '

at

NOTE: The 31 day dose projections on the Approval/Results screen is
the site total for all units.

2.8 POST~RELEASE PROCESSING

After the release is made, actual qoncentrations are used to check
10CFR20 -limits, and the actual dilution flow and waste flow are used
instead of the anticipated dilution f£low and waste flow.
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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.

Set?oint calculations are not performed at the post~-release stage.
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.CEAPTER 3

GASEOUS RELEASE CALCULATIONS

The "annual average %/0" 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 fox each receptoxr location and
age group specified in the Gas Receptors transaction. The
controlling jndividual is the age group and location which receives
the maximum organ dose. '

3.1 GAS PRE-RELEASE PERMIT

The pre-release permif is produced by 2 program that uses user=~
entered estimates of flow 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 10CFR20 compliance. The noble gas Or
air doses and the organ doses are checked against the corresponding
l1imits for 10CFR50 compliance.

: i
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. 1In
case of duplication, the one not desired should be edited out of the
auclide list. The samples are read in the following oxrder:
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1. Composite Records

2. Particulate File

3. Radioiodine File
. 4. Noble Gas File

L ]
The activity (Q;) and the activity release rate (Q;) are calculated

for each nuclide i.

Activity Released

For the plant stack and turbine building vent:
Q; = Cy * Vy * 28316.85 up ¢ 1°°6
(pCi) =(pCi/ml) (cubic feet) (ml/cubic feet)
where:
V.. = vent release volume in user units (usually FT3)
C.- = concentration in puCi/ml

the flow-rate units conversion factor which cpnverts
from user units to CFM

(=]
L]
i

Note: The Cj value also includes the scaled noble gas nuclides for
a release (if any exists).

The activity release rate in gCi/sec is

Q; =Cy * Vg o 28316.85 Up/60
For containment purge:

e
Q; = Cs

. .
Q; = Q; ° duration of release (min)-* 60

o pump release rate (CFM) o 28316.85 ¢ Ug/60

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

The three dose rates (whole body, skin, organ) are compared 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 fozx noble gases:
— * :
* < - -
ZiKi shf ZV 4 (x/Q)vr in] 500 mRem/yxT falloc fs
OR

® . .
< ; . .
in] 500 mRem/yr falloc fs
Elevated Stack z 80m

T shEZ, [V,
v i dx

. —— .
Zi shf (L, + 1.1M,) z I (X/Q) . Q! < 3000 mRem/yr * falloc'fs

OR

Zv shf Zi[(Li (X/Q%_r + 1.lBir) in] < 3000 mRem/yx °* falloc -fs
Elevated Stack =z 80m

where the terms are defined below.

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

Zi ZP Ev [fp Pip L Q. ] < 1500 mRem/yxr * falloc. s

where:
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i= index over all radionuclides

v = index over all vents or stacks for the unit

P = index over all pathways
r = index for receptor locations
K; = the total body dose factor due to gamma emissions for

noble gas radionuclide i, in mrem/yr per MCi/m”.

L; = the skin dose factor due to beta emissions £or noble
gas radionuclide i, in mrem/yr per yCi/m?.

V.. = the elevated plume gamma total body dose factor for

ir
nuclide i at receptor location x, in mrem/yr pex
uci/sec. :
M; = the air dose factor due to gamma emissions for noble

gas radionuclide i, in mrad/yr pexr pci/me.

B.. = the elevated plume gamma skin dose factor for nuclide
i at receptor location r, in mrad/yr pexr pCi/sec. -

1.1 = mrad to mrem conversion factor in mrem/m;ad

Pip = the dose factor for the critical.organ for nuclides
other than noble gases for_the inhalation pathway (in
units of mrem/yr per pci/m3) and for ground plane and
food pathways (in units of m (mrem/yr per jCi/sec)).
The most restrictive age group is used.

fp = factor to select which pathways are included in the
calculation. Factor = 1 to include a pathway, 0 to
exclude.

oy = (X/Q) g, for tritium and the inhalation pathway and =
(D/Q) iy for other nuclides and pathways.

(X/Q)yr = the highest value of the annual dverage atmospheric
dispersion factor at the site boundary, for-all
sectors, in sec/m”.

(X/Q) gy = the highest value of the annual.average atmospheric
dispersion factor at the distance of the site
boundary, for all sectors, in sec/m”. '
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(D/QD v = the highest value 6f the annual average deposition
factor at the distance of the site boundary, for all

sectors, in m

= the average release rate of nuclide i in-gaseous

Qiv
effluent from release point v, in jpCi/sec. Noble
gases may be averaged over a period of 1 houxr, and any
other nuclides may pe averaged over 2 period of 1
week.
. A
500 = site dose rate 1imit for whole body in mrem/year.
3000 = site dose rate limit for .skin in mrem/year
1500 = site dose rate 1imit for any oxrgan in mrem/year
shf = noble gas dose shielding factorxr
fa110c” fraction of the dose 1imit allocated to this release
point ’
j _ ,
. £, = safety factox for the release point’

3.4 SETPOINT DETERMINATION

Setpoints are determined from Dose Rate Limits set.forth in the
Technical Specifications and stored in the Dose Limits Table.

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

Noble Gases
nratio = rg'= jesser of the ratios
(total body dose rate limit/total body dose rate) and

(skin dose rate limit/skin.ddse rate)

= for a vent release, lesser of

500 mrem/yr

7*. chf S.K * O, * (X/Q
Y iv nv

i _ ' 3-5 . f%j olp
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and

3000 mrem/yr

Shf T (L. + 1.1M.) *» O, (X/Q)
= I 1V nv

= for an Elevated Stack z 80m, lesser of

500 mrem/yx

L4
shf X Vir' Qi

and

3000 mrem/yr

sh? z ['Li . (X/Q)r + 1'1Bir] * Q.

Radioiodines and Particulates

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

1500 mrem/yr
rpratio = = maximum organ dose rate

. .
ZP; * Qv * Uy

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

3.4a . SETPOINTS

Setpoints are determined for radiation monitors on individual
release points, and also for radiation monitors at the dischazge
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: .

monitor response (cpm) + B

Rmon

offset + [slope * I C31 + [quad * ( I Cy)?) + B
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where offset,

slope, and quad are the coefficients in 2a guadratic

£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 Rpen is determined £from the response for each nuclide, rather
than .the sum of the nuc;ide concentrations, as shown above. In that
case; '

Rypon = 3 ( offsety + [slopei * C;1 + [quad; * ( Ci)zl) + 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 bging considered.

demon= demono

~ @

dp dp,2
+ .
= [?ffseti+ slopgi Ci + quadi . (Ci Yol

Ci A (FIP /de)

= concentration for the release point

05 &
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F = flow rate for the release point : : /’\w

rp
Fap = flow rate for the discharge point ‘ ‘
denmn = discharge point monitor response for the release in

progress

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

and offsety, slopey and guadj are the quadratic response
coefficients of the dischaxge point monitor.

Non-isotope specific response:

dgn = offset + slope * ( Z Cg? ) + quad * (Z Cgp )2 + demon
o]

A1l other equations are the same as for the individual release
point, but use the discharge point monitor response and the
discharge point allocation factor and safety factors.

—r’

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

Tf the release point setpoint egquation =_STD :

The limiting setpoint for the monitor (in pCi/ml) is given by:
Smax = £, 0 falloc.' ratio * SUM

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

SUmax = f5 * fa110¢c * ratio * (Ryon = B) + B

P39
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where
offset = 1. noble gas offset factor
2. radiociodine offset factor
3. particulate offset factor
slope = 1. noble gas slope factor
2. radioiodine slope factor
3. particulate slope factor
quad = 1. noble gas quadratic factor
2. radioiodine quadratic factor
3, particulate quadratic factor
£g = safety factor for the release point

fal1ioe = do;e rate allocation factor for the release point

ratio = 1. nratio for noble gases
2. rpratio for radioiodines
3, rpratioc for particulates

suMm = 1. Z noble gas concentiations, for noble gases
2. T radioiodine concentrations, for radioiodines
3. I particulate concentrations, for particulates

Rpon = 1. noble gas monitor response
2. radioiodine monitor response

3. particulate monitor response

B =1. observed background response for the noble gas

monitor

2. observed background response for the radioiodine
monitoxr '

3. observed background response for the particulate
monitor

NOTE :Separate calculations are made for noble gases,
radidiodine, and particulates

The limiting setpoint for gaseous releases is determined separately
for noble gases, radioiodines, and particulates for each release
point and discharge point. ’
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If the release point setpoint equation = RESP

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

S = [mrtol ¢ (SUM - B)] + (mrtolb ° B)

max

The limiting setpoint for the monitor {(in user units, e.9g-, cpm) now

becomes:
SUnax = [mrtol * (Rmon - B)] + (mrtolb ¢ B)
where.‘
mrtol = 1. monitor response tolerance factor (noble
gas)
2. monitor response tolerance factor
{radiociodine)
3. monitor response tolerance factor
(particulate)
SUM = as-aefined above
B = as defined above
.mrtold = 1l. monitor tolerance background factor
(noble gas)
2. monitor tolerance background factor
(radiociodine) '
3. monitor tolerance background factor
(particulate) .

Rpon - = as defined above

3.4b REPORTED SETPOINTS

The setpoint reported on the pre—releése'reports are in user defined
units. 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.

3-10 . P
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The reported setpoint is as follows:

1. Reported = sresponse

if Sresponse < sg;g < Sdefault

if Sgefault < Sresponse é Smax

2. Reported Smax
> S

if Sresponse = “max

3. Reported = Sgefault

if Sresponse <.sdefault < Smax

where
Smax = as defined .in the previous section
- mrtol * SUM [Ci/ml}]
Sresponse ‘
L [mrtol ¢ (Rmon - B)] + (mrtolb * B) [User -
' Units]
Sdefault = normal setpoint defined for the release point in

units of [HCi/ml] and [User Units].
NOTE : Separate cheéks are made for each setpoint in (pCi/ml] and,

[User Units] for the noble gas, radioiodine, and particulate
monitors.

Setpoints in HCi/sec

Setpoints in units of puCi/sec can be obtained by setting the UNITS.
parameter for the monitor to "uCi/s" or wuci/sec" (Case sensitive.
1st 5 characters must match) in the Activity Monitors transaction
and setting the monitor slope to 1.0 as in the pCi/ml setpoint
calculation. The user units setpoint, as calculated above for the
setpoint in pCi/ml units, will be multiplied by the corresponding
effluent flow rate (release point or discharge point) for the
monitor to get a reported setpoint in pCi/sec. '

412
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3.5 MAXIMUM WASTE FLOW S ' ‘

The maximum waste flow calculation is based on what the WFLOW_M
option {release point setpoint calculation option) is set to. This
option can take on one of three values: NONE, DOSE, and CALC.
Gaseous release point setpoint WFLOW_M can be set to either NONE or

DOSE.
For gaseous releases,

Wmax = the minimum of Ry, 204 Reoymax

where

Rym = Release point maximum waste flow rate as stored
in the release point definition

If WFLOW_M option = NONE

Roymax = waste flow rate for the sample, Vg

If WFLOW_M option = DOSE

£, nratio * Vg
Rewmax
Fyusfac
where
£, = Safety factor for the release point
nratio = nratio as described in section 3.4
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 Dose and Dose Rate Calculaﬁibns

The dose rate and dose contribution due to noble gases in gaseous
effluents are calculated using the following expressions:
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For Noble Gas Air Dose due to gamma radiation {for vents or stacks < 80
meters) : '

= . -8 . . = . . .
Dy = (3.17 * 107°%) X/Qg 7@ e £, ¢ T My * Qiy

For Noble Gas Air Dose due to beta radiation (for vents or stacks < 80
meters) :
pg = (3.17 ¢ 1078) o x/Q + t7P ¢ £, ¢ TNy * Oy
For Noble Gas Total Body Dose Rate (for vents or stacks < 80 meters):
b, = shf Y x/Qg ¢ 876072 o £, ¢ T (Xg * QRyy)
For Noble Gas Total Body Dose (for vents or stacks < 80 meters) :

shf ¢ £, ° T (Ry * QRyy) ¢ X/Qg t7a

Dip = - 5
(5.256 = 10° / dur)

For Noble Gas Skin.Dose Rate (for wvents ox stacks < 80 metexrs):

Dy = shf * £, * I ORyy ° [(L; » X/Q * 87607P) + (L.11M; * X/Qq
. 87607%) ] '

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

shf o £, * T OR;, * [(Ly * X/Q° £7P) + (1.11M; ¢ X/Qg °

t™3))
Dsk = S
(5.256 ¢ 10° / dur)
where
Dﬁ = total beta air dose from gaseous effluents (mrad)
DY = total gamma air dose from gaseous effluents (mrad)
Dy = the total body dose rate due to gamma emissions by noble
gas releases'from vent v . {(mrem/yx)
Dy, = total body dose from gaseous effluents (mrem)
Dg = skin dose rate from gaseous effluents (mrem/yzx}
Dgk = skin dose from gaseous effluents (mrem)
1.11 = conversion factor from mrad to mrem

3-13
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3.17 = 108 = inverse of number of seconds in a year l
5.256 ¢ 10° = number of minutes in a year

8760-2= adjustment factor used to convert the l-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
b = "a" factor for noble gas X/Q

£~@ = adjustment factor to convert the l-hour X/Q value to the
short term X/Q value for the release (dimensionless)

+ = duration of release (houzrs)
dur = duration of the release (minutes)

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

K. = total body dose factor due to gamma emissions for noble
gas radionuclide i (mrem/yr per uCi/m;)

1. = skin dose factor due to beta emissions for noble gas

p N
radionuclide i (mrem/yr per jCi/m>)
My = air dose factoxr due to gamma emissions for noble gas
radionuclide i (mrad/yr per pCi/m™)
N; = air dose factox due to beta emissions for noble gas

radionuclide i (mrad/yr per yCi/ma)
3.17 o 10~8 = inverse of number of seconds in a year

= release of noble gas radionuclides, i, in gaseous
effluents from vent or stack v (HCi)

OR;, = release rate of noble gas radionuclides, i, in gaseous
effluents from vent or stack v ( pCi/sec).

shf = shielding factor (dimensionless)

X/0 = highest value of the noble gas i-hour X/Q for vent or
stack v at the site boundary (sec/m?)

Py 15
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, x/Qg = highest value of the noble gas l-hour X/¢ for gamma
radiation for vent or stack v at the site boundary,
(sec/m”)

Organ Dose Calculations

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

=-C
DRy, = X/Qp * 87607 ¢ Z Pipra * Ruy

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

DR, = D/Q° 8760"% * T Riyra * Riy

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

= -8 -C
Dyg= (3.17 ¢ 1077) ° X/Q. + t7C *» £5 ¢ T Pipra * Qiv
“ 3‘1’ For Critical Organ Dose-Ground and Food Pathways (for vents or stacks <
! 80 meters):
Dy = (3.17 » 107%) « D/Q £=d o £, ¢ T Ripra ° Quv
where
DRyy = dose rate for age group 2 and organ 7 from iodines and
particulates with half lives greater than 8 days in
gaseous effluents {mxrem/yx)

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

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

d = m"a" factor for D/Q

p/Q = highest value of the 1l-hour depositioﬂ factor at the
distance of the site boundary (1/m*} '

Pipra = dose factor for each radionuclide :'l.,3 pathway p, organ

‘) 1, and age group 2 {mrem/yr Per pci/m”)
k/ Rip‘ta = dose factor £for each radionuclide i, pathway p, organ

; 7, and age group a (m ¢ mrem/yxr per HCi/sec)
3 3-15
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X/Q, = highest value of the radioiodine/éarticulate l-hour X/Q

for vent or stack v at the site boundary (sec/m3)
Note: It is assumed Pipra will not contain long term X/Q oxr D/Q
values. '

The maximum exposed individual is detérmined 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 £a11 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 appliéd. The last two
categories can be called the "CAUSE" release point and the “"EFFECT"
release point, respectively. -

To avoid 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

cei - “ei ci
where:
A ey =the corrected "EFFECT" release point activity for
' nuclide i which defaults to zero if its value is less
than zero. :
2,4 =the initial "EFFECT" release point activity for nuclide

i
A j; =the "CAUSE" release poini activity for nuclide i
Corrected concentrations are calculated as follows:

Cons = (Bgay / Ve) * 35.315

celi
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. where:

Ceei =the corrected “EFFECT“ release point concentrations for
nuclide i ' :

Ve =+he waste volume for the "EFFECT" release point
35,315 =conversion factor from Ci/ft3 to pCi/ml (Ci/ft3 .
c13/1728 in3 + in3/16.387 cm)

3.8 31 DAY PROJECTED DOSE'CAﬂéﬂLATIONS

The 31 Day Projected Dose values appear on the Standard and Special
Permit Reports. The Projected Dose values are calculated as
follows: )

Doy =1 * P} *+ Dar

where:

pr =the 31 Day Projected Dose by organ T, by reactor unit

Dy =the total dose in mrem Dby organ T, by reactor unit for
the guarter containing the release start date from all
closed and open releases when an answer of ny® 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. The gquarterly and annual
projection values on the standard pre-release report use
a projection factor with 92 days or 365 days instead of
31 days in the numerator and do not include the
additional anticipated dose term.

=additional Anticipated Dose for gaseous releases by
organ T and quarter of release, by reactor unit.

i

aT

NOTE: The 31 day dose projections on the Approval/Results screen is
the site total for all units.

3-17
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3.9 GAS POST-RELEASE PROCESSING ' g }

After a pre-release permit has been approved, the post-release

program is run to:

o Enter actual release start and stop times, flow rates, etc.
o Check 10CFR20 limits

o Check 10CFR50 limits

o Add the dose and activity data into the cumulative totals.

Cémpliance 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.

.U
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CHAPTER 4

1LIQUID DOSE FACTOR EQUATIONS

The DFP option is used to calculate the liquid dose factors
described previously. Dose factors axe 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 (Aifr) is a sum
over each pathway p with its specific mixing ratio:

A, = Z R . A,
itr e mix,r,p 1T /P

where

=the dose factor for nuclide i, organ T, receptor age

AiT,r,p
group r, and pathway P -

Ruix,r,p mixing ratio for the pathway

Rpix,r = mixing ratio for the receptor, which is the first
non-zer? value of %mix,r,p encountered during the
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. .

Pﬂao
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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. 1.109, 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 facfors.

4.1 POTABLE WATER
The dose factor for potable water is:

k. » (Ur,p'/dw> *N; *.DFjr o * e(—litp)

Rit,r,p." %o
where

Air,r,p’=d°se parameter for organ T, for the récéptor age
group r, for nuclide i, due to exposure pathway p,
in mrem/hr per pCi/mi :

kg = units conversion factor, = 1.142E5 = 1E6(pCi/pCi) ¢
1000 (ml/Kg)/ 8760 hr/yr

Ur,p = usage factor for pathway p and age group T

dw = additional dilution factor for pofable water

Ny = fraction of the radionuclide activity released to
the water discharge path that reaches a specific
receptor.

DFir,r = ingestion dose conversion factor for nuclide i for

' receptor age group r in organ T, in mrem/pCi (Tables

E-7 to E-11 of R.G. 1.109)

a; = decay constant for nuclide 1

tp = average transit time in seconds

4,2 AQUATIC FOODS PATHWAYS

The liquid dose factor is

Ajr,r,p = Ko * Ur,p ® BFi,p * Ny ® DFjr p * exP(~43%p)
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where

BFi'P=Ibioaccumulation factor for pathway P and nuclide i
(£xrom Reg. Guide 1.108, Table A-1l}. Other variables
are as defined on the previous page.

4.3 SHORELINE RECREATION PATHWAY

The patﬁway-specific dose factors for shoreline deposition axre given
by: - : ‘

-i.t
1 ~-e 4D -1t
A, =k W N, U e i sd DEG,
iT,x,P s s 1 £,x,pP i it
i
where
Wy = shoreline width factor
ke = conversion factor = ko * ke * mtv/3600
ke = water to sediment transfer coefficient
in L/kg hr
mtv = Mass density of.sediment in kg/mz, 40
kg/m
3600 = Seconds perl hour units convexrsion
factor
tp = length of time sediment 1is exposed to
contaminated water, 4.,716E8 sec
tgeq = transit time toideposit activity on shoreline
DFGypr = the dose conversion factor for standing on
ground contaminated with nuclide i, in mrem/hz
per pCi/m
4-3
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4.4 TIRRIGATED VEGETABLE PATHWAY ‘ ’ ,

A, = 1.14 ¢ 105 - T Cr, =+ DF,
it,z,P £,x,p 1iv it,r

where:

1.14 ¢ 105 = a units conversion factor
CF.. = +the concentration factor for radionuclide i in

iv
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;, &S used in the equation f£or Ajes is
calculated as follows for all radionuclides other than Tritium:

' At ~4i%p
CFy, =N, eMeI|x@-e B e EBy, 1t~ @ ’ "t
i + e
, Y A, P A, ‘j
v Ei 1 . .
For Tritium, the equation is as follows:
CFj, = N3 * M * L,
wherxre
M = the additional dilution factor from the near

field of the discharge structure to the point
of irrigation water usage.

I = the average irrigation rate during the growiﬂg
season (L/m?h). ° ‘

r = the fraction of irrigation-deposited activity
retained on the edible portions of leafy
vegetables. There are separate values
available for radioiodines and particulates.

Y, = the agricultural productivity of irrigated
leafy vegetables (kg/mz).
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. £ = the fraction of the year that vegetables are

irrigated.

Biy = the crop to soil concentration factor
applicable to radionuclide i. (pCi/kg
vegetables)/(pCi/kg_soil).

P .= the effective surface density of soil (kg/m?).

Ay = the decay constant for radionuclide i (h’l).

gy = the effective removal rate for activity.
deposited on CIXop leaves (h'l), calculated as

'Aw = the rate constant for removal of dctivity from
plant leaves by'weathering (h’l).

te = the period of leafy vegetable exposure during
the growing season (h). :

ty = the period of ;ong-term buildup of activity in

thb = the time bétween harvest of vegetable and
human consumption {h) .
Ly = +he water content of leafy vegetable edible

parts (L/kg).

4.5 REDUCTION TO NUREG-0133 EQUATIONS

NUREG-0133 does not have shoreline deposit equations, which can be
eliminated by setting the Water Recreation Mixing Ratio to zero in
the Liquid Receptor rtransaction definition undexr EMS.

For the other equations, reduction to NUREG-0133 is obtained by
setting: : :
. i
Ny = 1 (this can be set in the definition of Fraction of
Activity Reaching Receptor in DFP) '

average transit time 'ty = 0 (this can be set in the
definition of Dose Calculation Parameters in DEP)

e
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CHAPTER 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, organ, and age group. The age group, applied to 2 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. <T“'

The dose factor for each particulate or jodine nuclide i (or
tritium) is given -below. It is a function of pathway, oxrgan; and
age ¢group. ‘The pathways considered are:

1. Inhalation

2. Ground

3. Milk (Cow or Goat)
4. Meat .

5. Vegetable

INHATATION PATHWAY

P, 3)

ita = K’ (BR), (DFRj1)a (mrem/yr per HCi/m

K’ = 1E6 pCi/uCi ‘ (:.
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(BR) 5 = breathing rate for age group &, in cubic m/yr

(DFR37)a = inhalation dose factor for organ T, for age group
a, for nuclide i, in mrem/pCi

5.2 GROUND PLANE PATHWAY
R.._ = K'E"(SF) DFGy, [(1 - e 2i%)/4; 1
iTa 1T 2

(m? -mrem/yT pei pci/sec}

where
Kf .= 1E6 pCi/uCi
K" = 8760 hr/yr
A = decay constant for nuclide i, in sec™t

t = exposure time (sec) = '4,73E8 (15 years)

DFG; 7= ground plane conversion factor for nuclide i, organ Tt
{The same DFG;, factors apply to all age groups. The
factors labelled total body in the database are
applied to all other organs) '

SF = shielding factor

5.3 MILK PATHWAY

Rira = K’ (DFLig)a e~Aite op Fpg Ugp
v (aee” WA B 1 - e *itp)
fpfs : + By,
YP (Ai + iw) ) Ai
5-2 f%ﬂéigg
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+ (1-f £ )e-Aith + B,
p s iv

(m2

where

e (1-e” it A Te 1 - e *ip)

Y (A, + A p A
- mrem/yr per HCi/sec)

1E6 pCi/puci

feed consumption rate by the milk animal (cow OX éoat)
(Rg/day)

age group a milk consumption (cow or goat)

agricultural productivity by unit area of pasture feed
grass, in Kg/sg. m .

agricultural productivity by unit area of stored feed,
in RKg/sgq. 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 oI milk). Separate values are used for
radiociodines than all other particulates.

= ingestion dose factor for orgam T, for nuclide i, forx

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
receptox,  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
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¢ = fraction of animal feed that is pasture grass while ‘
animal is on pasture : :

Carbon-14 in Milk

Ry = KKV Foi O Usp (DFLir)a Pc (0.11/0.16) e~Aits

(mz—mrem/yr per HCi/sec)
where
" = .133 gm/Kg
Pc = fractional equilibrium ratio
0.11 = fraction of total plant mass that is natural caxrxbon

0.16 = concentration of natural carbon in the atmosphere
(g/m3) C ' : .

and all other parameters as defined above

Only Qp and Uap depend on cow ox goat.

Tritium in Milk

Ryga = K'E" Fryg Op Upp (PFLygla © (0.73) (0.5/8) e AL £
(mz-mrem/yr per jCi/sec)
where
K"’ = 1E3 gm/Kg
H= absolute humidity, gm/;:ubic 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 define_d‘above ‘
5-4 . f%5 &6
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Only Qp and Ugp depend on cow ox goat.

5.4 MEAT PATEWAY

- -Ast '
Ryra = K (DFLjg)g € 737°F Op Fes Uap °
- + . -
r (1-e ui Aw)te} . l-e Aitb
£ £ - - + Biv e
P s Y (A A E P A,
yol i w : i
. - + -
At r 1-e‘(Ai Aw)te ) l-e Aitb
+ (1-fpfs)e i’h - + B, -
Tg (A A0 P Ay
where -
Feqy = stable element transfer coefficient for nuclide i,
from feed to meat, in days/Kg ‘
Uap = receptor’s meat  consumption (Kg/yrf

ty = transport time from crop field to receptor, in sec
tg = transport time from pasture to receptor, in sec

and all other factors are as déscribed for the cow-
milk pathway

Carbon-14 in Meat

Ry = K'E" Fgi O Uap (PFLit)a Po (0.11/0.16) e”Aits
(m?-mrem/yrAper pCi/sec) |

where all terms are as defined above.
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Tritium in Meat

Ryg = K'E" Fgy Op Uap (DFLip)g * (0.75) (0.5/H) e Hits
(m?—mrem/yr per jCi/sec)

where all terms are as defined above.

5.5 VEGETABLE PATHWAY

R, = K’ (DFL;_) i I A A
ita it'a a L
e (1-e” PitA0 T B, (1~ i)
} + v
.Yv (Ai+ Awr P Ai
+ U £ e_Aits .
g
r (1-e-(Ai+Aw)te) B (i—e- i™b)
+
Y (Ai+ Aw) P Ai
(m?mrem/yr per pCi/sec)
where
ur = consumption rate of fresh leafy vegetation for age

group a, in Kg/yzx

os = consumption rate of stored vegetation for age group a,

a ]
in Kg/yr ‘ i
£, = fraction of annual intake of leafy vegetation grown
locally
fg = fraction of annual intake of stored vegetation grown

locally . ’

e . pg 90
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= average time between harvest of leafy vegetation and

L
consumption, in sec.

tg = average time between harvest of stored vegétation and
consumption, in’sec.

ty = long term sediment exposure time, in sec.

te = seasonal ¢rop exposure time, in sec.

Y, = vegetation areal density, in Kg/m2

Yoo = stored vegetation areal density, in KG/m?

p = effective soil surface density

Bsjy = soil to vegetatioh transfer factor for nuclide i

All other factors are as defined above.

Carbon-14 in vegetables

Ryra = K'KY (UL + U3) (DFLjp)a Pe (0.11/0.16) e AitE 7
(m?-mrem/yr per pCi/sec)

where all variables are as defined earlier.

Tritium in Vegetables

At

Ri.. = K'K" (UL+ US) (DFLyjy)g © (0.75) (0.5/H) e i

ita
(m?-mrem/yr per HCi/sec)

where all variables’ are as defined earlier.

5.6 REDUCTION TO NUREG-0133 EQUATIONS
Inhalation and ground plané 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:

tb=0

P S
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te

tg =0 (in tritium eguations only)

There are no C-14 equations in NUREG-0133, which can be obtained by

setting Po = 0.
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