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Equations and assu=ptions for calculating doses f rom noble gasesA.

are as follows:

Assu=ptions

1. Doses to be calculated are total body and skin.

.

Exposure patbvay is submersion within a cloud of noble gases.2.

3. Noble gas radionuclide mix is based on the design objective

source ter= given in Table 1.1.
-

4. Basic radionuclide data at- given in Table 1.2.

5. All releases are treati:1 as grcund-level.

6. Meteorological data are expressed as a joint-frequency distribu-

tica of wind speed, vind directien, and at:cspheric stability for

the period January l')72 to Dec6r 1975 (fable 1.3).

7. Rav ceteorological data consist of vind speed and direction

measure:ents at 10 and te_perature reasurerents at 92 and 46c.

8. Dose is to be evaluated at the offsite exposure point where

nazi =us concentrations are expected to exist.

9. Potential -ar4-r -exposure points (Table 1.4) considered are the

nearest site boundary points in each sector.

10. A semi-infinite cloud model is used.

11. ::o credit is taken for shielding by residence.

12. Plu=e depletica and radioactive decay are considered.

13. Building wake effects on effluent dispersica are considered.

14. A sector-average dispersion equatics is used.

15. The vind speed classes that are used are as follows:

-

)( / '
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Nu ber Range (n/s) Midpoint (c/s) .

.

1 <0.3 0.13

2 0.3-0.6 0.45

3 0..'-1.5 1.10

4 1.6-2.4 1.99

5 2.5-3.3 2.80

6 3.4-5.5 4.45 ,

7 5.6-8.2 6.91

9 >10.9 13.00

16. The stability classes that will be used are the standard A

through G classifications. The stability classes 1-7 will

correspond to A=1, 3=2, . . . , G=7.*

17. Terrain ef f ects are not considered.

Equatiens

To calculate the dose for any one of the 16 potential saxi:n 1:1-exposare

points, the following equations are used.

For deter-ining the air concentration of any radionuclide:

9 7

\ fj1/2 I \
0 fj (1.1)X jk 1 exp 1"

i
E. u (2 x/n) ( },

j=1 k=1

where

x = air concentratica of radionuclide i, 3Ci/=3

f = j int relative frequeccy of occurrence of winds in windspeed
jk

c'..ss j, stability class k, blowing teward this exposure

point, expressed as a fraction.
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94G my
.



.

'
e >

,

.

' Q = average release rate of radionuclide 1, pCi/s.
1

p = fraction of radionuclide remaining in plume, Figure 1.1.

E = vertical dispers, ion coef ficient for stability class k which
d

a c + "A/"includes a building wake adjustment, E 'g
A zk /

where c is the vertical dispersion coef fic.ient for stability
d

class k (m), c is a ou11 ding shape factor (c = 0.5), and A is
2

the minimum building cross-sectional area ( 1800 m ), m.
.

= cidpoint value of wind speed class interval j, m/s.u

x = downwind distance, a.

n = number of sectors, 16.

1 = radioactive decay coefficient of radionuclide i, s''.
1

27x/n = sector width at point of Interest, m.

For determining the total body dose rate

.

(l* )D ~ X
TB i i

iwhere

D =t tal body dose rate, mren/y.
TB

3= air concentration of radionuclide i, pCi/m .Xf

DFB = total body dose factor due to gamma radiation, mre1/y

3per pC1/m (Table 1.5) .

For determining the skin dose rate

-,

(1.3)Xf [DFSf + 1.11 DFy ]D =
3

i
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where -

D, = skin dose rate, mrem /y.
= air concentration of radionuclide i, pC1/m'.

X

DFS - skin dose factor due to beta radiation, mrem /y per
g

3pCi/m (Table 1.5} .
i1.11 = the avirage ratio of tissue to air energy absorption

,

coefficients, mrem / mrad.

DPy = gamma-to-air dose factor for radionuclide i, mrad /y per
g

8UCi/m (Table 1.5).

Equations and ascu=ptions for calculating doses from radiciodinesB.

and particulates are as follows:

Assumptions

1. Dose is to be calculated for the critical organ, thyroid, and

the critical age group, infant.

2. Exposure pathways from iodices and particulates are milk inges-

tion, ground contamination, and inhalation.

3. The radioiodine and particulate mix is based on the design

objective source term given in Table 1.1.

4. Basic radionuclide data are given in Table 1.2.

5. All releases are treated as ground-level.

6. Meteorological data are expressed as joint-frequency distributions

(JFD's) of wind speed, wind direction, and atmospheric stability

for the period January 1972 to December 1975 (Table 1.3).

- 7. Raw meteorological datt "or ground-level releases consist of wind

speed and direction measurements at 10m and temperature measure-

ments at 9m and 46m.

367 m
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8. Dose is to be evaluated at the potential offsite exposure point
.

where maximum concentrations are expected to exist.

9. Real cow locations are not considered.

10. Potential maximum exposure points (Table 1.4) considered are

the nearest site boundary points in each sector.

11. Terrain effects are not conridered.

Building wake ef fects on ef.'luent dispersion are considered. ,

12.

Plume depletion and radioactive decay are considered for air-13.

concentration-calculations.

14. Radioactive decay is considered for gicund-concentrat: an

calculaticas.

Deposition is calculated based on the curves given in Figure 1.2.- 15.

16
A milk cow obtains 100 percent of her food from pasture graus.

17 No credit is taken for shielding by residence.

Equations

To calculate the dose for any one of the pc:ential maximum-exposure

points, the following equations are used.

1. Inhalation

Equation for calculating air concentration, X, is the same as in

the Noble Gas Section, 1.1.1.A.

For determinina the thyroid dose rate:

''
~ * XD

THI i i

'

.

i
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vhere:

D = thyroid dose rate due to inhalation, mrem /y.gy
3

y = air concentration of radionuclide 1, pCi/m .
DFI = infant inhalation dose factor, mree/pci (Table 1.7).

g

3BR = inf ant breathing rate,2400 c fy,

1x10' = pCi/pci conversion factor.
'

,

2. Ground Contamination

For determining the ground concentration of any nuclide:
7

7 S t b)] (1.5)G = 3.15x10 k i [1-exp -(A t

(27x/n) A
N

where

8G = ground concentration of radionuclide 1, PC1/m .

k = stability class.

f =j int relative frequency of occurrence of winds in stability
k

class k blowing toward this exposure point, expressed as a

fraction.

Q = average release rate of radio..uclide i, pCi/s.
f

-1DP.= relative deposition rate, m (Figure 1.2).

x = downwind distance, m.

n = number of sectors, 16.

2 x/n = sector width at point of interest, m.

A = radioactive decay coefficient of radionuclide 1, y *.
~

t = time for buildup of radionuclides on the ground, 35y.
b

.
3.15x10' = s/y conversion f actor.

367
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For determining the thyroid dose rate from ground contamination:

TUG " ( ' }( }D *

i i

where: i

D = thyroid dose rate due to ground contamination, mrem /y.gg
2G = ground concentration of radionuclide i, pC1/m .

1
'

DFC = dose factor for standing on contaminated ground, mrem /h

2per pC1/m (Table 1.8).

8,760 = occupation time, h/y.

lx10' = pCi/pci conversion factor.

3. Milk Incestion

For determining the concentration of any nuclide (except

C-14 and H-3) in and on vegetation:

10 #k 1 r[1-exp Ei e ]+ (1.7)
CV = 3,600 Y Ai (2Hx/n) ( EL

g[1-exp(-\tb))B

i j

where:

CV = concentration of radionuclide i in and on vegetation,

UCi/kg.

k = stability class.

f = fr quency of this stability class and wind direction
k

combination, expressed as a fraction.

- Q = average release rate of radionuclide 1, UCi/s.
1

1}&n m
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DR = relative deposition rate, m (Figure 1.2).

i

x = downwind distance, m. |
.

n = number of sectors, 16.

2nx/n = sector width at point of interest, m.

r = fraction of deposited activity retained on vegetation

(1.0 for iodines, 0.2 for partic'21ates).

'

w, where AfA = effective rem val rate constant, A ~

Ei Ei i

is the radioactive decay coefficient, h-1, and A is ay

measure of physical loss by weathering (l = .0021 h-1) ,
y

t, = period over which deposition occurs, 720 h.
2Y = agricultural yield, 0.7 kg/m ,

B = transfer factor from soil to vegetation of radionuclide
h

1 (Table 1.9).

A = radioactive decay coefficient of radionuclide i, h l.
5

t = time f r buildup of radionuclides on the ground, 3.07x10
b

h (35y).

2P = effective surface density of soil, 240 kg/m ,

3,600 = s/h conversion factor.

For determining the concentration of C-14 in vegetation:

CV = lx10' X14 (0.11/0.16) (1.8)g

where

CV = concentration of C-14 in vegetation, pCi/kg.g

X = ah concentration of C-14, pCi/m'.
y4

0.11 = fraction of total plant mass that is natural carbon.
.

0.16 = concentration of natural carbon in the atmocphere,

g/m'.

3lx10 = g/kg conversion factor.

39 a-a
not heav



.

Ja.

10'

,

- For deter =1ning the concentration of H-3 in vegetation:

3

T g (0.75)(0.5/H) (1.9)CV 1x10=

where

CV = c ncentration of H-3 in vegetation, UCi/kg.T

)(T = air c ncentration of H-3, Ci/m'.

0.75 = fraction of total plant mass that is water.

0.5 = ratio of tritium concentration in plant water to tritium
,

concentration in at=ospheric water.

B = absolute humidity of the atmosphere, g/m'.
3lx10 = g/kg conversion f actor.

For deternining the concentration of any nuclide in cow's milk:

C)f = CV FM Q exp (-A t
f g g) (1.10)

where

'

Cf concentration of radionuclide 1 (including C-14 and H-3)=

in cow's milk, UCi/1.

CV concentration of radionuclide i in and on vegetation,=

pCi/kg.

transfer factor from feed to milk for radionuclide i, d/l(Table.1.6) .F:t =

Q = a= cunt of feed consumed by the cow per day, kg/d.g

radioactive decay coefficient of radionucliJe i, d *.~

A =

transport time of activity from feed to milk to receptor,t =
g

2 days.

For determining the thyroid dose rate from ingestion of cow's milk:

-

D = 1x10' CM DFING Di (1.11)gg

i

k7 g
gh
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where
i

D = thyroid dose rate due to milk ingestion, crem/y. '

g

CM = concentration of radionuclide i in cow's milk, pCi/1.

DFING = infant ingestion dose factor, =res/rCi (Table 1.7).

UM = infant ingestion rate for milk, 330 1/y.

lx10' = pCi/uci conversion factor. '
,

!
4. Total Thyroid Dose Rate

_

!

For determining the total thyroid dose rate from iodines and

particulates: |
i

D =DTHI + THG + THM
*

TH

where

D = tc.tal thyroid dose rate, cue =/y. fg
:
'

= r se rate he to Mdation, m/y.D
THI

D = thyroid dose rate due to ground contanination, cre /y.
TEG

D = thy roid dose rate due to = ilk ingestion, tres/y.g

The maximum tl.yroid dose rate calculated in this step vill be used in

step 2.

Step 2

The dose rate liaits of interest (10CFR20) are

Total body = 500 =res/y

Skin = 3,000 cren/y

Maxi =um organ = 1,500 cre=/y

Dividing the above limits by the appropriate dose calculated in step 1
.

yields a useful ratio.

Dose limit =R
Dose step 1

k7 ggy mz
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This ratio, R, represents how far above or belce the guidelines the step f

I calculation was. Malriplying the original source ter=s by R will give

release rates that should correspond to the dose limits given above. Step j

1 is redone using the adjusted source ter=s to ensure that this is the

case. Appropriate release rate limits in14Ci/s for eaca nuclide and rt.'. ease

ipoint will be provided to plant personnel for use in establishing conitor
'setpoints using plant instruction (s).

I

1.2 Monthlv Dose Calculations

Dose calculaticas will be perfor ed =cathly to deter =ine compliance

with specifications 3.11.2.2 and 3.'1.2.3. These specifications require {

that the dose rate .1 unrestricted areas due to gaseous effluents fro:
,

_

cach reactor at. the site shall be 14 'ted to the following values:

For noble gases,

1. During any calendar quarter, 5 = rad to air for ga==r. radiation

and 10 stad to air for teta radiation.

2. During any calendar year, lu crad to air for ga==a radiation

and 20 nrad to air for beta radiatien.

For iodines and particulates,

1. During any calendar quarter, 7.5 crem to any organ.

2. During any calendar year, 15 cre: to any organ.

This section of the ODCI describes the =cthodology that will be used

to perform these conthly calculations.

Deses will first be calcule.ted by a si=plified conservative approach

(step 1). If these exceed the specification li=its, a more re:alistic

calculat'.on vill be perfor ed (step 2). 747

& (r "
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1.2.1 Noble Cases

Step 1

Doses vill be calculated using the methodolcgy described in this

step. If any li,its are exceeded, step 2 will be perfor:ed.

Equations and assu=ptions for calculating doses from releases of

noble gases are as follows:

.

Assurotiens

1. Doses to be calculated are g2--a and beta air doses.

2. The highest annual-average X/Q based on licensing nateorology for

ground-level releases for any of f site location vill be used.

3. No credit is taken for radioactive decay.

4. For ga==a doses, releases of Xe-133, Ar-41, and Kr-SS are considered.

5. For beta doses, releases of Xe-133, Kr-SS, and Ar-il are considared.

6. Dose factors are calculated using data fros TVA's nuclide library.

7. The nuclides considered are expected to contribute at least 92 percent

of the total dose. Ecwever, the calculations extrapolate doses

assu-ing ths- only 90 percent of total dose was contributed.

8. A se:1-infinite cloud nodel is used.

9. Building vake effects on effluent dispersion are considered.

Ecuations

For deter =ining the gn--a dose to air:

= ( . /0) \ ' 0 C F'r (1.13)D
Y 0.9 i i

/

1

where:

D = gamt dose to air, crad.

-- i

di 7 !hEEf

3%7]I
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X/Q = highest annual-average relative concentration, 5.13x10 '
~

s/m*

0.9 = fraction of total gamma dose expected to be contributed

by these nuclides (actually 0.92).

Q = conthly release of radienuclide i, C1.
1

gamma-to-air dose factor for radionuclide 1, mrad /s perDPy a
f

.

3Ci/m (Table 1.5).

This equation then reduces to
.

D = 5.70x10 * Q DFy (1.14)
~

i

For determining the beta dose tc air;

.

~( Q DFS (1.15)D
6 0 i

.

1
where:

beta dose to air, nrad.D =

6

X/Q = highest annual-average relative concentration, 5.13x10 '
~

s/,8

0.9 = fraction of total beta dose expected to be contributed by

these nuclides (ac,.ually 0.94).

monthly release of radienuclide 1, C1.Q =

beta-to-air dose factor for radionuclide 1, mrad /s perDFB =

Ci/m (Table 1.5).

This equation then reduces to:
-

,

5.70x10 ' Q DFS (1.16)~

D =
g

_s

'
Os
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Step 2

This methodology is to be used if the calculaticas in Step 1

yield doses that exceed applicable 1L=its.

Equations and assu=ptions for calculating doses to air from

releases of noble gases are as follows:

Assu=ptions
'

1. Doses to be calculated are gn- 2 and beta air doses. !

!

2. Dese is to be evaluated at the nearest site boundary point in each

sector.

3. Historical onsite cetecrological data for the appropriate conths

from the period 1972-1975 vill be used.

4. All ceasured radionuclide releases are considered. |

S. A seni-infinite cloud codel is used.

6. Radioactive decay is considered.

7. Building vake effects on effluent dispersien are considered.

8. Dose factors are calculated using data frc= TVA's radionuclide library.

Equatiens

Equations for calculating air concentration, y,, is the same as in

Section 1.1.1, step 1, part A. Air concentrations are calculated for the

site boundary in each sector.

For detertining the gn- a dose to air

(1.24)
Yn o ) ti DF 'it \ yD =

|| .

i

where:

D gn--a dose to air for sector n, trad.
yn

39*l
367 t;?;4
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4 = air concentration of radionuclide i in sector n Ci/m'.
DFy = ga==a-to-air dose fac u r for radionuclide 1, mrad /s per

f

C1/m (Table 1.5) .

t ,= time period considered (1 month, but number of s/mo is

variable), s.

For determining the beta dose to air:

*

D =t ki ig m

where:

D = Leta dose to air for sector n, mrad.
g

= air concentration of radionuclide i in sector n, Ci/m'.
(f

DFS = beta to air dose f actor for radionuclide i, mrad /s per

Ci/m'.

= time period considered (number of seconds in this month),t

s.

The set. tor having the highest total dose is then used to check

compliance with specification 3.11.2.2.
Y-

1.2.2 Iodines and Particulates

Step 1

Doses will be calculated using the methodology described in this

If any limits are exceeded, step 2 will be performed.step.

Equations and assumptions for calculating doses from releases of

iodines and particulates are as follows:

Assumptions

Dose is to be calculated for the critical organ, thyroid, and the1.

critical age group, infant.

2
2. Exposure pathway considered is milk ingestion.

3 u< , y.
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3. The highest annual-average D/Q based on licensing ceteorology for

ground-level releases for any real cow location vill be used for

I-131 doses.

4. The highest annual-average X/Q based on licensing meteorology for

ground-level releases for any cow location vill be used for C-14

doses.

'

5. No credit is taken for radioactive decay.

6. Releases of I-131 and C-14 are considered.

7. The radionuclides considered are expected to contribute at least

96 percent of the total dose. Eevever, the calculations extrapolate

doses assiming that only 90 percent of the total dose was contributed.

8. Releases of C-14 are based on the design source ter=.

,
9. The cow is assured to graze on pasture grass for the whole year.

Equations

For deter =ining the thyroid dose f ro nilk ingestion of I-131:

0131 131
DTH = *

7l3l 3.15x10

vhere:

DTd = thyroid dose fro: 1-131, nren.
137

Q = conthly release of I-131, G.l37
DF = 1-131 nilk ingestion dose f actor to inf ant, =re /y per

Ci/n -s.

D/Q = relative deposition rate, n 2,

73.15x10 = s/y.

For detemining :.he thyroid dose fro = ilk ingestion of C-14:

Q DF X/Q14 14 (1.27)DTH .

14 3.15x107

b
a

h
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where:

g = thyroid dose from C-14, mrem.

Q = monthly release of C-14, C1.g

DF = C-14 milk ingestion dose factor, crem/y per C1/m'.
g

)(/Q = relative dispersion factor,1.13x10 ' s/m'.
~

73.15x10 = s/y.

For determining the total thyroid dose: '

DTH131 + 14 (1.28)
DTH =

0.9

where:

DTH = thyroid dose, crem.

thyroid dose t ,a release of 1-131, mrem.DTH =
g

thyroid dose from release of C-14, mrem.DTH =
y4

0.9 = fraction of total thyroid dose expected to be contributed

by these radionuclides (actually 0.96).

Step 2

This cethodology is to be used if the calculations in step 1 yield

doses that exceed applicable limits.

Doses for releases of iodines and particulates shall be calculated

using the cethodology in Section 1.1.1, step 1, part B, with the following

exceptions:

1. ,ul ceasured radionuclide releases will be used.

2. Dose will be evaluated at real cow locations and will consider actual

grazing information.

The receptor having the highest total dose is then used to check

co=pliance with specification 3.11.2.3.

MT M
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1.3 Caseous Radwaste Treatment System Operation i

|
!The gaseous radwaste treatment system (GRTS) described below shall

be maintained and operated to keep releases ALARA.

1.3.1 System Description

A flow diagram for the GRTS is given in F'.gure 1.2. The system

consists of two waste-gas co= pressor packages, nine gas decay tank.s, and
.

'he associated piping, valve- and instrumentation. Gaseous wast es are

received from the following: degassing of the reactor coolant and purgins

of the volume control tank prior to a cold shutdown, displacing of cover

gases caused by liquid accumulation in the tanks connected to the vent

header, and boron recycle process operation.

1.3.2 Dose Calculations

Doses will be calculated monthly using the methodology described in

Section 1.2. These doses will be used to ensure that the CRTS is operating

as designed.

30' / qm
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EXPECTED ANstAL ROUTINE RELEASES FRC:t ONE UNIT AT SEQUOYA11 NUCLEAR PLANT (Ci/ (*)3

AUXILIARY CohTAI:0:D:T TURBI:E EUILDI::C
NUCLIDE BUILDI!:G VE::T VC;T VENT

Kr-832 4. 4 (-1) 3.3 (-1) 3. 0 (-1)
Kr-85a 2.2(0) 2.3 (0) 1.5 (0)
Kr 85 2.0(0) 5.1(2) 1.2 (0)
Kr 87 1.2 (0) 8.1 (-1) 8.2(-1)
Kr 88 4.0(0) 3. 6 (0) 2.7 (0)
Kr 89 2. 8 (-2) 8.3(-3) 6.4 (-2 )
Xe-131a 1. /(0) 2.6(1) 1.1 (0)-

Xe-133a 3. 7 (0) 1.6(1)- 2.4(0).

Xe-133 2.9(2) 2.4(3) 1.8(2) .

. Xc-1352 1. 8 (-1) 7. 8 (-2) 2.0 (-1)
Xe-135 6.8(0) 9.9 (0) 4.4 (0)
Xe-137 5. 6 (-2) 1.8(-2) 1. 2 (-1)
Xe-138 5. 9 (-1) 2. 4 (-1) 6.2(-1)
Br-33 8.0(-4) 1. 5 (-5) 9.5(-5)
Br-S4 3. 5 (-4 ) 4.9 (-6) 1. 7 (-5)
Br-85 1. 2 (-5) 1. 3 (-7) 2. 4 (-7 )
I-130 3. 6 (-4 ) . A.3 (-5) 6. 9 (-5)
I-131 4. 5 (-2) 1. 2 (-2) 9. 2 (-3 )
I-132 1. 7 (-2) 3. 7 (-4) 2.6(-3)
1-103 6. 5 (-2 ) 3.4(-31 1.4 (-2)
1-134 7.1 (-3 ) 1.1(-4 ) 5. 0 (-4)
I-135 3. 3 (- 2 ) . ' 9. 0 (-4 ) 5.4 (-3)
Rb-36 1. 9 (- 9) 2.1(-8 ) 2.4 (-7)
Rb-S8 1. 6 (-2) 2.1(-2) 1. 0 (-4)
Cs-134 5.5(-7) 1.1 (-5) 6. 4 (-5)
Cs-136 2. 9 (-7 ) 2. 6 (-6) 3. 6 (-5)
Cs-137 4. 0 (-7) 7 . 8 (-6) 5.3(-5).

Cr-51 2. 0 (-8) 2.6(-7) 3.6(-7)'

F.n-54 s 1. 6 (-3) Q.1(-7) 4 . 5 (-7 )
Fc-59 2.1 (-8 ) 3.2(-7) 5. 4 (-7 )
Co-5S 5.3(-9) 8. 8 (-S) 9. 0 (-6 )
Co-60 1. 6 (-8 ) 3.1 (-7) 2. 7 (-7 )
Sr-S9 .7. 6 (-9 ) 1.2(-7) 1.6(-7)
Sr-90 2. 2 (-10) 4.3(-9) 8. 4 (-9 )
Sr-91 1. 5 (-S ) 1. 2 (-8 ) 8.9 (-8 )
Y-90 3.8(-10) 4. 7 (-9) 8. 2 (-9 )
Y:-91 9 .1 (- 9 ) 7.4(-9) 4.1 (-8 )
Y-91 4. 4 (-8 ) 7. 0 (-7 ) 1. 9 (-6)
Y-93 3. 0 (-9 ) 2.4 (-9) 3. 6 (-8 )
Zr-95 1. 3 (-9 ) 2.1(-8) 8.4 (-8)*

Nb-95 1.1 (- 9 ) 2 . 2 (-8) 8. 4 (-8 )
1:o c3 1.0(-5) 3. 0 (-5) 1.4 (-4 )
Tc- 90a 8. 9 (-6) 2. 8 (-5) 1.0 (-4 )
Ru-103 9.8(-10) 1.4 (-S) 4. 2 (-3 )'

Ru-1C6 2.2(-10) 4 .1 (-9 ) 8. 4 (-9 )
Rh-103a 1.1 (-9) 1.4 (-8 ) 2. 8 (-8 )
Rh-106 2.2(-10) 4.1 (-9 ) 2. 7 (-7 )
Tc-125a 6. 3 (-10) 1. 0 (-3 ) 1. 3 (-3 )
Ic-127a 6.1 (-9 ) 1.1(-7) 2.1 (-7 )

_

Te-127 2. 0 (- 8 ) 1. 2 (-7) mM1 ~B ,5 3 (-7) .
'

t
=*
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TABLE 1.1 (C0!;TINUED) .

.

AUXILIAny CO : TAIT.?!E!;T TURBI!.7. EUILDI!!G
KUCLIDE BUILDII;G VF2iT VE::T VENT

Te-129m 3.1(-6) 4.3 (-7 )
'

1.3(-6)
Tc-129 3.6(-8) 2.8(-7) 8. 3 (-7 )
Tc-13lm 5.6(-8) 9.1(-8) 2.0(-6)
Te-131 2.2(-8) 2.0(-8) 2. 7 (-7 )
Te-132 6.0(-7) 2. C (-6) 2.1(-5)
Ba-137m 3.8(-7) 7.3 (-6) 1.5(-5)
Ea-140 4.8(-9) 4.4 (-8) 2.1(-7)
La-140 3.4(-9) 4. 6 (-8 ) 1.4 (-7)
Cc-141 1.5(-9) 2.1 (-8) 8.4 (-8) ,

Cc-143 9.0(-10) 1. 6 (-9 ) 2.C (-8 )
C2-144 7.2(-10) 1.4 (-8) 4.2(-SS
Pr-143 1.1(-9 ) 1.1(-8) 4. 2 (- d)
Pr-144 7.7(-10) 1. 4 (-S) 2. 8 (-8)
Np-239 2.7(-8) 7.0(-8) 1.2(-6)

.

.

s

.

.
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, .__,

NUCEICE haEF-EIFE L s_gp p 7 C H5 7 a Gauma wasm* _

(OAYS) (1/i, (Mtv/DISI (ME V /015 ) (1/5)'

1 TAIT!LM 101 e.*sE 03 1.79F-04 2 1 5 oHE-03 0.0 2.86E-07
2 C-14 e0* 2.0sE Ot 3.86E-:3 2 1 5.17E-02 0.0 0.0
3 A-13 7 0 2___6 . 9 6 E - 0 3__1.16 E - 0 J __2_.__1_ _ ._91 E10.l_ _1. 0 2 Fm00__1 00E-02_6 C-19 004 3.3eE-04 2.34E-02 2 1 ..1.02E 00 1.0dE 00 1.00E-02s
5 F-IS- 902 7.6-(-02 1. 0 tE -f,s 2 1 2.*lE-01 9.F8E-01 1 SSE-Oe__6 AA-24 1106 S.33E-01 1.27E-05 5 1 5.25E-01 6.12E 00 1.00E-04
7 P-32 1504 1.42E 01 5.61E-07 5 1 6.95E-01 0.0 Is_0E-04o
8 AA-41 1805 7.SJE-02 1.05E-04 2 1 3.e3E-01 1.2eE 00 0.0
9 CH-51 2405 2.7eE 01 2.89E-07 5 l_ 3.75E-0J 3 . 2 e.E _0_2,.___L._0.0 E .0 4__
10 F6-54 2508 3.03E 02 2.65E-Oe 5 1 4.17E-03 3.36t-01 1.00E-0*
11 WN-56 2509 1.07E-01 7.50E-05 5 1 7.97E-01 1.7aC 00 1.00E-04
12 FE-59 2604 6.50E 01 1.7FE-07 5 1 1.loE-01 1.19E 00 1.00E-v413 CC-58 270e 7.13C 01 1.12E-07 5 1 2.05E-01 9.7eE-01 1.00E-04
16 CC-e0 d700 1.92E 02 6. lee-ov 5 1 9.oeE-02 2.50E 00 1.00E-04
15 ZA-e9w 3007 5.75E-01 1.39E-05 5 1 0.0 4 ._15 E 00 l_.00E-0*16 2N-e9 3006 3.9eE-02 2.03E-04 5 1 3.19E-01 0.0 .1.00E-04

.

17 84-84 3516 2.21E-02 3.63E-04 2 1 1.2eE 00 1.6eE 00 1.00(-06
18 8A-25 351e 2.0eE-03 3.eeE-03 2 2 1.0*E 00 8.*0E-01 1.00E-06
19 kA-e5k 3 ell 1.a3E-01 4.3EE-05 1 2 2.53E-01 1.59E-01 1. 0 0 E - 1)__20 ka-85 Je10 3.93E 03 2.0*E-09 1 1 2.5|E-01 2.21E-u3 1.00E-11
21 kA-e7 Jei2 c.2eE-02 i.52E-04 i i 1.32e 00 > .23E-Oi i . 0 0 e - 1.i__22 KR-28 3tl3 1.17E-01 6.86E-05 1 1 3.75E-01 .eE 00 1.00E-11
23 kc a4 3e14 2.21E-03 3.63E-03 1 1 1.23E 00 2 . 0 tE 00 1.00F-11
24 Ab-e8 3713 1.2*E-02 6.47E-0* 5 1 2.06E 00 6.eoE-01 1.00E-0*
25 AS-89 371* 1.07E-02 7.50E-0* 5 1 0.0 2.4uE 00 1.00E-06
26 59-e9 3ece 5.20E 01 1.56E-07 5 1 5.73E-01 1.36E-0* 2.67E-07
P7 SA-90 3010 1.03E 04 7.79.E-10 5 1 1.9eE-01 0 ._0 2. 6 7 E - 0_7__28 54-91 Jell 4.03E-01 1.9sE-05 5 2 6.50E-01 6.95E-01 2.67E-07

.

29 SA-92 3912 1.13E-01 7.10E-05 5 1 1.65E-01 1.3*E 00 P 47L-3730 SA-93 Jel] 5.5eE-03 i.66E-0J 5 1 1.61E 00 6.2eE-01 2.01E-0731 v-90 3916 2.67E 00 3.00E-Oe 5 1 9.3eE-01 0.0 1.00E-0*
32 Y-91M 3919 3.47E-02 2.31E-04 5 1 0.0 5.56E-01 1.00E-0633 Y-91 3919 5.eEE 01 1.3eE-07 5 1 6.0AE-01 3.61E-03 1.00E-04__36 Y-52 3920 1.67E-01 5.*eE-05 5 1 1.4eE 00 2.50E-01 1.00E-0435 Y-93 3921 6.29E-01 1.A7E-0' 5 1 1.17C 00 4.9 F,-02 1_0gE-04
36 2A-95 6C14 6.50E 01 1.2]E-07 5 2 1.40E-Qa 7.3tE-01 1.00E-04

- 37 Ne-95N *115 3.75F CC 2 1'E-Ge 5 1 2.e5F-01 5.87E-02 1.00t-04
38 Ac-95 All* 3.50E 01 2.2sE-07 5 1 *.s0t-02 7.e E-ul 1.00E-06
39 >0-99 42_09 2.7sE_00_2 J7E_06 5 2 3 . 9 6 E _0.1___1_. e 2 E - 0_1 1.00E-0640 TC-99* *316 2.50E-01 3.21E-05 5 1 6.oSE-03 1.43t-01 1.00E-04

.

41 TC-99 4313 7.76E 07 1.06E-13 5 1 d.3dE-02 0.0 1.00E-0642 TC-104 4320 1.25E-02 6.62E-0* 5 1 0.0 0.0 1.00E-04
43 AU-106 4607 3.67E 02 2.19E-Oe 5 1 1.01E-02 0.0 1.00E-0
44 TE-132 5223 3.24E 00 2.eeE-Oe 5 1 1.00E-C1 2.05E-01 1.00E-0
45 I-129 c315 6.21E 09 1.2sE-15 3 1 6.u2E-02 3 . 7 7 E - 0 3__5,. 0 0 E ._0 6__
46 I-131 5317 6.055 00 9.96E-07 3 2 1.96E-01 3.etE-01 5.0uE-06

.

67 pt-131 15317 8.05E 00 9.9'E-07 - 2 1.veF-01 3. ale a l 5 . 917,-j 6__
46 I-132 531e 9.5EE-02 6.37E-05 3 1 5.14E-01 2.3JE 00 5.00E-05
49 91-132 15318 9 ;EE-02 8.37E-05 I 5.14E-01 2.13E 00 5.00E-06*

50 I-133 5319 6.75E-01 9.17E-Oe 3 2 *.uoE-01 6.10E-01 5.00E-06
51 v!-133 15319 8.75E-01 9.17E-Ot 2 '.uME-01 6.10E-01__5. 00(-0$__= .

52 1-13e 5320 3.61E-02 2.22E-0 3 1 6.10E-01 2.59E 00 5.00E-06
J3 "I-13* 15320 1,11r-02 2 , 75 P. 4 1 5. LOL-11 2 . 53 E_20.__.L _0_0 E -S e_._5e I-135 5321 2. 7 9 E - 01 2.x7E-05 3 2 3.6HE-01 1.SoE 00 5.006-06
55 *I-135 15321 2.7sE-01 2 . r* 7 E - 0 5 6 2 3.6HE-01 1 5eE 00__3 00E-0556 KE-1314 5412 1.trE 01 e.60E-07 1 1 1.s3E-01 2.01E-02 1.00t-11~57 uf-13]M 5416_ 2.2eE 00~ ,3.55E-0$__1__j__1.90E-01_ J .16E-02 _ 1.00E-11__
58 uE-133 c413 5.27F 00 1.52E-Ot 1 1 1.J5:-01 4.5 E-02 1.00E-1159 XE-135v 5416 1.0EE-02 7.43E-06 1 1 9.50E-02 4.32E-c1 1.00 -1160 JE-135 "415 3.83E-01 2.09E-05 1 1 3.17E-01 2.*7E-01 1.00E-1161 3C-137 c*l7 2.71E-03 2.96E-03 1 1 1.6*C 00 1.9-E-01 1.00E-1162 zE-13e Sile--l.1PE-92 '6. HOE-0 I 1 6.0%E-01 1.ldE 00 L.00E-11-6J C5-134 5510 7 eer 02 1.07E-On 5 1 1. 5 7E-01 1.04E 00 1.00Er0*~64 CS~135 5512- 1.105 09 7 29E-15~~5-~l~-5.~ 7 4 E ' 0 2 0.0 1.00E-04-

65 CS-13e 5516 1._3_0 E,,0 l__6. l _7 E - 0 7 5 1 1.01E-01 2.20E 00 !.00E-0466 CS-137 5:15 1.10E 0' 7 2sE-lu 5 1 2.b2t-01 5.sTE-01 1.00t-0*67 CS-13a 5516 2.2*E-02 _3.59E-04 5 1 1.2JE 00 2.30E 00 1.00E-046H Pa-139 Se l 5 5. 7+ E-02 1.39E-04 5 1 6.S*E201 5.05t-02 1.00E-04
- ~

~

69 UA-140 'eit 1.htC 01 6 27E-07 5 1 3.15E-01 1.95L-01 1.00E-0*
70 La-140 5715" 1.eeE 00 6.77E-Oe 5 1 5.*0E-01 2.31E 00 1. OF-0671 CE 14e 5a15 2. " * r a 2 _ ? .w;r - 0 6 5 1 9. l R -0 2 3./wE-02 1 04

~

72 n-143 5912 1. Jet 01 S.90r~o7 5 1 f g.E-og 070 g 'o - }d7, n r . i s ,. e r. i , i "r'7 ^ **- - - -



'

NUCEICE watr-EtrE E Ayp3 7 C MF7A Gawa4 (ASH
(OAYS) (1/Es (MtV/ DIS) (MEv/015) (1/5)

1 7AI7 TEM 101 4.64E 03 1.79F-04 2 1 5.eHE-03 0.0 2.9e(-07
2 C-14 604 2.09E Ot 3.66E-12 2 1 5.17E-02 0.0 0.0
3 N-13 7 0 2__6. 9 6 E - 0 3__1. l e E ; C J __2_,_1 6 . 91 E.- 0.1__1 0 2 E._0 0 1.00E-02_
4 C-19 804 3.3tE-06 2.34E-02 2 1 1.02E 00 1.05E 00 1.00E-02s
5 F-15. 902 7 . e j ' _0 2 1. 0 5.E - op 2 1 2.*lE-01 9.F8E-01 1.03E-9t__
6 NA-24 1106 6.33E-01 1.27E-05 5 1 5.35E-01 6.12E 00 1 00E-04
7 p-32 1504 1.43E 01 5.61E-07 5 1 6.95E-01 0.0 1._0_0 E - 0 4
8 AG-41 1805 7.63E-02 1.05E-04 2 1 3.e3E-01 1.2eE 00 0.0
9 CH-51 2405 2.7PE 01 2.89E-07 % l___3_. 7 5 E - 0 J 3. 2 8 E _0_2.__) .,_0? E - 0 4

.

10 FA-54 2S08 3.03E 02 2.e5E-ue 5 1 4.17E-03 3.3et-01 1.00E-0*
11 "N-56 2509 1.07E-01 7.50E-05 5 1 7.91E-01 1.7eE 00 1. 0_0 E - 0 6
12 FE-59 2e04 4.50E 01 1.7eE-07 5 1 1. lee-01 1.19E 00 1.00E-04
13 CC-5d 2706 7.12E 01 1.12E-07 5 1 2.05E-01 9.7eE-01 1.00E-06
14 CO-e0 2708 1.92E 03 4.1dE-ov 5 1 9.ceE-02 2.50E 00 1.00E-04
15 ZN-699 2007 5.75E-01 1.39E-0S 5 1 0 ._0 4. ._15 E 00 1.00E-0*
16 ZN-e9 2006 3.9eE-02 2.03E-06 5 1 3.19E-01 0.0 .1.00E-04
17 84-84 3516 2.21E-P2 3.63E-04 2 1 1.2eE 00 1.6eE 00 1.00(-06
18 84-85 351e 2.0eE-03 3.etE-03 2 2 1.06E 00 8.60E-01 1.00E-06
19 KE-859 Jell 1.83E-01 4.38E-05 1 2 2.53E-01 1.59E-01 1.00E-11
20 KQ-85 Je10 3.9]E 03 2.0*E-09 1 1 2.51E-01 2.21E-o] 1.00E-11
21 ME-87 3e12 5.2EE-02 1.52E-04 1 1 1.32E 00 7.93E-01 1. 0 0 E - 1_1__
22 K4-e3 3e13 1 17E-01 6.86E-05 1 1 3.75E-01 1 9eE 00 1.00E-11
23 kC-99 3t14 2.21E-03 3.63E-03 1 1 1.23E 00 2 . 0 e_E 00 1.00E-1L_
24 EB-e8 3713 1.2*E-02 6.47E-0* 5 1 2.06E 00 6.SeE-01 1.00E-06
25 A9-89 3714 1.07E-02 7.50E-0* 5 1 0.0 2.40E 00 1.00E-06
2e SA-e9 3ece 5.20E 01 1.54E-07 5 1 5.73E-01 1.36E-0* 2.67E-07
27 59-90 3el0 1.03E 04 7.79E-10 5 1 1. vee-01 0.0 2.67E-07__
28 54-91 Jell 4.03E-01 1.99E-05 5 2 6.50E-01 e.95E-01 2.67E-07
29 52-92 ?'312 1.13_E - 01 7.10E-05 5 1 1.45E-01 1.J * E no 2 17e-37
30 5A-93 Jel3 5.5eE-02 i.6*E-03 5 1 1.61E 00 6.2cE-01 2,6/E-07
31 Y-90 391e 2.67E 00 3.00E-Oe 5 I 9.JhE-01 0.0 1.00E-0*

. 32 Y-91M 3919 3.47E-02 2.31E-04 5 1 0.0 5.56E-01 t.00E-0*
33 Y-91 3416 5.eEE 01 1.3eE-07 5 1 6.0AE-01 3.61E-03 1.00E-06
36 Y-92 3920 1.67E-01 5.*6E-05 5 1 1.*6E 00 2.50E-01 1.00E-04
35 Y-93 3921 4.29F-01 1.a7E-05 5 1 1.17E 00 8.9*E-02 1.00E-06
36 ZE-95 4014 6.50E 01 1.23E-07 5 2 1.40E-Oi 7.35E-01 1.00E-04

- 37 Ne-95w -115 3.75E OC 2. lee-Ge 5 1 2.e5F-01 5.47E-02 1.00t-04
38 Ne-95 411* 3.5CE 01 2.25E-07 5 1 4.30E-02 7.e-E-ul 1.00E-us
39 90-99 4209 2.79E 00 2.87E-06 5 2 3.96E-01 1.e2E-0J 1.00E-06
40 7C-99" -316 2.5CE-01 3.21E-05 5 1 6.o5E-03 1.*JE-01 1.00E-0*
41 TC-99 4313 7.7-E 07 1.04E-13 5 1 4.3dE-02 0.0 1.00(-06
42 TC-l04 e 32 0 1.25E-02 6.62E-0* 5 1 0.0 0.0 1.00E-06
43 AU-106 4607 3.67E 02 2.19E-02 5 1 1.01E-02 0.0 1.00E-0*
64 TE-132 5223 3.24E OC 2.4eE-06 5 1 1.00E-01 2.05E-01 1.00E-0-
45 I-129 5315 6.21E 09 1.29E-15 3 1 *.02E-02 3.7TE-03 5_.00E-06__
66 1-131 5317 8.05E 00 9.96E-07 3 2 1.96E-01 3. ele-01 5.00E-06

.

47 vi-131 15317 8.05E 00 9.44E-07 * 2 1.96E-01 3.aig-gi 5 , g ogg 8__
68 1-132 531e 9.5EE-02 d.37E-05 3 1 5.16E-01 2.3JE 00 5.00E-05
49 pt-132 15318 9.5EE-02 8.37E-05 1 5.14E-01 2.13E 00 5.00E-06*

50 1-133 5319 e.75E-01 9.17E-Oc 3 2 *.ueE-01 6.10E-01 5.00E-06
51 pl-133 15319 8.75E-01 9.17E-Oe - 2 6.ueE vi 6 .10 Edl_._5., 0 0 E_- 0 6_
52 1-136 5320 3.61E-02 2.22E-0- 3 1 e.10E-01 2.59E 00 5.00E-06

__5_3 wl-136 15320 3.6.l( _02 2 . P&_0 * 6 1 $ . LG E- 01 2.59r_20 % A0E-P.__
54 1-135 5321 2.79E-01 2.87E-05 3 2 3.bHE-01 1.5cE 00 5.00E-05
Ss *:-135 15321 2.79E-01 7.8t7E-05 6 2 3. e H E - 0.1_._1. 5 e E _0 0_,_5. 0 0 E - 0 6
56 .E-111= 5-12 1. lee 01 e.60E-07 1 1 1.63E-01 2 ole-02 1.00t-11

.

57 n -133u cel*_ 2.2eE OC 3. 5 5 E - 0 6 _lJ _,_1. 9 0 E - O l__6 6 6 E - 0 2___1. 0 0 E - 1 1__.Sh IE-133 5613 c.27F OC 1.52E-06 1 1 1.J5E-01 '. 5 E-02 1.00E-11
59 *E-135F 5616 1.aeE-02 7.-3E-0* 1 1 9.50E-02 6.32E-01 1.00E-11
60 mE-135 5415 3.e3E-01 2.09E-05 1 1 3.17E-01 2.47E-01 1.00E-11
61 JE-137 c 17 2.71E-03 2.4eE-03 1 1 1.6*E 00 1.9-E-01 1.00E-11

-62'stal32 5 19 1.19E-02 6.H0E-0* 1 1 6.0eE-01 1.ldE 00 1,00E-11
63 C5-134 5510 7.4eE 02 1.07E-Os 5 1 1.57E-01 1.04E 00 1.00E:0-~64 CS4135 5512- 1.!cf 09 7.29E-15- S~ 1-~5.~7 E-02 0.0 1.00E-04
65 C5-136 5516 1. 3_0 E_01__6.17 E - 0 7 5 1 1.01E-01 2.20E 00 1.00C-0*
66 C5-137 5el' 1.10f 06 7.29E-lu 5 1 2.5dE-01 5. 9 / E -01 1.00t-04
67 C5-138 5516 2.2*E.02 _3.59E-04 5 1 1.2JE 00 2.30E Ou 1.00E-04
CH HA-139 Sel5 5.7+E-02 1.39E-06 5 1 6.5=E-01 5.05E-02 1.00E-04

~69 UA-140 tele 1.2tE GI *.27E-07 5 1 3.15E-01 1.95E-01 1.00E-0*
70'EA-140 5 715' 1. e eE O C 6.77E-Oe 5 1 5.*0E-01 2.31E 00 1.00E-06

~~71-Cr-144 Edl5 2.HaE 02 ,7.b?F-Oh 5 1 9.llE-02 3.29E-02 1.00E-04
12 9 -[i] 5 W12 1. 3 e t 01 S 90E-07 5 1 3.16E-01 0.0 1.00t-us

-

71 n r i ,. 4 r e. , , , 3ce.n? 6.... .

367 3:50r
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TABLE 1.4

SEQUOYAH NUCLEAR 'LANT LAND SITE BOUNDARY DATA

Sector Distance (m) y/Q D/Q'

N 950 5.13 (-6) 1.29(-8)

N5E 2,260 1. 94 (-6) 5.28(-9)

NE 1,910 2.33(-6) 6.33(-9)

ESE 1,680 1.12(-6) 2.64(-9) .

E 1,570 7.11(-7) 1.46(-9)

ESE 1,460 7.92(-7) 1.58(-9)

SE 1~,460 9.17(-7) 2.'1(-9)

SSE 1,550 1. 34 (-6) 3.23(-9)

S 1,570 2. 37 (-6) 4.18(-9)

SSW 1,840 4.51(-6) 9.26(-9)

SW 2,470 1.38(-6) 2.63(-9)

WS*.? 910 2.93(-6) 3.86(-9)

W 670 3.63(-6) 3.74(-9)

W's. 660 2.49(-6) 2.44(-9)

NW 660 2. 85 (-6 ) 3.67(-9)

N ? .,- 730 3. 96 (-6) 6.59(-9)

1. All release points treated as ground level.
2. s/n'.
3. c 2,

!
8%

3P
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TABLE 1.5

DOSE FACTORS FOR SC3MERSION IN NOBLI CASES

_DFB D Py* DFS DF3
I 3 2

Kr-85m 1.17(+3)3 1.21(+3) 1.46(+3) 3.86(+3)

Kr-85 1.61(+1) 1.69(+1) 1.34(+3) 3.83(+3)

Kr-87 5. 92 (+3 ) 6.05('3) 9. 73 (+3) 2.01(+4)

Kr-88 1. 4 7 (+4) 1. 50 (+4) 2.37(+3) 5.72(+3)
,

Kr-89 1.66(+4) 1.59(+4) 1. 01 (+4) 1. 88 (+4 )

Xe-131m 9.15 (+1) 1.53(+2) 4.76(+2) 2.18(+3)

Ie-133m 2. 51 (+2) 3.17 (+2) 9. 94 (+2 ) 2.90(+3)

Ie-133 2. 94 (+2) 3.46(+2) 3.06(+2) 2.06(+3)

Xe-135m 3.12(+3) 3.30(+3) 7.11(+2) 1. 45 (+3)

Ie-135 1. 81 (+3) 1. 88 (+3) 1. 86 (+3) 4. 34 (+3 )

Xe-137 1.42(+3) 1.48(+3) 1.22(+4) 2.50(+4)

Xe-138 8.83(+3) 9.00(+3) 4.13(+3) 9.25(+3)

Ar-41 8. 84 (+3) 9. 76 (+3) 2. 69 (+3) 5. 5 4 (+3)

1. crem/y per UC1/m3
32. crad/y per pCi/m .

33. 1.17(+3) = 1.17x10 .
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TABLE 1.6,

,

tTARE ELEMENT inAnsFEa CATA

B F, Mg
Elrw nt VP9/50il M'lk Id/t)
H 4.6E 00 1.0E-02
C 5.5E 00 1.2E-02
Na 5.2E-02 4.0E-02 ,

P 1.1E Co 2.5E 02
Cr 2.5E-04 2.2E-03
Mn 2.9E-02 2.5E-04
Fe 6.6E-04 1.2E-03
Co 9.4E-03 1.0E-03
N6 1.9E-02 6.7E-03tu 1.2E-01 . 4E-02
Zn 4.0E-01 3.9E-02
Rb 1. M- 01 3.0E-02$r 1.7E-02 8.0E-04
Y 2.6E-03 1.0E-05Zr 1. 7E 0.! 5.0E-06hb 9.4E-03 2.5E-03
Mo 1.2E 01 7.5E-03Ic 2.5E-01 2.5E-02Pu 5.0E 02 1.0E-06Sh I.JE 01 1.0E-02Ag 1.5E-01 5.0E-02
Te 1.3E 00 1.Or.03
1 2."r-02 6.0E-03-

Cs 1.0E-02 1.2E-02Ba 5.CE-03 4.0E-04la 2.5E-03 5.0E-05Ce 2.5E-03 1.0E-04Fr 2.5E-03 5.0E-06Nd 2.4E-03 5.0E-06W 1.8E-02 5.0E-04Np 2.5E-03 5.0E-06

G,.W}$



TABLE 1.7
,

INTERlLU, DOSE FACTORS - INFANT THYROID

i

i

Radionuclide Inhalation (mrea/pCi) Ingestion (crem/pC1)

H-3 4. 62 (-7 ) 3.08(-7)

C-14 3. 79 (-6) 5.06 (-6)

Cr-51 4.11 (-8) 9.20(-5)

Te-132 1.90(-7) 1.52(-5) *

I
I-131 1. 06 (-2 ) 1. 39 (-2)

I-132 1.21(-4) 1.58(-4)

1-133 2.54(-3) 3.31(-3)

I-134 3.18(-5) 4.15 (-5)
|

I-135 4.97(-4) 6.49(-4) ,

f
:
|
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2. Liquid Effluents -

.

2.1 Concentration

2.1.1 RETS Requirement

Specification 3.11.1.1 of the Radiological Effluent Tcchnical Specifi-

cations (RETS) requires that the concentration of radioactive material

released at any time from the site to unrestricted areas (see Figure 2.1.1-1)

shall be limited to the Maximum Permissible Coccentration (MPC, attached as

Appendix I) specified in 10CFR20, Appendix B, Table 11, Column 2 for

nuclides other than dissolved or entrai<cd noble gases. For dissolved or

entrained noble gases, the concentration shall be limited ' to 2x10'" uCi/ml

total activity. To ensure compliance, the following approach will be used

fo. each release.

2.1.2 Prerelease Analysis

- Prior to release a grab sample will be analy:ca for each release point

for the concentration of each radionuclide.
n

C (2.1)C =

/
where: 11

releaseC) = total concentration in the liquid effluent at
point j, pCi/ml.

C = concentration ot radionuclide i, pCi/ml.

2.1.3 MPC-Sum of the Ratios

The sum of the ratios (R ) for each release point will be

calculated by the following relationship.

^ " (*
. + MFCR = + +

j MPC MPC . + MFC. . . . -

A B i n

% ,

s/ O' / idva.c-

Sf
'3 1\
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where:

f ,= undiluted effluent concentration of radionuclide 1, asC

deter =ined in Section 2.1.2, UCi/nl.

the M?C of radionuclide i, as specified in Section 2.1.1,MTC =

UCi/nl.

the sun of the ratios for release point j.R =

There are 4 possible liquid release points into cooling tower blevdo-m. ,

Cooling Tower flowdown = F1. Steas Generatos > :q y

i I
'2. Stes: Generator

3. Condensate Tani ,
1
1

4. Radvaste Tanks -

v

The sum of the ratios at the diffuser pond must be 61 due to the releases

f rora any or all of the above sources. The following relationship vill
.

assure this criterion is met:

f (R -1) + f (R -1) + f (R -1) + f (R -1) < F (2.3)
1 1 2 2 3 3 4 4 -

where:

i ,f 'f 'f = the effluent flow rate (gallons /cinute) at the
2 3 4

respective release point deter =iend by plant

persor.ncl.

R ,R,,R ,R, = the sus of the ratios cf the respective release
3u

point as deter:ined by Equation 2.~.

F = ninicu dilution flev rate fer prerelease analysis

aoolin; tower blevdown, gallons / inute) = 15,000

gal / in.
.

2.2 Instrunent Setpoints

2.2.1 Setpoint Determination

,

&cdr
3 2.t
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The respective alarm / trip setpoints at each release point will be set

such that the, sum of the ratics at each point, as calculated by Equation

2.2, will not be exceeded. The R is directly related to the total

concentration calculated by Equation 2.1. An increase in the concentra-

tion would indicate an increase in the respective R . A large increase

would cause the linits specified in Section 2.1.1 to be exceeded. The

minimum alarm / trip setpoint value is equal to the release concentration, ,

but for case of operation it may be desired that the setpoint(s) be set

above the effluent concentration (C ). That is,

S =b x r. (2.4)-

or
S=Ab

J c
j

where:

S = desired alarm / trip setpoint at release point j.
.

scaling f actor to prevent alarms / trips due to variationsb =

in the effluent concentrations at release point j.

total concentration in the liquid effluent at releaseC =

point j specified by Equation 2.1, pC1/nl.

The R used in Equation 2.3 must also be scaled by the corresponding scale

factor. Equation 2.3 and the corresponding alarm / trip setpoints become

+f (b xR)
y

_
2 y 2 3 (b) x R,)-1f (b x R )-1 +f (b x R )~l +

4 4

(2.5)-1 <F

S
1 (2.6)b

= g1
3

2 (2.7)b =-

2
2

=b (2.8)b
3

C
3

S
b _ 4_ (2.9)
4g

}[j'C
4

3&f-
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For exa:ple, for 2 release points and cini=us dilutien flov this beceres,
-

S S
..

1 L (d x R ) -1C 1 2 (C-- x R_ ) -1
< 13,000 (2.10)+ff z

21
- -<

2.2.2 Post-Release Analvsis

A post-release analysis vill be done using actual release data to

ensure that the li=1ts specified in Section 2.1.1 were not exceeded.

A corposite list of concentraticas (C ), by isotope, vill be used ,

with the actual liquid radwaste (f) and dilutica (F) flow rates (or vcl =es)

~ during the release. Tne data vill be substituted into Equatica 2.3 :o

deconstrate cocpliance with the licits in Section 2.1.1. This da:a and

secpoints will be recorded in auditable records by plant personnel.
'

2.3 Dose
!

2.3.1 RETS Recuirerent

Specification 3.11.1.2 of the ?2diolegical Effluent Technical Specifi- !

I
Ication (?ITS) requires that the dose or dose co_ ittent to an individud

fres radioactive cateri.ls in liquid effluents released to unrestrie:ed

areas from each reactor (see Figure 2.2.1-1) shall be licited:

During any calendar quarter to < l.5 tre to the total body and toa.

< 5 cres to anf c,rgan, and

b. During any calendar year to < 3 cre.: te the total bcdy and :c < _-.
,

nres to any organ.

To ensure co pliance, cu=ulative dose calculations vill be perfe = ed a

least cace per conth according to the felleving rathcdology.

2.3.2 "onthly .ualysis

Principal radionuclides vill be used to conservatirely estica:e the

ncnthly contribution to the cu=ulative dose. If the projected dose ea r.eeds

the above limits, the =ethodology in Section 2.3.2 vill be i=plemen ed.

367 23 gy
32 3



.

. .

em

24

The following radionuclides contribute more than 98 percent of the

total esticat,ed dose from design source terms. (Table 11.2.7, SQNP FSAR

source terms) .

Percent of Percent of Criti si
Total Body Dose Organ Dose (Thyroid)
Ingestion Fish Ingestion Fish

H-3 51.2 .1 13.4 .1

I-131 .4 - 60.2 7.8 .

1-133 .1 - 12.3 .2

Cs-134 22.4 47.0 5.8 43.2

Cs-137 25.1 52.8 6.5 48.6

99.2 99.9 98.2 99.9

A conservative calculatica of the conthly dose will be done according to

the following procedure. First, the monthly operating report containing

the release data will be obtained and the activities released af each of
.

the above 5 radionuclides will be noted. This information will tu.:n ce

used in the following calculations.

2.3.2.1 Water Ingestion

The dose to an individual from ingestion of water is described by the

followir equation.
5

D =b (DCF),j xI ren (2.11)
j .9) t i

w
i=1

where:

th
D = dose for the j organ from 5 radionuclides, rem.

J

j = the organ of interest (thyroid or total body) .

.95 = conservative correction factor, considering only 5 radio-

nuclides.

30/ h
-,

C
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DCF = adult ingestion dose ccm:titment factor for the j crran

from the i radionuclide rem /pci, see .ittached as Table 2.1.

I = monthly activity ingested of the i radionuclide, pCi.
g

I is described by

365 A V (2.12)UCiI =

f * -12 u d

where:

365 = days per year

A = activity released of i radionuclide during the month,
f

pCi.

V = average rate of water. const._ ption (730 ml/d ICRP 23, p. 358)

12 = months per year

.
U = total cooling tower blowdown during releases, ml.

d = diffuser pipe dilution (5).

The dose equation then becomes
5

D. = 4.67x10' (DCF) xA crem (2.13)
J u

,

i=1

2.3.2.2 Fish Ingestien

The dose to an individual from the consumption of fish is described

th
by Equation 2.13. In this case the activity ingested of the j radio-

naclide (I ) is described by

A B M
UCi (2.14)I = ,

i ud

where: .

A = activity released of i radionuclide during the month, pCi

367 ,

:"55 21
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B = fish conccntration factor of 1" radionuclide ,

, attached as Table 2.1.

3M = amount of fish eaten monthly (1.)::10 gm)

U = total cooling tower blowdown during releases, ml

d = diffuser pipe dilution (5)

The dose equation then becomes 2 - ',

5,-

5

Dg = 4x10- A xB x DCF mrem (2.15)
,, 1 1 1

iW
If these calculated monthly doses exceed limits spsc.fied in Section 2.3.1,

then a more accurate and complete calculation will be done as described in

Section 2.3.3. An annual check will be made to ensure that the monthly

dose estimates account for at least 95 percent of one dose cai alated by

the method described in Section 2.3.3. If less than 95 percent of the dose

- has been estimated, a new list of principal isotopes will be prepared.

2.3.3 ,unual ,balysis

A complete analysis utilizing the total source release will be done

at least annually (monthly if necessary/. This analysis will replace

previous estimates calculated in Section 2.3.2 and consists of the
th

following approach. The dose to the j organ from m radionuclides, D.,
J

*
is described by ,

D rem (2.16)D =

>

i=1

m. ,

(DCF) xI rem (2.17)= ,

i = l'
.

.

3s
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i
i
!

f
where: j

th th I
D = dose to the j organ fros the i radionuclide, rea. ;
ija j

j = the organ of interest (bone, GI tract, thyroid, or total .

I

body). {
th |

(DCT) = adult ingestion dose cc==1tcent factor for the.j
'

th
organ from the i radionuclide, rc=/;.C1, see Table 2.1.

.

I = actieSy ingestcd of the i radionuclide, C1.

I. for water ingestion is described by
1

A Vn
;.Ci (2.10I =

,

i ud

and for fish ingcstica 1 is described by

A' B. M* , Ci (2.19)I =

i ud

where

A = activity released of j radionuclide during the release

period, UCi.

V = average rate of water consu ption (730 cl/d).

n = nu ber of days during the release period (d).

'J = cooling tower blovdcun during the re' ease period, C1.

d = credit for diffuser pipe dilution (3).
'Ci!:

t.n
5 = fish concentratien factor cf the i radionuclide, . C i ,11
i

of fish catcn centhly (1.9x10' g )" . = anount

2.4 Crerability of Liquic ?.a vaste Ecui :crt

Spec L ication 3.11.1. 3 of the Radiological Ef fluent -echnical 5;eci: 1-

cations requires that the liquid radvaste syste: shall be used to reduce

367
%- 3aa
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the radioactive materials in liquid wastes prior to their discharge when

the projected dose due to liquid effluent releases to unrestricted areas

(see Figure 2.1.1-1) when averaged over 31 days would exceed 0.06 mrem

to the total body o. 0.21 mrem to any organ. Doses will be projected

monthly to assure compliance.
.

.

/%
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.TABl.I' 2.1 .- - -

I)OSr. COMMITMENT AND l'ISil CONCENTitATION l'ACT(WS

EfJ l 0 E F * RI O_L F . JINLM IC g__ffitCT!vi "UHA4 DUSE O W'lllMLN1 f M I' M (Rl*/UCil F!tH OICLCO.
H .* L 8 - L i t t HAL6-LIFf Unif/ Lift L ONC hie T M A T |O*4 FACT. HALF-L!f I

(DAY 51 (OAv5) (DAYS) HtWF Cl IPACT in v e4 0 ! O ICTAL UC0Y S T 1.u t E R .*. C I O L O . (Dav51

-H-3 4.4St Cl 1.00i 41 9.0"t 00 9.771-05 9.77f-0) 9./7t-05 ". 7 7 E - 0 )
1.00E 00 ~4.55E 03 0.0C-14 2.0Vt Co 1.oot 11 1. 0'il 01 ~ 2.1SL-03 S,701 -04 5.Iol-04 S.70t-04 4.5SE'03

-
0.01.00E 00

__jp - 2 4 ( .1 h # 1 1 10E_pl S.91[-01 1.73L-03 5.32F-02 1./3E-03 1 73[ 03 1.00E 02 1.00E 02 0.0
P-32 1.4JL C 2.51E 02 1.4SF 01 1.O L-01 1.240-01 I.4 /E-03 1.4TE-03 1.00E US 1.00E 05 0.0

K-40 4.6U 11 3.b lE 01 5.UUE 01 3.45F-02 3.4Sf-02 2.50E 03 2.50E 03 0.0
CA-51 2. Ic L C1 6.16E 92 2.t bl 01 -3.21 E -06- 0.0 - 3.4SE-02-3.210.CG- 2.0aE 02 2 . 0 0 E '.0 2-- 0.01.11E-03 3.39t-06

-

t>N-54
1.03I C?, _ ,1,70F 01 , __1. t.1 E 01 _ 8 . i13 i. - 0 4 _ 2 . 4 3 E - 0 2 _ u , H I E -0 4_ _ R . 0 3 0.- 0 4 _ ,, 4 . 0 0 E ,0 2_4 . 0 0 E 0 2 ___0 . 00 . 0 __t' t 4 - 5 6 1.0l*-01 1.10 E C1 1. 0 M - 01 2 . 0 '* E - 0 5 % . t. H i - 0 3 2.041-0$ 2.C4l,05 4.00E 02 4.00E C2

(E-55 9.5'T 02 t) . W E 0 2 4.14f 02 3.83L-04 1.13 E -0 3 2./4E-04 2.74L-C4 1.00E 02 1.00E 02 0.0
FE-$1 4.56t 01 8 . oil t 02 4 . J i :: 01 ~ 3.32t-03 5.S4E-02 3.01E-u3 3.blt 03 1.00E 02 17 0 t' 0 2 0.0
CC-Se 7.13E C1 9.50E 00 n.30E 00 1.$9E-03 3.29E-02 1.69E-03 1.69E 03 5.00E 01 2.00E 01 1.00E 02
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DOS!: COM11 MEN 1' AND l'ISil COKlX1 RATION l'ACIORS

__MIC1 Lo r p a q!_r1ty , n g o L P,1 C t4 . _f F F I C ' ! V f "U"A" 0956 Cf m ! M Etsi' ~ -(M "/or t ) Fl%H D 10'. 0 C( t.C T :NS nALF-L'IIE~, LONC t t.T H A f iliti FAET.
DAL6 -L i t t H r.L t - L I F l ut.ti/ List

104(S) (DAYS) t ev%) nW4r , r,1 tgALT Tuf m)!O 10!AL uroy $ 1 t.n L E R A010Lij , 10Ay5)

Rp'Uju_ 3.Mt-C/ /. jg no ),v.T.o2 ' l . r3 7 [ - 0 7 1. /1 F -1. 4,nL-1d 4. G 'e r - c u 1.00L 01 1.000 CL 0.0
0.7pf w o S 2.00E 00 2.00E 00 0.0

t.01104 2.55l C2 5. r t: 00 4.40L 00 1.33E-04 9,7/f-02
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3.0 Radiological Environnental Manitoring .

.

3.1 Honitoring Pro: an

An environreatal radiological monitoring program shall be conducted

in accordance with Technical Specification 3.12.1. The monitoring

progran described in Tables 3.1-1, 3.1-2 and 3.1-3, and in Figures

3.1-1, 3.1-2, 3.1-3, and 3.1-4 shall be conduc t2d. Results of this

progran shall be reported Ln accordance with Technical Specifications

6.9.1.6 and 6.9.1.7.

The a nospheric envirca: ental radiological nonitoring progran shall

consist of 12 cenitoring staticar : o: which sa:ples of air partic-

ulates, atnospheric radioiodine, rainvater, and hea .y particle f allout

ehall be collected.

.
The terrestrial nanitoring progras shall consist of the collection of

oilk, soll, ground water, drinking water, and food crops. In addition,

direct ganza radiatica levels vill be reasured in the vicinity of the

plant.

The reservoir sarpling progran shall consist of the collectica of

sarples of surface water, sedirent, ,nd fish.

Deviations are perritted f ron the required sa pling schedule if

spect.cas are unobtainable due to hazardous conditicas, sarple unavail-

abili: , er to ralfunctica of samplin; equipnent. If the latter, every

effort sb.all be nide to cc:plete corrective action prior to the end of

the next sa pling peried.

367 It;pp
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^2 Detection capabilities.

Analytical techniques shall be such that the detection capabilitics

listed in Table 3.2-1 are achieved-

,

.

-2-
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TABLE 3.1-1
.

_RA_Df 0LOGICA_L ENVIRONMF.NTAL MONITORING PROCRMt

Exposure Pathway Sampling and Type and Frequenqy
of An.11v917

and/or S.rp_le Sampic Locations * Collec_t ion Frequency

1. AIRBORNE

a. Particulates 2 samples f rom locations Continuous sampler Cross beta weekly, gamma

(in different sectors) at operation with sample isotopic analysis if gross

or near the site boundary collection weekly beta >10 times mean of
control sample. Composite(L!! I and 2) quarterly (by location) for
gamma scan.

8 samples from communities
approximately 6-10 miles
distance from the plant

(Pot 1-8)

2 samples from control
locations greater than
10 miles from the plant

(R11 1 and 2)
W I33
N b. Radiciodine Sanples from same locations Continuous sampler I weekly

N as ait particulates operation with filter
collection weekly

h! c. Fallout Sanples from same locations lic2vy particulate fallout Cross beta monthlytM(f /4 as air particulates collecced continuously on
gummed acetate paper with%* paper collection monthly

(S
U d. Rainwater Samples f rom same locatisns Rainwater collected con- Gamma scan monthly

J as air particulates tinuously with composite
samples analyzed n~r.chly

.

* Sample locations are shown on Figures 3.1-1, 3.1-2, 3.1-3, and 3.1-4
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TABLE 3.1-1 (Continued)

RADIO!.0CICAL ENVIRONMENTAL MONITORISC PROGRA't

Sampling and Type and Fregt:ency
of AnalysisExposure Pathway Co11cetion Frequeng

and/or Samp h _ Sample I.ocations*
'''''SrCamma scan.

e. Soil Sarples from same locations Once per 3 years
once cach 3 years

as air particulates

Camma dose quarterly
2. DIRECT RADIATION 2 or more dosimeters olacert Quarterly

10 of the air particulateat
sampling stations (PM l-B
and Rtl 1 and 2)

2 or more dosimeters placed
at each of at least 3 otherj, location; (in different

8

ricetora) at or near the site
boundary ' Figure 3.1-2)

Q UATER30!CiE
% Collected by outcoatic Catwa scan monthly ,

\/ a. Surface TRM 497.0 sequential-type sampler *e Composite for tritium
(Figure 3.1-4) TR.*! 4113. 4 with composite sampler taken quarterly

f,h T[Ut 4 7 3. .2
monthly

Camma scan and tritium
b. Grounil I sample adtscent to Quarterly

quarterly
(Figure 3.1-2) plant (locition W-6)

1 a.unpie from ground unter
source upg rail l en t

tutervala not ex. ceding 2 hours.collec ted by collec ting an aliquor atkaSamples :ihall be
* Sample location:; are shown on figures 3.1-1, 3.1 ?, 3.1-3, and 3.1-4
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RADICLOGICAL ENVIRON:J.N fAI. MONITORING PROCRAM

Exposure pathw.tv Sampling,and Type and Frequency
on,t /or ?;. imp l e Sampte 1.oe a t l on i * Co l l e c t l oc_F rc<p n n_cy, cf Analv..ts

c. Drinkinr. 1 nample at the first Collected by automatic Grons beta and gnema scan

''''gosttefor(T.ble 3.1 - 1) potable surfaec water nequent ial-type sarpler* monthly. Com

(Fir,ure 3.1-4) nupply downatream from with composite sample tritium, Se

the pl.utt (Tict 473.0) taken monthly quarter 1/

1 sample at the next 2 Monthly grab sample
dounstream potable surface
water supplLes (r,reater than

10 milen downitream)
(TitM 470.5 and 466.3)

2 samples at control locations Monthly grab sample
(Little Soddy Creek Mile 0.5

,

and TRtl 503.8)

Q d. Sedinent Trit 496.5 Semiannually Camma scan semiannu;lly

% Tit?! 4 8 3. 4

h Tio! 400.5
TitM 472.8

/, 4 INCESTION

111
a. Milk l sar.ple from milk produciny, Semimonthly when animal 1 analysis semi-monthly

N (Figure 3.1-3) animals in each of 1-3 areas are on pasture, monthly on collection.

indleated by the cow census at other times Camma ccan, '''''Sr

where doses are calculated monthly

to L. highest. [f samples are

not available from an area

* Sample locations are ':hown on F l p,u rus, l. -1, 3.1 -2, 3.1-3, and 3.1-4

* *S::mples shal l be col lected b.v collectine, allquot at intervals not exceeding, 2 houro.

- - - - - - - - - - - -
. . .. .. . . . . - . .
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TABLE 3.1-1

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Exposure Pathway Sampling and Type and Frequency
and/or Sa ple Sample Locations * Collection Frequency of Analysis

do::es to that area vill bc
sust ima ted by proj ecting the
dones f roi.: concentrations
detected in milk from other
sectors or by sampling
vegetation where milk is
not available.

At least 1 sample from a

control location.

b. Fish 1 sample ench f rom Nickajack, Semiannually. One Gamma scan on edible
4y Chickanauga, and Watts sample of each of the portion
8 ~>g

\j Ba r Re.. .:rvo ira followLng specica:
Channel Catfish/
White Crappie

, Smallmouth Buffalo' ' '

.

Food Producta 1 r. ample each of principal Annually at time of harvest. Camma scari on ediblec.
f ood products gro n at pri-- The types of foods avail- portionw

vate gardena and/or farms able for san.? ling will vary.
v

In the immediate victntty Following in a list of typical

of the plant. Selection foods which may be available:
of locationn to be based Cabbage and/or lettuce
on the lard une census. Corn

Green Beans
Potatoes
Tomatoes

* Sample lacations are shown on Figure:. 3.1-1, 3.1-2, 3.1 -1, and 3.1-4.
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TABLE 3.1-2

Atmosoheric and Terrestria. Monitoring Station Locations

Sequoyah Nuclear Plant
Location

Approximate Distance and
Sample Station Direction from Plznt

Ltt-1 S 1/4 mile SW

LM-2 5 1/4 mile N ,

PM-1 S (Northwoods) 10 miles WSW
i

PM-2 S (llamilton County Park) 3-3/4 miles WSW j

PM-3 S (Daisy) 5-1/2 miles WNW
,

Pit-4 S (Sale Creex) 10-1/2 miles N

I S (Georgetown) 9 miles ENE

Id-6 5 (Work) 5 miles NE

DM-7 S (llarrison Bay) 3-1/2 miles SE

(lla r rison) 8-1/2 miles SSWPM- o

R11-1 S (Chattanooga, Riverside) 16 miles WSW

R11-2 S (Dayton) 17-1/2 miles !CE
(Identical with Rit-2 WB,

Watts Bar Nuclear Plant)

Far:a L 2-3/4 miles NNE

Farn M 3-1/2 miles imE

Farm J 1-1/4 miles W

Farm C (control) 16 miles NE

Farm 2 (control) 43 miles ilE

Fitrm 3 (ccr. trol) 12 miles NNE

|
.

k
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TABLE 3.1-3

PUC!.IC WATER SUPPLIES SAMPLED IN ENVIROM1 ENTAL MONITORINC PROCRMt

Distance, Sampling
Water Sunply from Site Source Frequency

Chattanooga (C. F. Industries) 11.5 Tennessee River Monthly

(mile 473.0)

Chattanoon.t ( F. . I. DuPont and 14.0 Tennessee River Montnly

Company) (mtic 470.5)

Chattanooga 19.0 Tennesace River Monthly
(mile 465.3)

y Da luy-Sothly-F.i l l i;ig Wa t e r 8.2 Little Soddy Monthlyi

Creekllt !11 ty DI:.t r let

19.3 Tenneunce River Mc..thly
Dayton

(mile 503.8)f, J

m
- -J

a. River mil * distance f rom T101 484. 5 cxcept for supplies that take water from a source other than the Tennessee
Rivor th tch . ire showit .ns radlal distance f rom Sequoyah Nuclear Plant

r_ ..

g' 5 b. Simple collected by an automatic 'quentia.-type water :: ampler wLLh componite sample taken monthly.
'

4i '

.

_ - - _ _ _ _ _ _ _ _ _ .
. _ _ . . _ . . . , . _ _ .
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Table 3.2-1
*

.

CAP ABit!?!!S FOR EWIROWIV* AL S A.*'7tE M ALY$15DETTCTIM

A. Specific An a l v 9 e s

NC'fTN AL T OLT R LDft? OF TETEC'!OM (LLD)*
.

Tish.
Vegetation Soil and clam flesh. Toads, weat.

Particulates Charcoat Fallout Water and grain S e d im er.t plankton, Clam shella poultry. HalkAir

pct /m' pct /m'_ mCt/rm' pct /1 pct /r. Jr1 pC1/g. Jry pct /R. drf pct /s. dry pct /Frn. wet pct /t

1.50.01
0.05 2.0 0.05 0.35 0.1 0.7Total a

2.4 0.20 0.70 0.1 0.7 25Cross 2 0.C05
Cross S 0.01

J30 G.5'u
10 0.25 1.5 0.5 5.0 40 to~'1 0.01

2 0.05 0.3 0.1 1.0 8 ?''Sr r.005

**Sr 0.001

8 Camma Analvses,

NOM!NAL LOLTR LIMIT OF DETECTION (11 D1

Air Waccr Vegetation Soil and clam flesh Foods tomatoes Heat and

E #4 particulates and milk and grain sediment Fish and plankton Clam shella potatoes, etc.) pouirty

ECf /e. dr y gC1/3, dry pct /12 ,d r y pC1/g, drv pct /r. dry _ PC 1/ r e_m . wet pC1/rta, wet
(lFN FC1/1' rCf/1 _

hl, C+i Ng Ce(Lt) M Ce(L1) M Ce(L1) Nat Cc(L1) Nat Ce(Lt) M Ce(Lil6N M* Ce ( L t J " M Cettt)
8''''''Ce 0.03 36 0.55 0.35 0.35 0.35 33 90

8''Ce 0.02 33 t 0.06 0.06 0.35 0.06 33 40

0.07 0.03 60 44 1.10 0. 0.60 0.10 0.60 0.10 0.56 0.60 0.10 60 44 200 90

(,} d" ''''CrE '1 0.01 0.01 15 8 0.35 0.,4 0.20 0.02 0.23 0.02 0.07 0.20 0.02 15 8 50 20

b''''''Ru 0.04 40 0.65 0.45 0.45 0.45 40 150
"" <

'k A| '''Au 0.03 40 0.51 0.11 0.11 0.74 0.11 40 90

'''Cs 0.01 J.02 10 25 0.20 0.33 0.12 0.Or 0.12 0.05 0.48 0.12 0.03 10 26 40 50

e 0.01 10 5 0.20 0.06 0.12 0.02 0.12 0.02 0.08 3.12 0.02 10 5 40 15
'''Cs
''Zr-Nb 0.. 10 0.20 0.12 0.12 0.12 10 40

''2r 0.01 10 0.11 0.L; 0.01 0.15 0.03 10 20

' 'N b 0.01 5 0.05 0.01 0.01 0.07 0.01 5 15

''Co 0.02 0.01 15 5 0.23 0.05 0.20 0.01 0.20 0.01 0.07 0.20 0.01 15 5 55 15

''na 0.02 0.01 10 5 0.20 0.05 0.15 0.01 0.15 0.01 0.08 0.15 0.01 10 5 40 15

' '2 n 0.02 0.01 15 9 0.25 0.11 0.23 0.02 0.23 0.02 0.17 0.23 0.02 15 9 70 20

''Co 0.01 0. 0 L 10 5 0.1' O.06 0.11 0.01 0.11 0.01 0.0$ 0.11 0.01 10 5 30 15

' ' r. 0.10 150 2.50 0.90 0.90 0.90 150 400

'''*i-La 0.02 15 0.68 0.15 0.15 3 0.15 15 50 .

' ' ' 3.s 0.02 25 0.34 0.07 0.07 0.10 0.07 25 50-

'''La 0.01 / 0.08 0.02 0.02 0.10 0.02 1 15
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TA3LE 3.2-1 (Continued)

TA3LE NOTATIONS

* The NaI(TI) LLD values are calculated by the cethod developed by Pasternak
and Harley as described in RASL-300 and Nucl. Instr. Methods, 533-40 (1971).
These LLD values are expected to vary depending on the activities of the con-
ponents in the sarples. These figures do net represent the LLD values
achievable on a given sa:ple. k*ater is ccunted in a 3.5-L Marinelli beaker.
Vegetation, fish, soil, and sediuent are counted in a 1-pint container as
dry weight. The average dry weight is 120 gra s for vegetatien and 400-500
gra:s for soil sedicent and fish. Meat and poultry are counted in a 1-pint
centainer as dry weight, then corrected to wet weight using an average '

coisture centent of 70!. Average dry weight is 250 graes. Air particulates
are counted in a well crystal. The counting syster consists cf a culti-
channel analy:er and either a 4" x 5" vell NaI(TI) crystal. The c7unting
tire is 4:20 seconds. All calculations are perforreu by the least-cquares
computer prepran AL? A-M. The assurption is made that the sa:ples are
analyzed within ene week of the collection date.

** The Ge(Li) LLD values are calculated by the nethods developed by Fasternak
and Harley as described in RASL-300. These LLJ values are expected te var
depending en the acti.-ities of the cenpenents in the samples. These figures
do not represent the LL3 values achievable en ;i"en sarples. .iater is
counted in either a 0. 5-L or 3.5-L Marinelli beaker. Solid samples ch
as soil, sedinent, and clan shells are counted in a 0.5-L Marinelli bcaker

, an dry weight. The average dry veight is 100-509 grans. Air filters and
very snail volume sa:ples are counted in petrie dishes centered la the
detector endcap. The counting systen consists of a SD-4420 =ultichannel
analyzer and either a 5%, 14%, or 18; Ge(Li) detector. The counting tire
is norna11v 8 hours. All spectral analysis is perfor-ed using the soft-
vate provided with the ND-4420. The assurption is made that all sa:ples
are analy:cd within ene week of the collection date.

a. All LLD values for isotepic separations are calculated by the nethod developed
by Fasternak and Harley as described in RASL-399. Factors such as sa ole size,
decay tires, cherical vield, and counting ef ficien y na y vary for a ;iven
sas:ple; these variaticas ay change th. LL3 value for the given sarple. The
assunption is cade that all sanples are analyzed within one week of the
collectica date.

The LL? is the s allest cen:entratien of radica:tive aterial in a s:--le
conc ~ ill be detected with 95' probability with 5; probability of f asel:.th1t v

;a t a blank observation represents a "real" signal.

(1[ -:=37
CW
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TABLE 3.2-1 (Continued)

TABLE NOTATIOtl

(which may include radiochemicalFor a particular measurement system
separation):

4.66 s '

b
~ E V 2.22 y exp(-Aot)

,

where

LLD is the lower limit cd detection as defined above (as pCi per
unit mass or volume)

is the standard deviation of the background counting ra te or cfs
the counting rate of a blank sample as appropriate (as counts perg

minute)

E is the counting ef ficiency (as counts per transformation)

V is the sample size (in units of mass or volume)

2.22 is the number of transformation per minute per picocurie
. Y is the f ractional radiochemical yield (when applicable)

A is the radioactive decay constant for the par ticular radionuclide

At is the elapsed time between sample collectica (o; end of the
sample collection period) and time of counting

The value of s used in the calculation of the LLD for a detection system
shall be based c- the, actual observed variance of the background countingb

ratherrate or of the counting rate of the blank samples (as appropriate)
than on an unverified theoretically predicted variance.

Tae LLD values listed in this table m y change slightly after routineb.
evaluation of background, cample size, counting times, etc.. Th9 cost
recently calculated values will be included in the Annual Radiologica.
Enviror= ental Operaving Report.

|"|

a&.10 ygy
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Figure 3.1-1
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TERRESTRIAL MONITORING NETWORK
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Figure 3.1-3,
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./ iFigure 3.1-4
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