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REVISION RECORD .

Revision

Date

Describtion

0

- 12/01/82

Initial printing. Approved by PORC 11/29/82. Submitted
for USNRC approval 12/03/82.

03/30/84

Change in environmental monitoring sampling locations
based on 1983 land use census. Errors in Table 4.1
corrected. Maps revised. :

07/30/85

Addition of Intercomparison Program description to
Section 4.0. Reviewed by PORC 07/30/85.

03/19/86

Addition of a PVS I-131 inspection limit to demonstrate
compliance with Technical Specification 3.11.2.1.b.

© 05/21/86

Change in milk sampling location. Samples no longer
available at Station TM-11.

09/30/86

Change in food product sampling location based on
1986 land use census.

02/18/88

Change in liquid dose factors to reflect additional dose
pathways. Change in gaseous dose factors to reflect
five-year average meteorology. Change in gaseous
dose rate factors to reflect a shielding factor of 1.0. .
Deletion of food product location TF-12 (samples no
longer required after 10/31/86). Update of fence line
location and several building names and locations in
Figure 4-4.

05/21/90

| Addition of Appendix A which documents.the

commitments for disposal of septage as provided in
YNPS's Application For Approval to Routinely Dispose
of Septage under 10CFR Part 20.302, and the NRC's
acceptance as transmitted in their Safety Assessment,
dated May 17, 1990.

08/19/92

a. The following changes were implemented in
accordance with NRC Generic Letter 89-01, which
provided guidance on the relocation of the
Radiological Effluent Technical Specifications to the
ODCM:

1.  Addition of List of Controls Page (sﬁcceeds
Table of Contents);
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08/19/92

Section 1.0, Introduction updated to reflect the
change in scope of the ODCM;

Technical Specifications 3/4.0.1, 3/4.0.2,
3/4.0.3, and 3/4.0.4 listed in Section 1.2,
Applicability of Controls and Surveillance

_Requirements (SR), and now referred to as

Controls 1.1, 1.2, 1.3, and 1.4, respectively;

Table 1.6, Definition of Terms, modified to
include definitions pertinent to the relocated
Technical Specifications;

Tables 1.9, OPERATIONAL MODES, and 1.10,
FREQUENCY NOTATIONS, added to Section .
1.0;

Technical Specification 3/4.11.1.1, now referred
to as Control 2.1, relocated to Section 2.0;

Technical Specifications 3/4.11.1.2, 3/4.11.4,
3/4.11.2.1, 3/4.11.2.2, and 3/4.11.2.3, now
referred to as Controls 3.1, 3.2, 3.3, 3.4, and
3.5, respectively, relocated to Section 3.0;

Technical Specifications 3/4.12.1, 3/4.12.2, and
3/4.12.3, now referred to as Controls 4.1, 4.2,
and 4.3, respectively, relocated to Section 4.0;

Technical Specification 3/4.3.3.6, now referred
to as Control 5.1, relocated to Section 5.0;

10.

Technical Specification 3/4.3.3.7, now referred
to as Control 5.2, relocated to Section 5.0
(Existing requirements for explosive gas
monitoring instrumentation retained in

" Technical Specification 3/4.3.3.7);
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08/19/92

11. Technical Specifications 3/4.11.1.3 and
3/4.11.2.4, now referred to as Controls 6.1 and
6.2, respectively, relocated to Section 6.0;

" 12. Section 7.0 created to contain reporting details
for the Annual Radiological Environmental
. Monitoring Operating (Control 7.1) and
Semiannual Effluent Release Reports (Control
7.2), and Major Changes to the Liquid and
GASEOUS RADIOACTIVE WASTE
TREATMENT SYSTEMS (Control 7.3); and

13. Corresponding Technical Specification Bases
relocated with Technical Specifications to
become part of controls.

b. All pages renumbered.

05/18/93

Replacement of milk sampling location TM-12 with TM-
14 in Table 4.4 and Figure 4-2.

10

06/22/93

Technical Specification 3/4.3.3.3 (now referred to as
Control 5.5) and its Bases relocated to Section 5.0;
Technical Specification 3/4.3.3.3 nominal sensor
elevations revised to reflect actual measurement
heights; Technical Specification 3/4.3.3.3 Bases revised
to eliminate reference to protective action
recommendations.

11

10/31/96

Surveillance and analyses schedules for both the in-
plant Gaseous and Liquid Effluent Monitoring Programs
and the off-site REMP have been reduced. These
reductions reflect changes in plant configuration due to
plant dismantlement and decommissioning activities,
and the elimination of radioactive source terms due to
the cessation of the fission process with the shutdown of
power operations.

12

02/07/97

The requirement to submit an annual summary of hourly
meteorological data with the Semi-annual Radioactive
Effluent Release Report due 60 days after January 1 of
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Revision Date . Description

. 13 6/17/99 Elimination of the Turbine Building composite sampler
and analysls requirements due to change in plant
configuration. Elimination of milk sampling location due
to changes Identified in the annual land use census.
.Clarification of actions necessary to perfform .

- | maintenance and testing on an in-—-fine rad-monitor, plus
| expanded flexibllity of operating Aux, Service Water for
Spent Fuel Pit cooling while the effluent rad-monltor Is
out of service. Correction to block diagram (Figure 6-1) -
to reflect current liquid waste processing system
configuration. Change in the reporting requirement for
the Radioactive Effluent Release Report from
'semiannual to annual based on Technical Specnﬂcation
Amendment No. 151. Editorial changes to improve -
readabllity and correct or eliminate unnecessary text.

14 4/13/00 Clarifications to liquid effluent monitoring ACTION -
STATEMENTS 1 and 4 (Table 5.1) are included to

| provide clearer guidance on the existing intent of actions
needed if the liquid radiation effluent monltor is out of

service. -
15 11/19/01 1,  Eliminates the requ:rement to maintain the 200 foot
‘ On-Site Meteorological Moniloring System
. (Section 5.5).

2. References changed to reflect the relocation of
Technical Specification Section 6.7 into the Yankee
Decommissioning Assurance Program, Appendix
D, Administrative Controls.

3. Change the auxillary service water flow rate to
120 gpm to reflect current operating performance
and deletes the use of pump and valve curves to
estimate flow rate. :
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Revision
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16

Eliminates detection requirements for radtonucltdes

“which, by natural decay. are no’ Ionger a significant
' etﬂuent or of envxronmental concern.

Elrmtnates milk samplrng requirements from REMP.

Adds new hqurd waste treatment and dlscharge
conditions for decommtsstontng of structures
including the SFP.

Updates ; site maps and momtormg programs to

: recognize the new ISFSI operations

Eliminates Control limits and measurement
requirements for dissolved and entrained noble
gasesin liquid waste.

Updates surveillance requirements for llqurd
effluent releases.

Revision ‘1 6




Revision 16

LIST OF AFFEGTED PAGES

Page Revision/Date
i .16 L
li through iii 8 8/19/92
v, 12 '02/07/97 -
v through viii - 16 S
ix ‘ 16 ,
% through xi 13 - 6/17/99
Xii 15 . - 11/19/01
xiii 16 .
xiv .16
XV . 16
xvi - 16
xviii - 16 S
1-1 15 - 11/19/01
1-2 through 1-6 11, - 10/31/96
1-7 and 1-8 16
1-9 through 1-11 11 8/31/96
1-12 16
1-13 and 1-14 11 10/31/96
1-15 .15 11/19/01
1-16 11 10/31/96
1-17 and 1-18 .16 :
1-19 and 1-20 11 10/31/96
1-21 . 13 6/17/99
2-1 through 2-7 16 ,
3-1 through 3-3 15 11/19/01
3-4 11 10/31/96
3-5 through 3-6 15 11/19/01
3-7 through 3-8 .16 L
3-9 through 3-11 15 - 11/19/01
3-12 through 3-13 - 11 - 10/31/96 .
3-14 and 315 - 16
3-16 through 3-18 .11 - 10/31/96
3-19 through 3-20 16 -
3-21 11 -10/31/96
3-22 through 3-23 15 11/19/01
3-24 through 3-32 11 10/31/96
3-27 16 .
3-33 through 3-34 15 11/19/01 .-
3-35 .. . 16 PPN &
3-36 through 3-37 16 © 11/19/01
3-38 through 3-45 11 10/31/96
4-1. 15 11/19/01
4-2 - 16

-vii-

et T




Revislon 16

LIST OF AFFEGTED PAGES -
(Continued) -

- Page

RevislorvDate

43

15

11719001 -

4-4

11.

10/31/96

4-5 through 4-7.

16

4-8 through 4-13

15

TA001

4-13 through 4-15 -

16

‘4-16

‘13

6799 |

4-17 through 4-21

16

5-1

15

5-2 through 5-9

16

- 1119/01

5-10

15

11001

5-11 through 5-24

11

5-18

16

- 10/31/96 -

6-1 through 6-3

15~

13719701

6-4

_ 1

6-5

THE

"~ 10/31/96

6-6

11

10731796

6-7

16

7-1 through 7-4

13

6/17/99

7-5

15

11/19/01

8-1

16

A-1 through A-48

7 .

L M .
5/21/90

B-1 through B-11

11

10/31/96

13
L3

3
PR gy




DISCLAIMER OF RESPONSIBIL(TY

This document was prepared for use by Yankee Alomlc Electric Company (‘Yankee') The use
of Information contalned in this document by anyone other than Yankee, or the Organlzatlon for
which the document was prepared under contract, is not authonzed and, with respect to any

- unauthorized use, neither Yankee nor its officers, dlrectors. agents. or emp!oyees assume any

obligation, responsibllity, or liability or make any warranty or representaﬁon as lo the accuracy
or completeness of the material contained in this document :
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ABSTRACT

The Yankee Nuclear Power Station (YNPS) OFF-SITE DOSE CALCULATION MANUAL
(ODCM,) contalns the methodology and parameters used in the calculation of off-site doses
resulting from radioactive gaseous and liquld effluents, in the calculation of gaseous and liquid
elfluent monitoring alarm/trip setpoints, and in the conduct of the Environmental Radi ological
Monitoring Program. The ODCM also contains (1)t the Radnoactlve Eftluent Controls and "’

Radiological Environmental Monitoring Programs required by Appendix D, Sectlon B.4, of the L

Yankee Decommissioning Quality Assurance Program (YDQAP) and (2) descnptions of the
information that should be included in the Annual Radiological- Environmental Operating and
Annual Radioactive Effluent Release Reports required by Technical Specifications 6.8.2.a and
6.8.2.b. With initial approval by the U.S. Nuclear Regulatory Commission and the YNPS Plant
Operation Review Committee (PORC) and approval of subsequent revisions by the
Decommissioning Manager, this manual is sultable to show compliance where referred to by the
Yankee Decommissioning Quality Assurance Program‘” and controls Ilsted ln thls document
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10 INTRODUCTION o S '. o Z":' L

According to Délinition of Terms (Table 1 6). the OFF-SITE DOSE CALCULATION '
MANUAL {(ODCM) contalns the methodology and parameters used In the calculation of otf-site :
doses resulling from radioactive gaseous and liquid effluents, in the caloulatlon of gaseous and

liquid effluent monitoring alarmvtrip setpoints, and in the conduct of the Radtologlml Environmentat o

Moniltoring Program. The ODCM also contains: (1) the Radnoactlve Efﬂuent Controls and

. Radiological Envifonmental Monitoring Program requ!red by Appendtx D, Section B.4, of the
“Yankee Decommissioning Quahty Assurance Program (YDQAP) and (2) descnptlons of the 2
information that should be included in the Annual Radiological Environmentat Operattng and Annual o

Radioaclive Effluent Release Reports required by Controls’ 7 1 and 72, tespectivety The obcM

-forms the basis for plant procedures which document the off-site doses due to plant operation whlch
are used to show compliance with the numerical guides for design controls of Section II Appendnx i, -

10CFR Part 50.

The methods contained herein follow accepted NRC guldance, uness ‘otherwise noted in -
the text. The basis for each method is sufficlently documented to atlow regeneratlon of the methods
by an experienced health physicist.

All changes to the ODCM shall be reviewed and accepted by an lndependent Safety
Reviewer and approved by the Decommissioning Manager in siccordance with Technlcal
Specification 6.13 prior to implementation. Changes made to the ODCM shall be submitted to the
Commission for their information in the Annual Radioactive Effluent Release Report for the period ln
which the change(s) was made effective. :

1.1 Summary of Methods, Dose Factors, Limits, Constants, Vanabtes and Dehnmons

This section summarizes the methods for the user. in’ addttlon the appticabthty of oontrols
and surveillance requirements are listed in this section. The first time user should read Chapters 2
through 5. The concentration and setpoint methods are documented in Table 1.1, as well as the
Method | dose equations. Where more accurate dose calcutations are needed use the Method ll
for the appropriate dose as described in Sections 3.7 through 3.14 and 3.16. The dose factors '
used in the equations are in Tables 1.2, 1.7, and 1 .8 and the regulatory hmits are summarized in
Table 1.3. The constants, variables, special dehnntions, and FREQUENCY NOTATION used in the
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ODCM dre In Tables 1 4,15, 1.6, and 1.10, respectivety Lastty. Flgures 1-1 and 1-_2 deptct the
_Yankee plant site boundary fine and liquid etﬂuent discharge polnts. respectivety

. 1.2 Appltcabllrty of Controls and Surveillance Flequlrements (SR)

Control 1.1 The controls and ACTION requrrements shalt be apphcable dunng oondrtions \ | R :
specified for each control. o . o " R

Control 1.2 Adherence to the requirements of the controts and/or assoclated ACTION wrthtn 3
the specified time interval shall constitute compliance with the eontrot In the event that the - o L
control is restored prior to expiration of the specrtred time lnten/al comptetton of the ACTION 3
statement is not required. S

Surveillance requirements shall be apptrcable durtng the conditions specrfred tor
individual controls. A N

SR1.2 Each surveillance requirement shall be 'pertorme'd'withtnvtne seeeittedttme lntenrat s
with: '

a. A maximum allowable extension not to exceed 25 percent of the survemance
interval, and

b. - A total maximum combined lnterval time for any three consecutive survemance
intervals not to exceed 3. 25 times the speciﬂed surveltlance lnterval

SR1.3 Performance of a survelillance requirement wrthtn the specrﬁed ttme Intervat shatl »
constitute compliance with OPERABILITY requirements for a control and assoclated ACTION . -
statements unless otherwise required by the control.

Revision 11

. M s P DR




TABLE11

Summary of Concentration and ée'tﬁeln-i Methods, and -

Method | Dose Equations for Normal Operations at the Yankee Plah;.‘-fiﬁ'? :

Equation S
" No. ‘Maximum " Equation®
2-1 Unrestricted Area; Total Fraction of MPC ln Ena 05"0
Liquids, Except Noble Gases - i o F Z MPC,
2-2 Unrestdcted Area, Concentration of Noble che = Z cle -
Gases in Liquids ‘ 1
3-1 Total Body Dose Due to quulds Do (mrem) = K z Q,DFLy,’
. R ' . .
32 | Maximum Organ Dose Due to Liquids . Dorgan (mrem) = K z Q,DFLime
| ,imo,
3-3 Total Body Dose Rate Due to Noble Gases e
Y - | Dg ( m;erm ) =7.83 Qm-as DFByas
34 Skin Dose Rate Due to Noble Gases - mrem .
Dﬂdn = er-as Dr)(r-as
® -
35 Critical Organ Dose Rate Due'to H-3 and mrem :
Particrilates with T4 > 8 Days Deo ( vr =), Q DFG
] ]
3-6 Gamma Air Dose Due to Noble Gases S 08 mrad) =0.25 Qy, s DFY, _05.
3-6.1 Gamma Alr Dose Due to Ground Level DY, (mrad) = (6.0 X 10} (Q,..
Noble Gas Releases s (M) =( _ . ) -K';'M)
37 -Beta Alr Dose Due to Noble Gases ng (mrad) = 0.76 Qy, o5 DF»?:-as'
3-8 |Critical Organ Dose Due to H-3 and " | Deo (mrem) = Y, QiDFGico.
‘Particulates with T¥ > 8 Days ' o R R '

Revision 11




B , - : TABLE 1 1 |
| . V | (Conli'nu'eQ)

DL e .i

~ Summary of Concentraﬁon and nggi ; Meghggs, and

ethod | Dose E ualiqnsfor ormal Operations at th ankee Plan

Equation : : S
No. Maximum R Equation®
5-1 Liquid Release Rate Reading - - f,
e LU [ O
. . : 1 ' .
53" ggse%::sr:ilﬁ:\;e Rate Reading for Total | Ry = (500) (60) (s,‘(-'-_as') fi'f.’- e
dy T (F)(7.83) DF By g
54 Gaseous Release Rate Readmg for Skin . R _"(3000) (60) (Sk/.as)
Dose Limit T T (F) DRy os
Note (a):
C = Con.centratlon of radionuclide *i*In a rﬁlxturg (ﬁ(;l/ml).
. F = Primary vent stack flow rate (cdmin). -
Cci® = Concentration of radionuclide °I°, jexcept noble gases, at the point of discharge.
C,"° = Concentration of radionuclide *i*, except noble gases, at the point of discharge."
DR = Skin dose factor for radionuclide "i*. . . _ ;
DFY = Gamma dose factor to alr for fadion_uélide . S
DF} = Beta dose factor to alr for radionuclide *i*.
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‘Summary of Concentration and Setpoint Methods, and _ o
Method | Dose Equations for Normal Operations at the Yankee Plant

R
L e
TN

DFB, =  Totalbody dose factor for radioee:cl‘ide”".i',.f :

DFGL, = Site-specific, critical org'an dose factor for a'g'eseous release of redio'nticlide ‘i',: . G

DFGieo = Site-specific, critical organ dose rate factor fora gaseous release of _ &
radionuclide ", B ' L L

DFlLe = Site-specific, total body dose factor for a liquid release of radionucﬁde e

<A

‘DFLimo = Slte-speclfnc, maximum organ dose factor fora llquld release of radlonucllde "I*. .

AN,

f = Flow rate past the test tank monltor (gpm)

f2 = Flow rate at the point of discharge (gpm).
K = Deerfield River flow rate correction factor.

MPC. = Composite MPC for the mix of radionuclides (nCVml).

. R . . . kS

. ™

C : A . iy

Z J * . 3
§

- Ty S - 4 . (Ea.52)
MPC, |
Q = Total release (Curies) for radigbhuclidla P, ' '
Q = Release rate (uCl/sec) for radioriucli_de "i". ' 1
Skees = Gaseous instrumentation response facter for Kr-85 (cpr‘n./(uCi/ce))." ' | . l |
s, = Liquid instrumentation response factor (cpnv(p(.‘;i/cc)).. r(
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se Factors Specific {o the Yanke »

Noble Gas Beleases

Dose Factors Specific to the Yankee Plant for

lant for .7

Radionuclide

Gamma
Total Body.
Dose Factor

DFB
4 pCi-yr

{mrem-m?

Beta Skin
Dose Factor

OFS;
. pCi-yr

mrem-m?>

. Combined Skin
Dose Factor -
{mrem-sec

l_:'t pCl—yr :

DF,

. BetaAlr-

- Dose Factor-.. -

o mrad-m?’

:

-.Dose Factor .

Kr-85

1.61 x 10°

1.34x10°

Ll1e5x10°

‘ .Revision 11

1-6




JABLE 1.3

- Summary of Radiological Effluent Controls

and Implementing Equations

Category -

Method -

o Lfmit ‘

Control )
2.1 Off-Site Total Fraction of MPC "Eq.2-1 |<1.0
Concentrations .
of Liquids :
3.1 Dose Due to Total Body Dose Eq.3-1 |{<iS5mreminaqtr.
Liquid Effluents ’ <30mreminayr.
Organ Dose - Eq.32 |s50mreminagqtr. -
. - " 1<10.0 mreminayr.
3.2 Total Dose Due | Total Body Dose - - Eq.3-1 | <25.0mreminayr.
to Liquid and C Eq.3-6 P
Gaseous Eq.3-9
Effluents Organ Dose EqQ.3-2 [<25.0mreminayr.
Eq.3-8 |-
" Eq.3-9 | _ .
Thyroid Dose 'Eq.32 |<75.0mreminayr.
Eq. 3-8 4
. Eq. 3-9
3.3 Dose Rate Due | Total Body Dose Rate Eq.3-3 | < 506 o frem
to Gaseous Due to Noble Gases ,‘
Effluents .
Skin Dose Rate Due to Eq. 3-4 ' mrem
Noble Gases 3000.0 yr
Organ Dose Rate Due to Eq.3-5 . mrem
H-3 and Particulates with 51500.0
T2 > 8 Days. , : ,
3.4 Dose Due to Gamma Air Dose Due to Eq.3-6 |<S5.0mradinagqtr. .-
Noble Gases in | Noble Gases . <100mradinayr. ..
Gaseous ' ‘ . '
Effluents : - .
Beta Air Dose Due to Eq.3-7 |<10.0mradinaagqtr.
Noble Gases ' <20.0 mradin a yr.
35 Dose Due to Organ Dose Due to H-3 Eq. 3-8 <7.5 miem Ih'ﬁ dir. N
Tritium and and Particulates with <150 mreminayr.
Particulates in T% > 8 Days R
Gaseous
Effluents
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(Continued) =+

Summary of Radiological Effluent Controls =~ _

and implementing Equations ..

.t B

Control - Category - “: |+ Method s | sy Lim!t '
5.1 Liquid Effluent | Alarm/Trip Setpolnt ‘| Eq.5-1: “Control 2 1.
Monitor Setpoint DI R
5.2 Gaseous Alarm Setpoint 1or Total Eq.5-3 Control 3 3.a (Total
Effluent Monitor | Body Dose Rate Body)
Setpoint S _ |-
Alarm Setpoint for Skin - .| Eq.5-4 - Controls3.a (Skin)
Dose Rate SN IR U
6.1 Liquid Total Body Dose -Eq.3-1  1<0.06 »m'rem In ‘amo,
Wasto | OrganDose _Eq.32 | s02mreminamo.
Treatment ' R : I
6.2 Gaseous- Gamma Air Dose Due to- EQ.3-6 -| £0.4 mradin a mo.
Radioactive Noble Gases : C
Waste :
Treatment
Beta Alr Dose Due to Eq 3-7 . s 0. 4 mrad ln a mo.
. Noble Gases . : o IS S et
Organ Dose Due to H- 3 Eq 3 8 s 0. 3 mrem ln a mo
and Particulates with -
T% > 8 Days
. Revision 16




Summary of Constants

ERR .
_‘?‘-,P-.‘ " o a,

Constant Delmition ,
. 0.25 . [ pt
= (3.17 x 10%) (g—fig"g [X/Q]" (seclm”)
=(3.17 x 10*) (7.83 x 10%)
0.76 - aty (PCI=yr ) a.
. =(3.17 x 10%) [ Gi—sec xQ) (sec/m ) (oCl-y?
=(3.17 x 10**) (2.39 x 10'5) R .  Cl-m"
1.11 = Average ratio of tissue to alr energy absorptlon
- ratio coefficlent. -
7.83 = (10™) (PCURC) (7.83 X 10%) (sec/™) pCi-sec)”
| . | KCi-m®
'8.69 = (1.11) (S¢) PVQJ (sec/m®) (1.00 X 10°%) (pCI/UCI) pCl—sec )
= (1.11) (1.00) (7.83 x 10°) (1.00 x 10°°) \nci-m®
23.90 = (1.00 x 10°%) (X/Q) _ , [ pCl-sec )
= (1.00x10')(2.39x10%) - | #Cl—m
60.00 = Conversion factor. sec
_ . . - min
500.00 = Total body annual dose limit from ICRP-2. mrem
3000.00 Skin annual dose limit from ICRP-2. , mrem
3.17x10** | = Number of picocuries per Curie divided by the pCl=yr
number of seconds peryear. ... ’ Ci—sec
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S'umman'. of Variables

Variable

Definition

Number of picocuries pa_r mlcrocg;ie:q."' -

Combined site-specific skin dose factor for Kr-85.

1.00x10*° = _
31.54 e
= (1 0x1o*‘)( )(3154)(10") [‘“)
che = Total concentration of all dissolved and entrained uci
noble gases from all station sources. cc
cle = Concentration of radionuclide *i*, except noble net
gases, at the point of dls,c'ha.rg_e. - ' e
C = Concentration of radionuclide *i*. - - fnCim®or -
: o | uClleec
D%, = Betadose to air. mrad .
D}, = Gamma dose to alr. mrad -
D1y = Gamma dose to air from a ground level release.’ mrad
Deo = . Dose to the critical organ. | mrem
Dorgan = Dose to the maximum organ. | mrem
Dsxin = Beta and gamma dose to the skin. mrem -
{1 Do = Dose to the total body. mrem
DFBgc.es = Total body gamma dose factor for Kr-85. mrem-m?
, pCi-yr
DFSy.es = Beta skin dose factor for Kr-85. mrem-m? -
. pCi—yr
DFr-es =

mrem-sec ;. "

puCi-yr.
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TABLE 1 ,§ =
(Conhnued)
Summam of Variablg§ o N
[Variable Definition - “Units . -
DFY, s = Gamma air dose factor for Kr-85.." rrad - m?
L pCi-~yr.
DFE, 4 = Beta alr dose factor for Kr-85. ‘mrad-m? . o
, o pCl=yr -7 .o
DFGio = Critical organ gaseous dose Iac{or for radionuct:de .| mrem
_ . ; S : Ci - -
DFGico = Critical organ gaseous dose rate factor for mrem-sec
' radionuclide *i". _ pCl-yr.
DFLime = Maximum organ liquid dose factor for radionuchde | mrem
: " Ci
| DFLw, = Total body liquid dose factor for.radionuclide *i". mrem
. Ci
Deo = Critical organ dose rate due to tntium and mrem
particulates. yr
Diiin = Skin dose rate due {o noble 'gases. .mrém’
_ ) yr
Do = Total body dose rate due to noble gases. mrem
D/Q = Deposition factor for dry deposition of particulates. sec
‘| F = Prmary vent stack flow rate. - cc
: o sec
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. | © TABL
- (Continued)

S wi T

. ' Summary of Varlablés |

Variable _ Definltion . - . |- Units
Total fraction of MPC in liquid pathways. - B E

Fy

o R

H Sy

fs = Flow rate past the test tank monitor.. . |eem.

f2

Flow rate at the polntofdlscharge.- CeLqeeme

Composite MPC for the mix of radzonuclldes. See KCi .
Equation 5-2. ' _ e

MPCq .

Maximum permlssible concentration of radionuclide uCl
i" (10CFR Part 20, Appendix B, Table 2, Column 2, cc .
see Appendix B of the ODCM).

Release for radionuclide *i*, ' | Ci

MPC,

Loby anEEHE AL, AR e e e

Q

Q = Total release rate of noble gas (Kr-85). B L
- L S i |osee

Fabaiianbarr,

. Q; = Release rate for radionuclide *". - uel
. sec

x/Q = Average undepleted dispersion factor. | sec

[(xQ)° = Average depleted dispersion factor. ‘ | sec

[2]

xQy = Effective average gamma dispersion factor. | see

Se : = Shielding factor.
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" (Continted)

Summad d Vériébies )

Variable Definition =:- -~ ¢
Skes . = Gaseous monitor response factor
N . E - ..:; . T
.Sl =
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TABLE 1.6

Definition of Terms

The defined terms of this section appear in capitalized type and are applicable throughout this
document.

ACTION

-ACTION shall be those additional requirements specified as corollary statements to each principle
control and shall be part of the controls.

CHANNEL CALIBRATION

A CHANNEL CALIBRATION shall be the adjustment, as necessary, of the channel output such that it
responds with the necessary range and accuracy to known values of the parameter which the channel
monitors. The CHANNEL CALIBRATION shall encompass the entire channel, including the alarm

- and/or trip functions, and shall include the CHANNEL FUNCTIONAL TEST. The CHANNEL '

CALIBRATION may be performed by any series of sequential, overlappmg, or total channel steps such
that the entire channel is calibrated.

CHANNEL CHECK

A CHANNEL CHECK shall be the qualitative assessment of channel behavior during operation by
observation. This determination shall include, where possible, comparison of the channel indication
and/or status with other indications and/or status derived from independent instrument channels
measuring the same parameter.

CHANNEL FUNCTIONAL TEST

A CHANNEL FUNCTIONAL TEST shall be the injection of a simulated signal into the channel as close
to the primary sensor as practicable to verify OPERABILITY, including alarm and/or trip functions.”

FREQUENCY NOTATION

The FREQUENCY NOTATION specified for the performance of surveillance requirements shall
correspond to the intervals defined in Table 1.9.

MEMBER(S) OF THE PUBLIC

MEMBER(S) OF THE PUBLIC (for purposes of 10CFRS0, Appendix 1) shall include all persons who are |
not occupationally associated with the plant. This category does not include employees of the utility, its
contractors, or vendors. Also excluded from this category, are persons who enter the site to
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TABLE16 -~
P (Conlinued) -

Defintion of Tems -~ . - . i

service equipment or to make deliveries. This category does include persons who use ponuons of .
the site for recreational, occupallonal or other purposes not assoclaled with the site operallons or. .

* decommissioning of the plant.

'OFE-SITE DOSE CALCULATION MANUAL (ODCM)

The ODCM contains the melhodology and paramelers used in the calculation of oll-sile doses o

resulting from radioactive gaseous and liquid effluents, in the calculahon of gaseous and liquid
effluent monitoring alarm/lrlp setpoints, and in the conduct of the Environmental Radlologlcal
Monitoring Program. The ODCM also contalns (1) the Radioactive Elﬂuent Controls and
‘Radiological Environmental Monitoring Programs requlred by Appendlx D, Section B.4 of the

YDQAP and (2) descnplions of the information that should be included in the Annual Radiological -

. Environmental Operating and Annual Radioactive Eflluent Release Reports required by
Controls 7.1 and 7.2, respectively.

OPERABLE - OPERABILITY

A system, subsystem. train, component, or device shall be OPERABLE or have OPERABILITY
when it Is capable of peforming its specified function(s). lmplucut in this definition shall be the

assumption that all necessary attendant instrumentation, controls, electric power, cooling orseal

water, lubrication, or other auxiliary equipment that are required for the system, subsystem, train,

component, or device to perform its function(s) are also capable of performing their related support. -

function(s).

SITE BOUNDARY

The SITE BOUNDARY shall be that line beyond which the land s not owned, leased, of otherwise
controlled by the licensee. Any area within the SITE BOUNDARY used for resldenllal quarters or
recreational purposes shall be considered to be beyond the SITE BOUNDARY for purposes of

. meeting gaseous effluent dose controls. (Realistic occupancy lactors shall be applied at these -

locations for the purposes of dose calculallons )

SOURCE CHECK .

A SOURCE CHECK shall be the qualllauve assessment of channel response: when the channel -
sensor is exposed to radiation.

K
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(Continued) f_ e

Definition of Terms " * "~

reduce radioactive material in partlculate form'in gaseous ettluents by passlng ventllatlon or vent
exhaust gases through HEPA filters for the purpose of removlng particulates from the gaseous

exhaust stream prior to release to the envnronment _Such a system ls not oonsldered to have any
effect on noble gas effluents. :
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Dose Factors Specific to the- Yankee Plant for

1=Iguld Release

Total Body Dose' M Maximum Organ .
Factor .- . Dose Factor

Radionuclide

H-3 se9x10* [T ,..5'.99x1o*.5

G e N
A LATTaWeRiN

AL LS~

C-14 | C164x100% | EY 88100

e

iy

Fe-55 346x10% . | C241x10t

o
oA

Ve

Co-60 | 279x10° | 9.04 x 10"

cimly, e

-z

Mg

Sr-90 ,  6.97x10" i 2.75 x 10”2

A
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EXPEY SRR KC SN RS PR

Ag-110m : - 232x102° 0 Ja21x10%

— —— — — —
N

@ Cs-134 C179%10% | 240x10"

Cs-137 1.07 x 10 T 07x10"
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Ag108m/Ag108 ~.5.70x10" S 18ix10® ||
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TABLE1g ™ - T

Dose and Dose Rate Factors Specific 1o the Yankee Plant for

Tritium and Particulate Gaseous Releases

Radionuclide

Critical Organ .. ..
‘Dose Factor '~

OFG,, (T2

. Critical Organ .« - |-~

- Dose Rate Factor * -~

) DFGfoo '(mrem-sec]i

KCi-yr )"

H-3

7.21x 10°

2.27x 10"

C-14

4.38x% 10*°

1.38 x 102

Co-60

4.08x 10" "

CAs1x10®

Sr-90

2.36x 10

. 7.44 x 10"

Ag-110m

3.63x 10%

1.22x 10"

Cs-134

8.52x 10"

2.83 % 10%

Cs-137,

8.71x 10"

2.97x10°

Ag108m/Ag108

5.36x10*2

2.42x10"
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" TABLE 1.9

Frequency Notation
Notation Ffequency

S .| Atleast once per 12 hours.
D Atleast once per 24 hours.
w At least once per 7 days.
M At least once per 31 days.
Q At least once per 92 days.
SA At least once per 184 days.
R At least once per 18 months.
P Prior to each release.
N.A Not applicable.
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RADIOACTIVE LIQUID EFFLUENTS
2.1 Off-Site Concentrations

Control 2.1 In accordance with Yankee Decommissioning Quality Assurance Program

(Appendix D, Section B.4.a), the concentration of radioactive material feleased to Unrestricted S
. Areas (see Figure 1-2) shall be limited to the concentrations specltied in 1 OCFR Part 20,
Appendix B, Table Il, Column 2, for all radionuclides. : :

Applicability
At all times.

ACTION

With the concentration of radioactive material released from the site to Unrestricted
Areas exceeding the above limits, without deiay, take actions to restore the concentration to
within the above limits.

Survelllance Requirements .

SR2.14.1 Radroactive liquid wastes shall be sampied and anaiyzed accordmg to the sampiing
and analysis program of Table 2.1. .

SR 2.1.2 The results of radioactive analysis shall be used in accordance with the methods of
the ODCM to assure that concentrations at the point of reiease are maintained within the iimits
of Control 2.1. : .

Bases

Control 2.1 is provided to ensure that the at any time concentration of 'radioactiue _
materials released in liquid waste effluents from the site above background (unrestricted areas

for liquids is at the point of discharge from the plant discharge structure into Sherman Pond) will

be less than the concentration levels specified in 10CFR Part 20, Appendlx B, Table I,
Column 2 (Appendix B of the ODCM contains a listing of these values as taken from the S
regulations). These requirements provide operational {lexibility, compatible with considerations
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of heallh and safety, which may temporarlly tesult In releases hlgher than the absolute value of - L{S
e the concentration numbers in Appendix B, but still within the annual average limitation of the
- ' revised (January 1, 1993 effective date) 10CFR, Part 20, regulatlon. __Compliance with the

' design ob]ective doses of Section Il.A of Appendix | to 1OCFR Part 50, assure thal doses are

1OCFR20 1001-20 2401 will not be exceeded
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TABLE21 ~ S
Radioactive Liquid Waste Sampling an'd' Analg@' is Prog' ram '

Liquid Release Type

~Sampling
Frequency

Minlmum =

Analysis

Frequency ' -

Typeol - .:
" Activity s
- Analysls 5.4

"~ of Detection -
i LLDW

A.Batch Waste
Release Tanks®™

(Including SFP
drain down via
batch effluent
test tanks in
batch mode)

P
Each Batch

P

Each Batch |

© | Princlpal . ...

Gamma .-
Emitters® -

2 5.00%x107

RSN

o LowerLimit |

o (uCHMIY |

P
Each Batch

Composite'

Tritium

. 1.00x10%

"] Gross Alpha

- 1.00x107 .}

T—
Each Baltch

Composite® -

Sr-90

5.00x 10°

Fe-55

1.00 x 10

Plant Continuous

Releases®
Turbine Building
Sump

. Deleted :
(Pathway Abandoned)

. Plant Continuous

Releases'®

SFP drain down

-skid for direct

release or
addition to
TK-39"

Continuous®

M2
Composite®

Principal Gamma
Emitters(f) -

5.00x.107

Continuous'®

M
Composite? - -

Tritlum' -

1.00%10°

'| Gross Alpha

1.00x107

Continuous®

Q
Composite™®

Sr-90 |

500X 10°"

Fa-55

1.00x10°

. Construction

Dewatering®™

P
Each B_alch

. P
Each Batch

Principal Gamma
.| Emitters®

5.00x 107

Tritium

].5-1.00x10%

P
Each Batch

M
Composite'

.| Gross Alpha . |

1.00 x '19‘7 P

P
Each Batch

Q

Sr-90

5.00 x 10°

| Fe-55

S
Rty

2 vt

. hoT. . - - .
L - TR R TP TR
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TABLE 2.1
(Continued) a

Notahon

The LLD is defined in Table Notation (a) of Table 4. 3 of SR 4.1.

A batch release is the discharge of liquid wastes ofa drscrele volume Prior to samphng_;‘* -
for analysis, each batch shall be isolated and lhorough!y mixed to assure representatrve
" sampling. For construction dewatering sources, a sample aquuot for every 1000° gallons '

(or less) of water transferred to temporary holdmg tanks or basins not capable of .-
recirculation or internal mixing shall be collected and composited to satisfy.

representative sampling requirements. Alternately. if three separate samples taken from

the dewatering source indicate that the gamma emitter/tritium radioactivity does not vary
by more than a factor of two, then the dewaterin'g operaﬁon may be considered as a
continuous discharge where a composite sampler.on the discharge line will collecta -
representative sample for analysis following the release.

A composite sample is one in which the qu’ar\tity of liquid sampled is propbrﬂonal to the
quantity of liquid waste discharged and in which the ‘method of samplrng employed
results in a specimen which is representative of the quurds released If there is no
effluent discharge during the period, no composite sample of collected waste is requrred

~ Prior to analyses, all samples taken for the composite shall be thoroughly mixed in order
for the composite sample to be representative of the average effluent release.

A continuous release Is the discharge of liquid wastes of a nondiscrete volume; e.g.,

from a volume or system that has an input flow durlng periods when flow exlst through
the system.

The principal gamma emilters for which the LLD requirement applies exolusively are the -

following radionuclides: Co-60, Cs-134, and Cs-137. This list does not mean that only

these radionuclides are to be detected and reported ‘Other peaks that are. measurable -

and identifiable, together with the above radionuclides, also shall be identified and °
reported. Radionuclides that are below the LLD for the analyses should no\ be reported
as being present at the LLD level. '

If SFP drain down process flow is halted to allow for SFP hydrolazing, a liquid grab. .

sample from the SFP shall be taken and analyzed for gamma isotopic activity in. -
accordance with notation {. above before discharge flow is re-established when the

release path is in the continuous mode to either the Auxrhary Service Waler (ASW) lor o

immediate release to the envuronment or to TK-39 for future release

SR
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22" Method to Calculate Off-Site Liquid Concentrattons

il

e

e

The basis for plant procedures that the ptant operator requxres to meet Control 2 1 a
which limits the total fraction of MPC - (F, ) in Itqutd pathways at the potnt of dnscharge (see i,
ODCM Fi igure 6-1) is discussed. (F.) Is trmtted to Iess than or equat to one"l e.

<
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e

Evaluation of (F,) Is required concurrent with the samplmg and analysts program in
Table 2.1 of Controt 2.1. , T .o

LWyt
FEE

Determine the total fraction of MPC in liquld pathways as follows: /.. =

it

s S,
g WA

SN

(7)=3 L o . r (Eq2-1)

S TE S

Where:

L
PG N LR I

_ . MPC;, = Maximum permissible concentration of rad:onuchde Q" (1OCFFt Part 20,
Appendix B, Table 2, Cotumn 2. See Appendrx B ot ODCM for lrsting)
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b,

Concentration at the point of discharge of radionuolide "i trom the test tenk. 1

Concentration at the point of dlscharge of radlonuclide

“i* from the Auxlliary
Service Water System. " * A

Concentration at the polnt ol dlsoharge of radionuclide "i' 1rom any other -t _"’:-A

significant sources which may be created during plant decommlssionlng
activities.

2.3 Method to Determine Radionuclide Concentration for Each Liquid Effluent Pathﬁv_ay, i

s rin

2.3.1 Test Tank Pathway

"..}p

_ o P . g
Cis determined for each radlonuchde above the analytlcal LLD from the aclivity ln a. 7«:

proportional grab sample of the test tank and the predlcted flow at the point of dnscharge. 3 ;**

k]

.

Most penodlc batch releases are from the two 5000-gallon capacity test tanks. Wher_\

test tanks are filled with liquid waste, they are isolated for sampling and release. The volur'ne.of - 3

the tank's contents are determined from the liquid level in each tank. A chemist extractsa

. sample for radionuclide analysis. Aliquots of the sample proportional to the volume of the tank'
contents are composited for appropriate radionuclide analyses. ]‘ he composltes contaln _ 4

“sultable aclds, alkalis, or carriers to assure the composite is represenlatlve of the sample. g ’:
Composlte samples are analyzed at a minimum for tntlum and gross alpha acllvity At a ' -"

minimum, each test tank is analyzed for principal gamma emitters. , : | 4

B ‘ﬁ
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2.3.2 Auxiliary Service Water System Pathway

‘ . C/"S is determined for each radlonuclnde above the anatytacal LLD from the actlvrty in

‘composrte samples from the effluent Imes of the Auxmary Servrce Water System downstream of
any potentlal mteakage source. :

2.3.3 Remaining Pathways
CP™" is determined for each of the remaining pathways as follows:
a. Miscellaneous batch releases of potentially contammated water, i.e., rain water |

-analyzed to environmental detection levels and treated like a Test Tank
according to Section 2.3.1 if plant related radroactrvnty is detected

b. Construction Dewatering: The dismantling of bunldmg and related structures.

+ including foundation excavations, may fill with either ground water or storm
water. The water-filled excavalions, in many cases, must be dewatered to -
complete the dismantling actrvrty Construction dewatering may also include -
water generated during the process of duggmg new ground water monrtonng

_ wells, or other dismantlement / demolition related water and waste water
. sources. This discharge will b:e dlrected to either the exlstmg s_tonn drain systems
or process treatment flow path with final release to Sherman Pond or the .
Deerfield River just below the Sherman Dam. With respect to effluent control, the
dewatering will be sampled and analyzed to determine the radlonuctrde content
as detailed in Table 2.1. Releases to the envuronment wnthout treatment wnll occur
only if the pro;ected impact is less than ODCM Control 6.1 dose lrmlts If hlgher

release to reduce the radtonuchde tnventory (other than tntrum)

C. Spent Fuel Pool Draining: After all spent fuel and other contamlnated matenats
are transferred to the lndependent Spent Fuel Storage Installation (ISFSI), the
Spent Fuel Pool (SFP) will be drained before dlsmantlement of this tacrlrty
Discharge of the SFP water in either batch or continuous mode will be treated by

demineralization and filtration before release to Outfall 001. Figure 6 1 indrcates g

the flow paths and in-line radration momtormg pnor to release. LA,
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activity water is found, it will be treated as appropriate (see Flgure 6 1) pnor to o
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3.0 DOSE/DOSE RATE CONT ROLS AND CALCULATIONS

3.1 Dose Due to Radloactnve quuud Effluents

Control 3.1 In accordance with Yankee Decommissioning Quality Assurance Program
(Appendix D, Sectin B.4.a), the dose or dose commitment to a MEMBER OF THE PUBLIC from -

radioactive materials in liquid effluents released from the site (see Figure 1-2) to available
uptake pathways shall be limited: '

a.-  During any calendar quarter: less than or-equal to 1.5 mrem to the total body
and less than or equal to 5 mrem to any organ, and

b. Dunng any calendar year: less than or equal to 3 mrem to the total body and
less than or equal to 10 mrem to any organ.

Applicability
| At all times.
ACTION
a. With the calculated dose from the release of radioactive materials in liquid

effluents exceeding any of the above limits, and if not applicable to 10CFR
Part 50.73, prepare and submit to the Commission within 30 days, pursuant to
_Control 7.4, a Special Report which identifies the cause(s) for exceeding the
limit(s) and defines the corrective actions taken to reduce the releases and the
proposed corrective actions to be taken to assure that subsequent releases will
be within the above limits.

Surveillance Requirement

‘SR 8.1 Dose Calculations - Cumulative dose contributions from liquid effluents shall be
determined in accordance with the ODCM at least once per 31 days.

Bases

Control 3.1 is provided to implement the requirerﬁénts of Sections {l.A, lll.A, and IV.A of
.Appendix [, 10CFR Part 50. The control implements the guides set forth in Section Il.LA. The

Revision 15
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-ACTION statements provide the required operating flexibility and at the same time jmpiement
the guides set forth in Section IV.A of Appendix | to assure that the releases of radioactive
materials in liquid effluents will be kept as low as is reasonably achievable. The surveillance
requirement implements the requirements in Section lll.A of Appendix | that conformance with
the guides of Appendix | be shown by calculational procedures based on models and data such
that the actual exposure of a MEMBER OF THE PUBLIC through appropriate pathways is
unlikely to be substantially underestimated. Existing pathways of liquid exposure to
- MEMBER(S) OF THE PUBLIC which form the basis for calculating liquid doses in the ODCM

. are described in detail in Yankee Atomic Electric Company's design report, *Supplemental
Information for the Purpose of Evaluation of 10CFR Part 50, Appendix I*, dated June 2, 1976

(with amendments). The point of exposure from existing pathways for dose calculational
purposes is taken downstream of Sherman Dam in the Deerfield River. The equations specified

in the ODCM for calculating the doses due to the actual release rates of radioactive materials in

liquid effluents were developed from the methodology provided in Regulatory Guide 1.109,

"Calculation of Annual Doses to Man from Routine Releases of Reactor Effluents for the
Purpose of Evaluating Compliance with 10CFR Part 50, Appendix |,* Revision 1, October 1977,

and Regulatory Guide 1.113, "Estimating Aquatic Dispersion of Effluents from Accidental and

Routine Reactor Releases for the Purpose of Implementing Appendix 1," April 1977. Also, there

is reasonable assurance that the operation of the facility will not result in radionuclide

concentrations in finished drinking water that are in excess of the requirements of 40CFR141.

No drinking water supplies from the Deerfield River below the plant have been identified.

Revision 15
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3.2  Total Dose Due to Radioactive Liquid and Gaseous Effluents -

Control 3.2 In accordance with Yankee Decommissioning Quality Assurance Program
(Appendix D, Section B.4.a), the dose or dose commitment to any real MEMBER OF THE
PUBLIC from all station sources is limited to less than or equal to 25 mrem to the total body or
any organ (except the thyroid, which is limited to less than or equal to 75 mrem) over a calendar

year.

Applicability

At all times.

ACTION

a.

Revision 15

With the calculated dose from the release of radioactive materials in liquid or
gaseous effluents exceeding twice the limits of Controls 3.1.a, 3.1.b, 3.4.a, 3.4.b,
3.5.a, or 3.5.b, calculations should be made including direct radiation

4

“contributions from the reactor and from outside storage tanks to determine

whether the above limits of Control 3.2 have been exceeded. If such is the case,
and if not applicable to 10CFR Part 50.73, prepare and submit to the
Commission within 30 days, pursuant to Control 7.4, a Special Report that
defines the corrective action to be taken to reduce subsequent releases to
prevent recurrence of exceeding the above limits and includes the schedule for
achieving conformance with the above fimits. The Special Report shall include
an analysis that estimates the radiation exposure (dose) to a MEMBER OF THE
PUBLIC from station sources, including all effluent pathways and direct radiation,
for the calendar year that includes the release(s) covered by the report. It also
shall describe levels of radiation and concentrations of radioactive material
involved and the cause of the exposure levels or concentrations. If the estimated
dose(s) exceeds the above limits, and if the release condition resulting in
violation of 40CFR Part 190 has not already been corrected, the Special Report
shall include a request for a variance in accordance with the provisions of
40CFR190. Submittal of the report is considered a timely request, and a
variance is granted until staff action on the request is complete.



PTee)
~—

Surveillance Requirement

SR 3.2_ Dose Calculations - Cumulative dose contributions from liquid and gaseous effluents
shall be determined in accordance with SR 3.1, 3.4, and 3.5 and in accordance with the ODCM.

Bases

~ Control 3.2 is provided to meet the dose limitations of 40CFR Part 190 that have been
incorporated into 10CFR Part 20 by 46FR18525. The control requires the preparation and
submittal of a Special Report whenever the calculated doses from plant radioactive effluents
exceed twice the design objective doses of Appendix |. For sites containing up to four reactors,
it is highly unlikely that the resultant dose to a MEMBER OF THE PUBLIC will exceed the dose
limits of 40CFR Part 190 if the individual reactors remain within the reporting requirement level.
The Special Report will describe a course of action that should result in the limitation of the
annual dose to a MEMBER OF THE PUBLIC to within the 40CFR Part 190 limits. For the
purposes of the Special Report, it may be assumed that the dose commitment to a MEMBER
OF THE PUBLIC from other uranium fuel cycle sources is negligible. If the dose to any
MEMBER OF THE PUBLIC is estimated to exceed the requirements of 40CFR Part 190, the
Special Report with a request for a variance (provided the release conditions resulting in
violation of 40CFR Part 190 have not already been corrected), in accordance with the
provisions of 40CFR Part 190.11, is considered to be a timely request and fulfills the
requirements of 40CFR Part 190 until NRC staff action is completed. The variance only relates
to the limits of 40CFR Part 190 and does not apply in any way to the other requirements for
dose limitation of 10CFR Part 20, as addressed in liquid and gaseous effluent controls.
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' QQ_mLQl_Q.a In accordance with Yankee Decommlsslonlng Quahty Assurance Program .
. (Appendix D, Sectin B.4.a), the dose rate dueto radioactrve materials released in gaseous

'Survemancg Regulremgmg

" accordance with the methods and procodures of the ODCM by obtaining representatrve

FLEERS

3%

®

3.3 'Dose Rate Due to Radioactive Gaseous Eﬂluents '

oy
2RI I8 el
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effluents from the site to areas at and beyond the. SITE BOUNDARY (see FTgure 1 1)'shan be '
limited to the tonowing

=
A

¥

8

a. - For noble gases (Kr—85) less than or equal to 500 mrem/yr to lhe total body an A%

‘less than or equal to 3,000 mrem/yrto lhe skIn, and ST ' )

b. For tritium, and radronuclrdes in pamculale 1orm with half-lrves grealer than “%

8 days: less than or equal to 1 500 mrernlyr to any organ. L ;{

Applicability .. | .S
Atalltimes. - ' T Sl L &
ACTION
With the dose rate(s) exceeding the above limits, wrthout delay. take actions to decrease {

the release rate to within the above limit(s). ' %§

SR 3. 3,1 The dose rate due to noble gases In gaseous efﬂuents shall be delennlned to be : _
within the above limits in accordance with the rnethods and procedures of the ODCM R

SR S,S.g "“The dose rate due to tritium, and radionuclides in parﬂculate form with half-hves'
greater than 8 days, In gaseous effluents shall be determined to be within the above limits in

samples and per!ormlng analyses in accordance wrth the samplmg and ana!ysls program - :
speciﬂedlnTablea1 : ; L RERUE

Bases -

The speciﬁed limits 'as determined by the methodology in the ODCM, res_t'rlct. at ain
times, the corresponding gamma and beta dose rates above background to a member of the

oy
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, pubhc at or beyond the site boundary to (500) mrern/year to the total body or to A
' (3,000) mrem/year to the skin. This lnstantaneous dose rate limlt allows for operatlonal v
' flexibility when off normal occurrences may temporanty Increase gaseous etﬂuent re!ease rates

- from the plant, while still providing controls to ensure that lnoensee meets the dose objecttves of SN
‘Appendix | to 10CFR50. i ; \
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_ Control 3 .3 also restricts, at all times. oomparable wnth the length ot the sampllng perlods
_of Table 3.1 the corresponding maximum’ organ dose rate above background to
., 1500 mrem/year for the highest impacted receptor tothe plant R
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" TABLE 3.1

Radioactive Gaseous Waste Sampling and Analysis Program

5B 8 et at Bacebes wo i Pt B S D St -
L o AR

' : Sampling Minimum Analysis , LLD
Gaseous Release Type Frequency Frequency Type of Activity Analysis pCV/mi®
d i | A. Plant Vent (Primary M _ M Principal Gamma Emitters ® 1x10*
e Vent Stack) ~ Grab Sample . | Tritium T 1x10°
Continuous® we Principal Gamma Emitters ®, Gross Alpha 1x10"
. Particulate _ oo
Continuous'® Q Sr-90 1x 10"
. Composite :
Particulate Sample ' L
Continuous® . Noble Gas Noble Gases B : - 1x10°
: Monitor. - | Gross Betaor Gamma . © T

.
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TABLESY i+ "
(Continued) © "

o Table Notation

a. The LLD is defined in Table Notatlon (a) of Table 4 l ot Control 4 1.

o

b. The principal gamma emitters for which the LLD control apphes exclustvely are the s —i"{
following radionuclides: Kr-85 for gaseous emisslons and Co-60, Cs-134,and Cs 187" i
for particulate emisslons. This list does not mean that only these radlonuchdes are 10 be 2. B

e
sy

R S AT P PR

detected and reported. Other peaks which are rneasurable and ldentmabte. together N
with the above radionuclides, also shall be identified and reported Radnonuchdes wh!ch
are below the LLD for the analyses should not be reported as belng present atthe LLD
level for that radionuclide.

7/

. C. Samples shall be changed at least once per7 days, and anatyses shatl be completed

within 48 hours after changing or after removal trom samplers. ‘
d. The ratio of the sample flow rate to the sarnpled' stream'ﬂow rate shall be known for th'e‘
time period covered by each dose or dose rate catculatnon made in accordance wﬂh S _
Controls 3. 3 3.4, and 3.5. T , - T x

«

b
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>following:

' 3.4 Dose Due to Noble Gases Released in Radioactive Gaseous El’llue'nls-

Control 3.4 In accordance with Yankee Decommlsslonlng Quallty Assurance Program
(Appendix D, Sectin B.4.a), the air dose due to noble gases’ released in gaseous ellluenls lmm
the site to areas at and beyond the SITE BOUNDARY (see Flgure 1-1) shall be lrmlted lo the

._.4

a. Durlng any calendar quarter' less than of equal to 5 mrad lor gamma radrallon
“and less than or equal to 10 mrad for beta radratron. and

b. During any calendar year: less lhan or equal to 10 mrad lor gamma radlatlon.
and less than or equal to 20 mrad lor beta_ radiation. -

Applicabliity

At all times.

ACTION

a.  With the calculated alr dose from radioactive noble gases in gaseous effluents
exceeding any of the above limits and i not applrcable to 10CFR Part 50 73,

prepare and submit to the Commission within 30 days, pursuant to Control 7.4,a

Special Report which ldenlrﬂes the cause(s) for exceedrng the lrmll(s) and
defines the corrective actions to be taken to reduce the releases and the
proposed corrective actions to be-taken to assure that subsequent releases will -
be within the above limits.

Sur\relllancg Requirement

SR 34 Dose Calculations - Cumulative dose contributions for current calendar quarter and

' current calendar year shall be determlned ln accordance wrth the'ODCM at least once every 31 -

Control 3.4 is provided to implement the requlrements of Sectrons I.B, lILA, and VAol .

Appendix |, 10CFR Part 50. The control implements the guldes set forth in Section Il.B. The
ACTION statements provide the required operatrng flexibility and at the same time lmplement
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~ gaseous effluents will be kept "as low as is reasonably achlevable. “The surveillance - - o

: Purpose of Evaluatmg ‘Compliance with 10CFR Part 50, Appendnx I Revislon 1, October 1977

'the guldes set forth ln Section IV.A to assure that the releases of radnoactlve material ln -

PR el el
;'ff'.v.;t:‘:‘ SR 2, e

requirement lmplements the requlrements in Section Il A of Appendlx | that conformance wlth co
the guides of Appendtx I be shown by calculatlonal prooedures based on models and data such f
that the actual exposure of a MEMBER OF THE PUBLIC through approprlate pathways ls L
_unlikely to be substantially underestimated The equatlons specttled ln the ODCM lor

14w
e

.calculatlng the doses due to the actual release rates of radloactlve noble gases ln gaseous i

eftluents were developed from the methodology provlded in Regulatory Gulde 1.109; " L
*Calculation of Annual Doses to Man from Routine Releases of Reactor Effluents for the R

and Regulatory Guide 1.111, "Methods for Esttmatlng Atmospherlc Transport and Dispersion of -
Gaseous Effluents In Routine Releases from nght-Water Cooled Reactors. Revision 1, July -

1977. The ODCM provldes for determining the air doses at the SITE BOUNDARY based upon o
the hlstorlcal average atmospheric conditions. SRR I P
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: 3.5 Dose Due to Tritium and Radtonucttdes In Parttcutate Form Wrth Hatt Ltves Greater than

- (Appendix D, Sectin B.4.a), the dose toa MEMBER OF THE PUBLIC from trittum. and .

Eight Days

- .r', ;;;;

Control 3.5 In accordance with Yankee Decommtsstontng Quatrty Assurance Program

¥

“radionuclides In particulate form with half-lives greater than 8 days in gaseous ettluents

---released from the site to areas at and beyond the SITE BOUNDARY (see F‘gure 1-1) shatt be L
~limited to the following: o _ Lo S S o :-' L

v

a. During any calendar quarter: less than or equal to7. 5 mremto. any organ, and

b. During any calendar year: Iess than or equal to 15 mrem to any organ.

licablli

At all times.

a. With the calculated dose from the release ot radioactive rnatenats in parttcutate
form, or radionuclides other than nobte gases in gaseous effluents exceedmg any
of the above limits, and I not appttcabte to 10CFR Part 50.73, prepare and ~
submit to the Commission wtthtn 30 days, pursuant to Control 7.4, a Spectat
Report which identifies the cause(s) for exceeding the limit and defines the.
corrective actions taken to reduce the releases and the proposed corrective

actions to be taken to assure that subsequent releases will be within the above
trmtts.

‘Survetttance Requirement

SR 3.5 Dose Calculations - Cumulative dose oontnbuttons tor the current calendar quarter and

_current calendar year for tritium, and radionuclides in'particulate form with half-lives greater than’
"8 days shall be determined in accordance with the ODCM at least once every 31 days. -

Revision 15
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- release rate speclllwtlons for tritium, and radionuclides in partlculate form with half-lives greater ]

Control 3.5 Is provided to implement the requlrements ol Sectlons ll C lll A and lV A ol
Appendix 1, 10CFR Part 50. The control is the gulde set forth ln Sectlon 1I.C. The ACTION -
statements provide the required operating llexlbllrty and et the same tlme implement the guldes

" set forth in Section IV.A of Appendrx Ito assure that tbe releases ol rad‘oactlve materials In'is
~ - gaseous effluénts will be kept *as low asls reasonably aohlevable.' b
" requirement implements the requlrements in Section Il A of Appendrx I that conlormance wrlh
-the guides of Appendix | be shown by calculational procedures based on models and data suclt .

"The survelllance

that the actual exposure of a MEMBEH OF THE PUBLIC through approprlate pathways ls
unlikely to be substantially underestimated. The equatlons specmed ln the ODCM for -

- calculating the doses due to the actual release rates ot the sub]ect matenals were developed A

using the methodology provlded in Regulatory Guide 1.109, 'Calculatlon of Annual Doses to ..
Man from Routine Releases of Reactor Effluents for the Purpose of Evaluating Compllance wuth
10CFR Part 50, Appendix I," Revision 1, October. 1977. and Regulatory Gulde 1.111 'Methods ;
for Estimating Atmospheric Transport and Dlsperslon of Gaseous Effluents In Routine Fteleases .
from Light-Water Cooled Reactors,” Revision 1, July 1977. These equations also provlde for =
determining the actual doses based upon the historical average atmosphéric conditlons. .The

than eight days are dependent on the existing radionuclide pathways to man in areas at and
beyond the SITE BOUNDARY.: The pathways whlch were examlned in the development of
these spacifications were: (1) individual lnhalatlon ol elrbome radlonuclldes, {2) deposltlon ol
radionuclides onto green leafy vegetatlon with subsequent consumptlon by man, (3) deposltlon
onto grassy areas where milk and meat anlmals graze with consumption of the milk and meat
by man, and (4) deposition on the ground with subsequent exposure of man., -




3.6  Dosae Calculation Concepts

Controls 3.1 through 3.5 elther limit dose or dose rate. The temt 'dose lor lngested or
inhaled radioactivity means the dose commitment, ‘measured In mrem, Whlch results from the :'
exposure 1o radioactive materials that, because of uptake and deposition In the body, will %" 7 T
conlinue to expase the body to radiation for some period of time after the source of radloactlvlty I
Is stopped. The time frame over which the dose commitment Is evaluated is50years. The . . -

. phrases *annual dose" or "dose in one year" then reler to the lnlty-year dose commitment trom
» - one years worth of releases. *Dose in a quarter' slmllarty means a lrtty-year dose oommltment 2P

' - from one quarter's releases. The term "dose. with respect to extemal exposures. such as to
- noble gas clouds, refers only to the doses received durtng the actual time pertod of exposure to:

' _ the radioactivity released from the plant. Once the source of the radroactlvnty Is removed there IR
e Is no longer any additional accumulation to the dose commltment : e o .jf-‘~ I
The quantities D and D are lntroduced to provlde calculable quantities, related to oft-slte R -

dose or dose rate which demonstrates oompllance with the oontrols. o - ~>..z. FRPEERE e

The dose, D, is the quantity calculated by the Chapter 3 dose equatlons. .'Ihe D
calculated by "Method I* equations is not necessarlly the actual dose recelved bya real :. o
: {individual, but usually providés an upper bound for a glven release because of the’ oonservatlve R
e o margln bullt into the dose factors and the selectlon end definition of the crltical receptors. The SRR
. radlolsotope specific dose factors in each 'Method 1" dose equation represent the greatest dose i :
@ : to any organ of any age group acoountlng for existing or potentlal pathways of exposure. The S
critical receptor assumed by "Method I* equations Is typlcally a hypothetical Individual whose- =~ - - i
behavior in terms of location and intake:results in'a dose which Is expected to be hlgher than - '

any real individual. Method Il allows for a more exact dose dalculatlon for real lndrvlduals tt

necessary by oonslderlng only existing pathways of exposure with the reoorded release. o

)

[ N
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.radxoactrve material in liquid effluents to 1.5 mrem per quarter and 3 mrem per year.. Control 6.1

3.7 Method to Calculate the Total Body Dose trom l.lquld Releases

Control 3.1 fimits the total body dose commltment to a MEMBER OF THE PUBLlC lrom R

requires liquid radioactive waste treatment when the total body dose estlmate exceeds
0.06 mrem in any 31-day period. Control 3.2 llmlts the total body dose’ commltment to any real RATRRE
MEMBER OF THE PUBLIC from all station sources (lncludrng liqulds)'to 25 mrem ina year," i
Dose evaluation is requlred at least once per 31 days. Ifthe fiquid radroactlve waste treatment
ystem s not being used, dose evaluation is’ required belore each release. ;- R ;?f; -
To evaluate total body dose for Control 6 1 add the total body dose lrom today's
expected releases to the total body dose accumulated lor the time perlod ol lnterest My

. x_'l\ PO

3.7.1 Method |

The total body dose from a liquid release Is:

{mrem)

Where:
OFLy, = Slte-specmc total body dose factor (mrem/Cr) lor IIQUld release. See
Table 1.7.
Q = - Total aclivity (Curies) released to lnqulds of radlonucllde " durlng the perlod
of interest. -For. i= Fe-55, Sr-80, or H-3, use the best estlmates (such as the |
most recent measurements)
K = 366/Fq; where Fd is the average (typlcally monthly average) dllutlon flow of

the Deerfield River below Sherman Dam (In ft’/sec) it Fd cannot be obtalned
or Fqls greater than 366, K can be assumed to equal 1.0 “The value. 366 is.
the ten-year minimum monthly average Deerfield River llow rate below o
Sherman Dam (in ft¥/sec). :

Revision 16
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consider Method ll):

. a. Liquid releases to the: auxlheiy service water pathway to Sherman Pond or
and 004 as specified in Reference K. )
"b.  Anycontinuous or batch release over eny (in_ie peffod. ¢ T v

3.7.2 Method li

calculation Is required, then Method 1l should be applied. Method I consists of the models,
Input data, and assumptions in Regulatory Gulde 1.109, Rev. 1 (Reference A), except where.
site-specific models, data, or assumptions are more apph_cable The base case analysisis'a -

3.7.3 Basis for Method 1

Method | may be used to show that the controls which limit off-site total body dose from

liquids (Controls 3.1, 3.2, and 6.1) have been met for releases over the appropriate periods.
These requirements are based on deslgn objectives and standards in 10CFR Part 50 and
40CFR Part 190. Control 3.1 is based on the ALARA design controls In 10CFR Part 50,

. Appendix 1, Subsection Il A. Control 6.1 is an "appropriate fraction®, determined by the NRC. of
the ALARA design control. Control 3.2 is based on Environmental Standards for the Uranium

- Fuel Cycle in 40CFR Part 190 which applies to dlrect tadiation as well as llquld and gaseous .

effluents. Method | applies only to the liquid contnbution )

Method | was developed such that "the actual exposure of an individual .. . Is unlikely to
receptor” (a hypothetical lndnvudual whose behavior results in an unreahsucally high dose)
provides part of the conservative margin to the calculation of total body dose In Method L.

Method Il allows that actual individuals with real behavlors be taken into account for any glven

average conditions Instead of any real individual. The analysls was called the "base case"; It

. Ravislon 16

Equation 3-1 can be applied under the (ollow!ng condmons (otherwlse ]ustify Method 'l‘or_.:" L

Deerfield River just below the Sherman Power House Dam. (Outfalls 001, 003 ay

S s do e e
L SRRV STOR L SRR o g
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If Method I cannot be applied or if the Method | dose exceeds the limit or if a more exact -

good example of the use of Method Il Itis an acceptable starting point for a Method 1l analysis.

il ARl e e et 4 PP
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be substantially underestimated (10CFR Part 50, Appendlx 1). The definition of a single "critical - _

release. in fact, Method | was based on a Method I analysls for the critical receptor and annual '
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was then reduced to form Method 1. The base case, the method of teduction, and the
assumptlons and data used are presented.

The steps performed in the Method | derivation follow. First, in the base case, the dose
impact to the critical receptor (in the form of dose factors in mrem/Ci) for a one Curie
release of each radionuclide in liquid effluents was derived. The base case analysis
uses the methods, data, and assumptions in Regulatory Guide 1.109 (Equations A-3, A-
7, A-13, and A-16, Reference A). Tables 3.2 and 3.3 outline human consumption and
environmental parameters used in the analysis. It is assumed that the critical receptor
fishes below Sherman Dam and eats the fish caught from this location and consumes
leafy vegetables and produce from a farm which is irrigated with water from the Deerfield .
‘River below Sherman Dam. It also is assumed that the critical receptor drinks milk and
eats meat from cows who drink water from the Deerfield River below Sherman Dam and
_ eat silage from the irrigated farm above.

- For any liquid release during any period, the increment in annual average total body
dose from radionuclide "i" is:

ADy, = (Q) (QFL«b)

where DFLy, is the total body dose factor for radionuclide *i*, and Q; is the activity of
radionuclide “i" released in Curies.

Method | is more conservative than Method Il because it is based on the following
reduction of the base case. The dose factors, DFLy, used in Method | were chosen from the
base case to be the highest of the four age groups for that radionuclide. In effect, each '
radionuclide is conservatively represented by its own critical age group.

Revision 11
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TABLE 3.2

Environmental Parameters for Liquid Effluents at Yankee Rowe

(Derived from Reference A)

_ Food Grown with Contaminated Water
Aquatic Shoreline _ Leafy .
Variable Food Activity Vegetables Veg. Meat Cow Milk
MP Mixing Ratio!" 0.84 0.84 0.84 0.84 0.84 0.84
TP Transit Time (hrs) 24,00 0.00 0.00 0.00 480.00 48.00 |,
YV Agricultural Productivity  (kg/m?) - - 2,00 2.00 2.00 2,00
P Soil Surface Density (kg/m?) - - 240.00 240.00 240.00 240.00
IRR Irrigation Rate (/m?hr) - - 0.15 0.15 0.15 0.15
TE Crop Exposure Time (hrs) - - 1440.00 1440.00 1440.00 1440.00
TH Holdup Time (hrs) - - 1440.00 24.00 2160.00 2160.00
QAW Water Uptake Rate for  (I/d) - - - - 50.00 60.00
Animal .
QF Feed Uptake Rate (ka/d) - - - - 50.00 50.00
Location of Critical Individual Below Below Below Below Below Below
Sherman Sherman Sherman Sherman Sherman Sherman
Dam Dam Dam Dam Dam Dam
M Listed mixing ratios apply to Method I dose factors. Method li analyses can apply calculated mixing ratios based on river flow and plant
discharge dilution flow which exist over the period of actual release.
Revision 11
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~ Age-Specific Usage Factors for Various Liquid Pathways at Yankee Rowe

TABLE 3.3

(From Reference A, Table E-5. Zero where no pathway exists)

: Leafy Potable
Age Veg. Veg. Milk Meat |- Fish | Invert. Water | Shoreline
Group | (kglyr) | (kghyr (Vyr) (kgfyr) | (kg/hr) | (kglyr) | (Vyr) (hriyr)

Adult 520.00{ 64.00| 310.00| 110.00 21.00 0.00 0.00 12.00
Teen 630.00| 42.00| 400.00 65.00 16.00 0.00 0.00 " 67.00
Child 520.00| 26.00{ 330.00 -41.00 6.90 0.00 0.00 14.00
Infant - 0.00 0.00 | 330.00 0.00 0.00 0.00 0.00 0.00
Revision 11
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3.8  Method to Calculate Maxlmum Organ Dose from quuid Releases

‘ . Control 3.1 limits the maximum organ dose commltment lo a MEMBER OF THE PUBLIC -
- from radioactive maerial in liquid effluents to 5 mrem per quarter and 10 mrem per year. . = ; A
Control 6.1 requires liquid radioactive waste treatment when the maxumum organ dose estlmate
exceeds 0.2 mrem in any 31-day period. Control 3.2 limits the maxlmum organ dose .. . o
commitment to any real MEMBER OF THE PUBLIC from all station sources (includmg liquids) """ '
10 25 mrem In a year except for the thyrold, which is limited to 75 mrem in a year. Dose” S

evaluation is required at least once per 31 days. If the quuid Radloactuve Waste Treatment
System Is not being used, dose evaluation Is requlred before each release e

To evaluate the maximum organ dose for Qontrol 6.1, add the organ dose from the' .
expected releases to the organ dose accumulated for the time period of interest. -

3.8.1 Method |

The maximum organ dose from a liquid release Is: .

(mrem)

Dorgan""KZQlDFleo . Lo ' . A . ' - - (Eq.3-2) .

Where:

@® DFLino

n

Site-specific maximum organ dose factor (mremICi) for a quuid release. See .

Table 1.7.

Q = Total activity (Curies) released to Irqulds of radronuchde " during the period
of interest. For = Fe-55, Sr-90, or H-3 use the best estlmates (such as the
most recent measurements).

K = 366/F4 where Fq4ls the average (typlcally monthly average) dilution ﬂow of

the Deerfield River below Sherman Dam (in ft%sec). If Fg cannot be obtalned . -
or Fqlis greater than 366, K can be assumed to equal 1.0. The value, 366,1s

Revislon 16
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consider Method 1):

a. Liquid releases to Sherman Pond or Deerheld Rrver just below the Sherman
Power House Dam, as specitred by Reference K :

LRI

T

toa
i

b. Any conlinuous or batch release over any time period. - .

R TISWT,

: s

3.82 Method Il _ | o
If Method | cannot be applied, or if the Method t dose exceeds the trmlt or lf a more ,*

exact ‘caleulation is required, then Method 1l should be applied Method Il conslsts of the . ;
models, input data, and assumptions in Regulatory Guide 1.1 09, Reviston 1 (Reference a),
except where site-specific models, data, or assumptions are more applicable. The base case | e
analysis is a good example of the use of Method il. It is an acceptable starting polnt tor a ,
Method Il analysis. S R ‘ b
3.8.3 Basis for Method I S :, A D . . U I :
The methods to calculate the maxlmum organ dose parallel the total body dose methods . #

(see Section 3.7.3). Only the differences are presented here. .
For any liquid release during any petriod, the increment In annual average dose trom l o ,.
radionuclide *i* to the maximum organis: . _ : R 4
. P . k ::;

ADiro = (Q)) (DFLinc)
where DFL.,,K, Is the maximum organ dose tactor tor radtonucllde r ] and Q Is the acttvity ot :f
radionuclide *i* released in Curies. : :

The dose factors, DFLin,, used in Method | were chosen from the base case lobe the + . :
highest of the set of seven organs and four age groups for each radionuclide. This means that o E1
the maximum effect of each radionuclide is conservatrvety represented by its own critlcal age ;
group and critical organ. :

Revision 16



6.9 Method to Calculate the Total Body Dose Rate lrom Noble Gases

: Control 3.3 limits the dose rate at any tlme to the total body.lrorn noble gas at any'
IOCCMOH ator beyond the SITE BOUNDARY equal 0 or less than 500 mrem/year.'

by v’}'

Compllance with the dose rate Ilmlts lor noble gases ls contmuously demonstrated when
ellluenl release rates are below the plant vent stack noble gas acttvlty monltor alarm setpolnt by

- virtue of the fact that the alarm setpolnt is based ona value whlch corresponds to the oll-slte o T
dose rate hmlt of Control 3.3 or a value below | [ - R
oy . Determlnatlons of dose rates for oompllance wlth Control 3. 3 are perlormed when the
, eltluent monitor alam setpolnt Is exceeded, and the oorrectlve actlon requlred by | Control 33 ls o )
" unsuccessful, or as required by the ACTION to Table 5 3 Mlen the stack noble gas monitor ls =
lnopcrable. 3 ¥ R
3.9 Method | | / "' ._
The total body dose rate due to.noble gase_s _éa'n’_be detennlne'd as follows:
Lo ,D&(mﬁm)"’*’s Oirets DFByeg ' (Eq.39) ‘

@ llllhere: | | - -_1' L

Q-es = The release rate from the plant vent stack (pCllsec) of Kr-85 The r_elease . |

rate at the stack also can be stated ln the following equatlon. ,?
| k i = M) (sm_u](F) L RS o

2] :
et I

Ftevlsionll
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Where: ' R

M = Plant vent stack monitor oount r;%t.é {cpm). 5
Skres = Ga;éeous monitor respbnsé f%jactér'fo"r Kr-85 (cpm/(uCi/ce)). .“
F = Plant vént stack flow rate (cc;lsq:c:).

DFBK,.BS = Total body dose factor for Kr85 See Table 1.2.

{
v

Equation 3-3 can be applied under the followmg conditions (otherwise, justlfy Melhod [ or
consider Method Il): :

a. Normal conditions.

b. Kr-85 gas releases via the plant vent stack to the atmosphere.

@

3.9.2 Method I} 5

oy o
If Method | cannot be applied, or if the Method | dose exceeds the limit, or if a more

. exact calculation is required, then Method II may b{a:applied. Method Il consists of the models,
input data, and assumptions in Regulatory Guide 1.109, Revision 1 (Reference A), except
“where site-specific models, data, or assumptions are more applicable. The base case analysis

is a good example of the use of Method Il Itis an acceptable starting point for a Method !l
analysis.

3.9.3 Basis for Method |

Method | may be used to show that the Control 3.3 limit for the total body dose rate from
noble gases released to the atmosphere has been met for the peak noble gas release rate.

s

Method | was derived from Regulatory dﬁide 1.109 as follows:

= (3.17 X 10" (X/Q) (S¥) Z QDFB

N .
i

" The equatlon was derived by combining Equahons B-4 and B-5 from Regulatory Guide 1.109,

assuming X/Q = X/Q° for noble gases, and some sumphflcahon in the notation. Assuming that

Ay, -,
vt w T
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DL = D7 (WQIX/Q) and that Dy = Dl * Q (CUseC) * 31 54/Q (Ciyr), we get:

Dy (mremvyr) = (1.0 x 10' (S¢) Q] Qurs DFBrrés

Substituting:
-
(x/Qy

Qxr.es

Gives:

il

LE

1.00 (sﬁielding factor).
Long-term average gamma dilution factor.
7.83 x 10°® (sec/m°)..

Release rate of Kr-85 (uCi/sec). .

Dy (mrem/yr) = 7.83 Q.85 DFBxr.es

Revision 15
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3.10 Method to Calculate the Skin Dose Rate 1rom Noble Gases B

Control 3.3 limits the dose rate at any time 1o lhe skrn from noble gases at locations al or |
beyond the SITE BOUNDARY to 3, 000 mremlyear.

Compliance with the dose rate limits for noble gases Is conllnuously demonstrated when
eflluent release rates are below the plant vent stack noble gas activity monitor alarm setpoint by

~ virtue of the fact that the alarm setpoint is based on a value whlch corresponds to lhe off-site .-
dose rate limit or a value below it.

Determinations of dose rate for compllanoe wulh Conlrol 3. 3 are performed when the
effluent monitor alarm setpoint is exceeded, and the correcllve ACTION requrred by Control 3.3

is unsuccessful, or as required by the notations to Table 5. 3 of Control 5.2 when the stack noble . =
gas monitor is inoperable. -

e

3.10.1 Method !
The skin dose rate due to noble gases (Kr-85) is:
Daun (mrem/yr) = Qgees DFss : (Eq. 3-4)

Where:

Qk.es = The release rate from the plant vent stack (uCi/seo) of Kr-85. The release |
rate at the stack also can be stated in the following equation:

Q= (M)(SK1 - ](F)

nCi uCi/ce
(sec) (op )( cpm ](sec)
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M = Plant vent stack monitor count rate (cpm).

Skes = - Gaseous monitor response factor for Kr-85 (cpm/(uCilcc)).

F

Plant vent stack flow rate (cc/sec).
DFkres = Combined skin dose factor for Kr-85. See Table 1.2.

Equahon 3-4 can be applied under the following condmons (otherwuse justify Method lor
- consider Method il):

a. Normal conditions (not emergency event),
b. Noble gas releases via the plant vent stack to the atmosphere.
3.10.2 Method I

If Method | cannot be applied, or if the Method | dose exceeds the limit, or if a more
exact calculation is required, then Method Il may be applied. Method If consists of the models,
mput data, and assumptions in Regulatory Guide 1.109, Revision 1 (Referénce A) except
where site-specific models, data, or assumptions are more apphcable The base case analysis

is a good example of the use of Method Il. It is an acceptable starting point for a Method I
analysis.

3.10.3 Basis for Method |

The methods to calculate the skin dose rate parallel the total body dose rate methods in
Sgctio'n 3.9.3. Only the differences are presented here.

Method | was derived from Regulatory Guide 1.109 as follows:

= (3.17 x 10%) [(X/Q) (1.11) (S¢) Y. QDFT +(XQ) ¥ Q DFs, ]
i i

Revision 11

3-25




. The equation was derived by combining Equations B-4, B'-s; and B-7 from Regulatory Guide
e 1.109, assuming that X/Q = X/Q° for noble gases, and making some simplifications in notation.
’ Assuming that DI, = D {X/QJ/[X/Q] and that Dy, = D**-Q (uCilsec) * 31 54/Q (Cl/yr) ylelds
and that Kr-85 is'the only noble gas left in plant mventory '

Dasn (mrem/yr) = (1.11) (S¥) (1.00 x 10") [X/QJ Qo5 D,os

+ (1.00 x 10*%) (X/Q) Qur-a5 DF Skr.s

Where:

xayr

i

7.83 x 10 sec/m®.

X/Q = 239x10° sedm’.

n

S

1.00 (shielding factor).

Substituting gives:

Dyun (Mrem/yr) = 8.69 Qurgs DFY, g5 + Quros DFSk.es 23.9 x 10*"
@ = Qurgs [8.69 DFY,_y, + 23.9 DFSi,g5)
Define:

DFkr-ss = 8.69 (DFY) +23.9 (DFSK;.es)

8.69 (1.72 x 10°) + 23.9 (1.34 x 10?)

3 2'2')-( 102 mrem - sec
’ nCi - yr

" Then: .

Detin (Mrem/yr) = Qgeas DRYy_gs = Queas 3.22 X 107 o (Eq. 3-4)
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3.1

from H-3, and radionuclides in particulate form with half-hves greater than eight days to 1 500
.mrem/year to any organ. The peak release rate averaglng time in the case of partlculates Is
commensurate with the time the particulate samplers are In service between changeouts. ":

3.11.1

Where:

Method to Calculate the Crmcal Organ Dose Rate from Tritlum and Paniculales wnth
_Half-Lives Greater Than Eight Days

Controt 3.3 limits the dose rate atany hme at location et or beyond lhe Slte Boundary

Method | ' I
The critical organ dose rate can be determined as follows:

Deo = p, Q DFG,
|

T L (Eg.8E) -
mrem __:(_;_L_C_l) mrem-sec )| - o R
v sec J\ -pCi-yr o R Ll e
Q = Stack aclivity release rate ‘determination of radnonuchde i (tntium, and

particulates with half-lives greater than eight days) In pCi/sec Fori= Sr-90
or H-3, use the best estlmales (such as most recent measurements)

DFGj, = Site-specific critical organ dose rate factor (%:%EE) for a gaseous

release. See Table 1.8.

Equation 3-5 can be applied under the following conditions (otherwlse. justity Method I or.

conslder Method l1):
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a. Normal conditions (not emergency event),

b.  Tritium and particulate releases via the piant vent stack to the etmos_'pnere; T




........

13.11.2 Method i

° ' It Meihod | cannot be applied, or if the Method | dose exceeds the oontrol hmlt or 1f a
more exact calculation is required, then Method Il may | be applied. Method I consists of the -
models, input data, and assumptions in Regulatory Guide 1.108, Revision 1 (Reference A).
except where snte-specmc models, data, or assumptions are more apphcable The base case
- analysns is a good example of the use of Method Il. ltis an acceptable starting pomt fora
Method Il analysns - :

3.11.3 Basis for Method |

The methods to calculate the critical organ dose rate parallel the total body doserate l .
methods in Section 3.9.3. Only the dlfferences are presented here.

Method i may be used to show that Control 3.3.b which limits organ dose rate from l
tritium and radionuclides in particulate form with half- lives greater than eight days

released to' the atmosphere has been met for the peak tritium and particulate release |
rates. o

The equation for D, is derived by modifyihg Equation 3-8 fron;n Section 3.14 as follows: -
e h Dco = z Q, DFG,

Ci \(mrem S - (Eq. 3-8)
(mrem) = _ : : . :
£)eee) | |

- Applying the conversion factor, 31.54 (Ci-sec/uCi-yr), and conve_riing'Q toQin pCi/sec yields:

De; =31.54 3 Q; DFG,
i

miem ) {Ci-sec | pCi}{ mrem ’
yr ] {uCi-yr Jlsec J| Ci '
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Equation 3-5 is rewritten in the form:

Q Deo= y, Qi DFGi,

Where:

DFGY, = (DFGi) (31.54)

mrem—se¢ |_ [ mrem){ Ci-sec
nCi-yr | ci nCi- yr
Should Method Il be needed, the analysis for critical recep!or critical pathway(s) may be

performed with latest land use census data to identify the locatlon of lhose pathways Wthh are
most impacted by these types of releases. -

@
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3.12 Method to Calculate the Gamma Air Dose from Noble Gases (Kr-85) T ]
Control 3.4 limits the gamma dose to air from noble gasés_at any Iéca.lion at or beyond

the SITE BOUNDARY to 5 mrad in any quarter and 10 mrad in any year. Dose evaluation’is

required at least once per 31 days. '

3.12.1 Method! o ~ ’ - . I

The gamma air dose from plant vent stack releases is:

DY, (mrad) = 0.25 Qg5 DFY,_gs ' ' (Eq. 3-6)

Where:
Qkres = Total Kr-85 (Curies) released to the atmosphere via the plant vent stack |
during the period of interest. _ - ! :
- DR}, gs = Gamma air dose factor for Kr-85. See Table 1.2. I

Equation 3-6 can be applied undér the following conditions (otherwise, justify Method | or
consider Method N}

a. Normial conditions (not emergency event),

b.  Noble gas releases via the plant vent stack to ihe atmosphere.
3.12.1.1  Ground Level Releases

For ground level releases, the gamma air dose is:
D?4 (mrad) = (6.0 x 10°) (Qir.e5) ' (Eq. 3-6.1)

Where:

Qyres = The ground level release (in curies) of Kr-85. . I
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3.12.2 Method Il i . I

It Method | cannot be applied, or if the Melhod l dose exceeds the limit, or if @a more
exact calculation is required, then Method Il may be apphed Method Il conmsts of the models,
input data, and assumptions in Regulatory Guide 1. 109, Revision 1 (He!erence A), except
where site-specific models, data, or assumptions are more apphcable The base case analysis

. is a good example of the use of Method Il. Itis an acceptable starting point for a Method Ii
analysis.

3.12.3 Basis for Method |

Method | may be used to show that Control 3:4, which limits the off-site gamma air dose
from gaseous effluents, has been met for releases over appropriate periods. Control 3.4is
‘based on 10CFR Part 50, Appendix ], Subsection B.1, Wthh limits the estimated annual gamma
“air dose at unrestricted area locations.

With Kr~85 being the only noble gas polentually available for release, the dose can be l

taken from Equalnons B-4 and B-5 of Regulatory Guide 1.109 with the added assumption that
Dfe = D XQIVX/QJ:

| .
D}, (mrad) = 3.17 x 10** (gc'syr)[)UQ]’(sec/ma) Quess (Ci) DFY, g [__mfad-m ]

. pCi-yr
Where:
[(X/Q)' = Long-term average gamma dilution factor.
= 7.83 x10° (sec/m’).
Quss = Number of Curies of noble gas (Kr-85) released. . |
" Which leads to:
DY, (mrad) = 0.25 Qkr.e5 DFY, g5 ' (Eq. 3-6)
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G2

N The gamma air dose from a ground level release is determined by using the same
e Regulatory Guide 1.109 equation to derive EqUatio'n 3-6. The only differences are:

(X/Q) = 1.10 x 10° sec/m®, which is the long-term average ground level [X/Q]’ based
on the time penod from May 1977 through Apnl 1982.

the gamma air dose factor for Kr785 (s'e'e-'i'able. 1.2)

! 3
10 1.72 x 10" [M]

Y
DKr-BS

pCi-yr

‘Subslituting the above into the Regulatory Guide 1.109 general equaiion gives:

DI, (mrad) =3.17x10* [pic' V'] (X/QJ" (sec/m?) DFY [&;‘_] Q (Ci)
=317 x 10" x1.10 X 10% x 1.72 X 10° X Qurs (Eq. 3-6.1)

= 6.0 x 10 Qg.es (Ci)

@
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3. 13 Method to Calculate the Beta Air Dose 1rom Noble Gases

Control 3.4 limits the beta dose to air from noble gases atany locatlon ator beyond the
SITE BOUNDARY to 10 mrad in any quarter and 20 mrad in any year. Dose evaluatnon is
required at least once per 31 days.

3.13.1 Method |

The beta air dose from plant vent stack releases is:

D, (mrad) - 0.76 Qyq.g5 DF, _gs . (Eq. 3.7).

Where:

DF?, .= Beta air dose factor for Kr-85. See Table 1.2.

Qxr.es

Total Kr-85 (Curies) released to the atmosphere via the plant vent stack
during the period of interest.

- Equation 3-7 can be applied under the followmg conditions (otherw:se justify Method lor
consnder Method Il):

a.  Normal conditions (not emergency event),

b. Noble gas releases via the'piant vent stack to the atmosphere.

3.13.1.1 Ground Level Releases

For ground level releases, the beta air dose can be determined by using Equation 3-7 for '

stack releases. Equation 3-7 results in doses that are approximately ten percent more
conservative than calculating releases using ground level methodology.

3.13.2 Method 1l

] Methdd I cannot be applied, or if the Method | dos'e'exc':eeds the limit, or if a more
exact calculation is required, then Method Il may be applied. Method Ii consists of the models,
input data, and assumptions in Regulatory Guide 1.109, Revision 1 (Reference A), except
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wheré site-specific models, data, or assumptions are more applicable. The base case analysis :

@ is a good example of the use of Method I lt is an acceplable starting point for a Method Il
analysis.

3.13.3 ‘Basis for Method |

The methods to calculate the beta air dose paralle! the gamma air dose melhods in
Section 3:12.3. Only the differences are presented here; "

Method | may be used to show that Control 3.4, which limits the off-site beta airdose
from gaseous effluents, has been met for releases over appropnate periods. Control 3.4 is -

based on 10CFR Part 50, Appendix I, Subsection B.1, which limits the éstimated annual beta air
dose at unrestricted area locations.

T e T T P ey ST O
vt L e (YT R S T LIS STRP B A ek M TR R ST e S

TS SR S 3 Eihel e S IR T TR O ST P DLl D
e A e e E T e R 1 s e e A -

With Kr-85 being the only noble gas potentially availablq for release, the dose can be
taken from Equations B-4 and B-5 of Regulatory Guide 1.109:

D, (mrad) = (3.17 x 10**) [X/ Q] Q,.g5 DF®, 45
Substituting:
X/Q = 2.39 x 10 sec/m®

We have:

W e s ay N A RTINS O Y
a X AT YA AVERNELNCE T P A W EEARTIr 1 Sy R
B o8 EICE T T T oA e L R e R

DY, (mrad) = 0.76 Qy,.s5 DFY g5 - | (Eq.3-7)

A

T e asieth Bl AEalat d
R R R, T TR ]
PRI TR ORI TS
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3.14 Method to Calculate the Critlcal Organ Dose trom Trltlum and Particulates '

Control 3.5 limits the critical organ dose to a MEMBER OF THE PUBLIC trom DL
radioactive tritium and particulates with half- lrves greater than eight days in gaseous efﬂuents to--
7.5 mrem per quarter and 15 mrem per year. Control 3.2 lrmtts the total body and organ dose to-
any real MEMBER OF THE PUBLIC from all station sourcés (includmg gaseous etﬂuents) to 25
mrem in a year except for the thyroid which ls limited to 75 mrem ln a year. ,

et

- 3.14.1 Method |

The critical organ dose from a gaseous releasels: ~° - .

Do

(mrem)

Where:

Q

n

DFGko =

Equation 3-8 can be applied under the followmg condrtrons (otherwlse ]ustrfy Method I of

=" Q; DFGy,

T

(Eq.3-8) -

Total activity (Curies) released to the atniosoh'ere of radionuclide *i* during

the period of interest. Fori= Sr-90, or H-3 use the best estrmates (such as l
the most recent measurements). o '

consider Method ll):

a.

b.

C.

Revislon 16

Normal conditions (not emergency event),

" Any conlinuous or batch release over any time period.

Site-specific critical organ dose factor (mrem/Cr) fora gaseous release. See
Table 1.8.

Tritium and particulate releases via the plant vent stack to the atmosphere, |

Sy

ops)

BRI

SR RN

N

Sereen it

AR RS 5T

¥
-

i PR
BN SRR

A

5 ;;'és:" L

e

:’;}

i

£
Salaa

%

s‘.

e

&

AT ey

Lo

e

£

€L

T S e S e rALN

i

e

¢ ?,

:-éi.".k..

S
el

SRR




3.14.2 Method li

If Method 1 cannot be applied, or if the Method | dose exceeds the limit, or if a more
exact calculation is required, then Method Il should be applied. Method Il consists of the
models, input data, and assumptions in Regulatory Guide 1.108, Revision 1 (Reference A)
except where site-specific models, data, or assumptions are more apphcable The base case
analysis, documented below, is a good example of the use of Method Il. Itis an acceptable o
starting poml for a Method i ana|y5|s : :

3.14.3 Basis for Method |

Method I may be used to show that Controls 3.2 and 3.5, which limit off-site organ dose
from gases, have been met for releases over the appropriate periods. Control 3.5 is based on
the ALARA requirements in 10CFR Part 50, Appendix I, Subsection Il C. Control 3.2 is based
on Environmental Standards for Uranium Fuel Cycle in 40CFR190 which applies to direct
radiation as well as to liquid and gaseous effluents. These methods apply only to tritium and
particulates in gaseous effluents.

Method | was developed such that *... the actual exposure of an individual ... is unlikely
to be substantially underestnmated" (1OCFR Part 50, Appendix 1). The use of a single "critical
receptor” provides part of the conservative margin to the calculation of critical organ dose i in
Method I. Method Il allows that actual individuals with real behavnors be taken into account for
any given release. In fact, Method | was based on a Method Il analys:s of the critical receptor
for the annual average conditions. For purposes of complying with Controls 3.2 and 3.5, annual
average dilution factors are appropriate for batch and continuous releases. The analysis was
called the "base case*; it was then reduced to form Method I. The base case, the method of
reduction, and the assumptions and data used are presented below.

The steps performed in the Method 1 derivation follow. First, in the base case, the dose
impact to the critical receptor in the form of dose factors, DFGio (mrerh/Ci) fora oné Curie
. release of each tritium and particulate radionuclide to gaseous effluents was derived. Then
Method | was determined using sumpllfymg and further conservative assumplions. The base
case analysis uses the methods, data, and ‘assumptlons in Regulatory Guide 1.109 (Equations
C-2, C-4, and C-13 in Reference a). Tables 3.4 and 3.5 outline human consumption and
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environmental parameters used in the aﬁalys!s. It is'consewalively'assumed that the critical
receptor lives at the "maximum SITE'BOUNDAR‘( dilution factor location” as defined in -
Section 3.15. S = o

For stack gas releases during any period, the dose Ai'ro:r}_i l'fadiqnuclidé " is:
Dico = (DFGico) (Q))

where DFGi, is the critical dose factor for radionuclide "i*, and :O. Is ihé activity of radionuclide
"i" released in Curies. - : ' S
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TABLE 3.4

Aqge-Specific Usage Factors

(from Regulatory Guiide 1.109, Table E-5) - .

3-38+

Age Vegetables Ve;:flafgles |- ik | ‘Meat . | Inhalation
Group (kglyi) - (kglyr) Wy o] o (kghyn) | (myi)
| Adult - _ 520.00 64.00 | 310.00 110.00 8,000.00
| Teen 630.00 42,00 400.00 65.00 8,000.00}
Child . 520.00 26.00 330.00 41.00 3,700.00
lnfanl 0.00 0.00 . 330.00 0.00 1,400.00
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TABLE 3.5

Environmental Parameters for Gaseous Effluents at the Yankee Plant
(Derived from Reference a)

SR R ISR AR A O v B
2 S A AMAI N N tists o bt T, 1
.

1 ' Vegetables Cow Milk Goat Milk* . Meat _
g Variable Stored Leafy Pasture | = Stored - Pasture Stored Pasture Stored
H YV Agricultural (kg/m?) 2.00 2.00 0.70 2.00 0.70 2.00 0.70 2.00
b Productivity .A _ .
= P  Soil Surace: (kg/m?) 240.00| 240.00 240.00 240.00 240.00 240.00 240.00 240.00
-3 Density g
5 T Transport Time to  (hrs) - - 48.00 48.00 48.00 48.00 480.00|  480.00 |-
User : ‘

TB Soil Exposure (hrs) 131400.0 | 131400.0 { 131400.00 | 131400.00 | 131400.00 131400.00 | 131400.00 | 131400.00
Time!" ‘ o] 0. R |
- TF Crop Exposure (hrs) - 1440.00 1440.00 720.00 1440.00 720.00| °  1440.00 720.00 ~1440.00

o Time to Plume . 4 A : _ o _ '

TH Holdup After (hrs) 1440.00-| - 24.00 0.00 2160.00 0.00 '2160.00 - 0.00|  2160.00
C Harvest : . N =
QF Animals Daily - (kg/day) - . '~ 50.00 50.00 6.00 6.00|  50.00 50.00
Feed : L L
i FP Fraction of Year - - 0.50 - 0.50 | - - 0.50 -

: on Pasture®®
g FS Fraction Pasture - - 1.00 - 1.00 - 1.00 -

" Whenon

BN Pasture™
= | FG Fraction of Stored 0.76 - - - - - . -
.. Veg. Grown in '
© Garden
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TABLE 3.5
(Continued)

Environmental Parameters for Gaseous Effluents at the Yankee Plant
(Derived from Reference a)

()

o @

Vegetables Cow Milk Goat Milk* Meat
_ Variable Stored Leafy Pasture Stored Pasture Stored Pasture . Stored
FL Fraction of Leafy 1.00 - . - . - -
‘Veg. Grownin ‘
Garden _
Fl  Fraction - - - - . - - -
Elemental lodine '
=05
H Absolute® (gm/m?) - - . . . . . .
Humidity =5.6 o : o
* *Pathway is not included in Method 1. Itis listed for informational purposes and the possible useina Method I analysis.
“Notes: o '
(1) For Method I dose/dose rate analyses of identified radioactivity releases of less than one year, the soil exposure tlme for that release may

_ be setat 8760 hours (1 year) for all pathways.

For Method Il dose/dose rate analyses performed for releases occurring during the first or fourth calendar quarters, the fraction of time

. animals are assumed to be on pasture is zero (nongrowing season). For the second and third calendar quarters, the fraction of time on

pasture (FP) will be set at 1.0. FP may also be adjusted for specific farm locations :f this mformat:on is so identified and reported as part of
the land use census,

- For Method I enalyses. the fraction of pasture feed while on pasture may be set to less than1.0 for specific farm locations if this

information is so identified and reported as part of the land use census.

For all Method Il analyses, an absolute humidity value equal to 5.6 (gmv/m?) shall be used. to reflect conditions in the Northeast (Reference
Health Phys:cs Joumal, Vol. 39 (August), 1 980 Page 318-320, Pergammon.Press).
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3.15 Critical Receptors and Long-Term Average Atmospheric Dispersion Factors for

e Important Exposure Pathways

J

The gaseous effluent dose equations (Method 1) have been simplified by assuming an
individual whose behavior and living habits inévitably lead to a higher dose. than anyone else.
The following pathways of exposure to gaseous effluents as listed in Regulatory Guide 1 109
(Reference a) have been consudered They are:. :

a.

c.

f.

Direct exposure to contaminated air,

D-irecl exposure to contaminated .ground,
Inhalation of air,

Ingestion of vegetables,

Ingestion of cow milk, and

Ingestion of meat.

Section 3.15.1 details the selection of important off-site locations and receptors; Section 3.15.2
describes the atmospheric model used to convert meteorological data into dispersion factors;

e and Section 3.15.3 contains the resulting descriptions of the critical receptors and their
dispersion factors as a function of exposure pathway.

3.15.1 Critical Receptors

The most limiting SITE BOUNDARY location in which individuals are or are likely to be
located was assumed to be the receptor for all the gaseous pathways considered. This

provides a conservalive estimate of the dose to an individual (rom existing and potential
gaseous pathways for the Method | analysus

This point is the SSE sector, 800 meters.
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3.15.2 Yankee Atmospheric Dispersion Model o - l

The annual average dispersion factors are computed for routine (long-term) releases
using the Yankee Atomic Electric Company's (YAEC) AEOLUS (Reference b) computer code. |

AEOLUS produces the following annual average dispersion factors for each location:

a. X/Q, nondepleted dispersion factors for evaluating g.round level concentrations;

b. [X/Q)°, depleted dispersion factors for evaluating ground level concentrations of
particulates; -

c. X/Q7, effective gamma dispersion factors fer evaluating gamma dose rates from a

sector-averaged finite cloud (multiple-energy, undepleted source); and

d. D/Q, deposition factors for dry deposition of particulates. : . l

The AEOLUS diffusion model is described in the AEOLUS manual (Reference b). , |
AEOLUS is based, in part, on the straight-line airflow model as discussed in Regulatory
Guide 1.111 (Reference c). [

One difference is that the gamma dose rate is calculated throughout this ODCM using
the finite cloud model presented in Meteorology and Atomic Energy 1968 (Reference h, '
Section 7-5.2. 5). That model is implemented through the definition (Reference b, Section 6) of
an effective gamma dispersion factor, X/Q', and the replacement of X/Q in infinite cloud dose
equations by the X/Q".

Another difference is that the relatively narrow valley in which the plant sits is considered |
by the model. Wmd channellmg is assumed to occur in the seven sectors which make tip the
valley. The seven sectors are SSE, S, SSW, SW, WSW, W, and WNW. If a receptor Iocatlon is

“in one of the valley sectors, the contributions from the other six valley sectors are averaged into
the particular valley receptor. This is done for distances greater than 500 meters from the
primary vent stack where the valley effects are assumed 10 cause channellmg
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3.15.3 tong-Term Average Dispersion Factors for Crilica{l ﬁecebtérs :

Actual r;i_éasur'ed meteorological data for {he five-year period, January 1981 through
December 1985, was analyzed to determine the iocations of the maximum off-site atmospheric -
dispersion factors. Each dose and dose rate '.Cal'culali_pn.inéo'rporate's the maximum applicable -
off-site, long-termaverage atmospheric dispersion factor.- The values used and their locations ...
are summarized in Table 3.6. T S A
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TABLE 3.6

Yankee Nuclear Power Station Five-Year Average Atmospheric Dispersion Factors!"”

Dose to Critical

Dose Rate to'Individual Dose to Air Organ-
Total Body ~ Skin - Critical Organ Gamma Beta Thyroid
. . ' -5 N N -5
X/Q Depleted (3333] 2.19x10 2.19x 10
m” _ |
B - : -5 . . -5 .
X/Q Undepleted ( see ) - 2.39%10° 2.39x 10
m
- - . N - - 5.02x10°
D/Q ( _1_2 ) 5.02x 10
m
' wiqr [se 7.83x10° 7.83x10° - 7.83 x10° - -
" SSE SITE BOUNDARY, 800 meters from the primary vent stack,
‘Revision 11
3-44°

Pb




3.16 Method to Calculate Direct Dose from Plant Operahon

Control 3.2 restricts the dose to the whole body and any organ of any real MEMBER OF
THE PUBLIC at and beyond the Site Boundary from all stat:on sources (uncludmg dlrect

radnahon) to the limit of 25 mrem in a year, except for the thyrold which is limited to 75 mrem in
a year.

Estimates of dnrect exposure above background in areas at and beyond the snte

] boundary (orin residential areas inside the site boundary) can be determined from

measurements made by environmental TLDs that are part of the Environmental Momtonng .
Program (see Table 4.4). Alternatively, direct dose calculations from ldenhfled fixed sources

- on site oan be used to estimate the off-sne direct dose contribution where TLD information may -
not be applicable.
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4.0 RADIOLOGICAL ENVIRONMENTAL MONITORING

41 Monitoring Program

Control 4.1 In accordance with Yankee Decommissioning Quality Assurance Program

(Appendix D, Section B.4.b), the Radiological Environmental Monitoring Program shall be
conducted as specified in Table 4.1.

Applicability

At all times.

ACTION

a.

Revision 15

With the Radiological Environmental Monitoring Program not being conducted as
specified in Table 4.1, prepare and submit to the Commission in the Annual
Radiological Environmental Operating Report, a description of the reasons for
not conducting the program as required and the plans for preventing a

- recurrence. Deviations are permitted from the required sampling schedule if

specimens are unobtainable due to hazardous conditions, seasonal
unavailability, or to malfunction of automatic sampling equipment. If the latter,
every effort shall be made to complete corrective action prior to the end of the
next sampling period.

With the level of radioactivity as the result of plant effluents in an environmental
sampling media at one or more of the locations specified in Table 4.1 exceeding
the reporting levels of Table 4.2 when averaged over any calendar quarter,
prepare and submit to the Commission within 30 days from the receipt of the
laboratory analyses, pursuant to Control 7.4, a Special Report which includes an
evaluation of any release conditions, environmental factors, or other aspects
which caused the limits of Table 4.2 to be exceeded. When more than one of the
radionuclides in Table 4.2 are detected in the sampling medium, this report shall
be submitted if: '

concentration (1)  concentration (2)

..210
reportinglevel (1)  reportinglevel (2)
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When radionuclides other than those ln Table 4 2 are detected and are the result fan

of plant effluents, this report shall be submitted if the potential annuat dose toa"
MEMBER OF THE PUBLIC is equal or greater than the caléendar year Itmlts ol
Controls 3.1, 3.3, and 3.4. This report is not requlred itthe measured level of’ E
radioactivity was not the result of plant effluents, however, in such an event. the

condition shalt be reported and described In the Annual Radlologlcal
Environmental Operating Report. - :

Survelllance Requirement

SR 4.1 The radiological environmental monitoring samples shall be collected pursuant to Table i
4.1 from the locations given In the ODCM and shall be analyzed pursuant to the requlrements ol
Table 4.1 and the detection capabilities requrred by Table 4 3. '

Bases

The Radiological Environmental Monitoring Program required by Control 4.1 provides
measurements of radiation and of radioactive materials in those exposure pathways andfor 71
those radionuclides, which lead to the hlghest potential radiation exposures of MEMBEFt(S) OF - o
THE PUBLIC resulting from the station operation. ,The momtonng program Implements Sectlon . '
IV.B.2 of Appendix |, 10CFR Part 50, and thereby, supplements the Radrologlcal Etﬂuent
Monitoring Program by verifying that the measurable concentratlons of radioactive materlals and
levels of radiation are not higher than expected oh the b.asls of the éffluent measurements and
modeling of the environmental exposure pathways. Guidance for the monitoring program is

Revislon 16
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provided by the Radiological Assessment Branch Technical Position on Environmental
- Monitoring, Revision 1, November 1979. Program changes may be initiated based on
operational experience. :

The detection capabilities required by Table 4.3 are considered optimum for routine
environmental measurements in industrial laboratories. It should be recognized that the LLD is
defined as an a priori (before the fact) limit representing the capability of a measurement system
and not as an a posteriori (after the fact) limit for a particular measurement. This does not
preclude the calculation of an a posteriori LLD for a particular measurement based upon the
" actual parameters for the sample in duestion.

Revision 15
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TABLE 4.1

Radiological Environmental Monitoring Program*

4-4

Exposure Pathway Number of Sample
and/or Sample Locations Sampling and Collection Frequency Type and Frequency of Analysis
1. AIRBORNE

a. Particulates 5 Continuous operation of sampler with sample Gross beta radioactivity following
collections as required by dust loading, but at filter change. Composite (by
least once per two weeks. location) for gamma isotopic at

: least once per quarter.
2. DIRECT RADIATION 24** Quarterly Gamma dose, at least once per
quarter.
3. WATERBORNE '

a. Surface 2 Composite sample** collected over a period of Gross beta and gamma isotopic
one month at downstream location; monthly grab | analysis of each sample. Tritium
sample at upstream control location. analysis of composite sample at

least once per quarter.

b. Ground 2 At least once per quarter. Gamma isotopic and tritium

analyses of each sample.

c. Sediment from ) Rl At least once per six months. Gamma isotoplc analysis of each

Shoreline sample.
Revision 11




TABLE 4.1
(Continued)

Radioloqical Environmental Monitoring Proqram®

1. Tuberous vegetable
2. Above ground vegetable
3. Fruit .

Exposure Pathway Number of Sample : : )
and/or Sample Locations - Sampling and Collection Frequency Type and Frequency of Analysis
4. INGESTION '

a. Fish 2 Commercially and recreationally important Gamma isotopic analysis on
species. Seasonal or semiannually, if not edible portions.
seasonal. 7

b. Food Products 3 At time of harvest. One sample of any of the Gamma isotopic analysis on
following classes of food products:

edible portions. -

Report.

Revision 16 : .- "

e Composxte samp!es shall be obtained by collectmg an aliquot at intervals not exceeding two hours.

sone One sample from downstream area with exxstmg or potennal recreatronal value.

45

"* Specific sample !mtlons for all medla are specified in the. ODCM and reported in the Annual Radiological Envrronmental Operatmg

*** Does not mclude Restncted Area Fence locahons or those TLDs associated wﬂh the ISFSI pad momtonng
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TABLE 4.2

Re@rﬁng Levels for Radioactivity Concentrations in Environmental Samples

. Airborne
. Water Particulates Fish’ Food Products
Analysis (pCin) (pCVm3) (pCikg, wet) - (pCikg, wet)

H-3 3x10* - - -
Mn-54 1x 10" - 3x10% -
Co-58 - - 1x10% - 3x 10" ' S
Co-60 3x10%? - S1x10* | -
Zn-65 —axi0% | . - 2x 10" -
Zr-Nb-05 ax10% . | - - - ’
Cs-134. T ax100 | 1x107 | . . 1x107
Cs137. | . 5x10® | 2x10" T 2x%10°

: :lf!efiéfﬁng leveisi for nonidrinking water pathways. .

Révision 16 -
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TABLE 4.3

Detection Capabilities for Environmental Sample Analysis® ©

Airborne

. Water Particulates Fish Food Products Sediment
Analysis'® (pC) (pCUm* | (pCikg. wet) (pCikg. wet) (pCikg. dry) -
Gross beta 4x10%° 1x10? - - -
H-3 2x 10" - - -
Co-60 1.5x 10" - 1.3x 10" -
Cs-134 1.5x 10" 5x 102 1.3x10%% - 6 x 10*
Cs-137 1.8x10* 1.5%x10% 8x 10"

0>
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TABLE 4.3
(Continued)

Table Notation_

a.  The LLD is the smallest concentration of radioactive material in a sample that will yield a
net count above system background that will be detected with 95 percent probability with

only 5 percent probability of falsely concluding that a blank observation represents a
"real” signal. '

For a particular measurement system (which may include radiochemical separation):

LLD = (4.66) (S,)
(EXV)(2.22)(Y)[Exp(-rAt)]
Where:
LLD = A priori lower limit of detection as defined above (microcuries or picocuries
per unit mass or volume).
Sy = Standard deviation of the background counting rate or of the 'c;ounting rate of
a blank sample as appropriate (counts per minute). '
E = Counting efficiency (counts per disintegration).
\' = Sample size (units of mass or volume).
2.22 = Number of disin.tegrations per minute per picocurie.
Y = Fractional radiochemical yield (when applicable).
A = Radioactive decay constant for the particular radionuclide.
At = Elapsed time between sample collection and analysis.

Typical values of E, V,Y, and At can be used in the calculation. In calculating the LLD
for a radionuclide determined by gamma-ray spectrometry, the background shall include

Revision 15
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the typical contributions of other radionuclides normally present in the samples
(e.g., Potassium-40 in milk samples)

Analysis shall be performed in such a manner that the stated LLDs will be achieved
under routine conditions. Occasionally, background fluctuations, unavoidably smali
sample sizes, the presence of interfering radionuclides, or other uncontrollable
circumstances may render these LLDs unavailable. In such cases,-the contributing
factors will be identified and described in the Annual Radiological Environmental
Operating Report.

It should be recognized that the LLD is defined as an a priori (before the fact) limit
‘representing the capability of a measurement system and not as an a posteriori (after
the fact) limit for a particular measurement. This does not preclude the calculation of an
a posteriori LLD for a particular measurement based upon the actual parameters for the
sample in question and appropriate decay correction parameters such as decay while

sampling and during analysis.

b. Parent only.

C. If the measured concentrétion minus the 5 sigma counting statistics is found to exceed
the specified LLD, the sample does not have to be analyzed to meet the specified LLD.

d. This list does not mean that only these radionuclides are to be considered. Other peaks
that are identifiable, together with those of the listed radionuclides, also shall be
analyzed and reported in the Annual Radiological Environmental Operating Report
pursuant to Control 7.1.

Revision 15
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42  Land Use Census

Control 4.2 In accordance with Yankee Decommissioning Quality Assurénce Program
(Appendix D, Section B.4.b), a land use census shall be conducted to identify the location of the
nearest milk animal, the nearest residence, and the nearest garden® of greatér than 500 square
feet producing fresh leafy vegetables in each of the 16 meteorological sectors within a distance

of five miles.
~ Applicability
At all times.
ACTION
a. ° With a land use census identifying a location(s) which yields at least a 20 percent
greater dose or dose commitment than the values currently being calculated in
SR 3.5, identify the new location(s) in the next Annual Radioactive Effluent
Release Report.
b. With a land use census identifying a location(s) which yields a calculated dose or

dose commitment (via the same exposure pathway) at least 20 percent greater
than at a location from which samples are currently being obtained in accordance
with Control 4.1, add the new location(s) to the Radiological-Environmental
Monitoring Program within 30 days if permission from the owner to collect
samples can be obtained and sufficient sample volume is available. The
sampling location(s), excluding the control station location, having the lowest
calculated dose or dose commitment (via the same exposure pathway) may be
deleted from this monitoring program after October 31 of the year in which this
land use census was conducted. Identify the new location(s) in the next Annual
Radioactive Effluent Release Report.

Surveillance Requirement

SR 4.2 The land use census shall be conducted at least once per 12 months between the dates
of June 1 and October 1 by either a door-to-door survey, aerial survey, or by consulting local
agriculture authorities.

* In lieu of the garden census, broad leaf vegetation sambling may be performed at the site boundary in
the direction sector with the highest D/Q.

Revision 15
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The results of the land use census shall be included in the Annual Radiological Envnronmental
Operatmg Report pursuant to Control 7.1.

Bases

Control 4.2 is provided to ensure that changes in the use of areas at and beyond the

ot

SITE BOUNDARIES are identified and that modmcatlons to the monitoring program are madeif’

required by the results of the land use census. The census salisfies the requirements of
Section IV.B.3 of Appendix I, 10CFR Part 50. Restricting the census to gardens of greater than
500 square feet provides assurance that significant exposure pathways via leafy vegetables will
he identified and monitored since a garden of this size is the minimum required to produce the
quantlty (26 kg/year) of leafy vegetables assumed in Regulatory Guide 1.109 for consumptlon
by a child. To determine this minimum garden size, the following assumptions were used: (1)

20 percent of the garden was used for growing broad leaf vegetation (i.e., similar to lettuce and '

cabbage) and (2) a vegetation yield of 2 kg/square meter. In lieu of the garden census, broad

leaf vegetation samples from the SITE BOUNDARY in the direction sector with the highest D/Q -

may be substituted. The use of the maximum ofi-site D/Q value predicted for gaseous effluents
. from the plant stack (the plant stack does not qualrty for an elevated release as defined in
Regulatory Guide 1.111, March 1976) will generate the maximum possible calculated dose and

thus, no real garden located at any other point could have a greater calculated dose or dose
commitrent. :

The addition of new sampling locations to Control 4.1, based on the land use census, is
" limited to those locations which yield a calculated dose or dose commitment 20 percent greater
than the calculated dose or dose commitment at any location currently being sampled. This
eliminates the unnecessary changing of the Environmental Radiation Monitoring Program for
new locations which, within the accuracy of the calculation, contribute essentially the same to
the dose or dose commitment as the location already sampled. The substitution of a new
sampling point for one already sampled when the calculated difference in dose is less than 20

percent, would not be expected to resultin a significant increaseé in the abrllty to detect plant
effluent-related radionuclides.
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4.3 Intercomparison Program

Control 4.3 In accordance with Yankee Decommnssnonmg Quality Assurance Program
(Appendlx D, Section B.4. b), analyses shall be performed on referenced radioactive materials
supplied as part of the quality : assurance Laboratory Intercompanson Program

Applicability
At all times.

ACTION

With analyses not being performed as requnred above, report the corrective actions

taken to prevent a recurrence to the Commission in the Annual Radiological Environmental
Operating Report.

Surveillance Requirement

SR 4.3 A summary of the results of analyses performed as part of the above required

Intercomparison Program shall be included in the Annual Radiological Envnronmental Operatmg
Report.

Bases

The control for participation in the Intercomparison Program is provided to ensure that
independent checks on the precision and accuracy of the measurements of radioactive material
in environmental sample matrices are performed. The independent checks are completed as
part of a quality assurance program for environmental monitoring'in order to demonstrate that
the results are reasonably valid for the purposes of Section IV.B.2 of Appendix I, 10CFR

Part 50.
4.4  Environmental Moniloring Locations
The radiological environmiental monitoring stations are listed in Table 4.4. The locations

of these stations with respect to the Yankee plant facuhty are shown on the maps in Figures 4: -1
through 4-7. :

F{evision 15
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TABLE 4.4

Radiological Environmental Mohitbrinq Stations*

Exposure Pathway

. Sample Location and

_Distance From the

. Direction From'

and/or Sample - Designated Code** - - S plantkm) 5 | - - Plant:
1. -AIRBORNE , A N | EREC . "
(Particulates) AP-11  Observation Stand .05
AP-12  Monroe Bridge 141
AP-13  Rowe School 4.2
AP-14  Harriman Power Station - 3.2
A AP-21  Williamstown, MA ' .22.2
2. WATERBORNE - ' g
a. Surface WR-11  Bear Swamp Lower ’ 6.3 .. Downriver
: Reservoir =~ .. S S
. WR-21  Harriman Reservolr < - 10.1 - 'Upriver
b. Ground WG-11  PlantPotable = On-Site Well
WG-12 Sherman Spring 0.2 . NwW-

c. Sediment SE-11  Number 4 Station 36.2° ~ Downriver
From SE-21 . Harriman Reservoir 10.1 - - Upriver
Shoreline ' - e

3. INGESTION S )

a. Fish FH-11  Sherman Pond 1.5 At Discharge
and : , : _Point -
Invertebrates | FH-21  Harriman Reservoir 10.1 - Upriver

b. Food TF-11  Monroe Bridge 1.9 wswW
Products TF-13  Monroe, MA 1.9 WNW.

TF-21  Williamstown, MA 21.0 WSW .-
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09
' ' M&Eﬁ '
‘ (Continued) B
Radiological Environmental Monltorlng Sga!lons %
Exposure Pathway Sample Location and_ S Dnstance From '| Direction From
and/or. Sample .Designated Code** .. lhe Plant (krn) Plant : *ﬁ
4, DIRECT ‘GM-1 Furlon House =~ - 080,-._;, B »;
RADIATION GM-2  Observalion Stand o 1050 R
(Plant) GM-3  Rowe School S ;420 0 f AU SE L | 5%
GM-4  HarmimanStation = - - |l 32077 | : g
GM-5  Monroa Bridge L e - 2
GM:6  Readsboro Road Barrier .y 130 R
GM-7  Whitingham Line - .8.50 B
| GM-8  Monroe Hill Barrier 1.80 - ek
GM-9  Dunbar Brook - 320° 5
GM-10  Cross Road ' |- 350 Y.
GM-11  Adams High Line 1 - 210 22
GM-12  Readsboro, VT S 550 H
GM-13  Restricted Area Fence*** - . 0,08 g
{ GM-14  Restricted Area Fence*** 1 o1 i
GM-15  Restricted AreaFence*** |- 0.08 &
S GM-16  Restricted Area Fence*** 1 0.13 ;
0 - | GM-17  Restricted Area Fence*** - 0.14
GM-18  Restricted Area Fence*** 0.14
GM-19 Restricted Area Fence*** , 0.16
GM-20 Restricted Area Fence*** A . 0,16
GM-21  Restricted Area Fence*** 041 ‘
| aM-22  Heartwelivite. ;- " . 1260 . - |
‘GM-23  Willlamstown Substation - 2220 |y
GM-25 Whitingham,VT -~~~ - |~ 770 ")
GM-27 Number 9 Road . 7.60
GM-29 Route 8A - ' .. .8.20
GM-31  Legate Hill Road - . - 7,60
GM-32 Rowe Road . - 7.0
GM-33 Zoar Road : - 6.90
GM-35 Whitcomb Summit 8.60 .
GM-36 - Tilda Road 660 .- °
GM-38 West Hill Road ' .~ 660 - s S
GM-40  Readsboro Road - 050 . 2]
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TABLE 4.4

o  (Continued) .

Approxnmate TN

. * : .

Sample locations are shown on F‘gures 4-1 through 4-7

"t

Station 1)( s are indicaltor stations, and Station 2X's are control stations (excludmg the dlrect
radiation stations).

***Not included as part of the Radiological Environmental Monitoring Prograrn..

Ravision 16

.Exposure Sample Location and - Distance trom - Dlrectron from
Pathway and/or . Destgnated Code R Center of- ISFSI 'ZCenter of ISFSI
Sample _ 2] pad (meters) . | P ipad T
5. DIRECT . |IF-1 ISFSI Securrty Fence oo e 20 0 s MNW
RADIATION 1} IF-2 Observation Stand ~ . et 7860 0 ) e
(Plant) IF-3 ISFSI Security Fence S e 20
IF-4 ISFSI Security Fence Tt .. 34 g )
IF-5 ISFSI Security Fence . . . 28
IF-6 ISFSI Security Fence .. 18 --SE
IF-7 ISFSI Security.Fence - 23 Rt - I
IF-8 ISFSI Security Fence R . 38 -l T SW
IF-9 Restricted Area Fence (Plant) ey 080 ) SE
IF-10  Restricted Area Fence (Plant) e 65 . /SSE’
IF-11  Restricted Area Fence(Plant) ~ . - *** 135 - 8W
IF-12  Restricted Area Fence (Warehouse) el 225 . N
IF-18  C.W. Intake , ree 240 . NNW
IF-19  Restricted Area Fence (Adm. Bldg.) *** 170 | W,
IF-20 - Roestricted Area Fence (Gatehouse) s |. . 235 UWNW
IF-40 Readsboro Road L S e - 700 : - N =
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50 INSTRUMENTATION
5.1 Radioactive Liquid Effluents

Control 5.1 In‘accordance with Yankee Decommissioning Quality Assurance Program

(Appendix D, Section B.4.a), the radioactive liquid effluent monitoring instrumentation channels

shown in Table 5.1 shall be OPERABLE with their alarm/trip setpoints set to ensure that the

limits of Control 2.1 are not exceeded. The alarm/trip setpoints of these channels shall be
determined in accordance with the ODCM.

Applicability

. As shown in Table 5.1.

ACTION
a. .With a radioactive liquid effluent monitoring instrumentation channel alarm/trip
setpoint less conservative than a value which will ensure that the limits of
Control 2.1 are met, without delay, take actions to suspend the release of .
radioactive liquid effluents monitored by the affected channel, or declare the
channel inoperable, or change the setpoint, so it is acceptably conservative.
b. With less than the minimum number of radioactive liquid effluent monitoring

instrumentation channels OPERABLE, take the ACTION shown in Table 5.1.
Exert reasonable efforts to return the instrument(s) to OPERABLE status within
30 days and if unsuccesstul, explain in the next Annual Radioactive Effluent
Release Report the reason for the delay in correcting the inoperability.

Surveillance Requirement

SR 6.1 Each radioactive liquid effluent monitoring instrumentation channel shall be
demonstrated OPERABLE by performance of the CHANNEL CHECK, SOURCE CHECK,
CHANNEL CALIBRATION, and CHANNEL FUNCTIONAL TEST operations during the MODES
and at the frequencies shown in Table 5.2.

Revision 15
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The radioactive liquid effluent Instrumentallon Is provlded to monltor and control as
applicable, the releases of radioactive materlals in liquld effluents durlng actual or potentlal
releases of liquid effluents. The alarm/trip setpoints for these Instruments ensure that the

alarm/trip will occur prior to exceeding the limits of 10CFR Part 20, The OPERABILITY and use {':,. o

of this Instrumentation is consistent with the requlremenrs ol'General Deslgn‘ Crlterla 60, 63, and | '
64 of Appendix A, 10CFR Part 50. - 5 7

A gross radioactivity monitor which provides for automatic Isolatlon of liquld discharges
on detection of radioactivity concentrations in excess of the values of 10CFR Part 20 (see
Appendix B of ODCM), Is included on the liquid radioactive waste effluent discharge line 1rom
the plant's test tanks. The automatic alarm/trip function provided by this monltor glves

assurance as a final check that all conditions assumed, measured, or.calculated lhat were used S '

to determine effluent discharge rates have been appropriatety made. Thls provides a degree ot >

protection agalnst calculational errors on discharge rate, operalor errors in settlng d!scharge R

flow, nonrepresentative samples used for isotoplc content of dnscharge volume, or crud releases

during discharge which could lead to the duscharge concentration limits of Control 2.1 belng
exceeded. :

Composite samples are provided for corrtindous b’otential radioactive effluent pathv{raye
(i.e., ASW discharge) to give assurance that potentlal radloactive liquld releases to the -
environment are accounted for (See Figure 6- 1)
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adioactive Liquid toring Ingtrumentati
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- Minimum 1
Channels P S
Instrument . | OPERABLE | Applicability | - ACTION |,
1. Gross Radioactivity Monitor Providing h Lo
Automatic Isolation ) . S o P
a. Liquid Radwaste Effluent Line' ) At All Times* 1

2. Deleted
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3. Continuous Composde Samplers

a. Auxiliary Service Water Effluent Line? (1) ) ¢ ‘ 5 -
b. SFP Dewatering Skid Effluent Line® _ (1) L. ' 5

4. Flow Rate Measurement Devices _ : -
a. Liquid Radwaste Effluent Line . ' (1). e 3

b. Auxiliary Service Water System Effluent (1) . .

® ¢. SFP Dewatering Skid Effluent Line 1) a '3

w

' A common radioactivity monitor (ASW-RM-001) provides indication for both the Uquid '
Radwaste Effluent Line and the Auxiliary Service Water Effluent. Actuation of the tadloachvlty
monitor alarm will isolate test tank releases (if in progress)

2 The ASW Effluent Line composite sampler is intended to provide water samples during lhe e et
discharge of water from SFP drain down only. ASW oomposnte sampler not required during R :
discharge of evaporator processed test tanks. " . B o - ' o
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TABLESA
(Continued)

Table Nofation |

operations.

* Monitor preventive maintenance, testing and ca!ibrétion‘a'ré' permitted uhde'r't'he"ACTidN
requirements. o _ :

*  Via this pathway during SFP discharge (3.a) of SFP dréiri E_iown (3.b.j only.

** Via this pathway during releases.
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. ' ACTION Statements

ACTION 1 - With the number of channels OPERABLE less than required by the mlnlmum

Test Tanks, TK-39 or direct SFP drain down shall be curtailed. Effluent releases
from the Test Tanks or TK-39 may conllnu P 'vlded that prlor to lnltiatlng the R
release:

a.  Atleast two independent s"amples of the Test Tank's contents, ‘or two

. TK-39, are analyzed in accordance with SR 2.1.1,

verify the release rate calculatlons and discharge lrne valvlng, ,
ACTION 2 - Deleted

ACTION 3 - With the number of channels OPERABLE less than requlred by the mlnlmum
channels OPERABLE requlrement effluent réleases via this pathway may
continue, provided that the flow rate is estlmated at least once per four hours
during actual releases.

ACTION 4 - Deleted

Revision 16
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channels OPERABLE requirement, all radioactive waste effluent releases from the.:'_j ‘

separate aliquots from the SFP dewatering skid composlte sampler servlelng :

b. Atleast two technically quahlred members of the tacrllty stall lndependently o
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TABLE 5.1
_(Contlnued)

_' . ' ACTION Statement
ok _ ACTION 5 - With the number of channels OPERABLE less than requlred by the mlnlmum

. channels OPERABLE requirement operatlon of the potentlal ellluent release s
pathway may continue, provided that the assoclated efiluent monitor Is venlled to
be operatlng and grab samples are taken at least once per 24 hours and analyzed .
{or gross radioactivity (beta or gamma) at a limit of detectron of at least 1 0 X 10‘7'
mlcrocuries/ml at least weekly on'a composlle sample. ) S

ACTIONS - Daeted S PO
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TABLE 5.2

Radioactive Liquid Effluent.Monitoring Instrumentation Surveillance Requirements

' MODES in

CHANNEL Which
4 , CHANNEL | SOURCE CHANNEL FUNCTIONAL | Surveillance
Instrument CHECK CHECK | CALIBRATION TEST is Required

Gross Beta or Gamma'Radioactivity Monitor Providing
Alarm and Automatic {solation

a. Liquid Radwaste Effluent Line® D P R Qt At All Times

Deleted -

Continuous Composite Samplers : A
a. Auxiliary Service Water Effluent Line D NA
b. SFP Dewatering Skid Effluent Line * D NA

v

Flow Rafe Measurement Devices

h )
a. Liquid Radwaste Effluent Line D NA

5.7
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TABLE 5.2
(Continued)

Radioactive Liquid Effluent Monitoring Instrumentation Surveillance Requirements

MODES in

~ CHANNEL Which
S CHANNEL | SOURCE | CHANNEL FUNCTIONAL | Surveillance

Instrument CHECK | CHECK | CALIBRATION TEST - is Required

4. Flow Rate Measurement Devices (continued) .
b. Auxiliary Service Water Discharge p® NA R NA
¢.. SFP Dewatering Skid Effluent Line p¥ NA | R NA

- ';' Via this patﬁWay during waste effluent releases.

Rl Va this pathway dunng SFP discharge (3.a) or SFP drain down (3.b) only

sl

“’ A common radioactivity. monrtor (ASW-RM-001) prov:des indication for both the Liquid Radwaste Eﬁluent lee and Auxilnary o
*Service Water Efﬂuent Une Actuation of the radnoactw:ty momtor alam wﬂl nsolate test tank releases (rf in, pmgress) '

AR L L




TABLE 5.2

‘ E (Continued) K

Table Notallog '

(1)- The CHANNEL FUNCTIONAL TEST also shal! demonstrate that automalic lsolahon of lhe
liquid radwaste effluent line, and Control Room alarm annunciauon occurs if any of the
following conditions, except as noted, exist: : Co

a. Instrument indicates measured levels above the alarm/trip setpoint,

b.  Circuit failure, L

c. Instrument Indscates a downscale failure (automatlc pathway isolauon and Comrol
Room alarm Indication. : ‘ L

(2) - The CHANNEL CALIBRATION shall include the use of a known radnoact:ve source(s)
positioned in a reproducible geometry with respect to the sensor whose effect on the
system was established at the time of the primary cahbrauon. anary calibration Isthe .
determination of the electronic system accuracy when the detector is exposed in a known -
geometry to radlahon from sources emmmg beta and gamma radiation with fliences and
) energles In the ranges anticipated to be measured by the channel during normal
. operation. Sources should be traceable to the National Insmute of Standards and
Technology (NIST).

(3}~ The CHANNEL CHECK shall consist of verilying Indication of flow during perieds of
release. The CHANNEL CHECK shall be made at least once daily on any day on which
continuous, periodic, or batch releases are made.
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52  Radioactive Gaseous Effluents

Conlrol 5.2 In accordance with Yankee Decommnssxomng Quality Assurance Program
(Appendux D, Section B.4.a), the radioactive gaseous effluent monitoring |nstrumentahon

“channels shown in Table 5.3 shall be. OPERABLE with their alarm setpoints set to ensure that

the limits of Control 3.3 are not exceeded The alarm setpomts of these channels shall be
determined in accordance with the ODCM.

AQQ licability

As shown in Table 5.3.

ACTION
a. With a radioactive gaseous effluent monitoring instmmehta{ien channel alarm
setpoint less conservative than a value which will ensure that the limits of
Control 3.3 are met, without delay, take actions to suspend the release of.
radioactive gaseous effluents monltored by the affected channel or declare the
channel inoperable, or change the setpoint, so itis acceptably conservative,
b. With less than the mnmmum number of radioactive gaseous effluent monitoring

instrumentation channels OPERABLE take the ACTION shown in Table 5.3.
Exert reasonable efforts to return the mstrument(s) to OPERABLE status within
30 days and if unsuccessful explaln in the next Annual Radioactive Effluent
Release Report the reason for the delay in correcting the inoperability.

Surveillance Requirement

SRS5.2 Each radioactive gaseous effluent mohi:orihg instrumentation channel shall be
demonstrated OPERABLE by performance of the CHANNEL CHECK, SOURCE CHECK,
CHANNEL CALIBRATION and CHANNEL FUNCTIONAL TEST operations durlng the MODES

-and at the frequencies shown in Table 5. 4.
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Bases

The radioactive gaseous effiuent instruméntation in the prir'nary vent stack is provided to
monitor, as apphcable the releases of radloactlve materials in gaseous effluents during actual
or potential releases of gaseous effluents. The alarm se!pomts for these mstrumenls are set
conservatively to ensure that the limits of Control 33 are not exceeded The OPERABIL!TY
and use of this mstrumentatlon is oonsustent wnth the. requnrements of Genéral Desugn :

Criteria 60, 63, and 64 of Appendix A, 1OCFR Part 50

The primary vent stack exhausts bunldmg ventilation alr, as well as gaseous process

‘'streams, to the atmosphere and as such, cannot be isolated due 1o building ventilation
requirements.
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TABLE 5.3

Radioactive Gaseous Effluent Monitoring Instrumentation

Minimum
Channels ‘
Instrument OPERABLE | .Applicability- Parameter ~ | ACTION
1. Primary Vent Stack ' '
a. Noble Gas Activity Monitor 7 (1) * Radioactivity Rate Measurement 9
b. Particulate Sampler Filter (1) * Verify Presence of Filter 8
c. Effluent System Flow Rate Measuring Device (1)? * System Rate Measurement. 7
d. Sampler Flow Rate Measuring Device (2)° * Sampler Flow Rate Measurement 7
* At all times.
_" One channél per pathway (VC and PAB ventilation flow paths) required.

® One flow device channel is for the noble gas channel, and a separate channel is for the fixed particulate filter.

Revision 11
5-12




ACTION 7 -

ACTION 8 -

ACTION 9 -

Revision 11
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TABLES.3
(Continued)

ACTION Slalements :

With the number of channels OPERABLE less than the minimum channels -

OPERABLE requnrement effluent releases may continue, provided the flow rate is .

estimated at least once per 12 hours.

With the number of channels OPERABLE less than the minimum channels
OPERABLE requirement, effluent releases via this pathway may continue,

provided samples are continuously collected with auxiliary samplmg equupmenl as
required in Table 3.1. :

With the number of channels OPERABLE less than the minimum channels
OPERABLE requirement, effluent releases via this pathway may continue,

provided grab samples are taken at least once per 12 hours, and these samples
are analyzed for gross activity within 24 hours.

. 513




TABLE 5.4

Radioactive Gaseous Effluent Monitoring Instrumentation Surveillance Requirerr{ents

MODES in
CHANNEL Which™
~ CHANNEL | SOURCE CHANNEL FUNCTIONAL [ Surveillance is
' Instrument CHECK CHECK | CALIBRATION TEST Required
1. Primary Vent Stack

a. Noble Gas Activity Monitor D .M R(2) Q(1) *
b. Particulate Sampler Filter - W NA NA NA *
© c¢. System Effluent Flow Rate Measuring Device D NA NA NA *
d. Sampler Flow Rate Measuring Device D NA R Q *

~ " Atall times.
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(1)

(2)

TAB_LE 5.4 |
(Continued) .

Table Notation

The CHANNEL FUNCTIONAL TEST also shall demonstrate that Control Room alarm
annunciation occurs if any of the following conditions exist:

a. Instrument indicates measured levels above the alarm setpoint,
b. Circuit failure,
c. Instrument indicates a downscale failure.

The initial CHANNEL CALIBRATION for radioactivity measurement instrumentation shall
be performed using one or more of the reference standards certified by the NIST or
using standards that have been obtained from suppliers that participate in measurem‘en't
assurance aclivities with NIST. Subsequent CHANNEL CALIBRATION sources that

have been related to the initial calibration can be used at intervals of at least once per 18
months.
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5.3  Liquid Effluent Instrumentation Setpoin-ts, - |

Control 5.1 requires that the radioactive liquid effluent instrumentation in Table 5.1 have
alarm/trip setpoints in order to ensure that Control 2.1 is not exceeded. Control 2.1 limits the
activity concentrahon in liquid effluents to the appropnate MPCs in 1OCFR Part 20, as listed in - ;
Appendix B of the ODCM, and a total noble gas MPC. B

Use the method below to determine the s_etpqlnts for {He required instrumentation.
5.3.1 Method

The Liquid Radwaste Effluent monitor response (cpm) for the hmmng concentration at
the point of discharge is the setpoint, denoted R, and is determined as follows:

R= (‘f_z) (MPCJ) (S ¢) o .  (Eq.54)
: : 4 . AL
Where:
fy = Flow rate past the test tank monitor (gpm).
f2 = Flow rate atthe point of discharge (gpm). - - . |
St = Instrument response,factbr (cpm/(pCf/nil)).

MPCc = Composite MPC for the mix of radionuclides (pCi)ml)'.

N

MPCc

Y, CilYy, CIMPC; = Y, 1Y, 1,/MPC '= 1{2 f,/MPC,] (Eq.5-2) l
i 1 i 1 . P

Where:

MPC;

it

MPC for radionuclide "i* from 1OCFR Part 20 Appendlx B, Table ll, Column 2
(pC|Im|) See ODCM Appendlx B.
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Concentration of radionuclide *i* in mixture (uCi/mi).

f, Fraclion of radionuctide " in mixture'

Other setpomt methodologles also can be apphed Wthh are more restnctuve than the -
approach used here.

The setpoint, R, may be administratively set lower to ac(:_omrhodate pathways which
normally are nonradioactive (Auxiliary Service Water). The auxiliary Service Wateris a normally
clean system. The same radiation effluent monitor provides detection of the presence of-an off
normal condition that may have unexpectedly introduced radioactive contamination to this clean
system. The alarm setpoint when only ASW ooollng flow is in operation is set at two to three -
times background to give as early an alarm as practncable SFP cooling fiow is secured from -
the SFP heat exchanger when test tank drscharges are made. This requirement allows the
common radiation monitor to see either the expected clean ASW pathway flow when SFP
cooling operations are on going {potential source) or the expected radioactivity in the test tank
effluent flow when this discharge pathway is in operation.

5.3.2 Liquid Effiuent Setpoint Example
The efﬂqehl monitor for the test tank release pathway is gamma sensitive monitor. it has

a typical se‘nsi}ivity. S, of 2.8E48 cpm per HCi/ml of gamma emitters which emit one photon per
-disintegration and a typical background of abotit 330 cpm.’

The composite MPC and setpoint can be calculated based on the following example

data:
i i, - MPC; (uCi/ml)
Cs-134 0.02 © 9x10®
Cs-137 - 0.8 | 2x10°
Co-60 0.80 3x10°
Revision 11
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- 3,
. . - ]
. MPC. = LS
o [}

(0.02/9x 107 +0.18/2x10°.+ 0.80/3 x 10°%) . . -

MPC, = 2.6 x10°* (pCi/ml)

For this example, normal liquid effluent flow rate, (f,), is ass(:med to be 2.8 gpm. Dilution water : '
flow, {2, is assumed to be 90 gpm (equivalent to total ﬂow of both contaminated and clean - - |
water). The setpoint for the monitor when the test tank effluent pathway is operatmg is then
calculated for these example conditions to be: - :

=L wmrcysn -
(f (MPC.) (S¢) |

= 90 gpm (2.6 x107 uCilmi) (2.8E +8 cpm!(uCil ml)) - (Eq.5-1)
2.8 gpm . . :
- =234,000 cpm
. This setpoint value may be administratively set lower than the maximum count rate for '

conservatism.

5.3.3 Basis

The l|qund effluent monitor setpoint must ensure that Control 2.1 is not exceeded for the
appropriate in- plant pathways. The monitor responds to the concentrauon of radloactivnty as
follows: : Coe e R

(.R = (3‘)[2 f, s ](CMON) e S (E.lQ.AS.-S)f»’_.'.
cpm) : - : S .
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Where variables are the same as those in Section 5.3.1 except:

Cuon Total concentration (uCi/ml) seen by the monitor.

Si Ratio of response from equal activities of radionuclide *i* to a reference

radionuclide.

Calibration of the radiation monitors have established that the gross gamma detector response,
Sz f;s; was fairly independent of gamma energy as expected. Thus, the response is a
i

function of radioactivity concentration and the gamma yield of the mixture. Since Z fis; is
i

approximately one:
R =(S¢) (Cmon) . (Eq. 5-6)

' &
For simplicity, assume that the monitor looks at a flow for f;. We know that: '

c= (:—;) Cuo) - (Eq. 57)

Where:
C = Total concentration at the point of discharge.

Solve Equation 5-5 for Cyon and substitute into Equation 5-4 to get:

R= (%) () (S¢) - (Eq. 5-8)
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' Wedefined C= ) C; and define the composite MPC, such that:

Eq. 5-
MPC (Eq.5-9)

The right side of the equation is the sum of the ratios of the MPC limits in 10CFR Part 20
(Appendix B of the ODCM). Solvmg for MPC,, the composite MPC for the mixture, we get the
definition of MPC.:

MPC, = - (Eq. 5-2)

Substituting MPC. into Equation 5-6, we get the response of the monitor as MPC, is reached at
the point of discharge, which is the setpoint:

R= (_‘f&) (MPC,) (S¢)’ (Eq. 5-1)
1 .
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5.4  Gaseous Effluent Instrumentation Setpoints

Control 5.2 requires that the radioactive gaseous effluent instrumentation in Table 5.3 '
have their alarm setpoints set to ensure that Control 3.3.a Is not exceeded.

Use the method below to détermine the setpoint for the noble gas activity monitor.
5.4.1 Method
' The noble gas activity monitor response (cpr) atthe lirﬁiting noble gas dose (either total

body or skin off-site) is the setpoiht, denoted R, and is deﬁtermi’ned for Kr-85 as the only noble
gas leftin the spent fuel following permanent shutdown in October 1991. .

R is the lesser of:

- gasmee
And:
| ‘ K - o) ’(-SB:r-es) (Eq. 5-4) l
‘ - Where: |
7.83 = 10 (pCi/uCi) 7.83x 107 (sec{m’) 3 ‘ l
DFx.ss = Combined Skin dose factor for Kr-85. See Table 1.2. l
DFByss = Total body dose féctorfqr Kr-85. See Table 1.2. o l
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F

Primary vent stack flow rate {cc/min).

S Kr-85 Gaseous monitor résponse fa’clor for Kr;85 (cpm/(pCi/cc)).-.

Other setpoint melhodologles also can be apphed wh|ch are more restrictive than the

approach used here.
5.4.2 Gaseous Effluent Setpoint Example

The primary vent stack noble gas actuvnty momtor is an off-line system consistmg ofa
beta sensitive scintillation detector, electromcs an analog ratemeter readout, and a dagnal
scaler which counts the detector output pulses System charactenstlcs are:

a. Typical sensitivity - 1cpm= 3x 10°® pCl/cc of Kr-85 that is,
S ~ 3.3 x 10*7 cpm/(uCilcc)

b. Typical background - 100 to 200 cpm
Under normal plant stack flow, F, of 5.80 x 10*® cc/min (20,500 cfm x 28,300 cc/it’).
Applying Equations 5-3 and 5-4:

(500) (60) (3.3 x 10*")

= 12 —=1.35x10"7 cpm
(5.80 X 10*?) (7.83) (1.61x 1075)

(3000) (60) (3.3 x 10*7)

= 318,000 cpm
(5.80 x 10*%) (3.22 x 107?) P

sk =

The setpbint R, is the lesser of Ry, and Rsx;- thereforé ‘it Is equal to 318,000 cpm. Since

Kr-85 is the only noble gas radionuclide left for potential release, the skin dose rate limit -
calculated in the example is the maximum setpoint permmed
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5.4.3 Basis

The noble gas activity monitor setpomt must ensure that Control 3.3.a is not exceeded.
Sections 3.9 and 3. 10 show that Equations 3-3 and 3-4 are acceptable methods for comp!ynng
with Control 3.3.a. The derivation of Equahons 5-3 and 5-4 starts with the general equation for
. the response, R (cpm) of a radiation monitor and the basic assumption that only one noble gas
- radionuclide is expected to be available for detection (Kr-85) for the long-term shutdown mode:

R = (Skees) (C) I
(Eq. 5-5)

(cpm) = (ecpm/(nCi/cc)) (1) (nCi/ce)
~ Expanding for the concentration:
R = (Skees) (Q) (60/F)
(Eq. 5-10) |

(cpm) = (cpm/(uCi/ce)) (1) (pCi/sec) (sec/min)/(cc/min)

The response of the monitor at the release rate which causes the total body dose rate
limit to be reduced, Ry, begins with Equation 3-3.

D = 7.83 Qxr.e5 DFBxrs S I

where 7.83 is equal to the limiting off-site gamma X/Q from Table 3-6 times a umt conversion :
factor of 10°® pCi/uCi.

Rearranging to solve for Q:

e Ow . . o 43) |
Q~7.830FBK,.85 _ _ | | (Eq. 5-13) |

Substituting Equation 5-13 into Equation 5-10 and substituting the total body dose rate hmlt
gives:
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. Sir-ss (cpml(uCi/éc)) 500 (mre.rhhl yr) 60 '('seclmin)"' '

I~ : 7 -. (Eq.5-3)
F (cc/min) 7.83 (pci - sec/uCi -m”) DFB,'(,-B'S (mrem -m lpCi -yr) -

The response of the monitor at the release rate Wthh causes the skm dose rate limit to
be reduced Rsx, begins with Equation 3-4:

D= QDFy, g5 -
Rearranging to solve for Q:

Dsk

Q=— : o : Eq.5-15
DFie-os o (Bq. 5-15)

Subsmunng Equation 5-15 into Equation 5-10 and substllutmg the skin dose rate Ilmlt of 3,000
mrem/yr gives: -

R Skr-ss (cpm/(nCi/cc)) 3000 (mrem/ yr) 60 (sec/min)
sk F (cc/min) DFg,_gs (mrem —sec/pCi-yr)
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60 RADIOACTIVE WASTE TREATMENT SYSTEMS, EFFLUENT PATHWAYS, AND
RADIATION MONITORS

6.1 _ Liquid Radioactive Waste Treatment

Control 6.1 In accordance with Yankee Decommissioning Quality Assurance Piogram
(Appendix D, Section B.4.a), the Liquid Radioactive Waste Treatment System shall be used to
reduce the radioactive materials in the liquid waste prior to its discharge when the estimated
doses due to the liquid effluent from the site (see Figure 1-2) when averaged over 31 days,
would exceed 0.06 mrem to the total body or 0.20 mrem to any organ.

Applicability
At all times.
ACTION
a. With liquid waste being discharged without procéssing through apprc;priate

treatment systems as defined in the ODCM and estimated doses in excess of the
above limits, and if not applicable to 10CFR Part 50.73, prepare and submit to
the Commission within 30 days pursuant to Control 7.4, a Special Report which

- includes the following information:

1. Expianation of why liquid radioactive waste was being discharged without
treatment, identiﬁcation of any inoperable equipment or subsystems, and
the reasons for the inoperability;

2. Action(s) taken to restore the inoperable equipment to OPERABLE
status, and

"3. Summary description of action(s) taken to prevent a recurrence.

Surveillance Requirement

SR 6.1 Doses due to liquid releases shall be estimated at least once per 31 days in acéordance
with the ODCM. No dose estimates are required if the Liquid Radioactive Waste Treatment
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System has been continually used to reduce the radioactive materials in liquid waste prior to its
discharge or if no liquid discharges have taken place over the appropriate 31-day period.

Bases

The control that the appropriate portions of the Liquid Radioactive Waste Treatment
System be used when specified provides assurance that the releases of i'adioactive_ materials in
liquid effluents will be kept "as low as is reasonably achievable.” Control 6.1 implements the
requirements of 10CFR Part 50.36a, General Design Criterion 60 of Appendix A, 10CFR '
Part 50, and the design objective of Section I1.D of Appendix I, 10CFR Part 50. The specified
limits governing the use of appropriate portions of the Liquid Radioactive Waste Treatment
System were specified as a suitable fraction of the dose design controls set forth in Section 1.A
of Appendix I, 10CFR Part 50, for liquid effluents.

e
e
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6.2 Gaseous Rad'ioaetive Waste Treatment

Control 6.2 In accordance with Yankee Decommrsstomng Qualrty Assurance Program -
(Appendix D, Section B.4 .a), the VENTILATION EXHAUST TREATMENT SYSTEM shall be |
used to reduce radioactive materials in gaseous waste prior to therr discharge when the

estimated doses due to gaseous effluent releases from the site to areas at and beyond the SITE
BOUNDARY (see Figure 5. 1-3) would exceed 0. 30 mrem to any organ over 31 days

Applicability -
At all tirnes.
AC'.I’ION
a. With gaseous waste being discharged w:thout processmg through appropnate

treatment systems as defined in the ODCM and in excess of the above limits and
if not applicable to 10CFR Part 50.73, prepare and submit to the Commission
within 30 days, pursuant to Control 7.4, a Special Report that mcludes the
followrng information:

1. Explanation of why gese'o'us radidactive waste was being discharged
without treatment, identification of any inoperable equipment or
subsystems, and the reasons for the inoperability;

2. Actlon(s) taken to restore any moperable equipment to OPERABLE
status, and

3. Summary description of action(s) taken 1o p.revent a recurrence.

Surveillance Requirement

SR 6.2 Doses due to gaseous releases from the site shatl be estrmated at least once per
31 days in accordance with the ODCM. :
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Bases

The control that the appropriate poruons of the VENTILATION EXHAUST TREATMENT l
SYSTEM be used when specified provides reasonable assurance that the releases of

radioactive materials in gaseous effluents will be kept "as Iow asis reasonably achnevable
Control 6.2 implements the requnrements of 1OCFR Part 50 36a General Design Criterion 60 of
Appendix A, 10CFR Part 50, and the desngn controls of Appendlx 1, 10CFR Pait 50. L - | .
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Lol 6.3  Liquid and Gaseous Effluent Streams, Radiation Monitors. and Radzoactive Waste
. Treatment Systems . e

Figure 6-1 shows the liquid effluent streams, radiation monitors. and the appropriate .
* Liquid Radioactive Waste Treatment System. Figure 6-2 shows the gaseous effluent streams . =
radiation monitors, and the appropriate Ventilation Exhaust Treatment System. S r

6.4 In-Plant Liquid Effluent Pathways

Batch effluent tanks called "test tanks collect the drstriiate from the atmospheric liquid
radioactive waste evaporator. Normaily. liquid waste accumulates at about 0.3 gpm and Is :. T
processed at about 1 gpm. When the test tanks are full, they are sampied analyzed, and . L )
released at a nominal 5 gpm. : : ' ‘ '

- Auxiliary service water provides dilution water flow. Typically. flow rates range up to S
* 90 gpm for normal auxiliary service water use. : v

Calibrations of the radiation monitor has established that the gross ‘gamma detector .
response was fairly independent of the gamma energy, as expected Thus, the responseis a.
function of the radioactivity concentration and the gamma yield of the mixture, but not the -
gamma energies of the mixture. - The electronics of the monitor channe! has an adjustable alarm -
setpoint. :

Spent Fuel Pool drain down occurs after all spent fuel and other contaminated materials

are transferred to the Independent Spent Fuel Storage Installatin (ISFSI). Discharge of the SPF
. water in either batch or continuous mode will be treated by demineralization and filtration beiore :
release to Outtaii 001. Figure 6.1 indicates the flow paths and in-line radiation monitoring prior
to reiease The primary flow path for SFP dewatenng is to direct the flow (continuous mode)
" after waste treatment through a composite sampler (for representative sampling of the _

discharge stream) upstream of ASW dilution flow and finally past the ASW In- i|ne radlation
monitor before release to Sherman Pond via Outfall 001. :

PO P
ST AR R

g 8 3
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6.5 ln'-Plani Gaseous Effluent Pathways

The primary vent stack noble gas effluent momtor is an off line system consnstmg ofa
beta sensitive scintillation detector, electromcs, an analog ratemeter readout, and a dlgltal
scaler which counts the detector output pulses. Calibration data is provided by the
manufacturer which indicates the response of the béta sensitive detector to various gaseous

. radionuclides. The calibration data was vermed on msta!lahon and penod:cally thereaﬂer
Systém characteristics are: :

a. Typical sensitivity 1 cpm ~ 3 x 10°® pCilcc Kr-85

b. Typical backgrouhd : 100-200 cpm
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E IGURE 6-1

Liquid Effluent Streams, Radlahon Monitors, and ,
Radioactive Waste Trcatment Systcm at the Yankec Plant

-

Auxiiary Servica Water

mmcsamicemesmmssm  Contingency Path, SFP Dewatering

essessscscacsesescsess  Promary Path; SFP Dewatering

* For construction dewatering. process treatment, i needed, wit be provided before release to the eeronmenL Treatment bf ndloectMu tedudbn cquld K
include any combination of evaporation, lon exchange and/or fitration by either installed or temporary process equipment as apptopdate lof lhe o

radionuclide content and water quality of the source

** Misceltaneous waste watet includes, but is not timited 1o, sources such as conslmc!lon dewatering that are nt dertved hom mcloted plam tymmt '

COSTRUMFIGS |
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FIGURE 6-2

Gaseous Effluent Streams. Radiaiion Mohitors. and
Radioactive Waste Treatment System at the Yankee Plant

Atmosphere

i

Tritium Sampler
Particulate Sampler
Noble Gas Monitor
——————————— |
| |
|
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| 1O HEPA | PRE [ VC Ventilation
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z ; |
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7.0 REPORTING REQUIREMENTS

7.1 Annual Radidlogical Environmental Operallng Report

Contro! 7.1

a.

Revision 13

An Annual Radiological Envnronmental Operaling Report covenng the operatlon
of the unit during the previous calendar year shall be submitted to the NRC in
accordance with Technical Specmcatuon 6.8.2.a pnor to May'1 of each year.

The Annual Radiological Environmental Operating Report shall include
summaries, interpretations, and an analysis of trends of the results of the
radiological environmental surveillance activities for the report period, including a
comparison with operational controls (as appropriate), and prevnous
environmental surveillance repons and an assessment of the observed nmpacts
of the plant operation on the environment. The report also shall include the
results of the land use census required by Control 4.2.

The Annual Radiological Environmental Opérating Report shali include
summarized and tabulated results of all radiological envxronmental samples
taken during the report period pursuant 1o the table and fugures in the ODCM. ‘In
the event that somé results are not available to include in the report, the report
shall be submitted.noting and explaining the reasons for the missing results. The
missing data shall be submitted as soon as possible in a supplementary report.

The report also shall include the following: a summary description of the
Radiological Environmental quilbring Prpgfam with a map of all sampling
locations keyed to a table giving distances and directions from the reactor, the
results of licensee participation in the Intercomparison Program required by
Control 4.3, and a discussion of all analyses in which the LLD required by
Table 4.3 was not achievable.

- 741




7.2 Annual Radioactive Effluent Release Report  * - - |

Conlrol 7.2

a.’

Revision 13

Before May 1 of each year, a report shall be submitted to the NRC in accordance
with the requirements of Technical Specification 6.8.2.b covering the radioactive
content of effluents released to unrestncled areas during the previous caléndar

' year

The Annual Radioactive Effluent Release Report shall include a summary of the
quantities of radioactive liquid and gaseous effluents réleased from the unit as
outlined in Regulatory Guide 1 21 Revnsaon 1, June 1974, "Measuring, '
Evalua\mg. and Reporting Radioacuvny in Sohd Wastes and Releases of
Radioactive Materials in Liquid and Gaseous Effluénts from Light-Water-Cooled

* Nuclear Power Plants,” with data summarized on a quanerly basis following the

format of Appendix B thereof.

In addition, the Annual Radioactive Effluent Release Report shall include an
assessment of the radiation doses due to the radioactive liquid and gaseous
effluents released from the unit dunng thé previous calendar year. This report
also shall include an assessment of the radiation doses from radioactive effluents
to MEMBER(S) OF THE PUBLIC due to the allowed recreational activities inside
the SITE BOUNDARY (Figures 1-1 and 1-2) during the previous calendar year.
All assumptions used in making these assessments (e.g., specific activity,
exposure time, and location) shall be included in the report. Historical average

Ameteorologlcal conditions shall be used for determlnmg the yaseous pathway
"doses. The assessment of radnatlon doses shall be performed in accordance

with the ODCM.

The Annual Radioactive Efﬂueht Release Report also shallinclude an
assessment of radiation doses to the likely most exposed real MEMBER(S) OF
THE PUBLIC from reactor releases (including doses from prnmary effluent
pathways and direct radiation) for the prevnous calendar year to show
¢onformance with 40CFR190, 'Envnronmenlal Radiation Protecuon Standards for
Nuclear Power Operauon, if Control 3.2 has been exceeded durmg the calendar
year. :
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The Annual Radioactive Effluent Release Report shall include a list and
description of unplanned releases from the site-to-site boundary of radioactive
materials in gaseous and liquid effluents made during the reporting period.

The Annual Radioactive Effluent Release Report shall include any changes
made during the reporting period to the ODCM, as well as a listing of new
locations for dose calculations and/or environmental monitoring identified by the

land use census pursuant to Control 4.2.



7.3  Major Changes to Liquid and Gaseous Radicactiv_e Waste Treatmént Systems

Conlrol 7.3 Licensee initiated major changes to the liquid and gaseous radioactive waste
systems:
a. Shall be reported to the Commrssron in the Annual Radioactive Effluent Release : |

Report for the period in which the evaluatron was revnewed by the PORC. - The .

discussion of each change shall contam '

1. A summary of the evaluatron that led to the determlnatlon that the change
could be made in accordance with 10CFR Part 50.59,

2. Sufficient detailed mlormatlon to support the reason lor the change
wrthout benefit of additional or supplemental mlormatlon

3. . A detailed description of the equrpment components, and processes
involved and the interfaces wnth other plant systems,

4. An evaluation of the change. which shows the predicted .releases of
radioactive materials in liquid and gaseous effluents that differ from those
previously predicted in the license application and amendments thereto,

, 5. An evaluation of the change, which shows the expected maximum
. ] éxposures to MEMBER(S) OF THE PUBLIC at the SITE BOUNDARY
' and to the general population that differ from those previously estrmated
in the license application and amendments thereto,

6. A comparison of the predicted releases of radloactive materials in liquid
and gaseous effiuents to the actual releases for the period prior to when
the changes are to be made, :

7. An estimate of the exposure to plant operatmg personnel as a result of
the change, and

Revision 13
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8. Documentation of the fact that the change was revaewed and 1ound
. " acceptable by the PORC.
‘ b.  Shall become effective upon review and acceptance by the PORC.

7.4  Special Reports

Cdntrol 7.4  Special Reports shall be submifted 'p'ursua‘nvt to 10CFR50.4 wiihin the time period -
specified for each report. These repoits shall be submuled covering the actnvmes identified
below pursuant to the requirements of the apphcable reference controls:

a. Liquid Effluents, Controls 3.1 and 6.1,
b.  Gaseous Effluents, Controls 3.4, 3.5, and 6.2.

c. Total Dose, Control 3.2.

d. Radiological Environmental Mé'nitofing, Control 4.1.
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UNITED STATES o .
NUCLEAR REGULATORY COMMISSION S
* WASHINGTON, o C. 20555 -

MAY 17 1990

Docket -No. 50-029
" Hr. George Papanlc Jr.
Senior. Project - Engineer - L1cens1ng :
Yankee Atomic Electric Company
" 580 Main Street .-
Bolton, Massachusetts. 01740-1398
' Dear Mr. Papan1c" | '
A SUBJECT' DISPOSAL OF SEPTAGE - YANKEE NUCLEAR PONER STATION :

By letter dated Apr11 11 1990 .you requested 'NRC - approva] for a. proposed
d1sposa] of sewage s]udge conta1n1ng very low concentrat1ons of rad1onuc11de |
accord1ng to 10 CFR 20 302. We have comp]eted our- rev1ew of- your request and
‘our evaluation is "enclosed. we have found that your proposed transfer of the

_sludge by a contracted vendor to a public owned treatment works 1s_acceptab1e.

Sincérely,

%Jesm

Patrick Sears, Project Manager
.Project Directorate 1-3:
-Division of Reactor Projects. - I/II
'0ff1ce of Nuclear Reactor. Regu1at1on
Enclosed:
- As stated -

cc w/encl:
-See next page
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Mr. Gedrge'Papanic; Jr. - R Yankee Rowe

cc:
Dr. Andrew C. Kadak President . . '
. .and Chief Operating Officer ) : L o : )
- Yankee Atomic Electric Company . :
580 ‘Main Street _
. Bo]ton Massachusetts 01740-1398

Thomas Dignan, Esquure

" Ropes and Gray
225 Franklin Street :
Boston,.Massachusetts 02110

Mr: T. K. Henderson '
- -Acting Plant SuperIntendent :
"Yankee Atomic Electric Company
. Star.Route
- Rowe, Massachusetts 01367

'Resxdent Inspector

Yankeé Nuclear Power Station

U.S. Nuclear Regulatory Commlssxon
Post Office Box 28 ‘
‘Monroe Bridge, Massachusetts 01350

. Regional Adm1n1strator, Reg1on 1
‘U.S.. Nuclear -Regulatory Comm1ss1on
475 ‘Allendale Road -

K1ng of Prussia, Pennsy]van1a 19406

Robert M. Ha111sey, Director

Radiation Control Program .

Massachusetts Department of Pub11c Health
150 Tremont Street, 7th Floor

"Boston, Massachusetts 02111 _

Mr. George Sterz1nger

Commissioner : ' '
.Vermont :Department ‘of. Pub11c Servxce
120 State ‘Street, 3rd Floor
Montpelier, Vermont 05602

Ms. Jane M. Grant -

Senior Enginéer - PLEX Licensing -
Yankee Atomic Electric Company’ .-
580 Main Street

Bolton, Massachusetts 01740- 1398

oy . MAY 21 1990 - - |
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SAFETY ASSESSMENT BY THE OFFICE 0F NUCLEAR REACTOR REGULATION

YANKEE ATOMIC ELECTRIC CONPANY

YANKEE NUCLEAR PONER STATION

OOCKET NO 50-029

1 O INTRODUCTION

'By Ietter of Apr11 11 1990, the Yankee Atomic EIectrwc Company (Yankee)
‘.subm1tted pursuant to 10. CFR. 20! 302(3) ar method for the routine dxsposal .

of . sept1c tank waste containing very low Ieve]s of Tlicensed mater1a1 Yankee'

Aproposed to. per1od1ca11y d1spose of accumu]ated sept1c waste solids’ from the

_p]ant s san1tary systen sept1c tank by transferrlng them to a2 public San1tary

-Naste-water Treatment Fac111ty (SNTF) where they w111 be mlxed w1th processed~_ |

with, and d1sposed as part of the sarﬁtary vaste -generated from many <ources.'

-Yankee propcsed to make such disposals every one to two years over a per10d of

30.years.

. In the subm1tta1 the 11censee addressed spec1f1c 1nformat1on requested in.

'~'_accordance w1th 10 CFR 20. 302(a) prov1ded a. deta11ed descr1pt1on of the.

'11censed mater1a1 thorougth anaIyzed and evaIuated the 1nfcrmat1on pert1nentu
to the effects on the environment of the proposed,d1$posal of the licensed
-material, and committed to follow spécific prqcedufes to minimize the risk of

unexpected or hazardous exposures.

_ MAY 21 1990 :
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2.0 WASTE WATER.STREAM DESCRIPTION

Z;i 'ghySieal and-Chemicai“PrOperties

The waste 1nvo1ved conswsts of r951dua1 septage (the accumu1ated sett]ed and
suspended solids and scum) produced by the san1tary sewerage co]]ect1on and
treatment system at the Yankee p]ant To safely dispose of the plant‘s sanltary
- waste 'stream, . the Yankee" p]ant supplements the ons1te septic system supp]emented

with offsite treatment at a SHTF.

The onsite septic system consists ofVa<7,000-gallun buried septic tank and a
subsurface soi1-absbrptj6n leach field. In the overall sySfemﬁdesign;-the_ '
septic tank collects sludge and'scum and partially separates quUidS'from'the

incoming sanitary waste.

. The septage is reta1ned in the sept1c tank and the rema1n1ng cond1t1oned
waste-water 11qu1d f1ows 1nto the underground 1each1ng f1e1d for treatment
'The Teach f1e1d 1s the term1na1 p01nt of the ons1te port1on of. the p]ant

san1tary waste treatment process.

In the offsite portion of this process, the septage is removed from the septic

tank and transported to a .SHTF.
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2.2 Radiological Properties

The plant's sanItary system sept1c tank collects waste from the lavatories,
showers and 3an1tor1a1 facilities out51de the Rad1o]og1cal Contro] Area (RCA)
No- rad1oact1v1ty is 1ntent1ona11y discharged to the sept1c system However,
p]ant 1nvest1gat10ns 1nto the source of low levels-of 11censed~materialeound
1n sept1c tank waste have 1dent1f1ed very small quant1t1es of rad1oact1ve

, 'materIaIS wh1ch are be]ow detect1on Timits for radloact1v1ty releases from

| the RCA It is .suspected that these materials are carr1ed out of the contro]

'“area on 1nd1v1duals and spread to floor areas outs1de the RCA F]oor wash
water from these areas is. poured through a f11ter bag to remove suspended
solids and dirt before the water is re]eased into a Jan1tor1a1 51nk A]though
‘the wash water’ is. returned to. the RCA for d1sposal, 1f it is known to conta]n
rad1oact1v1ty, very sma]] quant1t1es can be re1eased to and accumu]ate in the

2

STy 1fscept1c tank
""" The fo]]owlng values are estimates of the maximum tota] act1v1ty present]y in
-the septic tank based on measurements of rad1onuc11de concentrat1ons in the

11qu1d and solid phases:

Tota] Act1v1ty

'fNuEI%de' . -" (UC])
Co-60 1.9
‘Mn-54 - 0.057
Cs-13¢ . - 0.082

' €s-137 ' 0.248

TOTAL " 2.33°
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3.0 PROPOSED DISPOSAL -METHOD

Yankee proposes to periodically dispose-Of accumulated septage'frdm its'septic
tank by contract1ng w1th a sept1c tank. pumper that is approved- by the Board of

-'Health Rowe Massachusetts and transfer the septage to a Massachusetts SNTF

'«_g_for treatment. This septic tank pumper will transfer the septage to an- SHTF,

where it is mixed and diluted with other raw sewage and introduced either into
ianvanaerobfc digester.or an aeration pond for‘bioiogicai treatment The
:.;resu1t1ng processed s]udge from the SNTF 1s then mlxed w1th sand and d1sposed
of in a san1tary 1andf111 where 1t w111 be covered by c]ean so11 da11y. An
‘ alternate d1sposa1 means - cou]d resu]t in the processed s]udge be1ng spread as a,
1fert111zer, -though, general]y for vegetat1on such as sod wh1ch is not consumed
uby humans. None of the reg1on s SWTFs “that recelve sewage from 1oca1 sept1c

"tank pumpers 1nc1nerate the1r s]udge as “a-means of treatment

‘ jThrs method of pump1ng the tank -and transferr1ng the septage to an SNTF is the
same method normai]y app11ed to sept1c tank systems regard]ess of the presence

of 11censed'mater1a1.

- -1:3;1.-SeptictTankvWaste;Procedurailﬁequtrementsfand;Limfts"

The 1iCensee will perform a gamma. tsotoptc'analysis on a representative samp]e
of waste from the septlc tank no more than 48 hours before a contracted septic
tank pumper begins to pump ‘the waste from the tank to transfer to-a SHTF.

The 11censee will collect at least two septage samp1es from the plant's septic

tank by taking 2 vo]umetr1c column sample that will allow the - licensee to
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determine‘the ratio ot the SOlid'content to the-total content of the tank. By
,determ1n1ng the weight of the percentage of solid content of the co]lected :
samp]e and app1y1ng ‘this value to ‘the gamma 1sotop1c analy51$ the 11censee will

be‘ab1e,to estinate the.total'rad1oact1v1ty of’ the,contents_of the tank.

'To document the estimation of rad1o]og1ca1 effect of septage d1sposa1 the

llcensee w111 perform these gamma 1sotop1c ana]yses of. the representatxve samp1es. ,
at the Techn1ca1 Speclfication ﬁnv1ronmenta1 Lower Limit of Detection (LLD)
reguirements,for.ﬁtquids, as required in.TechnioaJ:Soetifioatﬁon Table 4.12-1,

“Detéction Capabilities for Environmental'Samoie”Ana]ysis,ﬁ

‘The radionuclide -concentrations and total raoioactiVity_tdentif%ed'in the
~ septage will be compared to' the contentration anovtota1 curie 1imits established"

herein before disposai. The‘foi1owtng limits app1y~to.these'analyseS:

1. The concentration of radidnuclides.oeteoted in the'rolume'of,
.septage to be-numped'to a disposal truck'sha11 be 1imited to a
-combined sum of fract1ona1 Max1mum Perm1ss1b]e Concentrat1ons 1n
'1Water (MPC) (as 11sted 1n 10CFR Part 20 Appendlx B Table II Co]umn ;

2), summed over a]] nuc11des present of 1ess than or equa1 to 1 0. -

2. The'tota].gamma activjty that can be.re1eased during septage transfer
to any SHTF:or combination'of such:faci1jties.in one year (12‘consecutive
months) is.limited.tojnot more ‘than 20 microcuries (equivalent to a
maximum whole-body dose'of 1 mrem to any inoiyidualtin the pub)ic).
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‘3.2 Administrative Procedures

The 1icensee will maintain combiete fecords of each dispoSé]- In add1t1on .to
'cop1es of 1nvo1ces with approved sept1c tank pumpers, these records will

: 1nc1ude the concentrat1on of rad10nuc]1des in the septage, the total vo]ume of
sept1c waste d1sposed the tota] act1v1ty in each batch, and the. total

'accumulated aq§1v1ty of the septage.pumped_1n.any 12 consecutive months.

1fhr'pehiods-{n'which diSposa1io%'sepfegenECCUrs under thfs'applfcetiqn, hhe
Ef%censee'shall report, to ihe:thlear'Regh]atqu CommiSsionf(NRCS in the plant's
e.éemianhuaI Effluent Release Report, 'the'VOlume, 1iqhid ‘and solid mass fractions,
"radlonuc11de concentrat1ons in the 11qu1d and SO]Id fract1ons and ‘the tota]

-'act1v1ty disposed.-

4.0 EVALUATION OF ENVIRONMENTAL IMéACT

; _fThe proposed method for d1sposa] of septage 1s the ‘'same as current]y used by

’~ﬁi*a1] fac111t1es des1gned w1th sept1c tanks for the co]]ect1on of sept]c waste..-

land-uses.changed. Septage from Yankee w11] be transported.to.en ex1st1ng
- SWTF, where it will make up a_sma11-fraction of the total volume of sanitary

«waste:treated each year. The normal method of septage4hand]ing and treatment
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.. they are cons1stent with regu1atory Gu1de 1 109.1 The staff f1nds the

'would involve d11ut1on of Yankee septage w1th other waste-water at a. pub11c .

SNTF The' processed sludge. from the SHTF is usua]]y buried in a sanitary

'1andf111 thus 11m1t1ng the potent1a1 exposure pathways ‘to man 0therw1se, tﬁe -

s1udge is W1de1y d1spersed in fert111zer, thereby prevent1ng any bu1ldup of

act1V1ty from successive annual pumpouts from ‘the plant's sept1c tank. Th1s

" method of d1sposa] w111 nct affect topcaraphy, geology, meteoro1ogy. hydro]ogy,

or nearby fac111t1es

/5.0 RADIOLOGICAL TMPACTS

* The: ]1censee has eva]uated the fo11ow1ng potent1a1 exposure pathways to members

of the genera1 public: (1) 1nha1at1on of resuspended radionuclides, (2) 1ngest1on

of food grown on the dlspccal site; (3) external exposure to'a truck driver or.
'SNTF worker, and (4) ‘external exposvre caused by 1ong-term bux]dup and externa1

'exposure from standxng on the ground-above the ¢1sposa1 s1te, The staff has :

reviewed ‘the licensee's ca]cu1afiona1 method< ‘and assumptions, -and finds that -

assessment methodo]ogy acceptab]e. ," :
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1.

Doses cé]cd]éted in this'mander by ‘the licensee for the maRimom'exposed member
of the public were as’ fo11ows (based on a.total act1v1ty awa1t1ng d1$posa1

. of 2: 3. pC1, more than 80% of wh1ch 15 Co-GO)

- Max1ma1]y Exposed :
Ind1v1dua1/Who]e Body

‘ . : (Child) .
Pathway ' : '. . “! - (mrem/year)
Ground Irradiation = . e 0.099
’ Inkialation R ' '0.0001-
P ‘ ' ' o B L .
e -~ .'Stored Vegetables . ‘ . 0;0214 ,
, Leafy Vegetab]es S ’ ' :0;001i-
Milk Ingestion* L - (0.0036)
o oTotAL . R 0.12

. The' 11censee then performed a 51m11ar ca]cu1at1on u51ng a concervat1ve upper'
bound activity of 20 pCi to be dlscharged in any one year. Based on this
upper bound analysis, the dose to the max1ma]1y exposed individual member of
the general public was estimated'yo be 1.1 mrem/year; ao shown-in the |

?o]]owing table:
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'HaXima1]§ Expdsed
individua]/wngle Body

 Pathway - T . (mrem/year) .
Ground Irradiation . 0.980
inna]atiqn o . . °0.0004
Stored Vegetables a3
~ +’Leafy Vegetables ,.0'067- )
TOTAL ' P F |

Based~on thfsrsame tbta]faétimity,~the ddse'td truck drivers‘and_SWTF workers
was estimated to be 0;01‘mrem/yr. These doses are wﬁtnﬁntthe{desfgn objectives
‘of- 10 ‘CFR 50, Appendix I and well within the enVironménta]estandards for uranium

~fuel cycle actiﬁ%ties_as stated in 40 CFR 190.10(d) and ‘are therefore dcceptable.-

6.0. SUMMARY AND -CONCLUSIONS .

jfThe d1sposa] of septage by transferr1ng 1t to a pub11c SWTF 1s 1n accordance
with standard pract1ces for treatment of the type of waste’ mater1a] generated
by a sept1c tank and leach f1e1d san1tary waste system. -Per1od1c pump1ng of the
sept1c tank 1s necessary: for the ma1ntenance and continued operatuon of Yankee s
. 'sanitary waste system. Yankee requested approval for disposal. of. sept1c waste
from thé Yankee,sanitary system to prevent failure of the sanitary’ system to

adéquate]y handle plant domestic_waste.
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An alternate means of disposal would involve the'treatment‘of-the septage as .
radwaste. Such a dlsposal would requ1re that the 11censee stab1]1ze, so]1d1fy,

and dlspose of the material at a licensed- burla] ground ‘requiring exce551ve

cost and va]uab]e d1sposa1 ground.

. The results;of'the.radfological analysis‘ind{cateithat;the'public héalth
| effects ot:the bidiogica] activ%ty and pathogenfc'conStituents ot such sanftary .
waste far. outwe1gh the concerns related to any radloact1v1ty that is present |
By sett1ng re]ease 11m1ts that restr1ct the exposure for an 1nd1V1dua] to a
| max1mum va]ue of 1- m1111rem per year, Yankee ensured that rad1o]oglca1 risks
-from the proposed d1sposa1 method are 1ns1gn1f1cant
-The proposed re]ease Timits’ represent a sma]] fractlon of NRC 11m1ts perm1tted _
gfor d1sposa] .of s1m1]ar waste by 11censed fac111t1es who have the]r sanitary
system54connected d1rect1y to'a-publwc san1tary sewerage system. These proposed
Timits are also well w1th1n the plant's a1lowab]e re]ease Timits for the discharge -
'of norma] 11qu1d waste to the env1ronment Any resu]t1ng dose to any 1nd1v1dua1
.'1n the pUb]]C 1s 1ess than exposures caused by natura] background P&d]&t]Oﬂ..
:dased on our réview of the:proposed'dfsposai,ot.septage; therstaff makes - the
following conclusions: (1) the radionuc1idefconcentrations in:dispdsed septage
-will be a small percentage of.permissible standards set forth in 10 CFR part
20; (2).the radiation_risk to workers inuolued‘in the disposal woutd be small
compared to the routine occupational ekposures at the Yankee Nuc]ear-Perr
Station; (3),because the proposed action -involves such very low levels of

radicactivity, it will require no change in the decommissioning aspects of the
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'fac111ty and will require on]y 1ns1gn1f1cant changes 1n the hand11ng or transport

‘_.of radloactlve mater1a1 (septage), and (4) the 11censee S procedures w1th

commltments E documented in the subm1tta1 are acceptab]e prov1ded ‘that the

subm1tta1 is permanent]y 1ncorporated into the 11censee s 0ffsxte Dose Ca1cu1at1on‘

) Manua1 (ODCM) as an Appendlx and’ future mod1f1cat1ons w111 be reported to NRC

'1n accordance WIth 11censee comm1tments regardlng ODCM changes. _

P. Sears

1
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| YANKEE ATOMIC ELECTRIC COMPANY Telephore (508) 779-6711

- TWX 710-380-7619
560 Main Stiéet, Bolion, Massachusetts 01740-1398
(ANKE) 6 3in Street, Bolton, Massachusetts 0174}.1398_ o

Aprll 11, 1990

BYR #90-42

United ‘States . Nuclear Regulatory Comm1s31on
"Attention: Document..Control Desk

- Washlngton, D.C. 20555

. References: (A) Licehise No. DPR-3 (Docker No. 50-29)
Subject: 10 CFR 20.302 Application

'De&r Sirs:, ’ - : . o

3Pursuant £o 10 CFR 20.302, Yankeé: has prepared the attached ..
;appllcatlon for the routlne dlsposal of septage from Yankee Nuclear
Power ‘Station. This application. utilizes guidance contained in NRC
-regulation 10 CFR 20.303 for. the dlsposal of licensed material 1nto
a sanltary sewerage system.

‘We trust that you w111 ‘£ind thls subm1tta1 satlsfactory, however,
1f you have any questlons please contact us.

AJVery truly yours, :
*YANKEE ATOMIC ELECTRIC COMPANY
George Papanlc, Jr.,

Senior Project Englneer
Licensing

Enclosure

' GP/emd

- 1y 299 - ' %
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'YANKEE NUCLEAR POWER STATION

pplication for rov

t': ' .« .' - . t B g T o . 2

41.'0 ' ‘ PR ’ -

Yankee Atomic Electric Company (YANKEE) requests approval, pursuant to
IOCFRZO 302(a), of a method proposed herein for the routine disposal
,:(typically, ‘once every one- ‘to. two years) of septic tank waste containing very
' : low levels of licensed material over .an extended period of time. of 30 years.
Yankee proposes to periodically dispose of accumulated septic waste SOlldS
from. the. plant 5 sanitary system septic tank by transferring 1t to a public
Sanitary Waste-Water Treatment F80111ty (SWTF) where it will be mixed with,
. processed, and disposed of .as part of sanitary waste generated from many -
-sources. Th1s 1s analogous to other Nuclear Regulatory Commission (NRC)
ﬁ;n:" licensed fac111t1es who have their sanltary waste systems connected directly
Hj;) - to a mun1c1pal sewer line. Part :20.303 of'Title 10 to the Code of Federal
o Regulations already permits these NRC licensees to discharge 11censed material -

1nto a sanltary sewerage system.

’ Routine maintenance of Yankee 8 septic system is necessary to ensure
proper operation of the system. Periodic pumping of the septic tank to remove,
;accumulated solids 15 necessary to prevent the carryover of SOlldS 1nto the
subsurface leach field which would 1nh1b1t the soil absorption capabilities offf
fthe f1e1d.~ - R ‘ i &

This applicatlon addresses spec1f1c 1nformat10n requested in

_10CFR20. 302(a), and demonstrates that the periodic disposal of septage from -
Yankee's ‘Sanitary Waste System over an: extended periods of time (30 years),
under both normal and unexpected condltions, will not result in 51gn1ficant

impacts either to the environment or to individuals in the general public.

. _ E -1~
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2.0 WASTE WATER STREAM DESCRIPTION

'2.1 Physical/Chemical ‘Properties

The waste involved in ‘this hpplicatién consists ef residual septage
_ (accumulated settled and suspended sollds, and gscum) associated w1th the
“:sanltary sewerage collectlon and treatment system.at the Yankee plant.; Theﬁ
‘Yankee" plant utilizes an on-site septic system supplemented with off-site
treatment at a SWTF for the safe dxsposal of the plant & sanltary waste -
- stream. Figure 1.1s a schematlc.of the overall_san1tary waste d1sppsa1

process.

The on-site septlc system con51sts of al, 000 gallon buried septlc ‘tank .
and a subsurface soil absorptlon 1each field. Sanztary sewage from,the plant
) flows (estzmated 2,600 gallons/day) into the sept1c tank. The septie tank
function 1n the overall system desmgn 1s for the collectlon of sludge ‘and: scum
and part1a1 separatlon of - 11qu1ds from the 1ncom1ng sanitary waste. Some of
i the so0lid partlcles settle to the bottom and form a layer of sludge, ‘where -

i ' greases and oils float .to the surface creat1ng a scum,layer.

ihe septage is retained in the septic tank and the remaining
cenditioned-waste—water liquid is perqitted to fiew into the'undergrqund
.leaching fieid for treatment. The leach.field is the terminal point of the
on-s1te portion of the. plant sanltary waste treatment process. ‘Some of - the
j;. e septage stored in the septlc tank is- reduced to 11qu1d by bacterlal actlon in
. the septlc tank but the rest of the septage remalns essent1a11y untreated..
"fThls mater1a1 must be pumped out at regular intervals to prevent it from
overflow1ng the tank and enterlng the 1each1ng field (References 1, 2, 3 4,
5, 6, 7 8, 9, and 10) where: it will clog the so0il and eventually ‘lead to

septic system failure.

In general, septage.puhped from septic tahks.is diseharged to.a'SWTF
for treatnent as part of the overall system design (Reference 10). - The
septage is then co-treated with other sanitary wastes at the SWIF. The
septage pumped perlodlcally from the Yankee plant has, in the past, been
treated and disposed of in this fashion when no licensed material was
determined to be present.' .

—9-
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The removal of the septage from the septic tank and subsequent
transportation to a’ SWIF constitutes the off-site portion of the Yankee plant

overall sanitary waste disposal process.
2.2 Radiological Properties

The plant‘'s sanitary system septic tank collects waste from the
lavatories, showers, and janitorial facilities outside the Radiological
Control Area (RCA). No radiocactivity is intentionally discharged to the
septic system. - However, plént invesfigations into the source of low levels of
licensed material found in septic tank waste have identified that very small
quaﬁtities of ra@ioactive materials, which are below detection limits for
radioactivity releases from the RCA, appear to be carried out of the control
area on individuals and accumilate in the septic tank. The suspected primgry'
source of the radioactivity (i.e., floor wash water) is now either poured
through a filter bag to remove gsuspended solids and dirt before the water is

released into a janitoriai sink, or the wash water is returned to the RCA for

disposal.

An isotopic analysis, at environmental detection limits, of two
composite volumetric sample colums of septage taken from the plant's septic

tank identified the following plant-related radionuclides:

Activity Concentration

West Manhole East Manhole

Sample lLocation Sample Location
Co-60 ) 92.4 & 3.9 13.2 + 2.2
"Cs-134 5.9 + 1.3 —
Cs-137 9.2 + 1.5 3.2 +1.0

After the initial anaiysis of the composite samples noted above, the

samples were subsequently centrifuged into liquid and wet solids.portions and

" reanalyzed. There was no activation or fission products identified in any of

the liquid fraction samples indicating that the detected activity was in a
form that had been carried out of solution with the solid fraction of the

samples.

-3- -
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Ana1y81s ‘of the resu1t1ng 8011d fract1on of the septage 1nd1cated the

follow1ng radlonuclzde concentratlons.

Act1v1ty Concentrat:on

Englide i' ' - (001/kgeyet /=1 51zma)
| -West Manhole . ‘ East Manhole
Sample Location - Samgle_Lantlnn
Co-60 .. 1,588 % 42 528 426
Mn-54 o 47 + 13 —
"Cs-134 . 67 £ 11 - -
+ 17 . 100+ 13

“Cs-137.-.° © .° 203

The or1g1na1 sept1c tank samples were volumetrlc samples representatlve
of. the dlstrlbutlon of solids .and’ 11quid from bottom to top of - the tank. Ihe
‘ratio of the weight of the sol1d fractlon sample to the we1ght of the solld
fractlon plus 11qu1d fractlon sample allows a determinatlon of the percentage
.of total sol1ds content of the sept1c tank. " For the waste sample from the B
:'west manhole, the .solid fract:on of the comp051te sample was found to be
‘0 024, or 2 4 wt. Z. For the east manhole, the solid fractlon of the total
,sample was 0. 0&6, or 4.6 wt.%. The prlnciple rad10nuc11de is Cobalt—60, wh1ch
, accounts for approx1mately 827 of a11 plant—related act1v1ty detected 1n the_ ‘

septage.

- The total rad1oact1v1ty content of the septic tank can be estimated by
: calculat1ng the mass of. sol1ds present 1n the 7, 000 . gallon ‘tank’ by taking the
.hlgher (conservative) sol1ds fractlon determlned from the’ sample data.' Th1s
‘is mu1t1p11ed by the mass of septage 1n the tank and by the h1ghest act1v1ty

‘-ttconcentratlon determlned 1n the sol1ds. As .a- result, the estlmated maxlmum

" total act1v1ty is:

" Total Activity

Nuclide , (pci)
Co=60 1.94
Mn-54 .0.057
, Cs-=134 : 0.082
Cs-137 -  0.248
TOTAL 2.33
L= -
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Upon approval from the U.S. Nuclear Regulatory Commxssmon (NRC), Yankee
proposes to per1od1ca11y dlspose of accumulated septage from 1ts septlc tank
" by contracting w1th a town-approved (Board of . Health, Rowe, Massachusetts)
septic tank pumper for the’ removal and transfer by truck of the septage to a
.Massachusetts SWIF: for treatment. At the SWTF, the’ septage would typ1ca11y be
mlxed and diluted Wlth .other raw sewage and 1ntroduced elther 1nto an-
‘anaerobic dlgester or aeratlon pond for bzolog1cal treatment. The resultlng
processed sludge from the SWTF is typ1ca11y then ‘mixed w1th sand 1n a ratlo “of
- 50/50 and d1sposed of in a: sanitary landfill where it would be covered by '
,clean 8011 darly. An -alternate d1sposa1 méans could potentlally result in the:
~processed sludge belng landspread as a, fert111zer, though generally for
nonhuman-consumed vegetatlon, such as sod. None of the reg1ons SWTFs whlch
lwould be used by local sept1c tank - pumpers were 1dent1fied as’ 1nc1nerat1ng

- their sludge as a means of treatment.

. Thls method of tank pumplng and transfer to an SWTF is 1dent1ca1 to

i .that normally applled to septzc tank: systems, 1rrespective of the presence of .

l1censed mater:al. Once the septage is pumped 1nto the contract vendor 5
transport:ng veliicle, the situation is analogous to -the handlzng of 11censed
mater1al under IOCFRZO 303. Part 20.303. of Title 10 to the Code of Federal -
Regulatlons already perm1ts these NRC lxcensees to’ dlscharge 11censed material -
into a sanitary sewerage system 1f certaln conditions ‘are met. Due to the:
',remoteness of the .Yankee plant 5. locat1on, 1t 1s 1mpract1ca1 to dlrectly ‘
connect sewer 11nes to a fac111ty to- handle sanltary waste. In th1s case, aTm-
- tank truck acts as “a sewer 11ne,1n transferr1ng septage to a. SWTF Ihe '
quant1ty and form (soluble or dlspersable) of any licensed mater1a1 contalned
in our septage is not affected by.the,means employed to transfer it to a SWTF
for processxng. ‘Therefore, it would be the same whether the plant uas .

’ d1rectly connected to a mun1c1pa1 sewerage system or trucked its septage on a -

perlodlc basis to a SWTF.

| . HAY 2119 o . ,/Za‘zé ~
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‘3.1 : Septic Ianlé~ﬂa§tg Frocedural Requirements and:Limits

Gamma 1sotop1c analysls of septlc tank waste shall be made prlor to

~transfer of the waste by a coutracted septlc tank pumper to -a SWIF by

obta1n1ng a representatlve sample from the tank no more than 48 hours prior to

1nit1ating pump—out. At least two septage samples shall be collected from: the

;'plant 8! septlc tank by taklng a volumetrlc column sample which will allow for

ana1y51s of the solid's content of the tank. The welght percent of solid-
content of the collected sample will be determxned and applied to the gamma

1sotop1c enalys1s in order to estimate the total radloactiv1ty content of the

'tank.

' These gamma -isotopic analyses of ‘the representatlve samples Wlll be .

performed at the Techn1ca1 SpeC1f1cat1on Environmental Lower L1m1t of

'Detection (LLD) tequirements for liquids (see- Tbchnlcal ‘Specification
. Table 4. 12-1, "Detection Capabllltles for Env1ronmental -Sample Ana1y81s“) in

‘order ‘to document the estimation of radiologxcal_;mpact from septage dlsposal.‘

The radionuclide-concentrations and total radioactivity ideatified in

‘the septage 'will be compared ‘to ‘the conoentration‘and'total.curie limits

_established herein prior to disposal. The limits to be applied are as follows:

1. The concentration of radionnclides-detected in the volume of -
. septage- to. be pumped to a dlsposal truck shall be limited to a
' comblned Max1mum Perm1851b1e Concentration of Water (MpC) (as
Allsted in 10CFR, Part 20. Appendlx B, Table II Column 2) ratio of

aless than or equal to 1 0.

2. The total gamma act1V1ty which can be released via septage transfer
to any ‘SWIF in one year (12 consecutive months) is limited ‘to not
more: than 20 microcuries (equivalent to a maximum whole body dose

of 1 mrem to any individual in the publio).

e
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If “the total Activity linit:is met, compliance.with the'selféimposed
dose cr1ter1a will have been demonstrated since the rad1olog1cal impact -
(Section:5) is based 'on evaluating the exposure to a maxzmally exposed
hypothetical 1nd1v1dua1 such that his annual whole body dose would be limited

to approx1mately 1 mrem.

Both the. concentration and total activity limits'represent-a'small
fraction of the allowable limlts permitted.under IOCFRZO 303 to. other NRC
llcensees who ‘have  their sanitary waste systems dlrectly connected to a publlc :

sewerage system. If not for the blological nature of sanitary waste, the

.above release l1m1ts would also allow for the direct dlscharge of the waste

under the plant s exist1ng Technical Specification requ1rements for release of'

11qu1ds to the enV1ronment.

Complete records of each dzsposal will be ma1nta1ned. In addltlon to

'copies of 1nv01ces with approved septlc tank’ pumpers, these records will

include the concentratlon of .radionuclides in the septage, the total volume of

septlc ‘waste dlsposed, the total activity in each batch, as well as total

_faccumulated act1v1ty pumped in &ny 12 consecutive months.

For perlods in whlch dlsposal of septage occurs under th1s appl1cat10n,
the volume, total act1V1ty, and relatlve nuc11de d15tr1but1on, shall be

reported to the NRC. in the plant s Semlannual Effluent Release Report.

' MAY 21 1530 - :
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The proposed method for d1sposal of septage is" the- same' as ourrently
-used by all facilities: des1gned w:.th sept1c t:anks for the collect:.on of sept1c.
waste. No new struct:ures or fac111t1es need be built or modif:.ed, nor any ‘
e'xisting land uses changed. Septage from Yankee will be trucked .to an .
© existing SWIF, where it. w111 make ‘up a small fractlon of the total volume of
-sanltary waste treated each year. As a result, there will be o mpact on
topography, geology, meteorology, hydrology, ‘or nearby fac111t1es by the ‘

proposed method of d:.sposal. .

LR
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5.0 EVALUATION OF RADIQLOGICAL IMPACT

Radiological evaluat1ons have been performed for: the purpose of

boundlng the dose 1mpact assocxated with the disposal of septage. The normal

méthod of septage hand11ng and treatment would prov1de for- d11ut10n of

Yankee s septage w1th other. waste—water at a pub11c SWTF The processed '

__sludge would typ1ca11y be burled in a san1tary landfill, thus: limxtlng the ]

' potent1a1 exposure pathways to man, or wzdely dispersed 1f used as a

fert111zer, thereby preventzng any- bu11d-up ‘of act1v1ty from successxve annual

: pumpouts from the plant s septlc tank

The dose assessments, however, dzd

consxder the maximum potential 1mpact of long—term buzldup of actlvity

resu1t1ng from 30 years of plac1ng septage waste in the same SWTF, with -all-

: the processed sludge assumed to be’ buried’ in one’ 1andf111 d1sposa1 ce11.. ,

5.1 I . :" . ..'. .

The analys1s of the: ‘septic tank's measured radioactlvlty, and 1ts

d1str1but10n between 11qu1d and solld fract1ons, yrov1des the bases upon whxch

a dose assessment of dlsposal of septage can be made.

septzc tank waste -determined from the" sample analys:s is:

Wt. Liquid

The comp081t1on of the .

Composite Sample”East'End. * Composite Sample West End

Manhole Jocation Manhole location . -
- 3.502 kg - : 3.460 kg
0.167 kg

0.087 kg

_Solid:fractiod_of the composite:sample ‘as collected is equal to: -

Solid fraction =

The solid fraction for the East ‘End sample was '0.0242, and 0.0460 ‘for

'Wt.3soiid/(ﬁtiisolid=+;Wt. liquid)

-
[

the West End. The act1v1ty in the solid. fract1on was basxcally found to

‘contain all the detected rad10act1v1ty as noted below:

- Mn-54
Cs-134
Cs-137
Co-60

Revision 7 — Date:

East End Solids Sample
(pCi/kg) Wet

" West. End Solids Sample

100
528
—9-
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" (pCifkg) Wet

47
67
203
1,588
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W1th the septlc tank volume taken as approx1mate1y 7 000 gallons
(26 500 11ters), and assumlng the maximum solid fraction’ (0 046) and maximum

rad1onuc11de concentrat1on app11es to the total tank's content, the total

- maximum rad1oact1v1ty content is est1mated to be.

A Isotope . | .‘ . .Half=Life = - -0eu(Ci)
C Malsa . 312.2 “day. "~ 5.73 E-08
Co-60 - ' . 5.272 yr . 1.94 E-06
cs-134 - 2.065 yr -~~~ 8.17 E-08,
Cs-137 . o 30 17 yr 2.48 E-07
" 5.2 Zathwgy Ex g'g'sl'!rg" Scenarios °

' Radlological evaluatlons ‘were performed for both the expected
act1v1t1es assoclated w1th hand11ng, processlng, “and d1sposa1 of septage waste.
at a SWTF, and a hypothet1ca1 event causing- undlluted septage release. The
boundlng case was determ1ned to be assoclated w1th a hypothetlcal event wh1ch
" lead to the spreadlng of und11uted septage from Yankee .5 septzc tank d1rect1y

.on a garden area where food crops are grown. The contracts with town approved

' septlc tank pumpers w111 d1rect that septage be. dlsposed of at a SWIF in

Massachusetts. It 1s ‘not expected that any d1sposa1 will occur other than at

an.SWTF. It is, therefore, not. cons1dered credlble that successive boundlng

- case act1v1t1es.cou1d occur which lead to a long-term buildup of activity on a

single minimum size garden plot.

In addxtlon, since inc;nerat1on of septic waste 18 not a current

practlce in ‘the 1oca1 area, the potent1a1 exposures assoc1ated with

'1nc1nerat10n are not of current concern., However, the establxshment of ‘a

,conservatzve total whole body dose cr1ter1a for release of sanltary waste, via

the above-noted garden scenario, assures that the potent1a1 resu1t1ng whole
body dose due to incineration would not -be expected to result in s1gn1f1cant

doses ‘to any 1nd1v1dua1.-.Thls assessment 1s.further deta11ed in Section 5.3.4.

-The contributing pathways of exposure'for the normal SWTF disposal

process include:

1. External exposure to a truck driver.
2. External exposure to a SWTF worker.

-10-
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. 3. External exposure ‘to. an 1nd1v1dua1 standlng on the SWTF landfill

after 30 years of bulldup and decay.

The follow1ng garden exposure pathways were addressed for the max1ma11y

' exposed hypothet1ca1 1nd1V1dua1.

1. ‘Standlng on the ground plane.
' 22 .Inhalat1on of resuspended materlal.

3. Ingestion of leafy vegetables.

4, Ingestlon of stored vegetables.

5. 'Ingestzon of milk.

6. Liquid pathways.

It should be noted that the m11k pathway 1s mutually exclusive to the.
'other food product1on pathways s1nce 1t would be imposs1b1e to support the
'grass~cow-m11k—man exposure cha1n if the 11m1ted land area is utilized for the
grOW1ng of food crops. for direct human consumptzon. The two sets of. 1ngest10n
pathways have been calculated so that the potent1a1 maxlmum impact can be
‘,assessed. Slmllarly, radlonuclzde movement jnto the- ground water pathway
would tend to reduce the- 1mpact of surface-related exposure paths and is,

therefore, congidered 1ndependent1y.
5.3 Dose Assegsments -

5.3,*1-,

The external dose rate from a 3 SOO—gallon tank truck f111ed Vlth
- septage conta1n1ng the total measured activity in’ the sept1c tank (2.33 pCl)
was calculated for the purpose ‘of - estzmatlng exposures assoc1ated with
sh1pp1ng the waste’ to a SWTF. A three-d1mens1ona1 p01nt—kernel shleldiné code
for-the determ1nat10n of direct rad1atlon from gamma radiation emanat1ng from
a self-attenuatlng cy11ndr1ca1 source (DIDOS-1V, Reference 14) was ut111zed toh
Acalculate the external dose rate from thie tank truck. The truck was modeled
~as 'a cylindrical rad1at10n source vwith a radius equal to 1.22 meters and a
‘length of 2.84 meters. A dose rate of 1.2E-04 mrem per hour for a point one
.meter-from the end of the cylinder along the axis was calculated. No credit
for shielding prov1ded by the tank truck or cab was assumed. The dose to a
11—
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truck driver making a 100-mile trip to a treatment facility at an average of '

20 miles per hour plus a three-hour waiting period at the SWIF, is estimated

to be § SE-04 mrem. -It is concluded, based on - the total activity limits

-,proposed, that th1s pathway will not lead to s1gn1f1cant exposure of any
,-1nd1v1dua1., It is also concluded that due to the sanltary propert1es of
._septage handl1ng, a SWTF employee P dzrect exposure time 1s kept to a
:jmlnimum. Uszng the dose rate estlmated for ‘the- truck driver above, and

. conservatlvely assumlng that 1t requlres an employee at ‘the SWTF a full ‘

elght-hour day to process each truckload of'waste, and not taking any credit

for d11ut1on or ‘increased distance from the: waste, a waste process1ng fac111ty .

Eemployee s. dose is also estimated to be’ 9 SE-Oh mrem.

If the maxlmum actlvzty content proposed to be dlsposed of-each year '

were assumed as the source term (20 pCz), the dose to the truck drlver/SWTF

'worker is estlmated to be less than 1. 0E—02 firem using the same assumptlons as

‘noted above.

In order: to assess the potent1a1 impact from the postulated bu11dup of

jactivity result1ng from 30 years -of . septage d1sposed at the maximum annual

- allowed activity content, 1t was conservatlvely assumed ‘that the entire
fn quantity of accumulated act1v1ty at the ‘end of 30 years was buried in a common
. " landfill disposal cell: whlch was then’ avallable to the general publlc for
.funcontrolled access (8, 760 hours per year)

For reg10na1 SWTFs, waste sludge is. typlcally m1xed with sand and _
placed in landf1ll dlsposal cells on a daily basis and covered by a layer of ’
at_least six inches of composlted_mater;al,before the end of each working day,
as required.by Massachusetts Department'of fnyironmental Protection

regulations (Reference 16). The 1andf111 dlsposal cells range in size from

" about one acre up to about five acres. After a cell is full a final layer of

compacted materlal is requ1red to be placed over the ent1re surface of the

cell to a minimum depth of two feet (Reference 16).

-12-
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Analytlcally, if Q° s the amount of rad10act1vxty per tank full of.
septage for a give nuclzde, then the total accumulated rad1oact1v1ty Qe(max)‘
dlsposed of after 30 pumpouts 1s glven by.

Qe(max) =Q,. (1 +'E,+ E2 + E3 +EY & .l;f + £29)

=Q, W =EPy-E) . . )

vhere:

tn
]

eth-Mt)

A’ = is the decay constant fogifﬁe'aelecced.nuclideﬂ(llyéar), and -
At = time intdrval‘hétweén applications; assumed to be 1_&ear.
If the maximum tdtal‘acEiVity of 20'mfcrocuriec‘(witﬁ'the same relaﬁive'

‘dxstrlbutlon as- determ1ned 1n the current septzc ‘tank analysls) were assumed

" to be released each. year, then the accumulated act1v1ty at the .end of 30 years

is found in the following table:

A ' Qg Ce Qe(max.)

Nuclide -Half Life - (I/year) (uCifbatch) - wi .
Co-60- . . S.277y - . 0.13i5 . - 16i65 - - . '132.14
. Ma-S4 312.4° . C0i8109. . U 0.49 0.8
o Co-134 - .2.07y . .. i0.337 . 0700 . 2.5
TUCe-137 T 302y ¢ w023 0 25 6.0
' ' R Total = . .20 182

~ If the 20 microcuries per year 11m1t is assumed to -be all Co—60, ‘then
" the resultlng accumulated total after 30 years would be 159 m1crocur1es, and

result 1n a’ hlgher calculated ‘dose than that from the ‘above mix.

Assuming a minimum landfill disposal cell.to.be one acre in-area, and
that the 30-year accumulated activity (159 uCi; Co-60) was disposed-of in one
year along with SWTF, sludge that formed a minimum 'one foot layer which was
placed immediately below the two-foot d1sposa1 cap of the cell, the resultlng

-13-"
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. dose rate one. meter above the ground surface was calculated to’ be

6.4E-07 mrem/hour. If it is also assumed that an individual remalned on the
landf111 for a full year (8,760 hours) without taking any credit .for" sh1e1d1ng
by a res1dent1a1 structure, the total whole ‘body dose would be 5 6E-03 mrem,

or about 56% of the truck dr1ver s/SWTF workers. calculated exposure.

S1nce the 1andf111 cap (2‘ m1n1mum) effectxvely 1solates the vegetatlon
zone of . the top 15 cm plow layer, no garden pathways of exposure. are. '
31nc1uded. However, it is noted that the 30—year accumulated act1v1ty
-concentratlon spread over a -one acre landf111 d1sposa1 cell would result in an
_parea denslty of only 3.7E-03 m1crocur1es per -square foot. Thls is’
,approxlmately a factor of 11 below the surface area den51ty of the garden
-:pathway scenario in Sectlon 5.3.3 for the- bounding case of placxng
20 mlcrocuries d1rect1y on a.500 £ft2. garden.. Therefore, even if 1t is
'ﬂpostulated that an 1nd1v1dua1 were to dig a cellar hole for a new home on the
landfill site after closure, the resulting dose impact would still, be bounded
by the garden scenarlo as descrlbed below. ) '

It is, therefore, concluded that for!normal'handling, processing,'and
. .disposal of septage at a SWIF, the,makinun.annual dose ls_received'by the
.'truck driver or SWTF worker_handling'the annual batches of septage~pumped for
disposal, and not the result of accu@ulated.activitf'buildup over:eitended

time periods.
-5;3.3 Garden Eathwax‘ScegariQ"

The rad1olog1cal impact assoc1ated with an event wh1ch place undlluted -
-septage dlrectly on a garden was -carried out uslng the dose assessment models
in Regulatory Guide 1. 109 (Reference 13), and in a- manner . conslstent with the
methodology employed by the plant s ODCM. Special cons1derat10n was-given to

the following:

1. The computation of an effective‘self-shielding factor to account
for the effect provided by the soil after the waste is plowed or

mixed in the top 15 cm surface layer.

14—
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L2, "The def1n1t1on of ‘an annual. act1v1ty release rate. whlch f0110w1ng
a year s ‘time of contlnuous release, would yield ‘the ground
dep051t10n expected to preva11 after.a tank pump-out and spreading

" on the 500 £t2 garden.
3. The def1n1t10n of an effective atmospherlc d1sper51on factor to

_1represent the resuspended rad10act1v1ty.g

y .

4. The. proper representatxon of part1a1 occupancy factors and usage
data.

If it is assumed that the garden plot is 11m1ted to & surface area of
500 ft2, then the land- dep051ted radioactive material Sa (Cllmz) follow1ng
landspreading will be equal ‘tos

= Q, (Ci)[gjoo'ftz.* 6.0929 nzlftz) . ; .(B)
. The denominator. of thzs equatlon 1s equlvalent to the (DIQ) deposltlon

factor normally employed in the airborne 1mpact assessment of deposxted

radlonuclldes, that is:

(p/Q)

1/(500 £t2 * 0.0929 mZ/ft?)

215802 2 . e (@)

.Foiiowing the‘applicaticnibf undiluted.sebtageTcn the gafden}‘scne'qf
the radioacti#ity may beccme airborne.as & result of resuspension effects.
The model used to estimate the radlonuc11de concentratxon in air above the .
dlsposal ‘plot was taken from WASH—IAOO, Appendlx VI. Accordlng to that model,
* the relatlonsh1p between the alrborne concentratlon A (Cllm3) and the surface.

dep051t10n 1s.
A,.= S, (Ci/m2) x K (1/m) _ ()

~15-~
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where: K is the resuspension factor and is taken to be equal to 1.0E-06 {(1/m)
(Reference 11) which is believed conservative'due to the limited
surface area jnvolved and the 1rr1gat1on prov:ded to a garden wvhich

minimizes alrborne dust.

" The 500 ft2 garden s;ze was selected based on- the ‘minimum - surface area

~..necessary to 1nc1ude a garden as- part of. the land—use census as requ1red by -

Yankee £ Techn1ca1 Spec1ficat10n 3/4.12.2. Thls is the m1nimum area whlch
~. could be expected to produce sufflclent food to support the uptake assumptlon

‘on 'food consumpt1on noted -below. .

In addltion, by 11m1t1ng the garden surface area to -500 ft2 (a C1rc1e o
“with a‘3. 85 m radzus) the concentratlon "of radioactxvxty in the garden As .
max1m1zed since the concentratlon for .any glven surface area is phy51ca11y 4
11m1ted by the total act1v1ty avallable in the septage. For d1rect radiation
‘estlmates from standing on the ground plane, a commonly used assumption of an
21nf1n1te plane source (which can be approxlmated by a: c1rcle with a rad1us of
15 m) would in fact undercalculate the surface dose -rate" from that of a’

500 ft2 garden by a factor of -about ‘8 due to the d1spersa1 of the flxed
quantity of act1v1ty avallable to be spread. For use with the garden -pathways
of exposure, it is assumed that the septage 1s.mlxed in the top cultivated

15 cm of s0il with no additional'clean-soil cover placed over ‘it.

-As for the occupancy factors for direct exposure to the ground
,.deposztlon and for 1mmer51on 1n the resuspended radioactivxty, 360 hours was
,used for the rad1olog1ca1 1mpact ana1y51s._ The 360-hour 1nterva1 1s belzeved

. to be a reasonably conservative t1me frame ‘a’ gardener would spend each year ‘on
a plot of land or garden durlng the grow1ng season ‘in the’ northeast (average

two hours a day for six months)

Garden pathway data and usage- factors -as appllcable to the area in the
vicinlty of the plant are shown below. These are the same factors as used in
the plant's ODCM assessment of the offJSite radiological impacts due to

routine releases from the plant, with the following exceptions:

~16-
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1. The sbillexposufe'time was changed'fcomnIS'yeers to 1 year‘to

account for the discrete aéplicetion'of septage on a garden plot.

2. The fracticn of'stored‘vegetables grown in-the garden was.

conservatively increased from 9{76'tc 1.0:

3. The crop exposure ‘time. was changed from 2,160 ‘hours to 0 hours to
.reflect the’ condltlon that no radloactlve mater1a1 would be
" dispersed directly on crops for human or ‘animal consumpt1on, the -
-deposxtlon on crops of resuspended rad10activ1ty being

.'1n51gn1f1cant1y small' that 15, crop contam1nat1on is only through
root uptake.

.'.H' St GE. F E_Q. I"' QE-S

Vegetables 'Leefjxveg; Milk Inha 8t10ﬂ*

.I_i;_;si_x.t_a_ _.(Jszizc)__ © _Akglyr) .(l_z_ezeile_(__&a)_
Adult . . - 520 S 64 , 310 329
Teen. 630 L2 - 400" 329
Child - . 520 . T 26 : 330 152

Infant — S ) 330 -1

*Inhalatlon rates have’ been mod1f1ed to reflect an annual
occupancy factor of 360 hours.

'Agrlcultural productlvity ékg/mz)
* S0il surface density (kg/m®)
Transport time to user (hours), : :
Soil exposure time (hours) = .~ . 8,76
Crop exposure time to plume (hours) .
Holdup after harvest (hours) . 1,440.
Fraction of stored vegetables ~ ‘ '
.grown in garden : . . 1.0
Fraction of leafy vegetables : .
grown in garden o o 1.0

17—
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Agr1cultura1 product1v1ty

'Soil ‘surface density (kg/m®)

Transport time' to user (hours):
- 8So0il exposure time (hours)

Crop. exposure timé to plume (hours)

. -Holdup after harvest (hours)-
Animals daily feed (kg/ddy)
Fraction of. year on pasture =
Fraction pasture when on pasture

;kglhil"

_ Rasture Feed

Stored:Feed
7 - 240
£ 260.0 240.0
48.0 48.0
- 8,766.0 8,766.0
.0 .0
.0 2,160.0
50.0 50.0
.5 -

As noted above, liquid exposure pathways are consideréd 1ndependent

from those associated with garden exposures.

Slnce the laboratory analysls

data of septlc tank waste shows that all the act1v1ty ig- assoc1ated with the‘

tsuspended or settled sollds fraction, and not d1ssolved in the liquid portion,

'transport of act1V1ty through groundwater would -not be expected to lead to

drinking water: supplles being impacted by’ septage placed on farm lands.

It

ds, therefore, not anticipated that the groundwater pathway could result in

doses comparable to the direct surface exposure pathways.

As conflrmatlou of

thls, however, a methodology for groundwater analyszs, as developed by

Kennedy, et al. (1990) (Reference '12), was used as-a check.

This model

assumes ‘that the radionuclides -on. the ground are leached 1nto the water table

' w1th a leach rate based on cont1nuously saturated ‘soil.

table, ‘the radionuclides are 1mmed1ately avallable for consumpt1on.

Once into the water
The

volume of water used for dilution is 11m1ted to the quantlty used by.one

person dn” one year -(91, 250 11ters).

No credxt 1s taken by ‘s0il retardation of

‘:the nuc11des, elther durlng the leachlng process “or durlng groundwater

-~movement.

Consumptlon of water 1s assumed to be '3 l1terslday.

The resultlng

jdose factors, by rad10nuc11de, dare 11sted 1n Table 3 & of Reference 120 -f‘v -

Of the rad10nucl1des detected in the

‘nucl1de, and has the highest dose factors.

septage, Co-60 is the dominant

The total effective dose

-equ1valent from dr1nk1ng wvater is 4. &E-6 mrem/yr for- 1 uCi of disposed Co—60.

The maximum - organ dose is 1. 9E—5 mrem/year per pCi, with the organ being the

LLI wall. These results:are several orders
surface exposure doses as detailed below.

therefore, not significant.
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t Gr Plane Expi r

To’ account for the gamma attenuat1on provided by the 8011, it was
necessary to carry out an approprlate shieldlng calculation. -This was
accompllshed through use of the DIDOS- computer code ‘which computed ‘the

' radiation levels from a cyllndrlcal volume source w1th a rad1us of ‘3. 85 m and
a helght of 0.15 m, W1th the receptor located along the ax1s, lm above the

source.

- .The source denslty was set equal to 1.6 g/cc, which is equlvalent to
the Regulatory Guide :1.109 value of .240 kg/m for the effective surface
den51ty of soil within a 15 cm plow layer. If the total act1v1ty content ofC
the septlc tank, as 11sted ear11er, were assumed to be un1form1y distrlbuted
1n the source disk, the volume source dose rate is equlvalent ‘to a dose rate_

) of "2.8E-04 mrem/hr. The total dose from standlng on the garden area for :
360 hours each year is seen’ to be 0. 099 mrem from the total act1v1ty content

measure in the. septic tank (2. 33 pCl) belng placed on the garden.
.:G' den. Pathw

The maximum and1v1dual 1ngest10n/1nhalat10n exposure assessments
‘resulting from garden crops or pasture grass grown on a septage d1sposa1 plot
were added to the drrect ground plane doses discussed’ above.’ Thls results in .
a boundlng estimate of dose to.a. hypothetical max1mum exposed 1nd1v1dual. Ihe

-xwhole body and cr1t1ca1—organ radlation exposures after a tank pump-out and |
spreading on a garden at a- concentratlon level equlvalent to the measured

concentratlons 1n sept1c waste are as follows.

jiation Exposur ' Individual/or
Miximum Exposed Individual . - ~ - 0.122 mrem/yr ‘Child/Whole Body
S : A '0.157 mrem/yr _ Child/Liver

=19~
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The individual pathwayfcontributions to the total dose are;aslfollows:

thway-Dependent - "t;' zan
. S Maxlmalli‘ﬁxposed o Maxlmally Exposed
R . Indxvxdual/Organ oo Ind1v1dua1/Whole Body
o ' (Ch1ld/L1ver) - - . _(child) -
"Pathway : e ' .
. . Ground Irradiation .o 0. 099 ' . _ . .0.099 B
Inhalation’ - 0. 0003 " A ; .. 0.0001
: Stored.Vegetables ’ - .0.055 - o 0.0214
"Leafy Vegetables- L ;0.0028 - .7 0.0011°
Milk Ingestion* . - . . . (0.019) . . (Q;QQ3§)
- TOTAL - Teast C o 122

Tables 1 through 4 deta11 the 1nterna1 dose breakdown by radxonucllde
and pathway of exposure. As can ‘be’ seen in the- results, the whole body and
max1mum exposed organ dose are’. approprlately equxvalent. This 1s due to the
domxnance of the external ground plane exposure pathway controlllng the dose

to both the organs and whole body.

- 5.3.4 _1ncineratign_zathﬁax_Sscnarin

At the present time, there are no known facilities for the- 1nc1nerat10n
of septage in the'V1c1n1ty of the Yankee plant. For completeness, however, we .
have addressed the radlologlcal 1mpact expected from 1nc1neratlon. Thls w111 '
preclude the necesslty of - rev1sing thls appllcatlon request 1f such a fac111ty

becomes avallable in the future.

The basls for the. radlologlcal assessment of 1nc1neration is a report
by Murphy, et al. (1989) (Reference 15), in whlch they calculated 1nd1v1dua1
and populatlon dose 1mpacts from low 1eve1 waste dlsposal scenarlos. Th1s

report used a radionuclide. dlstrlbutlon that was based on extens1ve studles of

*As described above, the milk pathway is mutually exclusive to the vegetable
ingestion pathway; and, therefore, not added into the i:total.

-20-
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power reactor ‘low.level wastes. This d1str1but10n was s1m11ar to .the measured:

distribution in the Yankee septage in that Co-60 and Cs—137 ‘were the

-predomlnant gamma emltters.-

The results of thelr analyses show that the transport worker recelves
the hlghest dose from the 1nc1nerat10n scenarlo. The transport worker dose is
_ approxlmately a factor of 5 higher than either ‘the max1mum 1nc1nerator worker
.or-.the maximum d1sposa1 smte operator, and is’ several orders of magnltude

hlgher than the maxlmum 1nd1v1dua1 doses to the general pub11c.

The dose to the transport worker has been d1scussed above
: (Sectlon 5 3 1) for. the off—51te dlsposal of septage from Yankee. 'This"
‘transport worker dose will not change 1f the septage is 1nc1nerated, sznce it
was conservatlvely assumed that the worker spends 8 hours travelzng to the
dlsposal site. Therefore, the dose to ‘the 1nd1v1dua1 landowner, from the
‘garden scenarlo, will still be. controlling for all dlsposal optlons, includlng
1nc1nerat10n.. .

......

w0 5.k 'ug"i_mmg.-Rglg' asable Activity

The above analy81s for landspreadxng on a garden the measured act1v1ty o
levels detected in. the septic tank 1ndlcates that over- 80% of . the total whole
body dose received by the hypothet1ca1 1nd1v1dua1 is due. to dlrect external
exposure "to the ground plane. of thls d1rect dose component, Co—60 accounts

“for about”96%-of”the exposure. In determ1n1ng a pract1cal means by whxch any""

1ufuture detectable levels of - licensed material can be 11mited to ensure that o
.the controlllng hypothetzcal 1nd1v1dua1's annual dose 1s 11m1ted to :.-
'approximately 1 mrem or less, the sum of all measured gamma emlttzng nuc11des'
¢an’ be'assessed as Co-60 to determlne the quantlty of gross act1V1ty that, 1f

released in septage, would 11m1t the dose to 1 .mrem. . : . . .

Repeatlng the above controll1ng analysis for the event wh1ch placed the
septage .shipment directly on a garden plot, and assuming that the activity

avallable is all Co-60, the total act1V1ty wh1ch relates to the annual dose
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limit criteria of 1 mrem is determlned to be approxlmately 20 m1crocur1es.

The breakdown by’ exposure pathway for this scenario, assum1ng an- act1v1ty

release of 20‘m1Ctocur1es in the form of Co-60 is as follows:-

Maximum.Eiposedii
Individual/Whole; Body

,zgthyaii” N . ) (mrem[vear) ' R
‘étoﬁnd Irradidtion L '0 980
Inhalation . = - . L jO 0004
. Stored Vegetables . 0. 0.13
Leafy Vegetables . 0,0068

TOTAL - - o '.1-."1‘_'

All’ other scenarzos for the normal treatment and disposal of septage,'

:‘.1nc1ud1ng postulated accumulation and build—up of actlvity at a s1ngle SWIF

for a 30—year perlod (at 20 m1crocur1es/year), result in radiolog1ca1 impacts -

.to 1nd1v1duals whlch are approxlmately a factor of. 100 or.more below the whole

body ‘dose for the garden pathway.

The'fOIioﬁingdsummaty‘compates tﬁe calculated whole Bod& doses "
assoc1ated with normal handling of septage with the 1 :mrem’ bounding event

-garden scenarlo. Ihls demonstrates that by 11m1ting the -annual quantity of

; act1v1ty in’ septage to 20 microcurles,.the expected dose 1mpact for dlspos1ng

of septage at a SWIF will in fact be well. below a dose crlterlon of *

' 1 mrem/year.

rl

Maximum Whole Body

Annual Dose
'5soeoafio _ T (mpem)
| T | - }
(a) Septic:truck driver/SWIF worker. ~ 1.0E-02
(20 uCi Co-60 per: year) : -
ﬂt) SWIF landfill after closure. . . 5.6E-03

. (30-year accumulation; 159 uCi Co-60)
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exposures due to natural background rad1at1on.

0 .SUMMARY AND CONCLUSTONS

The d1sposa1 of septage by transferrlng 1t to a pub11c SWTF 1s in

' accordance Wlth standard pract1ces for treatment of the type of waste mater1a1

generated by a septzc tank/leach f1eld san1tary waste system. "Periodic

pumpzng of ‘the septlc tank 1s necessary for the ma1ntenance and contlnued

.operatzon of Yankee 5 sanltary waste system. Approval for d1sposal of . septlc

‘waste from the Yankee sanitary system is requested to prevent failure of the

sanltary system to. adequately handle plant domestic waste.

Alternate means of d1sposa1 of the septage would 1nvolve the treatment

of 1t as radwaste, thh the subsequent need to: stabillze, sol1d1fy, and

'd1spose of . the mater1a1 at a- 11censed burial ground at exce551ve ‘cost’ and a

. loss in valuable d1sposa1 ground volume.

The rad1010g1ca1 ana1y31s results 1nd1cate that the publlc health

'effects due "to the bxologlcal act1vzty and’ 1nfect10us constltuents of ‘such

sanltary waste far outwezgh the concerns due to any rad10act1vzty wh1ch is
present. By setting” release limlts which restrlct the ‘exposure to a maximum.
hypothet1ca1 1nd1V1dual ‘of 1 mrem per year, At 1s ensured that radlologlcal

risks from the proposed dlsposal method are of no slgnlflcance.

" The proposed release limits represent. a small fraction of NRC 11m1ts

permitted for d1sposa1 of 51m11ar waste by 11censed fac111t1es who have the1r
Lsanltary systems connected d1rect1y to a'public sanitary sewerage system.

iThese proposed 11m1ts are also w1th1n ‘the plant's current allowable release~ _
.flzmlts for" dlscharge of normal 11qu1d waste to the env1ronment, With any

resulting dose to any 1ndrv1dua1 in" the publlc bezng far less than.committed
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c TABLE 1
* LANDSPREADING INGESTION PATHUAYS

D CADULT)
" €2.33 UCL TOTAL ACTIVITY)
" CHREH)
- PATHUAY BONE . LIVER ~  KIONEY - - - LUNG GI-LLT © THYROID WHOLE BOOY ao
INHALATION : / L _ . ce ‘
LR 0.00E+00  2.93E-06  7.28E-07  .1.04E-04  5.726-06 - 0.00E400  4.86E-07.
60 -0 0.00£+00 2.11E-05  0.00€+00 1.09€-02 . '5.21E-04 0.00E4+00 2.71E-05
134 ¢S . "3.TE-05 . 7.226<05 - 2.44E-05 . 8.31E-06  8.85E-07  0.006400  6.19€-05
137 ¢ ' 1.07E-04 - 1.39E-04  4.98E-05°  1.682-05  1.886-06 . 0.006+00 . ‘9.58E-05.
TGTAL FOR_PATHUAY . 1.39€-04  .-2.35€-04  7.49E-05  J.11E-02  S5.30E-04  0.006400 1.BSE-04°
STORED VEGETABLES - ©= | o L - ' s
LI 0.00e+00  3.106-04 -. 9.21€-05  0.006400°  9.48€-04 . 0.00€400 --5.91€-05 -
60 "co © - 0.006400  1.7BE-03° - 0.00E+00 ~ 0.00E+00  3.34E-02  0.00E+00  3.92€-03
13%. ¢s : 2.24E-03  5.336-03  1.726-03 . S.72E-04  9.326-05 . 0.00E¢00 . &.35E-03"
1 s T 9.25E-03 T 1.27E-02  4.20E-03  1.43E-03 . 2.4SE-04 0.00E400 - B.29€-03 -
I} . YOTAU FOR'PATHUAY . 1.15£-02  2.01€-02  6.11E-03  2.006°03  3.47E-02  0.006400  1.66€-02:
LEAFY VEGETABLES L : L
S4 HN 0.006400  "4.34E-05  1.296-05  0.00E+00  1.33E-04  .0.006400  8.29€-06°
6 co . 0.00€+00 2.24€-04 0.00E+00 0.006400  4.20€-03  0.00E+00  ~4.93E-04
36 e 2.91E-04  6.926-04 - 2.20E-04 ' 7.44E-05  1.21E-05  0.00E400°  S5.64E-04
137 ¢ 1.148-03 1.56E-03 . S5.31E-04° ° 1.766-04  3.03E-05 . 0.006400 - 1.02£-03 -
TOTAL FOR PATKHAY 1.636-03°  2.526-03 ~ ‘7.68-04 ~-2iS1E-04  4.386-03 ©  0.006800  2.096-03 - .-
OOV HILK . _ s : T
LI "0.00E400  2.39€-06  7.10E-07 . "0.00E+00  7.31E-06  0.00E+00 ° 4.S5€-07
& co . 0.00E400  S5.336-05  0.00E400  0.006+00  .1.00£-03 ~ 0.006+00  1.186-04
X 136 cs . B.U1E-04  1.936-03 - 6.25€-04  2.07E-04  -3.386-05  0.006+00  1.58E-03
137 cs 3.316-03°  4.536-03 1.54E-05  S.11E-04  B.77E-0S  0.006+00  2.97E-03
. TOTAL FOR PATHWAY 4.126-03  6.51E-03  2.166-03  7.186-04  1.136-03  0.005+00  4.65-03
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. TABLE 2
LANDSPREADING IKGESTION PATHWAYS .
BN ¢ 1 - - 5} :
(2.33 UCI TOTAL ACTIVITY)
~(MREN)

" PATHUAY | "BONE . LIVER KIDNEY NG - GI-LLI  THYROID  WHOLE BOOY <
INHALATION . . : R . : ' ) :
F 54 MN 0.006400  3.78E-06  9.41E-07  .1.47E-04  4.94E-06  0.006+00 ° . 6.21E-07
60 C0° 0.006400  2.77E-05  -0.00E+00  1.606-02  &.75€-04  0.00E+00  3.&3E-0S.
136 cs ' 4.286-05 - 9.60E-05  3.19E-05 - 1.25E-05 . 8.31E-07 . 0.006+00  4.67E-05
137 ¢ 1.50€-04 . 1.90E<04  .6.80E-05  2.70E-05  1.906-06  0.00E400  6.96E-05
TOTAL FOR PATHUAY 1.936-06  3.A7E-04  1.O1E-04 - 1.626-02  4.826-04 0.00E400  1.536-0%
STORED VEGETABLES L S _ . T
56 m " 0.00E+400  "4.B4E-04  1:44E=04  "0JO0E400  9.93E-04  O0.00E+00  '9.60€-05"

£0 ‘to © 0.00E400  2.83E-03  '0.006400  0.006+00  3.69E-02  0.006400  &.37E-03
134 cs 3.65€-03  B8.596-03  2.73E-03  1.04E-03  1.07E-04  O0.00E+00  3.986-03.
137 cs. 1.57€-02  .2.106-02  7.136-03  2.77E-03  2.986-04  O0.00E+00 7.30€-03 -
TOTAL FOR PATHWAY 1.94E<02 . 3.29€-02 - 1;qoé-02 3.81E-03 3.83e-02 0.00E+00 1‘.785-9;

LEAFY VEGETABLES

L T 0.00E+00  3.682-05  1.106-05  0.00E400 . 7.SSE-0S . 0.00E400  7.30£-06

60 - co 0.006+00  -1.93E-04 :0.00€+400° ' 0.00E400  2.51E-03  0.00E+00  &.34E-04
134 ¢S 2.5TE-04  .6.058-04  1.926-04  T.34E-05  7.52£-06  0.006400  2.BIE-04 .
137 cs. _ 1.056-03  1.406-03  4.77E-04  1.85€-04  1.99€-05  O,00+00 . ‘4.88€-04
TOTAL FOR PATHWAY A31E-03 © 2:206-03 ) 6.80E-04 . .2.59E-04 | 2.61E-03 0.00€+00 CUaR1E0
COV HILK EE o . _

. 54 MM ' 0.006400 .** 3.986°06  1.198-06  0.006+00 - &.15E-05  0,006400  7.886-07

60 oo ‘0.00E400,  §.03E-05 . 0.00E+00  0.00E+400  1.182-03 . '0.00E+00  2.03€-04
134 ©s 1.416-03  3.316-03 . 1.0S€-03  K.026-04  4.126-05  0.00£400 .- 1.54€-03
17 cs 6.00E-03  7.996-03  2.726-03  1.066-03  1.14E-04  0.00E400  2.78-03

TOTAL FOR PATHUAY TAIE-03  1.94E-02  3.77E-03  1.46E-03  1.34E-03  O.00E400  4.S26-03
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TABLE 3 .
LANDSPREADING INGESTION PATHUAYS -

CCHILD)
€2.33 UCI TOTAL ACTIVITX) -
(HREM) )
.- PATHUAY . © BONE ., LIVER ) KIDNEY LUNG GI-LLI ©  THYROID | WHOLE BOOY
. J
INHALATION o . - ' _ L . , ,
56 My _ 0.00E+400  3.17E-06  7.41€-07  1.17E-04  1.69€-06 - 0.006+00 = 7.03E-07
€ €0 . 0.00E400  ~ 20406-05  0.00E+00.  1.29€°02 . - 1.76E-04 - 0,006400  &.15E-05
134 ¢ 5.546-05 . B.63E-05  2.81E-05.  1.03£-05 - 3.27E-07. -0.00E400  1.91E-05
137 ¢s | 2.03E-04" . 1.85E-04  6.326-05  2.33€-05  8.106-07  0.006+00  2.87E-05

TOTAL FOR PATHMAY ~  2:S8E-04  2.98E-04  9.206-05  1.31E-02  1.79E-04 . 0.00E+00  °9.00€:05

STORED VEGETABLES

"0.00E400  7.2SE-04  2.036-04 ° 0.00E400  &J08E-04  0.00E+00  1.93E-04

56 MmN o

60 co 0.00E+400  4.40E-03 . 0.00E400  O.00E400  2.44E-02  '0.00E+00 1.30€-02
13 cs 8.426-03. ° '1.386-02  4.286-03  1.54E-03  7.45E-05 - 0.00€400  2.91E-03
137 cs " 3.80E-02 ', 3.636-02°  1.186-02  4.26E-03  2.27E-04  0,006400  5.34€-03
TOTAL FOR PATHMAY  &.64E-02  'Si53E-02  1.63E-02  5.806-03  2.53E-02  0.006400 - 2.14E-02

. LEAFY VEGETABLES

56 WN© 0.00E400  4.136-05  1.16€-05  0.00E400 . 3.47E-05 - O.00E+00  1.10€-05-
60 co . ‘0.006400  2.25€-04  0,00E400  0.006400 " 1.24E-03°  0.00E+00  4.62E-04
134 ¢S 4.45E-04 . 7.308-04  2.26E-04  B.11E-05  3.93E-06  0.00E+00 1.54E-04
137 ¢S _ 1.906-03  '1.826-03  S.94E-04 2.14E-04  1.14E-05 - 0.00E400  2.69€-04

TOTAL FOR PATHUAY . 2.35€-03 ' - 2.826-03 . - 8.326-04  2.95E-04. ~ 1.296<035 ~0.006400°  1.106-03 -:

56 0.00E400  S5.95E-06  1.67E-06-  0.00E408 . &.99E-06 - 0.OOE+00 - 1.58E-04"
6 co . 0.006+400  1.40E-04-  ©.006+00  '0.00E+00  7.77E-04  0.00E400 ~ &4.13€-04 & .~
3% cs - 3.256-03  S.33E-03  1.656-03  S.93E-04 . 2.87E-05  .0.006400 - 1.126-03
. 137 ¢s © 1.45€-02 - 1.382-02 - A.51E-03  1.626-03  B8.67€-05 -  O.00E+00  2.04E-03
"TOTAL FOR PATHUAY 1L776-02 © 1.936-02  6.17E-03  2.226-03  8.97E-04  0.006400  3.S86-C3
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TABLE & -

LAKDSPREADING INGESTION PATHUAYS
©CINFANTY .
(2.33 UCI TOTAL ACTIVITY)
.. CHREN)
"PATHUAY R BONE . LIVER . KIDNEY LUXG GI-LL1’ ~fmhoxt_: mtoit—:' BooY
INHALATION - . R . : - S
-.56 M8 0.005400°  1.87E-06 - 3.696-07 . 7.39E-05 = 5.226-07  0.006400 . 3.£9€-07
60 ,co 0.006+400  1.47E-05 ° 0,00E400  B8.25E-03  5.84E-05  0.00E400  2.16E-05
. 136 ¢ 33705 © - 5.98E-05 . 1.626-05 . 6.7BE-06  1.14E-07 0.00E400  6.34E-06
137 ¢s P 1.236-06 1.37E-04  3.85E-05  1.59E-05  2.99€-07 . 0.00E+00  -1.02E-05 .
TOTAL FOR PATHUAY LSTE-04 23604 S.SIE-G5 | B.3SE-03  5.94E°05 0.008400  3.8LE-0S
STORED VEGETABLES o T o oo . ) o _
T S% MM 0.00E+00 . ‘0.00E+00  0,00E+00 0.00E+00  0.00€+00 0.00€+00 - 0.00E+00 .
'60. o 0.00E400 ©  0.00E+00  O0.00E€00  0.00E400-  0.00E400  0.00£400 - 0.GOE+00.
136 s 0.00E400. - 0.00E+00 0.00E+00 0.00E+00  -0.00E+00  0.00E400  -0.OOE+00
137 ¢s - 0.006+00  '0.00E400  0.00E+00  “O.00E+00 ~  0.006400  O.0OE+00  0.00E+00
-i.] TOTAL. FOR PATHUAY 0.00E+00 - 0.00€+00  '0.00E+00 ~  0.00E+C0  0.00E+00  0.00E400°  ©.00E+00

y

i

"~ LEAFY VEGETABLES

S6 K 0.00E400  G.00E400 G.COE+00 . O.00E#00 - 0.00E+00  0.00€<00  0.00€+00
60- o 0.00E400  .0.00E400 - .0.00E+00  0.00E400 = 0.008400  O0.00E400  ©.00E+00
134 -cs -0.00E400  0.00E+00  0.00E+00  O0.00E400  0.006+00  ‘0.00E+00 0.00€400
» 17 cs 0.006400  0.00E400 = 0.00E400  '0.00E+00  -0.00E+00 -  0.006400  0.00E+00
TOTAL.FOR PATHYAY  *.0.00E+00  0.005¢00 01006400 , 0.00E+00. -0.00E400 . 0.006400 - 0.00E+00
.'_w HILK - A__._‘ o . ..' . o . . . » - V . C .“..A 4 ) .f..'
54 MK T 0.00E400 : 1.11€-05  2.45E-06 ~ 0.00E+00  &.046-06 - 0.005400 2.51E-06,
60 o 0.00E¢00  "2.B6E-04  '0.00E+00  "0.006+00  6.B1E-04 °  0.00E+00 6.T6E-04
134 “cs - 5.236-03  9.766-03 | 2.51E-03  1.036-03°  2.65E-05.  0.006+00-  9.BSE-04
137 ¢S (231602 © 2.706-02 T.256-03 . | 2.94E-03 ' B.4SE-05  0.00E400  1.92E-G3
TOTAL FOR PATHUAY - © 283602 3.IE-62 © 9.776-0  3.97E-03 - 7.966-06  0.006400  3.586-03 :
EYS ' - ST ' .
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ER ' _ - Appendix B

. APPEND!X B 1o §§ 20 1—-20 602—CONCENTRATIONS IN'AIR AND WATER ABOVE NATURAL
L e " BACKGROUND -
[See (oomotes at end of Appendix 8]

. oo . wsowper . Table ! . ‘ Table f -

Ele(nef\t (atomic number) o : . Col. 1—dic -Co(. 2~ Co( 1-—Nr " Col, 2-—
R L (:Ci/el) water |, &:Cirer) 7 Water’
1 . : (yGIml) ~ (uCifev)
Actinium (89) : Ac 227 s 2x10-u| - 6x10‘ *8X10°%|  2x107¢
S , . 3x1071|  9x10-3]| 9xt0°v| 3x104
Ac 228 S - .8x107¢}. 3x1073] © 3ax10°*| . 9xt0-*
T . , " " qt. 2x10"*] ax107*} 6X10°| 9x10~*
Americium (95) i Am241. Js 6x10°1] 1x10™¢| 2x10°"]  4x10°¢
. o ' ’ Ju . 1xX10°% 8x107¢] 4x10°% 3x107%
. | Am242m s . 6x107%|  1x107¢] 2x107%| 4x10°¢
. ) . ‘ - '3x107| . 3x107*| 9X10°%| 9x107*.
. : ' Am242... ] 4x107¢] 4x10°?] “1x10°* 1X10°¢
T : S 1 §xi0-*| 4x10-3]- 2x107*| 1xt0-¢
Am243 s’ 6x10°1 1x10¢| 2x10"]| 4x10°¢
o 1t 1x107|  8x10~¢| 4x10-1]  3x10™% |
Am 244 S 4x10°¢] - 1x10°t] 1x107?| S5x107? .
_— S . NI 2X10"%| 1x10"'] 8x10°'] 5x107?
{ - Antimony Sb 122 ds 2X10°7| - 8x107¢] - 6X10™*| 3x10°*
. ! . ' ' Sl 1 1x10°1} Bx107¢] S§x10°°| .3x10°*
Sb 124 —{Ss 2x10°7| " Ix10°%| .S5x10"*| 2x10~* .-
: (. 2x10~¢|  7x10-¢| 7xt07*| 2x107s
Sb 125 s §x1071} -3x107*] \2x107¢| Ax107¢
' - L 1. 3x10-¢ 3x10°3] 9xi10~* 1X107¢
Argon (18). : : Jasr_ Sub? 6x1072 d 1x107
. _— . .| A 41 Sib 2x107¢ - AX107 o
Arsenic (33) 1 As 73 1s 2x10°¢] 1x10°*} 7x10°¢| &§x10™*
‘ : { 4%1077|  1xt10-2|  1x10°¢| 5x10°¢
As 74 s 3x10°7]  2x10-3| - 1x107*} 6x10°¢
At 1x10-7] 2xt07| - 4x10°*] ' Sx10-%
. As 76 s 1x1077| - €x10~¢] 4x10~*| -2x10°%. .
- | I 3 LR 1X1077)  6x1074{ - 3x107*| ":2x107* -.
o dasTrl s’ §x1077| . 2x10-3| . 2x10°*| . 8X107%
e qt- . 4%10°7| . 2x10**| 1x107*]- 8x10~* :.
Aslabne (85) A1 LS T o7x1070) - 15x10°%] - 2x107] - 2x107¢. o .
_ SRR B SURROER RN | M 3x107¢] - 2x1073| T AX107*| L TX1074
eanum(ss) SRS Ba131.. . s S1x10°¢] | Sx10-'f “4x107%] v2x1074
: 4 N RIE 4X10°7] 5Xx10°3] 1x107%]| 2x10°%.
Ba 140 S 1x10°7]  ext10~¢| 4x10°*| 3x10°*
. . N {- "4x107¢]  7x107¢] .1x10°'}] '2x107%
Beckelium (37).. - 4 Bk 249 i1s oxt0-%|  ‘2xt0-*| -3xiov| 6x107¢
: o ' ) ' 1t 1x107? 2x10°1) 4x10°°| 6x107¢
Bk 250 d S 1x10"?] 6x10°?| §&x107*| 2x10™¢
T ) ) t 1x107¢ 6x10"3]  4x10°* 2x107*
- Berylfitm (4) w—: _ ] Be 7 s 6x10~¢|, sx10-t] ~2x10°7'| -.2x107?
. - “ R 1x10-¢} " Ssx10-| - 4axto~¢] 2x107?.
Bismuth (83) : Bi 206 4S 2x10-7] . 1x107*] 6x10™*] 4x107*
: : ot 1x1077 1x10-3 §x10°* 4%x107%,
Bi 207 ] S 2x10°? 2x10-3| . 6x10°*| 6x107°
: t 1x107¢ 2x10"?] 5x10°" 6x107*
Bi 210.ccerecncree 1S 6% 10~ 1%10-21  2x10™% A4x10°*
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APPENo:x 8 1o §§ 20.1—20. GOZ—CONCENTRATIONS IN.AIR ANO WATER ABOVE NATURAL
BACKGROUND—Conlmued

(See (ootnotes at end of Appcf_\cﬂx 8]
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tsotope? .- " Table Table 8
Etement (atomic number) Col, 1—hir c&"a‘zef_ Col, 1—Ai c&';fe‘r‘
. G | cumy | GO/ Gy
. - 6x10°*|  1x107*| 2x107*| 4x10-3-
) 1si212 ]S 1x10°? 1x1072 3x10°*| 4x10~¢
AR N - 2%10°7 11071 7x10°*| 4x10°¢
: Bfotmne (35) Bc 82 . 1X10°¢ 8x10°? 4%x10™¢ 3Ix10~¢
N H t . 2x10°7 1x10°| .6x10°*} 4x10~*
,Cadmum (48) Jcat09.. 1s. , 5x107¢| 'sx10°3|] " 2x10°* 2x107¢-
: . ! 7X107¢] - 5x107*] 3x10"* 2x10-¢
Cd 115mee. | S 4x10°* 7X107¢ 1X10™* 3x10-*
. S 4x107*  7x107¢| . .1x10°*| 3x10°*
Cdis. ]S 2x1077 1x10°3) 8x10°*| 3x10-*
: . - ) t.. .2x107? 1x10°3| 6x10°* 4x10°%
- Calcium (20) I Ca4s Js 3x10-*{ 3x10~¢ 1x10*|  9x107¢
i - . 41 1x10™? 5x1072]  4x10°° 2x10°¢ - ¢
: Ca 47 £ 2x1077 1x1073 6x10~*] Sx10~s
o 8 - 1 . 2x10°7 1x10°*] 6x10°*| 3xt0-s
" Cafiformium (98) Lo -2 1- U S: 2x107't| - 1x107¢| " 5x10°%] ‘4x10°¢
. o . t 1X107%|  7x10°¢}. '3x10°""1] 2x10-%
. Cf 250 :1s SX107'2| - 4x10~'] 2x10-% 1X10°8
: At 1X10°% 7X10°¢| 3x10°%| 3x10-3
Ct 251 s 2x10-n 1X1074} 6X10°4"|  4%10™¢
s B N 1X10°*}  8x107¢] 3x10°%]| 3x10°*
Ccr252 s 6x10~n 2x10°¢| 2x10-u 7X107¢
. 2L IX10°Y | 2x107¢|  1x10°u2]  Tx10~¢ -
Ct 253 1S L] 8x10-%] ‘4x10-3] 3x10-w 1X10™¢
_— 1t - 8X10™ 4x10~?| 3x10~% 1X10°¢
) ) Ct 254 S . §X10™% 4x10~¢| = 2x10-% 1X10-7
[ e 1 - 11 Sx10~% 4x10°¢] 2x10~9| 1x10°7,
- Carboa (6) C14 s 4%107¢ 2x10-1 1x10°*] | 8x10~¢
) : Sub 5x10°% . ixtoel - -
" . Cerium (S8) s 4x10°7{ © 3x107*| 2x107'}  9x10-*
T : N 1 2xi0-7{ 3x10-? 5%10°*| . 9%x10°3
S 3x10°7 1x10-3 9x10~* 4%x10-%
{1 2x10°"7 1x10™? TX10"* 4%107%,
. S 1X107¢| 3x10°¢] 3x10-% 1x10°%
t 6x10™* 3x10-¢ 2x10-% 1x107$
Cesium (55) s 1%10°% TX10°2]  4x1077 2x%10-3
- IR ax10-¢ 3x10°| 1x1077 9%x10™¢
ls 4X10°% 2x10°* 1x107¢]" - 6x10-3"
{U. 6x10"¢] '3x10°| 2x10°7| - 1x1072
Jds 4108 3x10~¢ 1xX1077]  9x107¢’
e LIX107¢] 11073 4x¢10-]  Tuxios
) s "6x10°7| -3x10°3] 2x10~* 1X10°4;
LS -9x10°°]. T .7x1073| © 3x10°*| | 2x10°¢- -
. ! s -4X10°3] -2x10°?| ixio~ey-
fe 2X10"7]  2x10-3| 6x10-*]| . 6x10°% -
S 6X107¢|. 4x10-¢| ‘2x10-* -2xw-s :
- - _ 1t 1X10-¢ 1X1072]  6x10-%|. . 4¢10*
Chiorine (17) — S 41077 2x10~*] -1x10-¢| 8x10-
. : 1 2x107¢} 2x10°?| 8x10-“| -6x10~% -
Ci 38: s 3IX107¢]  1x10°2 9%10-%| . 4x10-¢
C . S 2x10~¢ 1x1072{ "7x10-* 4%x107¢
Chromium (24) Ce 51 s AX1078 Sx10-? 4%10°? 2x10~?
- . t 2x10°¢ 5x10-1 8x10™* 2x10-3
Cobalt (27).. Co S7 S 3x10~¢ 2x10°2 1X10°7 5%10™¢
. l 2x10°7 1X10° 6x107* 4%x10°¢
Co S8M e S 2x10- 8x10-? 6x10°7 3x10-3
| © 9x10¢ 6x10-2| .3x10? 2x10-3
1o X T s 8x10-7 4% 103 3x10°* 1X10°¢
( 5x10™* 3x10°3 2x10°? 9% 1073
CO 60..uecvvrvrvvoaened] S 3x10~? 1x10°3 1%x10-* 5x10°?
. { 9x10~* 1X10-? Ix10- 3x10°% .
Copper (29) Cu 64 S 2x10-¢ 1x10-2 7X10°¢ 3% 10™4
1 1Xx10"¢ 6x10-2 4%x10°° 2%X10~1
Curium (96} Cm 242 s 1xt10-*l  7x10-+] 4axi0-]  2x10-%

~
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o]
t
E-N

.

: BACKGROUND—Contmued
i {See footnotes gtgndo(Append’ocB]
) tsotope * Table ! - . Table I
Element (atomic numiber) Col. 1—Ak | Col 2— ool 1-—M Col. 2—
) wC/m) Water wCirm). | Water
. ha (uCifml) | . V1" (uCifenl)
. o A 2x10%}  7x107¢| 6x10-7| 2x107%
Cm 243.. - - 6xi0-12| ' 1x10°¢| 2x10°% 5X107¢
4. ) . { 1x10-*| 7x107¢| 3x10°% 2% 1073
. Cm244...2.. ]S ‘9x10-4 2x10°¢] 3x10°% 7%10°¢
. : t 1x10°%] .8x10"¢] 3x10-m 3x10°t
Cm 245 -34S 5x10~4 1x10-¢| 2x10-% 4%10°¢
: - N : t 1X10-%]  8x107¢] 4x10"%] .3x10°%
Cm 246 .. S . 5x10~u 1X10°¢| 2x10"%] 4x10°¢
1 t 1X10-*|  B8x10™*| 4x10~" 3x107*
Cen 247 s . 5x10-4 1x1074| 2x10=% 4%x107¢
: . - 1X107%)  6X10°¢| 4x10°1} <2x10°%,
‘ Cn248 i | S ‘6x10°%]  1x10°3] 2x10°%| “4x107?
T 1t 1x10-1 4%10°%| “4x105{ 1x107¢
| Cm249 -{S 1X10°8]  6x10°%{ " 4x10°7} .- 2x10°*"
: . : | 1x10"%| -6x1072] . . 4x10-? 2x10°* -
Oysprosium (66) Dy 165.. S 3x10°¢}] 1x10°2 9xX10-4 4%10™¢
. .. 1. 2l 2x10°¢]  1X10°%|. 7X107%{  4x107¢
Oy 166’ S 2x10°7}" - 1X10°3] .8x10°? 4%10°3.
. . " 1. 2x%10°7| = 1x1073 7X107%] . 4x10°3
. Einsteinéum (99) Es 253.. s’ 8x10-'|  7x10-¢] '3x107%| 2x107%
: - " R | 6x10~1] “7x10°¢] 2x10°n 2x10™3
. €s 254Maciceee] S 5x10~*] 6§x10°¢] 2x10°% 2x10°%
e { 6x10*| Sx10°¢| .2x10°*%| 2ki10™% .
. Es 254, S 2x10-w} . 4x107¢|- 6x10"%] T1x10°%
— A L T ix10-%|  4x10-¢| 4x10-1| 1x10-s
PO Es255. o .S 5x10-% 8x10°¢| 2x10°%| '3x10°% .
ot . C | “4x107% ] 8x10°¢]- 1x10-"] :3x10-%
i ‘Erbium (68) €Er 169 ... S 6X10°7}" 3x10°? 2%10°¢ 9X10°%
. : . . t 4%10°7}- 3x1073 1x10°* 9x107%
Er171 S Ix10°7|  3x1073| -2x10° 1x10™¢
.. " Tt 6x1077 ax10-3|  -2x10-4 1x10-4
. Europium (63) €u 152 S. 4x10-7] 2x1073]| ~ 1x10°*]| - 6x10°%
: (T/72=92tes) ..} | ax10-?| 2x10-? 1%10°* 6x 107
Eu 152 'S J1x10-¢|  2x10°3)  4x10-t 8x 1073
@72=13 yts)......... t 2x10-¢ 2x10°?| ‘6x10-% 8x10°%
Eu 154 S - 4x107'|  6X107¢]  1x10°% 2x10°%
- 1 .7X10°*| 6Xx10°¢| 2x10°%}]  2%10°%
. o Emss 4s 8x10°¢]" 6X10~3] .3x10°%| I2x10°¢.
o B A R L - T%107%] .-6x1073] . '3x10~* 2x10°¢ .
- . “Freamitm (100) e Fm254 1S . 6X1070]. -4x107?] 2x10°). .Ix10~¢
R . O 1 7x10°¢| 4x10°%}. 2x10°?{ - "1x10-¢ . °
. .\ . szss S T 2x107¢]% 1x107*| -6x10-*| " 3x10%s
" “ C - AX107¢ 2. 1% 1073 |+ 4% 10740 | - - 31078
. Fm%_a ds - 3x10-¢| - 3x1a-¢|. 1x1o-'°‘ -9x10~7
: . E (. T 2x107¢] . 3X10°*| 6x107% 9%x10~7’
Fluodne (9) F18 s 5x10°¢] 2x10°2],  2x107 8x10™¢
_ S { 3x10°¢{. 1x107? ax10™*] Sx10°¢
Gadoliniym (64) Gd 153 s 2x10°7} .6x10-? 8x10°3 2x10°¢
: : Qe 9x107¢|  .6x107?| 3x10°? 2x10°¢
Gd 159 ] S 5x107 2x10-3 2x10"*] .8x10-3
: <o | 4x10°? 2x10°31 | 1x10°¢ 8%10°%
Galfium (31) 1Gaz2 s -2%x10°7 1x10°3 8x107*| . "4x10-3
' . T 1 2x10°7]  1x10°*| © 6x10™*| 4x10°*
Gemmanium (32) Ge 71 s . 1x10°% 5% 10-2 4x10°? 2%10-?
. 1 6x107¢ §x10°1 2x10°7| , 2x10°3
Gold (79) Au 196 s T 1Xx107¢ 5x10-2 4x10°° 2x10"¢
. ) : ( 6x10-7{ ~4x10-3 2x107¢|  1x10°¢
AU 198, ]S 3x10°7 2x1073 1x10°* 5% 1073
. t 2x1077 1x1072 8x10°* 5% 1073
AU 19 S 1x10°¢ 5% 1073 4%10°* 2% 1074
. . t 8%10°7 4%10°? 3Ix10°* 2%x1074 .
Hatoium (72).. HI 181 S 4x10-* 2x10°? 1x10-° 7%x1078
) o 1 7x10"* 2x10"2| 3x10-* 7%10°%
Holmium (67} HO 166 .:eccerrennene " 2x10-? 9% 10 7%107? 3x10°%
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BACKGROUND——Contlnued
{See footaotes at end of Appendix B]
Isotope * . Table l Table #
Element (atomic number) - i : Col. 2— - | - Col.2—
>ment (atomic aumber) c‘d&,’ﬂ"\‘g“ Water C(TLC:/THSK Water
& (uCi/fmt) L (1<Ci/anl).
_ : I 2x10°'| 9xt0-¢| 6x10°*| 3x10°*
Hydrogen (1) . 2 H3 'S 5x107¢] - 1x10°*]  2x10°%]. - 3x107%-
. o R t §x10°¢] .- 1x10°* 2x10"*] . 3x10°?
Lo : 1. Sub 2%107? [ AX1073 |
" todium (49) w2l (n'uam S .8x107¢ 4x10°1| .3x107? 1%x10-2?
- o ( 7Xx107¢| 4x107%*| 2x10°7] 1x1073,
ln 114m S "1%x10°7 5x10°¢| 4x10°* 2x10™*
: { 2x107¢]- Sx10°4| 7x107*| 2x107*
- ln115m.................. s 2x10°¢} .1x1071|" 8x10°*'} 4x10:¢
1 2x107¢| 1x107*| 6x107¢ 4X10°¢
1152 S 2x10°7| 3x10-?]. gex10"*] ‘9x107*
o N SR 1 3x10° 3%X10°3| - 1x10* 9x10°%
“todine (S3) d1125 S 5x10~*| 4x10°*| ‘Bx10°" 2x10"?
T o ( 2x10°7| 6x107*| 6x10°%). 2x10°¢
1126 i S 8x107] . .wa" 8sx10°|  3x10°’
A 1 - 3x10~?| - 3x10°*| .1x10"*|  9x10°*
. 1129 s .2x107*|  1x107%|. -2x10°"'| - -6x10-*
: : ( 7x10"¢| 6x10°3| 2x10~*] 2x10-¢
I B} PR—— - 9x10-*| 6x107%| 1x10°'*] 3x10°?
t 3x1077|  2x1073| . 1x10"¢] 6x107*
s BN '2x10°7  2x10°3| | 3x10°*| BX10°¢
T 1 . 9x10”? 5x1073] . 3x10°* 2X107¢.
1133. s 3x10~¢|. 2x10-¢| ‘4x10-*] 1x10°*
- _ U 2%10°7|  1x1073] 7x107*|  4x107%
1134 ] S 5x10°7| ~ 4x107!] 6x107*| 2x10-s
N L 3x10~¢| 2x10"*f 1x107'] . 6x10°¢
1135 s 1X10°7] - 7x107¢]  1x10°*] 4x10°¢:
: - L - .4%10°7]  2x10-3| 1x107¢{- 7x10°*
{adivm (77)eeeeiseereee : { 1 190 s 1X10°¢] 6x10™3] 4x10°*] 2x10°¢
: i { 4Ax10°7|  5x1073*] 1x107¢| 2x10°¢
Ir 192; S 1x1077 1X10°3 4X10"° 4x103
. 1 3x10°¢ 1X10"2] 9x107*]| 4x107*
) Ir 194: S 2x10°'|  1x1073| .8x10°*| 3x107*
. ' 1. 2x10°7| 9x10°¢} Sx10°*] 3x10°*
front (26} oo Fe S5 s 9x10~7| 2x1072| 3x10~¢} 8x10°¢
. ( AX107¢} . 7x1072|  '3x10°¢] 2x1073
| X1 D——— 1X107?| 2x10°*| S§x10°*| 6x107%
- 1t §x10~*] 2x10"2| 2x10~*} - 5x1073
Kryptoa (36) Kr 85m Sub oextoslo Lot x0T :
o Kr 85.. Sub X107 “3%1077]
’ Kr 87... Suw AX107¢ | ' 2x107|
S Kr'88... ] Sub - - Ax107¢ L 2 o107t
-Lanthanum (57) .- La 140 S '2%1071] | .7x107¢| 5x10°*] - 2x1073
N IR ST 2 IX10°7] . 7x107¢] 4x10°*|. “2x10°%
_ Lead (82) £b 203 S 3x107¢} -1xt07z|  9x107f|  4x107¢
’ i . e 2x107¢ 1X1072| 6x10°%] 4x10~*
P 210 s .. . IX107] C 4X10°¢|  4xi07® 1x10°7
1 2x10-%|  S5x10-?| - 8x10~| 2x10°¢
Pb 212 s 2x10~%|] 6x107¢| 6X107'*| . 2x10°*
o t 2x10"¢] "Sx107¢| 7x107*| "2x1073
* Lutetiom (71).. 177 s 6x10~7| 3x107%] 2x10™* 1X10°4
- : R §x10°7| '3x10°3] 2x107¢ 1X10™*
Manganese (25). Ma 52 s L 2x10°7|  1x10°%| . 7x10"*| 3x10°*
: 1 1x10°7} 9x10-«] S5x10°*| 3x10™
MASA ] s 4%10°7]- 4x10-? 1x10°* 1x10°
. { 4%10"¢ 3x1072 1x10°* 1x10"*
M 56 o] S 8x10-'} 4x10-*] 3x107* 1x10°
: S K 5x10-7] -3x10-?| 2x10"* 1Xx10°
Mercury (80): Hg 197M e S 7x1077] '6x10-*| " 3x10°*| 2x10”
1 6x10"7] 5x10"?| 3x10°¢] 2x10°*
Hg 197 ] S 1x10°¢] 9x1073] 4x10°¢] 3x10”
) 1 3x10°¢ 1x10~2] 9x10- §x10°
HG 203 e s 7x10°¢ §x 10~ 2x10°Y| 2x10°
{ 1x10°7 3x10-? 4x107°* 1% 107
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1x10™¢ - 7

. 1sotope * Tabie 1 Table 1t
Element (atomic number, N omg g | Col2— - . | Cot2—
i (~. . & 08'1&/—“‘6”  Water c&:c:,‘_na“ Water
AT (wGm) ) (Ci/enl)

) tMolybdemm (42) Mo 99 S. SIX10°7) - §x10°3)  3x107¢] - 2x107¢
) : S | 2%10°7 1x10°3] - 7x10™* 4%10°%"
'Neodymum (60) Nd144. ... 1S. 8x10-"} 2x10°3] 3x10°% 7x10°*

o { 3x10- 2x10-2] 1xio™® 81073
N 147 ey S . 4%1077] . 2x10°? 1% 10°* 6x10°*
T ]t T 2x1077).  2x107? 8x10-*| 6x10°3
Nd19 . .S 2x107¢ 8x10-3 6x107*| 3x10°*
. : " t - 1X10°¢ 8x10-?| .5x10"*] ‘3Ix107
*Neptunium (33) ,Np‘237 —{S 4x10-12]  9x1073] 1x10°9]| ~ 3x10°¢
. : ( - ax10mw]  9xi107¢] 4x10-v| 3x107*
Np 239..............« s C8X10-7| . 4x107?( . 3x10°¢| -1x10°¢
T ) $ ‘ 7X1077 4x107?{. 2x10~*{ ‘1x10"*
Nicke! (28) . Ni §9.= S . 6x10°7|  6x1072 2x%10°*| '2x10°¢
e N 1. N LK . 8x1077|  -6x107*]  3x10-*| .2x107*
: Ni 83 .serrceraeed S » . 6x107¢]| . 8%10°¢ 2x10°*| - 3x10°*
1 3x10"7 2x1072 1x10°*] ~7x107¢
} Ni 65 s 9x10°7|  4x10"3] 3x10°¢] 1x10°*
. T ) 1t . 5x107? ax10-*}| . 2x10-* 1x1074
“Niobium (Columbium) (41) N6 930 e S . 1X10°T] 11077} | 4x10T?|  4x107¢
o R N A e 2x10°7 1x1072 5%10°7|- 4x107¢
. "{Nbes S §X10°7]. 3x1073|. 2x10°* 1%10°¢
: v t o 1x10°? axio*} - 3x10°* 1%10™*
. b 97. s. - 6x10~¢| 3x1072 2x10°7} - 9x10™¢
. B : A - EX107¢ ax1w°r|  2x10°? g9x10™¢
. .Osmium (76) Os 185 - ] . 5x10°7|° 2%10°3|  2x10°¢ .7x1o-=-,
- . At 5x10-¢] .2x10-3| -2x107*| -7x10°*
10s 19 M S 2x10-*| " -7x10~?] 6x10°?] 3x1072
. : 1t 9x107¢| 7Ix10°2| . 3x107? 2x10°3°
. {0s 191 s 1x10°¢] '5x107?| 4x107¢| 2x10°¢
: " e 4%x10°7 5x1073 1X10°* 2x10°¢
Os 193 ey S 4x10°7]  2x10°? 1X10°° 6x107%
, t 3x10°7}  2x1073| -9x10-*] 5x1073
Paltadium (46) £d 103 s 1%X10-¢|  1x10~t|- Sx10°*| 3x10~¢
: . : . TX1077 8x10-3| 3x10~¢| 3x10™¢
Pd 109 eecrree] S 6x10?] 3x10-?] 2x10-*] 9x10°
’ : N L 41071}  2x107?| 1x10°%| . 7x1078
Phaosphorus (15) P32 S T, IX107 5x10°. 2x10"? 2x10°3
s . qu. 8X10°*| . ..7x10°¢| -'3x10"*| ~ 2x1073
_ Platinum (76) Pt 191 s - ©o8X107¥| . 4x1073]  3x10-*| C 1x1074
e " BT | R ‘6x10°7} -3x10~3| 2x107¢|
PL193m 2 s . 7x10-¢] 8x107r| 2x1077| - 1x1073
3 & A | .5x107¢] . 3axt0-2| 2x1077 1x1073
. Pnsa.....__.......... s 1+ 1x107¢] 7 3x10°7] 4x10°¢}- '9x1074
. 1 3Xx10°? §x10~2|. 1x10"¢|- 2x10°3 -
! Pt 197m s €6X10"¢| . 3x10-7| 2x10°7 1%10°3
. i, §X107¢| -3x107?| .2x10"7}. 9x10~*
P17l S B8X107| "4x10°3] -3x107*} . 1x10™¢
1 . ] 6X10°7 3x10°3 2x10"* 1X10°¢
Plutonium (94) Pu 238 S 2x10-u 1x10-4] 7x10-"] 6x10°¢
’ : ( 3x10-u 8x107¢| 1x10°% 3x1073.
Pu 239 s 2x10-n 1Xx107¢| 6x10-% 5x10-¢
R I ) 4x10~1 8x10°¢] 1x10™% 3x10°3
Pu240.| S 2x10-% 1x10-¢| 6x10°'¢| - 5x107¢
‘ { 4x10-m| © 8x10-¢| 1xt0-| 3x10°*
Py 241 e} S 9x10~" 7x10-2| 3x10°%| 2x107¢
. t 4%10°¢ 4%x10°? 1x10°* 1x1073
Pu 242, e s 2x10-" 1X10"¢{ 6x10~™ §x107¢
{ 4x10~1 9X10-¢ 1x10-12 3x107*
PuU 243 S 2x10™¢ 1x107? 6x10°* 3x107¢
( 2x10°¢ 11072 8x10°* 3x10°°
Pu 244, S 2x10-% 1X10™¢ 6x10°" . 4x107¢
- t 3x10~" 3x10-¢] 1x10°" 1x 1073
Polonium (84) {2533 [ K. S 5%10°" 2x10-3| 2x10°" 7x107?
. 1 ox10-vl 8xi10-¢l 7x10°% 3x107%-
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. tsotope ! Tab(e t Table 1
Element (atomic number) . Col.2— . . Col. 2—
) ( . Cg:(;;;“s" Water. C&'c:,:‘:;" 4 water -
- A @Cifmt) - YTl uCirenty
Potassium (19).- K42 s 2x10°¢| 9x10°-2 7x10°"| 3ax10°¢
N -, t 1x10°']  .6X107*} 4x10°* 2x10°%
. Praseodymiurp (S9)..- Pr 142 S 2x10°? 9x10°+ 7x10°° 3Ix10°
= . - 1 2x10°?|" ~gx10°* 5x107*| . 3x10°*
JPr1aa i ols 3x10°? %102 1x10-¢| sxi10°s
. ' -]t ©2%1077] T 1x107*| T 6x10°* 5x10°3
Promethium (61) Pm 147 S - 6x10°*| * 6x10°? 2x10°* 2x10°*
: ' t 1x10°?'{ 6x10°? 3x10°*] 2x107*
Pm 149 S 3x10°? 1x10-3 1x10°* 4x10°%
. . ot 2x10°?| - "1x107? 8x107* 4x1073
Protoactinium (91) ... Pa 230 Jds - 2x107?|. 7x107?] "6x10°%| | 2x10°¢
. . 1 a - 8x107'] .7x10°?| . 3x107%| 2x107¢°
Pa 231.ceiin S 1x10°2] 3x10°*] 4x10°% 9x10°7
o -t 1° 1107t ). gxt07¢] | &x10°'*| | 2x10°3
. Pa 233.reene. S “6x10°7| " 4x1073] . 2x10°*| 1x10°¢
o : L 2x107?]  3x10°*| '6x107?| 1x10°¢
Radium (88).. Ra 223 S 2x10"*| 2x10°%] 6x10°% 7%10°7
: . { 2x10°% 1% 10" 8x10°] ° 4%x10°¢
Ra 224 e S . 5x10°* 7x10°%| 2x10°*| 2x10°¢
. - i K 7x10-%*| -2x10-¢] 2x10-% §x10°¢ -
Ra226 mieced S 3axto~v{ 4x10°'| 3xt0-t| .3ax10°*
R {- 5x10°% 9x107¢} " 2x10°|  3x107%
Ra228..........iS “7¥10v] C 8x10°"| " 2x10°'*]. 3x10°°
S : t 4% 10"" IX107¢]  1x1072|  3%X10°%
Radon (86) Rn220.-.....1S - 3%1077 " T1X10°¢ |
" ! S |Ba2220 -8x10°¢ - 3x10-°]..
" Rhenium (75).... Re 183..............'_.“ s 3x10°¢} -.2x10°]" 9x10°¢ 6x10°*
. : - : { . 2xt10°? 8x10°*! S§x10°* 3Ix10™¢
‘ Re 186 —d S 6x10"7] 3x10°3} 2x10-* 9x10°*
' ( 2%10°7| - 1x107? 8x10°°| = 5x10°2
Re 187 e ]S 9x10-¢| -7x10-? 3x10°7 3x107?
‘ . ( §x1077| 4ax10-2| 2x10"¢| 2x10° -
Re 188 .o s | -4%1077 2x10°? 1x10°¢] . 6x10°*
. . N v ‘2x10°7 9x10™* 6x10°* 3x10°*
Rhodium (45) RR103M e | S 8x10°%| = 4x107t 3x107¢]  1x10°*
) N K 6x10°%| '3x10°¢|. 2x107¢| ‘1x10°?
, : Ah 105 ... s 8x1077| 4x1073|. 3x107*] | 1x10"
e e S | T5x1071{. 3x107*| - 2x107%] 1x107¢
Rubidium (37) e Rbeem.m s S3x10°%).. 2x1073 | Ax107| [ 7107 -
SR N - { ] rTx107e] 7xtome} c3x107v]] 2x1078 -
2 3 Rb87 ] S - ~EX10°T| . 31072 ] 2107, 11074
) S e : : t ) odaxto-e ; 1§X1072] 21 2%10°% 2x10°
Ruthenium (44) ... : Ru 97 S ] 2xt07e] Lax10m2] . nex107e L iax10%e
T e T o2x107¢] [ 1x1072]. ex107¢| - -3x107¢ -
. Ru 103 S | - §x1077 2x10-3] . . 2x10~* 8X10°%
N 8x10-¢]. - 2x10~3| -3x107* 8x10°%
AU 105 i | S 7x10°7|  3x10°3} --2x107s 1x10°¢
o | 5x10°7| 3Ix10°3*| " 2x107*| 1x107¢
RU06 el S 8x10°¢]. 4x10~¢ 3x10°* 1x10°%
' C 1t . 6x107*| . 3x10°¢] 2x10°*| _1x107%
" Samarium (62)... Sin 147 S - 7x10°%]  2xt07?| 2x107%| 6x107%
: : ( 3x10-%} 2x107?| 9x10~% 7X10°%
Sm 151 e S. . 6X107* 1X10°2| .2x10°? 4%10°¢
1 1x10-7| ‘1x10-? 5x10°*| -4x107¢
SM 153, ds §x10-7| 2x10°3 2x10°* 8x1073
1 4%1077 2x107? 1X10°* 8x1073
Scandium (21) SC 46 eeremermrirennend s 2%x107? 1x1073 8x10°* 4%1073
' 1 2x10°* 1x1073] 8x107% 4x10°%
[0S S s ‘6x10=7| axi0-2] . 2x10-¢} * 9xi0-*
1 5x10~'| ~ 3x10-3 2x10°¢ 9% 10°*
£ SO s 2x107? 8x107¢ 6x107* Ix1073
1 1x10°7 8x10°¢] - S5x10°° Ix 10"
Selenium 34) : SC 7S.imiirninannsd S 1x10°¢ 9x107? 4x10°* 3x10™*
{ 1x10°7? 8x107? 4x10°? 3x10°¢
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Tadle Ut

Revision 11

Ax107¢ " -

. 2X107 L. -

" {sotope ! Table t

Etement (atomic number) : Cot. 1—aic | ©0L2— | o 1air Col. 2=~

-(uCilel) Water - (FG, ml) - Water,

(Cismi) (Wi}
-smoon(m Si3t S 6X%10¢ ax10-: 2x10" 9% 107
R PSR | 1x10¢| .6x10~3 3x10°*] 2x107*

. saver(u) ‘Ag 105... s 6x10°7| 3%1073| 2x107¢l  1x10°¢ -

: R 5 8x10™* 3x10-3 3x10°* 1x107¢
Ag 110M i) S 2x10°? 9x 104 7x10°*] 3x10°3
. S Ax107¢]  9x107*| 3x10"*] -3x10%
AgMtl. ]S ax10”? 1%10-3 1x107*] © 4x1073

L . ‘" 2x10°7]  1x10-? 8%10°? 4x1073.
_Sodwm (11) Na 22 {s 2x10-? 1x10-? 6x10°*| 4x10™
- . 1 9x10°%| 9x10"¢| 3x10"*| 3x10°*

Na24.ionn]'S T1x10°¢]  6x107?| 4x10°%] -‘2x10°¢
S L [} -1x10" 8x10-* 5x1o" 3x1073
"-Stroatium (38) - Sr85m ]s 4x10-3 2x10~! 1X107¢ 7x10°?
T v L ax1o73) o 2x1070| Cixwo¢|  7x107?
: s:es S -2x10°7| ~ 3x10°? 8x10°*
s ] 1x10°7 S5x1072] -4x107*} .2x107¢
. Sr89 S. 3x107%| .3x10"¢| 3x10-*] 3xi0°¢
. | 4x10°%]- 8x10°¢ 1x10°* 3x10°
SrQO............;...;.. s C1X10°*) 1x1074| 3x10°% 3x10°?
] L 6x107*| 1x10°3) 2x10°'] 4%10°%
Sc 91 s’ 4x10°7 2x10°3 2x10°¢| '7x10°8
: 1 3x10°7 1x10°? 9x10°* 5x10°%

. Seg2... S 4x%10°7 2x1072 | 2x107¢] 7x10°s
.. . 1 3x1077] 2x107?] T 1x107¢} 6x10°s
-Sui{ur'(16)~ S35 s - '3x10°7 2x107*| -9x10°*] 6x107%.

1 3x10°?| 8x10°3 9x10°1] 3x107¢
Tamalum(n) Ta 182. s 4x10°¢| 1x10-? 1%10°*{ 4xi107s
S q 2x10°* 1x10°2| 7x10°*] - 4x10~
Tedmeumn (43)... Tec 96m 1S 8x10°%| - 4x10~* 3x10°¢ 1x10-?
) 1 3ax10-3 3Ix10°" 1%107¢ 1x10°2
Tc 96 S 6%x107? 3% 1073 2x10"* 1%107¢"
: { 2%10°1}: 1x10-*|. 8x10"*| §x10-3
L3 70 R B 2x10°¢ 1x10°2 8x10~*] 4xt0-¢
) _— .2%10°7 5x1073 5%10°*] 2x10°¢
TC e }S 1Xx10°% §x10°2 4%10°7|  2x10°3,
1. SR I | 3%x10°7 2x10°2 1X10°%| . 8x10™¢
LT p— 4x1073 2x10°t] 1x107¢]  6x10°3
e 1 1%10° 8x10-2| Sx10°7] "3x10-3
' ; Tc99 reeeeend S 2x107¢|  1x107*]. 7x10°*]|." 3x10°¢
P o . I E 6x10~*| 'S5x1073|- 2x10°*|
* Teflurdum (S2) Te 19«;.“ : s . . 4107 5x10°3 1x10°*| - 2%107¢
LT, 1 e i e Ak107T] S3R1073 | 4107 - c1X107Y
Te 127m__........._._ S . L -1x1077] 2x1073|° - 5x107t]. . 6X10°8 -
) K 4%107¢ 2x10-3] ~ 1x10°*}’ .sx10°3
Te 127.__.._........; s 2x%10-¢ 8x10-3 6x10°¢] -3x10°¢"
t 9x10°?]. S§x10-3] - 3x10-*] -2x10~*
‘ Te_129m.............-.. S 8x10°¢ 1x10°32 3x10°*| 3x10°%
- 1 3%10°* 6x10°¢ 1%10°* 2x10-8
Te 129 s’ 5%10°¢ 2x10"| 2x107? 8x10™¢ | -
; . t 4%10°¢ 2x10"2 1x10°?| '8x10-¢
Te 13tmee ]S 4%10°? 2x10-3 1X107¢] . 6x10™3
) t -2%1077 1x10-? 6x10°*| ‘dx10-3

. Te 132 S, 2x10"? 9% 10~ 7x107%) 3x10~3
. ) ' - 1 1x10°7|  6x10¢} 4x107*} 2x1073
Terbium (65) TH 160.creecciieememnaes 'S 1X10°? 1x107? 3x10°* 4x10™8

: ! 3x10°%} - 1x107? 1x10°7]  4x1073

Thatlium (81) T 200 S 3%x10°¢ 1x10°? 9x10"* 4%10™
. t 1x10"¢| "7x10-? 4%10™* 2%10~*
TE201 o] S 2x10-¢ 9x 10”3 7x10°¢ ax10-*

} ( gx10-? 5x10°? 3x10"¢ 2X10"*

TH202 e Js 8x1077 4%10°3 3x10°* 1X10"¢

i 2x10°7 2xi10~? 8x10°* 7x10°*

TE204..ceereeereenad] S 6%10~7 3x107? 2x10°¢ 1x107°

s 3x10°* 2x10-31 9x10-%l 6x107*
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APPENDIX B TO §§ 20.1 —20.602—CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL
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(Sce {ootnotes. at end of Appendix 8]

Tabte Ul

Revision 11

. tsotope * - Table (
Element (atomic number) . Col. 2— . Col. 2—
¢ - ,cg(;/:‘g“ Water c&é,;g‘ Water
. (Ci/md) @C/ml) -
"~ Thodum (90) — Th 227 s 3x10°*]. &x10°¢] .1x10°%| 2x10=% .
SR ) t - - 2x107v]l T §x107¢| 6x10-%] . 2x107%
Th 228y S 9x10"1| 2x10°'] 3x10~“ 7x10"¢
. t 6x10°7] - 4x107*| 2x10-%| . 1x10°3
Th230. i S T2x10°1 5x10°%| 8x10-'] 2x10"¢
i : t 1x10°" 9x10-¢} 3xt0-w| 3x10-*
Th 231’ S 1x107¢} 7x10°? 5x10°*| 2x107¢
. : 1 1% 10°¢ 7x10°? 4x107¢|. "2x10"¢
Th232.. .. ..]S - 3x10°n §x107*| 1x107| 2x10°¢
R R o IK10°M) . 1x1073]  1x10°v|  4x107s-
] Thnaturat . s 6x10°%| 6x107*] 2x10-%| - 2x10™¢
e (. “6%10° 6x107¢] 2x10°9) 2x10-*
Th234eeed S 6x107%| 5x10°¢| 2x10°*'|. '2x10~*
CL |5 - 3x107*| Sx10°¢| 1x10"*| 2x10°%
Ttwlium (69) J Tem 170....... S - 4%x10°*|. 1x107!| 1x10°* §x%1073,
. : - . 3x10*| 1xt0-? 1x10°*| Sx107
J T ]S - 1x10°7]  1x10°?| - 4x10~*]  Sx10~¢
. - { 2x10°" 1x10°? 8x10-* 5x10°¢
Tia (50) J Sa 113 -{s 4x1077]  2x1073] 1x10°*| 9x10~*
. - 1t 5x107¢]  2x107?] 2x10°*| 8x10-*
Snt125_ ol ]S . 1X10°7]| . 5x10~¢ 4x10°*| 2x10-%
—_— ) { 8x10¢]| 5x10°*]" 3x10"'| 2x10-
Tungsten (Wolfram) (74) Jwist ds 2x10°¢| ' 1x10-2] 8x107¢]| . 4x10-¢
. L 1x10-7|  1x10°1| 4x10°*| 3x10-¢
wies._ .. IS -8x10°7|  4x10°*| 3x10~*| .1x10-¢
{ 1x10°*}  3x1073] 4x10~* 11074
W8Tl S 4X10°7]  2x10°| .2x10°*| Tx10"%
. . { ax10°'] 2x107?| 1x10°*] 6€x10°
Ucanium (92) U230 , S 3x107%} - 1x107¢}  1x10"%] S5x10°¢
J—— | 1X107%]  1X107¢| - 4x10°2] S5x10°¢
uasa_. . |s LAX107%] 8x107¢] 3x10°%|  3x10°*
: R 3x10-v] @8x107¢| 9x10-%| ‘3xio-s
U233 s, Sx107%| - 9x10™¢] 2x10°%]" 3x10-%
: 41 1X10™% 9k10~¢| 4x10-%]. 3x10-$
u2sd ... 1S 6x10-"*] -9x10°¢] 2x10°"| 3x10°%
: . A "1x107%]. -ax10°¢| 4x10-%|. 3x1078
ju2ss Js¢ . .5x10°%|" .8x10~¢| 2x10°v| 3x10~% - .
L R I 1xX10=] | 8x10°¢|  4x107]. 3x10°%
U238 6x107¥ |  1x1073| 2x10~u|" 3x10~% -
| T K T 1107 Cax107|  4x107u| - 3x10°8,
U 238 S¢. IX107% ] 1x1073] - 3x10-%| - 4x10°%
i PPN t . L T1x107el 1x1073 | 5x10°1] - 4x107% .
QU240 S 4 2x10°% . ix1073| . 8x10°*| - '3x10~%
} R 1 -2x1077]. "1x1073] - 6x10°*] 3x107% .
| U-natgrat .52 S¢ ToAx107 )T 1x10°?) S5x10-%|  3x10°%
o e e 1x10° 1x10-3] S5x10-'7| 3x107%
Vanadium (23) V48 s . "2x10°7|  9x10~¢] 6x10-*] 3xt0-s.
T 1 6x10°*]| * 8x10~¢] 2x107*| 3x10s
Xenon (54) Xe 131m o] Sub 2x10°% . ; 4% 10"
- Xe 133} SUb 1X10™* 3x10°7]
Xe 133m .. Sub - 1%10°¢ 3x10°?
. , Xe 135 e Sub 4x10°¢ . 1X10° |
Ytterbium (70} Yb 175 s 7x10°7| 3x107'| 2x107* 1x10-¢
11 6x10°7] 3x1073 2x10% 1x10-4
Yitium (39) Y 90 s 1x10°7]  6x107¢]. 4x10"*] 2x10°%
{ 1xX10°7|  6x10°¢| 3Ix10°*| 2x10°%
Y 9 1M S 2x10°% 1x10™¢ 8x1077]  3x10-*
ot 2x10°3 1% 10" 6X10°7] 3x107?
Y] S 4x107¢| 8x10™* 1x10-*| 3x10°*
. t 3x10°*] 8x10-¢] -1x10*| 3x10-%
Y 92.rereeneerenens S 4%107? 2x107? 1x10°%| 6x10%
1 ax107? 2x10°? 1x10°¢| 6x10°%
Y 93 eeeminienend | S 2x10°7|  8x10-* 6x10°* 3x10°%
1 1x10°? 8x10-l  sx10-°

3x10"3
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APPENo:x B To §§ 20.1—20.602—CONCENTRATIONS N AIR AND WATER Aeove NATURAL
. BackGrouno—Continued : '

- ) : [See footnotes at end of Appendix B]

tsotope * ) . Tablet © . Table tt
Element (atomic number, Y . Col. 2— 4 px |- Col. 2—
. ¢ B . C&L&I:‘Sx - Water . cac:/'n;a" Water
g | wCifmi)y H .| GCirety
Zinc (30) wwiemet : Zn 65 . S . S1x10°7| . 3x10-3 4x10"? 1x10"*
. S R BT 6x10"*] .5x1073| :2x107*] | 2x107¢
L lZn6gmlc s 4X10°7| ‘2x10°? 1x10"*}  7x10°%
‘ { 3ax10~7| 2x10-!| x| ~ ex10-*
20 69 S STx107¢l - §x1077|  2%10%7|  2x1072
) . : t 9x107¢}] .S5x107?| 3x10~?'} .2x107?
- Ziccorium (40) a— : 2093 s 1x10°7 - 2x10°?| = 4axi0-*| - 8x10°¢
o - AL '3x10°7] © 2x10°7 1x10-¢ 8x10°¢
/- LT O— -1 1x10°? 2x107? 4x10°* 6x10°?
. | _3x10°¢| 2x10-2 1x10-*{ 6x10°%
Zr 97......... 1s -1X10°7] . 5%107¢, 4Ax10°*]° 2x107*
_ coe : ’ 1t ..9x10™*| Sxi0-¢f. 3x10°*| 2x10°*
. Any single radionuchide not kisted abave, Sub 1 wxworel ool l) T 3x107s —
. “with decay mode cther .than alpha § A S BEIRIREEE N
-emission or spontaneous fission and }
with mdioad:ve han-ile le&s thaa 2
Any single radomcﬁde not listed above : - : 3x10°° 9x10°*| 1x107'*] '3Ix10°¢
w;thdemymodeomer than alpha . ' Lo o, .
emission oc spontaneous fission and.
~ with radioac(_xve ha!f-life greater than . . ' . : -1
Any - single tadiowcﬁde ot listed o '6x10°%2]  4x1077) - 2x107*] '3x10°*
-above, which decays by alpha emis~ T : - : L
soonuepmnewsﬁsssou..-@ o oL .
1Solatite (S): Insoluble (1). - ) i ’ SRR .

3“Sub” means that values g-ven are tOf submers:on na sem«sphenaal hﬁm(e doud of aibome matenal. :
3These radon ‘concentraions are approprate foc protection from radon222 combined with is shod-kved daughtets
Alteqnatively, ‘the value in Table 1 may be replaced by one-third (%) *“working fevel™ (A “working fevel” is defined as any

combination ‘of -short-fived radon-222 daughters, polonium-218, tead-214, ‘bismuth-214 and. polonium-214, in one fiter of air,

regard o the degree of equilibdum, ma( will result in the uitimate emission of 13X 10* MeV of alpha particle energy)

.The Table Il value may be replaced by one-thirtieth (Y54} of a “wockiog leve!." The lim:t on ‘radon-222 - conoentrauoas m

restrcted areas may be based on an annual average. ]
*For soluble mixtures of U-238, U—234andU-2353nanrdwemHonatymaybethelinuungiacwf it the percent by
weight. of U-235 is fess than 5, the concentration value for a 40-hour workweek; Table |, isozn\ﬂﬁgramsuramum
pefctbcme(efo(aravetage F«enyemdunen the product of the average concentralion and time of exposure d a.
40-hour workweek . shatl oo:exoeedexw"SAy.G-Mm whereSAlsmspedfcmofu\emumhhaled. he’
concentration value foc Table it is 0.007 milligrams uranium per cubic meter of i The L, aclivity for natural uranium is -
6.77 X 10" 7 cwries per gram U. mspeafcactmty(c)rometmmesofu-m&u-zsswy-w dnotknowmshaﬂbe-
© ISA=36X10"cuies/gram U | Udeplet -

SA=(0.4+0238 E-+0.0034 €7 10" . E§072

vd\efeElsu\epe(cemagebyweoghtofU-zaS expresedaspefcent. woyall - -
MhmymseM\ereMeisanm«eh»a«orwatero(metmnonemdomcﬁde.mehmd 'vameslorpurposesof'.

“,;.

-t Nmtdenﬁtym\dcoowmrabonc{eadnadiomcﬁdehmmememu\eﬁnﬂmgvaluesshoddbedenvedas
follows: Detenmene, foc each radonuciide in the mixture, the.ratio between the quanlity. present in-the mixture and the kmit

‘ometwsembﬁshedhAppend‘meorlhespeetﬁcmcfm:cﬁdevmenno(hamb(wre.ﬂ\emo(sud\rauos(oraﬂme__

radionuclides in the mobdure may not exceed 1™ (e, “umy")

ExameLe: i radionuclides A, 8, and C are present in concentrations CA, Gy, and Co, and if the appﬁwb!e MPC‘s -are MPC,..
and "MPC,,- and MPC. respectively, then the conoentmtsons shall be limcted so that the (otkmng relahonslup exlsts:

(CafMPC,)+(Ca/MPC)+{Cc/MPCY =1

-2. i either the identity or.the concenuauon ot any ¢ tadnonud:de in the mtxture s not known, the lim(tmg values foc putposes

of Appendix B shall be:

a. Foc purposes of Table {, Col. 1—=6x10-* ..
" b For pucposes of Table {, Col. 2—4x 10°?

¢. For purposes of Table (I, Col. 1—2x10""

d. For purposes of Table i, Col. 2—3x10"*

3. I any of the conditions specified below are met, the oorrespomﬂng values specifi ed below may be used in lieu of those
specified in paragraph 2 above.

a. I{ the identity of each radionuclide in ‘the mixtuce is known but the concentration of one oc more of the radionuclides in
the mixture is not known the concentration mit for the mixture is*the lmit specified in Appendix “B8™ for the radionuclide in the .
mixture having the towest concentration limit; or

b. I the odenmy of each radionuclide in the nuxlure ts not known, bul it is known that oeﬂam radionuclides specified in
Appendix *8™ are not present in the muxiure, the concentration limit {oc the mbdture is the lowest concenteation imit specified
in Appendnx “8" for any radionuclide which is not known to be absent from the mixture; or

‘Revision 11 - ' B-10
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Tadlel .. Table 1l
¢. Element {atomic aumber) and isotope Cob 1= ot 2= | ol 1" | Col'2—.
T LD o C...“c‘, "~ Water Aar (xCis . |- Water
i} -(;LCJ/_ml) 1t ml) (yCiIm!)
‘It it is known that SrigD, 1 125,'1 126, { 129, 1 131 (1 133, Table Il only),'Pb 3
210, Po 210, At 211, Ra 223, Ra 224, Ra 226, Ac 227, Ra 226, Th 230, Pa_ R : :
231, Th 232, Th-nat, Cm 248, Cf 254, and Fm'256 ace not present........ 9IX10°% iiseee] 3% 10°¢
l(aasknownmatS(SOI125l1261129(l131Ii33Tablellonly)Pb . '
210, Po 210, Ra 223, Ra 226, Aa 228, Pazn Th-nat.Cm243 c:254 Toelot
and Fm 256 are not present . ] 6x10°* 2x10°¢
Hitis known that Se 90, 1 129 (1 125, 1126, | 131, Table #t oaly). P 210, Ra SRSt I §oe
226, Ra 228, Cm 248, and Ct 254 are nol present 2%x10°%... 6x10°7
K #tis known that (1 129, Table {I only), Ra 226, and Ra 226 are hot present -3ax107¢ L e X107
M @ s known that atpha-emitters and Sc'90, | 129, Pb210 Ac227 Raz22e, |- - -~ .0 1 - o
. Pa 230, Pu 241, and Bk 249 are not peesant : Ix107° | . 1x10‘“ .................
.N&isknownthatalpha-emm:fsandi’bzm Ac.227, Ra 228, andPu241 N 1 1
are not present 3x10°t | : 1x10"' . reresnse
. Hitks known that alpha-emitters and AC 227 -are not present o] 3>’<‘1o~" L doaxtomel
“itisknownmat&:227 Th 230, Pa 231, Pu 238, Pu 239, Pu240 Puzdz. T
Pu 244, On 248 Ct 249'and Cf 251 are not prcsem 3x10‘ " xi0-e )

paragraphs 1, 2.or3above

. oA, ltanmweottadionucﬁdescons«stsotmamumandnsdaugh(etshofedtstpnoctodwemcal
fom the ore, the values specified below maybeusedlot urammmdusdaughters thfough radmm-zze mstead olmosetrom

tion of the uranium

a. For -purpases ; -of Table f,-Col. 1—1x10°'° yCi/ml gto&c alpha acuvcty' o - leO‘“ p.C('/ml natural uranium of 75

WCIOQRAMS Per ¢ cubic meter of air natural uraniu.:

b. For purposes of Table It; Col. 1—3x 10" pd/ml gross. alpha admty' 2x10"= pG/ml natural ufan«um. or 3 rmcrograms

<pef cubic meter of ar natural uranium,

S.F«pupos&so(thsno(e ara&omdidemaybeeonsodefedasoo(pfeSentnaﬂuxlmed(a)therauoolthe
concentration of that cadioauciide in the mixture (C,) 1o the concentration kmit for that radioniclide

(C.\IMPC‘+ CI’MPCU--—'f‘ V‘)
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specified in Table (I of
- Appendx “B” (MPC,) does not exceed -Vio, (i€.: C.IMPC.é‘II!O) and (b) the "sum of . such catios for all the tadnomd'od%
-coosadefed as not present in the mxxtute does not exceed Vi ie.



