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!

NOTES: |
;

h

1. Yankee Nuclear Power Station's last day at any power level was !

October 1. 1991. The facility is permanently shut down for future !
decommissioning. Due to ceased operations, short-lived nuclides have !

,

been deleted from the gaseous and liquid effluent tables. Their j

activity concentrations in the fuel core inventory have decayed to zero j;

values, j

!

2. License Amendment No.146 allowed the transfer of several technical |>

'
specifications from the technical specification document into the
Process Control Program and Off-Site Dose Calculation Manual. The
transferred technical specifications are now designated as controls, and
references to these technical specifications have been revised
accordingly throughout the Effluent and Waste Disposal Semiannual ;

Report. Further details are provided in Appendices F and G. Please !

note that the transfers did not involve any modifications to the |
technical specifications * contents or programmatic controls.
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TABLE IA |
!

Yankee Atomic Electric Company, Rowe.' Massachusetts
,

!Effluent and Waste Disposal Semiannual Report

Third and Fourth Ouarters 1992- j
Gaseous Effluents - Summatinn of All Releases '

>

Est. Total
Unit Quarter 3 Quarter 4 Error %

| A. Fission and Activation Gases '

d 1. Total Release Ci 0.00E+00 0.00E+00 2.50E+01 :
,

'

2. Average Release Rate for Period uCi/sec 0.00E+00 0.00E+00

3. Percent of Control Limit (1)(2) % 0.00E+00 0.00E+00
-

B. Todines

| 1. Total lodine-131 Ci <4.73E-07 0.00E+00 2.50E+01

2. Average Release Rate for Period uCi/sec <6.02E-08 0.00E+00 -|
'

3. Percent of Control Limit (2)(3) % 5.73E-02 3.20E-02

C. Particulates

1. Particulates with T-1/2 > B days Ci 1.15E-06 4.00E-07 c3.00E+01 j
i

2. Average Release Rate for Period uCi/sec 1.46E-07 5.09E-08 i-
'

(4) (4)3. Percent of Control Limit %
i

4. Gross Alpha Radioactivity Ci <3.26E-08 <2.39E-08 _;

D. Tritium

1. Total Release Ci 5.91E-01 3.20E-01 3.00E+01 I-

l 2. Average Release Rate for Period uCi/sec 7.52E-02 4.07E-02 !

(4) (4) ;
4 3. Percent of Control Limit %

.

!

I

a

!

(1) Control 3.4.a (previously Technical Specification 3.11.2. 2.a) for gamma-air dose. -

Percent values for Control 3.4.b (previously Technical Specification 3.11.2.2.bl for j

beta-air dose are approximately the same. |j
i

(2) The percent of control limit is based on the conservative plant quarterly dose
,

determinations. These values will be updated pending issuance of the supplemental |
d

i report which will include the annual dose summary. .

4

) (3) Control 3.5.a (previously Technical Specification 3.11.2.3.a) for dose from Iodine-131 |
tritium and radionuclides in particulate form. Please note that Iodine-131 did not

.

i contribute to the percent of control limit value for this reporting period.

[(4) Per Control 3.5. percent dose contribution from tritium and particulates is above in
,Part B.
!
!

I

-1-'

sms
i

;
'
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1TABLE 16
N

Yankee Atomic Electric Companv. Rowe, Massachusetts
Effluent and Waste Disposal- Semiannual Report

Third and Fourth Ouarters 1992
Gaseous Effluents - Elevated Releases

Continuous Moce Batch Mode'

Nuclides Released Unit Quarter 3 Quarter 4 Quarter 3 Ouarter 4

1. Fi s si on Gases

Krypton-85 Ci 0.00E+00 0.00E+00

Xenon-131m Ci 0.00E+00 0.00E+00

T tal for Period Ci 0.00E+00 0.00E+00

2. Todines ;

!

Iodine-121 Ci (4.73E-07 0.00E+00 ;

fTotal for Period Ci <4.73E-07 0.00E+00
:

3. P a rti cul a t e s :
,

,

Strontium-89 Ci <4.16E-07 <4.16E-07 f
|

4 5trontium-90 Ci <2.02E-07 <3.01E-07

; Cesium-134 Ci <2.64E-07 <2.12E-07 !

I

Cesium-137 Ci 2.23E-08 3.67E-08 !
; i

Barium-Lanthanum-140 Ci <8.76E-07 <7.03E-07 |
'

;
t

Zinc-65 Ci <6.57E-07 <5.34E-07 |
!

Cobalt-58 Ci <2.87E-07 <2 41E-07 |

Cobalt-60 Ci 1.13E-06 3.63E-07 |

Iron-59 Ci <5.64E-07 <4.85E-07 j

j Chromium-51 Ci <1.79E-06 <1.42E-06 !

Zirconium-Niobium-95 Ci <4.95E-07 <4.09E-07 |'

Cerium-141 Ci <2.36E-07 <1.73E-07 |
Cerium-144 Ci <1.01E-06 <7.5EE-07 ,

,

.: ;

Antimony-124 Ci <2.56E-07 <2.08E-07 ,

1

b Manganese-54 Ci <3.13E-07 <2.44E-07 |
'

Silver-110m Ci <2.55E-07 <2.05E-07

Molybdenum-99 Ci <1.97E-06 <1.54E-06

; Ruthenium-103 Ci <2.27E-07 <1.80E-07
;

Total for Period Ci 1.15E-06 4.00E-07

i
.,j

i

! There were no caten cce gaseous releases during tne tnire ar.c fourth cuarters of 1992.
"

:.2 -:-
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TABLE IC -

1

i
Yankee Atomic Electric Companv. Rowe. Massachusetts

'

Effluent and Waste Disposal Semiannual Report;

I Third and Fourth Quarters 1992 ;
s

Gaseous Effluents - Ground tevel Releases !
,!

;
,

i 1

There were no routine measured ground level continuous or batch mode gaseous. !3

l releases during the third or fourth quarters of 1992. .
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TABLE 2A ;

I
Yankee Atomic Electric Companv. Rowe. Massachusetts

,

Effluent and Waste Disonsal Semiannual Report j
Third and Fourth Quarters 1992 "|

''Licuid Effluents - Summation of All Releases
,i

Est. Total ,

Unit Quarter 3 Quarter 4 Error % |
t

jA. Fission and Activation Products

1. Total Release (not including Ci 3.99E-04 2.78E-04 2.00E+01 !

tritium, gases, alpha). r
;

2. Average Diluted Concentration uCi/mi 2.63E-09 1.93E-09 !

During Period ,

,

3. Percent of Applicable Limit (1) % 4.00E-03 3.03E-03
!

B. Tritium |

1. Total Release Ci 2.47E+00 5.02E-01 1.00E+01 j
i.

2. Average Diluted Concentration UCi/ml 1.63E-05 3.49E-06 ;

j During Period |
Cl)3. Percent of Applicable Limit % 5.42E-01 1.16E-01 i4

C. Dissolved and Entrained Gases ;

1. Total Release Ci <5.06E-03 <8.72E-04 2.00E+01 [
i

2. Average Diluted Concentration uCi/mi- <3.33E-08 <6.06E-09 |
i

During Period
-'

'f3. Percent of Applicaole Limit (2) : <1.66E-02 <3.03E-03

D. Gross Aloha Radioactivity

1. Total Release Ci <1.97E-07 <1.55E-07 . 3.50E+01 i
i

E. Volume of Waste Released ' crier *c liters 5.5SE-05 3.23E*05 23.00r.n3-
dilution)

~

F. Volume of Dilution Water Used Durina liters 1.52E+08 1.44E+08 1.50E+01
Period

i

:

!2

.

II) Concentration limits specified in 10CFR20. Appendix B. Table II Column 2 (Control 2.1.
previously Technical Specification 3.11.1.1). The percent of applicable limit' reported

s is based on the average diluted concentration during the period. At no time did any

release exceed the concentration limit.

Co ; centration limits for oissolvec ano entrainec nooie gases is 2.00E-04 uCi/mi
(Control 2.1) . The percent of applicable limit reported is based on the average diluted
concentration during the period. At no time did any release exceed the concentration
limit.,

'
--a n g ..

_ _ _ _ - -
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TABLE 28 i

i
Yankee Atomic Electric Company. Rowe. Massachusetts

IEffluent and Waste Disposal Semiannual Report '

Third 3nd Fourth Ou3rters 1992 j
licuid Effluents - Routine Releases i

~|
,

|Continuous Mode Batch Mode

Nuclides Released Unit Quarter 3 Quarter 4 Quarter 3 Quarter 4 |
Strontium-89 Ci <1.14E-06 <1.84E-06 <2.23E-05 <8.14E-06:

'

'

Strontium-90 Ci <5.56E-07 <5.30E-07 <6.36E-06 <3.73E-06

iCesium-134 Ci- 5.58E-07 3.75E-07 1.16E-07 2.87E O6 i
;

Cesium-137 Ci 1.77E-06 1.89E-06 8.35E-06 6.57E-05 i
<

,

!. Cobalt-58 Ci <1.562-07 <3.45E-07 <2.011+05 <2.51E-05 ,

Cobalt-60 Ci <2.04E-07 6.92E-03 1.56E-04 9.46E-06 '

-Iron-59 Ci <3.27E-07 <7.55E-07 <3.63E-05- <4.92E-06 |

'8.02E-07 <4.88E-05 <5.36E-06Zinc-65 Ci <3.50E-07 <

Manganese-54 Ci <1.81E-07 <4.23E-07 '<2.02E-05 <2.57E-06 |
Chromium-51 Ci <1.31E-06 <2.71E-06 <1.20E-04 2.07E-05<

Zi r coni um- Ni obi um-95 Ci <2.73E-07 <5.87E-07 <3.54E-05 <4.68E-06 !
!

Molybdenum-99 Ci <1.12E-06 <2.49E-06 <1.38E-04 <1.74E-05 '

Technetium-99m Ci <1.37E-07 <3.05E-07 <1.27E-05 <2.21E-06 !*

Ba ri um- La nth a num-140 Ci <5.74E-07 <1.21E-06 <5.57E-05 -<9.82E-06

Ce ri um-141 Ci <2.19E-07 <4.70E-07 <2.02E-05 <3.47E-06

Ruthenium-103 Ci <1.70E-07 <3.39E-07 <1.44E-05 <2.68E-06
'JCerium-144 Ci <9.83E-07 <2.06E-06 <9.16E-05 <1.59E-05,

Selenium-75 Ci <1.79E-07 <3.70E-07 <1.63E-05 <2.91E-06 |

Silver-110m Ci <1.73E-07 <3.71E-07 <1.78E-05 <2.77E-06

Antimony-124 Ci <1.93E-07 <4.23E-07 <1.61E-05 <3.00E-06

! Carbon-14 Ci - - 2.33E-04 1.98E-04 - j

Iron-55 Ci <5.28E-06 <7.46E-06 <9.54E-05 <4.88E-05 )
Antimony-125 Ci <4.77E-07 <9.94E-07 <4.50E-05 <8.90E-06

1

] Unidentified Ci - - - -

] Total for Period (above) Ci 2.33E-06 2.33E-06 3.97E-04 2.76E-04~

Krypton-85 Ci <4.95E-05 <1.07E-04 <5.01E-03 <7.65E-04
1

I

I
.

P , h
,

i
-- _ _ _ , , _ _ , - . . - - _



... -. .- . - -- . - .

I

fTABLE 3

Yankee Atomic Electric Company, Rowe. Massachusetts
Effluent and Waste Disposal Semiannual Report |

Third and Fourth Ouarters 1992 i

Solid Waste and Irradiated Fuel Shioments |

!
,

A. Solid Waste Shipped Off-Site for Burial or Disposal (Not Irradiated Fuel) !

!
^

j !

6-Month Est. Total i

1. Type of Waste Unit Period Error. %- |

a. Evaporator bottoms". Class A waste. LSA 3 Im 5.60E+01
containers. 55-gallon drums C1 (Est.) 3.57E+00 3.00E+01 |

"

3
1 b. Ory compressible waste, contaminated m 6.87E+01 [

'
equipment, etc., Class A waste. LSA. Ci (Est.) 2.15E+00 5.00E+01-

d105-ft boxes- e

3c. Dewatered spent resin. Class C waste, m 3.40E+00
poly HIC. 120.3 ft Ci (Meas.) 5.12E+01 5.00E+01 !

J
;

3! d. Irradiated components,3 control rods, m 3.25E+00
Class C waste. 57.4-ft steel liner Ci (Est.) 3.23E+04 5.00E+01 i

I
;4

2. Estimate of Major Nuclide Composition (by type of waste)"

a. Iron-55 3.84E+01 b. Iron-55 4.96E+01 c. Cesium-137 3.89E+01 d. Silver-110m 3.80E+01 !
Tri ti um 3.7EE+01 Cesi um-137 2.41E+01 1ron-55 1.74E+01 Iron 55 2.57E+01 !

Cesium-137 8.56E+00 Cesi um 134 1.48E+01 Cesium-134 1.49E+01 Cobalt-60 2.14E+01 ;-

Cabelt-60 5.26 E+00 Ccbalt-60 5.60E+00 Cebalt-50 1.07E+01 Cadmi um-109 7.8EE+00 i

Cesium-134 5.04E+00 Ni c k el -63 3.91E+00 Manganese-54 9.49E+00 Antimony-125 2.02E+00 *

Nickel-63 4.45Et00 Carbon-14 4.97E-01 Nickel-63 5.21E+00 Nickel-63 2.49E+00 -

'

Carbon-14 7.19E-01 S tron ti um- 90 1.71E+00 Manganese-54 1.51E+00 |
Stron ti um- 90 1. 50 E- 02 Niobium-95 _5.9EE-01 .|

1 ;

3. Solid Waste Disposition j4

>

!

Number of ShiDments Mode of Transportation Destination |
!

10 Truck Barnwell South Carolina !
!

i

B. Irradiated Fuel Shipments (Disposition): None
'

4

{,

*
i
6

;4

I
*

Is

i

i !
.

.

d

i

"

Solidification agent is cement.

"
Excluding radionuclides with half-lives less inan 12.8 days.

!

e.s -6- i

|
. .. . - -

.
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APPENDIX A

!

Radioactive Licuid ' Effluent Monitorino Instrumentation :

i
)

!
,

Recui rement: Radioactive liquid effluent monitoring instrumentation channels i

are required to be operable in accordance with Control 5.1 |

(previously Technical Specification 3.3.3.6). With less than )
the minimum number of channels operable and reasonable efforts {
to return the instrument (s) to operable status within 30 days !

l
being unsuccessful. Control 5.1 requires an explanation for the !

delay in correcting the inoperability in the next Semiannual {

Ef fluent Release Report. !'

Responses: Response provided in the Effluent and Waste Disposal Semiannual4

Report for First and Second Quarters 1992 - On May 21, 1992 ,

! the steam generator effluent monitor was declared inoperable. |

The last release from this pathway occurred on March 4,1992. !'

|
It is not anticipated that this flow path be used in the near f.

1

future. If required, the monitor will be re-established in its '
;

operable condition prior to any release from this pathway.

Response for this Reporting Period - On November 20, 1992, the
'

| steam generator effluent monitor was declared operable and
' remained in this status during the fourth quarter.

j

: ,

!.

!
!

!

i !
: )

'
4

l

i

!

1

!

9

l

A-1i nus
I
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APPENDIX B ;
.

Radioactive Gaseous Effluent Monitorinc Instrumentation
d

Recuirement: Radioactive gaseous effluent monitoring instrumentation f'

i
Channels are required to be operable ir accordance with Control i

5.2 (previously Technical Specification 3.3.3.7). With less |
than the minimum number of channels operable and reasonable +

3

[ efforts to return the instrument (s) to operable status within |

30 days being unsuccessful. Control 5.2 requires an explanation |
| for the delay in correcting the inoperability in the next I

Semiannual Effluent Release Report. |

Resconse: Since the requirements of Control 5.2 governing the operability |
of radioactive gaseous effluent monitoring instrumentation wera i

j met for this reporting period, no response is required. !

i
. E

i

t

4

6

i
'

t
*

3

t

!

:

,

P

0

8 i
|

.''

!

!
,

,,

t
!
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;

i
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|
,

!
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i

!
L APPENDIX r j

i

5Licuid Holdup Tanks

l

!

Reauirement: Technical Specification 3.11.1.4 limits the quantity of j
'

radioactive material contained in any outside temporary tank. !
With the quantity of radioactive material in any outside {,

temporary tank exceeding the limits of Technical |

Specification 3.11.1.4, a description of the events leading to

this condition is required in the next Semiannual Effluent ;

Release Report. |
'

Response: The limits of Technical Specification 3.11.1.4 were not '

exceeded during this reporting period. i
!
>

*
,

e

'!

i4

!
>

{
;

) e
3 t

a r

i
4

e

>
,

;
I.

i

*

'

!
I

'
t
'

.

.

>
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APPENDIX D I.

1

Radiolocical Environmental Monitorine Proaram |

!
Recui remen t: The Radiological Environmental Monitoring Program is conducted }

in accordance with Control 4.1 (previously Technical
;

Specification 3/4.12.1). With milk or fresh leafy vegetation4

;

samples no longer available from one or more of the required j
sample locations, Control 4.1.c (previously Technical :

1

Specification 3.12.1.c) requires the identification of the new j

location (s) for obtaining replacement sample (s) in the next !-

Semiannual Effluent Release Report and inclusion of revised {
Off-Site Dose Calculation Manual figure (s) and table (s) ;

reflecting the new location (s). j
i

h'
'

Resconse: No milk or fresh leafy vegetation samples were found to be i

un5vailable during this reporting period. |

I
i
!

i

e

i

i
!

!a

i ;

I
i
i

!

!
,

:
i ;

i

I
i

!
; :

. ;

f
i !
4 i

!
s t
~'

*
1

|

i
i

u: e D-1 !

!
1

1 e

f

i
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APPENDIX E ||
'a

|
Land Use Census 5}

!
Recu rement: A land use census is conducted in accordance with Control 4.2 .|

d

(previously Technical Specification 3.12.2). 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 Control 3.5 (previously Technical |
Specification 4.11.2.3). Control 4.2.a (previously Technical i

Specification 3.12.2.a) requires the identification of the new

location (s) in the next Semiannual Effluent Release Report.

I

Response: The land use census for this reporting period did not identify |

any locations yielding at least a 20 percent greater dose or

dose commitment than the values currently being calculated in

Control 3.5.

Recuirement: 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 (previously Technical Specification 3.12.1).

Controi 4.2.b (previously Technical Specification 3.12.2.b)

requires that the new location (s) be added to the Radiological

Environmental Monitoring Program if permission from the owner

to collect samples can be obtained and sufficient sample volume

is available. The identification of the new location (s) is
required in the next Semiannual Effluent Release Repcrt.

Response: No changes were made in the Radiological Environmental
Monitoring Program as a result of the 1992 land use census.

.I

E-1mu

I
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| APPENDIX F {
:2

I
'

Process Control Pro:ran (PCP) ;

:

Reauirement- PCP Control 2.0 (previously Technical Specification 6.14.1) {
requires that licensee initiated changes to the PCP be

'

submitted to the Commission in the Semiannual Effluent Release {
Report f sr the period in which the change (s) was made.'

I
Response: License Amendment No. 146 allowed the following changes to be j

ccmpleted in the FCP document: ;

, 1

' 1. Title page revised to include signature table. :

!a
;

1 2. Revision Record, List of Affected Pages, and List of |
' C'ntrols pages added to document. |o

: !
4 i

3. The following changes were implemented in accordance with |
t

j NRC Generic Letter 89-01, which provided guidance on the ;

relocation of selected Radiological Effluent Technical

Specifications to the PCP document: |

a. .Section 1.0. Definitions of Process Control Program

and Solidification - Solidified added to include !s

I definitions pertinent to the relocated Technical :
'

Speci fi cati one -
:

!

D. Technical Specification 3/4.11.3 now referred to as

j PCP Control 1.0, relocated to Secticn 1.0; j
!2 ,

,

Corresponcing Technical Specification 3/4.11.3 Bases j..

. relocated to Section 1.0: |
4 t

d. Sections 4.2 and 4.3 created to contain reporting |.

'

details for the Semiannual Effluent Release Reports'

for solid waste (PCP Control 2.0) and Major Changes

: to the Solid Radioactive Waste Treatment System (PCP

j Control 3.0), respectively.
;

4 ;

t

4. All pages renumbered. ,
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i APPENDIX G
d
i

j Off-Site Dose Calculation Manual 790CM)
i

)
; Recuirement: Control 7.2 (previously Technical Specification 6.15.2)

| requires that licensee initiated changes to the ODCM be
'

submitted to the Commission in the Semiannual Effluent Release
I Report for the period in which the change (s) was made
I
; effective.

!

| Response: License Amendment No.146 allowed the following changes to De
| implemented into the 00CM in accordance with NRC Generic Letter

| 89-01. NRC Generic Letter E9-01 provided guidance on the
| relocation of the Radiological Effluent Technical
a
' Specifications to the ODCM.

i 1. Addition of List of Controls page (succeeds Table of
'

l Contents):

2. Section 1.0. Introduction updated to reflect the change in
'

; scope of the ODCM:
I
s

!

| 3. 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:

i
4 Table 1.6. Definition of Terms, modified to include

k definitions pertinent to the relocated Tecnnical

| Specifications:
!

I
j S. Tables 1.9, Operational Modes, and 1.10. Frequency
' Notations. acded to Section 1.0:

| 6. Technical Specification 3/4.11.1.1. now referred to as

i Control 2.1 relocated to Section 2.0:
}
i

j 7. Technical Specifications 3/4.11.1.2. 3/4.11.4 3/4.11.2.1.

| 3 /4.11. 2. 2. a nd 3 /4.11. 2. 3. now referred to as
| Cont rol s 3.1. 3.2. 3.3. 3.4 and 3.5. respectively.

L relocated to Section 3.0;
!
!
)
1
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;

i
;

8. Technical _ Specifications 3/4.12.1. 3/4.12.2. and 3/4.12.3 !
I

now referred to as Controls 4.1. 4.2. and 4.3 i
i

respectively, relocated to Section 4.0: |
;

I

f 9. 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 f,

Control 5.2. relocated to Section 5.0 (Existing |
'

requirements for explosive gas monitoring instrumentation
'

j retained in Technical Specification 3/4.3.3.7):

I
i: 11. Technical Specifications 3/4.11.1.3 and 3/4.11.2.4. now j
i referred to as Controls 6.1 and 6.2. respectively, j

relocated to Section 6.0: !
t
I.

j 12. Section 7.0 created to contain reporting details for the j

Annual Radiological Environmental Monitoring Operating i

(Control 7.1) and Semiannual Effluent Release Reports !
t

(Control 7.2), and Major Changes to the Liquid and Gaseous {:

Radioactive Waste Treatment Systems (Control 7.3); and !
I
|

l 13. Corresponding Technical Specification Bases relocated with :

Technical Specifications to become part of controls. [<

;

i

14. All pages renumbered. j

i
..

All changes to the document were reviewed by the NRC as part of j'

'4

; License Amendment 146.
e

' In accordance with Technical Specification 6.15.c. the changes I

| to the ODCM are submitted in the form of a complete, legible |
copy of the entire document concurrent with the Effluent and i3

Waste Disposal Semiannual Report for the period of the report
in which the changes were made. To review the revised ODCM.
please refer to the following page.
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REVISION RECORD

-I
!

Revision Date Description

0 12/01/82 Initial printing. Approved by PORC 11/29/82. j
Submitted for USNRC approval 12/03/82. ;

1 03/30/84 Change in environmental monitoring sampling
locations based on 1983 land use census. Errors
in Table 4.1 corrected. Maps revised.

2 07/30/85 Addition of Intercomparison Program description i

to Section 4.0. Reviewed by PORC 07/30/85. ;

'!

; 3 03/19/86 Addition of a PVS I-131 inspection limit to
demonstrate compliance with Technical
Specification 3.11.2.1.b.

4 05/21/86 Change in milk sampling location. Samples no j

| longer available at Station TM-11. |
5 09/30/86 Change in food product sampling location based on ,

1986 land use census. i4

6 02/18/88 Change in liquid dose f actors to reflect [
additional dose pathways. Change in gaseous dose |
f actors 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 |1
1 in Figure 4-4. }

t

7 05/21/90 Addition of Appendix A which documents the ;
commitments for disposal of septage as provided i

in YNPS's Application For Approval to Routinely 7
,

Dispose of Septage under 10CFR Part 20.302, and'

the NRC's acceptance as transmitted in their ,

'Safety Assessment, dated May 17, 1990.

8 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;

(succeeds Table of Contents):<

.
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!

Revision Date Description (
)

8 08/19/92 2. Section 1.0, Introduction updated to !

reflect the change in scope of the ODCM: |
1

3. 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: i

4 Table 1.6, Definition of Terms, modified !

to include definitions pertinent to the ,

relocated Technical Specifications: ;

5. Tables 1.9, OPERATIONAL MODES, and 1.10, !

FREQUENCY NOTATIONS, added to ;

Section 1.0: !

6. Technical Specification 3/4.11.1.1, now !
referred to as Control 2.1. relocated to
Section 2.0:

7. Technical Specifications 3/4.11.1.2,- 4

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: |

.

8. Technical Specifications 3/4.12.1, i

3/4.12.2, and 3/4.12.3, now referred to ;

as Controls 4.1, 4.2, and 4.3, I

respectively, relocated to Section 4.0;
;9. Technical Specification 3/4.3.3.6 now

referred to as Control 5.1, relocated to t

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 i

Iexplosive gas monitoring instrumentation
retained in Technical
Specification 3/4.3.3.7):

I
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8 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, t

relocated to Section 6.0: |
!

12. Section 7.0 created to contain reporting i

details for the Annual Radiologicai |,

Environmental Monitoring Operating ;'

(Control 7.1) and Semiannual Effluent j
Release Reports (Control 7.2), and Major ;

Changes to the Liquid and GASE0US !

: RADI0 ACTIVE WASTE TREATMENT SYSTEMS !

(Control 7.3); and j
"

13. Corresponding Technical Specification. !
Bases relocated with Technical !

Specifications to become part of -j
controls. j

!b. All pages renumbered.
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DISCLAIMER OF RESPONSIBillTY ~.2

(
|
s

i This document was prepared by Yankee Atomic Electric Company (* Yankee"). The {
| use of information contained in this document by anyone other than Yankee, or |
3 the Organization for which the document was prepared under contract, is not !

|!
; authorized and, with resoect to anv unauthorized use, neither Yankee nor its

officers, directors, agents. or employees assume any obligation.
I responsibility. or liability or make any warranty or representation as to the !

accuracy or completeness of the material contained in this document. ['
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|
,

1

|
'

ABSTRACT :

i
|,

The Yankee Nuclear Power Station (YNPS) 0FF-SITE DOSE' CALCULATION MANUAL!
-

(ODCM) contains the methodology and parameters used in the calculation of !
j off-site doses resulting from radioactive gaseous and liquid effluents, in the ;

! calculation of gaseous and liquid effluent monitoring alarm / trip setpoints.

and in the conduct of the Environmental Radiological Monitoring Program. The |
ODCM also contains (1) the Radioactive Effluent Controls and Radiological {
Environmental Monitoring Programs required by Section 6.8 and (2) descriptions j

of the information that should be included in the Annual Radiological |
; Environmental Operating and Semi- Annual Racioactive Effluent Release Reports |

! required by Specifications 6.9.5.a and 6.9.5.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 PORC (as required by i

the Technical Specifications) this manual is suitable to show compliance where j
referred to by the Tecnnical Specifications and controls listed in this j

'
document.

|

|
|

|

|
|

|
|
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1.0 INTRODUCTION

Accorcing 10 Definition of Terms (Table 1.6), the CFF-SITE DOSE
CALCULATION MANUAL (CDCM) contains the methodology and parameters usec in the
calculation of off-site doses resulting from radioactive gaseous and liquid
ef fluents, in the calculation of gaseous and liquia effluent monitoring
alarm / trip setpoints, and in the conduct of the Radiological Environmental
Monitoring Program. The CDCM also contains: (1) the Radioactive Effluent
Controls and Radiological Environmental Monitoring Program required by
Section 6.8 of the Technical Specification document and (2) descriptions of
the information that should be included in the Annual Radiological
Environmental Operating and Semiannual Effluent Release Reports required by
Controls 7.1 anc 7.2, respectively. The ODCM forms the basis for plant
procedures which Cocument the off-site doses due to plant operation which are
used to show compliance with the numerical guides for design controls of
Section II. Aopendix I, ICCFR Part 50.

The methocs contained herein follow accepted NRC guidance, unless
otherwise noted in the text. The basis for each method is sufficiently
docJmented to allcw regeneration of the methods by an experienced health
physicist.

All Changes to the CDCM shall be reviewed and approved by the Plart
Operation Review Ccmmittee (PORC) in accordance witn Technical Specification
6.15 pricr to implementation. Changes made to the CDCM shall be submitted to
the Commission for their information in the Semiannual Effluent Release Report
for the period in which the change (s) was 53de effective.

1.1 Surrerv of Pe* hods. Dore Fac+Mrs. Limits. Constants, VariBDies, and
Dofinitions

This section surmarizes the metnods for the user. In adCition, the

applic3bility of controls and surveillance requirements are listed in this
section. The first time user should reac Chapters 2 througn 5. The
concentraticn and setpoint methods are documented in Table 1.1, as wel: Ss tne
MetnoC I dose equaticos. Where more accurate dose calculations are needed,
use the Methoc 11 for the apprcpriate dose as descriDed 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 1.5 and the regulatory limits are summarized in Table 1.3. The
constants, variables, special definitions, OPERATIONAL MODES, and FREQUENCY

Revision S
i

l

R12\29 1-1 -
\

c' )
W
s

't r y
*

~.

_ _ _ . -



a 4 - - L+= 1 J-+- usAu- L,3 JA s n 4A1-,de w a 4 s mese * L-i L-

1
'

NOTATION used in the ODCM are in Tables 1.4 1.5. 1.6. 1.9. and 1.10 j j
respectively. Lastly. Figures 1-1 and 1-2 depict the Yankee plant site j

boundary line and liquid effluent discharge points, respectively.
'

1.2 Applicability of Controls ano Surveillance Requirements (SR)
3

Control 1.1 The controls and ACTION requirements shall be applicable during
the OPERATIONAL MODES or other conditions specified for each control.'

Control 1.2 Adherence to the requirements of the controls and/or associated
ACTION within the specified time interval shall constitute compliance with the i

I
control. In the event that the control is restored prior to expiration of the

!specified time interval, completion of the ACTION statement is not required.
'
>

i

Control 1.3 In the event that a control and/or associated ACTION requirements
cannot be satisfied because of circumstances in excess of those addressed in ,

j

the control. the f acility shall be placed in at least HOT STANDBY within 1 {

hour. and in COLD SHUTD0'a'N within the following 30 hours unless corrective f
imeasures are completed that permit operation under the permissible ACTION

j statements for the specified time interval as measured from initial discovery. ,

|
or until the reactor is placed in a MODE in which the control is not |

i applicable. Exceptions to these requirements shall be stated in the f
1- individual controls.
< ,

| Control 1.4 Entry into an OPERATIONAL MODE or other specified applicability |
' condition shall not be made unless the conditions of the controls are met |

f

) without reliance on provisions contained in the ACTION statements unless
otherwise excepted. This provision shall not prevent passage through

|OPERATIONAL MODES as required to comply with ACTION statements.
!

|

SR 1.1 Surveillance requirements shall be applicable during the OPERATIONAL j

MODES or other conditions specified for individual controls unless otherwise {
;
*

:stated in an individual surveillance requirement.
,

i !

SR 1.2 Each surveillante requirement shall be performed within the specified |
t

-

time interval with:
i |

A maximum allowable extension not to exceed 25 percent of the |
J a.

surveillance interval, and
j

\-

|
4
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i

b. A total maximum combined interval time for any three consecutive |
surveillance intervals not to exceed 3.25 times the specified

surveillance intervol. ,

!
;

SR 1.3 Performance of a surveillance requirement within the specified time j

interval shall constitute compliance with OPERABILITY requirements for a |

control and associated ACTION statements unless otherwise required by the f

control. [
!
,

SR 1.4 Entry into the OPERATIONAL MODE or other specified applicability ,

condition shall not be made unless the surveillance requirement (s) associated f
with the control have been performed within the stated surveillance interval'

or as otherwise specified. '
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ITABLE 1.1
|

i

Summarv of Concentration and Setpoint Methods, and {
Method I Dose Ecuations for Normal 00erations at the Yankee Pla.n_t i

j
.

Equation |

No. Maximum Ecuation(a).
'

2-1 Unrestricted Area. Total ENG !
Fraction of MPC in Liquids, y ENG ,g Cj q

1Except Noble Gases i MPCj ;
i

i
2-2 Unrestricted Area,

C NG= E C NG i
Concentration of Noble Gases j j

'
in Liquids

!
3-1 Total Body Dose Due to Dtb (mrem) = K E 0j DFl itb'

;Liquids 1

t'

3-2 Maximum Organ Dose Due to Dorgan (mrem) - K E Oj DFl moi
Liquids 1 .;

i
3-3 Total Body Dose Rate Due to rmrem'

Noble Gases gtb = 7.83 E Q j DFBj !
yr , j ;

I
3-4 Skin Dose Rate Due to Noble

,
' mrem'

Gases gs in = E h DF |
'

I< yr > j i
;

)
3-5 Critical Organ Dose Rate Due ' mrem' !

to I-131. H-3, and gO - E Oj DFGicoC ' yr j |'

Particulates with T3>8 '

Days
j
,

3-6 Gamma Air Dose Due to Noble 7 DFT |Dair (mrad) = 0.25 E 0 $Gases 1
$ ;

i

3-6.1 Gamma Air Dose Due to Ground i

grd (mrad) = (123 x 10_4) (0Xe-133 equivalent) j
7

OLevel Noble Gas Releases
?

I3-7 Beta Air Dese Due to Noble
p. air (mrad) = 0.76 E Oj DFp jDGases j

1 :

|
t

3-8 Critical Organ Dose Due to D o (crem) - E Oj DFG co !c i
I-131. H-3, and Particulates i |
with Tg > 8 Days {

t
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TABLE 1.1 |

(Continued)
_

Summarv of Concentration and Setpoint Methods, and |
Method I Dose Ecuations'for Normal Operations at the Yankee Plant i

;

[i
Equation !

No. Maximum Ecuation(a) j

i

I3-9 Direct Dose Dd - (0.057 + Er) (Te) (0.00087)

5-1 Liquid Release Rate Reading f3
' '

R=
. , (MPCc)(S )

I
t

t<i+T2> !
t

5-3 Gaseous Release Rate Reading S

NG
for Total Body Dose Limit {S ) f sj (500) (60) |g $

;j Rtb * ' r' [,

E f fG DBFj |(F) (7.83)
s' |>

5-4 Gaseous Release Rate Reading r' '

for Skin Dose Limit (S ) E f "bg $ si (3000) (60) i

| Rsk * r ,

E f fbl (F) DF j4

d |s

i

1
; j

Note (a):
'

C - Concentration of radionuclide "i" in a mixture ( Ci/ml).
5

:
'

Er - Exposure rate at critical receptor from nonvapor container sources as measurec
or estimated for the period ( R/hr). j

|.
:

F = Primary vent stack flow rate (cc/ min). . j

ff = Fraction of radionuclide "i" activity to total noble gas activity..

Cfb - Concentration of radionuclide "i", except noble gases, at the point of

discharge. j
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TABLE 1.1 :

(Continued) |

\|Summarv of Concentration and Setooint Methods, and

Method I Dose Ecuations for Normal Doerations at the Yankee Plant !

!
,

C = Concentration of radionuclide "i", except noble gases, at the point of |
$

discharge. ,|

I|DF = Skin dose factor for radionuclide "i".
$ ;

i

DF} - Gamma dose factor to air for radionuclide "i".

DFf - Beta dose factor to air for radionuclide "i".

DFB - Total body dose f actor for radionuclide "i".
5

DFG - Site-specific, critical organ dose f actor for a gaseous release of .)ico radionuclide "i". [
I

, ,

DFG - Site-specific, critical organ dose rate factor for a gaseous release of |9cg
radionuclide "i". |

)
i

DFL - Site-specific, total body dose factor for a liquid release of radionuclide "i"."

itb

DFL - Site-specific, maximum organ dose f actor for a liquid release of |imo
- radionuclide "i". [

! f - Flow rate past the test tank monitor (gpm).y

f - Flow rate past the steam generator blowdown monitor (gpm). (2 ;

f - Flow rate at the point of discharge (gpm).
3

4

K - Deerfield River flow rate correction f actor. !
*

a

MPC - Composite MPC for the mix of radionuclides (pCi/ml).
c

t

!ECi
i (Eq. 5-2)=

Cj
E

!i MPCi i
!

0 - Total release (Curies) for radionuclide "i". {5

- Total release of noble gases expressed as Xe-133 equivalent.0 Xe-133 equivalent

1,
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TABLE 1.1
(Continued)

Summarv of Concentration and Setpoint Methods. and
Method I Dose Ecuations for Normal Operations at the Yankee Plant

Og - Release rate ( Ci/sec) for radionuclide "i".

S - Gaseous instrumentation response factor (cpm /( Ci/cc)).
g

S - Liquid instrumentation response factor (cpm /( Ci/cc)).
g

sg - Ratio of response from equal activities of radionuclide "i" to a reference
radionuclide (i .e. , Xe-133) .

T - Length of exposure period (hours).
e

I

I
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|TABLE 1.2 ;

{fDose Factors Specific to the Yankee Plant for
.,

Noble Gas Releases |
!
t

Gamma |
Total Body Beta Skin Combined Skin Beta Air Gamma Air !.

Dose Factor , Dose Factor- Dose Factor Dos,e Factor Dos,e Factor, j
3 3 3 3

|mrem-m mrem-m
' mrem-sec ' DFQ mrad-m

DF7
mrad-m

DFBi DFSj DF i 1 1

Radic iuclide <pC1-yr , , p C i -y r , pCi -y r ,pCi-yr , , pCi -y r , j,

:

Ar-41 8.84 x 10-3 2.69 x 10-3 1.45 x 10'l 3.28 x 10-3 9.30'x 10-3 |
!

Kr-83m 7.56 x 10-8 - 1.68 x 10-4 2.88 x 10-4 1.93 x 10-5 i

I

Kr-85m 1.17 x 10-3 1.46 x 10-3 4.56 x 10-2 1.97 x 10-3 1.23 x 10-3

3 Kr-85 1.61 x 10-5 1.34 x 10-3 3.22 x 10-2 1.95 x 10-3 1.72 x 10-5

Kr-87 5.92 x 10-3 9.73 x 10-3 2.86 x 10^1 1.03 x 10-2 6.17 x 10'3

Kr-88 1.47 x 10'2 2.37 x 10-3 1.89 x 10'l 2.93 x 10'3 1.52 s. 10-2 |
l

Kr-89 1.66 x 10-2 1.01 x 10-2 3.92 x 10~1 1.06 x 10-2 1.73 x 10-2 |
i

|Kr-90 1.56 x 10-2 7.29 x 10-3 3.16 x 10'l 7.83 x 10-3 1.63 x 10 -2
1

Xe-131m 9.15 x 10-5 4.76 x 10'# 1.27 x 10-2 1.11 x 10-3 1.56 x 10'4 f

! Xe-133m 2.51 x 10'4 9.94 x 10'4 - 2.66 x 10-2 1.48 x 10-3 3.27 x 10'4
t

Xe-133 2.94 x 10'4 3.06 x 10'4 1.04 x 10-2 1.05 x 10-3 3.53 x 10'4 :
I

.

Xe-135m 3.12 x 10-3 7.11 x 10-4 4.62 x 10-2 7.39 x 10-3 3.36 x 10'3

! Xe-135 1.81 x 10-3 1.86 x 10-3 6.11 x 10'2 2.46 x 10-3 1.92 x 10-3 (
!

Xe-137 1.42 x 10-3 1.22 x 10-2 3.05 x 10~1 1.27 x 10-2 1.51 x 10'3 !
!

Xe-138 8.83 x 10'3 4.13 x 10-3 1.79 x 10'l 4.75 x 10-3 9.21 x 10-3 {

1

i
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TABLE 1.3
i

Summarv of Radiolooical Effluent Controls |

and Implementina Ecuations |
1

i !

Control Category Method * Limit |
>

2.1 Off-Site Total Fraction of Eq. 2-1 s 1.0 )
'

Concentrations MPC Excluding Noble
of Liquids Gases .}

'

Total Noble Gas Eq. 2-2 s 2.00 x 10'4 uti
. .|

!
4Concentration cc.

3.1 Dose Due to Total Body Dose Eq. 3-1 .s 1.5 mrem in a qtr. i ;
!'tLiquid Effluents

s 3.0 mrem in a yr. ;

Organ Dose Eq. 3-2 s 5.0 mrem in a atr. f
.s 10.0 mrem in a yr. !.

!
I' 3.2 Total Dose Due Total Body Dose Eq. 3-1 s 25.0 mrem in a yr. !

to Liquid and Organ Dose Eq. 3-6 !
"

Gaseous Effluents Thyroid Dose Eq. 3-9
'

Eq. 3-2 s 25.0 mrem in a yr.
,

Eq. 3-8 e

Eq. 3-9 '

Eq. 3-2 s 75.0 mrem in a yr.
Eq. 3-8'
Eq. 3-9 *

,

3.3 Dose Rate Due to Total Body. Dose Rate Eq. 3-3 s 500.0 mrem 4

Gaseous ' Effluents Due to Noble Gases yr ;

i .

+

i Skin Dose Rate Due Eq. 3-4 s 3000.0 mrem
to Noble Gases yr

1

Organ Dose Rate Due Eq. 3-5 s 1500.0 mrem !

to I-131. H-3. and yr ;
Particulates with'

,

T1/2 > 8 Days ~!
,

1
# 3.4 Dose Due to Gamma Air Dose Due Eq. 3-6 s 5.0 mrad in a qtr. t

. Noble Gases in to Noble Gases
_

,

' Gaseous Effluents _ s 10.0 mrad in a yr. ;

i

Beta Air Dose Due Eq. 3-7 s 10.0 mrad in a qtr. |
to Noble Gases '

,

i s 20.0 mrad in a yr.

i, !.
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TABLE 1.3
(Continued)

- - :
Summary of Radiolooical Effluent Controls

and Implementino Ecuations .j
|

'

!

Control Catecorv Method * Limit j
!

3.5 Dose Due to Organ Dose Due to Eq. 3-8 s 7.5 mrem in a qtr.

Iodine-131, 1-131. H-3, and :i
Tritium, and Particulates with s 15.0 mrem in a yr. i

Particulates in T1/2 > 8 Days j

Gaseous Effluents .|
<

5.1 Liquid Effluent Alarm / Trip Setpoint Eq. 5-1 Control 2.1 j
Monitor Setpoint |

5.2 Gaseous Effluent Alarm Setpoint for Eq. 5-3 Control 3.3.a j

Monitor Setpoint Total Body Dose Rate (Total Body) i
!

Alarm Setpoint for Eq. 5-4 Control 3.3.a
Skin Dose Rate (Skin) |

!

6.1 Liquid Radioactive Total Body Dose Eq. 3-1 s 0.06 mrem in a mo. j
Waste Treatment t

Organ Dose Eq. 3-2 s 0.2 mrem in a mo.

6.2 Gaseous Gamma Air Dose Due Eq. 3-6 s 0.2 mrad in a mo. '

!Radioactive Waste to Noble Gases
Treatment

,

,

Beta Air Dose Due Eq. 3-7 s 0.4 mrad in a mo.
ito Noble Gases

Organ Dose Due to Eq. 3-8 s 0.3 mrem in a mo.
1-131, H-3, and

Particulates with
T1/2 > 8 Days

,

i

* More accurate methods may be available (see subsequent chapters). |
,!
!

!

.
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TABLE 1.4

Summarv of Constants
!

!
Constant Definition Units j

.

0.00087 - Conversion factor. mrem
px |

0.25 - (3.17 x 10+4) ([f!j[") [X/0F (sec/d )
;

|- (3.17 x 10+4) (7.83 x 10-6) DCi-vr
Ci-m# |

i

0.76 - (3.17 x 10+4) ([f!;V[) [X/0](sec/d)e

- (3.17 x 10'4) (2.39 x 10-5) pCi-vr
3Ci-m

1.11 - Average ratio of tissue to air energy
absorption ratio coefficient.

7.83 - (10+6 ) (pCi/ Ci) (1.00) (7.83 x 10-6) (sec/M) DCi-sec
dpCi-m

8.69 - (1.11) (S ) [X/0F (sec/d ) (1.00 x 10+6 ) (pCi/Ci)
F

- (1.11) (1.00) (7.83 x 10-6) (1.00 x 10+6 ) pCi-see
3Ci-m

23.90 (1.00 x 10+6 ) (X/0)-

- (1. 00 x 10+6 ) (2.39 x 10-5)

60.00 - Conversion factor, set
min

500.00 - Total body annual dose limit f rom ICRP-2. mrem

3000.00 - Skin annual dose limit from ICRP-2. mrem-

3.17 x 10+4 = Number of picocuries per Curie divided by DCi-set
the number of seconds per year. Ci-yr

1.00 x 10+6 - Number of picocuries per microcurie. g
L1
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.:
TABLE 1.5 |

Summarv of Variables

Variable Definition Units '!
!

NG
C = Total activity of all dissolved and entrained uti

noble gases from all station sources. cc

CEO - Concentration of radionuclide "i", except uCi
i noble gases, at the point of discharge. cc t

- Cf - Concentration of radionuclide "i", except uCi f
noble gases, at the point of discharge. cc :

3
C - Concentration of radionuclide "i". Ci/m

$ or Ci/cc ;

3
D - Beta dose to air, mradir

!
|

'

D]$ 7 - Gamma dose to air. mrad

D - Gamma dose to air from a ground level release. mrad.grd j

D - Dose to the critical organ. mremcg

D - Direct dose. mr t.m
d

D - Dose to the maximum organ. mremorgan

j D - Beta and gamma dose to the skin. mremskin j
J -i

D - Dose to the total body. mremtb j

3 -j
DFB - Total booy gamma dose f actor for radionuclide *i". mrem-m

5
pti yr

3
DFS = Beta skin dose factor for radionuclide *i". mrem-m

$
,

; pti-yr
<

DF - Combined site-specific skin dose factor. mrem-sec ;j
pus yr

,

!.

3
DF} - Gamma air dose factor for radionuclide *i". mrad-m .j

pCi yr '
,

- DFf
3- Beta air dose f actor for radionuclide *i". mead-m ,

pti yr
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TABLE 1.5 I
"

(Continuea) I

i
Summarv of Variables 1

-

|

Va ri a bl e Definition Units

DFG. - Critical organ caseous dose factor for mrem !

: radionuclide 'i'. C1 [ico

!

DFG'$ co
- Critical organ gaseous dose rate factor mrem-sec

f or radionuclide 'i". Ci-yr

DFL = Maximum organ liquid dose f actor for mrem i
$50 radionuclide *i "Ti'- |

DFl - Total body liquid dose f actor for mrem ;
itb radionuclide "i". C1 |

!
'

.

0 - Critical organ dose rate due to iodines, mrem ~i

tritium, and particulates. yr |co
;

b - Skin dose rate due to noble gases. mrem !

skin yr |

I

D - Total body dose rate due to noble gases. mrem j"

tb yr ;

D/0 - Deposition factor for dry deposition of set i
s

elemental radiciodines and other particulates. 2m
!

i
.

: E - Exposure rate at the critical receptor from g ;r non-vapor container sources as measured or nr
estimated for the period.

.
!

| E - Limiting exposure rate at the, critical d i
VC receptor from the vapor container during nr '

'

normal operations.
;

F = Primary vent stack flow rate. cc !
4

min ;

I
*

fN = Fraction of radionuclide 'i' activity to -f
I total noble gas activity. !

!

f) - Total fraction of MPC in liquid pathways.

Ff6 - Total fraction of MPC in liquid pathways i

excluding noble gases. ;

f - Flow rate past the test tank. monitor, gpm-
y

!

!
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TABLE 1.5 I

(Continued) I
!

Summarv of Variables- ;

|

Va ri a bl e Definition Units :
1

?

f - Flow rate past the. steam generator monitor. gpm |2
t

f - Flow rate at the point of discharge. gpm j
3

i
'

MPC - Composite MPC for the mix of radionuclides. pCi
c See Equation 5-2. cc

1

MPC = Maximum permissible concentration of radionuclide uCi-
$ "i" (10CFR Part 20. Appendix B. Table 2. Column 2). cc

0 - Total release of all noble gases. Ci

t

0 - Release for radionuclide "i". Ci
5

t

6 - Total release rate of all noble gases. uCi ' |
sec ;,

B

6 - Release rate for radionuclide *i". pCi4

I
a sec

X/0 - Average undepleted dispersion factor. sec

!
; i

'
[X/0]D - Average depleted dispersion factor, sec j

3m !
i

.t'

!
|- [X/0]Y - Effective average gamma dispersion factor. sec

d
|

m j

i !

] S - Shielding factor. ;p
;

5 - Gaseous monitor response factor. com i
9 Ci/cc

~

,

.1 i

!

4-..
s. - Ratio of response from equal activities of

I radionuclide "i" to a reference radionuclide ]
(such as Xe-133). j

S - Liquid monitor response factor. com !
t pu / cc |

1 ;

T - Exposure period. hours- |e.
fAD - Conservative increment in annual average dose, mrem

' r

i
Revision 8

!

R12\29 1-14 . !
)'

i
'

1
4

*

'
.

a

. .. . , ,



-.. _ - _- . _. - .

|
|

TABLE 1.6
|
IDefinition of Terms
!
)

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

t

ACTION f

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

i

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 f3

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 i

performed by any series of sequential, overlapping, or total channel steps !

such that the entire channel is calibrated. ;
!

CHANNEL CHECK |
i

A CHANNEL CHECK shall be the qualitative assessment of channel behavior during !
operation by observation. This determination shall include, where possible. I

comparison of the channel indication and/or status with other indications i
-

and/or status derived from independent instrument channels measuring the same j
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.

I !

DOSE EOUIVALENT i-131 !
'

!

,
DOSE EQUIVALENT I-131 shall be that concentration of I-131 (pCi/ gram) which

| alone would produce the same thyroid dose as the quantity and isotopic mixture |
of I-131. 1-132. 1-133. 1-134 and 1-135 actually present. The thyroid dose {
conversion factors used for this calculation shall be those listed in ,

Table III of TID-14844, " Calculation of Distance Factors for Power and Test

]Reactor Sites."
,

.

|

l
'
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TABLE 1.6 !

(Continued) |

"

Definition of Terms i

FREQUENCY NOTATION !

;

The FREQUENCY NOTATION specified for the performance of surveillance |
requirements shall correspond to the intervals defined in Table 1,10. i

i

GASEOUS RADI0 ACTIVE WASTE TREATMENT SYSTEM |
!

A GASE0US RADI0 ACTIVE WASTE TREATMENT SYSTEM is any system designed and
installed to reduce radioactive gaseous effluents by collecting Primary'

,

Coolant System offgases from the Primary System and providing for delay or '

holdup for the purpose of reducing the total radioactivity prior to release to '

the environment. i

|
MEMBER (5) 0F THE PUBLIC

MEMBER (S) 0F THE PUBLIC 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 service equipment or to make deliveries. This j

category does include persons who use portions of the site for recreational, 't
occupational, or other purposes not associated with the production of !

electricity. [
t

0FF-SITE DOSE CALCULATION MANUAL (00CM) !
t

The ODCM contains the methodology and parameters used in the calculation of |
off-site doses resulting from radioactive gaseous and liquid effluents, in the j'

calculation of gaseous and liquid effluent monitoring alarm / trip setpoints, t

and in the conduct of the Environmental Radiological Monitoring Program. The i

ODCM also contains (1) the Radioactive Effluent Controls and Radiological"
,

Environmental Monitoring Programs required by Section 6.8 of the Technical- |
Specification document and (2) descriptions of the information that should be j

included in the Annual Radiological Environmental Operating and Semiannual !

Radioactive Effluent Release Reports required by Controls 7.1 and 7.2, {
respectively. |4

.I
OPERABLE - OPERABILITY i

!

A system, subsystem, train, component, or device shall be OPERABLE or have j

OPERABILITY when it is capable of performing its specified function (s). ;
'

Implicit in this definition shall be the assumption that all nece.ssary
attendant instrumentation, controls, electric power, cooling or seal water,
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TABLE 1.6 i

(Continued) :
!

Definition of Terms !
!

!
lubrication, or other auxiliary equipment that are required for the system, j

subsystem, train, component, or device to perform its function (s) are also i

capable of performing their related support function (s). |

OPERATIONAL MODE - MODE
i

An OPERATIONAL MODE shall correspond to any one inclusive combination of core ;

reactivity condition, power level, and average reactor coolant temperature !
specified in Table 1.9.

'

i

PURGE - PURGING :

!

PURGE or PURGING is the controlled process of discharging air or gas from a [
confinement to maintain temperature, pressure. humidity concentration. or ;
other operating condition in such a manner that replacement air or gas is ,

required to purify the confineme1t. ;
;

i
'

RATED THERMAL POWER

RATED THERMAL POWER shall be a total reactor core heat transfer rate to the .

reactor coolant of 600 MWt. |
.

fSITE BOUNDARY
;) !

The SITE BOUNDARY shall be that line beyond which the land is not owned. !
leased, or otherwise controlled by the licensee. Any area within the SITE !

BOUNOARY used for residential quarters or recreational purposes shall be |
considered to be beyond the SITE BOUNDARY for purposes of meeting gaseous !

effluent dose controls. (Realistic occupancy f actors shall be applied at !,

these locations for the purposes of dose calculations.) {

!
SOURCE CHECK |

A SOURCE CHECK shall be the qualitative assessment of channel response when !
the channel sensor is exposed to radiation. |

t

THERMAL POWER

THERMAL POWER shall be the total reactor core heat transfer rate to the
reactor coolant. i

|

!
i
!

Revision 8

R12\29 1-17
;

i

i
- !

:
!

- - . - >



-

I
!

TABLE 1.6 !
(Continued) !

!
!

Definition of Terms

!

VENTILATION EXHAUST TREATMENT SYSTEM i

i

A VENTILATION EXHAUST TREATMENT SYSTEM is any system designed and installed to |
reduce gaseous radiciodine or radioactive material in particulate form in
effluents by passing ventilation or vent exhaust gases through charcoal
adsorbers and/or HEPA filters for the purpose of removing iodines or ;

particulates from the gaseous exhaust steam prior to release to the ;

environment. Such a system is not considered to have any effect on noble gas
ef fl uents . Engineered Safety Feature (ESF) atmospheric cleanup systems are
not considered to be VENTILATION EXHAUST TREATMENT SYSTEM components.

,

!

!
;

!
I
!

i

!

i
l

I

!

|
t

|

|

!

!

!
!

!

!
!

,
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TABLE 1.7 h-

i
.. }

Dose Factors Specific to the Yankee Plant for j
,

licuid Releases j
;

Total Body Maximum Organ
Dose Factor Dose Factor !

mrem' ' mrem' If

DFlitb OfLimo |
U. U. jRadionuclide t s ( s

.,

H-3 5.99 x 10~4 5.99 x 10'4 |
t

C-14 1.64 x 10+0 8.18 x 10+0 |
Cr-51 7.20 x 10 1.07 x 10-2 |-5

Mn-54 6.07 x 10-2 5.47 x 10'l ;

-1 !! Fe-55 3.46 x 10'2 2.11 x 10
I

Fe-59 1.00 x 10-1 4.53 x 10'l !
.>

Co-58 4.76 x 10-2 1.81 x 10 - |
-1

Co-60 2.79 x 10~1 9.04 x 10~1 . |.
Zn-65 1.65 x 10+0 2.71 x 10+0 |

').,

Sr-89 2.30 x 10'l 8.04 x 10+0" ,

*

| Sr-90 6.97 x 10+1 2.75 x 10+2 |

| Zr-95/Nb-95 1.40 x 10-3 2.87 x 10'l

Ru-103 2.48 x 10 3.57 x 10'l f-3
|

Ag-110m 2.32 x 10-2 2.21 x 10+0 j

| Sb-124 2.62 x 10 6.48 x 10-1-2
I

I-131 8.57 x 10-3 4.96 x 10+0 ;

I-133 6.52 x 10 3.18 x 10'1 |-4
1

: Cs-134 1.79 x 10+1 2.40 x 10+1 |
2

,

f

Cs-136 2.28 x 10+0 3.20 x 10+0

. Cs-137 1.07 x 10+1 2.07 x 10+1 :

: Ba-140/La-140 3.40 x 10 5.80 x 10-2~3 ~

Ce-141 7.73 x 10-5 1.06 x 10-1 f

Ce-144 1.41 x 10-3 2.58 x 10+0
,
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i

TABLE 1.8

Dose and Dose Rate Factors Specific to the Yankee Plant for :

Iodines, Tritium, and Particulate Releases i

|

|
Critical Organ Critical Organ 1

Dose Factor Dose Rate Factor !

DFGic Of6
~

WRadionuclide ( s ( s

H-3 7.21 x 10 2.27 x 10-1
--3

C-14 4.38 x 10+0 1.38 x 10+2 j

Cr-51 3.44 x 10-2 1.19 x 10+0

Mn-54 3.78 x 10+0 1.49 x 10+2-

Fe-59 3.83 x 10+0 1.27 x 10+2

Co-58 1.98 x 10+0 .7.06 x 10+1

Co-60 4.08 x 10+1 1.81 x 10+3

2n-65 1.99 x 10+1 6.43 x 10+2

Sr-89 6.10 x 10+1 1.92 x 10+3

Sr-90 2.36 x 10+3 7.44 x 10*4

Zr-95/Nb-95 3.77 x 10+0 1.24 x 10+2

Ru-103 1.02 x 10+1 3.22 x 10+2

Ag-110m 3.63 x 10+1 1-.22 x 10+3

Sb-124 6.95 x 10+0 - 2.32 x 10+2

I-131 4.19 x 10+2 1.32 x 10+4

1-133 6.29 x 10+0 1.98 x 10+2

Cs-134 8.52 x 10+1 2.83 x 10+3

Cs-136 4.71 x 10+0 1.52 x 10+2
'

Cs-137 8.71 x 10+1 2.97 x 10+3

Ba-140/La-140 1.44 x 10+0 4.60 x 10+1

Ce-141 9.75 x 10~1 3.10 x 10+1

Ce-144 2.10 x 10+1 6.65 x 10+2
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|
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!
TABLE 1.9 -|

|

OPERATIONAL MODES I

!
Reactivity % RATED Average Coolant .

MODE Condition. K;ff THERMAL POWER Temperature |
*

Power Operation 20.99 >2% 2330*F |
~

:

Startup 20.99 s2% 2330*F j
;

Hot Standby <0.99 0 2330*F !

Hot Shutdown <0.96 0 330*F > Tavg > 200*F
Cold Shutdown <0.96 0 s200*F,

**

| Refueling s0.95 0 s140*F i

)
!

I
i

:

e

.1
!
r

s

:.

i

!

I
1 :

j .

.

l

;

!
'

!

!,

*
.

!
.

3 !

i f

)

1

f
*

Excluding decay heat.-

|
**

Reactor vessel head unbolted or removed and fuel in the vessel.
:
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!

;

!

TABLE 1.10.

FRE00ENCY NOTATION ,

i

Notation Frecuency !

S At least once per 12 hours. |
.;

D At least once per 24 hours. ;

I

W At least once per 7 days.

M At least once per 31 days.

0 At least once per 92 days. )

SA At least once per 184 days. -!
t
i

R At least once per 18 months. j

S/U Prior to each reactor startup.
;

P Prior to each release.

N.A. Not applicable.

,

h

I
>

!>

,

i
3 i

;4

i !
|
i

|

|

!

|
'

~I

I
o

d
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|Yankee Atomic Elec:ric Ccchany Site Plot Plan

Ti;;ure 1-2
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2.0 RADI0 ACTIVE LIOUID EFFLUENTS ;

2.1 Off-Site Concentrations -

,

!

Control 2.1 In accordance with Yankee Technical Specification 6.8.5.a., j
items 2 and 3, the concentration of radioactive material released from the j

site (see Figure 1-2) shall be limited to the concentrations specified in. i

10CFR Part 20. Appendix B, Table II, Column 2 for radionuclides other than f
dissolved or entrained noble gases. For dissolved or entrained noble gases, j'

the concentration shall be limited to 2.00 x 10'# pCi/ml total activity. f,

-

i

Applicability }
|

At all times. t
i i

I
"

ACTION !,

i
'

I With the concentration of radioactive material released from the site f
i exceeding the above limits, without delay, take actions to restore the i
9 i

! concentration to within the above limits. r

i
|

| Surveillance Reauirements ,

!
!

| SR 2.1.1 Radioactive liquid wastes shall be sampled and analyzed according to ;

the sampling and analysis program of Table 2.1. |
!

i,

The results of radioactive analysis shall be used in accordance with j]
SR 2.1.2

; the methods of the ODCM to assure that concentrations at the point of release :

| are maintained within the limits of Control 2.1.
i

| Bases .

| ?
'

| Control 2.1 is provided to ensure that the concentration of radioactive .f
i

i materials released in liquid waste effluents from the site (at the point of i

discharge from the plant discharge structure into Sherman Pond) will be less |

I(
than the concentration levels specified in 10CFR Part 20, Appendix B,

) Table II, Column 2. This limitation provides additional assurance that the

levels of radioactive materials in bod:e5 of water outside the site willi

l result in exposures within (1) the Section II.A design controls of Appendix I, '

i

:
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!

i

10CFR Part 50, to a MEMBER OF THE PUBLIC and (2) the limits of 10CFR |
Part 20.106(e) to the population. |

!
4

The required detection capabilities for radioactive materials in liquid i

waste samples are tabulated in terms of the lower limits of detection (LLD).;

Detailed discussion of the LLD and other detection limits can be found in HASL
'

Procedures Manual HASL-300 (revised annually), Currie, L. A., " Limits for
Qualitative Detection and Quantitative Determination - Application to

Radiochemistry," Anal. Chem. 40, 586-93 (1968), and Hartwell, J K.,
,

' Detection Limits for Radicanalytical Counting Techniques," Atlantic Richfield |'

|Hanford Company Report ARH-SA-215 (June 1975). The concentration limit for
noble gases is based upua the assumption that Xe-135 is the controlling I

radionuclide, and its maximum permissible concentration (MPC) in air !q

|
lsubmersion) was converted to an equivalent concentration in water using the [
International Commission on Radiological Protection (ICRP) Publication 2.

Ir

| !
: !
' !

!
:

1 ij',

r

1
'

i

!

! |
: l
: \

1 1
1

,

:

I

!

4

h

Revision 8:
!

l R12\29 2-2 -

,

i

j

- . - . . _ - . __
1



.. . . - _ - -_. - .- . ._ _ . _ . . . ... . . _ _ _ _ _ _ - _ . . . .._

_

TABLE 2.1

Radioactive ticuid Waste Samplina and Analysis Procram

|

!r
!

Lower Limit i

Minimum Type of ofDetgion |3

Sampling Analysis Activity LLO :

Liquid Release Type Frequency Frequency Analysis (pCi/ml) ]

Tanks (psteRelease Principayamma 5.00 x 10-7 f
'

Batch P PA.
Emitters !

Each Batch Each Batch I-131 1.00 x 10-6 |
,

4

P M Dissolved and !
One Batch /M Entrained Gases 1.00 x 10-5 |

(Gamma

Emitters) !

Tritium 1. 00 x 10-5 !
P M

IC}Each Batch Composite Gross Alpha 1.00 x 10-7

Sr-89. Sr-90 5.00 x 10'8'
P 0

Each Batch Composite (c) Fe-55 1.00 x-10-6 !

!<

B. Plant Co nuous Principal mma 5.00 x 10~7
'

Releases (steam Emitters !
~

generator blowdown. !y

1-131 1 00 x 10-6 !; secondary coolant Continuous (d) Composite (d)
; and condensate !

leakage. Turbine ;.

Building sump)
,

;

M M Dissolved and i,

! Grab Sample Entrained Gases 1.00 x 10-5 |
! (Gamma
3 Emitters) ,

Tritium 1.00 x 10-5: g

Continuous (d) Composite (d) Gross Alpha 1.00 x 10~7

Sr-89, Sr-90 5.00 x 10-8 ;0

Continuous (d) Composite (d) Fe-55 1.00 x 10-6 ;

i

k

I

i |
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TABLE 2.1
(Continued)

Table Notation

a. The LLD is defined in Table Notation (a) of Table 4.3 of SR 4.1.

b. A batch release is the discharge of liquid wastes of a discrete

volume. Prior to sampling for analysis, each batch shall be j

isolated and thoroughly mixed to assure representative sampling.

c. A composite sample is one in which the quantity of liquid sampled
is proportional to the quantity of liquid waste discharged and in
which the method of sampling employed results in a specimen which
is representative of the liquids released.

d. 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,

e. 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 during the continuous release

f. The principal gamma emitters for which the LLD requirement applies
exclusively are the following radionuclides: Mn-54, Fe-59. Co-58,

Co-60. 2n-65. Mo-99, Cs-134. Cs-137, Ce-141, and Ce-144. 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 not be reported as being present at the LLD
ievel.
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I
:

?2.2 Method to Calculate Off-Site t.icuid Concentrations
,

The basis for plant procedures that the-plant operator requires to meet :

Control 2.1. which limits the total fraction of MPC (F{NG) in liquid pathways
(excluding noble gases) at the point of discharge (see ODCM Figures 6-1 |

and 6-2) is discussed. F is limited to less than or equal to one. 1.e., !ENG

t
:

C '- -
I

12E ,

i MPCj ;
.

, ,

The total noble gas concentration, CNG, is limited to
2.00 x 10-4 pCi/ml. !

i
i

EvaluationofFfNG
NGand C is required concurrent with the sampling and |

analysis program in Table 2.1 of Control 2.1. If this control is exceeded. |
and operator ACTION cannot be taken to reduce the concentration to within the |

required limit, then shutdown may be required; that is, Controls l.3 and 1.4

apply.

Determine the total f raction of MPC in liquid pathways (excluding noble

gases) as follows:

Ci7 ENG ,g
i "EC i (Eq.2-1)

,

MPC = Maximum permissible concentration of radionuclide "i" except I
$

for dissolved and entrained noble gases (10CFR Part 20.;

Appendix.B. Table 2. Column 2).

Determine the total noble gas concentration:>

|

NG
C = Total activity of all dissolved and entrained noble gases from

all station sources.

Where:

i - C'N + C
0ther

C +C- +Ci i I (Eq.2-2)
:

|
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i

!
!

C - Concentration at the point of discharge of radionuclide "i" |TT
j

except for dissolved and entrained noble gases from the test |
tank. |

4

C ;63 - Concentration at the point of discharge of radionuclide "i"S

except for dissolved and entrained noble gases from steam ;

generator blowdown. !
|

C - Concentration at the point of discharge of radionuclide "i_" |SCCL
5 except for dissolved and entrained noble gases from secondary -|

coolant and coolant leakage pathway. |

C0ther - Concentration at the point of discharge of radionuclide "i" f- j
except for dissolved and entrained noble gases from all other j
significant sources. ;

;

These equations are always applicabla'
e

!
!

r

2.3 Method to Determine Radionuclide Concentration for Each liquid j
Effluent Pathway'

i

i

2.3.1 Test Tank Pathway |

!

Cf is determined for each radionuclide above the analytical LLD from f
the activity in a proportional grab sample of the test tank and the predicted f
flow at the point of discharge.

I

Most periodic batch releases are from the two 7000-gallon capacity test |,

tanks. Whenever a test tank is filled with liquid waste evaporator j
'

distillate, it is isolated for sampling and release. The volume of the tank |

contents is determined from the liquid level in the tank. A chemist extracts !
a sample for radionuclide analysis. Aliquots of the sample proportional to !

l the volume of the tank contents are composited for appropriate radionuclide (
; analyses. The composites contain suitable acids. alkalis. or carriers to |

assure the composite is representative of the sample. Several liters of !

i samples are passed through a strong acid, strong base ion exchange resin.
Soluble ionic and particulate radionuclides are concentrated with nearly ,

100 percent efficiency. The effluent is collected for tritium 'and dissolved !
,

*

4 i

noble gas analyses. Each test tank batch is analyzed for tritium, dissolved ;

noble gases, and dissolved and suspended gamma emitters. Table 2 2 shows
typical quantities of radionuclides released from the test tanks Most of the

:
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,

!

|
P

activity is tritium and Xenon-133. Gamma emitters are usually present near or -f
:below their LLD concentration.
,

2.3.2 Steam Generator Blowdown Pathway ;

i
.

SGB
C is determined for each radionuclide above the analytical LLD fromj

'
the activity in a composite sample of steam generator blowdown flow and the
predicted flow at the point of discharge. ,

f
About one part in five thousand of steam generator blowdown is collected j

for radionuclide analyses. The discharge valve on the blowdown tank cycles |
opens about one minute of every twenty. When the valve is open, a micro .

sampling pump collects water in the tank discharge line. Since the discharge f
4

flow rate is fixed by piping geometry and a constant head in the tank, the
sampling flow rate is proportional to the discharge flow rate.-

|
2.3.3 Secondarv Coolant and Coolant teak 30e Pathway .;

4

SCCLC is determined for each radionuclide above the analytical LLD fromj
the activity in a proportional composite sample from the discharge of the
condensate pumps. The sampling method is similar to that outlined in f

!Section 2.3.2.'
;

)
i

2.3.4 Remainino Pathways i
>

!
C0ther is determined for each of the remaining pathways as follows: |

,

!

Miscellaneous batch releases of potentially contaminated water, i.e.,

draining a laid-up steam generator or rain water collected behind the f
radioactive waste tank dikes, are treated according to Section 2.3.1. |

!

A proportional composite of the Turbine Building floor drains is j

continuously collected. Since the water in this pathway is practically all {
Sherman Pond water (>99 percent) used for cooling purposes, it is unlikely ;

4 that it will ever be a significant effluent pathway.

!

I

i I
!

!
! l

I
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,

|:

e

!

!
'

TABLE 2.2 -i
:

-,

Tvoical Radionuclides Released From Test Tanks |
(Reference Year 1979) i

!
!
-

Average Concentration Control |
Radionuclide Curies in Tanks (Sampled) LLD i

'

Tritium 176 7 x 10-2 1.00 x 10-5 ;
1

Xenon-133 0.2 1 x 10~4 1.00 x 10-5 j
Iodine-131 0.002 1 x 10-6 1.00 x 10-6

| Cesium-134 -137 0.005 2 x 10-6 5.00 x 10-7 f.
All Others 0.003 1.5 x 10-6 5.00 x 10-7 ;

(I-133 Xe-135. (total) i
Co-60. Mn-54) I

|
>

i i
i
'
,

j !

;

!
iJ

!,

I
'

!
4

,

I

1

:
i

j j
!.

}- !
! $

.)'

1 I

| 1

,

1

1

i

a

Revision 's
.

'}

R12\29 2-8

.

J

__ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ _ . _



_ _ . _ - .- _. ._ _ _ . _ - ._ , , _ _ _ . .

.

!
.t

t

2. 4 Backcround Information j
'

The results of the necessary analyses and calculations are conveniently j
summarized on the Radioactive Discharge Permit, j

i |
!

This permit shows the following information: ;
'

i

!

a. The radionuclides in the program library that were analyzed in the |
analysis: i

'l
!

'

b. The analytical LLD for each radionuclide for that particular !
!analysis;

|
C. Whether the radionuclide was present (concentration above !

I
analytical LLD) or absent (concentration below analytical LLD): |

4

I d. Whether all analytical LLDs were less than the control LLD j

(i .e.. as specified by Control 2.1. Table 2.1); j

e. The activity of each radionuclide present in the tank contents: ;

!

i f. The dose in mrem, to a MEMBER OF THE PUBLIC associated with the i
>

.

release as calculated in the ODCM: |
'

The calculated discharge concentration, C\T , in Ci/ml, and theg.

fraction of MPC: ;

e,

i

h. The estimated (generally from the most recent data) unrestricted !

area discharge concentration from steam generator blowdown !

| effluent expressed as pCi/ml and a fraction of MPC taken as !

3.00 x 10'7 Ci/ml; and j

'
i. A mathematical summation of all radionuclides identified above

their analytical LLD. .

C ammajC -131 CSG Blowdown GC -3 C oble Gases INH
F1- + + + + + . . .

3.00 x 10~3 2.00 x 10-4 3.00 x 10-2 3.00 x 10-1 MPCi

b'

*
a
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;
--

i

'i
i

If the summation is less.than an admini.strative limit of 0.80, then the i.
release is allowed. j

-. i
i
>

!

'

-. !

i
b

:

:

!-

,

;

!
"

-t
b

?

*

;

i

I
,

i
(

!
,

b

!
!

1

"
i
?
,

l

|-

i
i

;

!
.

I
:

!

!

i=

1

!
!

i !

I

!

!
-

!
;

!

,

I
i
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3.0 DOSE / DOSE RATE CONTROLS AND CALCULATIONS

3.1 Dose Due to Radioactive Liouid Effluents

Control 3.1 In accordance with Yankee Technical Specification 6.8.5.a.
'

items 4 and 5, 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
,

; i

b. During any calendar year: less than or equal to 3 mrem to the i

total acdy and less than or equal to 10 mrem to any organ. :

'
:i

Applicabilitv !

i<

:

At all times. !

!
~

{ACTION

a

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)

j and defines the corrective actions taken to reduce the. releases r

and tSe proposed corrective actions to be taken to assure that ;

*subsequent releases will be within the above limits.
P

!

b. The provisions of Controls 1.3 and 1.4 are not applicaDie.
i;

Surveillance Recuirement
|

,

SR 3.1 Dose Calculations - Cumulative dose contributions from liquid ;

effluents shall be determined in accordance with the ODCM at least once per i
,

31 days, j
!

I,

|
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:

i
Bases '

Control 3.1 is provided to implement the requirements of Sections II.A.
III.A. and IV.A of Appendix I. 10CFR Part 50. The control implements the ;!
guides set forth in Section II.A. The ACTION statements provide the required |
operating flexibility and at the same time implement the guides set forth in I
Section IV.A of Appendix I to assure that the releases of radioactive j
materials in liquid effluents will be kept as low as is reasonably achievable. |
The surveillance requirement implements the requirements in Section III. A of |
Appendix I that conformance with the guides of Appendix I 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 j
be substantially underestimated. Existing pathways of liquid exposure to i

MEMBER (S) 0F 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", dat L 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 I," 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 I,* April

1977. Also, there is reasonable assurance that the operation of the f acility *

will not result in radionuclide concentrations in finished drinking water that {
are in excess of the requirements of 40CFR141. No drinking water supplies f
from the Deerfield Piver below the plant have been identified. |

'

3.2 Total Dose Due to Radioactive Liouid and Gaseous Effluents>

Control 3.2 In accordance with Yankee Technical Specification 6.8.5.a.10, the

dose or dose commitment to any real MEMBER OF THE PUBLIC from all station
sources is limiteo 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.
,
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ADDlicability

At all times.

ACTION
1

a. With the calculated dose from the release of radioactive materials
in liquid or gaseous effluents exceeding twice the limits of i

Control s 3.1.a . 3.1.b. 3.4.a . 3.4.b. 3.5.a . or 3.5.b. cal cul ations. i

should be made including direct radiation 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 j

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 j

with the above limits. The Special Report, as required by 10CFR j
'

Part 20.405(c). shall include an analysis that estimates the

radiation exposure (dose) to a HEMBER OF THE PUBLIC from station j
sources, including all effluent pathways and direct radiation, for i

the calendar year that includes the release (s) covered by the ;

report. It also shall describe levels of radiation and f
concentrations of radioactive material involved and the cause of j
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 j

accordance with the provisions of 40CFR190. Submittal of the j

report is considered a timely request, and a variance is granted !
until staff action on the request is complete. !

1

!

b. Tne provisions of Controls 1.3 and 1.4 are not applicable. i4

!,

Surveillance Recuirement :
!

ISR 3.? Dose Calculations - Cumulative dose contributions from liquid and

f gaseous effluents shall be determined in accordance with SR 3.1, 3.4, and 3.5 i

and in accordance with the ODCM. i

i
f

I

Revision 8
i ;

R12\29 3-3 !
:

k

!

i

:
'

i

i

-- _ _ _ _ _ _ _ _. .._.. . .
, . . -



- -~ . _ _ - - - - -- - - -. .

i

Bases
t
,

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 i

requires the preparation and submittal of a Special Report whenever the !
calculated doses from plant radioactive effluents exceed twice the design !

j objective doses of Appendix I. For sites containing up to four reactors, it !
'

is highly unlikely that the resultant dose to a MEMBER OF THE PUBLIC will
1 exceed the dose limits of 40CFR Part 190 if the individual reactors remain !

within the reporting requirement level. The Special Report will describe a i

'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

|
'

I 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 i

release conditions resulting in violation of 40CFR Part 190 have not already
;

been corrected), in accordance with the provisions of 40CFR Part 190.11 and i

10CFR Part 20.405c, is considered to be a timely request and fulfills the |
requirements of 40CFR Part 190 until NRC staff action is completed. The

'Ivariance 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. An individual is not

;

i considered a MEMBER OF THE PUBLIC during any period in which he/she is engaged i
Iin carrying out any operation that is part of the nuclear fuel cycle.
ii

3.3 Dose Rate Due to Radioactive Gaseous Effluents
; ;

1

| Control 3.3 In accordance with Yankee Technical Specification 6.8.5.a. |
items 3 and 7, the dose rate due to radioactive materials released in gaseous

effluents from the site to areas at and beyond the SITE BOUNDARY (see

i Figure 1-1) snall be limited to the fo'llowingi |
i

'

a. For noble gases: less than or equal to 500 mrem /yr to the total |
,

body and less than or equal to 3.000 mrem /yr to the skin, and |;
,

D. For Iodine-131, tritium, and radionuclides in particulate forms

with half-lives greater than 8 days: less than or equal to

1,500 mrem /yr to any organ.

!,
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Aoplicability

AL all times.

ACTION

With the dose rate (s) exceeding the above limits, without delay, take

actions to decrease the release rate to within the above limit (s).

Surveillance Recuirements

SR 3.3.1 The dose rate due to noble gases in gaseous effluents shall be

determined to be within the above limits in accordance with the methods and
procedures of the ODCM.

SR 3.3.2 The dose rate due to Iodine-131. tritium, and radionuclides in

particulate form with half-lives greater than 8 days, in gaseous effluents
shall be determined to be within the above limits in accordance with the
methods and procedures of the ODCM by obtaining representative samples and
performing analyses in accordance with the sampling and analysis program
specified in Table 3.1.

Bases

Control 3.3 is provided to ensure that the dose at any time at and
beyond the SITE BOUNDARY from gaseous effluents will be within the annual dose
limits of 10CFR Part 20. The annual dose limits are the doses associated with
the concentrations of 10CFR Part 20. Appendix B. Table II. Column 1. These :

limits provide reasonable assurance that radioactive material discharged in j

gaseous effluents will not result in the exposure of MEMBER (S) 0F THE PUBLIC !

either within or outside the SITE BOUNDARY to annual average concentrations -|
exceeding the limits specified in Appe'ndix B. Table 11 of 10CFR |

. 20.106(b). For MEMBER (S) 0F THE PUBLIC who may at times be within the
SITE BOUNDARY. the occupancy of the individual will be sufficiently low to
compensate for any increase in the atmospheric diffusion factor above that for
the SITE BOUNDARY. The specified release rate limits as determined by the
procedures in the ODCM, restrict, at all times. the corresponding gamma and
beta dose rates above background to a MEMBER OF THE PUBLIC at or beyond the
SITE BOUNDARY to 500 mrem / year to the total body or to 3.000 mrem / year to the . l

skin.
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1

i
l
;

:

Control 3.3.b also restricts at all times comparable with the length of !
the sampling periods of Table 3.1, the corresponding thyroid dose rate above |

background to an inf ant via the cow-milk-inf ant pathway to 1.500 mrem / year for :

the nearest cow to the. plant. ,

t

!
i

e

i

!

!
:

;- !
t

i
'

:

!
l

!

i

i
j

|
!

:
!

! j
i

!
:

.i

.!
;

,

-

:

-!
|

t
,

:

i i
i !

,

1

1

I

i

|

I.

I
;

}

|
'
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TABLE 3.1

Radioactive Gaseous Waste Sampling and Analysis Program

Gaseous Release Type Sampling Minimum Analysis Type of Activity LLD

Frequency Frequency Analysis pC1/ml(a)

A. Waste Gas Surge Drum P P Principal Gamma Emitters (D) 1.00 x 10'4
(one only) Grab Sample

B. Containment PURGE P P Principal Gamma Emitters (D) 1.00 x 10-4
.

Grab Sample (Each PURGE)
I (Each PURGE) Tritium 1.00 x 10-6

.

r

Plant Vent M(c) g(c) Principal Gamma Emitters (b) 1.00 x 10-4
VentStack)gimaryC.

Grab Sample
1.00 x 10 6j Tritium ,

i

Continuous (e) g(d) I-131 1.00 x 10-12
Radiciodine Canister

7,

Continuous (e) g(d) Principal Gamma Emitters (b) 1.00 x 10-11
Particulate 1 131

Continuous (0) M Gross Alpha l'.00 x 10-11
.

Composite
1

Particulate Sample s

le) 0 Sr-89. Sr-90 1.00 x 10-11Continuous
Composite

Particulate Sample

Continuous (*) Noble Gas Noble Gases 1.00.x 10 5 ;

Monitor Gross Beta or Gamma
,

Revision 8
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;

i

i

l;
TABLE 3.1

(Continued)

Table Notation ;

I

NOTE 1 - The ventilation header channels air through the ventilation |
system ~to the plant vent stack. The following ventilation !

!systems discharge directly into the ventilation header-
!

Fuel Storage Area |Auxiliary Building ..

Condenser Air Ejector jRadioactive Waste Building ..

Waste Gas Holdup System |Containment PURGE ..

Discharge |

|
:

The steam generator blowdown vent discharges directly into:the |
plant vent stack. j

i

a. The LLD is defined in Table Notation (a) of Table 4.1 of |

Control 4.1. |
!
1

i
b. The principal gamma emitters for which the LLD control applies j

exclusively are the following radionuclides: Kr-87. Kr-88. |
Xe-133 Xe-133m. Xe-135 and Xe-138 for gaseous emissions and j

Mn-54 Fe-59. Co-58. Co-60 Zn-65. Mo-99. Cs-134. Cs-137. Ce-141. j3

and Ce-144 for particulate emissions. This list does not mean |

that only these radionuclides are to be detected and reported. I{
Other peaks which are measurable and identifiable, together with. {
the above radionuclides, also shall be identified and reported. |
Radionuclides which are below the LLD for the analyses should not {

I be reported as being present at the LLD level for that |

radionuclide. !
!

!

c. Sampling and analysis also shall be performed following a THERMAL
'

POWER change of greater than 15 percent of RATED THERMAL POWER
within one hour. A grab sample for noble gas analysis shall be ;

| taken within 8 hours and analyzed within 24 hours of the THERMAL
POWER change. This requirement does not apply if: (1) the i

analysis shows that the DOSE EQUIVALENT I-131 concentration in the i

primary coolant has not increased more than a factor of 3. and (2) j
the noble gas activity monitor shows that effluent activity has I

not increased more than a factor of 3.
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TABLE 3.1 :

(Continued) ;

Table Notation

d. Samples shall be changed at least once per 7 days, and analyses
;

shall be completed within 48 hours after changing or after removal i

from samplers. Sampling also shall be performed at least once per ;

24 hours for at least 7 days following a THERMAL POWER change of (
greater than 15 percent of RATED THERMAL POWER within one hour |
Samples collected for 24 hours will be analyzed within 48 hours of f
changing, and the corresponding LLDs may be increased by a factor |
of 10. This requirement does not apply if: (1) the analysis j
shows that the DOSE EQUIVALENT I-131 concentration of the primary i

|coolant has not increased more than a factor of 3. and (2) the
,

noble gas activity monitor shows that the effluent activity has ;

not increased more than a factor of 3. !
;

i

e. The ratio of the sample flow rate to the sampled stream flow rate ;

shall be known for the time period covered by each dose or dose
,

rate calculation made in accordance with Controls 3.3, 3.4, and
.;

3.5. .i

!
>,

,

- t,
,

i

,

I

! :
!

'

i t

! !

;-

'
,
,

t

;

a

;
.

I
J l

i

i

? !

! !
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3.4 Dose Due to Noble Gases Released in Radioactive Gaseous Effluents ;

i

Control 3.4 In accordance with Yankee Technical Specification 6.8.5.a. f
items 5 and 8. the air dose due to noble gases released-in gaseous effluents i

from the site to areas at and beyond the SITE BOUNDARY (see Figure 1-1) shall f
De limited to the following: (

!

a. During any calendar quarter: less than or equal to 5 mrad for

gamma radiation and less than or equal to 10 mrad for beta*

radiation, and j

|
:

b. During any calendar year: less than or equal to 10 mrad for gamma |
radiation, and less than or equal to 20 mrad for beta radiation. ;

!1

Acolicability

!

At all times. ;

!
,

ACTION;

f
3. With the calculated air dose from radioactive noble gases in ;

gaseous 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 to be taken to reduce the !
'

releases and the proposed corrective actions to be takcn to assure

that subsequent releases will be within the above limits. J
I'

; b. The provisions of Controls 1.3 and 1.4 are not applicable. I

!,

,

Surveillance Recuirement,

! SR 3.4 Dose Calculations - Cumulative dose contributions for current calendar
quarter and current calendar year shall be determined in accordance with the
ODCM at least once every 31 days.

i

.

a

.
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Bases ,

!

Control 3.4 is provided to implement the requirements of Sections II.B.

III.A. and IV.A of Appendix 1. 10CFR Part 50. The control implements the !

guides set forth in Section II.B. The ACTION statements provide the required |
operating flexibility and at the same time implement the guides set forth in
Section IV.A to assure that the releases of radioactive material in gaseous |
effluents will be kept *as low as is reasonably achievable." The surveillance j

requirement implements the requirements in Section III. A of Appendix I that !

conformance with the guides of Appendix I 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 I

underestimated. The equations specified in the ODCM for calculating the doses
.

due to the actual release rates of radioactive noble gases in gaseous |
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 I.* Revision 1. October 1977, and Regulatory Guide 1.111. * Methods- j
for Estimeting Atmospheric Transport and Dispersion of Gaseous Effluents in |

Routine Releases from Light-Water Cooled Reactors." Revision 1. July 1977. |
The ODCM provides for determining the air doses at the SITE BOUNDARY based

,

upon the historical average atmospheric conditions. |

!

3.5 Dose Due to Iodine-131. Tritium, and Radionuclides in Particulate Form i

With Half-lives Greater than Eioht Davs j
!

Control 3.5 In accordance with Yankee Technical Specification 6.8.5.a.
items 5 and 9. the dose to a MEMBER OF THE PUBLIC from Iodine-131. tritium. |
and radionuclides in particulate form with half-lives greater than 8 days in j
gaseous effluents released from the site to areas at and beyond the SITE |
BOUNDARY (see Figure 1-1) shall be limited to the following: !

a. During any calendar quarter: less than or equal to 7.5 mrem to i

any organ, and !

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

organ.
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,

Applicability

At all times. f
:
}

ACTION !
!

a. With the calculated dose from the release of radiciodines,

radioactive materials in particulate form, or radionuclides other j

than noble gases in gaseous 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 and defines the corrective actions taken to reduce the ;

releases and the proposed corrective actions to be taken to assure

that subsecuent releases will be within the above limits.
,

i

b. The provisions of Controls 1.3 and 1.4 are not applicable. |
i

|
Surveillance Recuirement ;

)

SR 3.5 Dose Calculations - Cumulative dose contributions for the current ,
.

calendar quarter and current calendar year for Iodine-131. 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. |

|
,

Bases 1

Control 3.5 is provided to implement the requirements of Sections II.C. |

III.A. and IV.A of Appendix I. 10CFR Part 50. The control is the guide set ;

forth in Section II.C. The ACTION statements provide the required operating
flexibility and at the same time implement the guides set forth in ,

Section IV. A of Appendix I to assure that the releases of radioactive |
materials in gaseous effluents will be kept "as low as is reasonably j

achievable." The surveillance requirement implements the requirements in |
Section III.A of Appendix I that conformance with the guides of Appendix I be j

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. The equations specified in the

ODCM for calculating the doses due to the actual release rates of the subject

materials were developed using the methodology provided in Regulatory Guide
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i i

I

i| !

{ 1.109. * Calculation of Annual Doses to Man from Routine Releases of Reactor
i Effluents for the Purpose of Evaluating Compliance with 10CFR Part 50
| Appendix I.* Revision 1. October 1977. and Regulatory Guide 1.111 * Methods
a

for Estimating Atmospheric Transport and Dispersion of Gaseous Effluents in#

I Routine Releases from tight-Water Cooled Reactors." Revision 1. July 1977. j

j These equations also provide for determining the actual doses based upon the j
historical average atmospheric conditions. The release rate specifications |,

l for Iodine-131. tritium, and radionuclides in particulate form with half-lives I

greater than eight days are dependent on the existing radionuclide pathways to

! man in areas At and beyond the SITE BOUNDARY. The pathways which were
.

j examined in the development of these specifications were: (1) individual |
{ ir,halation of airborne radionuclides. (2) deposition of radionuclides onto |
! green leafy vegetation with subsequent consumption by man. (3) deposition onto !

grassy areas where milk and meat animals graze with consumption of the milk I

! and meat by man, and (4) deposition on the ground with subsequent exposure of

man.
|

| 3.6 Dose Calculation Concepts

!
Controls 3.1 through 3.5 either limit dose or dose rate. The term j

a

, dose * for ingested or inhaled radioactivity means the dose commitment, j

| measured in mrem. which results from the exposure to radioactive materials !

that, because of uptake and deposition in the body, will continue to expose f
1 the body to radiation for some period of time after the source of !

>

| radioactivity is stopped. The time frame over which the dose commitment is (
,

j evaluated is 50 years. The phrases * annual dose * Or * dose in one year * then j

| refer to the fifty year dose commitment from one year's worth of releases. j
" Dose in a cuarter" similarly means a fifty-year dose commitment from one i;

! quarter's releases. The term " dose." with respect to external exposures. Such |

|
as to ncble gas clouds, refers only to the doses received during the actual !

! time period of exposure to the radioactivity released from the plant. Once |

|f
the source of the radioactivity is removed. there is no longer any additional

,

accumulation to the dose commitment.

|:

| Gaseous effluents from the plant also are controlled such that the !
maximum * dose rates" at the SITE BOUNDARY at any time are limited to j

i 500 mrem /yr to the whole body or 3000 mrem /yr to the skin. The annual dose i

] limits are the doses associated with the concentrations of Appendix B.

Table II. Column 1 of 10CFR Part 20.106(a). The use of the annual dose limits
embodied in 10CFR Part 20 as plant " dose rate * values (to be applied at any ;

: Revision 8
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;

4

|
1
:

time consistent with the capabilities of the monitoring instrumentation)

provides reasonable assurance that radioactive material discharged in gaseous !

effluents will not result in the exposure of MEMBER (S) 0F THE PUBLIC either |
! within or cutside the SITE B0UNDARY to annual average concentrations exceeding |

the federal regulations.

) It also should be noted that a dose rate due to noble gases that exceeds

| for a short time period (less than one hour in duration) the equivalent |
500 mrem / year dose rate limit stated in Control 3.3 does not necessarily by |

! itself constitute a Licensee Event Report (LER) under 10CFR Part 50.73 unless

it is determined that the air concentration of radioactive effluents in
unrestricted areas also has exceeded two times the MPC when averaged over one

.
hour (four-hour notification per 10CFR Part 50.72 and 30-day LER per 10CFR

,

j Part 50.73). |
e i

!-

j The quantities D and are introduced to provide calculable quantities, i

! related to off-site dose or dose rate which demonstrates compliance with the !

controls.;j j
!

The dose. D. is the quantity calculated by the Chapter 3 dose equations. j
i

s The D calculated by " Method I* equations is not necessarily the actual dose '

received by a real individual but usually provides an upper bound for a given |
release because of the conservative margin built into the dose facto-S and the |
selection and definition of the critical receptors. The radioicotope specific !

1 dose factors in each " Method I" dose equation represent the greatest dose to !

any organ of any age group accounting for existing or potential pathways of |
I

; exposure. The critical receptor assumed by " Method I" equations is typically j
'

i a hypothetical individual whose behavior in terms of location and intake

) results in a dose which is expected to be higher than any real individual.
4

Method 11 allows for a more exact dose calculation for real individuals if;

necessary by considering only existing pathways of exposure or actual

] concurrent meteorology with the recorded release.

1

l 6 is the cuantity calculated in the Chapter 3 dose rate equations. It t
I

is calculated using the plant's effluent monitoring system reading and an j*

| annual average or long-term atmospheric dispersion f actor. If plant release !

] rates were such that a equal to the Control 3.3 value were continued for

| one year. the annual dose limits of 10CFR Part 20 would be reached. However,

! since maximum allowed release rates and the resulting dose rates in the range

of the objective limits are very infrequent and are typically of short time'

!
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I

i
!
1

duration, this approach of limiting dose rates ecuivalent to the annual dose ;

limits then assures that 10CFR Part 20.106 limits on an annual average air !

concentration in unrestricted areas will be met.

Each of the methods to calculate dose or dose rate are presented in ;

separate sections of Chapter 3, and are summarized in Table 1.1. Each method j
has two levels of complexity and conservative margin and are called Method I j

and Method II. Method I has the greatest margin and is the simplest; |
generally a linear equation. Method II is a more detailed analysis which |,

allows for use of site-specific f actors and variable parameters .o be selected j

to best fit the actual release. Guidance is provided, but the t ppropriate !

margin and depth of analysis are determined in each instance at the time of |
analysis under Method II. i

i !
i

,

3.7 Method to Calc olate the Total Body Dose f rom Licuid Releases !
'

I
i Control 3.1 limits the total body dose commitment to a MEMBER OF THE |

'

PUBLIC f rom radioactive material in liquid effluents to 1.5 mrem per quarter.'

and 3 mrem per year. Control 6.1 requires liquid radioactive waste treatment f,

when the total body dose estimate exceeds 0.06 mrem in any 31-day period. :.

Control 3.2 limits the total body dose commitment to any real MEMBER OF THE ;

I PUBLIC from all station sources (including liquids) to 25 mrem in a year. I

J Dose evaluation is required at least once per 31 days. If the liquid :
e

radioactive waste treatment system is not being used, dose evaluation is |;

' required before each release.
.

Use Method I first to calculate the maximum total body dose from a ;

j liquid release from the plant.

,

Use Method II if a more accurate calculation of total body dose is

! needed (i.e.. Method I indicates the dose is greater than the limit), or if ;

Method I cannot be applied.'

:
,

To evaluate total body dose for Control 6.1 add the total body dose from,

I today's expected releases to the total body dose accumulated for the time !

period of interest.

; i
'

!

!
,

|
'
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:

3.7.1 Method I j
r

i
The total body dose' from a liquid release is: )

i

|

Dtb -KEQi DFlitb**
1 (Eq. 3-1)

f

Where: |:

i
|

DFlitb - Site-specific total body dose factor (mrem /Ci).for liquid !
release. See Table 1.7. - !

!
0 - Total activity (Curies) released to liquids of radionuclide "i"

5
during the period of interest. For i - Fe-55, Sr-89, Sr-90, or
H-3, use the best estimates (such as the most recent - !

measurements). |
;

i K - 366/F : where F is the average (typically monthly average) [d d
l di}ution flow of the Deerfield River below Sherman Dam (in |
l'

ft /sec). If Fd cannot be obtained or Fd is greater than 366.- '

K can be assumed to equal 1.0. The value, 366, is the ten-year
minimum monthly average Deerfield River flow rate below Sherman ;

3Dam (in ft /sec). i

Equation 3-1 can be applied under the following conditions (otherwise, ' !
>

justify Method I or consider Method.11): *

|

a. Liquid releases to the circulating water pathway to Sherman

Reservoir or to the west storm drain pathway to the Deerfield )
River, !

)

b. Any continuous or batch release over Pny time period.

3.7.2 Method 11

If Method I cannot be applied or if the Method I dose exceeds the limit
'

or if a more exact calculation is required, then Method 11 should be applied.

Method 11 consists of the models, input data and assumptions in Regulatory
Guide 1.109. Rev.1 (Reference A), except where site-specific models, data, or

assumptions are more applicable. The base case analysis is a good example of
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the use of Method II. It is an acceptable starting point for a Method II

analysis.

3.7.3 Basis for Method I

This section serves three purposes: (1) to document that Method I
complies with appropriate NRC regulations. (2) to provide background and
training information to Method I users, and (3) to provide an introductory

user's guide to Method II.

Method I 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 design
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 II
A. Control 6.1 is an " appropriate fraction", determined by the NRC, of the

ALARA design control. Control 3.2 is Dased on Environmental Standards for the
Uranium Fuel Cycle in 40CFR Part 190 (hereafter called the Standard) which
applies to direct radiation as well as liquid and gaseous effluents. Method I
applies only to the liquid contribution.

Exceeding the design objective or the Standard does not immediately
limit plant operation, but requires a report to the NRC within 30 days. In
addition, a waiver may he required. This is unlike exceeding 10CFR Part 20
11 aits which could result in plant shutdown.

Method I was developed such that "the actual exposure of an
individual ... is unlikely to be substantially underestimated (10CFR Part 50

Appendix I). The definition of a single " critical receptor" (a hypothetical

individual whose behavior results in an unrealistically high dose) provides

part of the conservative margin to the calculation of total body dose in

Method I. Method II allows that actual individuals with real behaviors be
taken into account fcr any given release. In fact. Method I was based on a
Method II analysis for the critical receptor and annual average conditions

instead of any real individual. 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.

The steps performed in the Method I derivation follow. First, in the

base case, the dose impact to the critical receptor (in the form of dose
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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
paramaters 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 f arm 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. The model is conservative because no real individual is likely to have

that critical combination of exposures. A real individual would have only one
3or two pathways of exposure. A plant discharge flow rate of 308 ft /sec was

used with a mixing ratio of 0.84.

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

ADitb - (0 ) (DFlitb)5

fwhere DFl is the total body dose factor for radionuclide "i", and 05 is the
itb

activity of radionuclide "i" released in Curies.

Method I is more conservative than Method II because it is based on the
following reduction of the base case. The dose factors, DFlitb, used in
Method I 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.

I
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i

!
.

TABLE 3.3 |
|

Ace-Specific Usace Factors for Various tiouid Pathways at Yankee Rowe f,

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

|

Leafy Potable !

Age Veg. Veg. Milk Meat Fish Invert. Water Shoreline |
Group (kg/yr) (kg/yr) (1/yr) (kg/yr) (kg/yr) (kg /yr) (1/yr) (hr/yr) !

!

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 j

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 ;

f
I
i

!

4
,

!
i

,

-

.

5 !
i

-

1

i
,

|

;

l

i

.

|

1 i

|
'

:

i I
|.,

! |
|

!

|:

|
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I

'

.t

3.8 Method to Calculate Maximum Orcan Dose from tiouid Releases ;

f
Control 3.1 limits the maximum organ dose commitment to a MEMBER OF THE |

PUBLIC from radioactive material in liquid effluents to 5 mrem per quarter and |1

1 10 mrem per year. Control 6.1 requires liquid radioactive waste treatment !
j when the maximum organ dose estimate exceeds 0.2 mrem in any 31-day period. !

I Control 3.2 limits the maximum organ dose commitment to any real MEMBER OF THE ,

i i

PUBLIC from all station sources (including liquids) to 25 mrem in a year j
except for the thyroid, which is limited to 75 mrem in a year. Dose j,

evaluation is required at least once per 31 days. If the Liquid Radioactive j
'

Waste Treatment System is not being used, dose evaluation is required before ;

aach release.-

||

Use Method I first to calculate the maximum organ dose from a liquid f
release from the plant. i

!

Use Method II if a more accurate calculation of organ dose is needed
3 (i.e., Method I indicates the dose is greater than the limit), or if Method I

.
cannot be applied.

\
'

To evaluate the maximum organ dose for Control 6.1, add the organ dose
8 from the expected releases to the organ dose accumulated for the time period |

of interest. !

!

3.8.1 Method I |
1.4

!

j The maximum organ dose from a liquid release is:

'

i

organ - K E Q i DFl mo Ii(mrem) ' (Eq. 3-2).

!

i Where: ,

j.
' ',

| DFl "

imo
Site-specific maximum organ dose factor (mrem /Ci) for a liquid

"

release. See Table 1.7.

0 - Total activity (Curies) released to liquids of radionuclide "i"'

3
during the period of interest. For i - Fe-55. Sr-89. Sr-90. or
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-

.

H-3. use the best estimates (such as the most recent
!measurements).

K - 366/F : where F is the average (typically monthly average)
d d

di}utionflowof the Deerfield River below Sherman Dam (in
i

ft /sec). If F cannot be obtained or F is greater than 366, |d d
K can be assumed to equal 1.0. The value, 366, is the ten-year ;

minimum mogthly average Deerfield River flow rate below Sherman
Dam (in ft /sec).

,

,

Equation 3-2 can be applied under the following conditions (otherwise. |
justify Method I or consider Method II): !

|

a. Liquid releases to the circulating water pathway to

Sherman Reservoir or to the west storm drain pathway to the

Deerfield River,
4 i

'
i

b. Any continuous or batch release over any time period.j

3.8.2 Method II ,

i
If Method I cannot be applied, or if the Method I dose exceeds the j

limit, or if a more exact calculation is required, then Method II should be !

applied. Method II consists of the models, input data, and assumptions in4

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 j
good example of the use of Method II. It is an acceptable starting point for !

a Method II analysis.

u

I

3.8.3 Basis for Method 1 >

,

d

This section serves three purposes: (1) to document that Method I
complies with appropriate NRC regulations. (2) to provide background and i

training information to Method I users, and (3) to provide an introductory
'

.
user's guide to Method II. The methods to calculate the maximum organ dose

) parallel the total body dose methods (see Section 3.7.3). Only the
I differences are presented here.

,

|

For any liquid release during any period, the increment in annual ;

average dose from radionuclide *i" to the maximum organ is: }

b*

Revision B
'

f

R12\29 3-22 - *

:

'
.

i4



- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

_

ADimo - (0 ) (DFlimo)4

where DFl is the maximum organ dose factor for radionuclide "i". and 03 isimo
the activity of radionuclide "i" released in Curies.

The dose factors, DFLimo, used in Method I were chosen from the base
case to be the highest of the set of seven organs and four age groups for each

radionuclide. This means that the maximum effect of each radionuclide is
conservatively represented by its own critical age group and critical organ.

3.9 Method to Calculate the Total Bodv Dose Rate from Noble Gases 1

Control 3.3 limits the dose rate at any time to the total body from i

noble gas at any location at or beyond the SITE BOUNDARY equal to or less than
500 mrem / year. By limiting the maximum 6 to a rate equivalent to no more

tb
than 500 mrem / year, assurance is provided that the total body dose-accrued in
any one year by- any member of the general public will be less than 500 mrem in

I accordance with the annual dose limits of 10CFR Part 20 to unrestricted areas.

Use Method I first to calculate the total body dose rate from the peak

release rate via the plant vent stack. Method I applies at all release rates.

Use Method II if Method I predicts a dose rate greater than the limit

(i .e., use of actual meteorology over the period of interest) to determine if,

in fact, Control 3.3 had actually been exceeded during a short time interval.

Compliance with the dose rate limits for noble gases is continuously
| demonstrated when effluent 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 which corresponds to the off-site dose rate limit
of Control 3.3 or a value below it.

Determinitions of dose rates for com,71iance with Control 3.3 are

performed when the effluent monitor alarm sttpoint is exceeded, and the
corrective action required by Control 3.3 is unsuccessful, or as required by

the ACTION to Table 5.3 when the stack noble gas monitor is inoperable.
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;

t

i
;

3.9.1 Method I -!
-|.

!

The total body dose rate due to noble gases can be determined as
Ifoll ows -
i

: -|
If rem' Ib tb = 7.83 E oj DFBt

'

|
yr i (Eq. 3-3)( >

1
1

h

i

Where: !
!

d - The release rate from the plant vent stack (pCi/sec) ofj
radionuclide "i" in the case of noble gases. The release rate at
the plant vent stack is based on the measured radionuclide

,

distribution in the off-gas during plant operation and the [

recorded total gas effluent count rate from the stack noble gas I

activity monitor. The release rate at the stack also can be.,

stated in the following equation: i

!
*

1
'r 3

0 - (d ) (M) 1_ (F) (Eq. 3-10) fi
S Ig>e -

I i

pCi 'I1 N{ } (Cpm)=

sec, cpm , sec, ;g

j Where: i

:
! i

'

Plant vent stack monitor count rate (cpm).M =

Appropriate plant vent stack monitor detector counting efficiency ;; S -

g
(cpm /(pCi/cc)). |

i
'

;

Plant vent stack flow rate (cc/sec). |F =

i-

Fraction of the release which is radionuclide "i". This fraction. |i d -j
can be based on the last measured value of radionuclide "i" with |
respect to the total noble gas activity released at the plant t

vent stack. It also can be based on the fraction of radionuclide
"i" in the primary coolant with respect to the total noble gas i

primary coolant activity. f
i
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!

!<

'
,

I DFBj - Total body dose factor. See Table 1.2. j
!

'

|

During periods (beyond the first two days) when the plant is shutdown f
j and no radioactivity release rates can be measured at the plant vent stack, j

Xe-133 may be used as the referenced radionuclide to determine off-site dose -i ,

| rate and monitor setpoints. Alternately, a relative radionuclide "i" mix |
>fraction (f ) may be taken from Table 5.6 as a function of time after<

$

fin Equation 3-10 above to determineshutdown, and substituted in place of dj
,

the relative fraction of each noble gas potentially available for release to ;

the total. Just prior to plant startup, the monitor alarm setpoints should be |

based on Xe-138 as representing the most prevalent high dose factor noble gas j

expected to be present shortly after the plant returns to power. Monitor i
j

alarm setpoints which have been determined to be conservative under any plant
conditions may be utilized at any time in lieu of the above assumptions. j

I
; Equation 3-3 can be applied under the following conditions (otherwise,

justify Method I or consider Method II): ,

i

f
a. Normal operations (not emergency event), [

|
b. Noble gas releases via the plant vent stack to the atmosphere. 3'

,

I

3.9.2 Method II i

!
! If Method I cannot be applied, or if the Method I dose exceeds the |

limit, or if a more exact calculation is required, then Method 11 may be |;

; applied. Method 11 consists of the models, input data, and assumptions in |

Regulatory Guide 1.109. Revision 1 (Reference A), except where site-specific !
,

2
' models, data, or assumptions are more applicable. The base case analysis is a |

k
| good example of the use of Method II. It is an acceptable starting point for

|8

a Method II analysis, p

)4

!
.3.9.3 Basis for Method I 1

'

! !
! This section serves four purposes: (1) to document that Method I !

complies with appropriate NRC regulations, (2) to define the word " rate * as '

used in the control, (3) to provide background and training information to

Method I users, and (4) to provide an introductory user's guide to Method II.

1

1
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'

!

.

Method I may be used to show that the Control 3.3 limit for the total
.

I

body dose rate from noble gases released to the atmosphere has been met for j

the peak noble gas release rate. }
,

!
Control 3.3 ensures "... that the doses ... at and beyond the SITE |

BOUNDARY from gaseous effluents ... will be within the annual dose limits ... j
associated with the concentrations of 10CFR Part 20.' Appendix B. Table II. |

Column 1." The maximum permissible concentrations for air in unrestricted !
areas called MPCura . cannot be exceeded if this control is met. Hence, the |a

requirements of 10CFR Part 20.106(d) are met. Because the plant has never
approached even a small fraction of MPCura limits. Control 3.3 was given a

a ,

greater conservative margin by the NRC. It additionally restricts release j

rate monitor readings to the level at which the plant could' operate }
continuously and not exceed the annual dose limit. The annual total body dose _ |,

4 limit is 500 mrem (from NBS Handbook 69. Reference G. Page 6), which is the |
jbasis for the MPCura limits.

a

|

Exceeding the annual average total body dose rate could result in plant !

shutdown. especially if the operators cannot take ACTION to reduce the peak f
a release rate. ,I

. b,|<

Method I was derived from Regulatory Guide 1.109 as follows: I

4
a ,

D T - (3.17 x 10*4) (X/0) (S ) E 0 j DFB"
:

F
i i !

!

The equation was derived by combining Equations B-4 and B-5 from Regulatory ;

Guide 1.109. assuming X/0 - X/0 for noble gases, and some simplification in |' D
'

T [X/0]T [X/03 and that/-Dthe notation. Assuming that Dfinite
Dtb - Dfinite 0 (pCi/sec) 31.54/0 (Ci/yr), we get:

6tb (mrem /yr) - (1.00 x 10+6) (S ) [X/0]T E 0 DFBF 1 i
i

i

i

!

Substituting: (
:

1.00 (shielding factor).S -
p

1

i i
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___

,

_

t

s

Long-term average gamma dilution factor.[X/0]Y -

*

7.83 x 10-6 (sec/m ), j3
-

i

Release rate of noble gas *i" (pCi/sec). {6 -

9

Gives:
!
i
!

btb (mrem /yr) - 7.83 E 0j DFBj
1 (Eq. 3-3) [

!

is already based onMethod II cannot provide much extra realism because tb
several f actors which make use of current plant parameters. However, should j

it be needed, the dose rate analysis for the critical receptor can be- {
performed making use of current meteorology during the time interval of the !

recorded peak release rate in place of the default atmospheric dispersion j

factor used in Method I. ;

I

3.10 Method to Calculate the Skin Dose Rate from Noble Gases

Control 3.3 limits the dose rate to the skin from noble gases at any j

location at or beyond the SITE BOUNDARY to 3,000 mrem / year. |

!
i

to a rate equivalent to no more than |By limiting the maximum Dsk
3.000 mrem / year, assurance is provided that the skin dose accrued in any one !

year by any member of the general public is much less than 3,000 mrem. ;

,
,

Use Method I first to calculate the skin dose rate from the peak release
rate via the plant vent stack. Method I applies at all release rates. ,

!
Use Method II if Method I predicts a dose rate greater than the control j

limits (i .e.. use of actual meteorology over the period of interest) to [
]

determine if, in f act. Control 3.3 had actually been exceeded during a short |

time interval. f
'l

i

Compliance with the dose rate limits for noble gases is continuously j

demonstrated when effluent release rates are below the plant vent stack noble !

gas activity monitor alarm setpoint by virtue of the fact that the alarm
>

:
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!
-

-

1

I
!

setpoint is based on a value which corresponds to the off-site dose rate limit .!
E

or a value below it. !

!
:
IDeterminations of dose rate for compliance with Control 3.3 are

performed when the effluent monitor alarm setpoint is exceeded, and the i

corrective ACTION required by Control 3.3 is unsuccessful, or s required by j
the notations to Table 5.3 of Control 5.2 when the stack noble gas monitor is j

inoperable.
!

3.10.1 Method I !
:
>

I

The skin dose rate due to noble gases is: |
|

!

Dskin (mrem /yr) - ? Oj DF$ j,

1 (Eq. 3-4) {
I.

J !

Where: ,

.?,

1 ;

d - The release rate from the plant vent stack (pCi/sec) of {j
radionuclide *i" in the case of noble gases. The release rate at j

l the plant vent stack is-based on the measured radionuclide {
distribution in the off-gas during plant operation and the !

j recorded total gas effluent count rate from the stack noble gas i
activity monitor. The release rate at the stack also can be :

stated in the following equation: !'

i

!e 3

0 - (d ) (M) 1 (F) !i
f9)

j ' Ci ' pCi/cc'f cc ' {= ( ) (cpm)
,sec , cpm sec, ;,

, ,

s

| i

|, Where:
+

M - Plant vent Stack monitor count rate (cpm).
,

u. |

S - Appropriate plant vent stack monitor detector counting efficiency I
"

7
j

~

(cpm /( Ci/cc)). |

|

I F - Plant vent stack flow rate (cc/sec). j

l
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!

,
- i

,

d - Fraction of the release which is radionuclide "i". This fraction |j
can be based on the last measured value of radionuclide "i" with ;

respect to the total noble gas activity released at the plant vent !

stack. It also can be based on the fraction of radionuclide "i" !

in the primary coolant with respect to the total noble gas primary j
coolant activit;.. !

!.

DF
5

;-

Skin dose factor. See Table 1.2. I

!
!
!

During periods (beyond the first two days) when the plant is shutdown j
and no radioactivity release rates can be measured at the plant vent stack. ;

Xe-133 may be used as the referenced radionuclide to determine off-site dose- |
rate and monitor setpoints. Alternately, a relative radionuclide "i" mix |
fraction (f ) may be taken from Table 5.6 as a function of time after. |j

in Equation 3-10 to determine the !shutdown, and substituted in place of dj
relative fraction of each noble gas potentially available for release to the ;

,

total. Just prior to plant startup, the monitor alarm setpoints should be {"

based on Xe-138 as representing the most prevalent high dose factor noble gas*

expected to be present shortly af ter the plant returns to power. Monitor
alarm setpoints which have been determined to be conservative under any plant j'

'conditions may be utilized at any time in lieu of the above assumptions.
i*

i

j Equation 3-4 can be applied under the following conditions (otherwise. ;

justify Method I or consider Method II): |

|
;'

a. Normal operations (not emergency esent).
,

!
J.

b. Noble gas releases via the plant vent stack to the atmosphere.

i
3.10.2 Method II<

|

4 If Method I cannot be applied, or if the Method I dose exceeds the -

limit. or if a more exact calculation is required, then Method 11 may be
a

applied. Method 11 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 II. It is an acceptable starting point for

a Method II analysis.

;
,
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-3.10.3 Basis for Method I

This section serves four purposes: (1) to document that Method I- |

complies with v)ropriate NRC regulations, (2) to define the word " rate" as |
used in the control, (3) to provide background and training information to !

! Method I users, and (4) to provide an introductory user's guide to Method II. ,

The methods to calculate the skin dose rate parallel the total body dose rate i

methods in Section 3.9.3. Only the differences are presented here.

!

Method I may be used to show that Control 3.3 which limits skin dose i
'

rate from noble gases released to the atmosphere has been met for the peak

noble gas release rate. {
!

The annual skin dose limit is 3,000 mrem (from NBS Handbook 69.

Refer ence G, Pages 5 and 6. is 30 rem /10), which is the basis for the MPCura , ia

:

Method I was derived from Regulatory Guide 1.109 as follows:

S - (3.17 x 10*4) [(X/0) (1.11) (S ) E Oj DF} + (X/0) E Oj DFSj]D F.

i i .

1;
?

"

' t

The equation was derived by cone ning Equations B-4, B-5. and B-7 from (
DRegulatory Guide 1.109. assuming that X/0 - X/0 for noble gases, and making |

T [X/0]T [X/0) and isome simplifications in notation. Assuming that 0[inite -D /

that 6 Ds (pCi/sec) 31.54/0 (Ci/yr) yields: ;-

skin
I

,

bskin (mrem /yr) - (1.11) (S p) (1.00 x 10+6) [X/0]7 E 0 DF}1
; i

>.

+ (1.00 x 10*D) (X/0) E Oj DFSj !

i !

!

:

Where:
,

|
'

,

7.83 x 10-6 sec/m ,3[X/0]T -4

2.39 x 10-5 sec/m |3X/0 -

i
I

!
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.

S - 1.00 (shielding factor).p ,

.1

1
'

Substituting gives:
-

i

'

bskin (mrem /yr) - 8.69 E dj DF} +E Oj DFSj 23.9 x 10+1
i i i

!

= {: Q [8.69 DF} + 23.9 DFS j] !i
1 !

i

Define: . ,

T

|
,

= 8.69 DF} + 23.9 DF5j |DF

i
,

;

Then: ;

f
,

Dskin (mrem /yr) - { Dj DF I
1 (Eq. 3-4)

i

3.11 Method to Calculate the Critical Oroan Dose Rate from lodine-131, i

Tritium, and Particulates with Half-Lives Greater Than Eicht Days
i

Control 3.3 limits the dose rate to any organ from I-131. H-3. and |
radionuclides in particulate form with half-lives greater than eight days to j
1.500 mrem / year to any organ. ;

)
The peak release rate averaging time in the case of iodines and ;

particulates is commensurate with the time the iodine and particulate samplers- |
are in service between changeouts (typically a week). By. limiting the maximum f
6 to a rate equivalent to no more than 1.500 mrem / year, assurance is =|co
provided that the critical organ dose accrued in any one year by any member of ;

the general public will be less than 1.500 mrem. |4

f

|
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I
1

Use Method I first to calculate the critical organ dose rate from the 1

peak release rate via the plant vent stack. Method I applies at all release I

rates. '

I

Use Method II if Method I predicts a dose rate greater than the control
limits (i.e.. use of actual meteorology over the period of interest) to !
determine if, in fact. Control 3.3 had actually been exceeded during the I

sampling period.

3.11.1 Method I
,

The critical organ dose rate can be determined as follows:

'

bco " ? D DFGicoi (Eq. 3-5)
1 ;

!

' mrem '
,

'pCi ' ' mrem-sec ' j

yr (sec, C i -y r ,
t ,

'
Where:

Stack activity release rate determination of radionuclide !
~

dj -

"i"{ iodine, tritium, and particulates with half-lives ;

greater than eight days) in pCi/sec. For i - Sr-89, Sr-90, |
or H-3, use the best estimates (such as most recent !

'
measurements).

mrem-sec'
DFG'1 co Site-specific critical organ dose rate factor- -

C i -y r
,

for a gaseous release. See Table 1.8. :

Equation 3-5 can be applied under the following conditions (otherwise. i

justify Method I or consider Method II): i
,

|-
a. Normal operations (not emergency event), {

!

b. Tritium, iodine, and particulate releases via the plant vent stack

to the atmosphere.
,

I
i

;
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l
.

!
I

l

As an alternative to performing Method I calculations, compliance with !
the critical organ dose rate limit of 1,500 mrem / year. in Control 3.3.b can be i

shown-by'two methods. They are a comparison of the measured 1-131 release |
rate to determine if it is at or below an inspection limit of 0.0125 pCi/sec. |
or a concentration limit in the plant vent stack equivalent to: j

i

C I-131 ( Ci/cc) - (2.65 x 10-5)/F (cfm) fPVS

!

!

Where:
,

i

F - average plant vent stack flow rate measured during the sampling
'

interval. i,

!
'

This results from the f act that I-131 is the controlling radionuclide with
i

respect to any critical organ' dose, and the selected inspection limits I

represent approximately ten percent of the 1.500 mrem / year dose rate limit. [
Measured values greater than the inspection limits should be evaluated by.

7

i Equation 3-5 or a Method II assessment. |
4 -f
i 3.11.2 Method II

!
i

If Method I cannot be applied, or.if the Method I dose exceeds the ;

control limit, or if a more exact calculation is required, then Method II may;

; be applied. Method II consists of the models, input data, and assumptions in ,

'
1 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 II. It is an acceptable starting point for f
a Method II analysis. |

! i

!

3.11.3 Basis for Method I ;
'

;

i

This section serves four purposes: (1) to document that Method I I;

i complies with appropriate NRC regulations. (2) to define the word " rate" as |

||
used in the control. (3) to provide background and training information to'

Method I users, and (4) to provide an introductory user's guide.to Method II.
| .The methods to calculate the critical organ dose rate parallel the total body [

dose rate methods in Section 3.9.3. Only the differences are presented here. I

i i
:<

Method I may be used to show that Control 3.3.b which limits organ dose ,

rate from Iodine-131. tritium, and radionuclides in particulate form with j
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-

.

!
i

!

half-lives greater than eight days released to the atmosphere has been met for ;

the peak Iodine-131. tritium, and particulate release rates. {
!

The equation for 6 is derived by modifying Equation 3-8 from !co
Section 3.14 as follows

|"

.

Dco - E 01 DFG co (Eq. 3-8) !i
i |

|

fCi' ' mrem' l(mrem) -
yr Ci

Applying the cohvetslon ftctor. 31.54 (Ci-set /pti-yr), and converting 0 to 6 j
in C1/sec yields: |

1
, i

d o - 31.54 E Q DFG co ic i i
i ;

(

mrem ' 'Ci-sec ' ' Ci ' ' mrem ' jf
>

yr , pCi-yr, sec, Ci {,

i
i
i

!. !
i

Equation 3-5 is rewritten in the form. ;

i

i

I
*

,

Oco - E O DFGico k
' i

1

'
-

,

Where: .

4

:4

DFGico - (DFG j co) (31.54) j

!
' mrem-s e c ' ' mrem'#Ci-sec ' |

, pC i -y r Ci , pC i -y r
|, j

1 !

:
'

:
.

Should Method 11 be needed, the analysis for critical receptor critical

pathway (s), and the annual average dispersion coefficients may be performed i

with actual meteorology and latest land use census data to ioentify the
location of those pathways which are most impacted by these' types of releases. !

!
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t

!

3.12 Method to Calculate the Gamma Air Dose from Noble Gases j

!
'

Control 3.4 limits the gamma dose to air from noble gases at any f
location 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. i

!

Use Method I first to calculate the gamma air dose for the plant vent

stack releases during the period. Method I applies at all dose levels. |
|
,

Use Method II if a more accurate calculation is needed, or if Method I {
!

cannot be applied. ,

t

{3.12.1 Method I
,

The gamma air dose from-plant vent stack releases is: ,

2

- ?

ir(mrad) - 0.25 E Oj DF} !D
1 (Eq. 3-6) ;

i
?

1

fWhere:

i

0 - Total activity (Curies) released to the atmosphere via the plant
$

vent stack of each radionuclide "i" during the period of interest. ;

) |

| D F"3I - Gamma dose factor to air for radionuclide "i". See Table 1.2. ;

i !

l
,

Equation .3-6 can be applied under the following conditions (otherwise, *

i justify Method I or consider Method 11): ,

!
; a, Normal operations (not emergency event).

'

I
; b. Noble gas releases via the plant vent stack to the atmosphere.

I
3.12.1.1 Ground Level Releases !

*

For ground level releases, the gamma air dose is: !

-

.
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!

;

:

grd (mrad) - (1.23 x 10-4) (0 e-133 equivalent)D X (Eq. 3-6.1)
i

,

!

Where: ;
i

01

TkIk 133" 0 kentofallthenoblegasesintherelease(Curies) and
,

is based on the dose conversion factors (DF[) as listed in Table 1.2
'

of the ODCM.
i,

3.12.2 Method II

|
'

If Method I cannot be applied, or if the Method I dose exceeds the !

limit, or if a more exact calculation is required, then Method II may be !
'

applied. Method II 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 II. It is an acceptable starting point for

a Method II analysis. ,

i

3.12.3 Basis for Method I

I This section serves three purposes: (1) to document that Method I I

complies with appropriate NRC regulations. (2) to provide background and
training information to Method I users, and (3) to provide an introductory

user's guide to Method II.

Method I may be used to show that Control 3.4 which limits the off-site
3

gamma air dose from gaseous effluents, has been met for releases over
appropriate periods. Control 3.4 is based on 10CFR Part 50, Appendix I,

Subsection B.1. which limits the estimated annual gamma air dose at

unrestricted area locations. Exceeding the annual gamma air dose at
unrestricted area locations does not immediately limit plant operation, but

requires a report to the NRC within 30 days.

For any noble gas release in any period, the dose is taken from
Equations B-4 and B-5 of Regulatory Guide 1.109 with the added assumption that;

DJini te - D [X/0F/[X/0h1

!
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<

3>
D . (mrad) - 3.17 x 10+4

pCi-yr '
[X/0]7 (sec/m ) E Qi (Ci) DFY 3 7 mrad-m

air C1-sec i pCi-yr
j g j

Where:

[X/0]7 - Long-term average gamma dilution factor.

3- 7.83 x 10-6 (sec/m ),

0 - Number of Curies of noble gas "i" released.
$

Which leads to:

D}$p (mrad) = 0.25 E Oj DF}
i (Eq. 3-6)~

The main difference between Method I and Method II is that Method II
would allow the use of actual meteorology to determine [X/0]Y rather than use
the maximum long-term average value obtained for the time period from January
1981 through December 1985.

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

3[X/0]7 - 1.10 x 10-5 sec/m , which is the long-term average j
ground level [X/0]T based on the time period from
May 1977 through April 1982.

0
Xe-133 equivalent {heXe-133equivalentofallthenoblegasesinthe

equivalent release (Curies).

< 3

mrad m
DF} = DFje-133 - 3.53 x 10-4 obtained from Table 1.2 to account-

for the release being expressed in terms of the Xe-133 equivalent.
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|
Substituting the above into the Regulatory Guide l'.109 general equation |

gives: )
.

rd (mrad) - (1.23 x 10-4) (0Xe-133 equivalent) (Eq. 3-6.1)D

|
|

3.13 Method to Calculate the Beta Air Dose from Noble Gases '|

Control 3.4 limits the beta dose to air from noble gases at any location

at or beyond the SITE BOUNDARY to 10 mrad in any quarter and 20 mrad in any ;

year. Dose evaluation is required at least once per 31 days. |
i
.

L6 e Method I first to calculate the beta air dose for the plant vent !
stack releases during the period. Method I applies at all dose levels. f

|

Use Method II if a more accurate calculation is needed, or if Method I

cannot be applied. I

"

|

3.13.1 Method I |

II
i:

The beta air dose from plant vent stack releases is: I

4

!

| Of j p (mrad) - 0.76 E O i DF
1 (Eq.- 3-7) .

!
,

!

!

Where:
I
!

DFf-Betadosetactortoairforradionuclide"i". See Table 1.2. |
1

0 = Total activity (Curies) released tc the atmosphere via the plant |$
vent stack of each radionuclide "i" during the period of interest. {

i

|

Equation 3-7 can be applied under the following conditions (otherwise, |
justify Method I or consider Metnod II): |

!

a. Normal operations (not emergency event). [
!

!
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4

b. Noble gas releases via the plant 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. Equation 3-7 results in doses that are approximately ten

percent more conservative than calculating releases using ground level j

methodology.

3.13.2 Method II

If Method I cannot be applied, or if the Method I dose exceeds the l

limit, or if a more exact calculation is required, then Method 11 may be I

applied. Method 11 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 II. It is an acceptable starting point for

a Method 11 analysis.

3.13.3 Basis for Method I

This section serves three purposes: (1) to document that Method I
complies with appropriate NRC regulations, (2) to provide background and
training information to Method I users, and (3) to provide an introductory

user's guide to Method II. The methods to calculate the beta air dose

parallel the gamma air dose methode in Section 3.12.3. Only the differences

are presented here.

Method I may be used to show that Control 3.4, which limits the off-site

beta air dose from gaseous effluents, has been met for releases over

appropriate periods. Control 3.4 is based on 10CFR Part 50. Appendix I,

Subsection B.1, which limits the estimated annual beta air dose at

unrestricted area locations. Exceeding the estimated annual beta air dose at

unrestricted area locations does not immediately limit plant operation, but

requires a report to the NRC within 30 days

For any noble gas release in any period, the dose is taken from

Equations B-4 and B-5 of Regulatory Guide 1.109:
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i

|
?

'

Dfir (mrad) = (3.17 x 10*4) [X/0] ? Oj DFf - |
,

1 .!
>

l

i

i

Substituting: !

!
.

3X/0 - 2.39 x 10-5 sec/m |
|
:
:

We have: e

!

DFfDf jp (mrad) = 0.76 { 0 i
(Eq. 3-7). :1

!

I

i
3.14 Method to Calculate the Critical Orcan Dose from Tritium. Ioaines, and j

Particulates f

Control 3.5 limits the critical organ dose to a MEMBER OF THE PUBLIC

from radioactive tritium. Iodine-131. and particulates with half-lives greater j*

than eight days in gaseous effluents to 7.5 mrem per quarter and 15 mrem per |
year. Control 3.2 limits the total body and organ. dose to any real' MEMBER OF $

THE PUBLIC from all station sources (including gaseous effluents) to 25 mrem i

in a year except for the thyroid, which is limited to 75 mrem in a year, j

{
Use Method I first to calculate the critical organ dose from a vent |.

stack release as it is simpler to execute and more conservative than |;

i Method II. .. |
|<

1 Use Method II if a more accurate calculation of critical organ dose is

needed (i.e.. Method I indicates the dose is greater than the limit), or if

Method I cannot be applied.
,

!

3.14.1 Method I |
'

The critical organ dose from a gaseous release is: |
!
I
i

'i
i4

|
Revision 8'

R12\29 3-40

4

N

__ _ _ _ _ _ _. - _!



I
:
!

|
i
)
3

Oco - ? Oi 0FGjeg )
(Eq. 3-S) |(mrem) 1

?,

Where: ,

;

0 - Total activity (Curies) released to the atmosphere of !
5

radionuclide "i" during the period of interest. For i - Sr-89, i
Sr-90, or H-3, use the best estimates (such as the most recent |
measurements). !

i

t

DFGico - Site-specific critical organ dose factor (mrem /Ci) for a j
gaseous release. See Table 1.8. |

;

;

Equation 3-8 can De applied under the following conditions (otherwise. |
justify Method I or consider Method II). >

i
!

a. Normal operations (not emergency event). |
|

i
b. Iodine, tritium, and particulate releases via the plant vent stack i

to the atmosphere. {
.;
i

c. Any continuous or batch release over any time period. j

I
3.14.2 Method 11 |

i

i
If Method I cannot be applied, or if the Method I dose exceeds the !

i

limit, or if a more exact calculation is required, then Method Il should be )
i

applied. Method II consists of the models, input data, and assumptions in |

Regulatory Guide 1.109. Revision 1 (Reference A), except where site-specific f
models, data, or assumptions are more applicable. The base case analysis, !

i

documented below, is a good example of the use of Method 11. It is an i

acceptable starting point for a Method II analysis. |
:
1

3.14.3 Basis for Method 1

This section serves three purposes: (1) to document that Method I
complies with appropriate NRC regulations (2) to provide background and

training information to Method I users, and (3) to provide an introductory"

user's guide to Method 11.
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t

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. These controls are based on requirements and standards

{
in 10CFR and 40CFR. Control 3.5 is based on the ALARA requirements in 10CFR {
Part 50. Appendix I, Subsection II C. Control 3.2 is based on Environmental |

'

Standards for Uranium fuel Cycle in 40CFR190 (hereaf ter called the standard) {,

l which applies to direct radiation as well as to liquid and gaseous effluents.

These methods apply only to iodine, tritium, and particulates in gaseous
ieffluents.
!
:

Exceeding the ALARA requirements or the standard does not immediately- !

i limit plant operation, but requires a report to the NRC within 30 days. In !
l addition, a waiver may be required. [

[
l'

Method I was developed such that "... the actual exposure of an '[
individual ... is unlikely to be substantially underestimated" (10CFR Part 50, !

'

t

appendix I). The use of a single ' critical receptor" provides part of the |

! conservative margin to the calculation of critical organ dose in Method I. |
; Method 11 allows that actual individuals with real behaviors be taken into |
| account for any given release. In fact. Method I was based on a Method II |
) analysis of the critical receptor for the annual average conditions. For i

purposes of complying with Controls 3.2 and 3.5, annual average dilution j
f actors 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, ,j
,,

the method of reduction, and the assumptions and data used are presented i
3

| bel ow.

, I
i The steps performed in the Method I derivation follow. First, in the |

base case, the dose impact to the critical receptor in the form of dose |
; factors. DFG$cg (mrem /Ci), for a one Curie release of each iodine, tritium, |

and particulate radionuclide to gaseous effluents was derived. Then Method I !
,

| was determined using simplifying ar.d further conservative assumptions. The
'

| base case analysis uses the methods, data, and assumptions 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 environmental parameters used in the analysis. ;

j|| It is conservatively assumed that the critical receptor lives at the " maximum
! SITE BOUNDARY dilution f actor location * as defined in Section 3.15.
I !

For any gas release during any period, the dose from radionuclide "i" |,
< .

1 is: :

!
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'

1
I

i

Dico - (DFGico) (0 )
*

5

;

where DFG is the critical dose factor for radionuclide "i". and 0 is the ljeg 3

activity of radionuclide "i" released in Curies.

|
Method I is more conservative than Met od II in the region of the ',

objective limits because it is based on the tollowing reduction of the base |

case. The dose factors DFGico, used in Method I 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 and critical organ. ;

. i

!
'

a

f

"

!
r

!

i
; !

t

1 :
, ,

I I

! !

: .

1 I
i -;

'

i
,

.

!

h
,

#
)

: !

'

.

t
'

i

*
.
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TABLE 3.4 '

Ace-Specific Usace Factors !
(from Regulatory Guide 1.109. Table E-5) |

I

Leafy
Age Vegetables Vegetables Milk . Heat Inhalation ;

3Group (kg/yr) ( kg /yr) (1/yr) .(kg/yr) (m jyp)

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 f
i

Infant 0.00 0.00 330.00 0.00 1.400.00

I
t

I

t

i

-

,

i

|

i

t

!

!
i

:
!
.

!

!

I
i

-|
!
$
|

!
.

Revision 8 |

R12\29 3-44 .
1

I
1



___. _________________________________________ _ ___ . _ _ _ _ _ _ _ _ _ _

TABLE 3.5

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

Venetables Cow Milk Goat Milk * Meat

Variable Stored leafy Pasture Stored Pasture Stored Pasture Stored

2vV Agricultural (kg/m ) 2.00 2.00 0.70 2.00 0.70 2.00 0.70 2.00
Productivity

2
P Soil Surface (kg/m ) 240.00 240.00 240.00 240.00 240.00 240.00 240.00 240.00-. j

Density

i 48.00 48.00 48.00 480.00 480.00T Transport Time (hrs) - - s

to User

TB Soil Exposure (hrs) 131400.00 131400.00 131400.00 131400.00 131400.00 131400.00 131400.00 131400.00-
Time

TF Crop Exposure (hrs) 1440.00 1440.00 720.00 1440.00 720.00 1440.00 720.00 1440,00 'l

Time to Plume

TH Holdup After (hrs) 1440.00 24.00 0.00 2160.00 0.00 2160.00- 0.00 2160.00
Harvest

- - 50.00 50.00 6.00 6.00 50.00 50.000F Animals Daily (kg/ day)
Feed

.

0.50 - 0.50- - 0.50FP Fraction of Year --

on Pasture

* Pathway is not included in Method 1. It is listed for informational purposes and the possibic use in a. Method 11 analysis.
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]

TABLE 3.5
(Continued)

Environmental Parameters for Gaseous Effluents at the Yankee Plant _.
| (Derived from Reference A)

i Vegetables Cow Milk Goat Milk * Meat

Variable Stored le a f_y Pasture Stored Pasture $tored Pasture Stored

1.00 - 1.00 - 1.00FS Fraction Pasture -- -

When on Pasture

FG Fraction of Stored 0.76 - - - - - - -

Veg. Grown in Garden

FL Fraction of Leafy - 1.00 - - - - - -

Veg. Grown in Garden

FI Fraction Elemental - - - - - - - -

todine - 0.5
3

H Absolute (gm/m ) - - - - - - - -

Humidity - 5.6

* Pathway is not included in Method I. It is listed for informational purposes and-the possible use in a Method 11 analysis.
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|

3.15 Critical Receptors and tonc-Term Averace AtmosDheric Dispersion Fac* ors .7

for Important Exposure Pathways

.

The gaseous effluent dose equations (Method 1) have been simplified by |-

assuming an individual whose behavior and living habits inevitably lead to a !
i

higher dose. than anyone else. The following pathways .of exposure to gaseous i
e i

effluents as listed in Regulatory Guide 1.109 (Reference A) have been j
considered. They are:

;

t

a. Direct exposure to contaminated air.
'

b. Direct exposure to contaminated ground. t

i

c. Inhalation of air, f
!

.?

fd. Ingestion of vegetables,
|

.;
,

e. Ingestion of cow milk and |
|

f. Ingestion of meat.;.

1 i,

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 f actors: and Section 3.15.3 contains the |,

resulting descriptions of the critical receptors and their dispersion factors {
-

as a function of exposure pathway. !
> i

!
3.15.1 Critical Receptors

The most limiting SITE B0UNDARY 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 conservative estimate of the dose to an

individual from existing and potential gaseous pathways for the Method I ;

analysis. f
i

This point is the SSE sector. 800 meters.

!
!

!

'

!

Revision 8 j<

|

R12\29 3-47 - j
i

I |

l
:

, _ . _-_-



, _- . . . - - - . . . - - . . . ---- . .. ..

.
f.
i

i

3.15.2 Yankee Atmospheric Dispersion Model |
i

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, i

!

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

a. X/0, nondepleted dispersion f actors for evaluating ground level |
concentrations: ,

I

b. [X/0]D. cepleted dispersion factors for evaluating ground level |
'

| concentrations of iodines and particulates: !
!

4 i

X/0. effective gamma dispersion f actors for evaluating gamma dose {Y
i c.
l rates f rom a sector-averaged finite cloud (multiple-energy, i
' undepleted source): and j

I

d. D/0. deposition factors for dry deposition of e'emental |
1
-

radiciodines and other particulates. !
!

!
i

The AE0LUS diffusion model is described in the AE0LUS 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 {
'

i 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 !

1 ,

i definition (Reference B. Section 6) of an effective gamma dispersion factor. |
X/0Y. and the replacement of X/0 in infinite cloud dose equations by the X/07 j

i
'

i
The other difference is that the relatively. narrow valley in which the

plant sits is considered by the model. . Wind channelling is assumed to occur ;
,

j in the seven sectors which make up the valley. The seven sectors are SSE, S. !

j SSW. SW WSW, W, and WNW. If a receptor location is in one of the valley j
sectors, the contributions from the other six valley sectors are averaged into j
the particular valley receptor. This is done for distances greater than j

;

500 meters from the primary vent stack where the valley effects are assumed to j

cause channelling. |
i

. ,
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i
3.15.3 Lono-Term Averace Dispersion Factors for Critical Receptors )

i

|
Actual measured meteorological data _ for the five year period. - '

,

January 1981 through December 1985, was analyzed to determine the locations of' !
the maximum off-site atmospheric dispersion factors. Each dose and dose rate |
calculation incorporates the maximum applicable off-site, long-term average !

atmospheric dispersion factor. The values used and their locations are f
summarized in Table 3.6. |

:

!

.

f

!

f

.

I
!
!

*

|

!

,

>

,

P

!

!

!

!

:

i

i

:
i

.

J

!
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TABLE 3.6

*
Yankee Nuclear Power Station Five-Year Average Atmospheric Dispersion Factors

s

Dose to
Critical 'i

Dose Rate to Individual Dose to Air Orqan

Total Body Skin Critical Organ Gamma Beta Thyroid
__

- - 2.19 x 10.6sec'
- - 2,19 x 10-6 -

r

X/0 Depleted
3,m_ ,

sec'
- 2.39 x 10-6 - - 2.39 x 10-6r .

X/0 Undepleted
3m ,

<
u >

' ' - - 5.02 x 10-8 - - 5.02 x 10 8
iD/0 -

2m,

7.83 x 10-6 7.83 x 10 - 7.83 x 10-6 . .-6r *

X/07
sec

,

'

3.m
s s

*SSE SITE BOUNDARY. 800 meters from the primary vent stack.
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3.16 Method to Calculate Direct Dose from Plant Ooeration

Control 3.2 restricts the dose to the whole body and any organ of any

real MEMBER OF THE PUBLIC from all station sources (including direct radiation

from the reactor and outside storage tanks, which is. called the direct dose)

to the limit of 25 mrem in a year, except for the thyroid which is limited to

75 mrem in a year. A determination of the need to conduct a total dose
evaluation is required at least every 31 days.

Use Method I first to calculate the direct dose contribution to the
whole body and any organ as it is simpler to execute and more conservative
than Method II.

Use Method II if a more accurate calculation of direct dose is needed,

or if Method I cannot be applied.

| 3.16.1 Method I

The maximum contribution of direct dose to the whole body or to any

organ is:

Dd - (0.057 + $r) (T ) (0.00087) (Eq. 3-9)
e

Where:

0.00087 - Conversion factor (mrem / R).

T - Length of exposure period in hours.
e

$ - Exposure rate at critical receptor from non-vapor container
7

sources as measured or estimated for the period

Equation 3-9 can be applied under the following conditions (otherwise,
justify Method I or consider Method II):

a. Normal operations (not emergency event),

b. All significant remaining sources are considered in $r-

c. Any exposure period.
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3.16.2 Method II ;

f

If Method I cannot be applied, or if the Method I dose exceeds the !
limit, or if' a more exact calculation is required, then Method 11 should be j

applied. Method 11 consists of measurement and site-specific models, data. |
and assumptions. The base case analysis is a good example of the use of |
Method II. It is an acceptable starting point for a Method II analysis. |

!
3.16.3 Basis for Method I |

4

This section serves three purposes: (1) to document that Method I
complies with appropriate NRC regulations. (2) to provide background and f

training information to Method I users, and (3) to provide an introductory )
user's guide to Method II. j

Method I may be used to show that Control 3.2 which limits direct dose

off-site, has been met for any exposure period. Control 3.2 is based on the |
1 standard (40CFR190) which applies to direct sources of radiation as well as '!

i

liquid and gaseous effluents. Method I applies to the direct sources only, j
i

+,
Exceeding the standard does not immediately limit plant operation, but .i

requires a report to the NRC within 30 days. In addition, a waiver may.be I
required. This is unlike exceeding 10CFR Part 20 limits which could resul't in j
plant shutdown.

i

Method I is developed by reducing the base case (a Method II analysis) |
using conservative assumptions. The base case involves the choice of a j

'
critical receptor and the development of an exposure factor for the vapor

container source $VC ( R/ hour operation). The critical receptor is the
nearest resident who lives 450m from the vapor container centerline in the NNW j

; direction. An occupancy of 1.00 is assumed. !
$ |

] The exposure factor. $VC. is developed by extrapolating measurements j
'

made close to the plant out to the critical receptor. All significant sources j
of direct radiaticn on-site are shielded by buildings and tanks from the |
Critical receptor, with the exception of the vapor container and one of the

1 liquid waste storage tanks (TK-31).

3

i
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The dose (mrem) to the critical receptor. D . over the exposure periodd
(in hours). T , is related simplistically to the exposure rate from the vapor

e
container in pR/ hour. Eyg. and the exposure rate from remaining sources. Er

by the following equat w.

De-(CVC + Er) (Te) (0.00087) (Eq. 3-11 '
.

j

U
k

What remains is to conservatively derive: )

6 y

$VC and ir E
T,

- $
The dose from the vapor container is due to fission and activation gases

wnich build up in plant systems and the vapor container during operation.

Those sources cecay or are ventilated through the Ventilation Exhaust

Filtration System at the beginning of refueling outages.
,

1

This is done to allow worker access to the vapor container to reload the

core. The estimate of L is based on the extrapolation of measurements made
VC

during plant operation at the restricted area fence $ . Compared to
1

| background measurements made during a refueling outage after containment PURGE

| at the same locations $ - is expected to remain constant over the
b VC

years, so it can be estimated here as a function of exposure period.

Although regular measurements of direct radiation are made near the
critical receptor as part of the Environmental Surveillance Program, the

| majority of the measured doses are due to natural background and fallout,
variations which entirely obscure plant contributions to dose. Because they
are closer to the sources, the measurement of direct radiation using TLDs at

the restricted area fence can be extrapolated with greater net sensitivity

(about 10 mR/ year). However, tne most sensitive method proved to be exposure

rate measurements made with a hign pressure ionization chamber, which had a
history of 1 R/ hour clus or minus 1 pR/nour 95 percent confidence interval
for exposure rates near the background rate for the procedure used (20
replicate measurements and periodic instrument checks). This extrapolates to
approximately a plus or minus one mrem / year 95 percent confidence interval at
the critical receptor
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i

(VC is estimated using the following equation: q
)

.t

I
d

$) fCVC " ($ b
d' (Eq. 3-11.2) |

[
!

f,

Where:

d - Distance to the critical receptor from the vapor container

centerline.

d - Distance to exposure measurement from the vapor container |o centerline. !
!

$ - Exposure rate ( R/hr) measurement during plant operation.

Ib ~

b
| Exposure rate ( R/hr) measurement during plant outage. |

i is derived from data collected in 1981 and presented in Table 3.7 |.
~

VC
'

The mean value of $ f r measurements at each of the nine TLD locations at -[a VC

the restricted area fence is 0.057 R/ hour. The mean value is used because it- |
is insensitive to miscellaneous on-site sources which contribute to the |
measurements, but not to the dose at the critical receptor.

' '

$r will have to be made from measurements or estimates made for the
specific exposure period. :

i
i

j Substituting the derived value of VC into Equation 3-11.1 yields: f
!

i

Dd - (0.057 + t r) (Te) (0.00087) (Eq. 3-9) ;*

f
| |
i !
'

;

i

i
-

,

'

,
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f

-!

i
.I

TABLE 3.7 I

Estimate of Exposure Rate at Critica1' Receptor from Vapor Container Shine, I

I , Made in Sprina 1981 |VC
|
!

Monitoring d b IVC '

Station No. (kS) Direction (uR/hr) (uR/hr) (uR/hr)

13 0.08 225* 20.4+ 18.0* 0.076 ,
.

|14 0.11 300* 15.0 13.2* 0.108

15 0.08 345* 14.4 13.1* 0.041 !

f16 0.13 30* 17.4 16.6* 0.067

17 0.14 70* 15.9 15.6 * 0.029 .!
*

i

18 0.14 115* 24.9 24.6 " 0.029
'

.

19 0.16 140* 23.2 23.3** 0.013
:

20 0.16 160* 19.4 18.8** 0.076 !
t

21 0.11 205* 20.3 18.7** 0.096 i;
|

Total - 0.509 |
Average = 0.057 pR/hr

i

!
'

i

!'

t
J j

t

'

:

i

] i
'

|
,

All measurements of f taken April 28. 1981. Average daily power level !
*

^ was 97.5 percent MWe-net, five days before shutdown at End-of-Cycle 13/14. j

!* Measurements of $ taken May 13, 1981 during outage. Containment PURGED.
b

"*
b taken June 2. 1981 during shutdown. Containment |Measurements of $,

PURGED. :

|
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4.0 RADIOLOGICAL ENVIRONMENTAL MONITORING
'

,

t

4.1 Monitorina Procram _ ;
i

Control'4.1 In-accordance with Yankee Technical Specification 6.8.5.b.1. the |
Radiological Environmental Monitoring Program (1all be conducted as specified |
in Table'4.1.

!

Applicability ' !

I

At all times. |

!

*

ACTION
t
;

a. With the Radiological Environmental Monitoring Program not being j

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 i

specimens are unobtainable due to hazardous conditions, seasonal j
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. |
;

b. 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 c. Table 4.2 |
when averaged over any calendar quarter, prepare and submit-te the i

Commission within 30 days from the receipt of the laboratory I

analyses, pursuant to Control 7.4, a Special Report which includes i
an evaluation of any release conditions, environmental f actors, 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 j
in the sampling medium, this report shall be submitted if: ;

!

concentration (1) concentration (2) + . . 21. 0.

reporting level (1) reporting level (2) ;

I
i

;
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-

!

;
:

|

When radionuclides other than those in Table 4.2 are detected and ;
are the result of plant effluents, this report shall be submitted !

!if the potentia'l annual dose to a. MEMBER OF THE PUBLIC is equal or*

greater than the calendar year limits of Controls 3.1, 3.3, and !

3.4. This report is not required if the measured level of ,

radioactivity was not the result of plant effluents, however, in f
such an event, the condition shall be reported and described in !

the Annual Radiological Environmental Operating Report.

!
c. With milk or fresh leafy vegetation samples no longer available ;

from one or more sample locations required by Table 4.1, identify [
new location (s). if available, for obtaining replacement samples i

and add them to the Radiological Environmental Monitoring Program
within 30 days. The specific location (s) from which samples were

no longer available may then be deleted from the monitoring

j program. Pursuant to Control 7.2, identify the cause of.the i

samples no longer being available and identify the new location (s)
;

for obtaining available replacement samples in the next Semiannual
i Radioactive Effluent- Release Report and include revised ODCM |

figure (s) and table (s) reflecting the new location (s). j

i

: d. The provisions of Controls 1.3 and 1.4 are not applicable.
,

i i

| Surveillance Recuirement f
!

!
SR 4.1 The radiological environmental monitoring samples shall be collected

pursuant to Table 4.1 from the locations given in the ODCM and shall be j

i analyzed pursuant to the requirements of Table 4.1 and the detection

capabilities required by Table 4.3.

.

Bases '

l
i i

The Radiological Environmental Monitoring Program required by Control i
,

'

4.1 provides measurements of radiation and of radioactive materials in those 'f
exposure pathways and for those radionuclides, which lead to the highest [
potential radiation exposures of MEMBER (S) 0F THE PUBLIC resulting from the [,

i station operation. The monitoring program implements Section IV.B.2 of
'

Appendix 1.10CFR Part 50, and thereby, supplements the Radiological Effluent

; Monitoring Program by verifying that the measurable concentrations of |
radioactive materials and levels of radiation are not higher than expected on ,

,
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w

'the basis of the effluent measurements and modeling of the environmental

exposure pathways. Guidance for the monitoring program is provided by the

Radiological Assessment Branch Technical Position on Environmental Monitoring,
Revision 1, November 1979. Program changes may be initiated based on
operational experience. i

:

The detection capabilities required by Table 4.3 are considered optimum I

for routine environmental measurements in industrial laboratories. It should j
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 f act) limit for a particular measurement. This does not preclude j

the calculation of an a costeriori LLD for a particular measurement based upon |
the actual parameters for the sample in question. ',

!
, ,

h

!
,

t

4

1

J

J i

c
-

a

;

;

I.

I
i

'

f

I

$
,

^
,

I
(
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f

TABLE 4.1

*
Radiological Environmental Monitoring Proqram

Exposure Pathway Number of Sample Sampling and Type and Frequency
and/or Sample Locations Collection Frequency of Analysis ;

'
i 1. AIRBORNE

a. Radiciodine 5 Continuous operation of sampler Radiciodine canister. Analyze
and with sample collection as weekly for I-131.
Particulates required by dust loading, but at

least once per week. Particulate sampler: Gross beta
radioactivity following filter
change. Composite (by location)
for gamma isotopic at least once
per quarter.

2. DIRECT
RADIATION

a. 22 Quarterly Gamma dose, at least once per
quarter,'

^

b. 16 Quarterly Incident response TLDs in the
outer (four to five mile) ring, +

de-dose only quarterly unless
,

| gaseous release control was
| exceeded during period.

,

| 3. WATERBORNE

a. Surface 2 Composite sample collected over Gross beta and gamma isotopic
,

|
a period of one month, analysis of each sample.

|
Tritium analysis of composite

| sample at least once per
quarter. t

i

i

b. Ground 2 At least once per quarter. Gamma isotopic and tritium :
analyses of each sample..

,
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TABLE 4.1 c
(Continued) i

i
*

Radiological Environmental Monitoring Program

' Exposure Pathway Number of Sample Sampling and Type and Frequency
and/or Sample locations Collection Frequency of Analysis

c. Sediment from 1 At least once per six months. Gamma isotopic analysis of each
Shoreline sample.

4. INGESTION

a. Milk 3 At least once per two wggks when Gamma isotopic and I-131 ,

tanimals are on pasture ; at analysis of each sample.-

least once per month at other
times.

b. Fish 2 Commercially and recreationally Gamma isotopic analysis on i

important species. Seasonal or edible portions.
semiannually. if not seasonal, j

c. Food Products 3 At time of harvest. One sample Gamma isotopic analysis in
of any of the following classes edible portions. !

of food products: '

,

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

1 At time of harvest. One sample I-131 analysis,
of broad leaf vegetation.

Specific sample locations for all media are specified in the ODCM and reported in the Annual Radiological '

*

Environmental Operating Report.
'

Composite samples shall be obtained by collecting an aliquot at intervals not exceeding two hours.**

Grazing season extends from June 1 to November 1. _j***
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TABLE 4.2

Reporting levels for Radioactivity Concentrations in Environmental Samples

*
Water Airborne ' Fish Milk Food Products

Analysis (pCi/1) Particulates (pCi/kg, wet) (pCi/1) (pCi/kg, wet)
3or Gases (pC1/m )

; H-3 3 x 10+4 - - - -

44
Mn-54 1 x 10+3 - 3 x 10 - --

Fe-59 4 x 10+2 - 1 x 10+4 - -'

Co-58 1 x 10+3 - 3 x 10+4 - -

Co-60 3 x 10+2 . 1 x 10+4 - -

Zn-65 3 x 10+2 2 x 10+4 - --

Zr-Nb-95 4 x 10+2 . . . .
4

I-131 2 x 10+0 9 x 10'l - 3 x 10+0 1 x 10+2
41 1 x 10+3 6 x 10+1 l'x'10+3Cs-134 3 x 10+1 1 x 10

Cs-137 5 x 10+1 2 x 10+1 2 x 10+3 - 7 x 10+1 2 x 10+3

Ba-la-140 2 x 10+2 - - 3 x 10+2 .

*
Reporting levels for nondrinking water pathways.
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TABLE 4.3

Detection Capabilities for Environmental Samole Anal.YSis(0}(d) '

4 Airborne
Water Particulates or Fish Milk Food Products Sediment

Analysis (e (pCi/l) Gases (pCi/m ) (pCi/kg, wet) (pCi/1) (pCi/kg, wet) (pCi/kg. dry) ;
3

'
,

*

Gross beta 4 x 10+0 'l x 10-2 . .

H-3 2 x 10+3 . . . . .

Mn-54 1.5 x 10+l - 1.3 x 10+2 - - -

.
Fe-59 3 x 10+1 - 2.6 x 10+2 . . .

Co 58. -60 1.5 x 10+1 - 1.3 x 10+2 . . . ;

Zn-65 3 x 10+1 - 2.6 x 10+2 . . .
,

Zr-Nb-95 1.5 x 10+1(c) . . . . .- ,

40(b) 7 x 10-2 . 1 x 10+0 6 x 1041C9) -1-131 1 x 10

Cs-134 1.5 x 10+1 5 x 10-2 1.3 x 10+2 1.5 x 10+1 6 x 10+1 1.5 x 10+2

; Cs-137 1.8 x 10+1 6 x 10-2 1.5 x 10+2 1.8 x 10+1 8 x 10+1 1.8 x 10+2 !

1.5 x 10+1(c)(f)Ba-La-140 1.5 x 10+1(c)(f) - -
t

. .

4

i

|
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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 .i
will be detected with 95 percent probability with only 5 percent. .|
prcbability of f alsely concluding that a blank ' observation !

represents a "real" signal.

!

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

|(4.66) (S )bLLD =
(E) (V) (2.22) (Y) [Expl-A at)] j

!
;

r
J .1

Where: l
t

i

f|
LLD - A priori lower limit of detection as defined above

(microcuries or s'cocuries per unit mass or volume).

!

S - Standard deviation of the background counting rate or of jb
the counting rate of a blank sample as appropriate (counts -:
per minute). !'

.i.

E - Counting efficiency (counts per disintegration). !
:

.)
V - Sample size (units of mass or volume). i

;

2.22 - Number of disintegrations per minute per picocurie, j

Y - Fractional radiochemical yield (when applicable).
*

i
1 - Radioactive decay constant for the particular radionuclide.

'

l i
At - Elapsed time between sample collection and analysis. !

'

4

i
.

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 the typical
|
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TABLE 4.3
,

(Continued) '

'|
Table Notation

contributions of other radionuclides normally present in the i
~

samples (e.g., Potassium-40 in milk samples). |

. . |

Analysis shall be performed in such a manner that the. stated LLDs j

will be achieved under routine _ conditions. Occasionally, j
background fluctuations, unavoidably small sample sizes, the '

presence of interfering radionuclides, or other uncontrollable
,

Icircumstances 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 I

calculation of an a posteriori LLD for a particular measurement !
based upon the actual parameters for the sample in question and. I

appropriate decay correction parameters such as decay while
sampling and during analysis,

i

b. LLD for drinking water. |

!

c. Parent only. ;

'

d. If the measured concentration minus the 5 sigma counting"

statistics is found to exceed the specified LLD, the sample does

not nave to be analyzed to meet the specified LLD.,

e. This list does not mean that only these radionuclides are to be
;

I 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.
.

f. The Ba-140 LLD and concentration can be determined by the analysis
of its short-lived daughter product. La-140, subsequent to an. f
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TABLF 4.3'
(Continued)

!

Table Notation !

eight-day period following collection. The calculatior shall be

predicted on the normal ingrowth equations'for a parent-daughter
situation and the assumption that any. unsupported La-140 in the
sample would have decayed to an insignificant amount (at least.
3.6 percent of its original value). The ingrowth equations will

assume that the supported La-140 activity at the time of
collection is zero.

g. LLD for leafy vegetation.

|
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!

i

4.2 Land Use Census -

!
Control 4.2 In_accordance with Yankee Technical' Specification 6.8.5.b.2, a |
land use census shall be conducted to identify the location of the nearest' |

I
*

milk animal, the nearest residence, and the nearest garden of greater than

500 square feet producing fresh leafy vegetables in each of the |
.

16 meteorological sectors within a distance of five miles. ;

[

Apolicability

!

At all times.

ACTION i

i

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 3.4. identify the new location (s) !

in the next Semiannual Effluent Release Report.
,

!
t

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 j

the new location (s) to the Radiological Environmental Monitoring i

Program within 30 days if permission from the' owner to collect j

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 f

Iconducted. Identify the new location (s) in the next Semiannual ;

Effluent Release Report. |
|

c. The provisions of Controls 1.3 and 1.4 are not applicable, j

:

i
t

i

1

*
In lieu of the garden census, broad leaf vegetation sampling may be
performed at the site boundary in the direction sector with the highest D/0..
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_ !

>

|
!

Surveillance Reouirement

!
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. The results of

the land use census shall be included in the Annual Radiological Environmental i
Operating Report pursuant to Control 7.1.

Bases -|
1

i
Control 4.2 is provided to ensure that changes in the use of areas at :

and beyond the SITE BOUNDARIES are identified and that modifications to. the '|
monitoring program are made if required by the results of the land use !

census. The census satisfies'the requirements of Section IV.B.3 of |
Appendix I, 10CFR Part 50. Restricting the census to gardens of greater than -|

'

500 square feet prcvides assurance that significant exposure pathways via f
leafy vegetables will be identified and monitored since a garden of this size _j

,

is the minimum required to produce the quantity (26 kg/ year) of leafy j
vegetables assumed in Regulatory Guide 1.109 for consumption by a child. To |
determine this minimum garden size, the following assumptions were used: j

(1) 20 percent of the garden was used for growing broad leaf vegetation i
t

(i.e., similar to lettuce and cabbage) and (2) a vegetation yield of j
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/0 |
may be substituted. The use of the maximum off-site D/0 value predicted for j
gaseous effluents from the plant stack (the plant stack does not qualify for j

_

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 |
commitment. I

i
i

The addition of new sampling locations to Control 4.1. based on the land ,

i 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 :

I at any location currently being sampled. This eliminates the unnecessary [

changing of the Environmental Radiation Monitoring Program for new locations j4

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 f
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!
to result in a significant increase in the ability to detect plant j

effluent-related radionuclides. !

!
;

4.3 Intercomoarison Procram !
!

Control 4.3 In accordance with Yankee Technical Specification 6.8.5.b.3. f
analyses shall be performed on referenced radioactive materials supplied as
part of the Intercomparison Program which has been approved by the NRC.

Applicability'

!

At all times.

ACTION
4

a. With analyses nnt being performed as required above, report the j
corrective actions taken to prevent a recurrence to the Commission' [,

in the Annual Radiological Environmental Operating Report.4

| -

I b. The provisions of Controls 1.3 and 1.4 are not applicable. f
: {

Surveillance Recuirement j
't

j 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

3

Environmental Operating Report. The identification of which NRC-approved j

q Intercomparison Program that is being participated in shall be stated in the |
~

ODCM. ;
i
'

Bases |

!'

,

*The control for participation in the Intercomparison Program is provided'

to ensure that independent checks on the precision and accuracy of the
j 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 j

the results are reasonably valid for the purposes of Section IV B.2 of |
Appendix 1. 10CFR Part 50.

I
:

I
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|

.

4.4 Environmental Monitorina locations .)
|

The radiological environmental monitoring stations are _ listed in

Table 4.4. The locations of these stations with respect to the Yankee plant i
facility are shown on the maps in Figures 4-1 through 4-7. .j

'
i

; All routine radiological analyses for environmental samples are ;

performed at the Yankee Environmental Laboratory. The laboratory participates j

in the U.S. Environmental Protection Agency's Environmental Radioactivity |
Laboratory Intercomparison Studies Program for all the available species and |
matrices routinely analyzed. |,

!4

.1

4;

I

:
- |
; i
j !

! .

i !

!

,

!
*

!

!
:

i
i

$
*

i

i t
<,

S i

i
.

t
t.

,
I

i i

i !,

|
!
i

4

,

d

.

Revision 8
E

R12\29 4-14 .

1

4

5

. . - . - - .- .- ,



,. .. _ . _ _ _ __ . . ._. - . . _ _ . . _ _ _.

;
-

<-ett ...
,
-r

Radiolocical Environmental Monitorino Stations

!

Exposure Pathway Sample Location Distance From Direction |
and/or Sample and Desicnated Code +. the Plar.t (km) From Plant i

1. AIRBORNE I
(Radiciodine !

and Particulates) {
AP/CF-11 Observation Stand 0.50 NW f

2 'AP/CF-12 Monroe Bridge 1.10 SW

AP/CF-13 Rowe School 4.20 St t

AP/CF-14 Harriman Power Station 3.20 N- !
AP/CF-21 Williamstown, MA 22 20 W {.

2. WATERBORNEq

a. Surface WR-11 Bear Swamp Lower '6.30 'Downriver.

j Reservoir
WR-21 Harriman Reservoir 10.10 Upriver

b. Ground WG-11 Plant Potable On-Site Well
WG-12 Sherman Spring 0.20 NW

c. Sediment SE-11 Number 4 Station 36.20 Downriver
From SE-21 Harriman Reservoir 10.10 Upriver
Shoreline

3. INGESTION

a. Milk TM-13 Whitingham. VT 8.40 ENE

TM-12 Readsboro, VT 6.10 N

TM-21 Williamstown, MA 21.00 WSW
d

J b. Fish FH-11 Sherman Pond 1.50 At Discharge
1 and Point

Inverter- FH-21 Harriman Reservoir 10.10 Upriver.
brates

{ c. Food TF-11 Monroe Bridge 1.30 SW

4 Products TF-13 Monroe. MA 1.90 WNW

TF-21 Williamstown. MA 21.00 WSW

TV-11 Monroe Bridge'* 1.30 SW

;

l
J

.

|

.

d
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|IContinued)

Radiolocical Environmental Monitoring Stations *

Exposure Pathway Sample Location Distance From Direction.
and/or Sample and Desianated Code * the Plant (km) From Plant

4. DIRECT
RADIATION

GM-1 Furlon House 0.80 SW !

GM-2 Observation Stand 0.50 NW *

GM-3 Rowe School 4.20 .SE -|
GM-4 Harriman Station' 3.20 -N l
GM-5 Monroe Bridge 1.10 SW j
GM-6 Readsboro Road Barrier- 1.30 N |
GM-7 Whitingham Line 3.50 NE !

GM-8 Monroe Hill Barrier 1.80 S j
GM-9 Dunbar Brook 3.20 SW ;

!GM-10 Cross Road 3.50 E

GM-11 Adams High Line 2.10 WNW

GM-12 Readsboro. VT 5.50 NNW

GM-13 Restricted Area fence 0.08 WSW _ ,

GM-14 Restricted Area fence 0.11 WNW |
GM-15 Restricted Area Fence 0.08 NNW ;

GM-16 Restricted Area Fence 0.13 NNE i

GM-17 Restricted Area Fence 0.14 ENE .

'*
GM-18 Restricted Area Fence 0.14 ESE

GM-19 Restricted Area Fence 0.16 SE
t

GM-20 Restricted Area Fence 0.16 SSE 1

GM-21 Restricted Area Fence 0.11 SSW

GM-22 Heartwellville 12.60 NNW |
GM-23 Williamstown Substation 22.20 W -|
GM-24 Harriman Dam 7.30 -N [
GM-25 Whitingham, VT 7.70 NNE

GM-26 Sadoga Road 7.60 NE- j

GM-27 Number 9 Road 7.60 ENE :

GM-28 Number 9 Road 6.00 E-

GM-29 Route 8A B.20 ESE |
GM-30 Route BA 9.40 SE !

GM-31 Legate Hill Road 7.60 SSE :

.,

GM-32 Rowe Road 7.90 .5 i
GM-33 Zoar Road 6.90 SSW !

GM-34 Fife Brook Road 6.40 SW |
GM-35 Whitcomb Summit 8.60 WSW 1

GM-36 Tilda Road 6.60 W
*

GM-37 Turner Hill Road 6.70 WNW

GM-38 West Hill Road 6.60 NW |
GM-39 Route 100 6.80 NNW

GM-40 Readsboro Road 0.50 W j

* Sample locations are shown on Figures 4-1 through 4-7.
** TV-11 Station is for leafy vegetables.
+ Station IX's are indicator stations and Station 2X's are control stations (excluding

the direct radiation stations).
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5.0 INSTRUMENTATION i

|

5.1 Radioactive Licuid Effluents |

l.
, control 5.1 In accordance with Yankee Technical Specification 6.8.5.a.1, the i

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. i

a 1

]
Aoplicabilitv

1

As shown in Table 5.1. [,

|

ACTION4

.

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,-

I 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. i

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 j

instrument (s) to OPERABLE status within 30 days and if
,

unsuccessful, explain in the next Semiannual Radioactive Effluent j
,

Release Report the reason for the delay in correcting the ;

l inoperability. |
:.

.|
?

c. The provisions of Controls 1.3 and 1.4 are not applicable. !

j j
Surveillance Recuirement |

I
:

SR 5.1 Each radioactive liquid effluent monitoring instrumentation channel |,

,

shall be demonstrated OPERABLE by performance of the CHANNEL CHECK, SOURCE I

CHECK, CHANNEL CALIBRATION, and CHANNEL FUNCTIONAL TEST operations during the j
'

MODES and at the frequencies shown in Table 5.2.
;

|

3
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1

-

:

|
|

;

\Bases t

i

The radioactive liquid effluent instrumentation is provided to monitor ,

and control, as applicable, the releases of radioactive materials in liquid ;
effluents during actual or potential releases of liquid effluents. The j

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 ;

of this instrumentation is consistent with the requirements of General Design |
Criteria 60, 63, and 64 of Appendix A 10CFR Part 50. ;

i'

Gross radioactivity monitors which provide for automatic isolation of ;
.

liquid discharges on detection of radioactivity concentrations in excess of j
the limits of 10CFR Part 20 are included on the two principal radioactive i

effluent discharge pathways from the plant (liquid radioactive waste effluent ;

line and steam generator blowdown effluent line). The automatic alarm / trip f
function provided by these monitors gives assurance as a final check that all,

conditions assumed, measured, or calculated that were used to determine
,

effluent discharge rates have been appropriately made. This provides a degree
of protection against calculational errors on discharge rate, operator errors j

in setting discharge flow, nonrepresentative samples used for isotopic content j

of discharge volume, or crud releases during discharge which could lead to the
discharge concentration limits of Control 2.1 being exceeded. ;

i
:

<

t Composite samples are provided on all continuous and secondary {
i radioactive effluent pathways to give assurance that all potential radioactive >

liquid releases to the environment are accounted for. ;

i
;

!

i

|
1

;,

:
'

!
t

h

! !

!
! I
s !

'

i

!
,

r'

'

!

!

j !
< >

j- :

iRevision 8
R12\Z9 5-2 !

i
*

4

3

;

I

f

. - _ . . -- - , . . . - -



_

TABLE 5.1

Radioactive ticuid Effluent Monitorino Instrumentation

Minimum
Channels

Instrument OPERABLE Applicability ACTION

1. Gross Radioactivity Monitors
Providing Automatic Isolation

a. Liquid Radwaste Effluent (1) At All Times 15
Line

b. Steam Generator Blowdown (1) At All Times 16
Tank Effluent Line

2. Continuous Composite Samplers
*

a. Steam Generator Blowdown (1) 16

Tank Effluent Line
*

b. Secondary Coolant and (1) 16
Condensate Leakage

*
c. Turbine Building Sump (1) 16

3. Flov Rate Measurement Devices
*

a. Liquid Radwaste Effluent (1) 17

Line+
*

b. Circulating Water System (1) 17
Discharge *

*

c. Steam Generator Blowdown (1) 17

i Tank Effluent
|
I
i

i
t-

r

l

|
'

' i

Via this pathway during releases. |
*

i
,

+ Pump curves may be utilized to estimate flow. In such cases, the ACTION;

j statement is not required.
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t

i

i

TABLE 5.1 j
(Continued) i

;
*

ACTION Statements ;

ACTION 15 - With the number of channels OPERABLE less than required by the '!
I

minimum channels OPERABLE requirement, effluent releases from the i

tank may continue, provided that prior to initiating the release: !
#

!,

j - a. At least two independent samples of the tank's contents are |
analyzed in accordance with SR 2.1.1, |

:

b. At least two technically qualified members of the f acility [
staff independently verify the release rate calculations and

q

discharge line valving. [
'

;

h
otherwise, suspend release of radioactive effluents via this j
pathway, i

' .t
ACTION 16 - With the number of channels OPERABLE less than required by the f

minimum channels OPERABLE requirement. effluent releases via this j
pathway may continue, provided grab samples are analyzed for gross |4

radioactivity (beta or gamma) at a limit of detection of at least '!
1.00 x 10-7 mi crocuries /g ram- !

r

i

a. At least once per 8 hours when the specific activity of the ;

secondary coolant is greater than 0.01 microcuries/ gram |
j 1-131, ;

,

,

b. At least once per 24 hours when the specific activity of the !
-

! secondary coolant is less than or equal to I

| 0.01 microcuries/ gram I-131.

5

ACTION 17 - With the number of channels OPERABLE less than required by the !
minimum channels OPERABLE requirement, effluent releases via this
pathway may continue, provided that the flow rate is estimated at

least once per four hours during actual releases. Pump curves may |

be used to estimate flow. {
:

i
!

r<
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1

TABLE 5.2

Radioactive 'Licuid Effluent Monitoring Instrumentation Surveillance Requirements

t
'

CHANNEL MODES in Which
CHANNEL SOURCE CHANNEL FUNCTIONAL Surveillance

Instrument CHECK CHECK CAllBRATION TEST is Required
,

1. Gross Beta or Gamma Radioactivity Monitors

!
Providing Alarm and Automatic isolation

.

Liquid Radwaste Effluent Line D P R(2) 0(1) At'All Timesa.
I2) C l)' At All Timesb. Steam Generator Blowdown Tank Effluent D M R O

Line

2. Continuous Composite Samplers and Sampic Flow
Measurement Device

**
a. Steam Generator Blowdown Tank Effluent D NA R 0

Line
**

b. Secondary Coolant and Condensate Leakage D NA R 0
**

c. Turbine Building Sump D NA R 0

3. Flow Rate Measurement Devices

a. Liquid Radwaste Effluent Line D(3) NA R 0
**

;

b. Circulating Water System Discharge D(3) NA NA NA
* **

I4) **
c. Steam Generator Blowdown Tank Effluent NA NA R NA

i -

*
Pump curves utilized for flow rate determination.

*Via this pathway during releases.*

_
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TABLE 5.2 |
(Continued) .. ;

!

Table Notation |

(1) - The CHANNEL FUNCTIONAL TEST also shall demonstrate that automatic |-

!isolation of this pathway and Control Room alarm annunciation occurs if

any of the following conditions. except as noted. exist:
{

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

t
T

; b. Circuit failure. .

;
L

c. Instrument indicates a downscale f ailure (automatic pathway
isolation, and Control Room warning light . indicator - no audible ;

alarm annunciation). .!
i

s

!

1 (2) - The CHANNEL CALIBRATION shall include the use of a known radioactive i

j source (s) positioned in a reproducible geometry with respect to the

sensor whose effect on-the system was established at the time of the f,

; primary calibration. Primary calibration is the determination of the ;

4 electronic system accuracy when the detector is exposed in a known i

geometry to radiation from sources emitting beta and gamma radiation
'

with fluences and energies in the ranges anticipated to be measured by
i

she channel during normal operation. Sources should be traceable to'the;

;. National Institute of Standards and Technology (NIST).
';

(3) - The CHANNEL CHECK shall consist of verifying indication of flow during !

periods of release except where pump curves are used to estimate flow. j
^

When pump curves are utilized as means of determining flow, no CHANNEL |
CHECK is required. The CHANNEL CHECK shall be made at least once daily |
on any day on which continuous, periodic, or batch releases are made. j

|I (4) - The method of estimation of flow rate shall be verified and adjusted as j
.

necessary by observing the response of blowdown tank level (high level, j,

low level) sensors and the operation (opening and closing) of the tank's j

discharge valve. .:
i i

b'

i

!
i
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!
;

i

f5.2 Radioactive Gaseous Effluents
r

Control 5.2 In accordance with Yankee Technical . Specification 6.8.5.a.1, the

radioactive gaseous effluent monitoring instrumentation 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 setpoints of these channels ;

shall be determined in accordance with the ODCH. j
i

Applicability |

-)
As shown in Table 5.3.

l
:

ACTION |

a. With a radioactive gaseous effluent monitoring instrumentation ;

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
monitored by the affected channel or declare the channel |
inoperable, or change the setpoint, so it is acceptably |
conservative.

i

f b. With less than the minimum number of radioactive gaseous effluent j

monitoring instrumentation channels OPERABLE. take the ACTION |
'

j shown in Table 5.3. Exert reasonable efforts to return the |
instrument (s) to OPERABLE status within 30 days and if |

0 unsuccessful, explain in the next Semiannual Radioactive Effluent |

Release Report the reascn for the delay in correcting the I

j inoperability.
|

c. The provisions of Controls 1.3 and 1.4 are not applicable.
:
1

Surveillance Recuirement |

|

SR 5.2 Each radioactive gaseous effluent monitoring instrumentation channel
shall be demonstrated OPERABLE by performance of the CHANNEL CHECK. SOURCE

'

4

CHECK. CHANNEL CAllBRATION. and CHANNEL FUNCTIONAL TEST operations during the
MODES and at the frequencies shown in Table 5.4.

i

;
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Bases )
i

The radioactive gaseous effluent instrumentation in the primary vent

stack is provided to monitor, as applicable. the releases of radioactive )
materials in gaseous effluents during actual or potential releases of gaseous j
effluents. The alarm setpoints for these instruments are set conservatively

to ensure that the limits of 10CFR Part 20 are not exceeded. .The OPERABILITY ;
'

and use of this instrumentation is consistent with the requirements of General

Design Criteria 60, 63, and 64 of Appendix A 10CFR Part 50. ;

The primary vent stack exhausts building ventilation air, as well as j
'

gaseous process streams, to the atmosphere and as such, cannot be isolated due

] to building ventilation requirements. The indications of the source of

abnormally high radiation measurements at the primary vent stack are provided
;

by a series of area monitors which are located throughout the plant in areas !

where potentially high radiation levels could be encountered. Each area j

radiation detector readout is displayed in the Main Control Room and is |
provided with both audible and visual alarms. The locations and operating j

ranges of the principal in-plant area monitors are as follows- '

!

Detector Location Range
'

,

Waste Disposal Building 1.00 mR/hr - 10+5 mR/hr

Primary Auxiliary Building Chem. Sample 1.00 mR/hr - 10+5 mR/hr:

Primary Auxiliary Building Valve Room 1.00 mR/hr - 10*b mR/hr

Spent Fuel Pit 1.00 mR/hr - 10+5 mR/hr ,

Primary Auxiliary Building Fan Room 1.00 mR/hr - 10+5 mR/hr

Primary Auxiliary Building Corridor 1.00 mR/hr - 10+5 mR/hr {

fPrimary Auxiliary Building Charging Pump 1.00 mR/hr - 10+5 mR/hr
'

| No. 1

Primary Auxiliary Building Charging Pump 1.00 mR/hr - 10+5 mR/hr,

i No. 2

Primary Auxiliary Building Charging Pump 1.00 mR/hr - 10+5 mR/hr !.
'

No. 3 ,

New Fuel Vault 1.00 mR/hr - 10+5 mR/hr ,

Diesel and SI Building 1.00 mR/hr - 10+5 mR/hr !

Auxiliary Boiler Feed 1.00 mR/hr - 10+5 mR/hr

'

| Revision 8
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,

Detector Location Rcnge -

Turbine Hall 1.00 mR/hr - 10+5 mR/hr

Vapor Container (Fuel Crane) 1.00 mR/hr - 10+5 mR/hr.
,

Vapor Container (PAM No. 1) 10+0 R/hr - 10+7 R/hr '

Vapor Container (PAM No. 2) 10+0 R/hr - 10+7 R/hr ;

}

The capability of the area monitors, such as in the charging pump |
. cubicles which have detected leaking pumps before any significant increase in |;

; activity was detected at the primary vent stack, help identify the sou;ce of j

radioactivity measured at the primary vent stack, so that corrective actions !

can be taken to curtail- the release. In addition to the area monitors, :

process monitors assist in identifying process streams with abnormal levels of !

radioactivity which include the steam generator blowdown (4), main _ steam lines f
(4), condenser air ejector, waste gas header loop seal, and the Main Coolant !
System leakage air particulate monitors (2) in the vapor container. In total, '!

the process and area monitors provide the Control Room operators with
I substantial information to indicate and identify contaminated areas within the

|
plant or subsystems with high activity levels which could lead to high |
activity measurements at the primary vent stack. Corrective actions can then jd

be initiated by the Control Room operators to mitigate the release of [
radioactivity from the plant. |

!

js

:
! !

!

,

1

!

!
'

: I

i

!
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d i

i,

| !

,|.-

TABLE 5.3 i

I
'

Radioactive Gaseous Effluent Monitoring instrumentation

i I

Minimum
Channels |

Instrument OPERABLE Applicability Parameter ACTION +

1. Primary Vent Stack ;

! a. Noble Gas Activity Monitor (1) Radioactivity Rate 21 !
*

! Measurement I
*

b. Iodine Sampler Cartridge (1) Verify Presence of Cartridge 19
i*

! c. Particulate Sampler Filter (1) Verify Presence of Filter 19 |
*

l d. Effluent System Flow Rate (1) System Flow Rate Measurement 18
Measuring Device*

*

i e. Sampler Flow Rate Measuring (1) Sampler Flow Rate Measurement 18 ,.

| Device [,

!4

$ >

,=i

|

I
'

i
'

! i
:

i
! !
. L

i [
< :
} }

s' t

: . i
*

! At all times. [
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i

|
'

TABLE 5.3

f(Continued)
. t

i ACTION Statements |

ACTION 18 - With the number of channels OPERABLE less than the minimum -

q channels OPERABLE requirement, effluent releases may continue.
: provided the flow rate is estimated at least once per 8 hours.

|

ACTION 19 - With the number of channels OPERABLE less than the minimum (
channels OPERABLE requirement. effluent releases via this pathway i

may continue, provided samples are continuously collected with ;
,

; auxiliary sampling equipment as required in Table 3.1. [
,

| ACTION 21 - 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 f
'

8 hours, and these samples are analyzed for gross activity within j
24 hours. !

!
i I

a :
1

i
"

4

i
?

!.

I i

!

!
'

i
'

'

!
s

.

. ,

i

!
, i

k

]

|
'

| !
: 1
1 |

A

i
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TABLE 5.4

Radioactive Gaseous Effluent Monitoring instrumentation Surveillance Requirements

.

'l

CHANNEL MODES in Which
CHANNEL SOURCE CHANNEL FUNCTIONAL Surveillance

'

Instrument CHECK CHECK CALIBRATION TEST is Required

1. Primary Vent Stack

II)a. Noble Gas Activity Monitor D M R(2) O . '
*

*

b. lodine Sampler Cartridge W NA NA NA
*

c. Particulate Sampler Filter W NA NA NA
*

d. System Effluent Flow Rate Measuring D NA- NA NA.

Device
*

e. Sampler Flow Rate Measuring Device O NA R 0

1 4

i

,

i -

*
At all times. except when the line is valved out and locked.
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!a

TABLE 5.4 -

(Continued) -j

Table Notation !

(1) The CHANNEL FUNCTIONAL TEST also shall demonstrate that. Control Room '!

alarm annunciation occurs if any of the following conditions' exist:
.

i

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

b. Circuit failure,

c. Instrument indicates a downstale f ailure. !
i

(2) The initial CHANNEL CALIBRATION for radioectivity measurement
!instrumentation shall be performed using one or more of the'refe'rence

standards certified by the NIST or using standards that have been .

obtained from suppliers that participate in measurement assurance j

activities 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. !

! !!
i

4

!

!

!

I'
>

i
'

!*

!
?

I

|
t

1
:

;
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5.3 Liauid- Effluent Instrumentation Setooints

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 concentrction in
,

liquid effluents to the ' appropriate MPCs in 10CFR Part 20 and a total noble |

gas MPC. .

|
|

Use the method below to determine the setpoints for the required j
instrumentation. i

I5.3.1 Method
,

The instrument response (cpm) for the limiting concentration at the i

jpoint of discharge is the setpoint, denoted R. and is determined as follows: :

,

'

f3R= (MPCc}(S) -|If1+f2; (Eq. 5-1) ;(

:

fWhere:

;

f = Flow rate past the test tank monitor (gpm). '

y
.

f - Flow rate past the steam generator blowdown monitor (gpm). -|2
4

f = Flow rate at the point of discharge (gpm). [3
i

5, = Instrument response factor (cpm /(pCi/ml)). |,

HPC = Composite MPC for the mix of radionuclides (pCi/ml). fc
;

'

;;

IMPCe = { Cj /p Cj /MPCj = { f j /p f /MPCji
1 1 1 1 (Eq. 5-2) |

!

!

Where: I,

:
,

ti
*

1
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i

!

!

!

HPC$ = MPC for radionuclide "i" from 10CFR Part 20 Appendix B. Table 2.. -fColumn 2 ( Ci/ml). j

C - Concentration of radionuclide "i" in mixture (pCi/ml).j ;

f - Fraction of radionuclide "i" in mixture. jg

Other setpoint methodologies also can be applied which are more
restrictive than the approach used here. ;

i

The setpoint, R, may be set lower to accommodate pathways without
~

on-line monitors (secondary coolant or condensate leakage). When MPC is not.
e

stable or when dilution flow is low, the setpoint may have to be evaluated for i

each release.
,

;

5.3.2 Licuid Effluent Setpoint Example

;

The effluent monitors for the test tank and steam generator blowdown |
release pathways are gamma sensitive monitors. They both have a typical i

sensitivity, S. of 7.50 x 10+7 cpm per pCi/ml of gamma emitters which emit one-
photon per disintegration and a typical background of 10,000 cpm. Both

,jmonitors have adjustable alarm /setpoints. However, the setpoint adjust ;
j control is located inside the panel-mounted electronics cabinet and is not '

easily accessible. .;
1

;

The principal gamma emitting radionuclide in waste effluent streams is -

Xenon-133, averaging two orders of magnitude higher than any other specie, i

However, it is not the intent of effluent monitors to respond to dissolved |
'

noble gases because Xenon-133 concentrations have never approached the MPC. -)

However. Iodine-131. Cesium-134. and Cesium-137 are detected in every
liquid effluent release in roughly equal quantities and are the principal

| gamma emitters because they can approach their MPCs. Therefore. for purposes
of adjusting the alarm /setpoints of the effluent monitors to comply with

Control 2.1, the composite MPC (MPC ) of 6.00 x 10-7 C1/ml will be used.
c

It is calculated based on the following data (to be conservative, iodine

is weighted greater than the cesiums)-
!
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i

|
|
>

|

i f MPC I
3 $

Cs-134 0.25 9.00 x 10-6 ,

Cs-137 0.25 2.00 x 10-5

1-131 0.50 3.00 x 10-7

Efj -|
MPC

C ~ E f j /MPCj
,

i (Eq. 5-2) |
i

:
!

l 1

(0.25/9.00 x 10-6 + 0.25/2.00 x 10-6 + 0.50/3.00 x 10-7) .|

6.00 x 10-7 .;-

!
r

t + f , is taken as 130 gpm based on !The maximum liquid effluent flow rate, f 2
a maximum 30-gpm flow rate from the test tank effluent pathway and a maximum !

'100-gpm flow rate from the steam generator blowdown pathway. Both pathways
will be assumed to operate continuously and simultaneously. j

!

Dilution water flow, f . is taken as 140,000 gpm based on 138,000 gpm
3

,

"

through the condenser and 2.000 gpm through the auxiliary cooling loop. |
Throttling of cooling water is not practiced.

;

!

In this example, the setpoint for both monitors when both effluent -- |
pathways are operating is: |

I
*

' ~

f3R= (MPCc) (5g) (Eq. 5-1) |

f1+f2 :

s _s

_' 140,000 gpm (6.00 x 10-7 Ci/ml) (7.50 x 10+7 cpm /(pCi/ml))-
'

,

,30 gpm + 100 gpm , i

:
- 48.500 cpm ;

Note that both effluent monitors have their lower level discriminators- !

set to reject the pulses originating from the 80-kev gamma emissions from |
:
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. j
i
)

Xenon-133, and their high count rate alarms are set at 48.500 cpm above j
background. I

5.3.3 Basis

The liquid effluent monitor setpoint must ensure that Control 2.1' is not -f
'

exceeded for the appropriate in-plant pathways. -The monitor is placed

upstream of the major source of dilution flow and responds to the- |

concentration of radioactivity as follows: |

:

(c m) = (Sg) (p f j sj) (CMON)
1 (Eq. 5-5) ;

|
:

Where variables are the same as 'those in Section 5.3.1 except: i
;

i
i

CMON - Total concentration ( Ci/ml) seen by the moriitor. '
4

sj Ratio of response from equal activities of radionuclide "i" to a-

reference radionuclide. j
lt

!!
Calibration of the radiation monitcrs have established that the gross gamma '

,
.

detector response, S E f j s j was f airly independent of gamma energy as .|
1 t

<
,

expected. Thus, the response is a function of radioactivity concentration and f

the gamma yield of the mixture. Since E f5 sj is approximately one:
,,

1
.

1 i
l

:
I

R - (Sg) (CMON) (Eq. 5-6)
y

-

f For simplicity, assume that both monitors look at the total flow for-fi and ;

f. We know that.2
,

'

!

!'f1+f2C- (CMON) !
f3 (Eq. 5-7)

'

t ;

1

|
:
!'
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;

_ ,

,

!<

!
Where: jr

!. i

C - Total concentration at the point of discharge.

and substitute into Equation 5-4 to get:q Solve Equation 5-5 for CMON
: !

+-

? r 5
a f3 .'- R= f C) (5g).

f 1 + 12 ; (Eq. 5-8)t

$
'

1.
e

f We defined C - E C i and define MPC such that:c
1

.

I

'i

1
'

.

C Ci_g
! MPCc j MPCi (Eq. 5-9)
j

i

i j
, .

] The right side of the equation is the MPC limit in 10CFR Part 20. Solving for {
; MPC , the composite MPC for the mixture, we get the definition of MPC !c c

|-

E Cj '|

MPCC"
-

.,

C'
4 E '!

' MPC i
: (Eq. 5-2) !

--

j;-

!
-

! !

!-

f Substituting MPC into Equation 5-6, we get the response of the monitor as ic
MPC is reached at the r)oint of discharge, which is the setpoint: fc

'

!

f T I

f3
'

I

R- (MPCc) ($g) |<

il*T2, (Eq. 5-1) |; s
| i

! !
! !

;

'I

i-
,

<

i i
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5.4 Gaseous - Effluent Instrumentation Setpoints' j

i

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. Control 3.3.a limits the activity'

concentration in off-site gaseous effluents to well below the appropriate MPCs

in 10CFR Part 20 by limiting total body, skin, and organ dose rate.

Use the method below to determine the setpoint for the noble gas |..

activity monitor. {d

;

!
5.4.1 Method i

i
i,

The noble gas activity monitor response (cpm) at the limiting noble gas !

dose (either total body or skin off-site) is the setpoint, denoted R, and is
; ,

.

determined as follows:*

i R is the lesser of: |
5 |
4 ;

NG(5 ) (E f j s j ) (500) (60)
.9

Rtb * .!*

gg
(F) (7.83) (E f DBFj) |;

5
i 1 (Eq. 5-3)

{,

! !

I
'

J !
t And: |

i

i
4

NG

| (S ) (E f si) (3000) (60)g 5
1

| Rsk - :
y gg ;

i (F) (E f DF ) j
5 j

-(Eq. 5-4) |l i
5 |
1 i
i !

! Where
|| |
!

sj - Ratio of response frcm equal activities of radionuclide "i" to a
1 reference racionuclide, i.e. , Xe-133.
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,

- I
.

DF - Skin dose factor, see Table 1.2. j
!

1

DFB5 - Total body dose factor. See Table 1.2. . !

;

ffb - Fraction of radionuclide "i" activity to total noble gas |
,

'
activity. !

i

F - Primary vent stack flow rate (cc/ min). i

i

{S - Instrument calibration factor (cpm /( Ci/cc)).g

!
.

Other setpoint methodologies also can be applied which are more
,

restrictive than the approach used here. |
;

l 5.4.2 Gaseous Effluent Setpoint Example |
t

1 - ;

The primary vent stack noble gas activity monitor is an.off-line system |

.

consisting of a beta sensitive scintillation detector, electronics, an analog j
'

ratemeter readout, and a digital scaler which counts the detector output
. |

| pulses. A strip chart recorder provides a permanent record of the ratemeter ;

output. Calibration data is provided by the manufacturer which indicates the j
'response, sj, of the beta sensitive detector to various gaseous radionuclides.

i The calibration data was verified on installation and periodically thereafter.

] System characteristics are:

4-

Typical sensitivity - 1 cpm - 3.00 x 10-8 Ci/cc of Xenon-133; i; a.

5 that is, 5 - 3.30 x 10+7 cpm /(pCi/ct'
1 ;
4

b. Typical background - 10 to 20 cpm ' l
| '

I

j Under normal plant stack flow. F, of 5.80 x 10+8 cc/ min (20,500 cfm x j

28.300 cc/ft ), one count on the scaler is equivalent to 17 microcuries of |3
'

Xenon-133 noble gases released. Since the typical average primary vent stack j

I concentrations of noble gases are only about 1.00 x 10-6 pCi/ct, direct grab
,

sampling and isotopic analysis is not satisf actory. The isotopic distribution l

; of noble gases dissolved in primary coolant is determined monthly and used as

!NG
the distribution. f , for gaseous effluent releases. The distribution.

$
-

I
,
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|

ffb , and the relative response, sj, for each radionuclide in this example are

presented in Table 5.5.
|

Applying Equations 5-3 and 5 4:

l
I

(3.30 x 10+7) (0.71) (500) (60)Ra - - 73,700 cpm
(5.80 x 10+8) (7.83) (2.10 x 10-3)

Rg - (3,30 x 10+7) (0.71) (3000) (60) - 169,000 cpm
(5.80 x 10*8) (4.30 x 10-2)

|
:

The setpoint, R is the lesser of Rtb and Rsk: therefore, it is equal to
73,700 cpm. This is due to the noble gas mixture in this example, in which

the total body dose rate is more restrictive.
,

5.4.3 Basis

The noble gas activity monitor setpoint 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 complying with Control 3.3.a. The equation (i.e., dose

| - total body or skin) which is more limiting depends on the noble ' gas mixture.

Therefore, each equation must be considered separately. The derivation of

Equations 5-3 and 5-4 starts with the general equation for the response, R
~

(cpm). of a radiation monitor:
,

R = (S ) (E f,I s j ) (C), g ;
a 1

-

; (cpm)(cpm /( Ci/cc)) (1) ( Ci/cc) (Eq. 5-5)

Expanding for the concentration:
:

i

;
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- ;

I

i
i
:

R - (5 ) (E f f sj) (0) (60/F)9 ;

1 . . t

(cpm)(cpm /( Ci/cc)) (1) (pCi/sec) (sec/ min) (cc/ min) (Eq. 5-10) f

'

The response of the monitor at the release rate which causes' the total

body dose rate limit to be reduced. Rtb, begins with Equation 3-3.
t

Dtb - 7.83 E O DFBji ;

i ;

f
!

Substituting 0 - f b 0 gives:
1 (Eq. 5-11) ,

6tb - 7.83 0 E: f fG DFBj
1 (Eq. 5-12) 4

.

k

Rearranging to solve for 0:
'

tbj o_
7.83 I: f fb

'

DFBi '!
'

1 (Eq. 5-13) ,

i

I
;

Substituting Equation 5-13 into Equation 5-10 and substituting the total body

dose rate limit gives:
,

S (cpm /( Ci/cc)) (I: f fG si) 500 (mrem /yr) 60 (sec/ min) (Eq. 5-3)
,

Rtb "
3 G 3F (cc/ min) 7.83 (pCi-sec/ Ci-m ) y; f DFBj (mrem-m /pci-yr) !

'
)

!
The response of the monitor at the release rate which causes the skin !

dose rate limit to be reduced, Rsk, begins with Equation 3-4: )
I

*

|.

Dsk " E Di DF |5
'

1 'l
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,

!

Q gives: !Substituting 0-f'bb' i (Eq. 5-11) !

:

i
+

6sk " 0 {I f b DFi
1 (Eq. 5-14).

!

!

) Rearranging to solve for 6:
!

(Eq. 5-15) '!.
Osko. ;

NGEf DF jj j
i .

;

I :

iSubstituting Equation 5-15 into Equation 5-10 and substituting the skin dose:
j rate limit of 3.000 mrem /yr gives:

~

,

'

!

1 NG
Sg (cpm /( Ci/cc)) {{ f$ si) 3000 (mrem /yr) 60 (sec/ min); |

;
1

Rsk" !

NG
-,

DF4 (mrem-sec/pCi-yr) }
.

F (cc/ min) { 1 4
> .

.

'

.

i

!

i .

1

;'

I.

t
'

!
!,

h

!

!

:
{
;

I

I

t

i
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TABLE 5.5 !

!
Samole Calculation of Gaseous Instrumentation Setpoint

_]
(Based on 1981 Yankee Data) _|

1
|

|
!

Noble Gas Fraction Detector Weighted Weighted Weighed Skin
,

Specie of Total Response With Response Whole Body Dose Factor I
,

!I
NG Respect to NG Dose Factor NG

*

f i Xe-133-1 0 s- f x si f x DFi NG i j j
1 f x DFBi |j

| I

! Ar-41 0.008 1.20 0.010 7.10 x 10-6 1.20 x 10-3 |
1

Kr-85 0.000 1.15 0.000 -0.00 -0.00 |
t

Kr-85m 0.010 0.00 0.000 1.20 x 10-5 4.60 x 10~4 |

Kr-87 0.010 1.50 0.015 5.90 x 10-5 2.90 x 10-3 |
Kr-88 0.016 1.15 0.018 2.30 x 10-4 3.00 x 10-3

2 Xe-131m 0.020 0.00 0.000 1.80 x 10-6 2.50 x 10-4 i
' ;

Xe-133 0.380 1.00 0.380 1.10 x 10~4' 4.00 x 10-3 |
!

W Xe-133n 0.000 0.00 0.000 -0.00 -0.00 |
Xe-135 0.200 1.30 0.260 3.60 x 10'4 1.20 x 10-2 j

.

i Xe-135m 0.340 0.00 0.000 1.10 x 10'3 1.60 x 10-2

Xe-138 0.020 1.50 0.030 1.80 x 10'4 3.60 x 10-3

Summation 1.000 0.710 2.10 x.10-3 4.30 x 10-2 ;
:

I
t"

!
t

;
,

a-

i

i
!

|
4

|.

: i

!,

!

!
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TABLE 5.6 |

Relative Fractions of Core Inventory

1_ Noble Gases After Shutdown j

|

i

Time Kr-85m Kr-85 Kr-88 Xe-131m Xe-133m Xe-133 Xe-135m Xe-135
i

.t < 24 h 0.007 0.003 0.004 0.004 0.021 0.714 0.017 0.232

24 h s t < 48 h -- 0.004 -- 0.005 0.023 0.911 0.001 0.056

48 h s't < 5 d -- 0.005 -- '0.008 0.015 0.971 - - ~ -- !

i
I 5 d s t < 10 d -- 0.010 -- 0.013 0.006 0.970 -- -- !

! ?

10 d s t < 15 d -- 0.020 -- 0.022 0.002 0.956
' '

-- --

15 d s t < 20 d -- 0.037 -- 0.034 0.001 0.929 -- --

;

20 d s t < 30 d -- 0.119 0.071 -- 0.806 -- -- '--

l

30 d s t < 60 d -- 0.795 -- 0.103 -- 0.103 -- --

;,
_

t s 60 d -- 0.974 -- 0.024 -- 0.002 -- --

,

I
,

9

:: t

i

I
i

e

j I

'
s

r

f

?

I
,

4

e

i

i
?
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6.0 RADIDACTIVE WASTE TREATMENT SYSTEMS, EFFLUENT PATHWAYS, AND RADI ATION

MONITORS

6.1 Licuid Radioactive Waste Treatment

Control 6.1 In accordance with Yankee Technical Specification 6.8.5.a.6, the j
'

Liquid Radioactive Waste Treatment System shall be used_ to reduce the j

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 j
to any organ. |

!
>

Applicabilitv j
: !

I

At all times. {
'

!>

:

ACTION !,

a. With liquid waste being discharged without processing through {
appropriate treatment systems as defined in the ODCM and estimated j.

| doses in excess of the above limits, and if not applicable to ;

$ 10CFR Part 50.73, prepare and submit to the Commission within f
'

30 days pursuant to Control 7.4 a Special Report which includes j
the following information: !

1 |
1 1
3 1. Explanation of why liquid radioactive waste was being j

discharged without treatment, identification of any |i

inoperaDie equipment or subsystems, and the reasons for the
'

inoperaDility;

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

i

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

i
'

b. The provisicns of Controls 1.3 and 1.4 are not applicable.
'

!
: !

l
'

!

! I
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!

Surveillance Recuirement

SR 6.1 Doses due to liquid releases shall be estimated at least once per
31 days in accordance with the ODCM. No dose. estimates are required if the i

Liquid Radioactive Waste Treatment System has been continually used to reduce - ;

the radinactive materials in liquid waste prior to its discharge or if no f
liquid discharges have taken place over the appropriate 31-day period. t

!
<

Bases j-

!

The control that the appropriate portions of the Liquid Radioactive |
Waste Treatment System be used when specified provides assurance that the |
releases of radioactive 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 j

design objective of Section II.D of Appendix I 10CFR Part 50. The specified j
'
. limits governing the use of appropriate portions of the Liquid Radioactive !

I Waste Treatment System were specified as a suitable fraction of the dose !

design controls set forth in Section II.A of Appendix 1. 10CFR Part 50. for !

I liquid effluents. ;

i

f6.2 Gaseous Radioactive Waste Treatment-

f
i Control 6.2 In accordance with Yankee Technical Specification 6.8.5.a.6. the ?

GASEOUS RADIDACTIVE WASTE TREATMENT SYSTEM and the VENTILATION EXHAUST |
TREATMENT SYSTEM shall be used to reduce radioactive materials in gaseous !4

waste prior to their discharge when the estimated gaseous effluent air doses !*

due to gaseous effluent releases from the site to areas at and beyond the SITE |
j BOUNDARY (see Figure 1-1) would exceed 0.20 mrad for gamma radf ation and 0.40 ;

| mrad for beta radiation over 31 days. The VENTILATION EXHAUST TREATMENT !

SYSTEM shall be used to reduce radioactive materials in gaseous waste prior to

their 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.

,

! !
1

Applicabilitv !
'

;

:.

j At all times.

|.

;

!
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l

ACTION |
l

a. With gaseous waste being discharged without processing through
appropriate treatment systems as defined in the ODCM and in excess
of.the above limits and if not applicable te 10CFR Part 50.73. |
prepare and submit to the Commission within 30 days, pursuant te |

,

Control 7.4. a Special Report that includes the following |
l' information: |

1. Explanation of'why gaseous radioactive waste was being
,

,

discharged without treatment, identification of any

inoperable equipment or subsystems, and the reasons for the ;

[ inoperability- I

'

:
1

'
2. Action (s) taken to restore any inop_erable equipment to

OPERABLE status, and'

!
t-

3 Summary description of action (s) taken to prevent a f
recurrence,

j b. The provisions of Controls 1.3 and 1.4 are not applicable. ;

!i

Surveillance Recuirement :

I
;

SR 6.2 Doses due to gaseous releases from the site shall be estimated at f
least once per 31 days in accordance with the ODCM. i

*

Bases j

The control that the appropriate portions of the GASEOUS RADIDACTIVE
j WASTE TREATMENT SYSTEM and VENTILATION EXHAUST TREATMENT SYSTEM be used when |

specified provides reasonable assurance that the releases of radioactive [
"

materials in gaseous effluents will be kept *as low as is reasonably
,

achievable." Control 6.2 implements the requirements of 10CFR Part 50.36a.,

General Design Criterion 60 of Appendix A. 10CfR Part 50 and the design !
;

controls of Appendix 1. 10CFR Part 50. The ACTION levels governing the use of ;

appropriate portions of the GASEOUS RADI0 ACTIVE WASTE TREATMENT SYSTEM were '

,

specified as a suitable fraction of the guides set forth in Sections II.B and {,

II.C of Appendix 1.10CFR Part 50 for gaseous effluents. ;

!,,

t

j Revision 8

R12\29 6-3

i
;

4 k
io

!

,, - - -- , . .
i



. _ _ _ _ _ _ - _ _ _. . . _ .._ _ __ _ . _ - . _

- :

s

|
.

6.3 Licuid and Gaseous Effluent Streams, Radiation Monitors, and Radioactive f
Waste Treatment Systems

Figures 6-1 and 6-2 show the liquid effluent streams. radiation
;

monitors, and the appropriate Liquid Radioactive Waste Treatment System. j
Figures 6-3 and 6-4 show the gaseous effluent streams, radiation monitors, and '|
the appropriate GASEOUS RADI0 ACTIVE WASTE TREATMENT SYSTEM.*

|- :

6.4 In-Plant tiouid Effluent Pathways |
:

!

Steam generator blowdown water is collected in a blowdown receiver tank |_

and periodically released by automatic level controllers to the service water |
cooling loop. The tank fills at a nominal 5 gpm. The tank discharges about [,

100 gallons per cycle at a rate of about 110 gpm. The discharge rate is fixe 1

) because of a relatively constant head on the receiver tank and a fixed f
discharge geometry through a fully open/ fully closed discharge valve. [

2

! Blowdown discharges occur about one minute of every 20 during plant operation. {
This pathway is considered a continuous release during plant operation. A i

composite sampler operates whenever the blowdown receiver discharge valve is |

| open. The sampler collects about one part in 5000.of the effluent. The total {
volume of liquid effluent per period (week) is determined by a cycle counter i

i on the discharge valve (total cycles times volume per cycle). Steam generator j
blowdown may not be a continuous or routine expected effluent pathway.when the |

.
plant is shut down. However. when the plant is shut down, liquids in.a steam (
generator during wet layup could constitute a batch release pathway if f

i

| discharged to service water. The liquid associated with a steam generator |

during wet layup should be sampled and analyzed in accordance with the |
*

j requirements listed in Table 2.1. " Radioactive Liauid Waste Sampling and |'Analysis Program." of SR.2.1.1.
,

i

; Whenever the plant is operating and secondary plant components are
pressurized. then steam condensate /feedwater leaks from pump seals and other !

,

$ components are collected in drain headers and routed to the discharge of the !

main condenser. A single sampler collects a time integral composite sample of |
{ condensate water. This sample is assumed typical of water leakage in the j
i condensate-feedwater train. The volume of leakage is determined by chemists j

each day by a water balance.

i
A number of auxiliary coolers and heat exchangers discharge service ;

: water (Sherman Pond water) into a common underfloor discharge header. The ;

I
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,

Turbine Building floor drains and Auxiliary Boiler Room floor drains drain to

this header. The water from this drain header discharges without further ,

dilution into a tributary of the Deerfield River outside the controlled area. !
A composite sampler collects a sample of the water whenever there is discharge"

(water in the pipe).

I

Batch effluent tanks called " test tanks" collect the distillate from the |
liquid radioactive waste evaporator. Normally, liquid waste accumulates at i
about 1 gpm and is processed at about 4 gpm. When a 7000-gallon test tank is J
filled, it is sampled. analyzed, and released at a nominal 30 gpm. !

,

!

The condenser cooling flow provides the major source of dilution and is |
assumed to be 138,000 gpm with two pumps operating and 69,000 gpm with one ;;

pump operating. Throttling of condenser cooling water is not practiced at the |
Yankee plant. |.

[

During shutdown periods, the 4.000-gpm service water provides dilution
,

:
i

water flow. Flow rate is variable and estimated by pump curves. Typically, |.
flow rates range from 1,500 gpm to 3,500 spm. |

The discharge rate from the steam generator blowdown tank is fixed by
piping geometry and a relatively constant head on the tank. A flow meter |

estimates the discharge rate during periods of discharge. Verification is f
'

[ done periodically by measuring the time for the tank level to decrease during f
a normal release. [

i
!
!

The discharge rate for the Turbine Building pathway is estimated to be j-

j 400 gpm. Approximately 1 gpm of this rate is secondary coolant (from pump .

| leakage and sample stations). The remainder is service water from various i
t

| secondary plant heat exchangers. All piping is buried and inaccessible, so j

j flow is estimated from cooling water pump flows. |
!
T

| The discharge rate for the test tanks is controlled by the discharge !
1

j line variorifices and limited to 30 gpm. j

i
> ,

Calibrations of the radiation monitors have established that the gross (
,

gamma detector response was ':'rly independent of the gamma energy, as

expected. Thus, the response is a function of the radioactivity concentration;

and the gamma yield of the mixture, but not the gamma energies of the mixture.

fThe electronics of each monitor channel has an adjustable alarm setpoint. A

!'

! i
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Control Room alarm will sound, and the' effluent discharge valve will close

whenever any one of the following occurs:
.

a. Ratemeter_ indication above the setpoint

i

b. Loss of detector high voltage- ]
l

c. l.oss of detector signal ;
i

kd. Loss of power to channel

e. Instrument controls not set in operate position

' 6.5 In-Plant Gaseous Effluent Pathways
!

The primary vent stack nob'le gas effluent monitor is an off-line system
consisting of a beta sensitive scintillation detector, electronics, an analog

ratemeter readout, and a digital scaler which counts the detector output'

pul's e s . A strip chart recorder provides a permanent record of the ratemeter j
,

output. Calibration data is provided by the manufacturer which indicates the i

response of the beta sensitive detector to various gaseous radionuclides. The ; !

calibration data was verified on installation. and periodically thereafter. ;

System characteristice are:

i

a. Typical sensitivity 1 cpm - 3.00 x 10-8 pCi/cc Kr-85 I

- t
4

b. Typical background 10-20 cpm f
,

Under normal plant stack flow of 20.500 cfm, one count on the scaler is |

equivalent to 17 microcuries of Xenon-133 noble gases released. Since the |
typical average primary vent stack conce<1trations of noble gases are only j
about 1.00 x 10-6 pCi/ct, direct grab sampling and isotopic analysis is not |
satisfactory. The isotopic distribution of noble gases dissolved in primary j

coolant is determined monthly and used as a source term for gaseous effluent |
releases. !

'

!

:

!

!

,

Revision 8
1

R12\29 6-6 !

i

r

rti--- 7 y m., , y -- --w,, -n<w m - y



. - . _

Sten ~ Ge,,eva.ters

ICL)ioE OttiLDiMC,-

(lisdi)ttE GEsitit'R.3
7

O Ggh000 / S f~C 8 "' II'"I
" '"

Y f*,'' P " ',' I lri t ~ f*tGU W G-l 5*~fe S.*n K 'D **;.r
,

T==Ms h * '" ' M:a r. Itu( Enl,e.,ers
i h<-$4-1 g ,, g eg,, **A C oo' err*

j

T.,4 i.e. Duell.,0f<-N -I I ^ %fer F"a Ib~fs p lo r- 'pr m.; e
,

" - 1*n-l;e t intienn eelsTv|r Valvt

Flw Control C**f**"**' ^ C**E'''3*$' I'*"Y'
+ G rM

Ra.a.it an r .] O gr.a s ,,,,, Q ,bb-500 CYM1lasitor~ l Rec eive r 4.
Tank C**f'"***3 she.... F. . A.(Qca icyt)

ki C * ara "f * lser.,ce) toattr)..
....._\, S a myle r, \

A Jie aih".*
'

H T. J

$'j* i out= iJ 'M dn s . -rie-'f , c. b..;tes
, < , . , Ho.a or. Yarag . a, s t o , ,,,Con d e n r e t-

_

u y,;,, , ,3 .

Culve'It
Catel 3 4 8/=t

c .t.; .=s
. C. yo s if t <

(DCitto6) (co nt in u oa(s
.

3 GrM) 5..dersg j ,,

v
U)*Ac t135> 000 C l'M 0 Tieat,e.,F ~~+--
Yla.t Draas-

W ^ - L _-_ , w_x.

|Shev,nar, To,a

ML&<t4E0 TRifluTNW"k
FIGURE 6-1 [)EECFu'd

Rid CR.
1.itluid Ef fluent Streams, Radiation Monitors, and

Radioactive klaste Treatment System at the Yankee Plant

Revision 8
6-7

R12\29

. .. . -- . . - - . . -- . . . . . - . .,. .. . . . _ . .



1

..

I
!

-

trimary Drain

Ce11=ctist Tank
_

1
4

(n-so)
liydrogenated Waste Streams 1

a'
lLiquid 7.adweste

itestment System t.r. sers. Tank er Forstiestien I.. t.achasser
'

g-*****~~*) outlet
! g Partiteatloa los tachaesar Outlet Hesser
l

g sample $Lak Drata |

s i valve Sten Laakof f from Insade VC }
Wasta heldup : Valve Ste Leakoff Tree Outside V" i

'
4 7, g 7.sts teops and Prasaur2 er Dratne
g g p .31) Drains From 1.F. Surge tank i

, ; ' safety Valve 21scha rge Free shutdeve I8

t U C 11asLs . .t

j |
i I l>
0 ha 1

1 a
f

1
g r

I a
3 8

- Activity Dilation _

f 8 Dece, Tank

L___ _._.) (n-)2)
~ *

'

,

1
5e114 Wa***

4
. (Dr m Aaller)
\

osv TZive EC *

->JCupf (o ~ t Fric,ary 2411d168,
s '

- Suzy Tant

(TK-24)
Aetated Waste Streams e

Leskage Tree Cha rgtea Systen Pump seale
,,, floor Drain Sump f rom Lower PAR

Draine From Component C.W. Serge Tank & Meader*
Service $1d3. Caetaineens 3umo 1

Eadiesettwe La6 $ wee ,

Cravity Drain

*
: Tank -

Dratas free Twel Pft, $ategy injestion & Shield j
Tate Lawtry 5

(yr.27) Draios Tree ten tachange Pit "

Drain free VC
Drata Troe Slowdown of Flash tents q

3
Drais free Primary vent stat t

,Tleer Draies Tro 74.3
|

Draias free F.J Pipe Trench
J

!
.

%.st re. Wa.se
_ Tanas -

,

(71-29-1) i
tTx-:,-2)

4

;

1

FIGURE 6-2

Licuid Effluent Streams, Radiation Monitors, and_
i

Radioactive Waste Treatment System at the Yankee Plant

(Continued)

Revision 8

R12\29 6-8

,i



.

cc -

w
>
o -

u =
w

u. w m >
o E E r M =w a w t- < oa cc a > a o .- -cc o - w<r - +- x o +- oU = <

.--
w a m cc = o = 2 a a wc .- . w - w < o u - o, o c.m,_m r = > g a *.-w < r r =om a w w w = e tt a wce o

- -
- .-- _i we _.J >_, m . m c e..<<e = < <b e < r o r e

o
weo cc --

2 < ccm -.J o cc ow -w w ce :am oce m -.; w cu > > c >- m . o-,- -
o eu o- e m < - +- = >- M.- a w a = = >x w ;a = mI o _ o - w w= cc -c:- < - w a_., e o o < o - , = m = cow 4 >- _a = wr m a c w < w= cc 2 cc

< a o m .
mo >- x o a w

-
- w

m,- a >- =u o - ca < cc =w ce - ce rE.= < < > r 3 c- .- < '< w < cc
-

2 ce - _.2 <x w w a v $ r +- a> w cc,

I o 2 - < o w cc o v m -

- = a t- a c
.c =< u m cc i e c. v ge

| ! l | ! I | !
-

o
ow

u :d
c |;;
a >--

C g

I
NOI1YII1N3A/3DEnd

E #

MIO71GS IN3WNIY1NO3 E013Y3E-' ~

# E* O,\ '

a&ne

m.r----i- w- - - - - - - - - - - - - - - - - - - - - - - " e 2 > -
i M

8

e .
u. .

# C.nI CCt WGEO 3SEDS
e

8 E 5 ei

a SYS 31SYM * E-i: w ~u
1 i =oa
. I m e

*i a
1 *

m I
- b-

e ar
- , O **<wi

-Ed =- 2Ed %
i 3xm a +I w :, =s w c;, -_ m <m- - - _ _ . . - - . _ . - - .

.>3 ) ,
yo3 5= 1YO3 ua < = =i -

i i a' -o -=w c-
EVH3 uEYH3 +- mx- c'

_-,-< .s i e< s- .<wm *
.c.

i
.___--__ . _ _ - _ . r >- ecc a=m e ,,-_-- <o i g,i Yd3H =a Yc,_:H cc - -

i w- . - = i ce
> u. m<w

(cc. o _J C I
o-w.w s w s- < <a cc w=wCL o e Ia:C LJ ccc% Z6,

'- o>W t"_., # < C , e fl < lwm- i
~CL J o w m

I

Qcu ud KQ , L -. --- - - _ _ _ - _ _ ----._---------)
m;<

Do
"5 ud v
-=-w
t. o.

J
CC CC

Cd o < o
- - cm =
i ! 1 !

CO

7 C'

0e O
Che

M N
- -

X3VIS IN3A INyld . > N
W G) e.n
9 Cd cf
-

-
<



~- H [t,.F. Surga Tena cana

._ -y itsin Coolant Vent Hesder

_

is /s 1 a s,

Acttwity Pilutten Vsste ifoldup Ftimery Drain

Decay Tenh tenk Collecting Tank

17-32 1K - 31 TK-30

O O T113 tlc D
-- ceysen Analyter ggg.3 |y

,

3
J/ ,/v3

9 / Compresear [ s ..

Corpressor j- veste Cse Surgex I suction couler
1:r um N --- . wventilation System fiender

} t-19 i K.O. Deem f
,, g ( TK-35 / Tr-36

)0
. / \ ]

6.1

63
th

'*!
J <~

(-)
_ T'

J
Coerressor

{['}
T Di s c tie r g e

Cooler
1-20.

Veste Gee Coepressore

C-3-1 C-3-2

.

Water loop Seal

FIGURE 6 4

Revision 8 Gaseous Effluent Streams. Radiation Monitors. and
Ratlicactive Waste Treatment System at the Yankee Plant

R12\29 (ContinueO
6-10



. . . . . - . . - - - . _ _ , . _ .- . . . -. . . - .

7.0 -REPORTING RE0VIREMENTS

7.1 Annual Radioloaical Environmental Operatino Report '{
i

1
6Control 7.1

|
4 a. An Annual Radiological Environmental Operating Report covering the j

'operation of the unit during the previous . calendar year shall be
submitted prior to May 1 of each year.

!
b. The Annual Radiological Environmental Operating. Report shall j

,

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 previous environmental

surveillance reports and an assessment of the observed impacts 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 Operating Report shall ;

include summarized and tabulated results of all radiological j
.

'
environmental samples taken during the report period pursuant-to

Ithe table and figures in the ODCM. In the event that|some results
are not available to include in the report., the report shall be i

submitted noting and explaining the reasons for .the missing

results. The missing data shall be submitted as soon as possible ;

in a supplementary report. !
.i

i

The report also shall include the following: a summary'

description of the Radiological Environmental Monitoring Program ;

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 j
requi ed by Table 4.3 was not achievable.!

i
1

.

:'

I
t

!
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i
-

.

i
i

7.2 ' Semiannual Effluent Release Report .!
!

|

Control 7.2

a. Within 60 days af ter January 1 and July 1 of each year, a report j

shall' be submitted covering the radioactive content of effluents I

released to unrestricted areas during the previous six months.of .|
operation. I

!
b. The Semiannual Effluent Release Report shall include a summary of !

the quantities of radioactive liquid and gaseous effluents . ;

released from the unit as outlined in Regulatory Guide 1.21 f
Revision 1 June 1974, " Measuring, Evaluating, and Reporting |

Radioactivity in Solid Wastes and Releases of Radioactive .|
'

Materials in Liquid and Gaseous Effluents from Light-Water-Cooled
~

Nuclear Power Plants," with data summarized on a quarterly basis
following the format of Appendix B thereof.

, .

In addition, the Semiannual Effluent Release Report to be |

submitted 60 days after January 1 of each year also shall include I
'

an annual summary (a) of hourly meteorological data collected
over the previous year. This annual summary may be~ either in the i

form of an hour-by-hour listing on magnetic tape of wind speed. ;

wind direction, atmospheric stability, and precipitation (if i

measured), or in the form of joint frequency distributions of wind
ID}speed, wind dir'ection, and atmospheric stability This same.

report shall include an assessment of the radiation doses (a) due '

to the radioactive liquid and gaseous effluents released from.the |
1 unit during the previous calendar year. (The Semiannual Effluent

Release Report submitted within 60 days of July I each year need i

not contain any dose estimates from the previous six months'

)

(a) In lieu of including in the Semiannual Effluent Release Rer. ort required
to be submitted within 60 days after January 1 additional information i

that covers the summary of annual meteorological data and assessment of !
radiation doses, a supplemental report is permitted to be submitted ;

within 90 days after January 1 containing this information. j
(b) In lieu of submission with the first half-year Semiannual Effluent !,

Release Report, the licensee has the option of retaining this summary of !

required meteorological data in a file that shall be provided to the NRC i

upon request.
|
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!

i

!
effluent releases.) This report also shall include an assessment

of the radiation doses from radioactive effluents'to MEMBER (S) 0F
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 asses'sments (e.g. !
specific activity, exposure time, and location) shall be included i

in the report. For batch or discrete gas volume rele ues, the |
meteorological conditions concurrent with the time of release of j
radioactive materials in gaseous effluents (as determined by j

sampling frecuency and measurement) shall be used for determining j
!

the gaseous pathway doses. For radioactive materials released in
continuous effluent streams, quarterly average meteorological j

conditions concurrent with the quarterly release period shall be !

|used for determining the gaseous pathway doses. The assessment of"

radiation doses shall be performed in accordance with the ODCM. !
!

,

The Semiannual Effluent Release Report to be submitted 60 days j

af ter January 1 of each year also shall include an assessment of !

radiation doses to the likely most exposed real MEMBER (S) 0F THE |
PUBLIC from reactor releases (including doses from primary |

effluent pathways and direct radiation) for the previous calendar ,

year to show conformance with 40CFR190, " Environmental Radiation |

Protection Standards for Nuclear Power Operation." if Control. 3.2 i

has'been exceeded during the calendar year. l
.

i

The Semiannual Effluent Release Report shall include a list and |' description of unplanned releases f rom the site-to-site boundary i

of radioactive materials in gaseous and liquid effluents made l
;I during the reporting period. |

!
The Semiannual Effluent Release Report shall include any changes |,

made during the reporting period to the ODCM, as well as a listing j

: of new locations for dose calculations and/or environmental i

monitoring identified by the land use census pursuant to

Control 4.2..

|

:

.
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|
,

!

7.3 Major Chances to'Licuid and Gaseous Radioactive Waste Treatment Systems i
2

i

. Control 7.3 Licensee initiated major changes to the liquid and gaseous
radioactive waste systems: |

!
.

a. Shall be reported to the Commission in the Semiannual Effluent ;

Release Report for the period in which the evaluation was reviewed f
by the PORC. The discussion of each change shall contain: I

1. A summary of the evaluation that led to the determination +

that the change could be made in accordance with 10CFR .
3

Part 50.59, i

i

2. Sufficient detailed information to support the reason for
;

the change wit'hout benefit of additional or supplemental |
information, !

;.

3. A detailed description of the equipment, components, and f
processes involved and the interfaces with other plant. ,

systems. -j

!
''4. An evaluation of the change, which shows the predicted

,

releases of radioactive materials in liquid and gaseous .j
effluents that differ from those previously predicted in the i

license application and amendments .thereto. I
i
i
'

5. An evaluation of the change, which shows the expected,

'

maximum exposures to MEMBER (S) 0F THE PilBLIC at the SITE
BOUNDARY and to the general population that differ from I

those previously estimated in the license application and I

amendments thereto,
.

i,

I :
6. A comparison of the predicted releases of radioactive '

i materials in liquid anJ gaseous effluents to the actual

$ releases for the period prior to when the changes are to be |
made, !

!

7. An estimate of the exposure to plant operating personnel as
,

a result of the change, and

I
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.!
!,

!
!

8. Documentation of the fact that the change was reviewed and j
found acceptable by the PORC. i

i
5 :

b. Shall become effective upon review and acceptance by the PORC. |.

:4

a

7.4 Special Reports

i i
Control 7.4 Special Reports shall be submitted pursuant to 10CFR50.4 within- !2

the time period specified for each report. These reports shall be submitted j
covering the activities identified below pursuant to the requirements of the |

.

applicable reference controls: |,

.|.

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

c. Total Dose. Control,3.2. j
d. Radiological Environmental Monitoring. Control 4.1.

<
.

i

'

,

!

i- |
|

! |
4 i

.A

4

i
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#y - n UMITED STATES
-

e

[ Ig-(' /i. Ef,j WUCLEAR REGULATORY COMMISSION
' WASHINGTON, D. C. 20555;(,

f'
' *****

MAY 171990

Docket No. 50-029

Mr. George Papanic, Jr.
Senior Project Engineer - Licensing
Yankee Atomic Electric Company
580 Main Street
Bolton, Massachusetts 01740-1398

Dear Mr. Papanic:

SUBJECT: DISPOSAL OF SEPTAGE - YANKEE NUCLEAR POWER STATION

By letter dated April 11, 1990, you requested NRC approva's for a proposed

disposal of sewage sludge containing very low concentrations of radionuclide

according to 10 CFR 20.302. We have completed our review of your request and'

our evaluation is enclosed. We have found that your proposed transfer of the
i

sludge by a contracted vendor to a public owned treatment works is acceptable.
..

Sincerely,

] '

C AA3
Patrick Sears, Project Manager
Project Directorate I-3
Division of Reactor Projects - I/II
Office of Nuclear Reactor Regulation

Enclosed:
As stated

cc w/ encl:
See next page
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.

Yankee Rowe
Mr. George Papanic, Jr.

1,

!

I
cc: .

Dr.' Andrew C. Kadak, President I

and Chief Operating Officer i

Yankee Atomic Electric Company
580 Main Street ;

Bolton, Massachusetts 01740-1398 I
'

i-

Thomas Dignan, Esquire l
Ropes and Gray t

225 Franklin Street |
Boston, Massachusetts 02110 i

:

Mr. T. K. Henderson i

Acting Plant Superintendent |
Yankee Atomic Electric Company
Star Route |

Rowe, Massachusetts 01367 I.
.I

Resident Inspector t

Yankee Nuclear Power Station
'

U.S. Nuclear Regulatory Commission ;

Post Office Box 28 L

Monroe Bridge, Massachusetts 01350 i
:

Regional Administrator, Region I :
.

U.S. Nuclear Regulatory Commission _[
r

475 Allendale Road
- !

King of Prussia, Pennsylvania 19406
!

Robert M. Hallisey, Director '

Radiation Control Program -

Massachusetts Department of Public Health i

150 Tremont Street, 7th Floor |
Boston, Massachusetts 02111 I

Mr. George Sterzinger
Commissioner
Vermont Department of Public Service |

120 State Street, 3rd Floor )
Montpelier, Vermont 05602

|

Ms. Jane M. Grant
Senior Engineer - PLEX Licensing !

Yankee Atomic Electric Company
580 Main Street
Bolton, Massachusetts 01740-1398

Approved sy: g p[ , .Revision 7 - Date: A-3

i
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SAFETY ASSESSFENT BY THE OFFICE OF NUCLEAR REACTOR REGULATION

YANKEE ATOMIC ELECTRIC COMPANY
,

YANKEE NUCLEAR POWER STATION
,

DOCKET NO. 50-029

t

1.0 INTRODUCTION ;

By letter of April 11, 1990, the Yankee Atomic Electric Company (Yankee) '

submitted, pursurnt to 10 CFR 20.302(a), a method for the routine disposal !

of septic tank waste containing very low levels of licensed material. Yankee f

proposed to periodically dispose of accumulated septic waste solids from the f

plant's sanitary system septic tank by transferring them to a public Sanitary
IWaste-Water Treatment Facility (SWTF) where they will be mixed with, processed

with, and disposed as part of the sanitary waste generated from many sources.'
!

Yankee proposed to make such disposals every one to two years over a period of
'

'

30 years. '

;
.

In the submittal, the licensee addressed specific information requested in

accordance with 10 CFR 20.302(a), provided a detailed description of the :

licensed material, thoroughly analyzed and evaluated the information pertinent :
!

to the effects on the environment of the proposed disposal of the licensed

material, and committed to follow specific procedures to minimize the risk of
(

unexpected or hazardous exposures.

1
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t

2.0 MASTE WATER STREAM DESCRIPTION

:

2.1 Physical and-Chemical Properties ;

The waste involved consists of residual septage (the accumulated settled and
!

suspended solids and scum) produced by the sanitary sewerage collection and j

treatment system at the Yankee plant. To safely dispose of the plant's sanitary ;

waste stream, the Yankee plant supplements the onsite septic system supplemented |
}

with offsite treatment at a SWTF. ,

I
i

!
,

s

The onsite septic system consists of a 7,000-gallon buried septic tank and a j

subsurface soil-absorption leach field. In the overall system design, the |
|

septic tank collects sludge and scum and partially separates liquids from the'
,

incoming sanitary waste. ,

,

- !
'

t

The septage is retained in the septic tank, and the remaining conditioned
i

,

w'ste-water liquid flows into the underground leaching field for treatment.a

The leach field is the terminal point of the onsite portion of the plant
:

sanitary waste treatment process.-

i
'

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

tank and transported to a SWTF.

'

,

2I E A-5 Approved By: M- ACRevision 7 - cate:
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2. 2 Radiolocical Procerties .

v

!

?

I-

iThe plant's sanitary system septic tank collects waste from the lavatories,
i

showers, and janitorial facilities outside the Radiological Control Area (RCA). |
;

No radioactivity is intentionally discharged to the septic system. However, f
!

plant investigations into the source of low levels of licensed material found ;
'

in septic tank waste have identified very small quantities of radicactive

materials, which are below detection limits for radioactivity releases from !
l

the RCA. It is suspected that these materials are carried out of the control ;
"

;

area on individuals and spread to floor areas outside the RCA. Floor wash
,

water from these areas is poured through a filter bag to remove suspended |
t

I

solids and dirt before the water is released into a janitorial sink. Although ;
,

~

the wash water is returned to the RCA for disposal, if it is known to contain ,

i

radioactivity, very small quantiti.es can be released to, and accumulate in the
.

'

i !

sceptic tank.
, -

The following values are estimates of the maximum total activity presently in |
L

Ithe septic tank based on measurements of radionuclide concentrations in the
'

licuid and solid phases:

<

Total Activity jf

!.

Nuclide (uCi)
i

i

i Co-50 1.94
e

2 Mn-54 0.057 !

1 Cs-134 0.082 '

3'

Cs-137 0.248
|<

TOTAL 2.33
4

,4f '
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3.0 PROPOSED DISPOSAL METHOD
-

.

i,

Yankee proposes to periodically dispose of accumulated septage from its septic

tank by contracting with a septic tank pumper that is apprcved by the Board of
,

Health, Rowe, Massachusetts and transfer the septage to a Massachusetts SWTF j'

for treatment. This septic tank pumper will transfer the septage to an SWTF, :

where it is mixed and diluted with other raw sewage and introduced either into

an anaerobic digester or an aeration pond for biological treatment. The

resulting processec sludge frcm the SWTF is then mixed with sand and disposed

of in a sanitary landfill, where it will be covered by clean soil daily. An j

5 alternate disposal means could result in the processed slucge being spread as a ,

fertilizer, though generally for vegetation, such as sod, which is not consumed ;

! by humans. None of the region's SWTFs that receive sewage from local septic
4

*

(' tank pumpers incinerate their sludge as a means of treatment.

4

This method of pumping the tank and transferring the septage to an SWTF is the

same method normally applied to septic tank systems, regardless of the presence j
,

of licensed material.

,i I

) 2.1 Septic Tank Waste. Procedural Recuirements and Limits
;

; '

\
iThe licensee will perform a gamma isotopic analysis on a representative sample

,

of waste from the septic tank no more than 48 hours before a contracted septic
j :

|tank pumper begins to pump the waste from the tank to transfer to a SWTF.'

i The licensee will collect at least two septage samples from the plant's septic
'

"

; '

tank by taking a volumetric columr. sample that will allcw the licensee to :

a
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determine the ratio of the solid content to the total content of the tank. By

determining the weight of the percentage of solid content of the collected

sample and applying this value to the gamma isotopic analysis, the licensee will

be able to estimate the total radioactivity of the contents of the tank.
,

To document the estimation of radiological effect of septage disposal, the ;

licensee will perform these gamma isotopic analyses of the representative samples

at the Technical Specification Environmental Lower Limit of Detection (LLD)

requirements for liquids, as required in Technical Specification Table 4.12-1, i

" Detection Capabilities for Environmental Sample Analysis,"

The radionuclide concentrations and total radioactivity identified in the
Iseptage will be compared to the concentration and total curie limits established

_ herein before disposal. The following limits apply to these analyses:
,

1, t

'

1. The concentration of radionuclides detected in the volume of ,

septage to be pumped to a disposal truck shall be limited to a

combined sum of fractional Maximum Permissible Concentrations in !

Water (MPC) (as listed in 10CFR Part 20, Appendix B. Table II, Column

2), summed over all nuclides present, of less than or equal to 1.0. ]
;

i

2. The total gamma activity that can be released during septage transfer i

to any SWTF or combination of such facilities 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 public).

Approved By: f t b , _3Revision 7 - Date. W Y ? 1 toe, A-8
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1

3.2 Administrative Procedures ,

i

i

i

The licensee will maintain complete records of each disposal. In addition to y

copies of invoices with approved septic tank pumpers, these records will

include the concentration of radionuclides in the septage, the total volume of

septic waste disposed, the total activity in each batch, and the total |

|
.

accumulated activity of the septage pumped in any 12 consecutive months. |
.

|
r

i

For periods in which disposal of septage occurs under this application, the j
Ilicensee shall report, to the Nuclear Regulatory Commission (NRC) in the plant's

Semiannual Effluent Release Report, the volume, liquid, and solid mass fractions,
!radionuclide concentrations in the liquid and solid fractions, and the total

activity disposed. ;
,

,

1

e

:

!

4.0 EVALUATION OF ENVIRONMENTAL IMPACT :

j !

! ;
.

The proposed method for disposal of septage is the same as currently used by

all facilities designed with septic tanks for the collection of septic waste. ;

;

No new structures or facilities need be built or modified, nor any existing |-

land uses changed. Septage from Yankee will be transnorted to an existing ;'

SWTF, where it will make up a small fraction of the total volume of sanitary ;
i

waste treated each year. The normal method of septage handling and treatment
;

|
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would involve dilution of Yankee's septage with other waste-water at a public

SWTF. The processed sludge from the SWTF is usually buried in a sanitary

landfill, thus limiting the potential exposure pathways to man. Otherwise, the

sludge is widely dispersed in fertilizer, thereby preventing any buildup of

activity from successive annual pumpouts from the plant's septic tank. This

method of disposal will nct affect topcgraphy, geology, meteorology, hydrology,

or nearby facilities.

5.0 PADIOLOGICAL IMPACTS

The licensee has evaluated the following potential exposure pathways to members

of the general public: (1) inhalation of resuspended radionuclides, (2) ingestion

of food grown on the dispcsel site, (-3) external exposure to a truck driver or

'SVTF worker, and (4) external exposure caused by long-term buildup and external

exposure from standing on the ground above the disposal site. The staff has

reviewed the licensee's calculational methods and assumpticns, and finds that

they are consistent with regulatory Guide 1.109.1 The staff finds the

assessment methodology acceptable.

Revision 7 - Date: A-10 Approved By: A#/, m ._-9
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1Regulatcry Guide 1.109, " Calculation of Annual Doses to Man from Routine Releases
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!

Doses calculated in this manner by the licensee for the maximum exposed member ;

!

of the public were as follows (based on a total activity awaiting disposal j

of 2.3 pCi, more than 80% of which is Co-60): :

a

!

Maximally Exposed

Individual /Whole Body .

(Child) :

Pathway (mrem / year)
-.

Ground Irradiation 0.099

Inhalation 0.0001

|(~ Stored Vegetables 0.0214 '

t

Leafy Vegetables 0.0011-
,

Milk Ingestion * (0.0036)

|
:

TOTAL 0.12

!

The licensee then performed a similar calculation using a concervative upper
+

bound activity of 20 pCi to be discharged in any one year. Based on this

upper bound analysis, the dose to the maximally exposed individual member of |
|

the general public was estimated to be 1.1 mrem / year, as shown.in the i

Iollowingtable: ;

,

I I 30 ~
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i
!

Maximally Exposed ;

;

Individual /Whole Body

Pathway (mrem / year)
!
)

fGround Irradiation 0.980
i

inhalation 0.0004 !

Stored Vegetables 0.13 .;

Leafy Vegetables 0.007 -

,

!
i

TOTAL 1.1
'

l
!

Based on this same total activity, the dose to truck drivers and SWTF workers

was estimated to be 0.01 mrem /yr.. These doses are within the design objectives ;

i
of 10 CFR 50, Appendix I and well within the environmental standards for uranium

.

~

fuel cycle activities as stated in 40 CFR 190.10(a) and are therefore acceptable. ;
,i

!
.

6. 0 - SUMM.ARY AND CONCLUSIONS ,

.

The disposal of septage by transferring it to a public SWTF is in accordance j

with standard practices for treatment of the type of waste caterial generated' ,

i

by a septic tank and leach field sanitary waste system. Periodic pumping of the j
J

i

septic tank is necessary for the maintenance and continued operation of Yankee's i
,

s

sanitary waste system. Yankee requested approval fcr disposal of septic waste
:

from the Yankee sanitary system to prevent failure of the sanitary system to }
;

adequately handle plant domestic waste. ;

|
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i

An alternate means of disposal would involve the treatment of the septage as i

radwaste. Such a disposal would require that the licensee stabilize, solidify, ,

and dispose of the material at a licensed burial ground, requiring excessive'

cost and valuable disposal ground.
!

!

The results of the radiological analysis indicate that the public health

effects of the biological activity and pathogenic constituents of such sanitary
1 ;

waste far outweigh the concerns related to any radioactivity that is present. j

By setting release limits that restrict the exposure for an individual to a
,

i maximum value of 1 millirem per year, Yankee ensured that radiological risks
t

from the proposed disposal method are insignificant. !

>
;

e

/_.

The proposed release limits represent a small fraction of NRC limits permitted
,

for disposal of similar waste by licensed facilities who have their sanitary' '

systems connected directly to a public sanitary sewerage system. These proposed ;
i

limits are also well within the plant's allowable release limits for the discharge*

r

of normal liquid waste to the environment. Any resulting dose to any individual

in the public is less than exposures caused by natural background radiation.

Based on our review of the proposed disposal of septage, the staff makes the i
<

'\
t

following conclusions: (1) the radionuclide concentrations in- disposed septage [

l will be a small percentage of permissible standards set forth in 10 CFR Part
t

20; (2) the radiation risk to workers involved in the disposal would be small'

{
'

compared to the routine occupational exposures at the Yankee Nuclear Power
.

i
-

Station; (3) because the proposed action involves such very low levels of
d

radioactivity, it will require no change in the decommissioning aspects of the ;

i
'
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i
)

;

!

.

facility and will require only insignificant changes in the handling or transport .

'

of radioactive material (septage); and (4) the licensee's procedures with j
.i

4 !

!commitments as documented in the submittal are acceptable, provided that the

submittal is permanently incorporated into the licensee's Offsite Dose Calculation |

Manual (ODCM) as an Appendix, and future modifications will be reported to NRC
!

in accordance with licensee commitments regarding ODCM changes. }
.

I
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YANKEE ATOMIG tLtGIHIG GUWirAIV T mx 7io-3so-7619
,

*].
cro.u 580 Main Street, Bo!!cn, Massachusetts 01740-1328 i

,

'

.yAN KEp'
~~'

<
s ,

April 11, 1990 ,

!BYR #90-42

United States Nuclear Regulatory Cc=nission
|

Attention: Document Control Desk i

Washington, D.C. 20555
:
L

References: (A) License No. DPR-3 (Docker No. 50-29)
,

!

;

Subject: 10 CFR 20.302 Application
i

Dear Sirs:

Yankee has prepared the attachedPursuant to 10 CFR 20.302,
application for the routine disposal of septage fron Yankee Nuclear!.
Power Station. This application utilizes guidance contained in NRC

for the disposal of licensed material into r

regulation 10 CFR 20.303
a sanitary sewerage system.

.

We trust that you will find this submittal satisfactory, however,
if you have any gaestions please contact us.

,

Very truly yours, ;

i

YAIEEE ATOMIC ELECTRIC COMPANY

,

'

U .
.'

:r. ,w
'

George Papanic, Jr.
Senior Project Engineer |

Licensing |

'
Enclosure

t
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YANKEE NUCLEAR POWER STATION
' i

t
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!

APPLICATION FOR APPROVAL ;

i

TO ROUTLNELY DISPOSE OF |
. I

- SEPTAGE UNDER 10CFR20.302 ;t
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YANKEE NUCLEAR POWER SIATION ;

;

Application for Aroroval |

to Routinelv Discose of Sentare Under 10CFR20.302 {

l

!
!
J

:
'

l.0 INTRODUCTION r

,

IYankee Atomic Electric Company (YANKEE) requests approval, pursuant to
;

10CFR20.302(a), of a method proposed herein for the routine disposal j
|(typically, once every one to two ytura) 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 solids |

from the plant's sanitary system septic tank by transferring it to a public !
,

Sanitary Waste-Water Treatment Facility (SWTF) where it will be mixed with. [
,

processed, and disposed of, as part of sanitary waste generated from many h''
i

This is analogous to other Nuclear Regulatory Commission (NRC)
'

sources.
2

licensed facilities who have their sanitary waste systems connected directly
'

,

' to a municipal sewer line. Part 20.303 of Title 10 to the Code of Federal ]
,

' Regulations already permits these NRC licensees to discharge licensed material j

into a sanitary sewerage system. |

Routine maintenance of Yankee's septic system is necessary to ensure
9

proper operation of the system. Periodic pumping of the septic tank to remove ;4

accumulated solids is necessary to prevent the carryover of solids into the ,

f,

subsurf ace leach field which would inhibit the soil absorption capabilities of _ i

the field. t

!

This application addresses specific information requested in
1

,

10CFR20.302(a), and demonstrates that the periodic disposal of septage from }
i

,

Yankee's Sanitary Waste System over an extended periods of time (30 years),J

.

under both normal and unexpected conditions, will not result in significant
i

impacts either to the environment or to individuals in the general public.

!-

!

1-1-
I

Mpf211EU Jr /
j

-
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i

2.0 WASTE WATER STREAM DESCRIPTION
,

2.1 Physical /Cherical Properties

I The waste involved in this application consists of residual septage
(accumulated settled and suspended solids, and scum) associated with the i

sanitary sewerage collection and treatment system at the Yankee plant. The :

Yankee plant utilizes an on-site septic system supplemented with off-site !

treatment at a SWTF for the safe disposal of the plant's sanitary waste {
'

Figure 1 is a schematic of the overall sanitary waste disposal ;
stream.

f

process.2

i

;

The on-site septic system consists of a 7,000 gallon buried septic tank |
;

and a subsurface soil absorption leach field. Sanitary sewage from the plant f
flows (estimated 2,600 gallons / day) into the septic tank. The septic tank ;

I function in the overall system design is for the collection of sludge and scum
and partial separation of liquids from the incoming sanitary waste. Some of1

the solid particles settle to the bottom and form a layer of sludge, where i
i

greases and oils float to the surf ace creating a scum layer.
,

,{ '

The septage is retained in the septic tank and the remaining
: conditioned waste-water liquid is permitted to flow into the underground ,

leaching field for treatment. The leach field is the terminal point of the |
a Some of theon-site portion of the plant sanitary waste treatment process. ,

septage stored in the septic tank is reduced to liquid by bacterial action in
,

the septic tank, but the rest of the septage remains essentially untreated.
This material must be pumped out at regular intervals to prevent it from
overflowing the tank and entering the leaching field (References 1, 2, 3, 4, ;

5, 6, 7, 8, 9, and 10) where it will clog the soil and eventually lead to f:
i
yseptic system failure. |

I
I

:

1 In general, septage pumped f rom septic tanks is discharged to a SWIF
for treatment as part of the overall system design (Reference 10). The j

i

septage is then co-treated with other sanitary wastes at the SWIF. The j

septage pumped periodically f rom the Yankee plant has, in the past, been
treated and disposed of in this fashion when no licensed material was

|

determined to be present. ;

,
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The removal of the septage from the septic tank and subsequent ;

transportation to a SWTF constitutes the off-site portion of the Yankee plant f
overall sanitary waste disposal process.

2.2 R_adiological Properties

The plant's sanitary system septic tank collects waste from the ,

lavatories, showers, and janitorial facilities outside the Radiological ,

t

Control Area (RCA). No radioactivity is intentionally discharged to the
septic system. However, plant investigations into the source of low levels of :

i

licensed material found in septic tank waste have identified that very small |
4 4

quantities of radioactive materials, which are below detection limits for |

radioactivity releases from the RCA, appear to be carried out of the control
area on individuals and accumulate in the septic tank. The suspected primary

,

source of the radioactivity (i.e., floor wash water) is now either poured
through a filter bag to remove suspended solids and dirt before the water is

| released into a janitorial sink, or the wash water is returned to the RCA for ;

disposal. 5

V

!
'

An isotopic analysis, at environmental detection limits, of two j
",

composite volumetric sample columns of septage taken from the plant's septici

tank identified the following plant-related radionuclides: j
>

|

Activity Concentration j'

Nuclide (rCi/kr wet +/- 1 siema) i
3

i

West Manhole East Manhole I

j Sample Location Samole Locatien
1

Co-60 92.4 3.9 13.2 z 2.2 |
1 1
; Cs-134 5.9 1.3 --

Cs-137 9.2 1.5 3.2 1.0 |'
1

After the initial analysis of the composite samples noted above, the
samples were subsequently centrifuged into liquid and wet solids portions and*

reanalyced. 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,

i
-3-

/

.
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Analysis of the resulting solid fraction of the septage indicated the
following radionuclide concentrations: )

i |
1

Activity Concentration ;

Nuclide (nCi/kc wet +/- 1 sicma) .|

i

West Manhole East Manhole
Sample Location Sample Location

Co-60 1,588 42 528 26

Mn-54 47 i 13 ;
-

Cs-134 67 11 - ;

Cs-137 203 i 17 100 13

:

The original septic tank samples were volumetric samples representative
of the distribution of solids and liquid from bottom to top of the tank. The_ ,

ratio of the weight of the solid fraction sa=ple to the weight of the solid ;

fraction plus liquid fraction sample allows a determination of the percentage. ,

of total solids content of the septic tank. For the. waste sample from the
'

west manhole, the solid fraction of the composite sample was found to be -

0.024, or 2.4 wt. %. For the east manhole, the solid fraction of the total t

sample was 0.046, or 4.6 wt.%. The principle radionuclide is Cobalt-60, which ;

accounts for approximately 827. of all plant-related activity detected in the ;

i

septage. .

,

.

.

The total radioactivity content of the septic tank can be estimated by |
,

calculating the mass of solids present in the 7,000 gallon tank by taking the |

This !higher (conservative) solids fraction determined from the sample data.
is multiplied by the mass of septage in the tank and by the highest activity
concents nion determined in the solids. As a result, the estimated maximum |

total activity is: i
.

,

Total Activity

Nuclide (uci)

?.

Co-60 1.94 .

Mn-54 0.057 ;

Cs-134 0.082 |

Cs-137 0.248 |
r

TOTAL 2.33 ,

!

-4-
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3.0 PROPOSED DISPOSAL METHOD
'

,

i

3 : Upon approval from the U.S. Nuclear Regulatory Commission (NRC), Yankee ;

proposes to periodically dispose of accumulated septage from its septic tank !

by contracting with a town-approved (Board of Health, Rowe, Massachusetts)
septic tank pumper for the removal and transfer by truck of the septage to a
Massachusetts SWTF for treatment. At the SWTF, the septage would typically be
mixed and diluted with other raw sewage and introduced either into an !

anaerobic digester or aeration pond for biological treatment. The resulting
'

processed sludge from the SWTF is typically then mixed with sand in a ratio of
50/50 and disposed of in a sanitary landfill, where it would be covered by f

s

clean soil daily. An alternate disposal means could potentially result in the
processed sludge being landspread as a fertilizer, though generally for !

nonhuman-consumed vegetation, such as sod. None of the regions SWTF.= which

would be used by local septic tank pumpers were identified as ' incinerating a

their sludge as a means of treatment.
'
i

d

This method of tank pumping and transfer to an SWTF is identical to j'

!that normally applied to septic tank systems, irrespective of the presence of
i

! licensed material. Once the septage is pumped into the contract vendor's'
,

,

transporting vehicle, the situation is analogous to the handling of licensed
material under 10CFR20.303. Part 20.303 of Title 10 to the Code of Federal |

Regulations already permits these NRC licensees to discharge licensed material
into a sanitary sewerage system if certain conditions are met.. Due to the ,

Ia remoteness of the Yankee plant's location, it is impractical to directly
connect sewer lines to a facility to handle sanitary waste. In this case, a !

i

tank truck acts as a sewer line in transferring septage to a SWIF. The a

'

'

quantity and f orm (soluble or dispersable) of any licensed material contained

! in our septage is not affected by the means employed to transfer it to a SWTF r

i

! for processing. Therefore, it would be the same whether the plant was
directly connected to a municipal sewerage system or trucked its septage on a .

!

periodic basis to a SWTF.
i
,

,

; -5-
i t

i

'
I,

!
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3.1 Septic Tank Waste Procedural Requirements and Limi11
.

t

[<

t
t

Gamma isotopic analysis of septic tank waste shall be made prior to |
1

transfer of the vaste by a contracted en tic tank pumper to a SWTF bye

obtaining a representative sample from the tank no more than 48 hours prior to
initiating pump-out. At least two septage samples shall be collected from the h

t
<

plant's septic tank by taking a volumetric column sample which will allow for'

; analysis of the solid's content of the tank. The weight percent of solid !

content of the collected sample will be determined and applied to the gamma ;

isotopic analysis in order to estimate the total radioactivity content of the
tank. ;"

-;
:
i

These gamma isotopic analyses of the representative samples will be
performed at the Technical Specification Environ = ental Lower Limit of ;

t

Detection (LLD) requirements for liquids (see Technical Specification {

Table 4.12-1, " Detection Capabilities f or Environmental Sample Analysis") in ,!

| order to document the estimation of radiological impact from septage disposal. j
!

I

The radionuclide concentrations and total radioactivity identified in (i

the septage will be compared to the concentration and total curie limits fl

j established herein prior to disposal. The limits to be applied are as follows:
'

,

i

!
l 1. The concentration of radionuclides detected in the volume of

septage to be pumped to a disposal truck shall be limited to a {

combined Maximum Permissible Concentration of Water (MPC) (as
f

listed in 10CTR, Part 20, Appendix B. Table II, Colunm 2) ratio of |

fless than or equal to 1.0.
d'

!

*

2. The total gamma activity which can be released via septage transfer j
e to any SWIF in one year (12 consecutive months) is limited to not '

more than 20 microcuries (equivalent to a maximum whole body dose
i of 1 mrem to any individual in the public).
i
a
#

-6-
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If the total activity limit is met, compliance with the self-imposed
dose criteria will have been demonstrated since the radiological impact
(Section 5) is based on evaluating the exposure to a maximally exposed-

hypothetical individual such that his annual whole body dose would be limited
to approximately 1 mrem.,

Both the concentration and total activity limits represent a small i

j fraction of the allowable limits permitted under 10CFR20.303 to other NRC |
'

licensees who have their sanitary waste systems directly connected to a public

sewerage system. If not for the biological nature of sanitary waste, the

above release limits would also allow for the direct discharge of the wasteJ

f under the plant's existing Technical Specification requirements for release of f
i

liquids to the environment. ;

I

3.2 Administrative Procedures ;

)
I

s f

i Complete records of each disposal will be maintained. In addition to

: copies of invoices with approved septic tank pumpers, these records will
include the concentration of radionuclides in the septage, the total volume of f

3
'

I septic waste disposed, the total activity in each batch, as well as total f
accumulated activity pumped in any 12 consecutive months. I

i
i
1

For periods in which disposal of septage occurs under this application, ;
,

1 the volume, total activity, and relative nuclide distribution, shall be
-

!

reported to the NRC in the plant's Semiannual Effluent Release Report.
. .

.

i

|

|
,

|

.

4

|
|

3
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i. 4.0 Eyal,UATION OF E!NIRONMENTAL IMPACT .

>

i
i

The proposed method for disposal of septage is the same as currently [
!

1

used by all facilities designed with septic tanks for the collection of septic
.

'

waste. No new structures or f acilities need be built or modified, nor any
!

existing land uses changed. Septage from Yankee will be trucked to an ;

existing SWTF, where it will make up a small fraction of the total volume of ;

sanitary waste treated each year. As a result, there will be no impact on
topography, geology, meteorology, hydrology, or nearby facilities by the t

proposed method of disposal.
I

r

|

- !

,

!

[
+

i..

i ;

I
,

'
;

!

,

I

I

!
!

!

!
!

!
1 !

!

!
?'
;

,

I

I
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5.0 EVALUATION OF RADIOLOGICAL IMPACT ,

.

,

Radiological evaluations have been performed for the purpose of
bounding the dose impact associated with the disposal of septage. The normal !

!method of septage handling and treatment would provide for dilution of
Yanket's septage with other waste-water at a public SWTF. The processed

,

sludge would typically be buried in a sanitary landfill, thus limiting the i

potential exposure pathways to man, or widely dispersed if used as a
fertilizer, thereby preventing any build-up of activity from successive annual '

pumpouts from the plant's septic tank. The dose assessments, however, did ;

consider the maxi =um potential impact of long-term buildup of activity !

resulting from 30 years of placing septage waste in the same SWTF, with all
the processed sludge assumed to be buried in one landfill disposal cell.

5.1 Septic Tank Sample Analysis Data
;
i

The analysis of the septic tank's measured radioactivity, and its j

distribution between liquid and solid fractions, provides the bases upon which |

a dose assessment of disposal of septage can be made. The composition of the |

[ septic tank waste determined from the sample analysis is: .

>

Composite Sample East End Composite Sample West End
Manhole Location Manhole _ Location |

Wt. Liquid 3.502 kg 3.460 kg
.

!

Wt. Solid 0.087 kg 0.167 kg

!
'

Solid fraction of the composite sample as collected is equal to:
h

Solid fraction = Wt. solid /(Wt. solid + Wt. liquid) j

.

The solid fraction for the East End sample was 0.0242, and 0.0460 for

the West End. The activity in the solid fraction was basically found to
contain all the detected radioactivity as noted below:

:

East End Solids Sample West End Solids Sample |
!(oci/ke) Wet (pCi/ke) Wet

Mn-54 - 47

Cs-134 - 67

' Cs-137 100 203

Co-60 528 1,588 ;
t

1,|/-9 /

#d/ 4h
'

'
.
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With the septic tank volume taken as approximately 7,000 gallons
'

(26,500 liters), and assuming the maximum solid fraction (0.046) and maximum ;

radionuclide concentration applies to the total tank's content, the total
,

maxim m radioactivity content is estimated to be- l
!

;

Isotone Half-Life De (Ci) ;

i

Mn-54 312.2 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 30.17 yr 2.48 E-07 ;

5.2 Pathway Ex_posure Scenarios >

'
.

!

Radiological evaluations were performed for both the expected i
'

activities associated with handl'ing, processing, and disposal of septage waste
at a SWTF, and a hypothetical event causing undiluted septage release. The
bounding case was determined to be associated with a hypothetical event which j

lead to the spreading of undiluted septage from Yankee's septic tank directly
on a garden area where food crops are grown. The contracts with town approved

|(
septic tank pumpers will direct that septage be disposed of at a SWTF in
Massachusetts. It is not expected that any disposal will occur other than at ;

an SWTF. It is, therefore, not considered credible that successive bounding f
n

case activities could occur which lead to a long-term buildup of activity on a
single minimum size garden plo*

i

'|
In addition, since incineration of septic waste is not a current'

i

practice in the local area, the potential exposures associated with |

incineration are not of current concern. However, the establishment of a
conservative total whole body dose criteria for release of sanitary waste, via
the above-noted garden scenario, assures that the potential resulting whole
body dose due to incineration would not be expected to result in significant
doses to any individual. This assessment is further detailed in Section 5.3.4.

,.

The contributing pathways of exposure for the normal SWIF disposal

process include:
I

1. External exposure to a truck driver. j

1 2. External exposure to a SWIF worker. >

t

-10-
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3. External exposure to an individual standing on the SWIF landfill
af ter 30 years of buildup and decay.

I

The following garden exposure pathways were addressed for.the maximally
+

exposed hypothetical individual:

1. Standing on the ground plane. .

~ 2. Inhalation of resuspended material.

3. Ingestion of leafy vegetables.
t

4. Ingestion of stored vegetables.
.

5. Ingestion of milk. I
;

6. Liquid pathways.

.

It should be noted that the milk pathway is mutually exclusive to the
other food production pathways since it would be impossible to support the

'

grass-cow-milk-man exposure chain if the limited land area is utilized for the
growing of food crops for direct human consumption. The two sets of ingestion :

>

pathways have been calculated so that the potential maximum impact can be
assessed. Similarly, radionuclide movement into the ground water pathway ,

,

would tend to reduce the impact of surface-related exposure paths and is,
therefore, considered independently. '

:
'

,

5.3 Dose Assessments-

5.3.1 External Exposure to a Truck Driver /SWTF Worker
i

The external dose rate f rom a 3,500-gallon tank truck filled with |
:

septage containing the total measured activity in the septic tank (2.33 pCi) ]

was calculated for the purpose of estimating exposures associated with |

shipping the waste to a SWTF. A three-dimensional point-kernel shielding code f

for the determination of direct radiation f rom gamma radiation emanating from j

I
a self-attenuating cylindrical source (DIDOS-IV, Reference 14) was utilized to

calculate the external dose rate from the tank truck. The truck was modeled .

t

!
as a cylindrical radiation source with a radius equal to 1.22 meters and a l

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
The dose to afor shielding provided by the tank truck or cab was assumed.

-11-
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truck drivar making a 100-mile trip to a treatment facility at an average of
10 miles per hour plus a three-hour waiting period at the SWIF, is estimated
to be 9.5E-04 mrem. It is concluded, based on the total activity limits

proposed, that this pathway will not lead to significant exposure of any ,

individual. It is also concluded that due to the sanitary properties of I
|

!

septage handling, a SWTF employee's direct exposure time is kept to a
|

minimum. Using the dose rate estimated for the truck driver above, and
conservatively assuming that it requires an employee at the SWIF a full
eight-hour day to process each truckload of waste, and not taking any credit i

for dilution or increased distance from the vaste, a vaste processing facility
employee's dose is also estimated to be 9.5E-04 mrem.

1

If the maximum activity content proposed to be disposed of each year
were assumed as the source term (10 pCi), the dose to the truck driver /SWTF ,

i

worker is estimated to be less than 1.0E-02 mrem using the same assumptions as
-

,

noted above. ,

3

5.3.2 External Exposure Due to Lone-Term Buildup i

'
,

i /
,

In order to assess the potential impact from the postulated buildup of'

activity resulting f rom 30 years of septage disposed at the maximum annual
allowed activity content, it was conservatively assumed that the entire
quantity of accumulated activity at the end of 30 years was buried in a common ;

landfill disposal cell which was then available to the general public for
uncontrolled access (8,760 hours per year).

I

For regional SWTFs, waste sludge is typically mixed with sand and
i

placed in landfill disposal cells on a_ daily basis and covered by a layer of<

least six inches of composited material before the end of each working day,at

as required by Massachusetts Department of Environmental Protection ,

regulations (Reference 16). The landfill disposal cells range in size from ;

about one acre up to about five acres. Af ter a cell is full, a final layer of
compacted material is required to be placed over the entire surf ace of the

!
'

cell to a minimum depth of two feet (Reference 16).
:

|
* \

-12- |
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Analytically, if Qo is the amount of radioactivity per tank full of i

.,

septage.for a give nuclide, then the total accumulated radioactivity Q,(max) |

disposed of after 30 pumpouts is given by:

Q,(max) = Qg (1 + E + E2+E3 + E' + .... + E29) |
.i

= Qo (1 - E29)/(1 - E) (A) }
t,
t

where: 3

I

|

E = exp(-Mt)

!
Il = is the decay constant for the selected nuclide (1/ year), and
:
i

tdt = time interval between applications, assumed to be 1 year.
i

If the maximum total activity of 20 microcuries (with the same relative [
;

distribution as determined in the current septic tank analysis) were assumed i

to be released each year, then the accumulated activity at the end of 30 years jg
!

is found in the following table:
,

|

|

A Qo Qe(max)
.

|

Nuclide Half I.ife (1/vear) (uCi/ batch) uCi

!
!

Co-60 3.27 y 0.1315 16.65 132.14 ;

Mn-54 312. d 0.8109 0.49 0.88 |

Co-134 2.07 y 0.3357. 0.70 2.45 [
.

Co-137 30.2'y 0.023 2.15 46.04 j

Total 20 182

If the 20 microcuries per year limit is assumed to be all Co-60, then
the resulting accumulated total af ter 30 years would be 159 microcuries, and t

result in a higher 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 |
i

year along with SWTF sludge that formed a minimum one foot layer which was
- placed innediately below the two-foot disposal cap of the cell, the resulting f

-13-
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dose rate one meter above the ground surf ace was calculated to be j

6.4E-07 mrem / hour. If it is also assumed that an individual remained on the )'
!

1 landfill f or a full year (8,760 hours) without taking any credit for shielding |

by a residential structure, the total whole body dose would be 5.6E-03 mrem, |

for about 56% of the truck driver's/SWTF workers calculated exposure.

|

Since the landfill cap (2' minimum) effectively isolates the vegetation |
.

:one of the top 15 cm plow layer, no garden pathways of exposure are ;

included. However, it is noted that the 30-year accumulated activity
concentration spread over a one acre landfill disposal cell would result in an ;

,

area density of only 3.7E-03 microcuries per square foot. This is |

approximately a factor of 11 below the surface area density of the garden
;pathway scenario in Section 5.3.3 for the bounding case of placing >

920 microcuries directly on a 500 ft garden. Therefore, even if it is j

postulated that an individual were to dig a cellar hole for a new home on the
landfill site af ter closure, the resulting dose impact would still be bounded

1 '

),

by the garden scenario as described below.

!.

It is, theref ore, concluded that f or normal handling, processing, and {-

2 (

f' disposal of septage at a SWTF, the maximum annual dose is received by the |

truck driver or SWTF worker handling the annual batches of septage pumped for [
;

|
disposal, and not the result of accumulated activity buildup over extended. ;

f
time periods.

I
. r

I 5.3.3 Garden Pathway Scenario
I
!

"

|
The radiological impact associated with an event which place undiluted

! septage directly on a garden was carried out using the dose assessment models ;

I
in Regulatory Guide 1.109 (Reference 13), and in a manner consistent with the

i
1 methodology employed by the plant's ODCM. Special consideration was given to'

; the following: :
1 1

|1. The computation of an ef fective self-shielding factor to account
|

for the effect provided by the soil af ter the waste is plowed or :
J:

mixed in the top 15 cm surf ace layer.
.

i
-14-
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1

2. The definition of an annual activity release rate, which following

| a year's time of continuous release, would yield the ground
deposition expected to prevail after a tank pump-out and spreading

2on the 500 ft garden.
I'
|

3. The definition of an effective atmospheric dispersion factor to

represent the resuspended radioactivity. i

4. The proper representation of partial occupancy factors and usage
data.

!

1.andspreading. Resuspensien. and Occupancy Factors
7

'
1

,

| If it is assumed that the garden plot is limited to'a surface area of -!

2500 ft2, then the land deposited radioactive material Se (Ci/m ) following
landspreading will be equal to:

;

2 2
I Se " 9e (Ci)/(500 ft2 * 0.0929 m /ft ) (B)

The denominator of this equation is equivalent to the (D/Q) deposition
f actor normally employed in the airborne impact assessment of deposited ;

radionuclides; that is: ,

.(D/Q) = 1/(500 ft2 * 0.0929 m /ft2)2
,

= 2.15E-02 (m-2) (C) i

,

Following the application of undiluted septage on the garden, some of
the radioactivity may become airborne as a result of resuspension effects. ;

| The model used to estimate the radionuclide concentration in air above the .

disposal plot was taken from MASH-1400, Appendix VI. According to that model,
3the relationship between the airborne concentration A, (Ci/m )~and the surface

deposition is:

2 (D)A, = Se (Ci/m ) 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 ,

!t surface area involved and the irrigation provided to a garden which

minimizes airborne dust. 7

h'

;

The 500 ft garden size was selected based on the minimum surface area |
2

necessary to include a garden as part of the land-use census as required by j

Yankee's Technical Specification 3/4.12.2. This is the minimum area which ;

:

i could be expected to produce sufficient food to support the uptake assumption |

'

on f ood consumption noted below. ;

!,

?

In addition, by 1Laiting the garden surf ace area to 500 f t2 (a circle !

with a 3.85 m radius) the concentration of radioactivity in the garden is
maximized since the concentration for any given surface area is physically [

limited by the total activity available in the septage. For direct radiation [

estimates f rom standing on the ground plane, a commonly used assumption of an ;

infinite plane source (which can be approximated by a circle with a radius of
15 m) would in fact undercalculate the surf ace dose rate from that of a

+ '

j, 500 ft garden by a factor of about 8 due to the dispersal of the fixed2

ir

~ quantity of activity available to be spread. For use with the garden pathways

; of exposure, it is assumed that the septage is mixed in the top cultivated |

15 cm of soil with no additional clean soil cover placed over it. :
?

k

As for the occupancy factors for direct exposure to the ground ;

deposition and for immersion in the resuspended radioactivity, 360 hours was ,

used for the radiological impact analysis. The 360-hour interval is believed ,

:

to be a reasonably conservative time frame a Eardener would spend each year on
~ a plot of land or garden during the growing season in the northeast (average r

two hours a day for six months). -

-

Garden pathway data and usage factors as applicable to the area in-the ,

i

vicinity of the plant are shown below. These are the same factors as used in ,

the plant's ODOM assessment of the off-site radiological impacts due to
routine releases from the plant, with the following exceptions: |

|

r-16-
i .i

Revision 7 - Date: A-35 Approved By: M M~ '

/
'.

4

.

'

_ - , - _ . _ . _ _ . _



__.

_

1. The soil exposure time was changed from 15 years to 1 year to
account for the discrete application of septage on a garden plot.

2. The fraction of stored vegetables grown'in the garden was
conservatively increased from 0.76 to 1.0.I

.

!
'

3. The crop exposure time was changed from 2,160 hours to 0 hours to !

j

reflect the condition that no radioactive material would be
dispersed directly on crops for human or animal consumption, the
deposition on crops of resuspended radioactivity being

*insignificantly small; that is, crop contamination is only through
root uptake.<

r

;

l USAGE FACTORS j

u I

Vegetables Leafy Veg. Milk Inhalation *
Individual (ke/vr) (kr/vr) (liters /vr) (m#/vr)

o .

3 I
1

Adult 520 64 310 329 |
;
. Teen 630 42 400 329 i

| Child 520 26 330 152 j

(~ Infant 330 58 :
4

. |
, ,

* Inhalation rates have been modified to reflect an annual |

: occupancy factor of 360 hours. j
d |

VEGETABLE PATEWAY j

| (
, i

1 Stored Leafy !
j

Vec_ e table s Ver_etables !

2Agricultural productivity (kg/m ) 2.0 2.0'

Soil surface density (kg/m') 240.0 240.0 ;

j Transport time to user (hours), 0.0 0.0 t

| Soil exposure time (hours) 8,766.0 8,766.0 i

i Crop exposure time to plume (hours) .0 .0 i

Holdup after harvest (hours) 1,440.0 24.0 |
Fraction of stored vegetables |

1.0 i
<

grown in garden
!

Fraction of leafy vegetables
1.0 |grown in garden

|
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COW-MILK PATHWAY

Pasture Feed Stered Feed !

i

2 .7 2.0 |Agriculturalproductivity{kg/m)
Soil surface density (kg/m ) 240.0 240.0 .;

Transport time to user (hours) 48.0 48.0 ;

Soil exposure time (hours) 8,766.0 8,766.0 |
Crop exposure time to plume (hours) .0 .0 i

Holdup after harvest (hours) .0 2,160.0 |

Animals daily feed (kg/ day) 50.0 50.0 ;

Fraction of year on pasture .5 ;

Fraction pasture when on pasture 1.0 ;

i

As noted above, liquid exposure pathways are considered independent
'

from those associated with garden exposures. Since the laboratory analysis
i

data of septic tank waste shows that all the activity is associated with the
suspended or settled solids fraction, and not dissolved in the liquid portion, f

transport of activity through groundwater would not be expected to lead to j

drinking water supplies being impacted by septage placed on farm lands. It !

is, therefore, not anticipated that the groundwater pathway could result in
doses comparable to the direct surface exposure pathways. As confirmation of i

f
1 this, however, a methodology for groundwater analysis, 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 into the water table [

'

'

with a leach rate based on continuously saturated soil. Once into the water j]
!

f

table, the radionuclides are immediately available for consumption. The ;

4 volume of water used for dilution is limited to the quantity used by one j

person in one year (91,250 liters). No credit is taken by soil retardation of
j the nuclides, either during the leaching process or during groundwater

movement. Consumption of water is assumed to be 2 liters / day. The resulting ;

dose f actors, by radionuclide, are listed in Table 3.4 of Reference 12. ;
,

}
,

Of the radionuclides detected in the septage, Co-60 is the dominant |

l nuclide, and has the highest dose factors. The total effective dose
equivalent f rom drinking water is 4.4E-6 mrem /yr for 1 pCi 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 of magnitude below the direct

; surface exposure doses as detailed below. The groundwater pathway is, |

therefore, not significant. ;

.
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Direct Ground Plang Exposure

To account for the gamma attenuation provided by the soil, it was
necessary to carry out an appropriate shielding calculation. This was

lished through use of the DIDOS computer code which computed theaccomi
radiation levels from a cylindrical volume source with a radius of 3.85 m and
a height of 0.15 m, with the receptor located along the axis, 1 m above the
source.

The source density was set equal to 1.6 g/ce, which is equivalent to
2the Regulatory Guide 1.109 value of 240 kg/m for the effective surface

density of soil within a 15 cm plow layer. If the total activity content of

the septic tank, as listed earlier, were assumed to be uniformly distributed
i

in the source disk, the volume source dose rate is equivalent to a dose rate
of 2.8E-04 mrem /hr. The total dose from standing on the garden area for
360 hours each year is seen to be 0.099 mrem from the total activity content
measure in the septic tank (2.33 pCi) being placed on the garden.

,_
Garden Pathway Total Dose

(1

The maximum individual ingestion / inhalation exposure assessments

resulting from garden crops or pasture grass grown on a septage disposal plot
were added to the direct ground plane doses discussed above. This results in
a bounding estimate of dose to a hypothetical maximum exposed individual. The
whole body and critical-organ radiation exposures af ter a tank pump-out and
spreading on a garden at a concentration level equivalent to the measured
concentrations in septic waste are as follows:

Radiation Exposure Individual /Orcan

Maximum Exposed Individual 0.122 mrem /yr Child /Whole Body

0.157 mrem /yr Child / Liver

-19-
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The individual pathway contributions to the total dose are as follows:- j

i
.;

t Pathway-Decendent critical Orran Dores |

|
i

Maximally Exposed Maximally Exposed :|
'

Individual / Organ Individual /Whole Body

(Child / Liver) (Child) |

Pathway (mrem /vear) __ (mrem /vear) {
i

Ground Irradiation 0.099 0.099- !

Inhalation 0.0003 0.0001 i
'

Stored Vegetables 0.055 0.0214
Leafy Vegetables 0.0028 0.0011 }

Milk Ingestion * (0.019) (0.0036) ;

TOIAL 0.157 0.122
,

,

i
;

Tables 1 through 4 detail the internal dose breakdown by radionuclide !

and pathway of exposure. As can be seen in the results, the whole body and f
I

maximum exposed organ dose are appropriately equivalent. This is due to the
dominance of the external ground plane exposure pathway controlling the dose

( to both the organs and whole body. ,

|

t

f

5.3.4 Incineration Pathway Scenario ;

i

At the present time, there are no known facilities for the incineration -

of septage in the vicinity of the Yankee plant. For completeness, however, we j

have addressed the radiological impact expected from incineration. This will

preclude the necessity of revising this application request if such a facility i

becomes available in the future. ,

!a

.

!

The basis for the radiological assessment of incineration is a report j

by Murphy, et al. (1989) (Ref erence 15), in which they calculated individual
and population dose impacts from low level waste disposal scenarios. This [

report used a radionuclide distribution that was based on extensive studies of

i*As described above, the milk pathway is mutually exclusive to the vegetable
ingestion pathway; and, therefore, not added into the total. [

i' -20- , ,
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power reactor low level wastes. This distribution was similar to the measured I
distribution in the Yankee septage in that Co-60 and Cs-137 were the |

4 !predominant gamma emitters.
.

a

i

The results of their analyses show that the transport worker receives j
i

the highest dose from the incineration scenario. The transport worker dose is ;

approximately a factor of 5 higher than either the maximum incinerator worker !

or the maximum disposal site operator, and is several orders of magnitude
higher than the maximum individual doses to the general public.

i

'

, e

! !

The dose to the transport worker has been discussed above |
(Section 5.3.1) for the off-site disposal of septage from Yankee. This
transport worker dose will not change if the septage is incinerated, since it j
was conservatively assumed that the worker spends 8 hours traveling to the '

; disposal site. Therefore, the dose to the individual landowner, from the
garden scenario, will still be controlling for all disposal options, including

i ,

incineration.

5.4 Maximum Releasable Activity p

.

( !

f The above analysis for landspreading on a garden the messured activity j

levels detected in the septic tank indicates that over 80% of the total whole f
body dose received by the hypothetical individual is due to direct external {
exposure to the ground plane. Of this direct dose component, Co-60 accounts i

for about 96% of the exposure. In determining a practical,means by which any#

ffuture detectable levels of licensed material can be limited to ensure that :

the controlling hypothetical individual's annual dose is limited to [
J

approximately 1 mrem or less, the sum of all measured gamma emitting nuclides j

fcan be assessed as Co-60 to determine the quantity of gross activity that, if
released in septage, would limit the dose to 1 mrem. )

I
'

!

Repeating the above controlling analysis for the event which placed the
septage shipment directly on a garden plot, and assuming that the activity ;

available is all Co-60, the total activity which relates to the annual dose i

i
&

I-21-
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limit criteria of 1 mrem is determined to be approximately 20 microcuries.

~

The breakdown by exposure pathway for this scenario, assuming an activity ,
,

:.i release of 20 microcuries in the form of Co-60 is as follows: .|
{
!

Maximum Exposed
Individual /Whole Body ;

(mrem /vear) |
Pathway

t

Ground Irradiation 0.980
i0.0004Inhalation i0.13Stored Vegetables
[0.0068Leafy Vegetables :

i
11.1TOTAL I
i

i

All other scenarios for the normal treatment and disposal of septage, t
t

|including postulated accumulation and build-up of activity at a single SWTF t

for a 30-year period (at 20 microcuries/ year), result in radiological impacts j

to individuals which are approximately a factor of 100 or more below the whole
,

,body dos. for the garden pathway.
i

I
The following summary compares the calculated whole body doses j

.

associated with normal handling of septage with the 1 mrem bounding event [
~ . _ . I

This demonstrates that by limiting the annual quantity of !garden scenario.
activity in septage to 20 microcuries, the expected dose impact for disposing j

|of septage at a SWTF will in f act be well below a dose criterior, of
f

1 mrem / year: ,

t

Maximum Whole Body

Annual Dose |
.

(mrem)Scenario ,

(-

:

1.0E-02 ,

(a) Septic truck driver /SWTF worker.
(20 uCi Co-60 per year)

|
5.6E-03 r

(b) SWTF landfill after closure. !

(30-year accumulation; 159 uCi Co-60),,

t

f

'
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6.0 SlHMARY AND CONCLUSIONS ,

i
*

v.
The disposal of septage by transf erring it to a public SL'IF is in

accordance with standard practices for treatment of the type of waste material

generated by a septic tank / leach field sanitary waste system. Periodic
;

pumping of the septic tank is necessary for the maintenance and continued j
;
'

operation of Yankee's sanitary waste system. Approval for disposal of septic
waste from the Yankee sanitary system is requested to prevent failure of the

'

sanitary system to adequately handle plant domestic waste. ,

'
,

.

Alternate means of disposal of the septage would involve the treatment
of it as radwaste, with the subsequent need to stabilize, solidify, and ,

dispose of the material at a licensed burial ground at excessive cost and a
loss in valuable disposal ground volume. (

:

!

The radiological analysis results . indicate that the public health
ef f ects due to the biological activity and infectious constituents of such. j,

;

sanitary waste f ar outweigh the concerns due to any radioactivity which is [

,~ present. By setting release limits which restrict the exposure to a maximum
i" hypothetical individual of 1 mrem per year, it is ensured that radiological j

i

risks from the proposed disposal method are of no significance. ;

:

I

The proposed release limits represent a small fraction of NRC limits
permitted for disposal of sLmilar waste by licensed f acilities who have their
sanitary systems connected directly to a public sanitary sewerage system.
These proposed limits are also within the plant's current allowable release f
limits for discharge of normal liguid waste to the environment, with any
resulting dose to any individual in the public being f ar less than committed ;,

,

!, exposures due to natural background radiation. ~~
.

I |
!

t

;

,

!,

t

f
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TABLE 1
[ LACSPREADINC INCESTION PAfrJATS

(ADULT)

(2.33 UCI TCTAL ACTIVITT)

.
(MREM)

PAfrJAY SCEE LIVER UCNEY LUNG Cl-LLI TNTRCIO VHOLE BCDT e-

INkALATION

54 MN 0.CCE+00 2.93E-06 7.2EE-07 1.04E-04 5.72E-C6 0.0CE+00 4.66E-07

60 CD 0.CCE+00 2.11E-05 0.0CE+00 1.09E-02 5.21E-C4 0.0CE+00 2.71E-05

134 CS 3.17E-05 7.22E-05 2.44E 05 5.31E 06 5.ESE 07 0.0CE+00 6.19E-05

137 CS 1.07E-04 1.39E-04 4.9EE-05 1.6EE-05 1.EEE-C6 0.CCE+00 9.5EE-05 |
|

TCTAL FCR PATHWAY 1.39E-04 2.35E-04 !.49E-05 1.11E-C2 5.3CE 04 0.DCE+00 1.E5E-04 1

.

STCRED iTCETABLES

!? MN C. E+00 3.1CE-04 9.21E-C5 0.0CE+00 9.4EE 04 0.00E+00 5.91E-05
l

60 CD 0.0CE+00 1.7EE-C3 0.0CE+00 0.00E+00 3.34E-C2 0.DCE+00 3.92E-03

134- CS 2.24E-C3 5.!3E-C3 1.72E-C3 5.72E-04 9.32E-05 0.0CE+00 4.35E-03

137 CS 9.25E-03 1.27E-02 4.29E-C3 1.43E-03 2.45E-04 0.0CE+00 3.29E-03
.

i

TCTAL FCR PAirJAT 1.15E C2 2.01E-02 6.11E-03 2.0CE-C3 3.471-C2 0.0CE+C0 1.66E-02
, . .

!

LEAFY VECETAELES

54 MN 0.CCE+00 4.34E-05 1.29E-05 0.0CE+00 1.33E-04 0.00E+00 8.29E-06

60 CC C.0CE+00 2.24E-C4 0.CCE+00 0.00E+00 4.2CE-03 0.00E+00 4.93E-04 .

'

134 CS 2.91E-04 6.92E-04 2.24E-04 7.44E-05 1.21E-05 0.CCE+00 5.66E-C4

137 CS 1.14E-03 1.56E-C3 5.31E-04 1.76E-04 3.C3E-05 0.0CE+00 1.02E-03
|

TCTAL FCR FAirJAY 1.43E-C3 2.52E-03 7.6EE-04 2.51E-04 4.3CE-03 0.DCE+co 2.09E-C3 r

)

i

]C31 MILE

54 MM 0.00E+00 2.39E-06 7. ICE 07 0.00E+00 7.31E-06 0.00E+C0 4.55E-07 ,

60 CD 0.00E+00 5.33E-C5 0.CCE+00 0.00E+00 1.00E-03 0.DCE+00 1.1EE-04 ,

134 CS 8.11E-04 1.93E-03 6.25E-04 2.07E-C4 3.3EE-05 C.CCE+00 1.5EE-C3 |
'

137 CS 3.31E-C3 4.53E-C3 1.54E-C3 5.11E-04 8.77E-05 0.00E+C0 2.97E-03

TCTAL FCR FATrJAT 4.12E-C3 6.51E-03 2.16E-03 7.1EE-04 1.13E-C3 0.0CE+00 4.66E 03
|
|

I
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TABLE 2

I LAN0sFREA0!kC INCESTION PATWJATS

(TEEN)

(2.33 UCI TOTAL ACTIVITY)
(MEEM)

PATKJAY BONE LIVER KIONEY LUNG C1-LLI TNYRCIO VHOLE BODY - .

INKALATICE

54 MN 0.00E+00 3.7EE-06 9.41E 07 1.47E-G4 4.94E-06 0.00E+00 6.21E-07

60 CD 0.00E40 2.77E-05 0.CCE+00 1.6CE-02 4.75E-04 0.CCE+00 3.63E-05

134 CS 4.2EE-05 9.6CE-05 3.19E-05 1.25E-05 E.31E-07 0.0CE+00 4.67E-05

137 CS 1.5CE-04 1.90E-04 6.50E-05 2.70E 05 1.9CE-06 0.0CE+00 6.96E-05

TOTAL FCR PATHWAY 1.93E-04 3.17E-CA 1.01E-04 1.62E-C2 4.E2E-04 0.00E+00 1.53E-04

<

i
:

STORED VICETAELES

54 MN 0.00E+00 4.P/.E-04 1.44E-04 0.COE+00 9.93E-C4 0.00E+00 9.6CE C5 ;

60 CD 0.0CE+C0 2.E3E-C3 0.00E+C0 0.0CE*00 3.69E-02 0.00E+00 6.37E-03 ,

134 C5 3.65E-C3 E.59E-C3 2.73E-C3 1.04E-03 1.07E-04 0.CCE+00 3.9EE-C3

137 Cs 1.57E-C2 2.10E-02 7.13E-03 2.77E-C3 2.7EE- 04 0.00E+00 7.30E-C3

TCTAL FCR PATFJAY 1.94E-02 3.29E-02 1.00E-C2 3.EiE-C3 3.23E-02 0.CCE+00 1.7EE-02

, .

t

LEAFY VECETABLES

54 MN 0.00E+00 3.6EE-05 1.10E-05 0.00E+00 7.55E-05 0.00E+00 7.30E-06 ,

60 CD 0.00E+00 1.93E-04 0.00E+00 0.00E+00 2.51E-03 0.00E+C0 4.34E-04'

134 C3 2.57E-04 6.05E-04 1.92E-04 7.34E-05 7.52E-06 0.00E+00 2.51E C4

137 CS 1.05E-C3 1.4CE-C3 4.77E-G4 1.25E-04 1.99E-05 0.0CE+00 4.EEE-C4

TOTAL FCR PATHWAY 1.31E-C3 2.24E-C3 6.50E-04 2.59E-04 2.61E-C3 0.00E+00 1.21E-C3

i

[

I

CCW MILK

54 kN 0.00E+00 3.9EE-06 1.19E-C6 0.00E+00 E.15E-06 0.00E+00 7.SEE-07

60 CO 0.00E+00 9.03E-C5 0.CCE+00 0.00E+00 1.1EE-C3 0.00E+00 2.C3E-04'

134 CO 1.41E-03 3.31E-C3 1.05E-C3 4.02E-04 4.12E-05 0.00E+00 1.54E-03
1

137 C5 6.00E-C3 7.99E-C3 2.72E-C3 1.06E-03 1.14E-04 0.CCE+00 2.7EE-C3

TOTAL FOR PATFJAY 7.41E-C3 1.14E-C2 3.77E-C3 1.46E-C3 1.34E-03 0.0CE+00 4.52E-C3

.
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TABLE 3
i

[ LAEOSPREADIEC INCESTICW PATWAYS
,

' (CHILD)

(2.33 UCI TOTAL ACTIVITU
(MREM) ,

FATWAY BOWE LIVER KIO6sEY LUNG GI LLI TEYROIO L' HOLE EODY ,

t

INHALATICN

54 MW 0.DCE+00 3.17E-06 7.41E-07 1.17E-04 1.69E-06 0.0CE+00 7 C3E-C7 i
4

60 cc 0.00E+00 2.4CE-05 0.0CE+00 1.29E-C2 1.76E-04 0.0CE+00 4.15E-05

134 Cs 5.54E-05 8.63E-05 2.81E-05 1.CIE-05 3.27E-07 0.00E+00 1.91E-05 :
!

137 CS 2.C3E-04 1.ESE-04 6.32E-05 2.33E-05 8.1CE-07 0.0CE+00 2.87E-05
r

TCTAL FCR PATWAY 2.5EE-04 2.9EE-04 9.2CE-C5 1.31E-C2 1.79E-04 0.DCE+00 9.00E-C5

|
1

STCEED VECETACLES

54 MM 0.CCE+00 7.25E-04 2.03E M 0.CCE+C0 6.CEE-04 0.0CE+00 1.93E-04

60 CO 0.0CE+00 4.4CE-03 0.0CE+00 0.00E+00 2.44E-C2 0.CCE+00 1.3CE-02

134 CS 8.42E-C3 1.3EE-C2 4.2EE-C3 1.54E-03 7.45E-05 0.0CE+00 2.91E-03

137 CS 3.ECE-C2 3.63E-02 1.18E-C2 4.26E-C3 2.27E-04 0.0CE+00 5.36E-C3

TOTAL FCR PATK'.;AY 4.64E-02 5.53E-C2 1.63E-02 5.E0E-03 2.53E-C2 0.00E+00 2.14E-02

LEAFY VECETABLES

54 HN' O.DCE+00 4.13E-05 1.16E-05 0.0CE+00 3.47E-C5 0.VCE+00 1.1CE-05

60 CO C.DCE+00 2.25E-04 0.DCE+00 0.00E+C0 1.24E-03 0.00E+00 6.62E 04

134 CS 4.45E-04 7.3CE-04 2.26E-04 8.11E-05 3.93E-06 0.DCE+00 1.54E-04 ;

137 CS 1.90E-03 1.EZE-C3 5.94E-CI. 2.14E-04 1.14E-05 0.CCE+00 2.69E-04
i

TCTAL FCR PATWAY 2.25E-C3 2.E2E-C3 8.32E-04 2.95E-04 1.29E-03 0.00E+00 1.10E-C3
.

.

COW M!LK

54 MN 0.DCE+00 5.95E-06 137E-06 0.0CE+00 4.99E-06 0.DCE+00 1.5EE-06

60 CD 0.0CE+00 1.4CE-04 0.00E+00 0.0CE+C0 7.77E-04 0.00E+00 4.13E-04

134 CS 3.25E-C3 5.33E-C3 1.65E-C3 5.93E-04 2.87E-05 0.0CE+00 1.12E-03
'

137 CS 1.45E-C2 1.38E 02 4.51E-03 1.625-C3 E.67E 05 0.00E+00 2.04E-C3

TcTAt FCR PATWAY 1.77E-C2 1.93E-C2 6.17E-C3 2.22E-Q3 2.97E.C4 0.00E+00 3.5EE-D3 1

.

p

i
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TABLE 4

LANOSFREAOING INCESTICW PAirJAYS .-
g

(INFANT) j

(2.33 UCI TOTAL ACTIv!TY)
>

- (MREN)

FATKJAY BONE LIVER KIONEY LUNG CI-LL1 TNTROTO VHOLE B00Y f

.

F

ItsRALATION

54 MN 0.00E+C0 1.87E-06 3.69E-07 7.39E-C5 5.22E-07 0.CCE+00 3.69E-07 |
60 CO 0.00E+00 1.47E-05 0.0CE+C0 8.25E-03 5.54E-05 0.0CE+00 2.16E-05 r

134 Cs 3.37E-05 5.9eE-05 1.62E-05 6.7EE-06 1.14E-07 0.0CE+0C 6.34E-C6 >

137 CS 1.23E-04 1.37E-04 3.ESE-C5 1.59E-C5 2.99E-07 0.0CE+00 1.C2E-05
I
!

TOTAL FCR PATW.AY 1.57E-04 2.13E-04 5.51E-CS 8.35E-03 5.94E-C5 0.00E+00 3.E4E-05
!

i

>

STORED VECETASLES

54 MN 0.00E+00 0.CCE+00 0.DCE+00 0.00E+00 0.CCE+00 0.00E+00 0.00E+00
'

60 CO 0.00E+00 0.00E+C0 0.0CE*00 0.0CE+00 0.00E+00 0.0CE+00 0.0CE+00

134 C 0.GOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.0CE+C0 0.0CE+C0

137 CS 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.CCE+00 0.CCE+C0 0.0CE+00 ,

,

TOTAL FCR FATFWAY 0.CCE+00 0.00E+00 0.00E*00 0.CCE+00 0.CCE+00 0.00E+00 0.00E+00

- |
j i

LEAFY VECETAELES

54 MN 0.00E+00 0.0CE+00 0.0CE+00 0.00E+C0 0.00E+00 0.0CE+C0 0.00E+00 !

I 60 CO 0.00E+C0 0.0CE+00 0.00E+00 0.00E+00 0.00E+00 0.0CE+00 0.0CE+00 ,'

13!. CS 0.00E+C0 0.00E+C0 0.00E+00 0.0CE+00 0.00E+00 0.0CE+00 0.00E+00

137 CS 0.00E+0C 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.0CE+00 0.0CE+00 !

'
4

.

TOTAL.FCR FATKJAY 0.00E+00 0.00E+C0 0.CCE+00 0.0CE+C0 0.00E+00 0.00E+C0 0.00E+C0 t

;

COW MILC

54 MN 0.00E+00 1.11E-05 2.45E-06 0.00E+00 4.06E-06 0.00E+00 2.51E-06 ,

!
60 CO 0.00E+00 2.86E-04 0.00E+C0 0.00E*00 6.81E-04 0.00E+00 6.76E-04

134 Cs 5.23E-C3 9.76E-C3 2.51E-C3 1.C3E-C3 2.65E-05 0.00E+C0 9.ESE-04 I

I
,

137 CS 2.31E 02 2.70E-02 7.25E-C3 2.94E-03 8.45E-05 0.DCE+00 1.92E-C3
,

!

- TOTAL FCR PATFJAY 2.UE-C2 3.71E-02 9.77E-C3 3.97E-C3 7.96E 04 0.00E+00 3.58E-C3

;

i

!
i
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g SOIL ABSORPTION!
<

LEACH FIELD
e i

SEPTICrt
'

i?
TANK LIQUID

(PRETREATMENT) TREATMENT
-

g-

SCUM *- ---

YANKEE PLANT ,............................................
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APPENDIX H j

i

Radioactive licuid, Gaseous, and Solid Waste Treatment Svstems [

f

Recuirement: Control 7.3 (previously Technical Specification 6.16.1) !
requires that licensee initiated major changes to the '

.

radioactive waste systems (liquid, gaseous, and solid) be !

I
reported to the Commission in the Semiannual Effluent Release ;

Report for the period in which the evaluation was reviewed by -|
the Plant Operation Review Committee. j

t

!

Response: There were no licensee initiated major changes to a radioactive {,

waste system (s) during this reporting period. |
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'APDENDIX I
i
i
'

Supplemental Information

Third and Fourth Ouarters 1992

1. Control timits - Dose and Dose Rate
'

c

!

Control and Catecory Limit

a. Noble Gases j

Control 3.3 (previously TS 3.11.2.1). Total 500 mrem / year |
Ibody dose rata

i !

Control 3.3. Skin dose rate 3000 mrem / year !

Control 3.4 (previously TS 3.11.2.2). Gamma 5 mead / quarter j
iair dose
:j

Control 3.4. Gamma air dose 10 mrad / year ~ j
;a

"

Control 3.4. Beta air dose 10 mrad / quarter ;
.

Control 3.4. Beta air dose 20 mrad / year |
!

b. Ioaine-131. Tritium. and Radionuclides in |

Particulate form With Half-tives Greater Than (
) 8 Davs j
s ;

Control 3.3. Organ dose rate 1500 mrem / year j

Control 3.5 (previously TS 3.11.2.3). Organ 7.5 mrem / quarter !
^

dose i
"

!

Control 3.5. Organ dose 15 mrem / year |
!"

c. Licuids ;

!
'

Control 3.1 (previously TS 3.11.1.2). Total 1.5 mrem / quarter
.

body dose

Control 3.1. Total body dose 3 mrem / year

Control 3.1 Organ dose 5 mrem / quarter !
t

Control 3.1 Organ dose 10 mrem / year !
!
!

b

nuo l-1 !
!

!

!
,

s
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.2. Control Limits - Concentration ;

'

Control and Catecorv timit
1

|
a. Licuids >

Control 2.1 (previously TS 3.11.1.1). Total !

,
sum of the fraction of MPC (10CFR20. [i
Appendix B. Table II. Column 2), excluding i

noble gases less than: 1.0 ,}
t

Control 2.1, Total noble gas concentration 2.00E-04 Ci/cc '!
!
!

3. Measurements and Accroximations of Total Radioactivity I

*
e

!

a. Noble Gases , Krvoton-85 .

t

!

]Continuous discharges are determined by direct measurements. A-

primary vent stack gas sample is taken monthly and analyzed.for |
Krypton-SS. A review of the weekly primary vent stack noble' gas j

integrator readings for any increase in values above the -

i

background level also is used as a reference. There are no-longer ;
,

any batch discharges. Errors associated with the above j

measurements are estimated to be 25 percent. t

i
b, Indines ,

lodines are continuously monitored by drawing a sample from the j
primary vent stack through a particulate filter and charcoal |
ca rt ri dge . The filter and charcoal cartridge are removed and ~ ;

analyzec weekly. The errors associated with these measurements f
i~ are estimated to be 25 percent. )

.

:

:
;

:
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c. Particulates ;

i

; The particulate filter described in b. above is analyzed weekly.

The errors associated with the determination of particulate !
effluents are estimated to be 30 percent. .j

;

d. Liouid Effluents
!

A gamma isotopic analysis is performed on a representative sample !

using a Marinelli Beaker geometry for' both a batch or continuous
,

discharge. Composite samples for batch and continuous discharges -
are analyzed for strontium-89. strontium-90, iron-55, gross alpha {
activity, and carbon-14. .

!
Tritium analysis is performed on composite samples for continuous }
discharges and on each batch discharge. The errors associated {
with these measurements are as follows: fission and activation i

products, 120 percent: tritium. 10 percent: dissolved fission {
'

; gases, 120 percent; alpha activity. 35 percent.

4 Batch Releases !
i

|a. Licuids ,

'

i

The batch release data is presented in two categories to provide

accurate average discharge rate values. :

Outdoor
Routine Tank '

i ,

Third Ouarter Batches Moats. ;

Humber of batch releases: '17 2 |
Total time period for batch releases (minutes): 4693 6419 '

;

Maximum time period for a batch release (minutes): 335 3440 :,

| Average time period for batch releases (minutes): 276 3710 |.

: Minimum time period for a batch release (minutes): 180 2733 r

) Average stream flow (Sherman Dam) during period (cfs): 290 i

Average discharge rate (gpm): 23 2.7 :
,

'

t

!

!

|

:
'
,
i

nna I-3 '

i

>

|
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|

|
i

Outdoor |
Routine - Tank i

Fourth Ouarter Batches Moats 3

1

Number of batch releases: 8 - 2 j

Total time period for batch releases (minutes): 2701 5763 i

Maximum time period for a batch relea'se (minutes): 609 3030 !
Average time period for batch releases (minutes): 338 2882 i

Minimum time period for a batch release (minutes): 115 2733 -j
Average stream flow (Sherman Dam) during period (cfs): 514 |
Average discharge rate (gpm): 18 4.1 !

!

:
,

b. Gases |
i

i
Third Ouarter

Number of batch releases: 0

Total time period for batch releases (minutes):

Maximum time period for a batch release (minutes): .

Average time period for batch releases (minutes): f
Minimum time period for a batch release (minutes): |

t
!

Fourth Ouarter

Number of batch releases: 0

Tot.11 time period for batch releases (minutes):

Maximum time period for a batch release (minutes):

Average time period for batch releases (minutes): ;

Minimum time period for a batch release (minutes):

5. Abnormal Releases ,

;
!

Control 7.2.b (previously Technical Specification 6.9.5.b) requires the j
'

reporting of any unplanned releases from the site to the site boundary j
of radioactive material in gaseous and liquid effluents made during the {
reporting period. ;

!

I a. Liouid <

!

i

There were no nonroutine liquid releases during the reporting [
period. |

|
,

i

MH8 I~4

,

t
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b. Gases

There were no nonroutine gaseous releases during the reporting

period.

i

,!

s

-

a

?

:

!'
e

|

[
;

I

f

!

t

?

I

i
I
i
|

t
.i

!

,

i
?

a

R1158 T-3

i

h,
, , w ---. - _ . - - -, -- ------ --- - _.- c

*


