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VERMONT YANKEE
NUCLEAR POWER CORPORATION

iﬁ~§ ,\’ Ferry Road, B.attleboro, VT 05301-7002
o 'V'f-’ ENGINEERING OFF

. K\ <

February 28, 1992
BVY 92.25

United States Muclear Regulatory Comimission

ATTN: Document Control Desk

Washington, DC 20555

References:  a.  License No. DPR-28 (Docket No. 50-271)

Subject: Vermont Yankee Effluent and Waste Disposal Semiannual Report

for the Third and Fourth Quarters, 1991

Dear Sir:

Enclosed herewith please find one copy of the Vermont Yankee Nuclear ¥ ower Corporation
"g')lg,)j“t re‘fon This report covers the period beginning July 1, 1991 and ending December 31,
1991 and is «ubmitted in accordance with our Technical SJ)ecification 6.7.C.1 and
10CFRS50.36a(2)(2). The annual dose summary to man for 1991 wil! be submitted in a
supplemental report in accordance with Technical Specification 6.7.C.1.b.

We trust that the enclosed information is satisfactory; however, should you have any
questions, please contact this office.

Very truly yours,

VERMONT YANKEE NUCLEAR POWER CORPORATION

/ , ’ / -
I?
Foveno 4 .34vnflo].\f
Leonard A. Tremblay, Jr.

Senior Licensiig Engineer

ec:  USNRC Region I Administrator
USNRC Resident Inspector - VYNPS
USNRC Project Manager - VYNPS
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EFFLUENT AND WASTE DISFOSAL
SEMIANNUAL REPORT
FOR

THIRD AND FOURTH QUARTERS, 1991

Vermont Yankee Nuclear Power Station
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ERRATA

In the Vermont Yankee Effluent and Waste Disposal Semiannual Report covering
the third and fourth quarters of 1991, the following corrections should be

made :

None.
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TABLE 1B
Vermont Yankee
Effluent and Waste Disposal Semiaunual Keport
Third and Fourth Quarters, 1991

Gaseous Effluents - Elevated Release

(1)
_Continuous Mode . Batch Mode. .

_Nuclides Released _ Unit  Quarter Quarter Quarter Quarter
—a A M. .

1. Figs‘~n Cases . . R W T U P U S Sy -
e Kryplun-85 Ci ND___ _ND - R
. Krypton-85m 7§ 1.BOE+Q0 4, 99E¢0QQ
_Krypton-87 . Ci _ B.93E+00 _  2.94E+0) . e
_nmamn.*_ﬁ_* e B 5.90E400 CLL.BLE$OL
Xenon-133 Ci 1-591109_*_._41‘%99_-__,_, S L
. Xenon-135 Ci BL29E400  2.61E«0)
_Xenon-135m ci _ 4, 42E+01 1. 70E+02 S A oA
__Xenon-138  _€Ci 2.00E+02 R i e

e L —— ———— 1~ o S A LA A T S e

__Unidentified Ci e ————
___Total for period €4 2,76E+02  1.OUES03 ..

B s ————ro g St i i i 0 S sy e St
.. Jodine-131 Ci 1.538-02 2.14E-02 - mpden o
. lodine-133 ci 5.49E-02 9.02E-02 Pl . ——y
.Jedine-135 Ci . 9. 62E-02 _1.2BE-0)
__Total for perded . Ci . 1.06E-01L  2.40E-01 .

Jo Particulates s s
__Strontium-89 i 9.6BE-Q4  1.J4E-Q3 e
__Strontium-90 = Ci . 5,76E-06 2.82E-05 e tcar b ek ook
“__Cililﬂ:m._ S SE— C.L bk HD Eals asomis '.Qﬁl‘o,ﬁ,_k,_ﬁ; LTI —
..Cesiwn-137 Ci 1.91E-05 _4,23E-05 it el RS
__Barium-lanthaoum-140  Ci 2,428-03 ~ 5.65E-03 .
. Leriun-141 i 1.33E-05 1.9BE-Q&

(1) There were nc batch mode geegaur relossez far this waoarting period.

NI - Not detected at the plant stack.
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| TABLE 24 i
| Vermont Yankee |
Effluent and Waste Disposal Semiannual Report

Third and Fourth Quarters 1991
Liquid Effluents - Summation of All Releases

There were no liquid releases during the third or fourth quarters of 1991.
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VERMONT YANKEE NUCLEAR POWER CORPORATION
PROCESS CONTROL PROGRAM
REV 2

0%9/18/91
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Radiation Protection Supervisor
~ T

Approved MD /=&y
PORC

Submitted

Approved
Plant Manager

Approved %p (2 ’Ze-y

Sr. Vice President, Operations
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Page 2 of 4

After centrifuging and discharge to the caek liner, a epent resin sample wae obtainad.
The sample wae immediately weighed, then oven dried for 12 houre and re-weighed. The
molsture content of the centrifuged spent resin was calculated to be 55.6%. The
Folesuro ccntent 7 tre vavend riatary f rarite 13 butwees 3U% opl 100 Thig R W
the spent resins are dewatered such that only bound water rema.ns.

A second method wae used to determine if vibration would leach water from the unused
resin. A lab centrifuge was sJt up with reein and reein plue filter aid mixtures.
The centrifuge was set for 700 RPM for 30 minutes. No free water was observed in any
of the mixtures.

The results of thewe tests showed that the moisture content of centrifuge proceseed
resine was lees than or egqual to mixtures of unused commercial grade ion exchange
resins. At these moisture contents, all the water remains bound even after opevere
vibration in a centrifuge, therefore it is concluded that Vermont Yankee'e centrifuged
epent reeine do not include any free-standing liquids.

To comply with the statement, “Any liquide present in waste packages shall be non-
corrosive with respect to the container", Vermont Yankee teeted the pH of various resin
mixturee used by the plant in solution with water. The range was found to be 4.2 -
8.4. A solution is not considered corrosive to iron if the pH is greater than 4.0,

A resin eample is taken from each liner prior to shipment. The sample is counted to
determine the activity and waste claseification. The majority of the resine generated
are Class A waste. All Class B or C reeins will be disposed of in an approved High
Integrity Container (HIC).

Vendor supplied or temporary methode of processing resins may be used in lieu of the
above process provided that the vendor or temporary procees meets the regquirements of
quality described above and does not conflict with accepted burial criteria or safety
requirements. Such methods will be reviewed and approved by the Plant Health Physicist
and the Radiation Protection Supervisor prior t> implementation.

Filter Liners

buring refueling outages and normal operation, liguid radwaste processing may ..juire
use of a decanting filter on the condensate phase separators. A floating suction ie
used to decant the water and resin into a filter liner. Filtered water is pumped form
the liner. When use of the liner is completed, & vacuum pump is attached to dewater
the r-« n in the liner. The liner is dewatered for a minimum of 48 hours and until
no more water is viewed from the pump discharge. A resin sample is taken from the
liner and counted to determine the activity and waste classification.

Rry Active Wasgte (DAW)

All DAW is examined before being compacted. Any liguide or items found that would
compromise the integrity of the package are removed and separated as specified by
procedure. All waste is compacted into boxes using a box compactor. Containers used
for DAW shipments meet the criteria of 4% CFR 173.425a, or b. "No leakage of
radicactive material” as specified in 49 CFR 173.425.b.1 will be met provided that no
radicactive materials in quantities equal to or exceeding those epecified in 49 CFR
173.443 are detected on the external surfaces of the package at any time during

shipment.
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Shipment and Receipt of Radicactiive kaleriais
Radwaste Cask, Drum and Box Handling
Maintenance Requents

Liquid Radwaste

Scolid Radwaste

Chemical Material Control






VERMONT YANKEE NUCLEAR POWER STATION
OFF-SITE DOSE CALCULATION MANUAL
REVISION % 11

Reviewed w Ql.S 2 2 &4*/‘?/'
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T!Ql! 4,
; Radiological Environmental Mon!toring §§!gi9n1“’
Exposure Pathway Sample Location Disttngo
and/or Sample and Designated Coge‘? thm) (6 Direction®
1. AIRBORNE (Radiclodine and Particulate)
AP/CF=11 River Station 1.9 SSE
No. 3.3
AP/CF-12 N. Hinsdale, NM 3.6 NNKW
AP/CF-13 Hinsdale Substation 3.1 3
AP/CF-14 Northfleld, MA 1.3 SSE
AP/CF-15 Tyler Hill Road(®) 3.2 WNA
AP/CF-21 Spofford Lake 16.1 NNE
2. HWATERBORNE
a. Surface HWR-11 River Station 1.9 Downriver
No. 3.3
WR-21 Rt. 9 Bridge 12.8 Upriver
b. Ground WG=11 Plant Well - On 3ite
WG-12 Vernon Nursing Well 2.0 S5t
WG-22 Skibniowsky Well 14.3 N
¢. Sediment SE-11 Shoreline Downriver 0.8 On-Site
From SE-12 North Storm 0.1§ On-Site
Shoreline Drain Outfall(d)
3. INGESTION
a. Milk T™=11 Miller Ftrm“) 0.8 WA
T™™-12  Dominick(3) 5.2 £
TM=13 Newton Farm 5.1 SSE
Th-14 Brown Farm 2.6 S
TM-15 Gayland Farm 4.7 UNW/NW
T™-24 County Farm 22.5 N
b. Mixed 16-1? River Station 1.9 SSE
Frasses No. 3.3
16-12 N. Hinsdale, NH 3.6 NNE
16-13 Hinsdale Substation 3. £
1G-14 Northfield, MA 11.3 SSE
1G-1§  Tyler Hill Rd.(4) 3.2 KN
1G-21 Spofford Lake 16.1 NNE

Reviston 31 Date 7 /27/91
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| Table ¢. |
(continued)

|

1

Radiological Environmental Monitoring Stations())

Exposure Pathway Sample Location D\st?nco
nd/or Sample and Designated Code'?) Cem) (62 Direction(®)
¢. Silage A1 Miller Farm(®) 0.8 WM ‘

.12 Dominick(S)

5.2 3
TC-'3 Newton Farm 5.1 SSE
TC-14 Brown Farm 2.6 5
TC-15  Gaylaad Farm 47 WNW/NW |
TC-24 County farm 22.5 N

d. Fish FH-11 Vernon Pond - On-Site
FH-21 Rt. 9 Bridge 12.8 Upriver
4. DIRECT RADIATION
DR-1 River Station 1.6 SSE
No. 3.3
DR-2 N. Hinsdale, NH 3.5 NNK
DR-3 Hinsdale Substation 3.0 3
DR-4 Northfleld, MA 11.0 Sst
DR-§ Spofford Lake 16.3 NNE
OR-6 Vernon School 0.46 KoK
DR-7 Site Boundary 0.27 "
DR-8 Site Boundary 0.25 SW
DR-9 Inner Ring 2.1 N
DR-10 Quter Ring 4.6 N
OR-11 Inner Ring 2.0 NNE
DR-12 Quter Ring 3.6 NNE
OR-13 Inner Ring 1.4 NE
DR-14 Outer Ring 43 NE
OR-15 Inner Ring 1.4 ENE
DR-16  Quter Ring 2.9 ENE
DR-17 Inner Ring 1.2 £
DR-18 Quter Ring 3.0 3
DR-19 Inner Ring 3.5 ESE
OR-20 Outer Ring 5.3 ESE
DPR-21 Inner Ring 1.8 SE
DR-22 Quter Ring 3.2 SE
DR-23 Inner Ring 1.8 SSE
DR-24 Quter Ring 3.9 SSt
DR-25 Inner Ring 2.0 S

Revision 11 Date 7/27/91
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Table 1.1-4

Summary of Methods to Calculate

Equation
Nymber Category

Dose Rates

Equation

Reference
Section

3-5 Tota! Body Dose Rate
from Noble Gases
Released from Stack

3-39 Tota! Body Dose Rate
from Noble Gases
Released from Ground

3.7 Skin Dose Rate
from Noble Gases
Released from Stack

3-38 Skin Dose Rate
from Noble Gases
Released from Ground

3-16 Critical Organ Dose
Rate from Stack
Release of lodines,
Tritiuym, and
Particulates with
T 1/2 Greater Than
gight Days

3-40 Critical Organ Dose
Rate from Ground
Leve! Release of
lodines, Tritium,
and Particulates
with T 1/2 Greater
Than Eight Days

Revigion 17 Date 0 01791
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. E 1
mrem
Rtbs (G;F*) « 0.70 : 0‘ DFB,

GL
mrem
thg (=) » Z\; O1 DFB‘

" ST
mrem 2— .
Rekins yr " v Qy DFis

. - .STP
mrem, . >~ p
Rcos (*;F—> 1 0‘ DFG“co

3.4.1

3.4.)

3.5.1

3.5.1

3.6.1

3.6.)




Summary of Methods to Calculate
Doses to Air from Noble Cases

Number  _____Category

__Equation

Reference
section

3-21 Gamma Dose to Alr oY
from Noble Gases airs
Released From Stack

3-41 Gamma Dose to Air oY
from Noble Gases airg
Released From
Turbine Building
(Ground Level Release)

3-23 Beta Dose to Alr DB
from Noble Gases airs
Released From Stack

3-43 Beta Dose to Air o® (mrad) « 0.55 .. K‘

from Noble Gases airg
Released From

Turbine Building

(Ground Leve!

Release)

- and f o
15 y \,-\1. 1 4
- -l ¥&

Revision ____ Date

8855R

(mragd) « 0.019 z Q

°1L OF Y

(mrad) = 0.022 Z 03" of)

(mrad) = 0.13 E: oSt of)

ST oy
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Teble 1.1~

Summary of Methods to Calculate
Dose to an Individual from Tritium, lodine, and Particulates in
Gas Releases and Direct Radlation

Equation Reference
_Number Category Equation Section
3-26  Dose to Critical ¥ .s1p 3.9.1
Organ from Stack Deog (Mrom) "T-O% OFGsyeo
Release of lod'nes,
Tritium, and
Particulates
3-44 Dose to Critical T GLP 3.9.1
Organ from Ground Regy T on: -L‘,Q, OFGg1co
Leve! Release of
lodines, Tritium,
and Particulates
Direct Dos
3.27 Turbine Building Dd (mrem) « K (L) * € .10
North Warehouse
3-29 Shielded End DS = 0.25 x RS 3378
3-30 Unshielded End Dy * 0.53 éu 3.11.2
LLW Storage Pad
3-31 Direct Line (Module " 3,11.3
Short Side Out) Dgg = 0.28 x Ry x fy
3-32 Direct Line (Module : 3.11.3
Long Side Out) Dgg = 0.29 2 By x Ty
3-33 Skyshine (Res'n ' 3.11.3
Liners) Doyp * 0:016 x Rgyp X Fiy
3-3¢  Skyshine (DAW) Deyp = 0075 ¥ Rgyp X fey 3.11.3
3-35 Resin Liner Trans- : 3.11.3
fer (Unshielded) 0Tran = 0.0025 x RTran : TTran
3-36 égtormodular Gap oGap w 2.84E-2 x NGap X ARL X fGao 3.11.3
se
Revision = Date:j i
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Table 1.1~

Summary of Variables

variable Definition , Units

ARL « Total gamma activity contained in a resin Ci
‘ 1iner in storage directly in line with a
gap between adgacont storage modules

C?? « Concentration at point of discharge of uli/ml
dissolved and entrained noble gas “1" in
11quid pathways from all station sources
o . Total activity of all dissolved and entrained al
| noble gases in 1iquid pathway, from all m
station sources
Cd, « Concentration of radionuclide "1" at the oint g%l
of liquid discharge m
¢ « Concentration of radionuclide "1" uCt
34
Coy « Concentration, exclusive of noble gases, of 3%1
P radionuc!ide “1" from tank "p" at point of m
discharge
cm, « Concentration of radionuclide “1" in mixture g%l
at the monitor m
Da?rs « Beta dose to air from stack release mrad
on?rg = Beta dose to air from ground level release mrad
Dafrs » Gamma dose to air from stack release mrad
| °|¥rg « Gamma dose to air from ground level release mrad
: ocas « Dose to the critical organ from stack release mrem
Dc « Dose to the critical organ from ground level mrem
o release
| °d « Direct dose (Turbine Building) mrem
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Table 1.1-8

(continued)

Summary of Variables

Definition

Dose rate at 3' from unobstructed side of
storage module facing site boundary

Direct dose at site boundary per unobstructed
storage module (short end)

Direct dose at site boundary per unobstructed
storage module (long side)

Gamma dose to air, corrected for finite cloud

Intermodular (ap dose projected to the
maximum site boundary location from resin
waste not direcly shielded by DAW modules.

Dose to the maxinum organ

Dose to skin from be.a and gamma

Dose rate at 1 meter fro. source in shielded
end of North Warehouse

Annual dose at site boundary from fixed sources

in shielded end of North Warehouse

Maximum dose rate at 3' sver top of DAW
in a storage module

Maximw, “~ee rate at 3' over top of each
resin liner in a storage module

Skyshine dose at the site boundary from DAW
in storage modules (unobstructed top surfaces)

Skyshine dose at the site boundary from resin
liners in storage modules (unobstructed top
surfaces)

5 - we fr=
BREFRO BTSB!
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yr-module

I 3 —
yr-module

mrad

mrem
yr

mrem
mrem

wrem
hr

mrem
yr

mrem
hr

mren
hr

dnrem
yr-module

rem
yr=liner
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(continued)

Summary of Variables

Detanition

Variable
E D =
L P
3
- Ky ’

Reran N
Drran -

Du -
DF "
Drﬂin -
Dfé -
D"l1 .
Dllc =
DFL; ¢ -
Dfltno -
DFG, i co N

Dose to the total body

The direct dose conversion factor for N-16
scatter from the turbine hall to Location (L)

Dose rate at contact from the unshielded top
surface of resin liner
Dose at the site boundary from unshielded

movement of resin liner between transfer cask
and storage module

Dose rate at 1| meter from source in unshielaed
end of North Warehouse

The annual dose at site boundary from fixed
sources in the unshielded end of North Warehouse

Dilution factor

Minimun allowable dilution factor

Composite skin dose factor

Total body gamma dose factor for nuclide "i"

Composite total body dose factor

Site-specific, totsl body dose factor for a
liquid release of nuclide "i"

Site-specific, maximum organ dose factor for a
liquid release of nuclide "i"

Site-specific, critical organ dose factor for a
stack gaseous release of nuclide o o

Revision = Date 10791
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mrem

mrem

mrem
hr
yr

ratio

ratio

-

pCi-yr

E

|

pCi~yr

|

pCi-yr
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§c§ntinued)

Summary of Variables

Varisble Definition . Units
slos = Site-specific, critical organ dose rate factor mrem-sec
for a stack gaseous release of nuclide "i" pCi-yr
nrc.leo = Site-specific, critical organ dose factor for mrem
a ground level gaseous release of nuclide “"i“ Ci
;1¢° « Site-specific, critical organ dose rate factor mrem-sec
for a ground level gaseous release of nuclide "i" pCi=yr
3
DFS§ Beta skin dose factor for nuclide "i" arem-m
i pCi=yr
b?i‘ Combined skin dose facter for nuclide “i" 225%5132
' from a stack release ey
DF | Combined skin dose factor for nuclide “i" T Ci:.:c
¢ from & ground level release puney
3
th Camma air dose factor for nuclide "i" apad=m,
pCi-yr
3
; e mrad-m_
D'i Beta air dose factor for nuclide "i oCLeyr
I
—- Critical organ dose rate due to iodines ngg
and particulates released from stack y
- Critical organ dose rate due to iodines ELEQ
6 and particulates released from ground ¥
i Skin dose rate due to stack release of nrem
skins noble gases ¥
‘ukiug Skin dose rate due to ground release of Ei%ﬂ

noble gases

Revision _.2 Datell/01/31
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Table 1.1~
(continued)

Summary of Variables

Definiticon

Release rate for radionuciide "1"
at the point of interest

The noble gas radionuclide "1" release
rate at the plant stack

The noble gas radionuclide "1" release
rate from the Turbine Building (ground
leve! release)

The noble gas radionuclide "1" release
rate at the steam jet alr ejector

The noble gas radionuclide "1" release rate
at the exhaust of the augmented Off-Cas System

The fodine, tritium, and particulate
radionuc)ide "1" release rate from the
plant stack

The iodine, tritium, and particulate
radionuclide "1" release rate from the
Turbine Building (ground level release)

The release of noble gas radionuc!ide
“{" from the plant stack

The release of noble gas radionuclide "i" from
the Turbine Building (ground level release)

The release of iodine, tritium, and particulate
radionuclide "1" from the plant stack

The release of lodine, tritium, and particulate
radionuclige "“i" from the Turbine Building
(ground level release)

Liquid monitor response for the limiting
concentration at the point of discharge

Revision 12 Date 10/01/91
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sec

ue!
sec

uCl

sec

vl
sec

val
sec

val
sec

nal
sec
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Table 1.1-10

Dose Factors Specific for Vermont Yankee
for
Noble Gas Releases

Gamma Combined Skin

Total Body Beta Skin Dose Factor Beta Alr Gamma Air

Dose Factor Dose FactOr (Stack Release) Dose Factor Dose factor
Radionuclide OF8, ('-"-E-f-“l;—"','— OFS, %’;’“—""—) F; (ICER-SEC, el ‘%ﬂﬁ’ oF ] i’;‘-g%il"}j)
Ar-4] 8.84E-03° 2.69€-03 8.81E-C3 3.28E-03 9.30E-03
Kr-83m 7.566-08 2 eeeee 1.49E-05 2.88E-04 1.93€-05
Kr-85m 1.17€-03 1.46€-03 1.83E-03 1.97€-03 1.23E-03
Kr-85 1.61E-05 1.34E-03 8.16E-04 1.95E-03 1.72€-05
Kr-87 5.92€-03 9.73E-03 1.06E-02 1.03E-02 6.17€-03
Kr-88 1.47€-02 2.37:-03 1.32€-02 2.93E-03 1.52€-02
Kr-89 1.66E-02 1.01€-02 1.94E-02 1.06E-02 1.73E-02
Kr-90 1.56€-02 7.29€-03 1.70E-02 7.83E-03 1.63€E-02
Xe-13im 9.15€-0% 4,76E-04 4 06E-04 1.11E-03 1. 56E-04
Xe-133m 2.51€-04 9.94E-04 8 45E-04 1.4BE-03 3.27€E-04
Ye-133 2.94E-04 3.06E-04 4 57E-04 1,08E-03 3.53t-04
Xe~135m 3.12€-03 7.11E-04 3.03€-03 7.39€-04 3.36£-03
Xe-135 1,81E-03 1.86E-03 2.60E-03 2.46E-03 1.92E-03
Xe-137 1.42E-03 1,22€-02 8.48E-03 1.27€-02 1,51€-03
Xe-138 8.83E-03 4,13E-03 9.60€-03 4.75€-03 9.21E-03
* 8.84E-03 = 8.84 x 10°3
Revision _jf; Dltl;:,:119:

1-18

8855R




SN Ny g L —

Revision

8855R

-~

Table 1.1-10A

Combined Skin Dose Factors Specific for
vermont Yankee Ground Level Noble Gas Releases

Radionuc!ide

AR-4)
KR-83M
KR-85M
KR-85
KR-87
KR-88
KR-89
KR-90
XE-131M
XE-133M
XE-133
XE-135M
XE-135
XE-137
XE-138

Date_12/01/31

1-20

OFf

g

(mrem-sec,
pCl-yr

P Oh = OO ~ DI — — 3 W O 0o

. 75E-02
.4SE-05
.08E-02
. J4E-02
.96€-01
.08E-01
.52€-01
.98E-01
L97E-03
.B7E-02
.87E-03
71602
.08E-02
.19E-01
12E-01




Table 1.1-1)

Dose Factors Specific for Vermont Yankee
for
Liguid Releases

Total Boay Maximum Organ

Dose Factor Dose Factor

mrem mrem

Radionucide OFLypp 77 OFLimo 56T
H-3 2.06E-04 2.06E-04
Na-24 3.38E-02 3.38E-02
Cr-51 3.10£-04 6.96€-02
Mn-54 2.08E-01 3.00E+00
Mn-56 8.53E-06 5.29€-03
Fe-59 2.49€-01 1.B4E+00
Co-58 5.97€-02 4. 3401
Co-60 2.13E-01 1.28E+00
In-65 B.06E+00 1.64E+0!1
Sr-89 2.55E-01 8.91E400
Sr-90 4.23E+0) 1.67E+02
ir-95 4.21E-04 1.36E-01
Mo-99 4.79E-03 4.51E-02
Tc-99m 5.04E-06 2.33E-04
Sb-124 8.484E-03 2.228-01
1131 2.57€-02 1.47E+01
1-132 3.10€-06 1.29E-04
[-133 3,31€-03 1.63E+00
[-13% 3.16E-04 §.90€-02
Cs-134 1.28E+02 1.60E+02
Cs-137 7.58E+01 1.21£+02
Ba-140 4.08E-03 9.72E-02
Ce-141 2.31E-05 4.10€-02
W-187 1,18E-02 8.90E+00

Revision < Date 20/ °i/51
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Table 1.1-12

Dose and Dose Rate Factors Specific for Vermont Yankee
for
lodines, Tritium and Particulate Releases

gtlgk Release %rOUnd Leve| Release '
Critical Organ ritical Organ Critical Organ ritical Organ |

Dose Factor Dosf Rate Factor Dose Factor Dosg Rate Factor l

Ragionuclige O Csico (T OFG,y .o (TR DFGgio (T orca,co(ﬂl§$§§%§>‘

He3 1.81E-04 5.706-03 §.236-03 1,65E-01 |
c-14 1.10€-01 3.47€+00 3.17€+00 1. 00E+02
Cr-51 3.80€-03 1.326-01 §.636-02 2.58£400
Mn-54 4.36E-01 1.72€+0) 1.66E+01 7.476+02
Fe-59 4.356-01 1, 44E40) 4.89E+00 1.626+02
Co-58 2.26E-01 8.07E+00 4,556+00 2.05E02
Co-60 4. 76E+00 2.12E+02 2.59E+02 1.17€+04
In-65 2.32E400 7.51E+01 2.57€+01 8.33E402
Sr-89 7.08E+00 2.23E402 7.88E+0] 2.49€403
Sr-90 2.69E402 8.48E+03 3.01€+03 9.49€404
1r-95 4.31£-01 1.42E40] 4.83E+00 1.59€402
Sb-124 7.868-01 263640 8.86E+00 3.19E+02
| 1-131 4.80€+0] 1.51E+03 5.38E402 1.70€+04
| 1-133 §.12€-01 1.61E401 6.81€+00 2.18€402
Cs-134 9.88E+00 3.28E402 1. 1E02 1.69E+403

Cs-137 1.01€+0 3.44E402 1.23E402 §.55£+03 |
Ba-140 7.02€-02 3.27€+00 1. 11E+00 3.56E401
Ce-141 1.06€-01 3.37€400 1.22€+00 1.88€+0!
Ce-144 2.40E+00 7.60E+0) 2.69E+0 8.52£402

Revision 2% pate 22/92/%3
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time duration, this approach of limiting dose rates equivalent to the annual
dose 1imits then assures that 10CFR20.106 1imits 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 Tables 1.1-1 to 1.1-7.
fach method has two levels of complexity and conservative margin and are
called Method 1 and Method 1I. Method I has the greatest margin and is the
simplest; generally 2 linear equation. Method 11 i1s a more detailed analysis
which allows for use of <ite-specific factors and variable parameters to be
selected to best fit the actual release. Guidance is provided but the
appropriate margin and depth of analysis are determined in each instance at
the time of analysis under Method II.

The plant has two gaseous release points: the main vent stack
(elevated release) and the Turbine Building roof vents (ground level
release). Therefore, total dose calculations for skin, whole body, and the
critical organ from gasecus releases will be the sum of the elevated and

ground level doses.

ot i
7
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3.4 Method to Calculate the Total Body Dose Rate From Noble Cases

! Technical Specification 3.8.E.1 limits the dose rate at any time to the

total body from noble gases at any location at or beyond the site boundary

equal to or less than 500 mfomlycar. By 1imiting the maximum htb to a

rate equivalent to no more than 500 mrem/year, assurance is provided that the

total body dose accrued in any one year by any member of the general public
¢f wil) be less than 500 mrem in accordance with the annual dose 1imits of 10CFR

Part 20 to unrestricted areas.

Use Method 1 first to calculate the Total Body Dose Rate from the peak
release rate via the plant stack and Turbine Bullding roof vent. Method 1
applies at al) release rates.

Use Method I1 1f Method 1 predicts a dose rate greater than the
Technical Specification 1imit (4.e., use of actual meteorology over the period
of interest) to determine if, in fact, Technical Specification 3.8.L.1 had
actually been exceeded during a short time interval.

Compliance with the dose rate 1imits for noble gases are continuousiy
demonstrated when effluent release rates are below the plant 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
Technical Specification 3.8.£.1, or a value below it.

Determinations of dose rates for compliance with Technical
Specifications (3.8.E.1) are performed when the effluent monitor alarm
setpoint 15 exceeded and the corrective action required by
Specification 3.8 £.2 is unsuccessful, or as required by the notations to
Technica) Specification Table 3 9.2 when the stack noble gas monitor is
inoperable.

b

Revision L2 Date 10/01/91
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3.4.1 Method I

The Total Body Dose Rate due to noble gases can be determined by
multiplying the individual radlonuclide release rates by their respective dose
factors, summing all the products together, and then multiplying this total by
a conversion constant (0.70), as seen in the following Equation 3-5 (an
example calcuiation is provided in Appendix A):

. .ST
3
mrem pCi-sec pCl,  mrem-m
( yr R ¢ 3 ) (SCC) (EET:;;-)
uCi-m
where.

d?T « In the case of noble gases, the release rate from the plant
stack (uCi/sec) for each radionuclide, "1", jdentified. The
release rate at the plant stack 15 based on the measur/.
radionuciide distribution in the off-gas at the Steam .a_ Air
Ejector (SJAE) during plant nperatior -nen the activity at the
stack is below detectable levels, and the recorded total gas
effluent count rate from the Stack Gas Monitor [ or IT1. The
release rate at the stack can alsc be stated as follows:

bSJAE
ST | |
2:'SJA£ 9
Qi
i
uCh 3 uCi/ee, (ec )
sec ‘epm) ¢ cpm ' Sec
M . Plant Stack Gas Monitor I or 11 count rate (cpm).
Revision 7 Datei’ 7131
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Sg = Appropriate or conservative plant stack monitor
detector counting efficiency for the given nuclide
mix C(cpm/(uCi/ce)).

F =« Stack flow rate (cc/sec’.

6§3AE « The last measured release rate at the steam jet air
ejector of noble gas 1 (uCi/sec).

DF B Total body gamma dose factor (see Table 1.1-10).

For ground leve! noble gas releases, the total body dose rate 13
calculated as follows:

. Y
Rtbg = 4.0 : Q oFe, (3-39)
(el (mtem-m3)
sec pEinyr

where:

d?L « Ground level release rate (uCi/sec) of noble gas from Turbine
Building.

During periods (beyond the first five cays) when the plant is shutdown
and no radicactivity release rates can be measured at the SJAE, Xe- 133 may be
ysed in place of the last SJAE measured mix as the referenced radionuclide to
determine off-site dose rate and monitor setpoints. In this case, the ratio of
each é?JAE to the sum of all d?JAE in Equation 3-28 above is assumed to
reduce to a value of 1, and the total body gamma dose factor DFB1 for Xe-133
(2.94 £-04 mreM-m3/pC\-yr) is used in Equations 3-5 and 3-39. Alternately,

a relative radionuclige “1" mix fraction (f,) may be taken from Table 5.2~1
as a

function of time after shutdown, and substitutec in place of the ratio of
6§JAE to the sum of all d?JAE in Equation (3-28) above to determine the
relative “raction of each noble gas potentially available for release to the
tots! (example calculations can be found in Appendix A). Just prior to plant
startup before a SJAE sample can be taken and analyzed, the monitor alarm

Revision 12 Date 10/01/31
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setpoints should be based on Xe-138 as representing the most prevalent high
dose factor noble gas expected to be present shortly after the plant returns
to power. Monitor alarm setpoints which have been determined to be
conservative under any plant conditions may be utllized at any time in lleu of
the above assumptions.

fquations 3-5 and 3-39 can be applied under the following conditions
(otherwise, justify Method I or consider Method In:

|. Normal operations (not emergency event) and
2 Noble gas releases via the plant stack ang Turbine Building roof

vents to the atmosphere.

3.4.2 Basis for Method I

Method I may be used to show that the Technical Specification which
1imits total body dose rate from noble gases released to the atmosphere
(Technical Specification 3.8.E.1) has been met for the peak noble gas release

rate.
Method 1 was derived from Regulatory Guide 1.109 as follows:
R - 16406 S (x/Q1Y Z o7  ore (3-6)
tbs il | e W i
mrem,  (BEh () 35 (iC1, (mren-n’,
Yy WCi P sec’  pCl-yr
where:
SF = Shielding factor = 1.0 for dose rate determination.
[X/ng « Maximum annual average gamma atmospheric dispersion factor
for stack releases
= 6.98E-07 (sec/m3)
Revision 12 Date .0/01731
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Q?T Release rate from the plant stack of noble gas “"1" (uCi/sec).
3
OFB, = Gamma tota! body dose factor, (%%%?3?—)‘ See Table 1.1-10.

Equation 3-6 reduces to:

. .ST
3
mrem Cl-sec uCl,  mrem-m
( yr ) (pC\-m ) (SCC) (W)

For ground level releases, the ground level maximum annual average gamma

atmospheric dispersion factor = 3.95€-06 sec/m3, thys leading to:

; ‘6L
Rtbg = 1E+06 * 3.95E-06 E; Qs DFB,

e . ~GL
Rtbg « 4.0 Z *h DFB\ (3-39)

The selection of critical recepter, outlined in Section 3.10, s inherent in
Method I, as are the maximum expecteg off-site annual or long-term average
atmospheric dispersion factors. Due to the holdup and decay of gases allowed
in the AOG, off-gas concentrations at the plant stack during routine plant
operations are usually too low for determination of the radionuciide mix ag
the plant stack. It fs then conservatively assumed that most of the noble gas
activity at the plant stack is the result of in-plant steam leaks which are
removed to the plant stack by building ventilation air flow, and that this alr
flow his an isotopic distribution consistent with that routinely measured at
the SJAE.

Regarding the calculation of ground level release doses from the
Turbine Building Roof Vent, the ground level atmospheric dispersion factors
are based on the same methodologies as used for the stack dispersion factors

Revisicn <+ Date 10/01/91
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3.5.1 Method I

The skin dose rate due to noble gases is determined by multiplying the
individual radionuclide release rates by their respective dose factors, and
summing all the products together as seen in the following Equation 3-7 (an
example calculation is provided in Appendix A):

- E: ST

Rskins v : Q4 OF 4 (3-1)
m-em uCi,  mrem-sec

- (i) ‘T.%Ti}r-’

where:

O?T- In the case of noble gases, the noble gas release rate from the
plant stack (uCi/sec) for each radionuclide, "1", identified.
The release rate at the plant stack is baseo on the measured
radionuclide distribution in the off-gas at the Steam Jet Air
Eiector (SJAE) during plant operation when the activity at the
stack 1§ below detectable levels, and the recorded total gas
effluent count rate from the Stack Gas Monitor I or II. The
release rate at the stack can also be stated as follows:

dSJAE
ST { 1 -28)
H . Mo F L
stm
s ¥4
1
uCl h (cpm) (uCi/ec) (cc )
sec cpm sec
M = Plant stack gas monitor I or Il count rate (cpm).
Sg « Appropriate or conservative plant stack monitor

detector counting efficiency for the given nuclice
mix (cpm/(uCi/cc)).

F = Stack flow rate (cc/sec).

Q?JAE « The last measured release rate at the steam jet air
ejector of noble gas 1 (uCi/sec).

combined skin dose factor (see Table 1.1-10).
for stack release.

DFis

For Turbine Building roof vent releases, the skin dose rate from noble
gases is calculated by Cquation 3-38:
Revision 12 Dateid/0i/al
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A

ol /
| T
Rs‘kinq : : 0‘ 0F1g (3+38)
where:

6?L » The noble gas release rate from the Turbine Builging
(uCi/sec) for each ragionuclide "i" identifies.

i

Drig . gombined skin dose factor for a ground Tevel release (Turbine
uilding) [see Tagle 1.1~10A).

During periods (beyond the first five days) when the plant is shutgcwn
and no radioactivity release rates can ve measured at the SJAF, Xe-133 may e
used in place of the last SJAE measured mix as the referenced radionuc!ide to
determine off-site dose rate and monitor setpoints. In this case, the ratig
of each 6?JAE to the sum of al! G?JAE in Equation 3-28 above is assumed to
reduce to a value of 1, and the combined skin dose factor OF', for Xe- (3l
(4.57 E-04 mrem-sec/uCi-year) is ysed in Equations 3-7 and 3-38. Alternately,
a relative radionuclide “1" mix fraction (fi) may be taken from Table 5.2-!
as
a fungtlon of time after shutdown, and substituted in place of the ratio of
each O?JAE to the sum of all é?J‘E in Equation 3-28 above to determine the
relative fracticn of each noble gas potentially availadle for release to the
total (example caiculations can te found in Appendix &). Just prior to plant
startup before a SJAE sampie can be taken and anaiyzed, 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 after the plant returns
to power. Monitor alarm setpoints which have been determined to be
conservative under any plant conaitions may be ytilized at any time in lieu of
the above assumptions.

Equations 3-7 and 3-38 can be applied under the following conditions
(otherwise, justify Method I or consiger Method II):

1. Normal cperations (not emergency event), and
2. Noble gas releases via the plant stack and Turbine Bullaing roof
vents to the atmosphere.

" -~ ]
~ ’-'l b4
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Basis For Method 1

The methods to calculate skin dose rate paralle! the total body dose

rate methods in Section 3.4.3. Only the differences are presented here.

Method 1 may be used to show that the Technical Specification which

1imits skin dose rate from noble gases released 1o the atmosphere (Technical
Specification 3.8.E.1) has been met for the peak noble gas release rate.

where:

now

and

Method 1 was derived from Regulatory Guide 1.109 as follows:

0° . 1.1 Se  0f . + 3.17E:08 §: Q; [X/Q)g  DFS, (3-8)
1

alr

3
mrem mrem mrad Ci-yr Ci ,sec, ,mrem-m-,
¢ yr - (mrad) B yr > A 1-sec) yr (MB ; (pCi-yr ’

1.11 = Average ratio of tissue to air absorption coefficients will
convert mrag in air to mrem in tissue.

Y S
Dair = 3.17E+04 ’ Oi [X/Q]s DF1 (3-9)
(orad, pel-yr, (Ely (£ nrad-n’
yr Ci-sec yr m3 pli-yr
Y “ . )
Ol inive = Ohir DV/QI/IXQIG (3-10)
(Mrad, (mrad,  sec, (mi_
yr yr m3 sec
Q, = 31.54 Q! (3119

ci, (Cl-sec, Cl
(yr) (pC1-yT) (sec)

Revision 12 Date 10/01/31
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3
rem, .mrem i f114 pCt,  mrag-m
(A0 (32 <) B i dsh GHED
Nt
+ 1E+06 X/Qs L. Q‘ DF.‘;1
i
3
Ci, sec pCi  mrem-m
(gT') ol sec ‘pCl-yr
substituting

(X/Q]Y = 6.9BE-07 sec/m3
X/Q « 5.99E-07 sec/m3

SF « Shielding factor = 1.0 for dose rate determinations
' B Y Y oSt
gives Rskins = 0.7 : 0 OF § +« 0.60 : Qy DFS, (3-13)
3 3
mrem pCi-sec-mrem, ,pC!, . mrad-m pCi-sec,  pCl,  mrei-m
( ) ( A ) (Zgp——) ( I ). (= )
yr Cl-mdmrad €€ pCi-yr WCi-md ¢ pLi-yr
E: Q Tto.77 DFY + 0.60 DFS,] (3-14)
define
DF; = 0.77 OFY + 0.60 DFS, (3-19)
then sk1ns 2: Q DF;s (3-7)
(nrem, (ugi) (mrem-sec,
r sec pCl-yr

For determining combined skin doses for ground leve! releases (Turbine
Building), a YX/Og =« 3.95€-06 sec/m3 and an undepleted XIQg -
1. 746-05 sec/m> have been substituted into Equation 3-12 to give:
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. 6L v
Rsk\ng - z‘: Q1 (4.38 DF‘ +17.4 DFSi)
then or;g - 4.38 DF) + 17.4 OFS, (3-37)
~GL
where:

Q?L « The noble gas release rate from the Turbine Building (uCi/sec)
for each radionuclide "1" identified.

DF1 = Combined skin dose factor for a ground level release (Turbine
9 Building) [see Table 1.1-10A).
The selection of critical receptor, as outiined in Section 3.10 is inherent
fn Method I, as it determined the maximum expected off-site atmospheric dispersion
factors based on past long-term site-specific meteorology.

Regarding the calculation of ground level release doses from the Turbine '
Building roof vent, the ground level atmospheric dispersion factors are based on
the same methodologies as used for the stack dispersion factors (same noble gas
mix, meteorological history [1981-1985], and meteorological models), and are for
the site boundary location that will have the highest dose.

3.5.3 Method !l

1f Method I cannot be applied, or if the Method I dose exceeds the limit
then Method II may be applied. Method II 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, documented above, is a good example of the use of Method II. It is an
acceptable starting point for a Method II analysis. Analyses requiring Method II
calculations should be referred to YNSD to be performed and documented.
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3.6 Method to Calculate the Critical Organ Dose Rate from Iodines, Tritium and
Particulates with T”2 Greater Than 8 Days

Technicai Specification 3.8.€.1.b limits the dose rate to any organ,
denoted Rco from 1-131, 1-133, 3H, and radionuclides in particulate form with
half lives greater than 8 days to 15J0 mrem/year to any organ. The peak
release rate averaging time in the case of iodines and particulates fis
commensurate with the time the iodine and particulate sampiers are in
service between changeouts (typically a week). B8y limiting the max imum
Rc to a rate equivalent to no more than 1500 mrem/year, assurance is
provided that the critical organ dose accrued in any one year by any member of
the general public will be less than 1500 mrem.

Use Method I first to calculate the < .c.cal c-gan dose rate from the
peak release rate via the plant vent stack and Turbine Buiid‘~~ roof vent.
Method I applies at all release rates.

Use Method I1 if Method I predicts a dose rate greater than the
Technical Specification limits (i.e., use of actual metecrology over tne
period of interest) to determine if, in fact, Technical Specificacion
3.8.E.1.b had actually been exceeded during the sampling periog.

3.6.1 Method I

The critical organ dose rate from stack releases can be determined by
multiplying the individual radionuclide stack release rates by their
respective dose factors and summing all their products together, as seen in
the following Eguation 3-16 (an example calculation is provided in Appendix A):

R Z ¢*'"  ora!, (3-16)
cos " F M sico -
mrem pCi,  mrem-sec

( yr ) (sec) { uCi-yr }

Revision 2 Date 10/01/91
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where:

6STP « Stack activity release rate determination of ragionuclige "1"
(lodine-131, lodine-133, particulates with half-lives greater
than 8 days, and tritium), in uCi/sec. For i « Sr89, SrS0 or
tritium, use the best estimates (such as most recent

measurements) .
' mrem-sec
DFGg; .o = Site specific critical organ dose rate factor (S&—7r=) for 2

stack gaseous release. See Table 1.1-12.

for ground reieases (Turbine Building) the critical organ dose rate
from lodine, Tritium, and Particulates with T 1/2 greater than 8 days is
calculated as foilows:

L e
Rcoq = i Q‘ DFGgico (3-40)

where:

Q?LP = Ground activity release rate determination of radionuclide "1"
(lodine-131. lodine-133, particulates with half-iives greater
than 8 days, and tritium), in uCi/sec. For i = SrB89, Sr90 or
tritium, use the best estimates (such as most recent
measurements).

‘ mrem-sec
OFquco' Site specific critical organ dose rate factor ( Ty y for a

ground level gaseous release. See Table 1.1-12.

Equations 3-16 and 3-40 cen be applied under the following conditions
(otherwise, justify Method I or consider Method 11):

1. Normal operations (not emergency event), and
g Tritium, iodine, and particulate releases via the plant stack ang

Turbine Building vent to the atmosphere.

Revision 12 Date 10/01/93
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3.6.2 Basis for Method |

The methods to calculate critical organ dose rate para'lel the total pody
dose rate methods in Section 3.4. Only the differences are presented here,

Method I may be used to show that the Technical Specification which
1imits organ dose rate from fodines, tritium and radionuclides in particulate
form with half lives greater than 8 days (hereafter called Iodines and
Particulates or "l1+P") released to the atmosphere (Technical Specification
3.8.E.1.b) has been met for the peak I + P release rates.

‘"d.Rco is derived by modifying Equation 3-25

The egquation for Rco g

5
from Section 3.9 as follows:

Ocos = T Qi OFGgico (3-17)

{mrem) {C1) (E%%ﬂ)

applying the conversion factor, 31.54 (Ci-sec/uCi-yr) and converting Q to d in
uCi/sec as it applies to the plant stack vields:

P e nse L 5T ok (3-18) |

cos ‘ : i sico |
mrem Ci-sec uCi, . mrem
. yr ¢ (pC1~yr) Cec’ g1’

Eq. 3-18 is rewritten in the form:
: “STP . , !
Rcos - Z: Q‘ t:)FGs“:Q {3<19)

mrem, (uCly mrem-sec,

\ yr sec pCi-yr

DFG'sico and OFG‘g1co (for Turbine Building vent releases) incorporates
the conversion constant of 31.54 and has assuined that the shielding factor

-
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(SF) wpplied to the direct exposure pathway from radionuclides deposited on
the ground plane is equal to 1.0 in place of the S¢ vaiue of 0.7 assumed in

the determination of DFG and DFG for integrated doses over time.

sico gico

The selection of a critical ~siepiur (based on the combination of
exposure pathways which include direct dose from the ground plane, inhalation,
and ingestion of vegetables, meat, and mi1k) which is outlined in Section 3.10
{s inherent in Method I, as are the maximum expected off-site atmospheric
dispersion factors based on past long-term site-specific meteorology.

Regarding the calculation of ground level release doses from the
Turbine Building roof vent, the selection of a ¢ritical -eceptor is based on
the sits boundary with the highest ground leve! atmospheric dispersion factor
(based on same meteorological history and models as usec in the stack) ang the
assumption that all of the exnosure pathways used for the stack release occur
at this site boundary.

Should Method 11 be needed, the analysis for critical receptor critical
pathway(s) and atmospheric dispersion factors may be performed with actual
meteorologic and latest land use census data to identify the location of those
pathways which are most impacted by these type of releases.

3.6.3 Method II

If Method 1 cannot be aoplied, or if the Method I dose exceeds the
1imit, then Method II may be applied. Method II consists of the models, input
data and assumptions in Regulatory Guide 1.109, Rev. | (Reference A), except
where site-specific models, data or assumptions are more applicable. The base
case analysis, documented above, 1s a good example of the use of Method II.

It is an acceptable starting point for a Method 11 analysis. Analyses
requiring Method Il calculations should be referred to YNSD to be performed
and documented.

Revisfon 1 Date 127017
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3.7 Method to Calculate the Gamma Air Dose from Noble Gases

Technical Specification 3.8.F.) 1imits the gamma dose to air from noble

gases at any 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 month.

Use Method I first to calculate the gamma air dose for the plant stack

and Turbine Building roof vent releases during the period. Method I applies
av all dose lavels.

3.7.1

where!

Use Method 11 If a more accurate calculation is needed.

Method I

e e e

The gamma air dose from plant stack releases 15:

airs

3
(mrad) (9_91:4;.[) (cyy (Mrag-m_,

Ci-m pCi-yr

0.Y  «0.022 Z Q?T OF (3-21)
1

Q?T « total noble gas activity (Curies) released to the atmosphere via
the plant stack of each radionuclide “1" during the period of
interest.

DF] « gamma dose factor to air for radionuclide "i". See Table 1.1-10

for ground level noble gas releases from the Turbine Building, the

gamma air dose is calculated as follows:

Revision 12 Date 10/01/%1
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where:

Q?L « Total noble gas activity (curies) released to the atmosphere
via the Turbine Building of each radionuclide, "1", during the
period of interest

Equations 3-21 and 3-41 can be applied under the following conditions
(otherwise justify Method I or consider Method II):

1. Normal operations (not emergency event), and
2. Noble gas releases via the plant stack 2nd Turbine Building vent to

the atmosphere.

3.7.2 Basis for Method I

Method I may be used to show that the Technical Specification which
limits off-site gamma air dose from gaseous effluents (3.8.F.1) has been met
for releases over appropriate periods. This Technical Specification 15 based
on the Objective in 10CFR50, Appendix I. Subsection 8.1, which limits the
estimated annual gamma air dose at unrestricted area locations.

Exceeding the Objective does not immediately limit plant operation but
requires a report to the NRC.

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 addec assumption
that Of, ... = oYIx/Q1Y/[X/Q:

0.Y . 3.176+04 (X/Q1Y j{: ST ofY (3-22)
airg ® 21 1F7 $ 08 i i
3
pCl-yr 3 mrad-m
(mrad) (Ci-sec ) (sec/m™) (Ci) (;;:EET )
where:
(X/olg - maximum annual average gamma atmospheric dispersion factor
for a stack release
. 6.986-07  (sec/m)
Revision 2 Datel0/01791
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Q?T « number of curies of noble gas "i" released from the plant stack

which leads to:

¥ 5: ST Y
3
f=yr mrad-m
(mrad) (95—4;-) e (G

Ci-m

For the ground level release:

Y }: GL Y
Dairq 3.17E+08 [XIO]q : Q1 DF1 (3-42)
where:
(X/Q)Y = Maximum annual average gamma atmospheric dispersion factor
g for a ground leve! release
= 3.95€-06 sec/m3
leading to:
Y E: GL Y L
Dairg « 0.13 : Qi DF‘ (3-41)

Regarding the calculation of ground level release doses from the
Turbine Building roof vent, the ground level atmospheric dispersion factors
are based on the same methodologies as used for the stack dispersion factors
(same noble gas mix, meteorological history [1981-1985] and meteorological
models), and are for the site boundary location that will have the highest
dose.

The main difference between Method I and Method II is that Method II
vould aliow the use of actual meteorology to determine (X/Q1Y rather than
use the maximum long-term average value obtalned for the years 1981 to 1985.
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3.7.3 Method I!

If the Method 1 dose determination indicates that the Technical
Specification 1imit may be exceeded, or If a more exact calculation s
required. then Method 11 may 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 mptions are more applicable.
Analyses requiring Method IJ calculations should be referred to YNSD to be

performed and documented.

Revision 1£ Date 10/01/91
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where:

Q?L . Total noble gas activity (curles) released to the atmosphere
via the Turbine Building of each radionuciide “i" during the
period of interest.

Equations 3-23 and 3-43 can be applied under the following conditions
(ctherwise justify Method I or consider Method 11):

s Normal operations (not emergency event), and
. Noble gas releases via the plant stack and Turbine Building vent

to the atmosphere.

3.8.2 Basiy for Method I

This section serves three purposes: (1) to dccument that Method I
complies with appropriate NRC regulations, (2) to provide background and
training information to Method 1 users, and (3) to provide an introductory
user's guide to Method II. The methods to calculate beta air dose parallel
the gamma air dose methods in Section 3.7.3. Only the differences are

presented here.

Method 1 may be used to show that the Technical Specification which
1imits off-site beta air dose from gaseous effluents (3.8.A.1) has been met
for releases over appropriate periods. This Technical Specification is based
on the Objective in 10CFRSO, Appendix I, Subsection B.1, which limits the
estimated annual beta air dose at unrestricted area locations.

Exceeding the Objective 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:

8 E: ST 8
Dnrs = 3.17E+04 XIQs : *h DF% (3-24)
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3.8.3 Method II

1f Method 1 cannot be applied, or if the Method I dose determination
indicates that the Technical Specification 'imit may be exceeded, or if a more
exact calculation is required, then Method Il may be applied. Method II
consists of the models, input data and assumptions in Reguiatory Guide 1.109,
Rev. | (Peference A), except where site-specific models, data or assumptions
are more applicable. Analyses requiring Method 1l calculations should be
referred to YNSD to be performed and documented.
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3.9 Method to Calculate the Critical Organ Dose from lodines, Tritium and
Particulates

Technical Specification 3.8.G.) 1imits the critical organ dose to a
Member of the Public from radicactive lodines, Tritium, and particulates with
half-11ives greater than 8 days (hereafter called "I+P") in gaseous effluents
to 7.5 mrem per quarter and 15 mrem per year. Technical Specification 3.8.M.1
1imits the total body and organ dose to any real member of the public from all
station sources (including gaseous effluents) to 25 mrem in a year except for
the thyroid, which is limited to 75 mrem in a year.

Use Method I first to calculate the critical organ dose from a vent
stack and Turbine Building roof vent release as it is simpler to execute and
more conservative than Method I1. Method I is conservative for total body,
critical organ, and thyroid dose greater than 0.1 mrem.

Use Method 11 if a more accurate calculation of critical organ dose is
needed (1.e., Method I indicates the dose is greater than the limit), or if
Method 1 cannot be applied, or if the majority of the release is lodine ang
the 75 mrem limit for Specification 3.8.L.1 needs to be evaluated.

3.9.1 Method I

E: STP L
(mrem) (1 (I
Ci
Q?TP « Total iodine, tritium, and particulate activity (Ch) released

from the stack to the atmosphere of radionuclide “1" during
the period of interest. For strontiums, use the most recent

measurement.
DFGS“O = Site-specific critical organ dose factor for a stark gaseous
o release of radionuclide "i" (mrem/Ci). For each
radionuclide it is the age group and organ with the largest
dose factor. See Table 1.1-12.
Revision 2 Date 1°/0%731
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The critical organ dose is calculated for ground level releases as
follows:

E: GLP

Dcoq - & Q DFquco (3-44)
(mrem) (cn <@§$ﬂ>

QfL’ . Total fodine. tritium, and particulate activity (Ci) released

l““

from the Turbine Building to the atmosphere of radionuclide
during the period of interest. For strontiums, use the most
recent measurement.

DFG Site-specific critical organ dose factor for a ground level

91co ~ L.1ease (Turbine Building) of nuclide "i" (mrem/Ci). For each
radionuclide it 1s the age group and organ with the largest
dose factor. See Table 1.1-12.

Equations 3-25 and 3-44 can be applied under the following conditions
(otherwise, justify Method I or consider Method 1I):

1. Normal operations (not emergency event),

2. 1+P releases via the plant stack and Turbine Building to the
atmosphere, and

3. Any continuous or batch release over any time period.

3.9.2 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) tc¢ provide an introductory
user's guide to Method II.

Method I may be used to show that the Technical Specifications which
1imit off-site organ dose from gases (3.8.G.) and 3.8.L.1) have been met for
releases over the appropriate periods. These Technical Specifications are
based on Objectives and Standards in 10CFR and 40CFR. Technical
Specification 3.8.G.1 is based on the ALARA Objectives in 10CFRS0, Appendix I,

Revision 12 Datel0 '01/31
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Subsection II C. Technica: Specification 3.8.M.1 is based on Environmental
Standards for Uranium Fuel Cycle in 40CFR190 (hereafter called the Standard)
which applies to direct radiation as well as 1iquid and gaseous effluents.
These methods apply only to I+P in gaseous effluents contribution.

Exceeding the 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 be required.

Method 1 was developed such that “the actual exposure of an
individual ... is unlikely to be substantially underestimated” (10CFRSO0,
Appendix 1). The use below of a single "critical receptor” provides part of
the conservative margin to the calculation of criticai organ dose in
Method I. Method II 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 purposes of complying with the Technical
Specifications 3.8.G.2 maximum long term (five years) average atmospheric
dispersion factors are appropriate for batch and continuous releases. That
analysis was called the "base case"; it was then reduced to form Method I.
The base case. the method of reduction, and the assumptions and data used are
presented below.

The steps performed in the Method I derivation follow. First, in the
base case, the dose impact to the critical receptor in the form of dose
factors (mrem/Ci) of 1 curie release of each I+P radionuclide to gaseous
effluents was derived. Then Method I was determined using simplifying and
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 3.9-1 and 3.9-2 outline human consumption and
environmental parameters used in the analysis. It is conservatively asiumed
that the critical receptor lives at the "maximum off-site atmospheric
dispersion factor location" as defined in Section 3.10. However, he is
exposed, conservatively, to all pathways (see Section 3.10). The resulting
site-specific dose factors are for the maximum organ and the age group with
Revision £ Date 0/ 017
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the highest dose factor for that organ. These critical organ, critical age
dose factors are given in Table 1.1-12.

For any gas release, during any period, the increment fn annual average
dose from radionuciide "i" is:

where DFG!co is the critical dose factor for radionuclide "1" and Q1 is
the activity of radionuclide "“i" released in curies.

Methor, 1 is more conservative than Method II in the region of the
Technical Specification 1imits because it is based on the following reduction
of the base case. The dose factors DFG,,_o used in Method I were chosen from
the base case to be the highest of the set for that radionuclide. In effect
each radionuclide issconservatively represented by its own critical age group
and critical organ.

Because of the assumptions about receptors, environment, and
radionuclides and becauss of the low Objective and Standard, the lack of
immediate restriction on plant operation, and the adherence to 10CFR20
concentrations (which 1imit public heaith consequences) a failure of Method I
(i.e., the exposure of a real individual being underestimated) is improbable
and the consequences of a failure are minimal.

3.9.3 METHOOD II

1f Method 1 cannot be applied, or if the Method I dose exceeds the
1imit or if a more exact calculation is required, then Method II should be
applied. Method II consists of the models, input data and assumptions in
Regulatory Guide 1.109, Rev. | (Reference A). except where site-specific
models, data or assumptions are more applicable. The base case analysis,
documented above, is a good example of the use of Method II. It is an
acceptable starting point for a Method II analysis. Analyses requiring Method
11 calculations should be referred to YNSD to be performed and documented.
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Variable

fnvironmental Parameters for Gaseous Effluents

Table 3.9-1 =T

at Vermont Yankee

(Derived from Reference A)

Vegetalles Cow Milk Goat Milk

Meat

Stored

8

Ik

FG

FL

i

i

Agricultural
Productivity

Soll Surface
Density

Transport Time
to User

Soil Exposure
Time

Crop Exposure
Time to Pliume

Holdup After
Harvest

(Kg/M?)
(KG/M2)
(HRS)
(HRS)
(HRS)

(HRS)

Animals Daily  (KG/DAY)

feed

Fraction of Year
on Pasture

Fraction Pasture
when on Pasture

Fraction of Store
Veg. Grown in Gar

Fraction of Leafy
Veg. Grown in Gar

Fraction Elementa
lodine = 0.5

d
den

den

1

2.

240.

131400.

1440.

1440.

0.76

Absolute Humid*ty = 5.6 (gm/M3)

1

Revision < Date 10/01/91
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Leafy  Pasture  Stored Pasture

Stored

F 5 0.70 ] 0.70

2 0. 240. 240. 240.

48. 48 . 48 .

1,1400. 131400. 131400. 131400.

1440. 7120. 1440. 720.

4. 0. “160. 0.

50. 50. 6.

0.50 0.50

0.50
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240.

48.

131400.

1440.

2160.

Pasture

Stored

0.70

240.

480.

131400.

720.

0.56

e

240.

480.

131400.

1440,

2160.
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Age
Group Vegetables
(kg/yr)
Adult $20.00
Teen 630.00
Child §20.00
Infant 0.00

Revision 12 Date 10/0.

8855R

Table 3.9-2

Usage Factors for Various Gaseous Pathways at Vermont Yankee
(from Regulatory Guide 1.109,

Lolf{
Vegetables
(kg/yr)
64.00
42 .00
26.00
0.00

3-43

M1k
(1/yr)
315.00
400.00
330.00
330.00

able £-5)

Meat
(kg/yr)
110,00

65.00

41.00

0.00

]nhalg;1gn

(m l.‘a\')

8000.00
8000.00
3700.00
1400.00

e



3,10 Receptor Points and Annyal Average Atmospheric Dispersion Factors for

Important Exposure Pathways

The gaseous effluent dose methods have been simplified by assuming an

1nafvidual whose behavior and 1iving habits inevitably lead to a highar dose

than anyone else. The foliowing exposure pathways to gaseous effluents 1isted

in Regulaiory Guide 1.109 (Reference A) have been considered:
1. Direct exposure to contaminated air,

|

2. Direct exposure to contaminated ground;
3. Inhalation of air; l
4, Ingestion of vegetables,
§. Ingestion of cow's milk; and

6. ingestion of meati.

Section 3.10.1 details the selection of important off-site locations and

receptors. Section 3.10.2 describes the atmospheric mode! used to convert

meteorologic data into etmospheric dispersion factors. Section 3.10.3

presents the maximum atmospheric dispersion factors calculated at =ach of the

off-site receptor locations.

3.10.1 Receptor Locations

Three important receptor locations are considered in the dose and dose
rate equations for gaseous radioactive effluents. They are:

1. The point of maximum gamma exposure from an overhead noble gas
cloud;

Revision 1o Date 0 /01/91
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2. The point of maximum ground level air concentration and deposition
of radionuc!ides.

The point of maximum gamma exposure (5 sector, 400 meters) was
determined by finding the maximum five-year average gamma X/Q at anv off-site
location. The location of the maximum ground leve! air concentration and
deposition of radionuc!ides (NW sector, 2900 meters) was determined by finding
the maximum five-year average depleted X/Q and D/Q at any off-site location.
for the purposes of determining the Method 1 dose factors for fodines,
tritium, and particulates, a milk animal was assumed to exist at the location
of highest calculated ground leve! air concentration and deposition as noted
above. This location then conservatively bounds the deposition of
radionuclides at all rea! milk animal locaticns.

Regarding the calculation of ground level release doses from the
Turbine Building roof vent, the selection of a critical receptor is based on
the site boundary with the highest ground level atmospheric dispersion factor
(5ased or same meteorological history and models as used in the stack) ang the
assumption ti.at all of the exposure pathways used for the stack release occur
at this site boundary.

3.10.2 Vermont Yankee Atmospheric Dispersion Mode!

The annual average atmospheric dispersion factors are computed for
routine (long-term) releases using Yankee Atomic Electric Company's (YAEC)
AEOLUS Computer Code (Reference B). AEOLUS 1s based, in part, on the
straight-1ine airflow mode! discussed in Regulatory Guide 1.111 (Reference
C). The valley in which the plant is located s considered by the mode | .

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

1. Undepleted X/Q dispersion factors for evaluating ground level
concentrations;
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2. Depleted X/Q dicpersion factors for evaluating ground level
concentrations;

3. Gamma X/Q dispersion factors for evaluating gamma dose rates from a
sector averaged finite cloud (multiple energy undepleted source).
and

4, D/C deposition factors for evaluating dry deposition of elemental
radiolodines and other particulates.

The deposition velocity concept presented in "Meteorology and Atomic
Energy - 1968" (Reference E, Section §-3.2) is used to determine the depleted
X/Q and D/Q factors, assuming a constant deposition velocity of 1 cm/sec.

Gamma dose rate is calculated throughout this ODCM using the finite
cloud mode! presented in “Meteorology and Atomic Energy - 1968" (Reference E,
Section 7-5.2.5). That mode! is implemented through the definition of an
effective gamma atmospheric dispersion factor, (x/QY] (Reference B, Section
6), and the replacement of X/Q in infinite ¢loud dose equations by the
(x/Q").

3.10.3 Annual Average Atmospheric Dispersion Fartors for Recentors

Actual measured meteorological data for the five-year pericd, 1681
through 1985, were analyzed to determine all the values and locations of the
maximum of f-site annual average atmospheric dispersion factors. Each dose and
dose rate cal:zulation incorporates the maximum applicable off-site annual
average atmospheric dispersion factor. The values used and their locations
are summarized in Table 3.10-1. Table 3.10-1 aiso indicates which atmospheric
dispersion factors are used to calculate the various doses or dose rates of
interest.
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Table 3.10-1 N

Vermont Yankee Dilution Factors

Dose Rate to Individual Dose to Air
“Total Body Skin Critical Organ Gamma Beta
X/Q depleted (55 . : s.sse-m‘f;) . E
- (1.65€-05)
x/Q untepleted (35 : 5.99€-07'7) 2 - 5.99€-07' 73,
- (1.76£-05) 1 78£-05)"

i )
0/ (1) 1 . 5.856-09 o .

m’ ¢6.506-08) "
x1Q¥ (%45 s.mm‘&, 5.935-07‘:;) R 6-90[-07(:;, >

- (3.95E-06) (3.95€-06) (3.95£-06)

(1) Maximum gamma exposure point: S sector, 400 meters (0.25 miies), for stack release.

(2) Maximum ground level concentration: NW sector, 2900 meters (1_80 miles), for stack release.

(3) Turbine Building (ground leve! release) maximum dilution factors: S Sector, 366 meters (0.23 miles).
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3.11 Method to Calcylate Dose From Plant Operation

Technical Specification 3.8.M.1 restricts the dose to the whole body or
any organ to any member of the public from all station sources (including
direct radiation from fixed sources on-site) to 25 mrem in a calendar year
(except the thyroid, which 1s limited to 75 mrem).

3.11.1 Turbine Building

The maximum contribution of direct dose to the whole body or to any
organ due to N-16 decay from the turbine is:

.
Dd - Kle(L) £ (3-27)
(mrem) (mrem) (Mu.h)
.h

where:

Dd « The dose contribution from N-16 decay at either the site
soundary off maximum impact (west site boundary) or closest
off-site residence - (mrem).

£ « Gross electric output over the period of interest

(Mu.h).

K"‘G(L) « The N-16 dose conversion factor for (L) equal to either:
(1) 3.23£-06 for the maximum west site boundary; or
(2) 1.29€-06 for the closest residence (mrem/MN‘h).

3.11.2 North Warehouse

Radioactive materials and low level waste can be stored in the north
varehouse. The maximum annual dose contributions to off-site receptors (west
site boundary line) from sources in the shielded (east) end and the unshielded
(west) end of the north warehoute are:
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where:

| 0.25
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« 0.25 «x RS for the shielded end (3-28)
mrem/yr mrem
(lrom r’ ¢ r y

. 0.53 «x ﬁu for the unshielded end (3-29)

mrem/yr. mrem
(57537*?) He !

The annual dose contribution at the maximum 5ite boundary
location from fixed sources of radiation stored in the

shielded east end of the North Warehouse (ﬂggﬂ).

The annual dose contribution at the maximum site boundary
location from fixed sources of radiation stored in the
unshielded west end of the North Warehouse <E§§!)_

Dose rate measured at | meter from the source in the shielded

end of the north warehouse (m§§ﬂ>.

Dose rate measured at ) meter from the source in the

unshielded end of the north warehouse (E%%ﬂ )

Dose rate to dose conversion factor which relates mrem/yr at
the west site boundary per mrem/yr measured at ] meter from
the source 'n the shielded end of the warehouse assuming it

, mrem/yr
is full to capacity for one year (5;557*;).

Date 10/01/91
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0.53 « Dose rate to dose conversion factor which relates mrem/yr at
the west site boundary per mrem/yr measured at | meter from

the source in the unshielded end of the warehouse assuming it

mrem/yr
is full to capacity for one year (T =)

3.11.3 Low Level Waste Storage Pad

Interim storage of packaged Dry Active Waste (DAW) and spent ion
exchange and filter media is permitted in modular concrete storage overpacks
on the LLW storage pad facility adjacent to the north warehouse. The
arrangement of the storage modules 15 such that DAW is placed in modules which
shield higher activity fon exchange media from the west site boundary. The
fose at the maximum ¢ite boundary receptor from both direct radiation and
siyshine scatter can be calculated as follows:

(a) Direct Dose (line of sight)

D“ « 0.28 «x Rd v fy (3-30)
(= LeM (mremtxr) (arem,
yr-module mrem/hr hr
or
DdS « 039 x Ry «x fd (3-3D)

_mrem mrgm/Er mrem
(yr-modu e Carem/hr’ e Tt
where:

« The annual direct dose contribution at the maximum site
bourdary from a single rectzngular storage module which has
an unobstructed short end surface (not shielded by other
modules) orientated toward the west site boundary

mrem
(yr-mcdu 0)'

Ot
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0.28 =

0.39 =

The annual direct dose contribution at the maximum site
boundary from a single rectangular storage module which has
an unobstructed long side surface (not shielded by other
modules) orientated toward the west site boundary

(S -modaTe’

Maximum dose rate measured at 3' from the side of the
storage module whose unobstructed face (1.e., a side or end
surface which 1s not shielded by other waste modules) is
toward the west site boundary.

The fraction of a year that a storage module is in use
on the storage pad.

Dote rate to dose conversion factor which relates mrem/yr at
the west site boundary per mrem/hr measured at 3' from the
narrow end of the rectangular storage module when that face
is orfentated toward the west boungary.

Dose rate to dose conversion factor which relates mrem/yr at
the west site boundary per mrem/hr measured at 3' from the
long side of the rectsnguliar storage module when that face
is orientated toward tne west boundary.

Scatter From Skyshine

Dekr

= 0.016 «x RSKR X fSK (3-32)

mr%m mrem/yr mrem
(yr- nor) (mr.mlhr) ¢ hr !

and
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0.015 x R .xf

mrem mrem/yr mrem
Grmedime’  Careane Chr
where:
RSKR « The annual skvshine scatter contribution to the dose at the

maximum site boundary from a single spent fon exchange media
liner in a storage module whose top surface is not
m

rem
sbstructed due to stacking of modules '}F?T%ES?)'

« The annual skyshine scatter contribution to the dose at the
maximum site boundary from a rectangular storage module
containing DAW whose top surface 1s not obstructed due to

mrem
stacking of modules (m.).

SKD

For Resins, the maximum dnte rate measured at 3' over the
top of each liner In a storage module (mrem/hr).

kR T

« For DAW, the maximum dose rate measured at 3' over the top
surface of a storage module with DAW (mrem/hr).

SKD

The fraction of a year that a storage module s in use
on the storage pad.

0.016 = Dose rate to dose conversion factor for the scatter dose
from each resin liner source in storage which relates
mrem/yr at the west site boundary per mrem/hour at 3
from the top of the module.
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: (d) Intermodular Gap Dose
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In addition to the above methods for determining doses at the west
site boundary from the LLW storage pad, another dose assessment
mode) has been included to address the possible condition of spaces
or gaps existing between the placement of the DAN storage modules
situated along the west facing side of the pad. This could result
in a radiation streaming condition existing if ion exchange resin
1iners were placed in storage directly behind the gap. The direct
dose equations (3-30 and 3-31) consider that the storage modules
situated on the outside of the pad area provide a uniform shield to
storage modules placed behind them. The Intermodular gap dose
equation (3-35) accounts for any physical spacing between the
outside storage modules which have not been covered by additional
externai shielding.

Dch « 2.44E-2 X “Gap X ARL X fGap (3-36)

mrem mrem
I s (A LU L

where !

« The annual dose contribution at the maximum site boundary
(west) from radiation streaming through the intermodular
gap between DAW storage modules used to shield resin
modules from direct radiation (mrem/yr).

Osap

« The intermodular gap width (inches) between adjacent DAW

Gap
storage modules facing the west site boundary.

The tota) gamma activity contained in a condensate resin
liner stored directly in line with the intermodular gap
adjacent DAW modules ( Ci).
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EXAMPLE PROBLEM NO. 6

Type

Critical Organ Dose Rate From Iodine. Tritium, and Particulates
References

a) ODCM Section 3.6 (Method I).

b) Technical Specification 3.8.E.1.D.

Problem

Calculate the critical organ dose rate due to measured effluent data taken
from the plant .tack for a seven-day sample collection period.

Plant Data
a) Stack particulate analysis for the seven-day period of interest.

1
.5TP L

metivity Q mrezlggc,
i (uCl/sec) yr-uCt
Sr-83%* 1.42 E-04* 2.23 E+02
Sr-90* 3.50 E-03* 8.48 E+03
Co-60 4.89 E-C2 2.12 E+0Q2
Cs-137 3.90 E-03 3.44 E+02
In-65 1.01 £-02 7.51 E+0)
Na-24** 2.76 £-03** -
Mn-54+ ¢2.87 t-06+ 1.72 E+0l

(1) DFGico dose rate facter for each radionuclide is taken from
Table 1.1-12.
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*For Sr-89/90, use the most recent available measurement from quarters
composite analysis.

**Na-24 has a half life of less than B-1/2 days, and therefore is not included
in the dose analysis per requirement: of Technical Specification 3.8.E.1.b
even though it was detected.

+Mn-58 is not included in the dose anaiysis since it was not getected as
being present above the LLD.

b) Stack iodine (charcoal and particulate activities combined for the
seven-day period of interest):

STP DFG!
i
Activity Q1 mre;-ggc
i (uCi/sec) o vr=uCi :
I-131 1.16 E-C3 1.51 E+0Q3
[-133* <6.35 E-05* 1.61 E«01
[-135** 7.2 E-03** 5.14 £-01
and
H-3+ 3.17 €-02 §.70 €£-03
tes

e

*1.133 is not included in the dose analysis for this case since it was not
detected is being present in the stack analysis.

*#7.135 is not included in the dose analysis because it has a half 1ife less
than B8-1/2 for particulates, and is not included as a required iodine in
Technical Specification 3.8.E.1.b.

+Tritium value based as latest available stack grab sample.
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Calculation

The Jose rate is calculated from Equation (3-16):

. . Z QSTP DFG! (3-16)
cos i i sico
mrem uCi mrem-sec

¢ yr ' (sec) : uCl-yr ’

The dnse rate factors (DFGslco) for each of the radionur (ides detected in
the plant stack charcoal and particulate filter sample (plus tritium) is taken
rrom Table 1.1-12 of the ODCM.

Therefore:

izm o (1.82 F-08)(2.23 E+02) + (3.50 E-03)(B.48 £+03) + (4.89 E-02)

(2.12 E+02) + (3.90 E-03)(3.44 E+02) + (1.01 E-02)(7.57 E+Q1)
+ (1.16 E-03)¢1.51 E+03) + (3.17 E-02)¢5.70 E-03) =

Answer

Rco‘ = 33.6 mrem/year critical organ dose rate from iodine, tritium, and
particulate.
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EXAMPLE PROBLEM NO. 7

Type

1, G:mma Air Dose From Noble Gases released from stack

| References
a) ODCM Section 3.7 (Method 1).

b) Technical Specification 3.8.F.1.

g Problem

NIRRT =

Calculate the maximum gamma air dose re =iting from noble gases ra2leased from

the plant stack over a calendar month.

Plant Data

| Based on the daily off-g2s analysis, the total activity released during the

month of interest is:

? Activity Q31
5 . (ch)

| Kr-B8 3.55 E-0)
| Kr-85m 4.71 E+00
i Xe-138 2.75 E+00
| Xe-135 3.51 E+01
i Xe-133 9.42 E+01
y

5

‘ *Gamma air dose factors taken from Table 1.1=10.
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mrad—m3
( )
pCi-yr

1.52 €-02
1.23 E-03
9.21 E-03
1.92 E-C3
3.53 £E-04
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Calcylation

The maximum gamma air dose off-site is calculatec from Equation (3-21):

| . Fl e o
3
(mrad) pCi-yr (C1)  mrad-m
(c1--§—) (e
Therefore:

D:‘rs « 0.022 [.3.55 E-01)(1.52 E-02) + (4.71 E«00)(1.23 E-03)

+ (2.75 E+00)(9.21 E-03) + (3.51 E+01)(1.92 E-03) »
(9.42 E+011(3.52 E-Q04)]
« 0.022 (5.80 €-03 + 5.79 E-03 + 2.53 E-02 + 6.74 £-02 »

3.31 E-Q0)

DY « 3.0 E-03 mrad gamma air dose during the month.
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EXAMPLE C..LCULATION NO. 8

Type

Beta Air Dose From Ncble Gases released from stack
References

a) ODCM Section 3.8 (Method I).

b) Technica! Specification 3.8.F.1.

Problem

Calculate the maximum beta air dose resulting from the same noble gas releases
given in Example Calculation No. 7.

Plant Data

From Example No. 7, the total activity determined to be released during the
month is:

pFS
§T ’

Activity Qi mrad-m3

e, (Ci) {pCiyr
Kr-88 3.85 £-01 2.93 E-03
Kr-85m 4.71 E+00 1.97 €-03
Xe-138 2.75 €400 4.75 E-03
Xe-135 3.51 E+0) 2.46 E-03
Xe-133 9.42 E+01 1.05 E-03

*geta air dose factors taken from Table 1.1-10.
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Calculation

The maximum beta air dose off.site is .alculated from Equation (3-23):

6 ¥ §T .8
Oirs = 0019 L Oy LT (3-23)
3
(mrad) gC!-*r (Cl)  mrad-m-
(Cl~m ) EET:;} )
Therefore:

of,rs . 0.019 [(3.55 E-01)(2.93 E-03) + (4.71 E+00)(1.97 E~03)

o (2.75 E+00)(4.75 E-03) + (3.51 E+01)(2.46 E-03) »
(9.42 E«01)¢1.05 E-C))
- 0.019 (1.04 £-03 + 9.28 E-03 + 1.31 £E-02 +» 8.63 E-02 +

9.83% £-02)

Answer

Dg\rs = 3.96 E-03 mrad beta alr dose during the month.
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EXAMPLE PROBLEM NO. 9

Type

Critical Organ Dose From lodine, Tritium, and Particulates
References

a) ODCM Sectior 3.5 (Method ID.

b) Technical Specification 3.8.G.1.

Problem

Calculate the critical organ dose due to the total activity recorded as being
released from the plant stack during a calendar month.

Plant Data

a) From the combined stack analyses during the month, the following activity
released is.

(1)

oSTP 0FGsico =
i (mrem)
i (C1) Ci
Sr-go* §.42 E-04* 7.08 E+00
Sr-90* 1.10 E~D2* 2.69 E+02
Co-60 2.30 E-0I 4.76 E+Q0
Cs-137 1.15 E-02 1.01 E«OQl
in-65 2.60 E-02 2.32 E+0Q0
Na-24** 7.11 E-Q3** T
Mn-54 ¢2.76 £E-06+ 4,36 £-01
|
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APPENDIX J

ON-SITE DISPOSAL OF SEPTIC WASTE

0ff-Site Dose Calculational Manual, Appendix B requires that the
dose impact due to on-site disposal cf septic waste during the
reporting year and from previous years be reported to the
Commission in the Semiannual Radioactive Effluent Report filed

after January 1, if disposals occur during the reporting year.

There were no on-site disposals of septic waste during the

reporting year.
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Notes for Plant Data a) Above

(1) Critical organ dose factor taken from Table 1.1-12.

*For Sr-89/90, use the most recent available measurement from the guarter!ly
composite analysis.

**Na-24 has a half 1ife of lecs than B-1/C days, and therefore is not included
in accordance with Tectnical Specification 3.8.G.1.

+Mn-54 is not included in the dose analysis since it was not detected as
being present above the required LLD.

b) Total iodine release for the month based on the combined charcoal and
particulate filter samples taken during the month:

ST OFG o
i <mrem)
i (Ci1) i
I-13 4.30 E-03 4.80 E+0)
1.133 1.12 E-04* §.12 E-01
1=]138%¢ 2.01 E-Q2**
and
H=3+ 0.15 1.81 E-04

Calculation

The dose is calculated from Equation (3-25):

E: STP G
Poon 0N P eieo (3-25)
(mrem) (Ci)  (mrem/Ci)
Revision - Date “°/°1 7"
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Notes for Plant Data b) Above

*In this case, 1-133 was found in one of the weekly stack sas. .es to be
present, and therefore based on that value is included in the dose analysis.

##1.135 is not included in the dose analysis because 1t has a half 1ife less
than 8-1/2 days for particulates and is not included as a required iodine
in Technical Specification 3.8.8B.1.

+Tritium value based on the monthly stack grab sample.

The dose factor (DFGsico) for each radionuclide detected in the plant stack
charcoal and particulate filter sample (plus tritium) is taken from
Table 1.1-12 of the ODCM.

Therefore:

Degs = (5-42 E-08)(7.08 E£+00) + (1.10 £-02)(2.69 E+02) +

(2.30 £-01)(4.76 E+00) + (1.15 E-02)(1.01 E+01) «

 (2.60 E-02)(2.32 E+00) + (4,30 £-03)(4.80 E+01) +
(1.12 E-04)(5.12 E-01) + (0.15)(1.81 E-04) =

Answer

Dcos = 4.44 mrem maximum organ dose for the month.
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