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INTRODUCTION 

This manual provides the methodology to calculate radiation doses to 

individuals in the vicinity of the Indian Point site due to routine releases 

of gaseous and liquid effluents from Unit 2. It also provides methodology for 

the determination of suitable effluent monitor setpoints and allowable release 

rates ensuring compliance with the Radiological Effluent Technical 

Specifications (RETS) of Consolidated.Edison,.Indian Point Unit.2 Docket No.  

50-247. 'The ODCM implements the Standard Radiological Effluent Technical 

Specificati ons for Pressurized-Water Reactors (NUREG-0472 Rev. 3-dated 9/3/82) 

and .lOCFR2O release criteria. The 0DCM Table of ,Contents indicates what 
sections of .the ODCM should be used to calculate 'the dstoaidvdul 

The ODCM follows the methodology and models suggested by the "Guidance Manual 

For Preparation of Radiological Effluent Technical Specifications for Nuclear 

Power Plants" (NUREG-0133 dated October, 1978) and "Calculation of Annual 

Doses to Man From Routine Releases of Reactor Effluents for the Purpose of 

Evaluating Compliance with 10CFR PART.50, Appendix I" (Regulatory Guide 1.109 

Rev. 1 dated October, 1977). Simplifying assumptions have been made-and 

justified where applicable to provide a more workable-document for 

implementing the Radiological Effluent Technical Specification requirements.  

Alternate calculational methods to those presented here may be used provided 

the overall methodology does not-'change or the results are not less 

conservative. Additionally, as available, the most up-to-date revision of-'the 

Regulatory Guide 1.109 dose conversion factors and site-specific environmental 

transfer factors may be substituted for those currently included and used in 

this document.
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GLOSSARY 

BETA A beta particle (electron) - the dose from beta emitters in air, 
etc.  

cc Cubic Centimeter.  

Ci Curies - a unit of radioactivity equal to 3.7 x 1010 
disintegrations/sec. See also micro curie (iiCi).  

Ci Activity or concentration of a nuclide in the release source.  
Units of lICi, pCi/cc,' or 1iCi/ml.  

CFR Code of Federal Regulations.  

Dose The energy deposited per unit mass in mrem or mrad, that-the 
organ or the individual receives from radioactive effluents.  

Dose Normally, a factor that converts the effect of ingesting 
Factor radioactive material ~into the body, to dose to a specific organ.  

Body elimination, radioactive decay, and organ uptake are some of 

the factors that determine a dose factor for a'given nuclide.  

Dose A specific path that radioactive material physically travels 
Pathway through prior to exposing an individual to radiation. The 

Grass-Cow Milk-Infant is a dose Pathway.  

Dose Rate The dose received per unit time.  

(D/Q) A long term D over Q - a factor with units of 1/rn2 which 
describes the deposition of particulate matter from a plume at a 
,point downrange from the source. It can be thought of as the 
part of the cloud that will fall out and deposit over one square 
meter of ground.  

GAMMA A gamma 'photon - the dose from Gammas in air etc.  

Ground -Radioactive material deposited uniformly over the ground 
Plane emits radiation that produces an exposure pathway when an 

individual is standing, sitting, etc. in the area. It is assumed 
that an adult receives the same exposure as an infant, regardless 
of the physical height differences. Only the total body is 
considered for the ODCM.
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GLOSSARY 

(Continued) 

H-3 Hydrogen-3, or Tritium, an isotope of hydrogen that is a weak 
BETA emitter.  

I&8DP Radioiodines and particulates with half-lives greater than 8 days.  

LLD The smallest concentration of radioactive material in a sample
that will yield a net count, above systems background that will 
be detected with 95% probability with only 5% probability of 
falsely concluding that a blank observation represents a "real" 
signal, as defined in Appendix D.  

LCO Limiting Condition for Operation in RETS-1P2.  

Cubic meters.  

in2  Square meters.' 

,MPC Maximum Permissible Concentration.  

Nuclide For the purposes of this manual, a radioactive isotope. Nuclide 
(i) signifies a specific,-nuclide, the 1st, 2nd,,3rd, etc. one 
under consideration. If nuclide .(i) is 1-131, then the Mi 
(dose factor) under consideration should be MI-1 3 1, for example.  

Organ "For theODCM either the bone, liver, thyroid, kidney, lung, 
GI-LLI, skin, or the T. Body. T..Body (Total Body) is considered 
an organ for ease of writing the methodology in the ODCM.  

-dotted - Denotes a release rate in liCi/sec for nuclide (i).  

Qi Denotes Vi of nuclide (i released over a specified time 
interval.  

Receptor The individual receiving the exposure in a given location or who 
ingests food products from an animal for example. A receptor can 
receive dose from one or more pathways.  

Release A subsystem, tank, or vent where radioactive material can be 
Source(s) released independently of other radioactive release points.

-3 -
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GLOSSARY 

(Continued) 

RETS The Indian Point Unit 2 Radioactive Effluent Technical 
Specifications.  

PCi Microcuries. 1 Ci _ 10.6 ipCuries. The vCi is the standard 
unit of radioactivity for all dose calculations in the ODCM.  

(X/Q) A long term Chi overQ. It describes the physical dispersion 
characteristics of a semi-infinite cloud of noble gases as the 
cloud traverses downrange from the release point.  

(X/Q)D -A long term depleted Chi over Q. It describes the physical 
dispersion characteristics of a-semi-infinite cloud of' 
radioactive,.iodines and particulates as the cloud travels 
downrange. Since iodines and particulates tend to settle out 
(fallout of the cloud) on the ground, the (X/Q)D represents 
what physically remains of the cloud and it's dispersion 
qualities-at a given location downrange from the release point.

-4 -
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1.0 LIQUID EFFLUENT METHODOLOGY 

1.1 Liquid Effluent Model Assumptions 

The concentration of radionuclides in liquid waste is determined 
by sampling and analyses in accordance with Table 4.10-1 of the 
Radiological Effluent Technical Specifications. When a 
radionuclide concentration is below the lower limit of detection 
(LLD)- for the analysis, it is not reported as being present in 
the sample.  

All-liquid discharges from Indian Point 2 are made through a 
common discharge canal with a minimum of 100,000 gpm dilution 
water.  

1.2 Determination of the Fraction (F) of 10CFR20 MPC Limits for 
Radioactive Liquid Releases 

Technical Specification 3.9.A.l.a necessitates the sampling and 
analysis of 'liquid wastes (prior to discharge), and-that this 
information be treated-in accordance with the methodology and 
parameters in the ODcYM to assure that the concentration of liquid 
radioactive-material released to Unrestricted Areas (See Figure 
in Appendix A) will not exceed the concentrations specified in 
lOCFR2O, Appendix B, Table II, column 2 for radionuclides other 
than dissolved or entrained noble gases.  

For dissolved or entrained noble gases, the concentration shall 
be limited to 2 x 10-4 V~Ci/ml.  

Radioactive material in liquid effluent is diluted successively 
by water flowing in the discharge canal and in the Hudson River 
Estuary. The basic equations which determine the fraction F of 
the 10CFR20 MPC limits-are as follows: 

EQUATION 1.2-1 F = Fi 

Cz i 
EQUATION 1.2-2 Fi = _____i 

EQUATION 1.2-3 Ci i f 

czi C. 2

- 5-
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where F Total or summed fraction of 10CFR20 MPC limits 
resulting from the release source being discharged.  

F. Fraction of MPC for nuclide of interest.  

(MPC)j Maximum Permissible Concentration of nuclide IV 
as specified in 10CFR20 Appendix B, Table II, 
Column 2 -[IlCi/ml] 

Czi Concentration of the ith radionuclide in the 
receiving stream (diluted) [VCi/ml 

Ci Concentration of the ith radionuclide in liquid 
radwaste release (undiluted) [pCi/mlI 

fl Release rate of liquid radwaste [ml/secl 

;f2 Dilution flow of receiving stream of water [ml/sec.] 

For the purpose of calculating-the radioactivity concentration, 
or total .fraction IF', in water at-the restricted area boundary, 
the minimum, flow in. the discharge canal [100,000 gpm. = 6.3 x 
106 ml/sec] may be conservatively assigned to f 2 . In the 
river immediately beyond the discharge canal and the restricted 
area boundary, hence the unrestricted area, the effective 
dilution is a minimum factor of 5 higher (in accordance with 
10CFR PART 50, Appendix I submittal Volume 1 for IP-2) and 
therefore f2 is (5) .(6.3 x 106.ml/sec) = 3.15 x 107 ml/sec 
for the unrestricted area calculation..  

The fraction of the 10CFR20 MPC limit can thereby be calculated 
on a per nuclide summed basis as indicated in equations 1.2.1, 
1.2.2, and 1.2.3. A simpler, but more restrictive, calculation 
can be made by a cumulative activity evaluation. The cumulative 
activity evaluation uses an overall value of 1 x/10 7 pjCi/ml 
(the unidentified MPC value) in lieu of (MPC)i and the 
cumulative concentration (sum of all identified radionuclide 
concentrations) or the gross beta/gamma concentration for C1 .  
As long as the diluted concentration Cz is less than IX~ 

iO!pCi/b.l, the nuclide-by-nuclide calculation is not required 
to demonstrate compliance with the 10CFR20 MPC limits.

-6-
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~:.:zPetrmnat~nof Setpoints for Radioactive Liquid Effluent 

Monitors 

-_ Technical 'Specification 3.9.A.2.(a) requires that the radioactive 

- - -~-----iquid effluent monitors be operable and set to initiate an alarm 

-~-->~rtri-in the event that the limits of Technical Specification 

-- --- ~.9.-.~a~reapproached. The alarm and trip setpoints shall be 

defermiined and adjusted by the following method. See Appendix 

-. --~D'-fdr-ia-discussion of background considerations. In all cases, 

- - the'-setpoint values shall be applied on top of normal background 

level.  

- ----- 'The- al-a-rm- -setpoint for the liquid effluent radiation monitors is 

* derived from the concentration limit provided in 10CFR PART' 20 

- -- ~-ApenixB Table 2 Column 2 applied at the restricted area 
-- - boundary where the discharge canal flows into the river. The 

--- --- -alarm -s~tpoint does not consider dilution, dispersion, or decay 

-.--- f -radioactive material-beyond the site boundary. That is, the 

-* -'ala-rm- setpoint is based on a concentration limit at the end of 

t-he discharge canal. The radiation monitoring and isolation 

-- - -~--points-a-re located in each line through which radioactive waste 

-* - --- effluent is eventually-discharged into the discharge canal.  

-- The alarm setpoint for each liquid effluent monitor is based upon 

-- -measurement, according to Table 4.10-1 of R.E.T.S., of 

- - - -radioactivity in a batch of liquid to be released or in the 

continuous aqueous discharge. Alternately, the alarm setpoint 

- -- -- -- -- may-be based upon gross beta/gamma activity analysis of the 

- -- * - liquaid-waste provided the unrestricted area MPC for unidentified 

--s- - .- *-~- -- emittets, 1 x lO-7 ACi/ml, is observed. [As it is knows that 

1-129, Ra-226, and RA-228 are not present.] 

1.3.1 Setpoint for a Batch Release 

- ---. - - - - - A-sample of each batch of liquid radwaste is analyzed for 

- -r. ---- 131and other principal gamma emitters, or for total 

- -~- - --- -- - - - -->ativity concentration prior to release. The fraction F 

- - £ - - - f-the 10CFR PART 20 MPC limits for the unrestricted area 

---------------- * ' - - -s-determined in accordance with the preceding section for 

- the activity concentration to be -released. In the event 

- ~ - - ------ ------- -that total or gross beta/gamma (B-V) analysis alone is 

- -- -- - - sed to determine the radioactivity in a batch prior to 

release, the fraction of the unrestricted area MPC in the 

batch is just: 

CiBATCH 

EQUATION 1.3.1-1 F bac 11 7

-7 -
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Where Ci~atch The total or gross beta/gamma (B-'W) 
activity measured in the batch sample 
IpCi/ml] , not including H-3 and 
dissolved noble gases.  

1 x 10-7 9 The unrestricted area Z4PC for 
unidentified radionuclides IMACi/ml], 
where is is known that 1-129, Ra-226, 
and Ra-228 are not present.  

The maximum concentration of a batch prior to discharge is 
not to exceed 1 x 10-3 AACi/ml (not including H-3 and 
dissolved noble gases). Whether radioiodine and primary 
gamma emitters are identified prior to a batch release or 
not, the liquid radwaste effluent line radiation monitor 
alarm setpoint is determined with the equation: 

EQUATION 1.3.1-2 S5 atch CiBatch/f 

Where 

S Batch -Radiation monitor alarm setpoint [cpm].  
*For a batch release 

Ci Batch As defined above 

f Monitor calibration factor 
Aci/ml / CFMJ 

Using a constant set point (nominal value =100,000 cpm) 
and having a known batch activity [4Ci/ml] in-plant 
procedures establish the flow rate for the radioactive 
effluent to be mixed with a known minimum dilution flow to 
keep the setpoint from being exceeded and to keep the MPC 
values from being reached. Where the activity 
concentration is high enough to limit the liquid effluent 
flowrate to less than its associated pump's ability to be 
throttled then it cannot be released and as such it must 
first be diluted in situ.  

*The alarm setpoint shall not be set greater than 
100,000 cpm. (the region of maximum utility on the 
log scale), nor less than normal background.

-8 -
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1 .3 .2 S etpoint for a Continuous Release 

The alarm setpoint of the radiation monitor on a 
continuous radioactive discharge line is determined with 
the equation.  

EQUATION 1.3.2-1 5 cont -Cicont/f 

or by a method which gives a lower setpoint value.  

Where: 

Scont Radiation monitor alarm setpoint for 
continuous release.  

Cicont The total or gross beta/gamma (B
activity measured in the sample (Ci/ml] 
'gases ~ 

f Monitor calbration factor.  
Ci/ml/Cpm] 

Using a-constant setpoint and having a known continuous 
flow sample activity [ Ci/ml] in-plant procedures 
establish the flowrates for the radioactive effluent to be 
mixed with a known minimum dilution flow to keep the 
setpoint from being exceeded and to keep the MPC values 
from being reached.  

*If the measured sample activity is LLD, then the 
setpoint shall be set as close to normal background 
as possible. If the measured activity is 3x10 5 

MACi/ml, then the continuous release shall be diverted to 
the secondary blowdown purification system.

- 9-
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1.4 Determining the Dose for Radioactive Liquid Effluents 

Technical Speci *fication 3.9.A.3.a requires calculations be 
performed at least once per 31 days to verify that 
cumulative radioactive liquid effluents do not cause a dose 
in excess of 1.5 mrem, to the total body and 5 mrem to any 
organ. This section presents the calculational method to be 
used for this verification.  

The method is based on the methodology suggested by sections 
4.3 and 4.3.1 of NUREG-0133 Rev 1, Nov 1978. The dose 
factors are a composite of both the fresh water fish and 
shellfish pathways so that the fish-shellfish pathway is the 
only pathway for which dose will be calculated.' For Indian 
Point Unit 2, the adult is the most limiting age group, but 
the dose for child, and teenager can also be calculated by 
this method provided that their appropriate dose factors are 
available for the organ of interest. Only those nuclides, 
that appear in the Table 1-1 of this manual will be 
considered.  

This method provides for a dose calculation to the total 
body or any organ for a given age group based on actual 
release conditions during a specified time interval for 
radioactive liquid release sources. The equation is 

EQUATION 1.4-1 D1  A T A 1 tjQ 
1 T (DF) 1 

where: 

D1, Dose commitment in mrem received by 
T organ T of age group (to be 

specified) during the release time 
interval A ti.  

Ai The composite dose factor for the 
T fresh water fish-shellfish pathway 

for nuclide (i) for organ of age 
group (to be specified). The AiT 
values listed in the Table L-2 in 
this manual are independent of any 
site specific information and-have 
the units mrm-m

- 10 -
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At1  The number of hours that the 
release occurs.  

The total quantity of nuclide (i) 
released during the time period 
A t1 (Ci).  

(DF)1  The total volume of dilution that 
occurred during the release time 
period At1 (ie, the circulating 
water flow multiplied by the time).  

The doses associated with each release may then be 
summed to provide the cumulative dose over a desired 
time period (e.g. sum all doses for release during a 
31 day period, calendar quarter, or a year).  

EQUATION 1.4-2 DTotal, Dle 

Where: 

DTotal T The total dose commitment to the 
organ t due to all releases during 
the desired time interval (mrem).  

Based on the radionuclide distribution typical of 
radioactive effluents at Indian Point 2, the 
calculated doses to individuals are dominated by the 
radionuclides CS-134, CS-137, MN-54, ZN-65, and 
FE-55. These nuclides typically contribute over 95% 
of the critical organ dose, liver, in this case; and 
over 90% of the total body dose. Therefore, the dose 
commitment due to radioactivity in liquid effluents 
may be reasonably evaluated by limiting the dose 
calculational process to these radionuclides for the 
adult total body and-adult liver dose. To allow for 
any unexpected variability in the radionuclide 
distribution a conservatism factor of 0.9 is 
introduced into the equation. After calculating the 
dose based on these 5 nuclides, the cumulative dose 
should be divided by 0.9, the conservatism factor.  
Refer to Appendix B for a detailed evaluation and 
explanation of this limited analysis approach.

- 11 -
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1.5 Projecting Dose for Radioactive Liquid Effluents 

Technical Specification 3.9.A.4.a. requires that appropriate 
subsystems of the liquid radwaste treatment system be used 
to reduce radioactive material in liquid effluents when the 
projected monthly dose due to liquid releases to 
unrestricted areas when averaged over 31 days would exceed 
0.06 mrem to the total body or 0.2 mrem to any organ. Doses 
are to be projected at least once per 31 days. The method 
to be used is based on total body dose and critical organ 
dose (liver) as calculated in Section 1.4. The adult is the 
critical age group to be used for the dose projection.

- 12 -
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TABLE 1-1 

CALCULATON OF TOTAL Ci/YR RELEASES FOR LIQUIDS

IISOTOPE 

I H-3 

ISr-89 

I Sr-90 I 

ICs-134 

I Cs-137I 

I 1-131 I 

I Co-58 I 

ICo-60 

I Fe-59 I 

I Zn-65 I 

I Mn-54 I 

ICr-Si 

I Zr-95 I 

IMO-99 

ITc-99m 

I Ba-140I 

ICe-141 

I Cs-136I 

IFe-55 

I Ni-63 I 

I P-32 I 

I Co-57 .

2 

2 

4 

2 

6 

5 

4 

1 

1 

2.

79 

Z-18 +02 

1.63 -03 

1.65 -03 

L.32 -01 

.*97 -01 

.86 -02 

~.10 -01 

.29 -01 

.46 -02 

~.77 -02 I 

.63 -02 

.96 -02 

.30 -02 I 

.01 -01 

.04 -03 I 

.03 -02 I 

.16 -02 

.41 -03 I 

.63 -01 I 

.62 -01 

.50 -02 I

- 13 -

80 

2.75 +02 

3.48 -03 

2.61 -03 

8.64 -02 

1.96 -01 

1.31 -01 

1.57 -01 

1.19 -01 

1.72 -02 

1.63 -02 

1.76 -02 

6.10 -02 

1.36 -02 

4.12 -02 

2.65 -02 

3.75 -02 

7.174 -03 

1.21 -04 

6.57 -01 

5.28 -02 

2.50 -02 

3. 77-04

81 I AVERAGE 

7.527 +02 I 4.15 +02 

4.79 -03 I 4.30 -03 

1.29 -03 I 3.85 -03 

1.65 -01 I 1.28 -01 

2.99 -01 I 2.97 -01 

1.66 +00 I 6.24 -01 

7.04 -01 I 3.57 -01 

1.01 +00 I 4.19 -01 

2.74 -02 I 2.30 -02 

3.19 -02 I 3.19 -02 

4.98 -02 I 3.12 -02 

2.15 -01 I 1.15 -01 

9.64-02 I 4.10 -02 

3.26 -01 I 1.56 -01 

2.53 -02 I 1.90 -02 

1.09 -01 I 6.21 -02 

9.69 -02 I 3.87 -02 

9.49 -02 I 3.21 -02 

6.86 -01 I 4.63 -01 

1.01 -01 I 1.05 -01 

4.43 -02 I 3.14 -02 

6.50 -03 I 2.29 -03

I
I
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2.*0 GASEOUS EFFLUENT METHODOLOGY 

2.1 Gaseous Effluent Model Assumptions 

The unit primarily discharges gaseous effluent through a plant 
vent-and elevated release stack. All gaseous effluent from 
possible sources of accidental releases of gaseous radioactivity 
external to the reactor containment (e.g. the spent fuel pit and 
waste handling equipment) is exhausted from the plant vent, which 
is monitored. Normal gaseous effluent streams, and effluent 
discharge points are tabulated in Table 2-1.  

For the purpose of estimating offsite radionuclide concentrations 
and radiation doses, measured radionuclide concentrations in 
gaseous effluent and in ventilation air exhausted from the unit 
are used. Table 4.10-3 in the RETS identifies the specific 
radionuclides in gaseous discharges for which sampling and 
analysis is done. When a radionuclide concentration is below the 
LLD for the analysis, it is,,not reported as being',present in the 
sample., 

Dose calculations for RETSSections 3.9.B.3.a and 3.9.B.4.a dose 
limit confirmation are normally calculated using historical 
meteorological data and receptor location(s) which yield 
calculated doses no lower than the real-locations(s) experiencing 
the most exposure. Historical meterological data for use in 
performing dose calculations is provided in Appendix A. Real 
meteorological data factors are calculated and used in dose 
calculations for the annual Radiological Environmental Monitoring 
Report to the NRC. On-line meteorological data and hour-by-hour 
dose calculations are beyond the-scope of this manual.  
Historical information and conservative receptor locations etc., 
are only used for ease of RETS LImiting Condition of operation 
(LCO) dose limit calculations. Dose calculation for RETS dose 
limits may be performed using real meteorological data, real 
receptor locations, and sector wind frequency distribution if 
desired. Any dose calculations performed with real data should 
note the source of the data in the annual report. Only those 
radionuclides that appear in the gaseous effluent dose factor 
tables will be considered in any dose calculations.

- 14 -
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2.1.1 Determination of Releases from Unmonitored Sources 

This section describes methodology to be used in 
determining release rates from the Steam Generator 
Blowdown and Purification System Flash Tank Vent and the 
Secondary Boiler Blowdown Purification System Flash Tank 
Vent. This methodology is based on recommendations of 
NUREG-0133.  

A determination of the release of radioiodine-131 via the 
flash tank vent can be made by calculating from a measured 
concentration in the secondary water by the following 
equation: 

EQUATION 2.1.1-1 Q C[RSGB] fFT (1-SQF.~v) where: 

Q The release rate of radioiodine-131 from the 
steam generator flash tank vent, in 
[ViCi/sec] 

C = The concentration of radioiodine-131, in the 
secondary coolant water in [~ pC/ml] 

RSGB The steam generator blowdown rate to the flash 
tank, in [ml/sec] 

fFT =The fraction of blowdown flashed in the flash 
tank determined from a heat balance taken around 
the flash tank at the applicable reactor power 
level.  

SQ = The measured steam quality in the flash tank 
v vent; or an assumed value of 0.85, based on 

NUREG-O 017, -Calculation of Releases of 
Radioactive Materials in Gaseous and Liquid 
Effluents from Presurized Water Reactors 
(PWR-GALE Code).  

The methodology to be used in solving for Q and fFT is 
included in Appendix E.

- 15 -
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If this method of determination of releases is used, the 
calculation should be made when changes in plant parameter 
are likely to induce significant changes in secondary 
water radioiodine concentrations. The calculated release 
shall be assumed at the latest calculated level until the 
next secondary water analysis is completed.  

2.2 Det ermining the Total Body and Skin Dose Rates for Noble Gas 
Releases and Establishing Setpoints for Effluent Monitors 

Technical Specification 3.9.B.l.a(i) limits the instantaneous 
dose rate from noble gases in airborne releases to less than 500 
mrem/yr - total body, and less than 3000 rnrem/yr - skin.  
Technical Specification 3.9.B.2.a requires that the gaseous 
radioactive effluent monitoring instrumentation be operable with 
alarm/trip setpoints set to ensure that these dose rate limits 
are not exceeded. The results of the sampling and analysis 
program of Technical Specification Table 4.10-3 are used to 

demonstrate compliance with these limits.  

The following calculational method is provided for determining 
the instantaneous dose rates to the total body and skin from 
noble gases in airborne releases. The alarm/trip setpoints are 
*based on the dose rate calculations. The Technical Specification 
LCO's apply to all airborne releases on the site but all releases 
may be treated as if discharged from a single release point for 
ease of calculation and without unduly reducing the conservatism 
of the calculation. only those noble gases appearing in Table 
2-2 will be considered. The calculational methods are based on 
Sections 5.1 and 5.2 of NUREG-0133, Nov 1978.  

The equations are: 

Total Body Dose Rate 

EQUATION 2.2-1 DRTB Ki(/)Q 

Skin Dose Rate 

2.2.2 DRSKIN = .[Li + 1. 1 Mi] (X/Q) Qi
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where 

DRTB Total body d 'ose rate from noble gases in airborne 
releases [mrem/sec].  

DRSKIN Skin dose rate 'from noble gases in airborne 
releases.[mrem/sec].  

Ki ~ The total *body dose factor due to gamma emissions 
for each noble gas nuclide (i) reported in the 
release source. (mrem-m3/&Ci-SEC] 

Li The skin dose factor due to beta emissions for 
each noble gas nuclide (i) reported in the assay 
of the release-source. [mrem-m3/ liCi-SEC] 

M1  The air dose-factor due to gamima emissions for 
each noble gas nuclide (i) reported in the assay 
of the release source. The constant 1.1 converts 
1trad' to 'mremn since the units of Mi are in: 
[mrad-m3/ pCi-SEC] 

(X/Q) = For ground level, the highest calculated annual 
long term historic relative concentration for any 
of the 16 sectors, at or beyond the exclusion 
area boundary. [sec/m 3 j 

Qi ~ The release!'rate of noble gas nuclide (i) from 
the release source of interest in [ *.iCi/sec] 

2.2.1 Simplified Total Body'Dose Rate Calculation 

From an evaluation of--past releases, an effective total 
body dose factor .'(KYeff)-can be derived. This dose 
factor Is, in efCfect,.-,a weighted average total body dose 
factor (i.e.-weighted-b~ the radionuclide distribution 
typical of past-operation). See Appendix 'C' for a 
detailed explanation and evaluation of Keff. The value 
of Keff has been derived from the radioactive noble gas 
effluents for the years 1979, 1980, and 1981. The value 
is:
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Keff =1.29 x 10-5 [mrem-m3/.,ACi-secJ (Ground 
Release) 

Keff =81x106 mrmm/A.,Ci-sec (Elevated* 
Release) 

Either of these values, as appropriate, may be used in 
conjunction with the total noble gas release rate (.i 
to verify that the instantaneous dose rate is within the 
allowable limits. To compensate for any unexpected 
variability in the radionuclide distribution, a 

conservatism factor of 0.157 is introduced into the 

calculation. The simplified equation is 

EQUATION 2.2.1-1 DRTB = eff (XQ Q 
0.157 

To further simplify the determination the highest 

calculated annual long term historic relative 
concentration for any of the 16 sectors, at or beyond the 
exclusion area boundary (2.08 x 10-5 sec/rn3, from 

Table M-1) may be substituted into the equation. Also the 

dose limit of 250 mrem/yr** =7-925x10-6 mrem/sec may be 
substituted for DRTB- Making these substitutions yields 
a single cumulative (or gross) noble gas release rate 
limit. This value is 

Noble gas release rate limit = 4.673 x 103 uCi/sec 

As long as the noble gas release rates do not exceed this 
value (4.673x103  uCi/sec), no additional dose rate 
calculations are needed to verify compliance with 
Technical Specification 3.9.B.l.a(i).  

* NOTE: Nuclide distributions for elevated releases were determined from 

releases through the plant stack as reported in Regulatory Guide 

1.21 reports for the years 1979, 1980, and 1981. However, ODCM 
dose projection calculations are performed using ground release 
meteorology in accordance with Consolidated Edison's original 
Appendix I submittal, Docket Nos. 50-3, 50-247, and 50-286.  

"*This dose limit of 250 mrem/yr is based upon a regulatory limit of 500 

mrem/yr/site and the fact that the Indian Point Site has 2 operating units.  
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2.2.2 Setpoint Determination 

To comply with Technical Specification 3.9.B.2.a, the 
alarm/trip setpoints are established to ensure that the 
noble gas releases do not exceed the value of 4.73x,04 

liCi/sec, which conservatively corresponds to a total body 
dose rate of 500 mrem/yr. The method that follows 
establishes a procedure for determining setpoints. To 
allow for multiple sources of releases from different or 
common release points, the allowable operating setpoints 
will be administratively controlled to allocate a 
percentage of the total allowable release to each of the 
release sources.  

a) Determine the maximum volume release rate potential for 
the release source under consideration.  

b) Based upon that release rate (FT3/MIN or other units 
of Vol/Time]I determine the equivalent activity 
concentration inj [ Ci/CC] that would produce a-release 
of 4.73x104 VCi/sec 

c) Referring to the calibration curve [ pCi/CC vs. CPM] 
for the Release Source's Gaseous Effluent Monitor, 
determine the CPM value (c) corresponding to the value 
of-activity concentration determined in step b)e 

d) .(C) represents the 100% setpoint assuming no other 
release sources at the site at the time. To obtain an 
operational setpoint Value SP take (C) in [CPM] and 
multiply it by the allocated percentage fraction.  

EQUATION 2.2.2-1 SP = (C) CPM X allocated for particular release 
100% 

The total body dose is more limiting than the calculated 
skin dose. (See Appendix 'C' for a detailed evaluation.) 
Therefore, the skin dose rate calculations are not 
required if the simplified dose rate calculation is used 
(i.e. using Keff to determine release rate limits).  

The calculational processes of the following section 
(2.2.3) are to be used if the actual releases of noble 
gases exceed the predetermined limit of 4.73x,04 UCi/sec.
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Under these conditions, a nuclide-by-nuclide evaluation is 
required to evaluate compliance with the dose rate limits 
of Technical'Specification 3.9.B.l.a(i).  

2.2.3 Total Body and Skin Nuclide Specific Dose Rate Calculations 

The methods described herein need only be used if the 
actual releases exceed the value of 4. 73x,04 jvCi/sec.  

Total Body Dose Rate

EQUATION 2.2.3-1 DRTB DRTBi zxi 
4-

(X/Q) Qi

where

DRTB MDose rate to the Total Body from all noble gas 
gamma radiation (mrem/secJ.

DPRTBi SDose rate to the Total Body from the ith 
nuclide noble gas gamma radiation (mrem/sec].  

Ki~ The Total Body dose factor due to gamma 
emissions from noble gas radionuclide li, 
mrem-m3/ ,MCi-sec.  

X7Q SValue of CHI over Q (Sec/n 3] for the most 
limiting sector at the exclusion area boundary.

SRelease rate of the ith nuclide in 
E/ACi/sec].

Total Skin Dose Rate

EQUATION 2.2.3-2 Z DRSKIN = XF [Li + 1.1 Mi] (X/Q) 
LL

where 

DRSKIN Dose rate to skin from all noble gas beta and 
gamma radiation fmRem/sec].
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D RSIN :5Dose rate to skin from the ith nuclide 
noble gas beta and gama radiation [mRem/sec].  

Li ~ 'The skin dose factor due to beta emissions 
from noble gas radionuclide 'Vl [mrem-m 3 / 

A Ci-se c.] 

Mi 5,The air dose factor due to gamma emissions 
from noble gas radionuclide 'i' (mRad-m 3 / 

AACi-sec] 

1.1Conversion factor for Mi frcm m~ad t o mRem.  

X/Q .5 As defined above.  

Qi =As defined above 

The dose rate contribution of this release-source shall be 
added to all other simultaneous gaseous release sources, 
if any, to determine overall Total Dose Rate to the Total 
Body and Skin from noble gas effluents.  

2.3 Determining the.Radiolodine and 8 Day Particulate Dose Rate to 
-any. Organ from, Instantaneous Gaseous. Releases 

Technical Specification 3.9.B.l.a (&*L) limits the dose rate from 
radioiodines and particulates with half lives greater than 8 days 
to 1,500 mrem/yr to any organ. The following calculational 
method is provided for determining the dose rate from 
radioiodines and particulates. It is based on NUREG-0133, 
November, 1978; Sections 5.2.1, and 5.2.1.1 through 5.2.1.3.  

The infant is the controlling age group for the contaminated 
forage/cow/milk pathway. There is no controlling age group for 
the ground plane deposition pathway. Children is the controlling 
age group for the inhalation pathway. These three pathways are 
the only ones considered for instantaneous releases. The long 
term (X/Q) Depleted and (D/Q) values are based on historical 
meteorological data. only those nuclides that appear on Table 
G-4 will be considered. The equations are:
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Inhalation Pathway

EQUATION 2.3-1 DRI&8DP 2.RiT (X/Q)D Qi

Ground Plane Deposition Pathway

EQUATION 2.3-2
DRI&SDPPil (D/Q) Qi

Contaminated Forage/Cow/Milk Pathway

EQUATION 2.3-3 DRI&8DPT = .

Total Dose Rate From I&8DP

EQUATION 2.3-4 DR T
E 

= i

where:

The organ of interest for 
interest.

the age group of

All the applicable pathways.  

Dose rate to the organ T for the age group 
of interest from iodines and 8 day 
particulates via the pathway of interest in 
[mrem/yr].  

Total dose rate to organ T from all 
applicable pathways for the age group of 
interest in (mrem/yr].  

The dose factor for nuclide Wi for organ 
f or the pathway specified [ units vary with 
pathway].  

The dose factor for instantaneous ground 
plane pathway in [mrem-m2 Sec/ 1jCi-yr].

- 22 -
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From an evaluation of the radioactive releases and environmental 
pathways, the contaminated forage/cow/milk pathway has been 
identified as the most limiting pathway with infant's thyroid 
being the most critical organ. This pathway contributes, on the 
average, greater than 93% of the total dose received by the 
infant's thyroid and'the radioiodines contribute essentially all 
of this dose. Therefore, it is possible to demonstrate 
compliance with the release rate limit of Technical Specification 
3.9.B.l.a(ii) for radioiodines and particulates by only 
evaluating the infant's thyroid dose for the release of 
radioiodines via the contaminated forage/cow/milk pathway. If 
this limited analysis approach is used, the dose calculations for 
other radioactive particulate matter and other pathways need not 
be performed with only the calculation for radioiodines from the 
contaminated forage/cow/milk pathway being performed to 
demonstrate compliance with the Technical Specification dose rate 
limit.  

Including a conservatism factor of 0.8 for atypical radioisotope 
distribution and dose contribution, the simplified dose rate 
equation 

RQ 
EQUATION 2.3-4 DRbIhyroid =(D/Q) iodines i Thyroid i / 0.8 

2.4 Determining the Gamma Air Dose for Rad ioactive Noble Gas Release 
Sgource(s) 

Technical Specification 3.9.B.3.a limits the yearly dose due to 
noble gases in the gaseous effluent to less than 10 mRem to the 
whole body from gamma. This is equivalent to a yearly air dose 
limit of less than 10 mRad. The following calculation method is 
provided for determining the noble gas gamma air dose and is 
based on Section 5.3.1 of NUREG-0133, November 1978. The dose 
calculation is independent of any age group. The equation may be 
used for RETS dose calculation, the dose calculation for the 
annual report, or for pro0jecting dose, provided that the 
appropriate value of (X/Q) is used. The equation for gamma air 
dose is: 

EQUATION 2.4-1 DGamma..Air = Mi (X/Q) Qi
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where 

DGamma-Air = The gamma-air dose from radioactive noble 
gases in [mRad] 

Mi - The gamma air dose factor for radioactive 
noble gas nuclide 'i' in [mRad-m3/ 1pCi-SEC] 
(See Table G-3 in Appendix 'A') 

(X/Q) The long term atmospheric dispersion factor 
for ground level releases (worst case) in 
[sec/rn3]. The value of (X/Q) is the same 
for all nuclides Mi in the dose calculation, 
but the value of (X/Q) does vary depending on 
the limiting sector that the LCO is based on.  
See Historical Average X/Q Tables in Appendix 
A.  

Qi - The number of uCi of nuclide 'i' released (or 
projected) during the dose, calculation 
exposure period. (e.g., month, quarter, or 
year).  

From an evaluation of past releases, a single ef fective gamma air 
dose factor (Meff) has been derived, which is representative of 
the radionuclide abundances and coresponding dose contributions 
typical of past operation. (See Appendix C for a detailed 
explanation and evaluation of Meff). The value of Meff has 
been derived from the radioactive noble gas effluents for the 
years 1979, 1980, and 1981. The value is 

Meff =1.43 x 10-5 mrad-m3/ V Ci- sec 'f(GROUND RELEASE) 

Meff =9.25 x 10-6 mrad-m3 / VCi-SeC' (ELEVATED RELEASE)
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The effective gamma air dose factor may be used in conjunction 
with the total noble gas release ( f Qi) to simplify the dose 
evaluation and to verify that the cumulative gamma air dose is 
within the equivalence of the limits of Technical Specification 
3.9.B.3.a(i). To compensate for any unexpected variability in 
the radionuclide distribution, a conservatism factor of 0.8 is 
introduced into the calculation. The simplified equation is 

Meff) (X/Q) Qi 
EQUATION 2.4-2 DGama-Ai~r = 0.8i 

For purposes of calculations, the appropriate meteorological 
dispersion (X/Q) should be used. Technical Specification 
surveillance requirement 4.10.B.4 states that the doses must be 
evaluated once per 31 days (i.e., monthly). The yearly dose 
limit is 10 nmRads, which corresponds to a monthly allotment of 
0.83 iRads. If the .83 mRads is substituted for DGammna-.AJr, a 
cumulative noble gas monthly release objective can be 
calculated. This value is 2,232 Ci/month noble gases. (Based on 
a (X/Q) of 2.08 x 10-5 sec/i 3 and a ground release value of 
Meff) 

As long as this value is not exceeded in any month, no additional 
calculations are needed to verify compliance with the quarterly 
noble gas release limits of Technical Specification 3.9.B.3.a 
(a). Also, the gamma air dose is more limiting than the beta air 
dose. Therefore, the beta air dose determined in accordance with 
Section 2.5 need not be calculated if the Neff dose factor is 
used to determine the gamma air dose. See Appendix 'C' for a 
detailed evaluation and explanation.  

The calculations of Section 2.5 may be omitted when this limited 
analysis approach is used but should be performed if the 
radionuclide specific dose analysis is performed. Also, the 
radionuclide specific calculations will be performed for 
inclusion in the annual radiological environmental monitoring 
report.  

When performing the complete radionuclide specific dose 
calculation, e.g., when the monthly noble gas release exceeds 
2,232 Ci, the unsimplified form of the equation, previously 
mentioned is used.
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2.5 Determining the Beta Air.Dose for Radioactive Noble Gas Releases 

Technical Specification 3.9.B.3.a limits the yearly dose due to 
noble gases in the gaseous effluent to less than 20 mP~ems to the 
skin from beta. This is equivalent to a yearly air dose limit of 
less than 20 mRad. The following calculational method is 
provided for determining the beta air dose and is based on 
Section 5.3.1 of NUREG-0133, November 1978. The dose calculation 
is independent of any age group. The equation may be used for 
RETS dose calculation for annual reports,_or for projecting dose, 
provided that the appropriate value of (X/Q) is used.  

The equation f or beta air dose is 

EQUATION 2.5-1 DBeaAr - Ni (X/Q) Qi 

where, 

Deta-ir Beta air dose from radioactive noble gases 
in [mRad].  

Ni -The beta air dose factor for radioactive 
noble gas nuclide il in mrad-m3 /pgCi-SEC 
(See Table G-3 in Appendix A).  

(X/Q) The long term atmospheric dispersion factor 
for ground level releases in [sec/rn3 ].  
The value of (X/Q) is the same for all 
nuclides 'IV in the dose calculation, but 
the value of (X/Q) does vary depending on 
the limiting sector the LOD is based on.  

Qi The number of uCi of nuclide 'i' released 
(or projected) during the dose calculation 
exposure period.  

The beta air dose need not be evaluated if the more 
conservative and limiting noble gas gamma air dose is 
evaluated by the use of the effective gamma air dose factor 
(Meff)* However, if the nuclide specific dose calculation 
is used to evaluate compliance with the gamma air dose limits 
(Section 2.4); then the beta air dose should also be evaluated 
on a nuclide specific basis.
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2.6 Determining the Radiolodine and 8 Day Particulate Dose to any 
Organ from. Cumulative Releases 

Technical Specification 3.9.B.4.a(i) limits the dose to the total 
body or any organ resulting from the release of radioiodines and 
particulates with half-lives greater than 8 days to less than 7.5 
mrem/quarter. The following calculational method is provided for 
determining the critical organ dose due to releases of 
radioiodines and particulates. It is based on Section 5.3.1 of 
NUREG-0133, November 1978. The equation can be used for any age 
group provided that the appropriate dose factors are used and the 
total dose reflects only tholse pathways that are applicable to 
the age group. The symbol (X/Q)D represents a depleted_(X/Q) 
which is different from the Noble Gas (X/Q) in that (X/Q)D 
takes into account the loss of iodines, 8 day particulates and 
tritium from the plume as the semi infinite cloud travels over a 
given distance. The dispersion factor, (D/Q), represents the 
rate of fallout from the cloud-that affects a square meter of 
ground at various distances from the site.* The total dose to an 
organ can then be determined by summing the pathways that apply 
to the receptor in the sector. The equations are: 

.Inhalation Pathway 

EQUATION 2.6-1 D 1&8Dp = 3.17 x 10-8 Rit (X/Q)D Qi 

Ground Plane Pathway 

EQUATION 2.6-2 D1&8Dp = 3.17 x 10-8 Ri(D/Q) Qi 

.,CntaminatedForage/Qow/Milk.Pathway 

EQUATION 2.6-3 D1 &yDp 31Xl0 Ript(/Q) Qi 

Total'Dose 

EQUATION 2.6-4 DT = I8 
L 1-
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where 

TThe organ of interest in a specified age group.  

- All the applicable pathways for the age group 
of interest.  

DI&8DP~t Dose in mrem to the organ "r of a specified age 
group from radioiodines and 8 day particulates 
due to a particular pathway.  

Det Total dose in mrem to the organ't of a 
specified age group from gaseous Iodine and 
Particulate Effluents.  

3.17x10-8  The inverse of the number of seconds per year 
in [years/sec I 

Rit The dose factor for nuclide (i) for pathway z 
to organ T of the specified age group. The 

units are either, inrem.-in for pathways 
yr - 'pCi 

using (X/Q)D or mrem -.m2 -Sec for pathways 
yr - 1i Ci 

using (D/Q).  

(X/Q)D The depleted (X/Q) value for a specific 
location where the receptor is located. The 
units are [sec/rn3].  

(D/Q)The deposition value for a specific location 
where the receptor is located. The units are 
[M-21.  

Qi The number of micro-curies of nuclide Mi 
released (or projected) during the dose 
calculation exposure period.
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As discussed in Section 2.3, the contaminated forage/cow/milk 
pathway has been identified as the most limiting pathway with the 

infant's thyroid being the most critical organ and age group.  
This pathway contributes, on average, over 90% of the total dose 

received by infant's thyroid and the radioiodines contribute 

essentially all of this dose. Therefore, it is possible to 

demonstrate compliance with the dose limit of Technical 

specification 3.9.3.4.a(i) for radioiodines and particulates by 
only evaluating the infant's thyroid dose due to the release of 

radioiodines via the contaminated forage/cow/milk pathway. The 

calculational method to be used includes a conservatism factor of 

0.8 which assures that the calculated dose is always greater than 

or equal to the actual dose despite possible atypical 

distributions of radionuclides in the gaseous effluent. However, 
for the dose assessment included in the Annual Radiological 
Environmental Monitoring Report, doses will be evaluated for all 
designated age groupb anu organs via all designated pathways from 

radioiodines and p= rticulltes measured in the gaseous effluents 
according to the sampling and analyses required by Technical 
Specification Table 4.10-3. The simplified dose equation reduces 

to: 
EQUATION 2.6-5 

DINFANT THYROID = [3.17 x 10-8 (D) RiIFAN THYROID Qi] /0-8 
iodines 

2.7 Projecting Dose for Radioactive Gaseous Effluents 

Technical Specification 3.9.B.5.9 requires that the gaseous 
radwaste-treatment system be used to reduce radioactive material 
in waste prior to discharge when the projected dose due to gaseous 

effluents would exceed 0.2 mRad for gamma radiation and 0.4 mRad 

for beta radiation in~a 31 day period. The follow methods may be 
used for determining projected doses.
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A formal dose projection would be based on the latest results of 
the monthly calculations of the gamma air dose (Section 2.4) and 
the beta air dose, if performed (Section 2.5). The doses 
calculated would be divided by the number of days that the plant 
was operational during that month. The per-day doses (gamma and 
beta) would be multiplied by the number of days the plant is 
projected to be operational during the coming month. The product 
is the projected dose for the coming month. Its value may need 
to be adjusted to account for any changes in operating conditions 
that could significantly alter the actual releases, such as 
failed fuel.  

A simpler approach could be based on a linear extrapolation of 
the most recent 3 month's dose for the coming month, as long as 
the limits of Technical Specification 3.9.B.5.a are not reached.
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TABLE 2-1 

ATMOSPHERIC GASEOUS RELEASE POINTS 
AT THE 

INDIAN POINT UNIT 2 PLANT

RELEASE POINT

Gas Decay Tanks 

Spent Fuel Pit 

Radwaste Handling Equipment 

Condenser Air Ejectors 

Steam Generator Blowdown

Plant Vent 

Plant Vent 

Plant Stack 

Top of Turbine Bldg.  

Steam Generator Blowdown Flash 
Tank Vent or Support 
Facilities Secondary Boiler 
Blowdown Flash Tank Vent

- 31 -
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TABLE 2-2 

RADIONUCLIDE DISTRIBUTION OF GROUND AND ELEVATED RELEASES

I RADIONUCLIDE I FRACTION OF TOTAL RELEASES 
IGROUND ELEVATED 

I 1979 I 1980 I 1981 II 1979 I 1980 I 1981 

I Kr-85 f .037 f .100 I .042 ft .648 I .215 I .518 

I Kr-85m I .003 I .002 I .006 II .001 I .001 I .008 

I Kr-87 I -- --- .003 II .011 I -- I .003 

I Kr-88 I .003 I .002 I .010 II .001 I -- I .002 

Xe-131m I .006 I .026 I .010 II .064 j .029 I .023 

I Xe-133m I .002 I .007 I .011 II .009 j .007 I .012 I 

I Xe-133 I .907 I .842 I .862 II .243 I .748 I .411 

I Xe-135m I -- I .001 I - - .001 I -- I .002 I 

I Xe-135 I .033 I .017 I .052 II .022 I -- I .006 

I Xe-137 I -- f .003-' .001 ft - - f --- I -

fXe-138 .01-- -I 041
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3.0 40 CFR 190 DOSE EVALUATION 

Technical Specifications require that the dose or dose commitment to a 
real individual from all uranium fuel cycle sources be limited to <. 25 
mRem to the total body or any organ (except thyroid which is limited 
to .1 75 m~em) over a period of 12 -consecutive months. The following 
approach should be used to demonstrate compliance with these dose 
limits. It is based on NUREG-0133, Section 3.8.  

3.1 Evaluation Bases 

Dose evaluation to demonstrate compliance with the above dose 
limits need only be performed if the quarterly doses calculated 
in Sections 1.4,. 2.4 and 2.*6 exceed twice the dose limits of 
Technical Specifications 3.9.A.3.a(i), 3.9.B.3.a(i) and 
3.9.B.4.a(i), respectively, ie., quarterly doses exceeding 3 mrem 
to the total body (liquid releases), 10 mrem to any organ (liquid 
releases), l0-mrads equivalent gamma air dose, 20 mrads 
equivalent beta air dose, or 15 mrem to the thyroid or any organ 
from radioiodines and particulates (atmospheric releases).  
otherwise, no evaluations are required and the remainder of this 
secion can be omitted.  

3.2 Doses From Liquid Releases 

For the evaluation of doses to real individuals from liauid 
releases, the same calculational method as employed in Section 
1.4 will be used. However, more realistic assumptions will be 
made concerning the dilution and ingestion of fish and shellfish 
by individuals who live and fish in the area. Also, the results 
of the Radiological Environmental monitoring program will be 
included in determining more realistic dose to these real people 
by providing data on actual measured levels of plant related 
radionuclides in the environment.  

3.3 Doses From Atmospheric Releases 

For the evaluation of doses to real individuals from the 
atmospheric releases, the same calculational methods as employed 
in Section 2.4 and 2.6 will be used. In Section 2.4, the total 
body dose factor (Ki) should be substituted for the gamma air 
dose factor (Mi) to determine the total body dose. Otherwise 
the same calculational sequence applies. However, more realistic 
assumptons will be made concerning the actual location of real 
individuals, the meteorological conditions, and the -consumption

- 33 -
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of food (eg, milk). Data obtained from the latest land use 
census (Technical Specification 3.12.2) should be used to.  
determine locations f *or evaluating doses. Also, the results of 
the Radiological Environmental Monitoring program will be 
included in determining more realistic doses to these real people 
by providing data on actual measured levels of radioactivity and 
radiation at locations of interest.
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TABLE L-1

Maximum Permissible Concentrations in Water in Unrestricted Areas

I4PCQ.ICi/ml)

H- 3 
Na-24 
P- 32 

Cr-5i 
Mn- 54 
Mn-S 6 
Fe-55 
Fe-59 
Co-57 
Co-58 
Co- 60 
Ni- 65 
Cu-64 
Zn-65 
Zn- 69 
Br-82 
Br-83 
Br-84 
Br-85 
Rb-86 
Rb- 88 

Sr-90 
Sr- 91 
Sr-92

i 
Nuclide

3 E-3 
3 E-5 
2 E-5 
2 E-3 
1 E-4 
1 E-4 
8 E-4 
5 E-5 
4 E-4 
9 E-5 
3 E-5 
1 E-4 
2 E-4 
1 E-4 
2 E-3 
4 E-5 
3 E-6 
None 2 

None 
2 E-5 
None 
None 
3 E-6 
3 E-7 
5 E-5 
6 E-5

HPC (PCi/m1)

Y-90 
Y- 91M 
Y- 91 
Y- 92 
Y- 93 

Zr-95 
Zr-97 
Nb-95 
Nb-97 
Mo-99 
TC-99m 
Tc-101 
Ru- 103 
Ru-lOS 
Ru-106 
Ag- h1rn 
Sn-113 
In- 113m 
Sb-122 
Sb- 124 
Sb-125 
Te-125M 
Te-127m 
Te-127 
Te- 12 9m

(1) If a nuclide 
conservative

is not listed, refer to 10 CFR 20, Appendix B, and use the most 
insoluble/soluble MPC where they are given in Table II, Column 2.

(2) None-(As per 10 CFR 20, Appendix B)'No MPG limit for any single radionuclide not 
listed above with decay mode other than apha emission or spontaneous fission and 
with radioactive half-life less than 2 hours.

Nuclide L
@ 1 

Nuclide

2 E-5.  
3 E-3 
3 E-5 
6 E-5 
3 E-5 
6 E-5 
2 t-5 
1 E-4 
9 E-4 
4 E-5 
3 E-3 
None 
8 E-5 
1 E-4 
1 E-5 
3 E-5 
8 E-5 
1 E-3 
3 E-5 
2 E-5 
1 E-4 
1 E-4 
5 E-5 
2 E-L.  
2 E-5

Te- 129 
Te-131m 
Te-131 
Te-132 

1-130 
1-131 
1-132 
1-133 
1-134 
1-135 

Cs-134 
Cs-136 
Cs-137 
Cs-138 
Ba-139 
Ba-140 
Ba-141 
Ba-142 
La- 14 0 
La- 142 
Ce-141 
Ce-143 
Ce-144 
Pr-144 

W- 187 
Np-239

8 E-4 
4 E-5 
None 
2 E-5 
3 E-6 
3 E-7 
8 E-6 
1 E-6 
2 E-5 
4 E-6 
9 E-6 
6 E-5 
2 E-5 
None 
None 
2 E-5 
None 
None 
2 E-5 
None 
9 E-5 
4 E-5 
1 E-5 
None 
6 E-5 
1 E-4

M PC( Ici/ml)
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TABLE L-2 

CHOIR 3NPVNIUL PAINIwT-flosc CI2NUUSI2Ii FACTORS FOR LIQUID OISCHAPUCES 

PA ItM WA - FRC~S" WATER FISH APifl SHECLLFISH AGE GROUP AULTL 

IC LIDE a 4 6 a 14 0 0 z C v A C t 4 UPPN/Ha PEP UCUIPILI 

POISE LIVCM THYROID NIO*SEl LUNGA B1-LLI SKIN TOTAL 9001 

IT---- S .2. *.ear-31 *.0or-6I ?.U2c-oI 2.00ri-St Z.Pif-&I a. 2440 
C --- 14 1. .' .*..*2*.  
F --- IN 3. .. .. p .  
06--24 1. 3...*. *.0..  
p---52 .2. o.C. 11. . C. .  
CA--lI 2. J. P.S2C.UU 4. 21-C- 3t .i.Or-ac I0" - 3 4. 4.21C.01 

PP--IL 2. I. 1 cc-1 . 13 F -45 . %.SE0 
Pc-Is S.&SI..3 3.*21:.t 2.l -r c3 2.25E-93 S. 4. 1 ! -02 
FE--Is a ..13T .3 a . PC -c C. (0. 5.ear. -0 1.92c.;4 0. 1.1 E C 3 
Co--ST U. . C. 1I . 1j. 3.  
Cc -- !) J. 1.13r-02 0. .0. 3.50E -0 3. 3.UIC.SZ 
CO--L3 a. *.I.2 0. n. 0. 9.40E.03 3. &.loC.U) 
ftliS 0. J. 0. 6. 0. 0. 0. U 

CU--Okq 0. 0. C. 0. C. . 0. 3 
z4-61 S i.,)flE*8 1 61 0 C. I .ONE -0S 0. 1.021-05 0. 1.29C.84 
OP--LU . 0. 0. 0. C. 3. a.  
Ri--U? 3.9 . U. rC. r.. 3. 3.  
up--U) 0. J3. 'I. C. M. 6 .STE-42 C. k.5GC-82 
UPi--A, 0. 0. 4. . 0. 7. . 3.  
an -- #Is 0. V. . 0. a.4.. 0. 1.  
ph--AL 0. 1.09C.45 0. 0. 2.ISC.Uk 2. 5.IUC.Go 

PU--iAU 1.12C* 0. a . . 6i . .29c.1 183 . 1.1 iEa1S 
RP-il 4. 1. 2.' .0 .3.  

SN--SI S. ~0. n . 0 . 4 
S-I .3. C.0. 0. 0. 0. 3.  
S*-i 2.1ir.088 .2 0. 0. 4.93C.Uk 4. 7.41ME04 GO Si--U? U 0. 0. . 0. 0. ..  

SP--,* 3. 3. U. . 0. 0. ..  
$A--It I.asr-aa 6. a.. 8. 4.93C.14 d. 1.49E084 
30-12 1. U. . 0. 0. 0. P. 0.  

V., 0.0 . 0. U. 0. .0 
fl ~~~~V--lik 0 . U . . 0 .U 

IT--- l 
w .0 .U .3 

T --- *1 0.0 U . 0. .0 
I --- 91 1. 4. 4.0 . 0. ..  
2U--Us 4.UUCUUU 2.49f.02 C. 3. 46E 02 S. 1.1111-86 0. 1.34E.82 
IN--I U. U. a. 0. 0. 0. U 

10 0U--93 1. B. . 0. U..P.0 
PSI--US U. 1. a. 0. U. . .0 
PO--9U ::Mas 9.t4c*1i 8: I.SE 002 9:11C-83 2.4CU . I9CB 

0IC--U, U0. 00.. 0. . .  

mC-Ill a. 0. U. a. 0. 0. U. 0.  

PUlop 1.39cot S.3E6 0. 1. 29C' U0 . 2~.E.a S. A.98K.U 

PU-tu 5 0. 0.0 5.. .U 

AU-2l10 0. 0. U. 0 .U .S 
11 121" 3.1cs I.4 c-I S.6E0 P.62t# 0. &Gc4 8. P.910 SB-IIk P. 1. U. . 0. U. . U 

BASED UP UI/SEC RELEASE RATE Of CAMN ISOOPE IN DISCHARGE FLOW Of I CCISEC WIT" 04, ADDITIONAL OILUTION 

LOr
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TABLE L-2
43101131.

E ROPIRRETAL PATH~WAY-DOSE CONWVERSION FACTORS FOR LIQUI to ISCm*RMCIs
PATWAY - FREISH WATER FISH Alii SHE~LFISH

ROJCLIDE 0 0 9 a 0 0 '3 E C A C 1 0 R IRREPIHR PER UCI/PILl ----------..--..--...----------------- 
.-----_ , --------- ---ROME LIVER SHOOO KIDNEY LUNG SI-LLU SKIN TOTAL 3007 

TE I25 b.55(.03 ?.44c.3s 2.26E-05 2.Y 3r .06 0. 3.29E .04 0. 1.14toos 
It 131R S.AOE.O, J.Nx.Cq l* ir4c 1: 19.Fs 2. TE-43 ,S.  

4EIl 7 . .. . r,. 0. 0.  I-liz l.14!7~ -d5 T.A 1 A.50E.04 1. 34E - 8 0. 3.62C .06 0. t0 1EO 

I-li 3 30. 0. 0.0.2 
I-s3 2.4ir0C. .02S I .lIt -0 3.52C -01 0. 0. . 0.69E-88 C lit 2.l. F0~.. 0. 3..I.R 1.~~, o Cs 1S 2.4r l 433C0 6. !b. C3 70.1 -0 . .2 1-134 0 2. 3 .8E0 ~ . 1 . a ..-h 0. 2C - C. II-6 .. 12- . 0. 0. 2. PE0 

3ris 3.4E 0 20 r.2 3E SSE-0 6.0E6 0. j. 4-0 CS-134 3.fllCr-05 i .1's 0. 2.2C 00 SOZC.0 4 23C .04 0. S.8 IE .03 CS-Io 3, U. (I. I.0 . .3 ~At1 $5 0. 3. 'o :, .I .J X f- 13 1 3. 3.a .0.3 .3 
0.L0 1. * . a. 0. . 0.  XE133M a. 0. 0. 0.I.0.0 

Cirt Il.IN 0: 3 .3 G. 0.2C. 0. .3.t 0.IS E0 PR-I3ll flr I. M *. 3. 6.5m.4 902E0 1. 34E 0. 510 PR-l3t 3.81.5 52C0 .1 D 0 7r 0 2. 1:2E0 a. *3.4E 
60 0 A. '. *pi 

0.  

MAL SAN 0. 1. G.u . 0.  P39-2 39 3. J. 1. . 0. . C. 0. 0.  PA-131 2.3r0 3.yrc G. 1-2, 0 '3.7F 0 C.2 2.. 2.  

IH-'Sl .2u6 5.5E0 0. 1.65C 3. 003 

PM-i l 1 3.. 1 '3 0 . 0.  01-11 1.j . .. 0 -3 .  P0 -Iq3 '.1 . . 3. 3 . a C. 2.2r0 1. . IRCo-'3 0. 1. 20 h2. 2 . -0.4E0 0.  

NAEo 00 1 4SI/E Ra.S AEO AHIOOE OROSHR(FO FICIC dii90h~t0A.OLI

AGE Mup - ADULI



TABLE G-1 

Maximum Permissible Ccncentrations in Air in Unrestricted Areas

Nuclide 

Ar-41 
Kr-83m 
Kr-85m 
Kr-B 5 
Kr-B7 
Kr-B88 
Kr-89 
Kr-90 
Xe-131m 
Xe-133m 
Xe-13 3 
Xe-i 35m 
Xe- 135 
Xe-137 
Xe-138 
H1-3 
P-32 
Cr-Si 
Mn- 54 
Fe-59 
Co-57 
Co-58 
Co-60 
Zn-65 
Rb-86 
Sr-B 9 
Sr-90 
Rb-88

MPG puCi/cc.  

4 E-8 
3 E-8 
1 E-7 
3 E-7 
2 E-8 
2 E-B 
3 E-8 
3 E-8 
4 E-7 
3 E-7 
3 E-7 
3 E-8 
1 E-7 
3 E-8 
3 E-8 
2 E-7 
2 E-9 
8 E-8 
1 E-9 
2 E-9 
6 E-9 
2 E- 9 
3 E-10 
2 E-.9 
2 E-9 
3 E-10 
3 E-11 
3 E-8

MPCA,,Ci/cc
I 

Nuclide 

Y-9 91 
Zr-95 
Nb-95 
Ru-103 
Ru-106 
Ag-110m 
Sn-113 
In-113m 
Sn-123 
Sn-126 
Sb-124 
Sb-125 
Te-125m 
Te-127m 
Te-129m 
1-130 
1-131 
1-132 
1-133 
1-134 
1-135 

Cs-134 
Cs -136 
Cs-137 
Ba-140 
La-140 
Ce-141 
Ce-144

(1) If a nuclide is not listed, refer to 10 CFR 20, Appendix B, and 
use the most conservative insoluble/soluble MPG where they are 
given in Table II, Column 1.

E-9 
E- 9 
E-9 
E- 9 
E-1 0 
E-10 
E-9 
E-7 
E-10 
E-10 
E-10 
E- 10 
E- 9 
E- 9 
E- 9 
E-10 
E-10 
E-9 
E-10 
E-9 
E- 9 
E-1.0 
E- 9 
E-10 
E-9 
-E- 9 
E- 9 
E-1 0



TABLE G-2

TRANSFER FACTORS FOR MAXIMUM DOSE TO A 
PERSON OFFSITE DUE TO RADIOACTIVE NOBLE GASES

Itadionucljide:

Kr-8 3m 
Kr-85m 
Kr-85 
Kr-8 7 
Kr-88 
Kr-89 
Kr-9 0 

'O- 131m 

13 3m 
e133 

Xe-13 5m 
Xe-135 
Xe-137 
Xe-138 
Ar-41

Dose Transfer Factors 

GF)m m P 
K.  

I 

mrem 

uCi sec/m 
3

2.4E-9 
3.7E-5 
5 .1E-7 
1. 9E-4 

4. 7E-4 
5.3E-4 
4 -9E-4 
2 -9E-6 
8.-OE-6 
9.3E-6 
9.9E-5 
5.7E-5 
4.5E-5 
2.-8E-4A 
2.8E-4 
GAMMA

B3ETA

rnrem 

uCi sec/rn
3

4.6E-5 
4.2E-5 
3.-1E-4 
7.5E-5 
3.2E-4 
2.3E-4 
1.5E-5 
3.-1E-5 
9.7E-6 
2 .3E-5 
5.9E-5 

3.9E-4 
1. 3E-4 

S.5SE-5 
BETA

(L + 1. 1 M) i 
rnrem 

uCi sec/rn
3

6.7E-7 
8.9E-5 
4.3E-5 
5.3E-4 
6. OE-4 
9.3E-4 
8.-OE-4 
2. OE-5 
4.2E-5 
2.*2E-5 
1.4E-4 
1.-3E-4 

4.4E-4 
4.5E-4 
4.* OE-4 

BETA + 
GAMMA

Regulatory Guide 1.109, Revision 1, Table B-i.



TABLE G-3

TRANSFER FACTORS FOR MAXIMUM OFFSITE AIR DOSE

Radionuclide:

Kr-83m 
IKr-8 5m 
Kr- 85 
Kr-87 
Kr-B B 
Kr-B 9 
Kr-90 
Xe-131m 
Xe-13 3m 
Xe-133 
Xe-13 5m 
Xe-135 
Xe-137 
Xe-138 
Ar-41

Air Dose Transfer Factors 

mr ad 

uCi Sec/rn

6.1E-7 
3.9E-5 
5 .4E-7 
2.-OE-4 
4.8E-4 
5. 5E-4 
5.2E-4 
4.*9E-6 
1i.OE-5 
1l- E-5 
1. IE-4 
6.l1E-5 
4.8E-5 
2.69E-4 

2.9E-4 

GAMMA

SETA 

N.  

rnrad 

uCi sec/n
3

9.l E-6 
6.2E-5 
6.2E-5 
3.3E-4 
9.3E-5 
3.4E-4 
2.5E-4 
3.5E-5 
4.7E-5 
3.3E-5 
2-3E-5 
7.8E -5 
4.-OE-4 
1.5E-4 
1l.OE-4 
BETA

Ref: Regulatory Guide 1.109, Revision 1, Table B-i.



TABLE G--4 

ENVIRONMENTAL PATHUAY-nOSE CONVERSION FACTORS Pf13 FOR GASEOUS DISCHARGE 12 

PATRU~AY - GROUND PLAN~E DEPOSITION AGE GROUP -ADULT 

NUCLIDE .0 Q 6 A N 0 0 S E F A C 1 0 R S (SO.METER-MREMITR PER UCI/SEC) 
--------------------------------------------------------- 

------------------- -------ROME LIVER THYROID KIDNEY LUNGv ;I LLI SKIN TOTAL BODY 

H ---- 3 is 0. Is21 0. 0. a 

P---32 1. no 0.)C . 0. 00 
CR--Si g. 0. 0. n. Is3.23 

FE--59 2.72E.'9g 2.T2F*OP 2.?2E*08 :>.Y2E*O5 2.72E+08 2.721F.0R 3o20E408 2.72E*08 

CO-54 3.7TSE~fR 3.TAE.OR 3.79rE08 3.7PE.OR 3.7RF*CS 3.TRE*OB 4.43E409 3.?8E.OS 
CO-SO 2.15r.I10 2o15r.10 2.15r.1o 2. 15E *10 2.15E*1O 2.15E+10 2.33E*10 2.15E*10 
141--S3 0 Do V. 0. f. 21. f. 3.  
ZN--65 0. 1) . 00 0. 0. U0 3.  
KR--R5 a. go.. 0. r. n. a 
KR-RSR 040 00T 0. p 0* u. a. 3.  
KR--R7 T 30 M,-0 )re 0.  
KR--R8 0 ~ '.0. 0. 30 re 0. 0.  
RBl--R6 3. 0.asCi 0 .0. n. 0.  
RB--Ry as 0. Do 3 0 .. 0. 0. a.55+0 RR--88 1*55E*05 1.5512.05 1.55E*O5 1.55--*O5 1.55E*05 1.5512.05 1.1812.05 I.520 

SR--90 0. I. 0. 0. no 1,' 0. 0.  
T---9c 3.35E+06 is 35F #06 5.3512.06 cis 35!7.O6 5.3512.06 So.3512.06 6.!3E.06 5.3512.06 

ZR--95 3. 1. 1)*3 3. 1,. 0. 0.  
NP--95 go 0. je fl. a: 0. 3. 0 .g 

RU-103 11. I. a. I. - 0. o. 3.0u 

AGhOR Is. 10 11. J. C. Do 0. a 
*uli a. r, . Is g.o.a.  

SN-123 0. On no0 3. 0. 0.3 

BASED ON 1 UCIISEC Rr LEASE RATE OF EACH ISOTOPF IN AND A VALUE OF 1. FOR X109 DEPLETED VII) AND RELATIVE DEPOSITION



0

PATHWAY -GROUND PLANE DEPOSITION ASE GROUP - ADULT

0 R G A N n3 n s E F~ A C T 0 R S (SO-MF'TER-MlrM/YR PER UCIfSECl 
-- ------------------------------------------------- -------------------- --------- ---------

THYROJID KIDNEY SIN

NUCLIDE 

SN-1 26 
SH-124 
Snfl12 
TE125M 
IF12YPM 
TE 129n 
R-130 
!--131 
1--132 
1--133 
1--134 
I--135 
CS-134 
CS-135 
CS-136 
CS-13T 
C S-138t 
XE -133 
*E-135 
WE 135M 
XEISIM 
WE 133M 
Xf'-138 
LA-149 
FIA137M4 
BA-140 
CE-141 
CE-I,.  
PR-143 
ND- 147

RD NE

RASED DR I UCIISEC RELEASE RATE OF EACH ISOTOPE IN AND A VALUE OF I* FOR X/99 D-PLETEO X/O AND RELATIVE. DEPOS[TION

TABLE G-4 

ENVIRINMENTAL PAYHUAY-V3osE CnNVERSION FACTORS P(I) FOR GASEOUS OISCHAI6E

83/0 1/28a

0

C * 

1.03E*07 

1. 34F*06 

8.87E4.05 
6. 0 IE 09 

1 .2aE+10 
4 .121:403 

33.  

n 

0.0

LIVER

0.  
0.  

I1.10E E.09 
00 
1 .04! # 06 
6.8s!:+09 

as 
I1o .3' #10 
3 . 60 E 03 

00 
0.  

I .  

PG*3 
I*.SEO 
go

LUNG

00 
0.  
go 
go 
C0 
0.  

8.50E*0 6 

(1:1 OE 40S 

0.  

1.0 3E*10 
3.6GE*03 

0.  
C .  
0.  
0).  

's.  

10

10: 0E9 

'3.0F0 

1 .16[*08

0 SE 06S 

1.04AE+96 
6. 8 'E *09 

1 . M 3E.10 
3. 60E .0 3 

,0 

1I .6E +08a

GI-IL

0.I 

0.  

1 .0E.*0 

r0 

0.  
r .o r0 

0.

TOTL BODY 

1.  

a0 
3.  

'3.  

3.  

30.  

0i.  

1.083E+08 

)0 

0.

0.* 

0.  

6. 5QC .*06 

0 .  
I .03E.l0 

3.60E#0 3 
n , 
00 
0.  

0.  

I e86E*08 

r.



0

PATHWAY - INHALATION AGE GROUP - ADULT

0 R nl A N n 0 S E F A C T 0 R S (MREA/YR PER UCIICU.METERP 

BONE LIVER .TIHYPOID K(IDNEY LUNG 91-LLI SKIN TOTAL BODY

NUCLTDE 

H--- 14 

P --- 32 
CR--51 
"N--54A 
FE-53 
CO--57 
CO--51 

NI--633 
ZN--fis 
9R--85 
KR-85M 
KR--9? 

KR--Rg 
SR--ft9t 

SR--9O 

Y---91 
ZR--95 
NB--93 
RU-103 
RU-106 
AO11ONM 
C0115" 
SN-123

Do 

0.  
I* 
0.  
0.  

00 
r0 
g.  

r .  
0.  
Ile 
0.  
M.  

re 

r0

SDON I UCIISEC RELEASE RATE OF EACH ISOTOPE IN AND A VALUE OF 1. FOR XfOo DEPLETED X/Q AND RELATIVE DEPOSITION

TABL*- 4 

ENVIVINNENTAL PATHWAY-DOSE. CONVERS ION FACTORS p(T) FOR GASEOUS DISCHARGE 12

0.  

0.  
0.  

0.  

0.  
0.  
Do 
0.  
go 
go 
0.  
0.  

ne* 
0.

BASED



A 3/0 1/28.  

TABLE G0 

ENVIRONMENTAL P4THWAY-DOSE CONVERSION FACTORS P(T) FOR 3ASEOUS OISCMAPGE 12 

PATHUAY - INHALATION AGE GROUP ADULT 

NUCLtOE 0 R S A N 0 n S E F A.C T 0 R S (PEM/YR PV:R UC[/CU.*ET:R) 

BONE LtVER THYROID KIDNEY LUNG GI-LLI SKIN TOTAL BODT 

SN-12S I* 1. 0.'.2...U 
SH-124 1* U.U.0U.. no g.o 3.  

SR-125 13. 2. U. . 0. 0. 3 .  
TEL25q 0. 0. c. 0.* 1. '. 1 3.  

TE12YM 0. * .. r. q U. 0~ . 0.1a 
TE12q" D. 0. r 0 ?* v C. 1. Do 
1--130 0: '3. no Co r. Do go G.  
1--131 1.2r9E.UA I.TE*OA b.8qr+06 3.O3E*0A g. 3.l0;:*03 0. 1.U1E*0A 

1--132 It U. li. o0. 90. 1.  

1-133 3.Ar3F.03 6.f62E*03 9.62E*OS 16E 409 Co 3.9TE+03 C . 2:02E+03 

1--1314 2. 2. Do 9. 0* r7 0. U.  

1--135 9.41r*02 2.45E+03 1.5TE*15 3.91E.03 0. 1.e4E*03 0. *9.02E+02 

CS-134 a, 02. C* r, 0 .0 a* 0. J.  
CS-135 30 0. 6. 0. 0. 0. 1. 0.  
CS-136 3. U. * . %1. no 0. 0. go 

CS-137 0. 3. 6. 0 0. 0. 30 2.  

CS-I38 Do.t 0. 0. 0. no U. 3.  

W(E-133 us . 0. 0. fl 0. .  
XE-135 2. 0. f0. 0. C* n . 0.  

REL3S;M 09 -3 30 2. Do 0. 11. 30 

XEl33N 0.0.0 0. C0. 0 1. 0.  
KE13B .go G. 0o '.. 00. 0.  

I2AI3T4q I. a. V.,.  

BA-l40 3. 30 .0 0. Do0 1. U.  

CE-141 2. 0. r.' .U .0 

CE-L4A D. 3. U.U.C C. '.3.  

PPR-13 no 0. go c. 0.C.1.3 

ND-lAY 0. G.o .0.u .0 

BASED ON 1 UCIfSEC RIELEASE RATE OF EACH ISOTOPE IN AND A VALUE OF 1. FOP XfG, DEPLETED X10 AND RELATIVEDEPDSI'ITON



0TABLE G-4 

ENVIR9NMENTAL* PATHWAY-DOSE CONVERSION FACTORS P91) FOR GASEOUS DISCHARGE

PATHWAtY - COWS MILK fCONTAMINATED FORAGE)
AGE GROUP - ADULT

0 R 6 4 N n a S E F A C T C) R S (SO.MFTER-MREM'YR PER UCIISECI 

-----------------------------------------------------------------------------------------------------
,HONE LIVER THYR9ID KID3NEY LUNG, GI-LIK' SKINt TOTAL BODY

NUCLI DE 

c4 --- 3 
PC--- 32 
Cp--32 

MN--54 
FE--'sq 
CO--57 

C'O--40 

NI--63 
Zw--65 
KR--'15 

9(R-As" 
XR--97 
KR--88 

R--89 

SR--90 

ZR--95 
NB--95 
RU-10 3 
RU-106 
46113" 
CDIISM 
SN- 123

0.  
n .  

0.  
13.  

'3.  

0.

C.o 

A .35F*06 

0.  
O.  

0.  

0.  

0.* 
0.  

'0 
0.o 
0.  

0.  

0.  
0.  
0.

loo3E+0? 
9.961E.O? 
no 
3.9?E*O? 
1.* 22E+138 

r..  

0.  

C.  
o.  
go9EC

0.  

0.  

0.  

0.  

0.  

0.  

7.0?*0 

.3.  

90 
Do.

BASED ON I UCIISEC RELEASE RATE OF EACH ISOTOPF IN AND A VALUIE OF I* FOR XI0, DEPLETED X10 AND RELATIVE DEPOSITION

0.  
3.  

*3.36E~flG 
2 2.99E +17 
10 
1 .9 6E 4O6 
6 es E +0 ri 
a.* 
U .  
0 
00 
0.  

60 
0.*

30 

I 2TE +0 

0.  
3.  

C.  
I o 

00 

10 
30 

GoIGE*08 

I.o 
0.  

00 
.0



83/1)1/293.  

TABLE G-0 

ENVIRONMENTAL PATHWAY-DOSE CONVERSION FACTORS P(I) FOR GASEOUS DISCH~ARGE 

PATHWUAY - COWS MILK (CONTAFMINA1TED FOQAf'E) ACE GROUP -ADULT 

NUCLIDE 0 G A N 0 0 S E F A C T 0 R S (SO.METER-KREMfYR PER UCIfS_:C 
----------------------------------------------------------------------------------------------------

HOnNE LIVER T"YR')ID KIDNEY LUNG GI-ILI SKIN TOTAL BO!Y 

SN-126 3. 3. 0 . 0. 0.fl 0.  

SH-125 0. 0. is co C. 0. 0 g 0.  

TE1293N 3. 1.0 0. 1. n. 0. Do 0.  
TE12?q D. s C. C. 0. a* co U. 0.  

TE129M 1. 3. n. 1, 0. C. I. * .  

1--133 noc C. *. 'j.09 a * o ue. a 
I--131 T.19E*97 l.03F:*Cfi 3.37E*10 l.76E*08 0. 2*71E*07 0. 5.99jE+07 

1--132 10 3. f. n f! r 0. 3. 3 

1--131 R.YTtE05 1.53E*96 22.2e. 0 2.66E*06 0. l.37E+06 D. 4.65E+05 

1-1l35 2 .27r.0O3 5.94E*13 3.q2E.Q5 '4.52E*03 4.58E-02 6.71E*03 I. 2.19E*03 

CS-134 2e23E*09 5*30E*09 0. l.T1E*09 5.69E.os 9.27E*01 4.3.0 

CS-135 3. 0. 0. 1 . 0. 0. 3. 0.  

CS-136 n. a. no Cie n. r, 0no 

CS-137 2.qnE.09 4*AE3 0. 1.38E4'39 4.60E*08 7.89E*OT 0. .1E 

XF-138 0 0. 0. n 0. 0. 0 . 3.  

XE-135 )0 0. co is 'r. . n. 30 3.  
XE 15M 0. 3.o C. Z; 0.D 0. r. 0 
NE131M 'I ,. go go. C. no co .  

1F 133M no Do u. 00 c. me 0. as0 

NE-13R Is 3. 0. nl ,. 0. 0. go.  

LA-144 I* 3. ofl * 3. . 1). 3). U.  

PAIY 107M . 0. r-. 00 no 50.~ C.  
84-14O 1 .28E s0T 7 toJE40A 0. 5.44E*03 9.ITE*3.3 2.TOE.07 Is 8.35E*95 

CE-144 0.1).2 .i C.'3 0.  

CE-141 g. c. 3.r*1 0. D 0.  

BASED ON 1 UCISEC RELEASE RATE OF EACH ISOTOPE IN AND A VALUE OF 1. FOR Xf09 DEPLETED XfQ AND RELATIVE. DE-PISIrION



S

PATHWAY - SROUND PLANE DEPCSITION AGE GROUP - TEENAGER

NUCLIO0! 

H---- 3 
C --- 14 
P--- 32 
CR -- S I 

FE--59 
CO-ST 
CO--5" 
CO--6o 
NI--Si 
Zq--6S 
KR --5 5 
KR-R5H 
KR--q7? 
KR--MA 

Rs--R(V 

RR--138 
SR--89 

?R--95 
""--95 
RU-103 
RU-106 
AGII0M 
CD I I c; 
SN- 123

0 R GA N I3f S E F A C T 0 P S (SO.NETER-MREM/ VR PER UCIISECI 
--------------------------------------------------------------------------------------

[InNF LIVER THYROID KIDONE Y LUNG GK-LI SKIN TOTAL ROOT

0.  

'2.S*O 
30 

0.  

0.  

.0.  

1.  
0.  

-0 

0.  
5l5! *

a.  

0 .  

I .38E +01 
2 .72E+0 8 
0.  
3. 1817*18 
2 .15!: 10 

0.  

0.  
0 
0.  

-0 

0.  
1 .55E 05 
2.16E 404 
0.  
5 .35E* 06 

30 
30 
30 
go

0.* 

09 

1 *38E*09 
2. 72E*'18 

3. 79E*08 
2. 15!.10 
0.  
a.  

a* 
0.  

1 .55!:+05 
2. 16E*04 

5. 35E+ 0 6 

0.  
0.  
r,.  

00 
C 
o.

2.*72E .08 

3.1FI*0 

I3. SSE +a5 
2. 1 GE 04 
0 .  
S,. 3 0 
0.  
lo 

0i

0.  

3.YRF.OR 
2 .15F 410 
0.  

I0.  

0.  

I.'o 

00 

0.*

0.  

v0 

1 .38E*09 
2.72S*08 

39 TRE*0B 
2.15E 410 

C.  

0.  
1 .'55F.& 5 
2.16E*04 
0.  
5. 35E*06 

0.  
r ,

1. 62!: 409 
3. 20E # 0 
0.  
4.943E 408 
2.53E:410 

0.  

a* 
I o 18E.05 
29SOE404 
0.  
6. 33!: +406 

90

0.  
C.  

2. 727*0 

'3.7E0 

2. ISE 10 

00 
9.  

'0 

3.  

1. 55!: 05 
2. 16E+ 04 
a.  
5. 35E*06 
00 

0.

BASED ON I UCIISEC RELEASE RATE OF EACH ISIOTOPE IN AND A VALUE OF 1. FOR K/fl, DEPLETED K/ti AND RELATIVE 07-POSITION

TABLE G-45 

ENVIRO)NMENTAL PATmwAy-0lsr: cfn4VERSION FACTORS P(!) FOR GASEOUS DISCHARGE

83/U 1f2go

0



TABL@M-4

ENVIRONMENTAL PAT14VAY-DOSE CONVERSION FACTORS PtIl FOR'GASEOUS DISCHARGE

PATH4WAY - GROUND PLANE DEPOSITION
AGE GROUP - TEENAGER

O P 6 A N. 0 1 S E F A C T 0 A S tQs.PMEtER-MPE~fYR PER tUCIfSEC) 
--------------------------------------------------------------------------------- --------

ROME LIVER THYROID KIDNEY LUNGG-L KNTTL80
NUCLIDE 

SM-126 
S8-124 
SB-125 
TE12'mi 
TE 127M 
TE129M 
1-130 
1--131 
1-132 
I--133 
I--134 
1--135 
CS-i 34 
CS-135 
C S-136 
CS-13T 
CS-138 
XE- 133 
XE-135 
XE135M 
XE131M 
E13 3M 

KE-13R 
LA- 180 
IAL37M 
BA-140 
CE-1l11 
CE-144 
PR-lA 3 
ND-I A ?

go 
0.  

I*E 

g.  

B.S0E*06 
3.  

3.  

6.86E*09 

1.3 3E*10 
3 *60 F*403 

00 

0, 

0* 

C .

g.  

0.  

no 5?S .06 
0.  

I C0E +06 

10 4E .06 
6.86E +09 

1 .0 3r 410 
3.60E *03 
0.  
0.o 
0.  
0.9 
C .  
n .  

0.  
n .  

1 .86E 408

g.  

0.* 

0.  

9 .50F 40 6 

I 10E06 
Do 
1.g' 40 6f 
6RE409 

I * 0 SE 10 
3.60E* 3 

0.  

00 

0.  
0.  

"o 
C .8F0 
I .6 

C.  
00

fle 

0.  

C.  

R.50E*06 

1.10E406 

I1.0 SE 0 6 
6.a83E+D 9 

c0 
1.o03E *10 
3*613E403 
0.  

0.  

0.  

le.  
go 

0.

0.  

4912E*03 
0.  

0.  

S. 12E*G3 
S0

30 
30 

00 

3.  

0.  

1.10 E*05 

6.86E*09 

0.  

1.0 3E+10 
3.G0E*03 
1.  
3.  

-3.  
I .  
0 
0.  
0.  

0.  

30

BASED ON I UCTISEC RELEASE RATE OF EACH 
ISOTOPE 14 AtiD A VALUE OF 1. FOR V109 DEPLETED XfQ AND RELATIVE OrpoSIT[0N

.0

0.  

0.  
0.  
'3.  

0.  

IOe 

I .0E06 

6.8 6E*09 

V.0 
1.0 3E 10 

0.  
0.0 
0.  
0.  

0.  
00 

I Rc3E09 

go

0.  
1.  
0.  
0.  

'3.6E0 

0.  

0.  

.0 
0.  

1 .86F 410a



93/01/28.  

S TABL-4 

ENVIRONMENTAL PATHIIAY-OnSE CONVERSION FACTORS P91) FOR G.ASEOUS DISCHARGE 12 

PATHUAT - INHALATION AGE GROUP -TEENAGER 

NUCLIDE 9 R 6 A N D f) S E F A. C T .0 R S (MirPMfTR PER UCIICU*1NETER) 
-------------------------------------------------------------- 

--------------- ---------RONE LIVER THYROID KIDNEY LUM; ----- ILLU SIN TAL O 

H ---- 3 re 0...I 0 .0 
C --- 14 D. g. Is. nl 0. 0 I 
C---i 32 go9 0* V. 00. 00a.  
CN--5A I.* Do 0. 0. 12 0. 0.  
0CN--54 Go c0 0 0l. Cl) 0. 0. 9.  

CO-58 g. no no c. M* 0.0 CO-60 0 0. 0. 2. go Do. go 0.  
NI--63 c 0. *l (0 go 0*., 3, ZN--65 0. 0. 0. 2. ' 1. a. go0 
KP--8S 9 g. o3 0. 2.G. 0. 0.0 KQ-A~lM 0. 00 00 13 '0 .' o0. 0.  Kp--aT 0. C.o no lo n 0. 0. 90.  KR -- S 3. 3. 2. . n. Do 0. 9 Re-85 0. 0. 2. 0. 09. 0. 0. 0.  RBl--B? 0. l2 . lo. f g. lo 2.  
R8--88 3. 0. 0. G2. U.'. 0. 0.  SR--89 0. 0. 0. 00 0 . . I 
SR--9O 0. 0 '3. 3. 00 G.  Y---q0 0. c. c. 0. ro 3. a3 0 
T---91 0. 0. (Is 0. 0. 0. '3. 2.  
ZR--95 a. (2) '3. (to3 30 (2.  N8--95 0. '3. Do 02 '3. 0s 0. 0.  RU-1O3 '3. 00 C V' 0. C'. le 0.  
RU-lOS go a* V3. '3. 0' Do le go 
AGlION 3. 2. 1. 0. 00 Go go 
colts" 0. 0. (2. 0. no 0. 1*. a.  
SN-123 as t. o. no 0I a3 co .  

RASED ON I ICIISEC RELEASE RATE 13F EACH ISOTOPE IN AND A VALUE OF 1. FOR XfO, DEPLETED X19 AND RELATIVE DEPOSITION



TA* G-4 

ENVIRONMENTAL PATHWAY-DOSE CONVERSION FACTORS Pf1) FOR GASEOUS DISC$IARGE

PATH4WAY - INHALATION AGE GROUP - TEENAGER

0 R G A N D n S E F A C T 0 R S 'MREMIYR PER UCIICU. METER) 
---------------------------------------------------------------------------------------------------

BONE LIVER THYROID KIDNEY LUNG 6K-LI SKIN TOTAL BODY

NUCLIDE 

SN- 126 
SH-1 24 
SR- 125 
TE125H 
TE121M 
'E129M 
1--139, 
1--131 
1--132 
I--133 
1--134 
1--135 
C 5-134 
CS -135 
CS-136 
CS-137 
CS-13s.  
XE-133' 
ItE -135 
RE 13604 
XE 131M 
RE 133" 
XE-t38 
LA-14O 
HA 13?" 
BA-143 
CE-1 41 
CE-144 
PR-14 3 
NO-147

BASED. ON 1 UCIISEC VELEASE RATE OF EAC' ISOTePE IN AND A VALUE OF 1. FOR KfQt DEPLETED XfQ AND RELATIVE DEPOSITION

83101128.  

0

.3.  

*0.  

0.  

0.  

* 

01:30E+04 

2.78E+03 

1.* 2 3E+03 

04 

0.  

g.  

3.  

1.  

0* 

0.  

3.  

0.  

go 

0.

le.  
Do 
0.  

lo 

I .75E*0A 
I* 
5.44E*03* 
lo 
1 .30E*nl3 
0.  
0.  

0 
10 

0.  

'Is 
lo 

I

0 

9.I6E*03 

3.32E .03 
0 

10 

!0 
30 

3.* 

0.* 
go.  

3.

0.  

go? 
no 

0.

0.  

1.61E .04 
9.  
5.23E #03 
00 

0.  

-1.  
0.  

0.

0.  
0.  

0.  

0.  

r0 

3. 21E.*03 
0.* 
A. 62E*03 
0.  
2.44AE403 

0.  

0.  

no.



p 83/0123, 

ENVIRONMqENTAL PATHWAY-O'Sr C'nlVERSfON FACTORS P(T) F13R GASEOUS OTSCI4ARGE 12 

PATHWAY - COWlS MILK (CONTAMINATED FORAGE) AGE GROUP -TEENAGER 

NIJCLIDE 0 R G 4 N n n 3 F A C T 0 R S (SO*METER-MPEMfTR PER UClISEC) 

"ONE LIVER THYR'3ID KIDNEY LUNG CI-LLI SKIN TOTAL BODY 

H ---- 3 3. no. to g. 0. c. go 3.  
C ---I 14 0 0. 0. '3. 0. 3. 0.03 
P---32 Do 0. n. 0. 0. 0. 0. 3.  
CR--51 no 0. c. 0. . V. .0.  
MN--54 no 5.59C,406 Li. 1.6?E*06 3. .15'E*0T 0. 1.IZE*06 
FE--59 2o22E'VF 9018F:.VT g. 3. 1.)63E*037 1.22E*08 0. 2.00E*07 
CO--51 0. '3 ' 0 0. us 0. 3.  
CO--58 u. 3.3gE*06 0. 0. 0. 4.55E.07 9. ?oGOE436 
CO--S0 V 1 10IE*07 0. 0. 0. 1.43E+08 1. 2.48E+07 
NI--63 0. 0. as 0. 0. t. 0. Do 

KR--85 go. n. *. a*r-. 0. 0. 0. go 
KR-85M oe 0. 13. 0. 0. C* 3.a 
KR--S? 0. Q. e3 3 goasn 00 0.  
KR--SR 3. 0. . '3. 0. 0. !. 0.  
RR--86 0. 0. t. no 0. 0. 0. 0 
RD--ST 0. 1.OIE-05 go 3. 0. 3.15AF-OT 0. 3*54E-36 
RB--MS go 3. 0. 3. 0.n 0. 0. us 
SR--99 1.IR#E*Oq 0. 3. ' i.(. 1.!SE*OS 3. 3.25E4-07 

pSR--90 1.ARE*1O 0. t,. 0. no T.?1E*G9 0. 3.97E*09 
Y --- 90 4.RA4E+02 0. .3. '3. 0 . 4.00E*06 no. 1.31E*01 
Y --- 91 as go 0. 0. 0. as f? . 0.  
ZR--95 go 0. 3. 0. '3. 0. a. V.  
NB--95 0. 3. 0. * . go 0. 0 . 3 
RU-103 1. 3. 0.0. 0. Is. 0. 3.  
RU-106 . .go 0. Do 09 g. 3.  
AGIOM 30 0. 3. 9. 03. V. 0. V.  
coD11N .0. 30 r, C. 0. 0. 0. 0.  

pSN-123 0. 0* Go I. 3. 0 0. 0.  

BASED ON I UCIISEC RELEASE RATE OF EACH ISOTOPE IN ANO A VALUE OF to FOR X/09, DEPLETED XfO AND RELATIVE DEPOSITION



ITABLE G4 

ENVIRONMENTAL PATHWAY-BOSE CONVERSION FACTORS P(l) FOR GASEOUS DISCHARGE 12 

PATHWAY - COWS MILK (CONTAMINATED FORAGE) AGE GROUP - TEENAGER 

NUJCLIOE 0 R 6 A N 9 n S E F A C T 0 R S fSG.METER-MREMIYR PER UCIfSECI 

----------------------------------------------------------------------------------------------------
BONIE L I VR THYROID KIDNEY LUNG Gt-LIl SKIN TOTAL BODY 

SN-126 0* 00 C. e e o c. Q. 0 0.  

SO-124 0. 0. 00 l. v. 0. a. 0.  

S02 *. G o a. n, Ce 0. 0.  

TE125I 
e. .. (to.0.0 0& 

TE129M 0* 3. C. no C* 0 3.  

I--130 3. 0. 09 t, o. go 1 0 

1--131 i.MWE*OR l.43E &!9 S 33c'+ 10 3.14E.O 0. O 3.G1E*OT 0. 9.RIE*07 

1--133 1 rO r 0 1. 2.T2E+O6 3*80F*08 *.?VE*06 0o 2.06E*06 0. 8*29E*05 

T--134 le 9. 0. no 0. 04 0. go 

1--135 4.3+1 1.0A4E494 6.6?E+05 l.SAE+*0# leC2E-01 1.15E*3A l. 3.8AE*05 

CS-134 3.437E*09 9.13E#09 0. 2.039E #09 l110F09 lol3E*08 0. 4.22E*09 

CS-135 0. 00 J..I * 0.o 0. 0.  

CS-137 5*40E*09 7.19F*09 co 2*45E+09 q.50E#0R 1.02E*OR 0. 2o5gE*39 

CS-13R 0. 0* 0. 9. 0. le 0.  

XE-135 0. 0. C. le 0. go 00 3.  

XE131M le 0. 30 3. 0* 0. 30 

XE133M I e 0. To 5 0. 0. 00 

XE-138 00 3. I*o C. 2. ' 0.  

LA-140 no 30 j. 0 , 0. 0l. .30 0 

HAIY 1. TOR "o 3. -1 n. 0. 0.  

RA-lAO 2.3017.#07 2.R2E*n4 0. 9.56E+03 I.90E*0A 3.E,5E.*01 0. l.ABEe-06 

CE-141 1* 00 e go. P. C. 00 

CE-14A . 0. -. 0. Co 00 00 0.  

PR-143 'o 3. 00 C. 0. 0.' 00 0.  

ND-14? C. fl. -.
go0 0. 0* 0.  

BASED ON I UCKISEC RFLEASE RATE OF EACHI ISOTOPE I4 4ND A VALUE OF 1. FOR Xf~ DEPLETED K/O AND RELATIVE DEPOSITION



TABLE GO 

ENVIRONMECNTAL PATHWAY-DOSE CONVFRSION FACTORS P(I3 FOR GASEOUS DISC1HARGE 12 

OATHWAY - GROUND PLANE DEPOSITION AGE GROUP -CHILD 

NUCLIDE 0 R 0 A N n 0 S E 4 C T 0 R S (SO.METER-MREM/YR PER UCIISECJ 
----------------------------------------------------------------------------------- --------

13ONE LIVER THYROID KIDNEY LUNG 61-LI SKIN TOTAL BODY 

P --- 32 1* 0. 2. 7 0. 1. 00 
CR-91 1.1 . . 0. D. 0. a Pf4'E-5A 1.38F40? 1.38E*09 1. 38E *019 1 0381: *09 1.38F409 1. 3R! *09 1.62E*39 1.38E*09 
FE-59 2.72E#C8 2.?2E*0R 2.72ro8 2.72E*08 2.?2E.OJe 2.72E*08 3. 2O 008 2.?2E.O8 
CO--5? 0. 1* 1-* 1*o. 0.0 a. 0.  
CO-se 3.?RE*39 3.7817+ 08  3.78E*98 3. 7 8R,+0 3eTBE.08 3.78E.09 *.83E*OS 3.76E+08 
CO-60 2.15E*10 2.ISE*1O 2.15E+10 2.15E*iO 2.19E#10 2.15E.10 2.53Eo1O 2.ISE*1O 
N--65 0. 0. C. *. . 0. 0 Do.0 
KR--115 0. ot 0 a. (0 O. 0. l.  
Kq-q5 0. go 0. l. n. Co 0. 0.  
KR--qi 0. '3. . . te ce 0. 0.  
KR--SB -0 0. f.. 0 * c.0. 0.  
Re--86 g. C.. o. go go 1! 0.  
RB--A? 1. 0. C. C. r. c. U. go 
RB--R I .551E*15 i.55F_.O5 1.55E*C5 I .55E +05 1.55E*05 1 .55!: O5 1 7ME405 1.55E*05 
SR--89 2.16E+04 2.16E #13 2.i6r*04 2.16E*04 2.1SE.OA 2.16E*04 2.50E.OA 2.i6E*04 
SR--90 3. 2. Go n.o.0. 09 Y---~ 5.35.OS .35E*oS 5.35E+06 5.35E.0% 5.35E*06 5. 35E*O6 6.30S 55E6 
Y --- 91 0. ?. g. j. 0. .o.o 
ZR--95 1. n. I . n. 0. co 00 3.  
MR8-95 g. le 00. 0. 0 no 0. g.  
RU-103 go 00 '. co. fl. 0 9 
RU-106 a* 0. go I2 1. 0. 0. 0 
AGION g. 0. . '0 0. 0. 0. g.  

SH-123 no 0 go 0. n. co :0 go 

BASED ON I UCIISEC RELEASE RATE OF EACH ISOTOPI: IN AND A VALUE OF 1. FOR XI99 DEPLETED X/O AND RELATIVE DEPOSITION



83/0 112R *

TABLE G-41 

ENVIRfONMENTAL PATHVAY-fDOS!E CONVERSION FACTORS Pfll FOR GASEOUS DISCH4ARGE

PATHWAY - GROUND PLANE DEPOSITION AGE GROUJP -. CHILD

0 R 6 A N 0 0 S E F A C T 0 R S tSE.METER-MREMIYR PER UCI/SEC) 
------------------------------------------------------------------------------- ------- ---------

THYPO 10 K 104EYBO NE

NUCLI 0E 

SN-126 
SR -1 29 
SB-125 
T!:125M 
TEI27M 
TE129q 
t--131 
I--131 
I--132 
1-133 
1--134 
1-135 
CS-134 
CS- 135 
CS-i136 
CS-i"? 
CS-13FI 
XE-133 
XE(-135 
XE13pq 
XE1351M 
ICE133M 
XE -1 3R 
LA-143 
BA 1 37M 
HA-14C 
CE -191 
CE -149 
PR -143 
NO- 147

BASED ON. I UCTISEC IELEASF R4TE OF EACR ISOTOPE 14 AND A VALUE OF to FOR XfD, OEPLETED X19 AND RELATIVE IEPOSITION

LIVER 

0.  
0.  
0.* 
go 

I's 

3.6E0 

0 

3.  

3.  
1.0 
066.O 
136- 0 
0.  

0

LUNG 

0.  
0.  

a.  

A .50(406 

10 

1.04E*06 
6 .8&F*09 

0.  
I .P3E *10 
3.60'.*03 
0.* 
0.  

0.  

0.

0.  
0.  

is 

00 

1.53406 

0.  

0 

10 

0.  

Do 

Os

0.  
as 

8.04E 406 

6.86E*09 
n.  

1 .13E 10 
3 .60 .0 3 

r0 

(00 

0.  

0.* 

0.  

0.

30 

'0 

Cs0 

A.50 (406 

1410E406 
0.  
1.04E*06 
6.96E*09 

1.93E*10 
3.60(403 

C.  
0.8E0 
G.  

Is 

2.  
Go

1.  

0.  
'3.  
6.50E 406 

1.09406 
6.8 6E*39 
0.  
0.  
1.gy- +10 
3o6t1E: .03 
0.  
1.  

0.  
.  

'0a 

1 . F6E+08

SKIN 

10 
0.  
Is.  

0.  

1.03F 407 

1.4406 
0.  
8.07(405 
W.01E.*09 
3.  

1.20E 410 
4.12E*03 
0.  
0.  

0.  

0.  
1.TCE 408 
g, * 

0.  
0.  
09

TOTAL BOOT 

,0.  
'0.  
0.  
0.  
0.  

R.SOE*06 
3.  

1.09406 
6.8 6E409 
0.  

1.0 3E*10 
3.60E*03 

0.  
g.  
go 
0.  
0.  
Do 
1.96E+08 
a.  
0.  
0.  
0.



8 3/ Q if:.

TABLE

ENVIRO4MENTAL PATHMAY-OnSE CONVERSION FACTORS PITl FOR GASEOUS DISCHARGE

PATHUJAY - INHALATION
AGE GROUP - CHILD

NLJCLt DE 

H ---- 3 
C --- 14 
P---32 
CR--'51 
MN--5#4 
FE--59 
CO--5? 
CO--58 
CO-60 
Nt--fv3 
ZN--65 
KR--8~5 
KR-R5m 

KR--IMf 
RR--86 
RB--RY 

SR--R9 
sp--90 

'7---91 
ZR--95 

-O-95 
RU-133 
RU-106 
A.II3M 
C13 15n 
SN-123

BASED ON I UCTISEC RELEASE RATE OF rAC4 ISOTOPE r4 AND A VALUE OF 1s FOR XIQ, DEPLETED XIQ AND RELATIVE DEPOSITION

0

0 R 0 A N 0 n S E F A C T 0 R S * MRENfYR PER UCIICU.METER) 
-------------------------------------------------------------------------------------------------------

"ONE LI VER T"Y PO 1 KIDNEY LUNG G1-LLI SKIN TOTAL HOOT 

3. 0. v. a. D. 0.0.0 
0. * ?.2.7 2. 1* g. 0. a.  

I0: 0 : g 0: 00 go Do 
o 0t go0. 3.  

I3. 0. D. g. 0.go0 
g. 0 n. . Do 0. 0.  
0. 1 U.0 0. 0.0 0 .a 0.  
30a o9 !0a sa 

00. 0. D. f4 o. 0. go.  
0. 1. 90 0. 3* 0. a.  
9. a. 0. ro 0. 0. g.o0 
0. .3. 0.. 0. Do 0. 0.  0. 0o c. 0 .n3 0. 0 le(I*.  
oe a. p2. u. 0. 00 0. 0o 
00* 1* n , ~ r. .0,.I 0 a.  

3030go..0 09 go Do 
n. lie 1. 0o 0. 0. 0.  

0. 1. 0. 2. 0. 0. 0.  
0. 0. 0. 0 0. 0. 0. '0 
go 0. 0, as 3 0.  
0. go 0. 0. 0o 14, Do a.  
I. Is C. I . )0 v. 0. 0.  
1 30 0. 0. 3p. 0.2 0.  
1. 0. q. 0 0. 0. 0. 0.  

re 93 . 0. 0. re. 0.3 
19 '3 2. C. oc. n-A



0TABLE Gl 

ENVIRONMENTAL PATHWAT-OnSr CONVERSION FACTORS P41) 
FOR GASEOUS DISCH ARGE 12 

DATHWAY - INHALATIONAGGRU 
CHL 

NUCLIDE 0 P G; A N 0 0 S E F A C T 0 R S 4MREFI/YR PER UCIICU.METER) 

RONE LIVER THYROID KIDNEY LUNG GI-LIt SKIN TOTAL BOOT 

0012 0. 0. 09 3.. g. 0. 00 

SH-126 go Go I. *. 19.0 c. * go a.  

TEl25N4 O. 0. Jo 0.3 . 0. 

TE12VNq 0. * 3 3. 1. re Do 00 3 

TE12914 3. 0. 00 7. 00 0. is J 

1-130 '3. 3. no no ID *. 00a 

I--131 2.391E *C ?.38E*04 Ro32E*06 3.89E*1A 3. 1.AE*03 0. l.35E*0# 

I--132 0. 00 !,. 0. 3. a. I.3 

1--133 7o,1F*03 9.OSE.133 I.72E406 I l.51E'O 0.0 a 2*45E*03 0. 3044E*O3 

1-13% 0. is . e. f)0 00 go of 0.  

1--I35 1.T3r.*03 3.O7E.33 2.TRE*05 q.TOE403 0. I .56E40O3 3. i.46E#03 

CS-t3s Do 0. I. 0. 00 0. lo go.  

CS-135 0 I. c. V. 0. 0. 0. 3.  

CSE13H VI * ~ 0. 0. as co I. o .1o 

CS-31N go 0. 5. * o 00 00 0. 3e 

CS-138v Do g. 0. 0. '. 00.c 0. * 

NE-133 0. 0. 13. 90 no 0. 30 0 

XE-135 g.o ~ 0. 00 0. 0.92 0. D 

XA13114 D. 0. 0. 0. no go 0. 3 

WElA 133 .-t 0. o 0 0. 0. Po 01. 0.  

CE-138 '3. 0.0 06o Do go Is 

SA13 14 '. 0. 0. 0. 0. 1* a* 

4D-147 3. 0. go n3.o' 0. 1.03 

BASED ON I ICIfSEC RELEASE RATE OF EACH ISOTOPE IN AND A VALUE OF 1. FOR XQv DEPLETED X10 AND RELATIVE DEPOSITION



8310 1128.  

ENVIRONMENTAL PATHWAY-OUSE CflNVERSION FACTORS PIT) FOR GASEOUS DISCHARGE 12 

PATHWAY -COWS MILK (CONTAMqINATED FORIAGE) AGE GROUP -CHILD 

NUCLtDE 0 R 9 A N 0 n S E F A C T 0 R S CSO*METER-MRFMfYR PER UCTISEC) 
------------------------------------------------------------------------------ ---------------
PONE LIVER TIIYRfIJO KIDNEY LUNG 6I-LLI SKIN TOTAL BOOY 

C---3 . . 1 .co a. .Do 0 
P --- 32 a. 3. 0. 0. 0. 0. (Is 3.  
CR--51 0. a. ce i. Do. d. 12i. a.  PN--9S4 3. 8.36r.06 c. 2. 35E.r #00 Do .02E*06 0. .3Ea 
FE--5q 5.14E.01 8.33E#17 a0. 3. 2.41'E*O1 8.6YE4O? 0. 4.15E*0? 

CO--58 7. 5.34AE+06 2. f. *. 2.94E*07 0.DoAEU 
CO--60 I. 1.TlE407 a. -1a. 9.47E*07 0. S 5.AE+O I 

ZN--'i5 -Is C. 0. 0.goGo g.o 
KR--83 0. go '1. 0. 0. go 1.2.  

KP--R? a. I. 1. '. n. fl* 0.  
KR--RB8 D. 0. . 0. g.o 0. 1.  
R8-86 0. 0. 0. 2.o0 0. (1. 0.  R6--15 T 3. 1*89E-GS 0. 0. P. 2oR3E-07 ao R ?SE-06 
RH--98 I. g. 1. go 0. 0. 0.  
SR--R9 2 RI'E*09 0. 0. 11. '3. l.C9E*OB '. 8.03E4-07 
SR--90 3 o 09E 10 0. 00 3. f, b.25E*08 0. 8.2?E*09 
Y --- 90 1*20E+03 0. 0. 0.. 3. 41E o6 a. 3.21E+01 
Y --- 91 3. 1. o. Is go to a. I 
NR--95 a. 1) * r. 10 a. o , a.d 
AU-103 is 30m 3. 00 C . 0. 0.a 
RU-106 go 0. 9. 2. n7 0.G 3. 0.  
AGIIO" g. I. 00 n. 0. or 0 
CO0I15' 0. Do. 3. o3 2. 0. It. 0.  
SN-123 7. 1. pe 0 Do. 1. 30 23 

BASED ON .1 ICIfSEC RELEASE RATE OF EACH ISOTOPE IN AMD A VALUE OF 1o FOR KXfV, DEPLETED XfQ AND RELATIVE DEPOSITION



8310 1/24o

e
ENVIRONMENTAL PATHUAY-nOSE CONVERS ION FACTORS PfI7 FOP GASEOUS DISCH4ARGE

PATHW~AY - COUS MILK (CONTAPTNATED FORAGE) AGE GROUP - CHILD

aORGI N n) 0S E F A C TO0 R S (SO.METER-HREMITR PER UCI/SEC) 
-------------------------------------------------------------------------------------------------

THYROID KIDNEY 61-LIl

RASED ON 1 UCI/SEC RELEASE RATE OF EACH ISOTOPE IN AND A VALUE OF 1. FOR Xi'O9 D7PLETEO XIO AND RELATIVE DEPOSITION

SKIN

NUCL IDE 

SN-126 
SR-i 211 
SB -125 
TE125M 
TEI 27Mq 
TE129M 
T--130 
I--131 

I--133 

1--134 
1--135 
CS5-134 
CS-135 
CS-136 
CS- 137 

CX5-113 

RE-135 
REI139M 
XE131M 
WE 13 3M 
NE-133 
LA-140 
BA 13TM 
'3A-14G 
CE-1 41, 
CE -144 
PP-143 
ND- 147

RD NE LIVER

0.  
v0 

3.1E0 

3.99E+16 

8.91F.09 
3.  

1.30 E+1O 
00 

00 

'0 

0 

1.  
I*

LUNG

r0.  

4.847#042

00 

0.& 
C0 

0.  

1.  

0 

0.  

0.  
c.  
0., 

0.  

too

3.  

8.0 2Z*06 
go 
2.63r- #04 
4. 33E *09 

0.  

0.  

0.  

I e

TOTAL BODY 

0.  

3.0*3 

0..  

0.  

0 

3.2E0 
g.  
0 
0 
0.'

0.  

0.  

0.  

D0 
0.  
DC 

0 

00 

31.

C.* 
C.  

r a 

0.  

I .31E404 

7.99E*0 ? 
Do 
0.  
7.RDO*O0? 
C* 

0.  

DC



TABLE GS 

ENVIRDNMI:NTAL PATHWAY-DOSE CONVERSION FACTORS Pql) FOR GASEOUS DISCHARGE

PATHWAY - GROUND PLANE fEPOSITION AGE GROUP - 114FANT

0 p q 4 N 0 '1 S E F A C T 0 R S fS~o.PETER-VqREM/YR PER UCIfSEC) 
-----------------------------------------------------------------------------------------------------
R"lNE

C---14 
P---32 
CP--51 
"N-154 
FE--59 

CO-so 

NI--63 
ZN--tP5 
KR--35 
KR- 898, 
KP--%? 
KR--88 
PH -- 86 
RR--qT 
RB--RB 
SR--89 
SR--90 
Y --- 90 
T---91 
ZQ--9S 
NS--95 
RU-1O03 
RU-106 
AGilON 
CD 1158 
SN-123

HASED ON 1 UCTISEC RELEASE RATE OF EACH IROTOPE T4 AND A VALUE OF to FOR X109, DE-PLETED XfO AND RELATIVE DEPOSITION

83/11/29o

LIVER

0

THYROID 

0.  
co 

00 
1. 39$:409 
2. 72E .08 
-30 

3.78E*08 
2.15E.10 
Do 

rio 

go 

Do 

Do 

00

10 

0o 

30 

3.78'408 
2o15F*10 

0.  

Do 

00 

00 

e0 
0.

KIDNEY

CDo 

.10 

3.? 8 *O0R 
2.15E*10 

(09 

0.  

2.1*0 
0.  

5.35EFo06 
go 

go 
Do0 
3o 

C 0 

co 

Do 
Is I

LUNG SKIN 

0.  
10 

1. 62E #09 
3. 20E*.OR 
00e 

4 .43E*08 

60 

A, 

2.S5OE.04 
J..  
6. 33E*06 

D3o 
co

.0a 

10 3RE .09 
P. T2E #08 

3.7F #3 

V00 

00* 

no 
00 

2. 16E +0 

9. 39E .06 

00 

I .

TOTAL mOy 

00 

go 

as 
Io38E*09 
2o 12E*08 
Is 

3.78E*08 
2. 15E+10 
0o 
as 

Do 

30 

1.5*0 

2.16E*04 

0.*

Oo 

0.* 
I o3RE409 
2 oT2E*08 

2.c~ 0 

0.  

00 

0.  

Do 

'0 

'30 

Do 

00

GI-LLI 

co 

go 

I o3RE+09 
2.T2E*91 

3.79E.08 
2.15El *0 
0* 
co 

30 
no 

Vo, 

5. 35E.OS 
00 

no 

no 

00



TABLEW@ 

ENVItRONME:NTAL PATHVAY-tiOSE CONVERSION FACTORS P~l) FOR GASEOUS DIOfRG

PATHWVAY - GROUND PLANE 0EPOSIT1oN

8310' q'28.

AGE GRCUP - INFAMY

0 0 9 A N 0 q' S E F A C T 0 R S f SQoMETER-MREM/YR PEP UCIISEC) 
----------------------------- -------------------------------------------------------------- --------

THYPOID KIDNEY

NUCLIDE 

SM-126 
SR-124 

TE125M 
TE127M 
TE129M 
1--133 
1--131 
1--132 
1--t33 
1--134 
I--135 
CS-134 
CS-135 
CS-o1365 
CS-I137 
CS-138 

XE-133 
NEI135 

X13519 

XE 13 39 
XE -138 
LA-140 
HA 13 FM 
RA-140G 

PR-143 
Nfl-iA?

SKIN

0.  

10 

0.  

1:03E407 
3.  
1.24E406 

8.R7E*05 
8.01E409 
0.  
0.: 
I 20E*1O 
4. 12E 403 

00 

0.  

0.  
0.  

I . 10E.08 

90 
9 *

89NEQ

BASED ON I UCIISEC RN7LEASE RATE OF EACH ISOTOPF IN AND A VALUE OF 1s FOq Xf0, 07-PLETED XIOj AND RELATiVE DEPOSITION

L IV':R LUNG TOTAL BOOT 

0.  

0.  
0.  
3.  

0.  

1.1O4E*O& 

6.86E*09 
0.  

I *0 3E *10 
.3.60E*03 
a.  

0.  
00 

0.  

1.*8 6E 08 

0.  
0.  
0.

GI-LLu

Do 
as 
0.  

O.  

1. 10 E 06 

1. OAE 06 
6.86E*t39 
0.  

1.* 0 3E * 0 
3.60E*03 

00 

)0 

r.  

Oo 
Do

00 

R .501 

1.0E3 

I .03E10 

1 .CA0 + 

n0 

1. RSE +.10

l0 
0.  

a.  

.00 

1.10F404$ 

608 6E409 
0.  

1.*0 3E*10 
3.SOE.03 

I SE 1

P.  

0.IE0 

3.6E0

n3 

0.  

3-60E+03 

.

V0 

0.  

0 

m0 

.1 .04E #0 r 
6.86Ecj 

1.03E.1 0 
3.60E 4-C3 
0.*



93/0O112R, 

:NVtRONMEMaTAL PATHWAY-DOSE CONVERSION FACTORS PtIl FOR GASEOUS DISCHARGE 12 

PAT'4VAY -INMALMTON AGE GROUP -INFANT 

NIJCL!OE O P 9 A N 0 0 S.E F C T OR S ttqRFMlYR PER UCIICU.NqETERJ 
--------------------------------------------------------------------------------------- --------

PONE LIVER. THYROID KIDNEY LU NG GI-LI SKIN TOTAL BODY 

H---f.l.~ .V 0. 0. 0. 3..  C --- ~ 1 .0. 0. as g. g.  
P --- 32 1. 00 0. 0. % 0. 9o 
CR--51 0. 3. 00 V. 0. '3 0.  

go~G 1.*3.V 3 l 0. is 
FF-9 sL 10 00 3 CO-ST '.I M.'. n. 0. 3.0 3.  

Co--se 0. 0. go no .0(0 e3.  
CO--GO V. 3. C. Pi 0 P. * 09 
NI--63 0. is 0. no 0. c. 0. 0.  
ZN--65. 0. 3. 3. -3. 0. I. . o.  
KR--95 30 n. I. c. 0. (.0 
KP-85M go a. 0.: n. 0.n.0 00 g 
KR--B? 0. le, go. 0 0. 0. 1* 3.  
KR--SI 0. 0. 0. .1. no re 0. 2 
RP--86 3. 0. re 0. 0.0. 3.  
RRi 8 0g. 3. .3. I. . C. )a 90 
ReI--es8 I. no F.. n. no 0 0.  
sP--Sq 9. 3. . 0. V. Go 0. 0 
SR--91 r. 3. 0. e 0! o. ^0 0.  
S---qji ce 3. .*. 0. .3. 0.  
Y---91 0. '1* 0,0 n. 0. 0. 00 
ZP--q5 3. 0. 00 i. 0. n. 0. 3.  
NB--95 '7. 1* 0. a. CIO -o 0.  
RU-103 if 3. o. .0. o 1ec. I).  
RUJ-106 0. 0. C a. n. go ^0. 00 
AGION '? 0. I3e 9.ro V0. 00 
COI5NM 0. I. no I. I* co3 0.  
SN-123 7.V.0.3 0 3.00 

BASED ON I ICtISEC RELEASE, RATE OF EACH ISOTOP IN AND A VALUE OF Is FOR XO, DEPLETED X19 %ND RELATIVE DEPOSITION



R310 1128,

en

ENVIRONMENTAL PATHUAY-DOSE CONVERSION FACTORS Pftl FOR GASEOUS DISCHARGE

PATHMAY - INHALATION AGE GRCUP - INFANT

0 R G A N n) 0 R E F A C T 0 R S (MRENIYR PER UCIfCU*METER) 

NONE LIVER T HYRr) 0 KIDNEY LUNS 91-LL1 SKIN TOTAL BODY

NUCLIDE 

S N-126 
SR-124 
SR-125 
TE 125M 
YE 12? N 
TE129M 
t--i3O 
1--131 
T--132 
T--133 
1-1l34 
1--135 
CS-134 
CS-i 35 
CS-i136 
CS-137 
CS -13 
NE-153 
NE-135 
XEI39M 
XE131M 
XE233M 

L4-140 

PA-140 
C E - 1 # 
C!:-144 
PR-143 
NO-IA?

0.  

rI 

1.0A *03O 

0.

0.* 
as 
2.  
0.  
n .  
0.  
0s 
523E*0 2 

9.64E.02 

6 .44E#0 2 

0.  
0.  

2o 
go 
is 

0.  
a*.  

g.

0.  

00 
00 

0.  
00 
9.68E+03 

0.50E -03 

9.rAE*02 
0.  

0.  
0.  
0.  

0.  

0.  

30 
Do

BASED ON 1 UCIFSEC RELEASE RATE IF EACH ISOTOPIE IN AND A VALUE OF I* VOR 00,v DEPLETED XfQ AND RELATIVE DEPOSITION

0.1 

00. 0.  

D. 0.  

303 

3 30 

3. 0.  

-0

0.  
3.  

7. 33E .26 

I'* 

1.  

2.4E0 

0.

A.L"JE G-4



83/01129* 

* ,E G-4 

ENVIRONMENTAL PATHWAY-VOSE COEVERSION FACTORS P(J) FOR SASEOUS DISCHARGE 12 

PATHWAY -COWS MILK fCONTAMINATED FOP4GE) AGE GRCUP -INFANT 

NUCLIDE 0 R n a N 0 0 S r F A C T 0 R S (';Q*NETER-MRFMfYR PER UCIfSEC) 
---------------------------------------------------------------------------------- -------

"ONE LIVER THY ROI10 KIDNEY LUNG G1-111 SKIN TOTAL BODY 

^09 

P-32 92 g.. . ' Co 7. 0 
CR--51 g. 3. ]a l. 7 1.. 0.  

0.-5 Oo 1.56E.O7 0. 3. 45E *01; C. 5:T1E*OS 0. 3o53E*06 
FE-59 9.60 F*0T 1.68E*08 c. 0. 4 96E407 R.ClE*07 G. 6.61E*07 
CO--Si 0. 00 0 .g 0. 0. 3 3.  
CO--is c. 1.01E*07 v. 03 0. 2.51E*07 0. 2.51E+07 
CO-60 c. 3.49E*07 3. 00 it P.31E*O? g. 992SE407 

ZN--65 J. . go. 0. 0 go c. 0.  

KR-85M 0. 0. I*. 1* 0. 0. 0. 00 
KR -4'7 3. 1i. 00 i. 7 C. 0. 0 .D 
KR--"R 0. 0. no 0. c. 0. 0. (1* 
R--AGi as le no. go Do 0. 0. a0 
Rp--Al 3. 4e25'-05 O. a. 0. 2.86E-07 0. 1. 68E-05 
Re--R 0. 30 Do c . C. Do 0. l.  
SR--R9 5.35F#09 0, C. go. 0. 1.1OE*OR 00 lo53E*08 
SR-90 3.AIE*1O Is go. 0 go. 6.30E*08 go 9.20E+09 
If-93 2.54E*03 0. Co 0. 0. 3.50E*06 00 6.80E*O1 
T --- 91 no 3. no no re 0. go. 0o 
ZR--qs 3. 0. ! 03 no 0. 3. j .0 
RU-103 0. 3. lo co no 0. go 
RU-laG Do 3. no. 3. c. no. no 0 
AGIIOM 0. a* ii. no.. . C. 0.O 
C0115" . go0. C 0 . 0 .0 0 00.  
MN-123 10 00, '3. 1. 0. 0 9 00 

BASED ON 1 UCf~: RrLEASE RATE OF EACH ISOTOPE IN AND A VALUE OF 1. FOR XfG, DEPLETED X/O AND RELATIVE DEPOSITION



8310129L--

TAB]OI-

ENVIRONMENTAL PATHWUAY-DOSE CflNVFRStON FACTORS Pil) FOR SASEOUS DISCHARGE

PATI4IaA - COWS MIL1K (CONTAMINATED FORAGED AGE GROUP - INFANT

NUCLIO'E 

SN-126 
SB -124 
S8 -125 
TE129M 
TE121M 
TE12i " " 
I--130 

1--132 
I--133 
1--134 
1--135 
CS-i 34 
CS-135 
CS-136 
Ct-137 
CS -13" 
XE -133 
XE-135 
XE135M 
XE131M 
X E1 33M 
1-138 

LA-140 
84137" 
OA-1 *0 
CF- 141 
CE-14 
PR -143 
ND-i,?

0 R 6 A N DO0S E F A C T 0 R I fSQ*METER-MREMjYR PER UC!/SEC) 
--------- s,------------------- e------------- -----------------------------------------

p 17LIVER THYROID KIDNEY LUNIG 61-LIl SKIN TOTAL BOUT

as 
0.  
0.  

I'.  

00.  

81.2217.*O6 

1.98*1 

0.  

a * 

0.* 

30 

.  
0.s 

*Fon 

no

Do.  

go 
a.  
I.  

7. THE .08 

1.20E.!J7 
'3.  
3.*9 5E*0 * 
2. SHE 41 
0.  
0.  
2.43* 3 10 
I.  
0.  
0 

go 
0.  
0.  
0.  
0.  
I.  
1.l*F*05 
0.  
0.  
3.  
go

C.  
u.  

3.54E*06 

0.  

09.  
tv.  

0.  
v0 

0 
09 
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INDIAN POINT UNITS Nos. 1 & 2 

OFFSITE DOSE CALCULATION MANU AL (ODCM) 

TABLE M-1

DISTANCE*

11 O0m 

110 Om 

6 04M 

590Mi 

590M 

59ii 

590M 

590M 

728m 

579m 

5 79m 

57 9m 

1100Om 

110 Om 

110 OM 

1100Oi

AVERAGE X/Q

5.21 

5.00 

9.37 

5.*13 

4.75 

3.16 

3.88 

3.99 

6.13 

1.34 

2.08 

1.05 

2.14 

9.79 

1.17 

1.62

E-06 

E-0 6 

E-06 

E-06 

E-06 

E-06 

E-06 

E-06 

E-06 

E-0 5 

E-05 

E-0 5 

E-06 

E- 07 

E-06 

E-0 6

* To Site Boundary 

Overall Average Site Boundary X/Q = 6.08 E-06 

Worst Average Site Boundary, X/Q = 2.08 E-05

SECTOR

N 

NNE 

NE 

ENE 

E 

SE 

SSE 

SW 

SSW 

W 

W 

NW



INDIAN PO*(JNIT NO. 2 
OFF SITE DOSE CALCULATON MANUAL 

AVERAGE X/Q BY SECTOR NAME AT MIDPOINT OF EACH RADIAL SEGMENT

DOWN ISECTOR NAME 
I WIND I II 

IDISTANCE.I NORTH II EAST I EAST I SOUTH 
I IN 1 NORTH INORTH-EAST INORTH-EAST INORTH-EAST I EAST ISOUTH-EAST ISOUTH-EAST ISOUTH-EASTI 
METERS IIIIIIII.  

I 600 I1.31E-05 I1.26E-05 ' 9.37E-06 5 513E-06 I4.75E-06 I3.16E-06 I3.88E-06 I3.99E-06 I 

I 730 I9.70E-06 I 9.34E-06 I6.95E-06 I3.80E-06 I3.52E-06 I2.35E-06 I2.89E-06 I2.98E-06 

I 1,070 I5.4319-06 I5.21E-06 I3.89E-06 I2.13E-06 1.98E-06 I1.32E-06 I1.62E-06 I1.68E-06 I 

I 1,100 I5.21E-06 I5.00E-06 I3.73E-06 I2.04E-06 I1.90E-06 I1.27E-06 I1.56E-06 I1.62E-06 

lF1200 I4.589-06 I4.39E-06 I3.28E-06 I1.79E-06 I1.67E-06 I1.11E-06 I1.36E-06 I1.42E-06 I 

I 1,220 I4.47E-0'6 I4.29E-06 I3.20E-06 I1.75E-06 I1.63E-06 I1.09E-06 I1.38E-06 I1.39E-06 

I 1,280 I4.16E-06 I3.99E-06 I2.98E-06 I1.63E-06 I1.52E-06 I1.01E-06 I1.24E-06 I1.29E-06 I 

I 1,370 I3.76E-06 I3.60E-06 I2.69E- 06 I1.47E-06 I1.38E-06 I9.15E-07 I1.12E-06 I1.17E-06 I 

.1,525 I3.21E-06 I3.07E-06 I2.29E-06 I1.25E-06 I1.17E-06 I 7.80E-07 I9.51E-07 I9.93E-07 I 

I 1,740 I2.64E-06 '1 2.52E-06 I1.88E-06 I1.03E-06 I9.67E-07 I6.41E-07 I7.80E-07 I8.16E-07

Paqe 1 of 6



INDIAN PA@UNIT NO. 2 

OFF SITE DOSE CALCULATON MANUAL 

AVERAGE X/Q BY SECTOR NAME AT MIDPOINT OF EACH RADIAL SEGMENT

e

I DOWN SECTOR NAME___________________I 
WI~qND) II I I I I I 

IDISI!ANCE Z NORTH I EAST II EAST I SOUTH 
I IN I WORTH NORTH-EAST INORTH-EAST INORTH-EAST I EAST ISOUTH-EAST ISOUTH-EAST ISOUTH-EASTI 

I METERS IIIIIIII 

I 1,830 I .45E-66 2.34E-06 I1.75E-06 I9.55E-07 I8.§8E-07 I5.95E-07 I7.23E-07 I7.57E-07I 

I 1,890. l1234E-06 I2.23E-06 I1.67Et-06 I9.11E-07 I8.57E-07 I5.68E-07 I6.90E-07 I7.21E-07I 

1,950 I2.231t-06 I2.13E-06 I1.59E-06 I8.70E-07 I8.18E-07 I5.42E-07 I6.58E-07 I6.89E-07 

I 2,135 I1.959-06 I1.87E-06 I1.39E-06 I7.62E-07 I7.17E-07 I4.74E-07 I5.76E-07 I6.02E-07I 

I 2,400 I1.65E-06 I1.57E-06 I1.17E-06 I6.42E-07 I6.05E-07 I4.OOE-07 I4.85E-07 I5.06E-07 

I 2,745 I1.35E-06 I1.29E-06 I9.61E-07 I5.2BE-07 I4.98E-07 I3.28E-07 I3.98E-07 I4.15E-07I 

I 3,050 I1.16E-06 I1.11E-06 I8.23E-07 I4.52E-07 I4.27E-07 I2.81E-07 I3.41E-07 I3.55E-07 

I 4,000 I7.80E-07 I7.43E-07 I5.51E-07 I3.04E-07 I2.88E-07 I1.89E-07 I2.28E-07 I2.37E-07I 

I ,80 I5.19E-07 I4.93E-07 I3.65E-07 I2.02E-07 I 1.9E-07 I1.25E-07 I1.51E-07 I1.57E-07I 

I 5,600 I4.76E-07 I4.52E-07 I3.35E-07 I1.85E-07 I1.76E-07 I1.15E-07 I1.38E-07 I1.43E-07 I

Page 2 of 6



S INDIAN POI NIT NO. 2 
OFF SITE DOSE CALCULATON MANUAL 

AVERAGE X/Q BY SECTOR NAME AT MIDPOINT OF EACH RADIAL SEGMENT

0;

I DOWN SECTOR NAME 
I WIND I IIIIII 

IDISTANCE I NORTH I EAST I EAST I SOUTH 
I IN I NORTH INORT'H-EAST INORTH-EAST INORTH-EAST I EAST ISOUTH-EAST ISOUTH-EAST ISOUTH-EAST 

I METERS III IIIII 

I 7,200 I3.29E-07 I3.13E-07 I2.31E-07 I1.28E-07 I1.22E-07 I7.93E-08 I9.55E-08 I9.86E-08 

I11,200 I1.73E-07 I1.64E-07 I1.21E-07 I6.75E-08 I6.41E-08 I4.15E-08 I4.98E-08 I5.12E-08 I 

I12,000 I1.57E-07 I1.49E-07 I1.09E-07 I6.11E-08 I5.80E-08 I3.76E-08 I4.50E-08 I4.62E-08 I 

I20,000 I7.76E-08 I7.33E-08 I5.38E-08 I3.02E-08 2.88E-08 I1.85E-08 I2.21E-08 I2.26E-08 

I28,000 I4.99E-08 I4.71E-08 I3.45E-08 I1.95E-08 I1.86E-08 I1.19E-08 I1.42E-08 I1.44E-08 

I40,000 I3.12E-08 I2.95E-08 I2.15E-08 I1.22E-08 I1.17E-08 I7.43E-09 I8.86E-09 I8.96E-09 I 

I56,000 I2.01E-08 I1.89E-08 I1.38E-08 I7.88E-09 I7.52E-09 I4.77E-09 I5.70E-09 I5.72E-09 I 

I72,000 I10'45E-08 1.36E-08 I9.92E-09 I5.68E-09 I5.42E-09 I3.43E-09 I4.10E-09 I4.10E-09 I

Page 3 of 6



0 INDIAN POO* (JN IT NO. .2.  
OFF SITE DOSE CAIJCULATON MANUAL 

AVERAGE X/Q BY SECTOR NAME AT MIDPOINT OF EACH RADIAL SEGMENT

I DOWN SECTOR NAM 
W fII IIIIII  

IDISTANCE'. SOUTH I WEST I WEST I NoNTH 
I IN I SOUTH ISOUTH-WEST ISOUTH-WEST ISOUTHi-WEST WEST INOFUH-WEST INORITH-WEsr NORTPH-WEST 

I METERS IIIIIIII 

I 600 I8.30E-06 I1.34E-05 I2.0.8E-05 I1.05E-05 I5.27E-06 I2.45E-06 I2.92E-06 I4.06E-06 

I 730 I .13E-06 I9.81E-06 I1.52E-05 I7.73E-06 I3.92E-06 I1.82E-06 I2.16E-06 I3.01E-06 I 

I 1,070 I3.42E-06 I5.46E-06 I8.52E-06 I4.36E-06 I2.22E-06 I1.02E-06 I1.22E-06 I1.69E-06 I 

I 1,100 I3.28E-06 I5.25E-06 I8.18E-06 I4.19E-06 I2.14E-06 I9.79E-07 I1.17E-06 I1.62E-06 

I 1,200 I2.88E-06 I4.61E-06 I7.22E-05 I3.70E-05 I1.88E-06 I8.61E-07 I1.03E-06 I1.43E-06 

I 1,220 I2.81E-06 I4.50E-06 I7.05E-06 I3.61E-06 I1.84E-06 I8.40E-07 1 *.OOE-06 I1.39E-06 I 

I 1,280 I2.61E-06 I4.19E-06 I6.57E-06 I3.37E-06 I1.71E-06 I7.82E-07 I9.33E-07 I1.30E-06 I 

I 1,370 I2.36E-06 I3.79E-06 I5.96E-06 I3.05E-06 I1.55E-06 I7.07E-07 I8.44E-07 I1.17E-06 

I 1,525 I2.01E-06 I3.23E-06 I5.10E-06 I2.61E-06 I1.33E-06 I6.03E-07 I7.20E-07 I1.OOE-06 I 

* I 1,740 I1.65E-06 I2.66E-06 I4.21E-06 I2.15E-06 I1.09E-06 I4.96E-07 I5.93E-07 I8.24E-07 I

Paqe 4 of 6



0 0INDIAN POINT UNIT NO. 2 
OFFSITE DOSE CAIJCULATON MANUAL 

AVERAGE X/Q BY SECTOR NAME AT MIDPOINT OF EACH RAEIIAL SEGMENT

DOWN ISECTOR NAM 

IDISTANCE II SOUTH I WEST I WEST N ORTH 
IN I SOUTH ISOUTH-WEST ISOUTH-WEST ISOUTH-WEST I WEST INORTH-WEST INORTH-WEST INORTH-WEST 

I METIERS IIIIIIII 

I 1,830 I1.53E-06 I2.47E-06 I3.91E-06 I2.OOE-06 I 1.02E-06 I4.60E-07 I5.50E-07 7.65E-07 I 

I 1,890 I1.46E-06 I2.36E-06 I3.74E-06 I1'.91E-07 I9.71E-07 I4.39E-07 I5.25E-07 I7.30E-07 

I 1,950 I1.39E-06 I2.25E-06 I3.58E-06 I1.83E-06 I9.28E-07 I4.20E-07 I5.02E-07 I6.97E-07 

I 2,135 I1.22E3-06 I1.98E-06'% 3.14E-06 I1.61E-06 I8.13E-07 I3.68E-07 I4.40E-07 I6.11E-07 

I 2,400 I1.03E-06 I1.67E-06 I2.66E-06 I1.36E-06 I6.87E-07 I3.10E-07 I3.71E-07 I5.15E-07 

I 2,745 I8.49E-07 I1.38E-06 I2.20E-06 I1.12E-06 I5.65E-07 I2.56E-07 I3.05E-07 I4.24E-07 

I 3,050 I7.29E-07 I1.18E-06 I1.90E-06 I9.63E-07 I4.85E-07 I2.19E-07 I2.62E-07 I3.64E-07 I 

I 4,000 I4.91E -07 I8.01E-07 I1.29E-06 I6.52E-07 I3.27E-07 I1.48E-07 I1.76E-07 I2.45E-07 I 

I 5,280 3.27E-07 I5.36E-07 I8.71E-07 I4.37E-07 I2.18E-07 I9.84E-.08 I1.17E-07 I1.63E-07 I 

I 5,600 I1 3.OOE-07 I 4.92E-07 I 8.01E-07 I 4.02E-07 I 2.OOE-07 I 9.02E-07 I 1.08E-07 I 1.49E-07 I



0
INDIAN POINT UNIT NO. 2 

OFF SITE DOSE CALCULATON MANUAL 

AVERAGE X/Q BY SECTOR NAME AT MIDPOINT OF EACH RADIAL SEGMENT

DOWN ISECTOR NAME 
WIND~IIII 

DISTANCE I SOUTH I WEST I WEST I NORTH 
IN I SOUTH ISOUTH-WEST ISOUTH-WEST ISOUTH-WEST I WEST INORTH-WEST INORTH-WEST INORTH-WEST 

METERS IIIIIIII

* I 

* I 
* I 

* I 

I,

-F 

-F 

-F

~1~~

3 .43E-07 

1.83E-07 

1.66E-07 

8.28E-08 

5.35E-08 

3 .3 7E-0 8 

2.18E-08 

1. 5SE-08

I' 
W

5 .61E-07 

3 .03E-07 

2.75E-07 

1.39E-07 

9.01E-08 

5 .70E-08 

3 .76E-08 

2 .68E-08

1~ 

T 

T 

T

2 .80E-07 

1.50E-07 

1 .36E-07 

6 .80E-08 

4.40E-08 

2 .78E-08 

1 .80E-08 

1.30E-08

1

-F-

1~ 

1~

1 .39E-07 

7 .33E-08 

6.64E-08 

3 .30E-08 

2.13E-08 

1.34E-08 

8.61E-09 

6.21E-09

~~1~ 

-F 

-r

6.26E-08 

3.30E-08 

2.99E-08 

1.48E-08 

9.54E-09 

5 .98E-09 

3 .86E-09 

2.78E-09

-1

T 

T 

T 

T 

T

7.46E-08 

3 .94E-08 

3 .57E-08 

1. 77E-08 

1. 14E-08 

7.13E-09 

4.59E-09 

3 .31E-09

T 

T 

V 

T

1.04E-07 

5 .45E-08 

4.94E-08 

2 .44E-08 

1.57E-08 

9 .85E-09 

6.34E-09 

4 .57E-09

2.08E-07 

9 .98t-08 

4 .95E-08 

3 19E-08 

2 .01-08 

1 .30E-06 

9.37E-09

7,200 

11,200 

12,000, 

20,000 

28,000 

40,000 

56,000.  

72,000

~1~ 

~1~ 

-I-



0 0INDIAN POINT UNIT NO.  
OFFSITE DOSE CALCULATON MANUAL 

RE LAT IVE DEPOSITON PER UNIT AREA AT FIXED POINTS BY DOWNWIND SECTORS

DIRECTION FROM SITEI 

IDISTANCE I SOUTH II WEST II WEST I 
IN I SOUTH ISOUTH-WEST ISOUTH-WEST ISOUTH-WEST I WE ST INORT~H-WEST 

I 400 1 :4.731E-08 I7.336E-08 I8.323E-08 I3.817E-08 I1.639E-08 I7.353E-09 I 

I 730 I1.855E-08 2.877E-08 I3.264E-08 I1.497E-08 I6.426E-09 I2.884E-09 I 

800 .11.601E-08 I2.482E-08 I2.816E-08 I1.291E-08 I5.545E-09 I2.488E-09 

I 1,070 0 .971E"09 I1.546E-08 I1.754E-08 I8.045E-09 I3.454E-09 I1.550E-09 I 

I 1,100 I9.5199-09 I1.476E-08 I1.675E-08 I7.680E-09 I3.297E-09 I1.480E-09 

I 1,200 I8.222E-09 I1.275E-08 I1.447E-08 I6.633E-09 I2.848E-09 I1.278E-09 I 

I 1,220 .7.996E-09 I1.240E-08 I1.407E-08 I6.451E-09 I2.770E-09 I1.243E-09 I 

I 1,280 I7o3739-09.I 1.143E-08 I1.297E-08 I5.949E-09 I2.554E-09 I1.146E-09 I 

I 1,370 I -6.572E-09 I1.019E-08 I1.156E-08 I5.303E-09 I2.277E-09 I1.022E-09 I 

I 1,525 I5.479E -09 I 8.496E-09 I-'9.640E-09 I 4.421E-09 I 1.898E-09 I 8.517E-10 
III I I I II



0 qINDIAN POINT UN4IT NO.  
OFF SITE DOSE CALCULATON MAINAUL 

REjLATIV DEPOSITON PER UNIT AREA AT FIXED POINTS BY DOWNWIND SECTORS

I DIRECTION FROM SITEI 

DISTANCE II SOUTH I WE ST I WEST 
IN : SOUTH ISOUTH-WEST ISOUTH-WEST ISOUTH-WEST I WEST IU~H-WESTI 

METERS III

5.*049E-09 

4.376E-09 

4.1614E-0 9 

31.798E-09 

3 .600E-09 

3 .081t-09 

2.518E-00 

1.*995E-09 

1.661E-09 

1.527E-09

7 .830E-09 

6. 785E-09 

6.225E-09 

5.890E-09 

5.583E-09 

4.*777E-09 

3 .904E-09 

3 .093E-09 

2 .575E-09 

2. 368E-09

8i*884E-09 

7.*699E-09 

7. 063E-09 

6.683E-09 

6.334E-09 

5 .420E-09 

4 .429E-09 

3 .510E-09 

2 .922E-09 

2 .687E-09

T 

T 

T 

T 

T 

T 

T

4.074E-09 

3 .530E-09 

3 .239E-09 

3 .064E-09 

2 .905E-09 

2 .486E-09 

2 .031E-09 

1.609E-09 

1. 340E-09 

1. 232E-09

I1.749E-09 

I1. 516E-09 

I1.391E-09 

I1.316E-09 

I1.247E-09 

I1.067E-09 

I8.721E-10 

I6.910E-10 

I5.752E-10 

5 5.290E-10

I7.84SE-10 

I6.802E-10 

I6.240E-10 

5 5.904E-10 

I5.596E-10 

4 4.789E-10 

I3.913E-10 

I3.10]1E-10 

I2.581E- 10 

2 2.3 74E-1O0

0

~1~ 

I.

1,600 

1,740, 

1,830, 

1,890.  

1,950 

2,135 

2,400 

2,745 

3,050 

3,200

T 

T 

T 

T 

I.  
T 

T 

-r

~1~ 

~1~



INDIAN POINT UNIT NO..  

OFF SITE DOSE CALCULAT01 LAN17? 

RELATIVE DEPOSITON PER UNIT AREA AT FIXED POINTS BY DOWNWIND SECTORS

DIRECTION FROM SITEI 

DISTANCE SOUTH II WEST* I WEST 
IN I SOUTH ISOUTH-WEST ISOUTH-WEST ISOUTH-WEST I WEST INORTH-WEST 

METERS.

I1.03:33-09 

A 7.483E-10 

I6.318M-10 

5.61903-10 

1'3.62913-10 

1 .002t-10 

I1.640E-10 

lo14703-10 

I94223E-11

-r 

~1~ 

-F

1.*601E-09 

1.* 160E-0 9 

9.798E-10 

8.*824E-10 

6.952E-10 

5.628E-10 

4.656E-10 

2 .542E-10 

2.279E-10 

1.430E-10

T 

T 

T 

T 

-F 

T 

-F 

1~

1.*817E-09 

1.*317E-09 

1.112E-09 

1.0013-09 

7.8883-10 

6. 386E-10 

5.*28 23-10 

2.8853-10 

2.585E-10 

1. 623E-10

-1

T 

T 

T 

T 

T 

1~

8.331E-10 

6.0373-10 

5.*098E-10 

4. 591E-10 

3.617E-10 

2.9283-10 

2.422E -10 

1.323E- 10 

1.*186r,-10 

7.441E-11

1

T 

T 

T 

T 

1~ 

1~ 

1~

3.577E-10 

2.592E-10 

2. 189E-10 

1.971B-10 

1 .553E-10 

1. 257E-10 

1.0403-10 

5.680E-11 

5.091E-11 

3.1953-11

-t 

-F 

-F

1. 605E-10 

1. 163E-10 

9.821E-11 

8.845E-11 

6.968E-11 

5.*648E-11 

4. 667E-11 

2.*548E-11 

2. 284E-11

4,000 

4,800 

5,280 

5,600 

6,400 

7,200 

8,00 

11,200 

i2, 000 

16,000

e

1.434E-11



0 INDIAN POINT UNIT NO.* 20 
OFF SITE DOSE CALCULATON 1Al 

RELATIVE DEPOSITON PER UNIT AREA AT FIXED POINTS BY DOWNWIND SECTORS

I DIRECTION FROM SITEI 

DISTANCE II SOUTH ' I WEST I * WEST I 
IN ISOUTH ISOUTH-WEST ISOUTH-WEST ISOUTH-WEST I WEST INoRr'H-WEST 

METERS IIIIII

I4664K-l 

1 2.'824E-ii 

I11894E-li 

I.lo5El 

I71926E-12 

I6.33213-12

-F 

-F

I 5.1693-12

7.232K-li 

4.379E-li 

2.936K-l 

2.105K-li 

1.581K-li 

1. 229E-li 

9.819E-12

T 

T 

T 

1~

8.016E-12

8.206E-1i 

4.968K-li 

3.332K-il 

2.388K-li 

1. 793E-11 

1.*395K-li 

1.114K-1l

T 

T 

T 

T

9.0953-12

3.763E-11 

2. 278E-11 

1. 52BE-l1 

1. 095E-1i 

8.223E-12 

6.395E-12 

5.109E-12 

4. 170E-12

T 

T 

T 

T 

T 

-I-

1.616K-li 

9. 781E-12 

6.560E-12 

4 .701E-12 

3.5313-12 

2.746E-12 

2.*193E-12 

1. 791E-12

-F

7. 249E-12 

4.381E-12 

2.943E3-12 

2. * lOE-12 

1. 584E-12 

1. 232E-12 

9. 843E-13

I8.0353-13

24,000 

32,000 

400000 

48,000 

56,000 

64,000 

72,000

80,000



INDIAN POINT UNIT No.21 

OFFSITE DOSE CALCULATON MANUAL 

RELATIVE DEPOSITON PER UNIT AREA AT FIXED POINTS BY DOWNWIND SECTORS

IDIRECTION FROM SITE 

DISTANCE II NORTH II NORTH I EAST 
IN INORTH-WEST INORrH-WEsr I NORTH INORTH-EAST INORTH-EAST INORTH-EAST 

METERS IIIII 

400 1138.544E-09 I1.348E-08 I5.228E-08 I5.806E-08 I4.317E-08 I2.052E-08 I 

730 I3.350E-09 I5.286E-09 I2.050E-08 I2.277E-08 I1.693E-08 I8.046E-09 I 
A . -- -- I II

-I:2.891E-09 

I1.801E-09 

I 11.719E-09 

I1.444E-09

T 

-r

4.56 2E -09 

2 .842E-09 

2.*713E-09 

2 .343E-09 

2. 279E-09

T 

T 

-r 
4-

1. 769E-08 

1. 108E-08 

1 .052E-08 

9.086E-09 

8.836E-09

I1.964E-08 

I1.284E-08 

I1.168E-08 

I1.009E-08 

I 9.813E-69

T 

T 

T

1 .461E-08 

9 .325E-09 

8. 677E-09 

7 .504E-09 

7.297E-09

I6.948E-09 

I4.325E-09 

I4.129E-09 

I3.566E-09 

I3.468E-09

I 1,280 I1.332E-09 '12.101E-09 I8.148E-09 I9.049E-09 I6.129E-09 I3.198E-09 

1,370 I 1.s187E-09 I1.873E-09 I7.263E-09 I8.066E-09 I5.998E-09 I2.887E-09 

I 1,525 I9.896E-1O 1.561E-09 j 6.055E-09 I6.724E-09 I5.001E-09 I2.377E-09

800.  

1,070 

1,100 

1,200 

1,220



*OFFSITE DOSE CALCULATON MNA 

RLATI VE DEPOSITON PER UNIT AREA AT FIXED POINTS BY DOWNWIND'SECTORS

IDIRECTION FROM SITE 

IDISTANCE.I NORTH I NORTH I EAST 
I IN INORTH-WEST INORTH-WEST I NORTH INORTH-EAST INORTH-EAST INORTH-EAST 

I METERS IIIIIII 

I 1,600 I 9i119E-1O 1.439E-09 I5.580E-09 I6.196E-09 I4.608E-09 I2.190E-09 I 

I 1,740- 7 7903E-10 I 1.247E-09 4.836E-09 I 5.370E-09 I 3.994E-09 I 1.898E-09 I 

I 1,830 I .250B-16 .4E0 4.436E-09 I4.926E-09 I3.663E-09 I1.741E-09 I 

I 1,890 I6.860E-10 I1.082E-09 I4.197E-09 I4.661E-09 I3.467E-09 I1.648E-09 I 

I 1,950 I6.502E-10 1.026E-09 I3.978E-05 4.418E-09 I3.286E-09 I1.562E-09 

I 2,135 I5.564E-10 I 8.719E-10 I3.404E-09 I3.781E-09 I2.812E-09 I1.336E-09 I 

I 2,400 I4.547E-10 I7.174E-10 I2.782E-09 I3.090E-09 I2.298E-09 I1.092E-09 

I 2,745 I3.603E-10 I5.684E-10 I2.204E-09 I2.448E-09 I1.821E-09 I8.652E-10 I 

I 3,050 I2.999E-10 I4.732E-10 I1.835E-09 I2.038E-09 I1.515E-09 I7.203E-10 

I 3,200 I2.758E-10 I4.352E-10 I1.688E-09 I1.874E-09 I1.394E-09 I6.624E-10



0 INDIAN POINT UNIT NO. 20 
OF'FSITE DOSE CALCULATON MANUAL 

RELATIVE DEPOSITON PER UNIT AREA AT FIXED POINTS BY DOWNWIND SECTORS

DIRECTION FROM SITEI 

DISTANCE II NORTH II NORTH I EAST 
IN I NORTH-WEST INORTh-WEST I NORTH INORTH-EAST NORTH-EAST INORTH-EASTI 

METERS IIIIIII 

4,000 I1.865E-10 I2.942E-10 I1.141E-09 I1.267E-09 I9.424E-10 I4.479E-10

I1.351E-10 

I1.028E-10 

I8.097E-11 

I6.555E-.11 

I5.422E-11 

I2.961E-11 

I2.654E-11

I2.132E-10 

I1.801E-10 

I1.622E-10 

1.278E-10 

I1.034E-10 

I8.556E-11 

I4.672E-11 

I4.188E-11

8. 269E-10 

6.982E-10 

6.288E-10 

4.954E-10 

4.011E-10 

3. 318E-10 

1.*812E-10 

1.624E-10

-T 

7

-r 

~~1~ 

-r 

~~1~ 

-i

9.183E-10 

7.754E-10 

6 .983E-10 

5 .502E-10 

4.454E-10 

3.685E-10 

2 .012E-10 

1 .803E-10

6 .829E-10 

5. 766E-10 

5 .193E-10 

4. 091E-10 

3 .312E-10 

2. 740E-10 

1. 496E-10 

1 .341E-10

3.*246E-10 

2. 741E-10 

2.*468E-10 

1. 945E-10 

1. 574E-10 

1. 302E-10 

7.112E-11 

6. 374E-11

4,800 

5,280 

5,600 

6,400 

7,200 

8,000 

11,200 

12,000

16,000 I1.666E-11 I2.628E-11 I1.019E-10 I1.132E-10 I8.418E-11 I4.001E-11



INDIAN POINT UNIT NO. 2 

OFF SITE DOSE CALCULATON MA~NUAL 

RELATIVE DEPOSITON PER UNIT AREA AT FIXED POINTS BY DOWNWIND SECTORS

0

I IDIRECTION FROM SITE 

IDISTANCE IIII NORTH I EAST 
I IN INORTH-WEST I NORTH I NORTH INORTH-EAST INORTH-EAST INORTH-EAST 

MET~IERS IIII 

I24,000 I8.423E-12 I1.329E-11 I5.154E-11 I5.742E-11 I4.256E-11 I2.023E-11 I 

I32,000 I5.100E-12 I8.047E-12 I3.120E-11 I3.465E-11 I2.577E-11 I1.225E-11 

I40,000 I3.420E-12 I5.396E-12 I2.093E-11 I2.324E-11 1 *.728E-11 I8.214E-12 

I48,000 I2.451E-12 I3.868E-12 I1.500E-11 I1.666E-11 I1.239E-11 I5.887E-12 

I56,000 I1.841E-12 I2.905E-12 I1.126E-11 I1.251E-11 I9.302E-12 I4.421E-12 I 

I64,000 1.1.431E-12* I 2.259E-12 I 8.759E-12 I 9.727E-12 I 7.234E-12 I 3.438E-12 I 

7200 I'l.4E1 I 184 12 I 698E1 I 77112 I 579 12 I 2.4E1 
II I I I I II 
II 1 I1 1 1 1 1 

I80,000 1 9.336E-13 I 1.473E-12 I 5.712E-12 I 6.344E-12 I 4.718E-12 I 2.242E-12 I 
II I I I I II



INDIAN POINT UNIT NO. 2 
OFFSITE DOSE CALCULATON MANUAL 

RELATIVE DEPOSITON PER.UNIT AREA AT 
FIXED POINTS BY DOWNWIND SECTORS

I I DIRECTION FROM SITEI 

IDISTANCE IEAST I SOUTH 
I IN IEAST ISOUTH-EAST ISOUTH-EAST ISOUTH-EAST 

I METERS IIII

2 .237E-08 

8. 774E-09 

7.571E-09 

4.*716E-09 

4.50 2E-09 

3 .889E-09 

3.*782E-09

-r

2 .223E-08 

8.719E-09 

7. 524E-09 

4.474E-09 

4 .4764E-09 

3. 758E-09

T 

T 

T 

T

3 .848E-08 

1.509E-08 

1.302E-08 

8.*111E-09 

7.743E-09 

6.688E-09 

6.504E-09

T 

T 

T

3 .918E-08 

1.53 7E-0 8 

1.326E-08 

8 .259E-09 

7 .884E-09 

6 .810E-09 

6 .623'E-09

400 

730 

800 

1070 

1100 

1200 

1220



INDIAN POINT UNIT NO. 2 

OFF SITE DOSE CALCULATON MA~NUAL 

RELATIVE DEPOSITON PER UNIT AREA AT 

FIXED POINTS BY DOWNWIND SECTORS

I I DIRECTION FROM SITE 

IDISTANCE I EAST I SOUTH 
I IN I EAST ISOUTH-EAST ISOUTH-EAST ISOUTH-EAST 

I METERS III 

I 1280 I3.487E-09 I .466E-09 I5.998E-09 I6.107E-09 I 

I 1370 I3.109E-09 I3.098E-09 I5.346E-09 I5.444E-09 

I 1525 .2.592E-09 I2.575E-09 I4.457E-09 I4.538E-09 

1600 I2.388E-09 I2.373E-09 I4.107E-09 I4.182E-09 I 

I 1740 I2.070E-09 I2.057E-09 I3.560E-09 I3.624E-09 I 

I 1830 I1.899E-09 I1.887E-09 I3.265E-09 I3.325E-09 I 

I 1890 I1.797E-09 I1.785E-09 I3.090E-09 I3.146E-09 

I 1950 I1.7039-09 I1.692E-09 I2.929E-09 I2.982E-09



INDIAN POINT UNIT NO. 2 
OFESITE DOSE CALCULATON MANUAL 

RELATIVE DEPOSITON PER UNIT AREA AT 

FIXED POINTS BY DOWNWIND SECTORS

I DIRECTION FROM SITEI 

DISTANCE I EAST I SOUTH 
IN I EAST ISOUTH-EAST ISOUTH-EAST ISOUTH-EAST 

METERS II

1 .457E-09 

1.191E-09 

9 .435E-10 

7 .854E-10 

7.223E-10 

4.*884E-10

1 .448E-09 

1. 183E-09 

9 .376E-10 

7 .805E-10 

7.178E-10 

4 .853E-10

2 .506E-09 

2 .048E-09 

1 .623E-09 

1. 351E-09 

1.*242E-09 

8.*399E-10

2.552E-09 

2 .085E-09 

1.*652E-09 

1.*375E-09 

1. 265E-09 

8 .552E-10

I 4800. I 3.539E-10 3.517E-10 I6.087E-10 I6.198E-10 

5280 I2.988E-10 I2.970E-10 I5.140E-10 I5.233E-10

2135 

2400 

2745 

3050 

3200 

4000



INDIAN POINT UNIT NO. 2 

OFFSITE DOSE CALCULATON MANUAL 

RELATIVE DEPOSITON PER UNIT AREA AT 

FIXED POINTS BY DOWNWIND SECTORS

I I DIRECTION FROM SITEI 

IDISTANCE I EAST I SOUTH I 
IN I EAST ISOUTH-EAST ISOUTH-EAST ISOUTH-EASTI 

I METERS IIII

-t 

-F

2. 691E-10 

2.*120E-10 

1. 717E-10 

1 .420E-10 

7.*755E-11 

6.951E-11

-1

-F

2..674E-10 

2.107E-10 I 

1.706E-10I 

1. 411E-10 

7.706E-11 

6.907E-11

4 .629E-10 

3.*647E-10 

2 .952E-10 

2.442E-10 

1. 334E-10 

1.*195E-10

T 

T 

T 

T 

-7-

4. 713E-10 

3 .713E-10 

3 .006E-10 

2 .487E-10 

1. 358E-10 

1.*217E-10

I 16000 I4.362E-11 I4.335E-11 I7.503E-11 7.639E-11 

I 24000 I2.206E-11 I2.192E-11 I3.794E-11 3.863E-11

5600 

6400 

7200 

8000 

11200 

12000



INDIAN POINT UNIT NO.* 2 

OFFSITE DOSE CALCULATON MANUAL 

RELATIVE DEPOSITON PER UNIT AREA AT 

FIXED POINTS BY DOWNWIND SECTORS

I I DIRECTION FROM SITEI 

IDISTANCE I EAST II SOUTH 
I IN I EAST ISOUTH-EAST ISOUTH-EAST ISOUTH-EASTI 

I METERS IIIII 

I 32000 I1.336E-11 I1.327E-11 I2.297E-11 I2.339E-11 

I 40000 I8.957E-12 I8.900E-12 I1.540E-11 1.568E-11 

I 48000 I6.419E-12 I 6.379E-12 I1.104E-11 I1.124E-11 

I 56000 I4.821E-12 I4.791E-12 I8.291E-12 I8.442E-12 

I 64000 I3.749E-12 I3.725E-12 I6.448E-12 I6.565E-12 

I 72000 I2.995E-12 I2.976E-12 I5.151E-12 I5.245E-12 I 

I 80000 I2.445E-12 I2.430E-12 I4.205E-12 I4.281E-12 I
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INDIAN POINT STATION - LOCATION OF SAMPLING STATION POINTS

Location/Distances

Environmental Laboratory, Onsite 
SSE

Standard Brands, 0.6 MI -NNE

Service Building, Onsite - SSE

Algonquin Gas Line, 0.25 MI -S 

NYU Tower, 1 MI -SSE 

Camp Smith, 2.5 MI -NNE 

Camp Field Reservoir, 3.5 MI -NE 

New Croton Reservoir, 7 MI - ESE 

Inlet pipe into plants, NNE 

Discharge.Canal, Onsite - SW 

Iroquois Lake , Onsite -E.  

Trap Rock Lake, 0.75 MI -SSE

Sample 
Station 
Points

Drinking Water 

Drinking Water 

HR* Water 

HR Aquatic Vegetation 
HR Water 
HR Bottom Sediment/Si'lt 
ER Shoreline Soil 

Surface.Lake Water, 
Lake Aquatic Vegetation 

Surface Lake Water 
Lake Aquatic Vegetation

R - Hudson River

Sample Types 

Air Particulate 
Radio iodine 
Direct Gamma 
Precipitation 

Air Particulate 
Radio iodine 
Direct Gamma 
Soil 

Air Particulate 
Radioiodine 
Direct Gamma 
Soil 

Air Particulate 
Radi oiodine 
Direct Gamma 
Soil 

Air Particulate 
Radioiodine 
Direct Gamma 
Soil 

Well Water 
SDo 11

01



Location/Distances

Lake Meahagh, 1 HI - SEE 

Water Meter Hou se, Onsite 

Peekskill Bay, 1.5 MI - NE

Tompkins Cove, 1.5 MI - WSW

Off Verplanck, 1 MI - SSW

Indian Point - Onsite - SE

St.'Mary's Cemetery, 0.75 - SSE 

M ontrose. Marina, 1.5 MI - S 

George's Island - 2.5 MI - SSE

Lovett, 1.5 MI -WSW 

Roseton**, 20 HI -N 

Eastview, 15 MI - SE.  

Where available near site 

N.Y.C. Aqueduct-onuite .-SSE 
Environme'ntal- Bldg.

S amp1le 
Station 
Points.

Soil

HR Aquatic Vegetation 
*HR Bottom Sediment/ S 
HR Shoreline Soil 

Fallout** 
Air Particulate"* 
Radioiodine** 
Direct Gamma 

Precipitation 

Fish/Clams/Crabs

Drinking Water

**Control Station

Sample Types 

Surface lake Water 
Lake Aquatic Vegetati 

Direct Gamma 

HR Aquatic Vegetation 
HR Bottom Sediment/Si 
Shoreline Soil 

HR Aquatic Vegetation 
HR Bottom Sediment/Si 
HR Shoreline Soil 

HR Aquatic Vegetation 
HR Bottom Sediment/Si 
HR Shoreline Soil 

Soil 
Well Water 

Soil 

Soil 
Direct Gamma

13

19 

20

:.25

26



Sample 
Station 
Points 

27 

28 

29 

30 

32 

33 

34 

35 

36 

37 

38

Location/Distanc-es 

Croton Point, 7.5 MI -SSE 

Lent's Cove, 0.5 MI - NE 

Grassy Point, 3'HI.- S 

Dock, Onsite.- W 

Onsite Pole - S 

Factory St. SS, 1 MI -ESE 

Hamilton St. SS, 3 MI -NNE 

SE Corner Onsite - SE 

Bleakley &Broadway, Onsite -E 

Old Dump, 0.5 HI -SE 

NE corner, Onsite -NE 

Furnace Dock, 3.5 MI - SE

Sample Types 

Air Particulate 
Radio iodine 
Direct Gamma 
Precipitation 
HR Aquatic Vegetation 
HR Bottom Sediment/Silt 
HR Shoreline Soil 

HR Aquatic Vegetation 
HR Bottom Sediment/Silt 
HR Shoreline Soil 
Direct Gamma 

Air Particulate 
Radioiodine 
Direct Gamma 
Precipitation 

Direct Gamma 

Direct Gamma 

Soil 

Direct Gamma 

Direct Gamma 

Direct Gamma 

Direct Gamma 

Direct Gamma 

Direct Gamma 

Air Particulate 
Radio iodine 
Direct Gamma
Precipitation



Sample 
Station 
Points 

43

Location/Distances

Oregon Road, 3.7 MI - NE

44 Peekskill Gas Holder Bldg., 
1.7 HI - NE 

49 Iona Island, 3.2 MI -NNW 

50 HManitou Inlet, 4.5 MI- NNW 

51 Windsor Farms, 10 MI - ENE 

52 Shenandoah Farms**, 19.6 MI -NNE 

53 White Beach 0.9 MI SS5W 

54 Hav erstraw Beach, 4.0 MI SS5W 

55 Hilltop-Hanover Farms, 8.9 HI -ESE 

56,. Verplanck 1.0 MI -SSW 

84 Cold.Springs*.* 10.8 MI -N

Sample Types 

Air Particulate 
Radioiodine

.Air Particulate 
Radioiodine 

HR Shoreline Soil 
HR Bottom Sediment/Silt 
HR Aquatic Vegetation 

HR Shoreline Soil 
HR Bottom Sediment/Silt 
HR Aquatic Vegetation 

Milk/Grass 

Milk/Grass** 

HR Shoreline Soil 
HR Aquatic Vegetation 
HR Bottom Sediment/Silt 

HR Shoreline Soil 
HRI Aquatic Vegetation 
HR Bottom Sediment/Silt 

Hil1k/Grass.  

Direct Gamma 

HR Aquatic Vegetation** 
HR Shoreline Soil** 
HR Bottom Sediment/Silt**

*Control Station 

Not e:.L Stations 45-48 used for. quality assurance split samples 
Stations. 39,.,40, 42 no longer use assml esgain 

Mil.Farms that forone:.reason .or. another have_ ceased :com
mercial operation.  

2._Th "Upstream'! -sampling arrangement: near the: intakestructures :as refeirenced: 
in abl 411- ofthreis d' ailogical. Eff luent. Technical -Specifications 
is eig udaed it intalatonofreplacement equipment scheduled for 

1984 refueling 7outage..' hen updated information is-available -it-will 
be incorporated here.
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APPENDIX B 

LIMITED ANALYSIS DOSE ASSESSMENT FOR 
LIQUID RADIOACTIVE EFFLUENTS 

The radioactive liquid effluents for the years 1979, 1980, and 1981 were 
evaluated to determine the dose contribution of the radionuclide 
distribution. (See Table 1-1) This analysis was performed to evaluate the 
use of a limited dose analysis for determing environmental doses. Limiting 
the dose calculation to a few selected radionuclides that contribute the 
majority of the dose provides a simplified method of determining compliance 
with the dose limits of Technical Specification 3.9.A.3.a.  

Tables B-1 and B-2 present the'results of this evaluation. Table B-1 presents 
the fraction of the adult total body dose contributed by the major 
radionuclides as measured through two pathways. Table B-2 presents th e same 
data for the adult liver dose. The adult total body and adult liver were 
determined to be the limiting doses based on an evaluation of all age groups 
(adult, teenager, child,.and infant) and all organs (bone, liver, kidney, 
lung, skin, and GI-LLI). As the data in the tables show, the radionuclides 
CS-134, CS-137, MN-54, FE-55, and ZN-65 dominate both the total body dose and 
the liver dose. For only one year (1981) does their sum come to less than 95% 
of the total overall dose to liver and total body. Therefore, the dose 
committment due to radioactive material in liquid effluents can be reasonably 
estimated by limiting the dose calculation to these radionuclides; CS-134, 
CS-137, lYIN-54, FE-55, and ZN-65 which cumulatively contributes the bulk of the 
total dose calculated by using all radionuclides detected. This limited 
analysis dose assessment method is a simplified calculation that provides a 
reasonable evaluation of doses due-to liquid radioactive effluents.  

Tritium is not included in the limited analysis dose assessment for liquid 
releases because the potential dose resulting from normal reactor releases is 
negligible. Furthermore, the release of tritium is a function of operating 
time and power level and is essentially unrelated to radwaste system operation.



TABLE B-i 

ADULT TOTAL BODY DOSE CONTRIBUTION FRACTION 

I I1979 I1980 I1981I 

IRADIONUCLIDEI FISH I -SHELLFISH IFISH T SHELLFISH IFISH ISHELLFISH I 

ICS-137 I63.16% I23.98% I 56.45% I 21.26% I49.07% I 16.07% I 

ICS-134 I35.61% I13.48% I42-10% I 15.96 I45.90% I15.08% I 

I INl-54 I 0.01% I 17.40% I 0.01% I 20.92% I 0.02% I 29.40% I 

IZN-65 I0.73% I27.88% 0 0.05% I17.18% I0.51% I16.72% 

I E-55 I 0.02% I 5.54% I 0.06% I 14.14% I 0.03% I 7.33% I 

ITOTAL I99.53% 1 88.28% I98.67% I89.36% I95.53% I84.60 I 

Tim.nesIIIIIII 
Frraction 

lof Total IIII 
II 

IDose Due I I III 

to Pathway I96.07% I 3.02% I96.93% I 3.06% I94.89% I 3.44% I 

I Overall IIII 
Fraction III 

Tof TotalIII 
Dose DueII 
Ito theS 5 
Nuclides III 
jin Two IIII 
IPathways I98.-29% I98.37% I93.56%I



TABLE B-2 

ADULT LIVER DOSE CONTRIBUTION FRACTION

1979 1980

I RADIONUCLIDE I 

CS-137 

ICS-134 I 

MN-54 I 

IZN-65I 

FE-55I

FISH

67 .90% 

30-*66% 

0.04% 

0.0.7%

I SHELLFISH I

15.39% 

6.93% 

38 .36% 

26.02% 

10.00%

FISH I SHELLFISH I

61.84% 

36.98% 

,0.0 5% 

0.72%

11.95% 

7.*13 

40 .36% 

13 .98% 

22 .32%

FISH

54 .15% 

40 .69% 

0.08% 

0.81% 

0.11%

I SHELLFISH

8.79% 

6.*56% 

55.06% 

.13.20% 

11-25%

TOTA L I99.82% I96-.70% I 99.77% I95.74% 95.84% I94.86 

Times I1I 
Fraction I IIII 
of Total II1III 
Dose Due III 
to Pathway I94.55% I4.98% i'94.04% I5.81% I92.08% I6.76% 

overall I 
Fraction II 
of.Total III 
Dose Due II 
to theS 5 
N~uclides III 
in Two II 
Pathways I99.20% I99.38% I94o66%I

1981

0

I SHELLFISH I



APPENDIX C 

CONTENTS 

Technical Bases for Effective Dose Factors



APPENDIX C

TECHNICAL BASES FOR EFFECTIVE DOSE FACTORS

The evaluation of doses due to releases of radioactive material to the 

atmosphere can be simplified by the use of effective dose transfer factors 

instead of using dose factors whicla are radionuclide specific. These 

effective factors, which are based -)n the typical'radionuclide distribution in 

the releases, can be applied to the total radioactivity released to 

approximate the dose in the environment, i.e., instead of having to sum the 

isotopic distribution multiplied by the isotope specific dose factor only a 

single multiplication Me.ff, Meff Of Neff) times the total quantity of 

radioactive material released, would be needed. This approach provides a 

reasonable estimate of the actual dose while eliminating the need for a 

detailed calculational technique.  

Determination of Effective Dose Factors 

The effective dose transfer factors are based on past operating data. The 

radioactive effluent distribution for the past y ears can be used to derive 

single effective factors by the following equations.

EQUATION C-1 Y-ef f = Ki *f i

where

-the effective total body dose factor due to gamma 
emissions from all noble gases released.  

-the total body dose factor due to gamma emissions 
from each noble gas radionuclide li' released.  

S. the fractional abundance of noble gas radionuclide 
'Vl is of the total noble gas-.radionuclides.

EQUATION C-2 (L + 1.1 M)eff = .(Li + 1.1 Mi) *fj

where

(L + 1.1 M)eff 

(Li +.1.1 Mi)

-the effective skin dose factor due to 
beta and gamma emissions from all noble 

gases released..  

- the skin dose factor due-to beta and 
:gamma emissions from each'noble gas 

radionuclide i-released.

Y-ef f
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TECHNICAL BASES FOR EFFECTIVE DOSE FACTORS 

EQUATION C-3 Meff Mi fiM 

where 

Meff = the effective air dose factor due to gamma 
emissions from all noble gases released.  

Mi the air dose factor due to gamma emissions from 
each noble gas radionuclide i relaeased.  

EQUATION C-4 Neff Ni*f 

where 

Neff the effective air dose factor due to beta 
emissions from all noble gases released.  

Ni -the air dose factor due to beta emissions from 
- each noble gas radionuclide 'IV.  

To determine the appropriate effective factors to be used and to evaluate the 

degree of variability, the atmospheric,.radioactive effluents for the years 

1979, 1980, and 1981 have been evaluated. Tables C-1, C-2, and C-3 present 

the results of this evaluation.  

As can be seen from Tables C-1, C-2 and C-3, the effective dose transfer 

factors varies little from year to year. This variablility is minor 

considering other areas of uncertainty and conservatism inherent in the 

errironmental dose calculation models.  

To provide an additional degree of conservatism, a factor of 0.8 is introduced 

into the dose calculation process when the ef fective dose transf er f actor is 

used. This added conservatism provides additional assurance that the 
evaluation of doies by the use of a single effective factor will not 

significantly underestimate any actual doses in the environment.



TABLE C-1

EFFECTIVE DOSE FACTORS FOR NOBLE GASES - TOTAL BODY EFFECTIVE DOSE 

[K-eff] 

IYEAR IGROUND RELEASE IELEVATED RELEASEI 

IITotal Body Effective Dose FactoriTotal Body Effective Dose Factor! 
Iy-eff [nmrer/uCi sec/n 3] IKeff frrem/uCi sec/n 3] I 

I1979 I1.19E-05 I6.80E-06 

I1980 I 1.02E-05 I7.24E-06I 

I1981 I1.67E-05 I1.05E-05 

IAVG. I1.29E-05 6.8.E-06



TABLE C-2

EFFECTIVE DOSE FACTORS FOR NOBLE GASES - AIR DOSES 

Meff & Neff 

IYEAR IGROUND RELEASE IELEVATED RELEASE 
II Gamma-Air I Beta-Air I Gamma-Air I Beta-Air I 

lEffective Dose I Effective Dose IEffective Dose lEffective Dose I 
IFactor Meff IFactor Neff IFactor Meff IFactor Neff I 
mad/uCi-sec/m 3 mrad/uCi-sec/m 3  mrad/uCi-s .ec/m 3  imrad/uCi-sec/m 3 1 

1 1979 1 1.36E-05 I 3.56E-05 I 7.60E-06 I 2.02E-05 I 

I1980 1 J.18E-05 I 1.81.r-05 I 8.60E-06 I 3.94E-05 

I1981 I 1.75E-05 I 3.87E-05 I 1.155E-05 I 5.13E-05 I 

IAVG I 1.43E=05 I 3.75E-05 I 9.25E-06 I 3.70E"05



TABLE C-3

EFFECTIVE DOSE FACTORS FOR NOBLE GASES -SKIN EFFECTIVE DOSE 

YEAR IGROUNtD RELEASE IELEVATED RELEASE 

ITotal Skin Effective Dose Factor ITotal Skin Effective Dose Factor I 
I(L+1.1 M)eff mr~em/uCisec/m3  I(L+1.1 M)eff mrie/upisec/m3  I 
I II 
I I I 
I I 

1979 I2.81E-05 I 4.44E-05I 
I I 
I II 

1980 2.87E-05 I2.67E-05 

1981 I3.68E-05 I4.31E-05 

AVG. I3.12E-05 I3.81E-05I 

I I



TABLE C-4 

TABLES OF SOURCE TERMS USED FOR DEVELOPMENT OF 

EFFECTIVE DOSE TRANSFER FACTORS 

(Based On Semi-Annual Effluent Data Reports 
for the years 1979, 1980, 1981) 

ELEVATED RELEASE

80

Kr-85 

Kr-8 Sm 

Kr-87 

Kr-88 

Xe-133 

Xe- 13 5 

Xe-135m 

Xe-138 

Xe-131m 

Xe-133m 

Sr-89 

Sr-9 0 

Cs-134 

Cs-137 

Ba-140 

Co-58 

Co-60 

Mn-54 

1-131 

1-133

3.04 E+2 

6.34 E-01 

5.12 E+0 

1.31 E-1 

1. 14 E+2 

1.04 E+1 

3.36 E-1l 

2.98 E+1 

4.03 E+0 

4.71 E-05 

5.98 E-05 

3.32 E-02 

6.37 E-02I 

8.48 E-04 

4.44 E-04I 

1.13 E-02I 

6.27 E-0 2 

3.54 E-03I 

9.83 E-2 I 

8.09 E-4 I 

8.56 -3

I SOT OPE

3.78 E+2 

1.-19 E+0 

2.08 E-1 

6.52 E-1 

1.31 E4-3 

7.98 E-01 

3.29 E-1 

7.57 E-1 

5.06 E-1 

1. 22 E-1 

2.01 E-05 

5.12 E-06 

1.54 Ei04 

4.88 E-04 

1.35 E-04 

1.01 E-4 

5.22 E-04 

4.84 E-4 

1.8E-5 

4.21 E-2 I 

7.87 E-3 I 

1. 06 E-21-135

81 

2.69 E+3 

3.76 E+0 

1.47 E+0 

1.17 E+0 

1.79 E+2 

1.81 E+0 

1.77 E+0 

6.92 E+0 

3.11 E+1 

7.75 E+0 

2.85 E-05 

8.54 E-6 

171 E-04 

7.17 E-04 

2.87 E-04 

1.07 E-4 

6.77 E-4 

1.48 -03 

2.68 -05 

7.36 E-4 

1.07 E-3 I 

1.91 E-2 I



TABLE C-5 

TABLES OF SOURCE TERMS USED FOR DEVELOPMENT OF 
EFFECTIVE DOSE TRANSFER FACTORS 

(Based on Semi-Annual Effluent Data Reports 
for the years 1970, 1980, 1981)

GROUND RELEASE 

I ISOTOPE 1 79 1 80 1 811

Kr-8 5 

Kr-85m 

Kr-87 

Kcr-S88 

Xe-133 

Xe- 135 

Xe-135M 

Xe-138 

Xe-131 M 

Xe-133M 

Xe-137 

Sr-89 

SR-9 0 

Ca-134 

Cs-137 

Ba-140' 

1-131 0 

Co-58 

Co-6 0 

Mn-54 

Cr-S 1 

Nb-95

3.15 E+2 

2.35 E+1 

2.8 E+0 

2.72 E+1 

7.76 E+3 

2.79 E+2 

4.66 E+0 

1. 10 E+0 

4.9 E+l 

1. 56 E+1 

7.38 5+0 

8.10 E-6 

3.15 E-;6 

3.66 E-4 

3.90 E-4 

8.14 E-5 

9.48 E-5 

1.75 E-4 

2.5,E-4 

1. 58 E-6.  

2.19 E-5

I I

7.61 

1.22 

1.50 

1.83 

6.*41 

1.28 

5.78 

2.58 

2.00

5.55 

2.19 

1.53 

3.38 

1.13 

2.39 

8.*56 

5.*31 

3.08 

2.99 

9.02 

2.20

E+2 

E+1 

E-0 

5+1 

E+3 

E+2 

E+0 

5+0 

E+2 

5+1 

E+1 

E5 

E-6 

E-4 

E-4 

E-O05 

5-5 

E-4 

E-4 

E-6 

E-5

4.97 

5.34 

2.34 

8.*82 

8.*88 

4.55 

7.42 

1.61 

1.02 

9.69 

1.07 

2.27 

6.00 

1.33 

2.*18 

2.51 

6.11 

:1.98 

1.42 

3.46 

3.49

5.*20 E-7 I 1.99 E-6

E+2 

5+1 

5+1 

E+1 

E+3 

E+2 

5+0 

E+1 

E+2 

5+1 

E+l 

E5 

E-6 

E-4 

E-3 

E-4 

E-4 

E-3 

E-3 

E-5 

E-5



TABLE C-5 

TABLES OF SOURCE TERMS USED FOR DEVELOPMENT OF 
EFFECTIVE DOSE TRANSFER FACTORS 

(Based On Semi-Annual Effluent Data Reports 
for the years 1979, 1980, 1981) 

GROUND RELEASE (Continued) 

I ISOTOPE I 79 I 80 81 

I Fe-55 I 4.35 E-OA 9.70 E-5 I 1.59 E-3 I 

I P-32 I1.75 E-5 I1.09 E-05 I 1.96 E-5 

NI-63 I 4.39 E-4 I3.74 E-5 I 1.18 E-4 

Zn-&5 I -- --- 5.48 E-6 I 

I Co-57 I -- I --- I5.01lE-6 

I 1-131 I3.84 E-2 I7.48 E-1 3.13 E-2 

I 1-133 I 1.68 E-2 I5.32 E-3 I 1.40 E-2 I 

I 1-135 2.85 E-2 I 2.08 E-2 I2.58 E-2 I
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APPENDIX D

DEFINITION OF LLD 

The LLD is defined, for purposes of these specifications, as the smallest 
concentration of radioactive material in a sample that will yield a net count, 
above systems background, that will be detected-with 95% probability with only 
5% probability of falsely-concluding that a blank observation represents a 
"real" signal.  

For a particular measurement-system which may include radiochemical separation: 

4.66 sb 
EQUATION D-1 LLD = 

E ' V * 2.22 X job Y *exp (XA t) 

Where: 

LLD is the "a priori" lower limit of detection as defined above, as 
microcuries per unit mass or volume.  

sb is the standard deviation of the background counting rate or of the 
counting rate of a blank sample as appropriate, as counts per minute.  

E is the counting efficiency, as counts per distintegration.  

V is the sample size in units of mass or volume.  

2.22 x 106 is the number of disintegration per minute per microcurie.  

Y is the fractional radiochemical yield, when ap plicable.  

A for plant effluents is the elapsed time between the midpoint of sample 
collection and time of counting.  

Typical values of E, V, Y, and At should be used in th6 calculation.  

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.



APPENDIX D

DISCUSSION OF BACKGROUND CONSIDERATIONS 

In many instances, radiation counters exhibit a background rate that is not 
negligible and that should be subtracted from the gross counting rate to make 
an effective counting rate determination of the sample in question. An 
estimate of the statistical error due to the background must be included in 
any final estimate of total combined error. Assuming that the source and 
background counts are additive, the standard deviation of the net counting 
rate is, 

EQUATION D-2 +~ IT 

where T refers to the counting of the sample including background (Total) 

B refers to the counting of the background alone (Background) 

To be assured of the significance of the setpoint level relative to background 
level they should at least be of the same order of magnitude preferably with 
the setpoint level at least one- order of magnitude higher than the background 
level. Where setpoint levels cannot be raised due to IOCFR20 MPC level limits 
then background levels must be reduced in the field.
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APPENDIX E 

DETERMINXTEON OF RELEASE RATE FROM THE STEAM GENERATOR 
BLUN4DOWN-TAND PURIFICATION SYSTEM FLASH TANK 

VENT. AND* TEE :SECONDARY BOILER BLOWDOWN PURIFICATION SYSTEM 
FLASH TANK VENT 

A determination of the release of radioiodine-131 via the flash tank vent can 
be made by calculatinic from a .measured concentration in the secondary water by 
the following. equatir",: 

EQUATION E-l. Q =!C TGB] fFT ( 1 -SQFrv) where: 

Q the release rate of radioiodine-131 from the steam 
geneatorflash tank vent, in [ Ci/sec].  

C 'The concentration of radioiodine-131 in the secondary 
coolant water averaged over not more than one week, in 
[ci/mlI].  

RSG3' IThe steam generator blowdown rate to the flash tank, in 
4(ml/sec]I 

fFT1 The fraction of blowdown flashed in the flash tank 
,determined f rom a heat balance taken around the f lash 
'tank at the applicable reactor power level.  

SQPTv- ',The ,measured steam quality in the f lash tank vent; or 
an assumed value of 0.85, based on USNRC NUREG-0017, 
"Calculation of Releases of Radioactive Materials in 
Gaseous and Liquid Effluents from Pressurized Water 
Reactors.  

To- detomrmine 'Qone must evaluate the right hand side of the 
equatcImn. .'C' Is a measured quantity, hence it is available and 
need' nnI be calculated or derived. 'RSGB' is. also a known or 
measurred quantity. Skipping 'fFT' for the moment and going to 

'SOT., one :assumes a value of 0.85 for 'SQFTv in the 
absenve iof direct measurement to the contrary. This leaves. only 
the ane term 'fFT' to be determined prior to a .direct 
calcu:Lation of ",Q'
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DETERMINATION OF RELEASE RATE FROM THE STEAM GENERATOR 
BLOWDOWN AND PURIFICATION SYSTEM FLASH TANK 

VENT AND THE SECONDARY BOILER BLOWDOWN PURIFICATION SYSTEM 
FLASH TANK VENT 

The determination of -the release rate from the Steam Generator 
Blowdown Flash Tank (SGBFT) is different from the Secondary 
Boiler Blowdown Purification System. This is because the steam 
generator blowdown flash tank has a spray system which uses cold 
city water for injection into the steam space. Because of this 
spray system, steam release via the tank vent is negligible. In 
addition it also dilutes the iodine concentration in the 
blowdown liquid that is released. The following equation is to 
be utilized in case of loss of the city water-spray system.  

h BD h cn h BD-180 

fT h ~ 970 

where hED = Enthalphy of blowdown liquid. For this 
use the value from SOP 15.1 titled, 
T Calormetric Thermal Power Calculations" 

hcon = Enthalphy of condensate in the tank.  
Since the tank is, at atmospheric pressure, 
use a value of 180 Btu/lb 

h =Evaporation Enthalphy of Steam being vented.  
stm and for this use a value of 970 Btu/lb.  

With 'fFT", thus determined and inserted into equation 
E-l,'Q can be determined by a straightforward calculation.  

If there is a loss of city water spray to the SGBFT, the 
calculations must be made every time measurements of 
secondary water radioiodine concentrations are required by 
Technical Specifications. The calculated release shall be 
assumed at the latest calculated level until the next 
secondary water analysis is completed.I



INDIAN POINT UNITS Nos. 1 & 2

QFFSITE :DOSE CALCULATION MANUAL (ODCM) 

APPENDIX E 

(Continued) 

DETERMINATION OF RELEASE RATE FROM THE STEAM GENERATOR 
BLOWDOWIN AND PURIFICATION SYSTEM FLASH TANK 

VENT AND THE' SECONDARY BOILER BLOWDOWN PURIFICATION SYSTEM 
FLASH TANK VENT 

For purposes of determining releases from the Support 
Facilities Secondary Boiler Blowdown Purification System 
flash. tank, when used as a receptacle for radioactive 
steam generator blowdown, may be thought of as an 
alternate flash tank and can be evaluated in the same way 
as previously described. The only difference is that this 
flash tank vents steam at 75psig. -The following equation 
applies: 

h BD h cn h BD-291 

fFT h t 895 

where hBD Enthalphy of blowdown liquid. This infor
imation can be gotten from the Control Room 
Operator.  

hco *Enthalphy of condensate in the tank.  
Since the tank is at 75 psig pressure, 
use a value of 291 Btu/lb 

h Evaporation Enthaiphy of Steam being vented, 
stm for this use a value of 895 Btu/lb.


