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RADIOLOGICAL IMPACT EVALUATION OF WATER LEAK AT INDIAN POINT UNIT 2 

1 .  DESCRIPTION 
1 L 

This report documents a preliminary evaluation of the Potential radiation doses to offsite receplon re~uning from the leakage of 

contaminated water from lndian Point Unit 2 (IPZ) to the Hudson river. The exposure pathways considered are the ingestion of . 

contaminated fresh-water fish and of salt-water invertebrates. It is noted that the drinking-water pathway Is no1 included in the lndian 

Point Land Use Census or in the Offsite Dose Calculation Manual (ODCM). Nonetheless, for informational purposes, results are also 

presenled for a scenario where the drinking of contaminated water is an addlional exposure pathway. 

2.0 INPUT VARIABLES AND ASSUMPTIONS 

. , 
The present analysis was based on ENTECH'S AQUADOS computer code, which makes use of the models and data In Regulatory 

' 

Guide 1.109, with one exceptton. In the present application, and in line wilh the IP2 ODCM, the AQUADOS data base was modified to 

make use of the site-specific (Indian Point) fish bloaccumulatlon factor for Cs; this Is equal to (224 (pCilkg) per pCilliter of  water)], about 

an order of magnilude lower than the regulatory value d 2000. 

. . 
The basic assumptions and input variables employed.in the analysls were as follows: 

(a) The source of the water contamination identified in the on-site monitoring wells was assumed to be the spent fuel 

pool (SFP). 

(b) The radionucllde concentration in the leaklng water to the fiver was assumed to be the same as the worst-case 

measured value in the water collected from the cracks in the SFP concrete wall, as shown In Table 1 below. 

(c) The contarnlnated-water leakage rate to the river was assumed to be 10 Iltedday: 
. . 

: (d) The.exposure interval of the offsite receptor was assumed to be 91 days.(l quarler). 

(e) The entire activity In the leaking water during the quarter was assumed to enter the rlver wlhout anyin-transit 

decay. As such, the acthrny released into the river during one quarter is a; follows: . . 

. . 

. Table 1 - Radlonucllde Concentrations in Leak Water and Potential Actlvlty Released to the Rlver . . 

Actlvlty Released to River During 

. . 

' 2.20E-02 (pCi/ml) x 10;000 (mllday) 91 (days) x l.OE-06 (CVpCi) = 2.00E-02 (Ci) 

(e) The activity released during the entire quarter is further assumed to get released into the river during a single 6-hour 

half-tidal cycle, and to mix uniformly with the average water mass that traverses the Indian Polnt s le  during the 

same time interval.' This dilutlon volume is equal to 5.49E+07 m3 (1.45E+010 gal) when there is no fresh-water 
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inflow from the estuaries (from Calculalion IP3-CALC-RAD-00016, pg 45, based on the UFSAR). The scenario is 

equivalent to a slug of water, equal to 5.49E+07 m3, moving back end forth by the Indbn Point site carrying the 

same concentration listed above for an entire without addlional dilution. As an example, the tritium . . 

. concentration in the river water, for an entire quarter, would be equal to I2.00E-02 (Ci) l5.49E+07 (m3)) x 0.001 

(m3iter) x 1.OE12 (~CVCI) = 0.364 (pCVliter). Refer to one of the AQUADOS computer outputs in Sec. 5 for the 

concentrations of the other radionDclides. . . 
. . . . 

.. , ,. .s . . :. . '.i .. . .,.! <. ,;. ;y , .,:; .:,. :. , , ,..'-:.-r'" ,i;-'; ..r.. , . . . 
(9 Decay correction during,the 91day exposure interval was not accounted for. Due to the long ban-lives of the 

radionuclides of inlerest, decay correction in the present appllcatlon is InsignWicantly small. 

(g) Doses were calculated by wnsldering the following exposure pathways: 

Case 1: Ingestion of contamlnated fresh-water flsh and salt-water invertebrate, and 

Case 2: lngestion of contamlnated fresh-water fish, salt-water invertebrate, and drinking water. 

As noted above, the drinking-water pathway is not included in the Indian Point Land Use Census.or in the ODCM. 

Nonetheless, Case 2 abovb was analyzed for informational purposes andlor use, should there be 6n interest or a 

need in assessing the potential radiological impact from the ingestion of contaminated water. 
. . 

3.0 RESULTS 

The AQUADOS computer outputi for the two cases analyzed are presented in Sec. 5. Refer to that section for complete details. 

Summaries of the results are presented In Table 2 for the scenario without the drinking-water pathway (Case I), and in Table 3 for the 

scenario.wtth the drinking pathway 'included (Case 2). It is seen that the worst-case total body and critical organ doses ant as follows: 

Case 1 (without the drinking-water pathway): 2.ME-05 mrem/quarter, adul total body - -1 dYkfh/Yw , 

4.15E-05 mntmlquerter, child bone. 

Case 2 (with the drinking-water pathway): 3.77E-05 mrem/quarter. adult total body 1.5 E-Y ~ / ~ ) r ) .  

6.94E-05 mremlquarter, child bone. 
ZJ 74 E-Y 

For informational purposes and comparative analysis, Table 4 presents the annual doses from liquld releases from the entire site, for the 

calendar years 2000 to 2004. From this table, it is seen that the lowest annual doses to the total body and critical organ are 3.4E-03 

- mrem and 1 06E-02 mrem, respectively, for 2004. The correspondlng quarte* doses are 8.5E-04 and 2.65E-03 mremlquerter. These 

are at least 30 times higher than the conservatively calculated doses (without the water-ingestion pathway) f r m  the potentlal leakage of 

contaminated water to the river 
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Table 2 - Upper-Bound Doses (mremlquarter) Resulting from the Postulated 

Leakage of Contamlnated Water into th'e Hudson River, and the lngertlon of 
. Contamlnated Fresh-Water Fish and Salt-Water Invertebrates - Case 1 

AGE GROOV ErJMC. LIVER. T. BODY TBIRDID XIDHZY UrWO GI-LLI 

U U L T  3 6 1 - 0  3.281-03 2.SOC-05 2.25E-07 1 2 - 0 5  3.881-06 1.39E-06 

TEEWAOER 9.570-os I.(o~-os E - o  7 - 0 7  i.in-or 4.6~~-06 i,o7~-os 

CBILD 4.13E-05 3.01E-05 7.18E-06 1.44E-07 1.01s-01 3.72E-06 5.01E-07 

I W W T  .00C+00 .OOE+OO .00E+00 .OOC+OO .00S+00 .00E+00 .009+00 

Table 3 - Upper-Bound Doses (mremlquarter) Resulting from the Postulated 

Leakage of Contamlnated Water Into the Hudson Rlver and the Ingestion of 

Contaminated Fresh-Water Flsh, Salt-Water Invertebrates, and Drinking Water - Case 2 

AGL CROUP BOIP LIVIR T . B O D I  TPIROID XIDWLY .URY: GI-UI 

ADULT 5.15E-05 (.JOE-05 3.77E-05 7.211-06 1.96E-05 1.1%-05 B.839-06 

ntmm.R 4.11~-05 , (.PEE-05 Z . ~ S E - O ~  5.101-06 i.78~-05 1.0011-0s 6.32~-06 

CBILD 6.9lE-05 4.84E-05 ?.?BE-05 9.57E-06 2.22L-0s 1.4IE-05 1.03E-05 

IYFAYI 2.25E-05 1.91E-05 1.3%-01 9.26E-06 1.201-Ol 1.OIE-05 9.461-06 

Table 4 - Liquid Effluent Doses from the Entire Indian Polnt Slte 

(From Reg. Guide 1.21 Annual Reports) 
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Calendar 
Year 

2000 

2001 

2002 

2003 

2004 

Total Body 
Annual Dose 

(mrem) 
6.18E-02 

1.73E-02 

1.21 E-02 

5.32E-03 

3.40E-03 

Critical Organ 
Annual Dose 

(mrem) 
1.01E-01 

2.79E-02 

4: 18E-02 

1.57E-02 

1.06E-02 



4.0 CONCLUSIONS 

Despite the overly conservative assumptions employed in the analysis, it Is seen that the doses to any organ of an offsite receptor, due 

to the potential leakage of contaminated water from IP2 to the river, are less than 1.OE-04 mremlquarler, significantly lower than the 

ODCM quarterly limits of 1.5 mrem to the total body and 5 mrem to any organ. In addition, these doses are at least 30 times lower than 

the doses from all liquid releases from the site. As such, an elaborate analysis utilizing a more refined riverdilution model Is not 

warranted. It is ako noted that the wont-case dose contributors are S190 and Cs137, which may not even get into the river because of - 
their expected long transl tlme through Ihe ground, from the site to t h z ~ e r .  Indeed, only tritium has been identified as a Contaminant 

In the control wells at the site. 

As a final remark, it is noted that scoping analyses based on the use of the Committed Effective Dose Equivalent (CEDE) dose 

conversion factors in Federal Guidance Report 11 for the ingestion pathway demonstrated that the CEDES would be numerically very 

close to the whole body doses listed above. The same conclusion would also apply to the Total Effective Dose Equivalents (TEDEs) in 

the present application, since there Is no external radlation exposure. - 
I 

Page 4 



5.0 AQUADOS OUTPUT 

AQUADOS CASE 1 (Excludes the water-drinking pathway) 

AQUADDS ImG. WIDC 1 .109  - AWATIC PAT6liAT RADIATION OXPOSVRE81 NYPA / ENTCCn ZNGIUZSRIW 2-Nw-05 PAGZ 1 

INPUT DATA LISTING - FILE 4 

IP2 SrP  W; 1Q U L W t  IN 6-BR TIML FLM r / o  FVRTBER DILVIION; W/0 WiTXR Path 

1 .0  6 . 0  3.9341-04 3.934E-04 0.0 

2190.0 2190.0 0.0 0 .0  

0 . 0  0 . 0  0 . 0  0.0 '  0 . 0  

.B3 2.OOC-02 C060 1.5%-07 HI63 3.731-07 81190 4.911-07 

CS134 6.191-07 CS137 1.04E-05 . . 
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WAD08 IPSG. W I D C  1 . 1 0 0  - AQUATIC PAT(IIUY RADIATION EXPOSURES) YIPA / ENTxC8 EYGIHTLRING 

. . 

I P 2  8 T P  W(; 19 O P W E  I N  6-BR TIDAL FLOW V/O NRTBER DIUITION;  W/0 U Z E R  P a t h  

DI8PERBION TACTOR - P l a n  IWOE8TIOY PATBVAY lamc/m3) 3 . 9 3 4 E - 0 4  

DISPERBION TUTOR - DRIHIIYG m n ~  P A T ~ A T  I ~ ~ C I ~ I  3 . 9 3 4 ~ - 0 4  

DI8PERBION FACTOR - 8RORELIWE DEDOIIT8 lmmc/n3) . 0 0 0 C + 0 0  

T P A N S I T / 8 I ~ t l M U U T I O N  D I U Y  TIME ( T I 8 8  INGESTION, h rm)  

?RANBIT TIME ( D R I W X I ~  a A m r  PATWHAT, h r m )  

TRANBIT TIME (BBORCLIWI DOPO8IT8,  h r d  

S H O R E L I ~ ~ ~  DEPOSIT PRX-EXPOBURT AC~~MIIATION TW (yrmb. . , 

811OPELItU WIDTH T U T O R  

FRESH UATER AQUATIC FOODS 

GALT WATER M U A T I C  r c ~ ~ i  

DRIUKIKI  WATER 

SHOPSLIWP DZPOBIT8 

PATHHAY ADULT TSLlUCCR CLIILD ' 1- 

RIUITB C V E a T .  I k g / y r )  

LEAi'Y VEGETABLE8 l k p / y r )  

UILJI l l i t m r * / y r t  

m T  AND POVLTRY I k g / y l )  

V I I H  I k g / y r )  

OTHPR 8-D I k g / y e )  

DRINXING WAmR I l i t m r m / y r )  

SHORELINE RECR5XT. l h r / y r )  

INUUATIoW c r 3 / y r )  

6 3 0 . 0  

4 2 . 0  

4 0 0 . 0  

6 5 . 0  

1 6 . 0  

3 . 8  

5 1 0 . 0  

6 7 . 0  

eooo .o  

2-Nov-05  P A R  2 
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