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IPEC Water Mass Balance and Dose Assessment from Groundwater and Storm Water

Purpose and Scope:
The purpose of this assessment is to provide a bounding estimate of the amount of radioactivity being
transported to the Hudson River via previously undocumented groundwater and storm water pathways. There
are other monitored pathways, such as the North Curtain Drain and the Sphere Foundation Drain Sump of Unit 1
that are sampled and directed to the Discharge Canal. These Unit 1 releases have been discharged as described
in the Offsite Dose Calculation Manual and they are included in the Regulatory Guide 1.21 Effluents Report.
As such, the Unit 1 releases are not included in this IPEC Water Mass Balance Assessment.

The water mass balance methodology is used as a conservative interim measure until sufficient data becomes
available from the existing and planned monitoring wells. This current water mass balance methodology is not
the complete site conceptual model that describes the groundwater flows. The site conceptual model is under
development, and it will be completed after sufficient groundwater elevation and flow data are obtained.

Methodology Description:
The basic methodology for this dose assessment is based on an overall mass balance driven by precipitation.
The hydrology portion of this assessment was performed by IPEC's consultant, Matthew Barvenik, of GZA
GeoEnvironmental, Inc. IPEC concurs with this methodology. This "watershed analysis" partitions the
precipitation falling on the watershed catchment area (i.e., that portion of the Facility area where the surface
topography is sloped towards the river) into water that infiltrates the ground to become groundwater (GW),
water that flows off the surface as storm water (SW) and that water which directly moves back into the
atmosphere via evapotranspiration and other processes. See Figure .1, "IPEC Groundwater and Storm Drain
Conceptual Drawing". This method of analysis is based on well established hydrologic principles. Our
selection of parameters is heavily biased towards larger flows and higher concentrations of H3 and Sr9°. As
such, we believe that this analysis is significantly conservative, resulting in estimates of activity moving to the
river (both directly and via the Discharge Canal) that will most likely prove to be substantially higher than the
activities we will determine later, as additional data becomes available.

Over the entirewatershed catchment area of 3.2 million ft2, the GW and SW has been segmented;relative to the
areas of the Facility through which it flows (primarily established based on H3 concentrations in the various
Facility areas). See Figure 2, "Indian Point Site Overview" depicting groundwater areas and storm water zones.

Overall, the partitioning was established as follows for infiltration areas contributing to GW flow (does not
include paved or building areas):

GROUNDWATER AREAS:
* AREA 1. The northwestern most area where GW appears to move directly to the river, but passes to the

north of the Unit 2 Turbine Building Road (area of 0.25 million ft2). This GW is unlikely to contain
appreciable H3 concentrations based on the data available to date and the lack of likely H3 sources;

• AREA 2. The area where the GW appears to move through Unit 2 facilities (area of 0.57 million ft2);
* AREA 3. The area where the GW appears to move through Unit 1/3 facilities (area of 1.7 million ft2);
* AREA 4. The southwestern most area where GW appears to move directly to the river, but passes to the

south of the Unit 3 Turbine Building Road (area of 0.67 million fe). This GW is unlikely to contain
appreciable H3 concentrations based on the data available to date and the lack of likely H3sources.
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SW flow from paved areas and building roof areas has also been partitioned into various zones within the above
Facility GW areas as follows:

STORM WATER AREAS:
* ZONE A. The eastern most parking lots which likely drain along flow paths where the SW is unlikely

to contain H3, and storm drain exfiltration into the GW flow zone is also unlikely to pick up H3 (area of.
0.35 million ft2);

* ZONE B. Within the Unit 2 Facility, the eastern and western zones where SW appears to discharge to
the river, but does not pass through the Unit 2 Transformer Yard (area of 0.21 million ft2);

* ZONE C. Within the Unit 2 Facility, the middle zone where SW flows to the Discharge Canal, and
does pass through the Unit 2 Transformer Yard (area of 0.15 million ft2);

* ZONE D. Within the Unit 1 Facility where SW flows to the Discharge Canal (area of 0.13 million ft2);
and

* ZONE E. Within the Unit 3 Facility where SW flows to the Discharge Canal (area of 0.75 million ft2).

A portion of the SW has been assumed to leak out of storm drains and thus increases the GW flow to the river as
follows:

0 ZONE A. Storm drain exfiltration =0% - set to 0% because exfiltration from pipes in this zone are
unlikely to contribute flow to GW which contains H3 and the SW itself is unlikely to contain H3 ;

* ZONE B. Storm drain exfiltration =0% - set to 0% because exfiltration from pipes in this zone are
unlikely to contribute flow to GW which contains H3.and the SW itself is unlikely to contain H3;

* ZONE C. Storm drain exfiltration =25% - set to a relatively high value to result in higher than
anticipated GW flow through the Unit 2 Transformer Yard which contains the highest H3 GW values, so
as to be conservative;

0 ZONE D. Storm drain exfiltration =50%; set very high given current knowledge of these drains; and
0 ZONE E. Storm drain exfiltration =10%; set to a nominal value given current lack of specific data and

limited impact on overall H3 flux due to low H3 concentrations.

H3 concentrations have been established for all Areas and Zones using 2005 data. Very conservative Nickel-63
and Strontium-90 have been included for groundwater flow from an early sample result in Area 2.

* GW flow AREA 1. [H3] = 0 pCi/L given lack of likely H3 source areas and flow path which appears
not to flow through areas exhibiting H3 concentrations in' the GW;

* GW flow AREA 2. [H3] = 200,000 pCi/L which represents an upper bound average of the
concentrations found in the Unit 2 Transformer Yard'. It is expected that the pending Phase I and
II data will prove this assumed value for H3 in the GW moving to the river through the Unit 2 area to be
significantly higher than actual values. Very conservative Ni63 and Sr9° source terms were added (100
and 50 pCi/L, respectively) from a single early sample from a Monitoring Well in March, 2006.

• GW flow AREA 3. [H3] = 620 pCiiL which represents an upper average of the concentrations found in
the Unit 1 and 3 Facility areas;

* GW flow AREA 4. [H3 ] = 0 pCiIL given lack of likely H3 source areas and flow path which appears
not to flow through areas exhibiting H3 concentrations in the GW;

SW flow ZONE A. [H3] = 0 pCi/L given that exfiltration from pipes in this zone are unlikely to
contribute flow to GW which contains H3 and the SW itself is unlikely to contain H3;

* SW flow ZONE B. [H3] = 651 pCi/L given measured storm drain concentrations;
* SW flow ZONE C.-[H 3] = 2,900 pCi/L given measured storm drain concentrations;
* SW flow ZONE D. [H3] = 1,560 pCiiL given measured storm drain concentrations; and* SW flow ZONE E. [H3] = 1,560 pCi/L given measured storm drain concentrations.
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The infiltration rate in non-paved/building areas was established at 0.46 feet/year based on the USGS report:
Water Use, Groundwater Recharge and Availability, and Quality in the Greenwich Area, Fairfield County, CT
and Westchester County, NY, 2000 - 2002. The precipitation rate for the area was set at 3.74 feet/year based on
onsite meteorological data.

Based on the above analysis, it is estimated that approximately 1.36 Ci/year of H3 migrates directly to the river
via the GW flow path. It is also estimated that less than 0.02 Ci/year flows directly to the river via SW. It is
further estimated that approximately 0.16 Ci/year flows to the river with SW via the Discharge Canal.

It is noted that the H3 concentrations adopted herein are expected to represent values which are significantly
greater than those which actually exist given the conservatism exercised during parameter selection. An
example of the conservatism employed in these assessments includes:

* H3 concentrations selected for the various GW and SW flows are likely to be higher values than actually
exist. Itis believed that these values will be proven to be significantly too high with the acquisition of
additional Phase I and II data. This is particularly true for the 200,000 pCi/L adopted for the Unit 2
Transformer Area;

* The areas contributing GW flow through various IPEC Facilities was biased toward placing more flow
through the Unit 2 Transformer Yard where the highest H3 concentrations were used;

0 All GW flow has been assumed to discharge directly to the river. Some of this GW flow must infiltrate
the Discharge Canal thus -reducing the apportionment to the river;

0 All storm drain pipe leakage has been assumed to be exfiltration which will increase GW flow values.
However, current data in the Unit 2 Transformer Yard indicates that significant GW infiltrates the storm
drain during rainfall events, thus flowing to the Discharge Canal via SW rather than directly to the river
as GW. In addition, it is noted that SW H3 concentrations were typically obtained during non-storm
events and thus represent the high end of H3 values associated with low flow conditions. However, these
high H3 concentrations, were then applied to the much higher storm flows where much lower H3 values
should exist;
All precipitation falling on paved/building areas was assumed to result in SW flow. Some of this water
actually evaporates directly to atmosphere from pavement and buildings; and
The very large value of GW flow extracted from the GW system via the Unit 1 curtain and footing
drains has not been subtracted from the GW flows adopted in the analysis.
The application of Ni63 and Sr90 at values determined from one early sample at a Monitoring Well
between the Discharge Canal and the Hudson River in early March, 2006.

Results:

The results of the assessment are shown in Table 1. The annual dose from the groundwater and storm water
(with the very conservative inclusion of Sr and Ni) remains well below the applicable limits (approximately
0.1%) but are, in fact, significant with respect to our routine levels (due to aggressive waste processing efforts).
These results are considered to be quite conservative due to assuming Sr90 and Ni63 concentrations from a single
location as being representative of the bulk fluid in Area 2 for the entire year. These source terms will be re-
evaluated after additional Monitoring Well data is assessed.

There are six tables attached, including one summary table, three tables of doses from storm water pathways and
two tables of doses from groundwater pathways. The groundwater dose table for the area of Unit 2 transformer
yard conservatively includes 100 pCi/L of Ni 63 and 50 pCi/L of Sr9°. For comparison, the summary table shows
the tritium dose alone and the total doses (including tritium, nickel, and strontium). In addition, these doses are
compared to the annual limit and 2005 routine effluents. Figure 3 shows precipitation data for the site.
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Figure 1

IPEC Ground Water and Storm Drain Conceptual Drawing
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Figure 2.. Indian Point Site Overview

I migpayed Io,•W t fjj3 ,Ureen UyLayer ~~ f yae.

I

1
.2<

Page 5



IPEC Water Mass Balance and Dose Assessment from Groundwater and Storm Water

Table 1
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Table 2
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Table 6

r2A Acim.y Re le ased tudsn via Bedrock'Pathway, 2005
(fro 'the~rana rnfre ad sdtrie by smesfrom Mntrn el ra2

Release Ratej 1 .84E+07 mfil/day or,, 4.85E+108 qpd or:, 3.37 gpm

Duratio n:of--Rele~as'e,.-in days- 35 Waste vol released'= i .77E+06 gal

Dil "Factbr 3.03E-•05,-

9prn- Diluo.n vl releadsd,= .5.83E4•16- ngal

fdiIution'da4 pe PC-054042,fo r oh -aa

~J** Adtivitv.' 10OQFR2O? P~RE RPOS, T~ <.POSTh MICRO-~
________leS(ý *j,~C1 DILUTION DI3JLLU DILUTION CURIES'

77Y7 >uCi/,mI conacjmit GONCIMPO u~iliml CQNCIMPC RELEASEDI
'H-3 2.OOE-04ý I OOEL-0." 2.OOE-02: C&017E,09: .6.07E'07 1.34E+06

MN-54 _____ 3 00-E404~ O.00E+0 O.00QE-l00' O0.;0E#00 '0ý,00E+O0G
FE55 ______ 1OE03.Q4 O.OOE+00 0;OOE+00. OEO0. 0.,00E+00;

"C-o58" ______ 2OOE-O 0.OOE÷OO 00+0 ......0E+00 01Q: OO.E+'0,
0-03. O0E-i5 OOOE+00 0OtOE+00,O 0.OOE7+,00 R:OOE,00,

Nj-6.3; 1:00E-07,. 1..OE-'Q3- -1.OE-04 ý3. 0 3E -12' 1:0 E-09 !6!70E+02
:S~9 .. 5OO-8: ý 0E;6ýIO0E~qO2 5.52 E~ 1:2 3-,.03E-07 31.35E~+02'.

SB-i 25, _______ O,ý04 jfl.=E+00. O00 :. ,00OE+0 0.OO0E+00:
C$13. ~ 0E0 D00E+s00r *00E±O0 .Q0'.fOE+00' U0'00E*+00

C S7-'137 ______ 1 OOE-0ý5, 0:-OOE+O0 '0.00E+',00 GM0E+i00. O;OOE;400ý
CO-57 ______ 60E0~ 0:OOE#00 0.OOE+00 0;00E+00 0.OE00&Oý

TO~1TAL* Z.O0E5i4 _______ >3.01 E-02< 6.7E0 9Agý 34EfQ5<

NUREG 0'133 ",Applicable Fa'tor"• for Nea r Field Dilution.= I- .OOE+00,

_________ ________ _________AdUlit Total Bo6dy re ______ _______ ____

ISOT2E ~ ~ CQ~l~ UT-Q~eA, D ?ý HYQD7 KIDNEY 'ý- -N~~ L2LU
H-3; RlOOEt00 1;.50E--'(5 1:60E06-, I1.50&'05, 1 .SOE-05' i.:50E-05, -1'50E'-05

MN-4 .0OE-s00' QýG.0OO,0E+0 10 0.0O-iO OOE+00 '0:'00E4-00 0'.00E+00 0.;OOE-+CO
FE-.55, &00E*±Q0 O:OOE±00 0.00Eý00ý 0'0E+YO Oý0+D. 0Q0E+f)0 0..0EI-00

'Qa-58 0.00E+00O O.100E+00 0 .OOE+00 0.-OOE+OO0 :0'.Q0E4o .OE+00 0.0E+001
-~~~~~~~~ 0Q6 0.OEQ +.OE0 0:O--O OO 00' 1.,"00E+ 0- .O+O .OE

.1Nlrq8 1.22E603 9.'7E-05. AA44Eý05, N.O+0 QOME+-0 & .O+0 19E0
SR-90 8.0E-03' 0.00E+00- 2.06E-03 0,OOE+'OR '0'0EO.OOE+O 0 GE0
SB-I25! OOEOEI000 O.OOE+O0 0.00E+00 0ý.OOE+00 -0.Q0EtO0 0.OOE+00 :0ME00E+O
0&1l34 0.OOE+00; 0. OOE+0O 0 OO.0E+00 0.0OE+i-00, 00+ 0OOWE+QG OJ.OE+00
CQS,137 -0 QOE+100: 0 0E+O0C 0.OE00E-7'" 0.OOQE+O0 Q'0E'OOE00 0. 00E00' D. -OOE+00
C0ý57 O.OOE+QO 0.CE00 0Q.OOE+OO.040, .0E0O0E00. 0,.;00E±400,
TT~QAL ~9.2E'O3 1'. q7E~4 9.12Eý03, 1.E~5 ýQ-e- 1:0 r 15<0E-05~ "2.76Eý0.4 I

Page 11



IPEC Water Mass Balance and Dose Assessment from Groundwater and Storm Water

Figure 3
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